PHYSICS

Physics is a branch of science that deals with the study of
matter, energy and their interactions.

Branches of Physics
1. Mechanics: Motion and properties of matter.
2. Heat: A form of energy that causes rise in
temperature.
3. Optics: Light and waves.
4. Electricity and Magnetism.
5. Modern Physics: Atomic and Nuclear Physics.

Why we study Physics
To help students develop an experimental attitude by
performing experiments and acquire skills such as
observation, measuring, drawing logical conclusions.
To understand  scientific theories, principles and
concepts
To prepare students for further studies in Physics.
To understand the applicability of Physics in other
disciplines like security, medicine, engineering, e.t.c
and improve the world’s technology.

MECHANICS AND PROPERTIES
OF MATTER
1:1. MEASUREMENTS:

Physics is concerned with measurement of physical
quantities and classifying them into groups according to
their nature.

To measure is to find the value of a physical quantity using
a scientific instrument with a standard scale.

Physical Quantities
A physical quantity is a physical property that can
accurately be measured.

Types of Physical Quantities

There are two types of Physical Quantities namely;
(i) Fundamental Quantities or Basic Quantities
(ii) Derived Quantities

1:1:1. FUNDAMENTAL QUANTITIES OR BASIC
QUANTITIES
These are quantities from which all other quantities are
obtained. They are seven in total and these are:

1:1:1:1. LENGTH:

Length is the distance between any two points.

It can also be defined as the distance covered by matter. It is
a measurement of the extent of something from end to end.

The S.1 unit of length is a metre (m).
Other units of length include; Miles, kilometer, Hectometre,
Decametre, Decimetre, Centimetre, etc.

CONVERSIONS
Example: 1
Convert the following as instructed:
(i) 16.4mm to metres
(if) 20m to centimetres
(iii) 0.092km to metres
(iv) 250cm to metres

Solution
(i) 16.4mm to metres

km Hm Dm M

1

1000mm
). A
16.4mm

1000x = 16.4 X 1m

1000x = 16.4
1000x 164

1000 ~ 1000
x = 0.0164m

Thus 16.4mm = 0.0164 m

(if) 20m to centimetres
Solution
20m to centimetres

Km Hm Dm

Im = 100cm
20m = X

1Xx=20x100cm
x =2000cm
Thus 20m = 2000 cm

(iii) 0.092km to metres
Solution
0.092km to metres

Km Hm

1 0

Fundamental Quantities S.1 unit Symbol

Length Metre M

Mass Kilogrm Kg

Time Second S

Thermodynamic Temperatur Kelvin K

Electric current Ampere A

Amount of a substance Mole Mol.

Luminous Intensity Candela Cd

1km =
0.092km =

x = 0.092 x 1000m
x=92m
x=92m
Thus 0.092km =92 m

(iv) 250cm to metres
Solution
250cm to metres

Note: In mechanics, we use only three fundamental
quantities; i.e length, mass and time.

Km | Hm | Dm




100 X x =250 X 1m
100x _ 250
160 100
x =25cm
Thus 250cm = 2.5m

Instruments Used in measuring length

(i) Tape-measure: (Accurately measures length greater
than 1metre:l > 1m). E g length of a foot ball field,
length of a plot of land etc.

(if) Metre-rule :( Accurately measures length greater than
12 centimetres but less than 1metre;:12cm < | < 1m).
Eg length of a desk, breadth of a window, etc.
A metre rule gives readings in cm to 1dp.

(iii) Vernier calipers or Slide calipers :
Accurately measures length greater than 1cm but less than
12 cm:25cm <[l <12cm. E.g Internal and External
diameters of test tubes and beakers, breadth of a metre rule.
etc.
A vernier caliper gives readings in cm to 2dp.
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e The main scale is in centimeters, 1cm has 10 divisions
. . . -1
each division is S cm= 0.1cm.

. oo . 1
e Vernier scale, each division is oo M= 0.01cm.

Reading of vernier calipers,

1. Record the reading on the main scale to two places in cm.
2. Look along the Vernier scale carefully until you see
division on it which coincides with the main scale, this gives
the second decimal place.

Examples:
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Main scale = 2.40cm
Vernier scale = 0.04cm
Final reading = 2.44cm

What readings are represented in the diagram?
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(iv) Micrometer screw gauge: (Accurately measures
length less than 1centimetre: 1mm < | < 25mm). Eg
Diameter of wires, Diameter of ball beairings and
pendulum bob, etc.

A micrometer screw gauge gives readings in cm to 2dp.

Anvil  Spindle  Sleeve Thimble  Raichet

S

| s + ] atavy batarab v | |
T e
o0 e [
0.462 cm aal
\‘ \ “‘ ‘,

For each turn the spindle moves through 0.5mm.The
fraction of each turn is indicated on the thimble. This has a

scale of 50 divisions on the thimble and represents % of half

a millimeter i.e. % X 0.5 mm = 0.01mm.

The sleeve-reading gives units to the 1% two decimal places
and the thimble gives 2™ decimal place.

Example I:

11 12 13 14

45

40

Sleeve scale reading = 14.50mm
Thimble scale reading = 0.44mm

=14.94mm
Example I1:
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25
Sleeve scale reading =9.5 00mm
Thimble scale reading = 0.29mm
=9.79mm

Precautions taken when using a micrometer screw gauge
e The faces of the anvil and the spindle must be cleaned
to remove dust so as to get accurate readings.
e  The reading must be checked.

1:1:1:2: MASS:

Mass is the quantity of matter in a substance.

The S.1 unit of mass is a kilogram (kg).

Other units of mass include: Tonnes (1tonne = 1000Kkg),
Hectogram (Hg), Decagram (Dg), Gram (g), Decigram (dg),
Centigram (cg), Milligram (mg), etc.

Instruments Used in measuring Mass

2kg = X

1xx=2x10000dg
x = 20,000dg
Thus 2 kilograms = 20000dg

(iii) 40mg to kg

Solution

40mg to kg

Kg Hg Dg G dg Cg mg
1 0 0 0 0 0 0

1kg = 000000mg
X = 40mg

1000000 x x = 40 x 1kg

1000600x 40
1000000 1000000
x = 0.00004kg

Thus 40miligrams = 0.0000kg

(iv) 20.55g to cg

(i) weighing beam balance (iv) Lever arm beam balance
(ii) Digital beam balance (v) Tripple beam balance
(iii) Top arm beam balance

Conversions
Example 1:
Convert the following as instructed:
(i) 2100grams to kilograms
(ii) 2kgtodg
(iii) 40mg to kg
(iv) 20.55g to cg

Solution

(i) 100grams to kilograms
Kg Hg Dg G Dg Cg Mg
1 0 0 0

1kg :\L 1000g
X JFA 100g

1000 x x = 100 x 1kg

Solution
20.55¢ to cg
Kg Hg Dg g dg Cg mg
1 0 0
19 = 100cg
20.559 = X

1xx=20.55%100cg

x = 2055¢cg
Thus 20.55grams = 2055cg

1:1:1:3: TIME:

Time is the interval between two events.

The S.I unit of time is a second (5).

Other units of time include Minute (1min = 60s), Hour
(1hr=60min), Day (1day=24hrs), Week (7 days), fortnight
(2weeks), Month (1month=30days), Year (1yr=12months),
decade, century, and a millennium.

Instruments Used in measuring Time

e Stop clock

e stop watch

o Half life of a radioactive substance eg Carbon — 14
e Shadows

1:1:2. DERIVED QUANTITIES
These are quantities which can be expressed in terms of the
fundamental quantities. Besides the seven fundamental
quantities, the rest of the Physical quantities’ are derived
quantities. Their S.I units are also called Derived units.

Examples of Derived Physical quantities include:

1000x 100 Derived Quantities S.1 unit Symbol

1000 1000 1. Area squaremetre m?

x = 0.1kg 2. Volume cubicmetres m3
Thus 100grams = 0.1kg 3. Density kilogram per kgm™3
cubicmetre

(if) 2kgtodg 4. Speed and Velocity | metres per second ms~!
Solution 5. Pressure newton per square Nm™2
2kg to dg metre (or pascal) (or Pa)
Kg Hg Dg G dg Cg mg 6. Force and weight Newton N
1 0 0 0 0 E.t.c

1kg = 10,000dg




1:1:2:1. AREA:

Area is ameasure of the size of a surface.
The S.I unit is a squaremetre (m?).

Other units of area
cm?, mm? km?e.t.c

Example 1:
Convert the following as instructed
(i) 15 mm?to cm?
(i) 20 m? to mm?
(iii) 16.4 mm? to m?
Solution

(i) 15mm?to cm?

include:

Types of areas

(i) Cross-sectional area

(ii) Surface area

Figure

Name

Formula for
Area

Rectangle

A=1lw

Square
(All  sides
are equal)

Km Hm Dm M

lcm 10mm

(1cm)? (10mm)?

1cm? 100mm?
A

X = /

15 mm?

100 X x = 15 X 1cm?
x = 0.15cm?
Thus 15 mm? =0.15cm?

Triangle

4

(i) 20 m? to mm?

km Hm Dm M

1

1m 1000mm

(1m)? (1000mm)?
1m? 1000000mm?
20m? = X

1 X x =20 % 1000000mm?
x = 20,000,000mm?
Thus 20 m? =20,000,000mm? or 2.0 x 10’mm?

Trapezium
(2 parallel
un equal
sides)

Sphere

Solution
(iii) 16.4 mm? to m?

(2
S

h

w

Cuboid

S.A

= 2(lw)
+ 2(wh)
+ 2(lh)

Km Hm Dm M

1

Cube
(All faces
are equal)

S.A = 6S?

Im 1000mm

(1m)?

(1000mm)?

1m?

N

1000000mm?

X

16.4 mm?

1000000 X x = 16.4 X 1m?

1000000x

16.4

1000000

~ 1000000
x = 0.0000164m?

Thus 20 m? = 0.0000164m? or 1.64 X 10~ 5m?

1:1:2:2. VOLUME:

Volume is the space occupied by matter.

The S.1 unit of volume is cubic metre (m?3).
Other units of volume
cm3, mm3, km3, millilitre(ml), litre().e.t.c

include:

Instruments for measuring Volume include:
e Measuring cylinder
Volumetric flask
Burette
Pipette




Volume of regular objects

Formula for
Volume

Figure Name

Cylinder V =nr?h

Circular
cone

Sphere

Cuboid

Cube
(All  faces
are equal)

Experiment to determine the volume of an irregular
object
The volume of an irregular object can be obtained by the
Displacement method.
e Pour water into a measuring cylinder up to a certain
level. Record the volume of water (V1).
Tie a thread on the irregular object and gently lower it
into the water in the measuring cylinder. Note the new
volume of water in the cylinder (V2).
The Volume of the irregular object is then equal to the
volume of displaced water; Thus V = (V2 — V1).

il

+— 2l reading vz (¢m3 )

st 3
———4——— Treading v,(cm”)

Water (Liquid) 4—— ]

—k
Irregular object *l——L f _Ir

1-l| o

=]

OR

e Pour water in an over flow can up to the level of the
spout. Place a measuring cylinder just below the spout.
Tie a thread around the irregular object and gently
lower it into the overflow can.
Note the volume of water, V that collects in the
measuring cylinder. It is equal to the volume of the
irregular object.

Water (Liquid) 4— ———measuring cylinder

Irregular object 4—— :

:Vo\ume of displaced liguid = Volume of the solid

Question:

A measuring cylinder containing some water stands on a
scale pan. A solid ball is lowered into the water. The water
level rises from the 30cm® mark to 40cm?® mark. The scale
reading increases from 100g to 180g.

40om* mark

3o mark

[
[\ [\

100g 1808

What is the density of the material of the ball?
A. 2.0 gcm™3, B. 4.5 gcm ™3,
B. 8.0gcm™3. D. 18 gcm™3.

Example 1:

Convert the following as instructed
() 250cm3to m®  (iii)0.032km3 to m®
(ii) 500ml to m3 (iv)10,000 litres to m3

Solution
(i) 250 cm®to m®

Km Hm Dm m

1

Im 100cm
im)® = (100cm)®
1m?3 L, 1000000cm?®
X = 250cm?

1000000 X x = 250 x 1m?
1000000x 250

1000060 1000000
x = 0.00025 m?3

Thus 250 ¢m?® = 0.00025m3 or 2.5 x 10~*m?

Example 2:
Use the match box below to answer questions that follow.

5cm




Find the volume
(i) incm® [400cm?]
(i) in m® [0.0004m?]

Exercise:
1. A cuboid has dimensions 2cm by 10cm. Find its width in
metre if it occupies a volume of 80cm3. [ 0.04m]

2. (a) Find the volume of water in a cylinder of water radius
7cm if its height is 10cm.[ 1540cm?®]

(b) The volume of the cylinder was 120m3.When a stone
was lowered in the cylinder filled with water the volume
increased to 15cm?®. Find the height of the cylinder of radius
7cm. [0.078 cm]

3. A Perspex box has 10cm square base and contains water
to a height of 10cm. A piece of rock of mass 600g is
lowered gently into the water and the level rises to 12cm.
Find the;

(i) Volume of water displaced by the rock.

(ii) volume of the rock in cm3 and m3

(iii) density of the rock in gem™3 and kgm ™3

1:1:3. SCIENTIFIC NOTATION AND SIGNIFICANT
FIGURES.
Scientific notation or Standard form
e A number is in scientific form, when it is written as a
vnumber between 1 and 9 which is multiplied by a
power of 10. i.e when it is written in the form A x 10",
Wherel < A< 10; i.e A lies between 1 and 10 with 1
inclusive but 10 exclusive. n is an integer (....-2,-1,0,1,2...).

e Scientific notation is used for writing down very large
and very small measurements.

Example:

M 598,000,000m
(i) 0.00000087m
(iii) 60220m

5.98 x 108m
8.7x107"m
6.022 x 10*m

Questions:
Convert the following to scientific form.
(@ 0.048 = 4.8 x 1072

(b) 2=075=75x10"
(c) 1000 =1.0x 103
(d) 8.72 = 8.72x 10°

(€) 1= 0.125=1.25x 10"
8

Significant figures

% Decimal Places
The number of decimal places (dp) is the number of digits to
the right end of a decimal point. E.g. the number 3.6420 is
given to 4dp.Thus 3.6420 = 3.642(3dp), 3.6420 = 3.64(2dp),

3.6420 = 3.6(1dp), 3 .6420 = 4 (0dp).

% Significant Figures
a) None zero digits (1, 2, 3, 4, 5, 6, 7, 8 and 9) are
significant figures.
b) Zeros
Leading zeros (i.e. zeros at the left end of a number) i.e
zeros before the first significant figure; are not significant
figures e.g. 0.000456 (3s.f), 0.017 (2s.1).

Tapped zeros; zeros between significant figures i.e. zeros
between non zero digits are significant figures e.g. 6.0037
(5s.), 0.0100034 (6 s.f).

Trailing zeros (zeros at the right end of a number);

(i) Trailing after a decimal point: These are significant
figures. E.g 2.00 (3s.f), 0.0020 (2s.f), 0.0120700 (6s.f)
Normally these values are obtained by using an instrument.

(ii) Trailing before a decimal point: These are NOT
significant figures. E.g 20 (1s.f), 2400 (2s.f), 580100 (4s.f)
Normally these values are obtained as a result of rounding
off certain numbers to the nearest tens, fifties, hundreds,
thousands, ten thousands e.t.c.

For example, if a number 348 is rounded off to 1 s.f, we get
300 and if it’s rounded off to 2 s.f we get 350. The trailing
zeros in these approximations (i.e. 300 and 350) are due to
rounding off and therefore are not significant.

Questions
Write the following to the stated significant figures

a) 28.8t03s.f b)§ to 2sf ) 4.027x102 to 3s.f

Prefix and Surfix | Symbol | Exponent

Tera 1012

Giga 10°

Mega 10°

Kilo 103

Hecto 102

o|T|x|=z|e|H

Deca 10!

Metre 10°

Deci 1071

Centi 1072

Mili 1073

Micro 106

Nano 107°

Pico 10712

Fermto 10715

>|To|sle=(g|o|a

Atto 10718

Example:

Value Scientific form | Prefix used

3000W 3 X 103W 3kw

4900 000J 4.9 x 10°] 4.9MJ

0.00526m 5.26 X 1073m | 5.26mm

0.00000125g | 1.25 x 10759 | 1.25ug




1:2. DENSITY AND RELATIVE DENSITY

1:2:1. DENSITY

Density is the mass per unit volume:

) mass
Density =
volume

The Sl unit is kg/m® or kgm other units are g/l or gcm 3
Note: the density of pure water is 1000kgm™ or 1gcm

Changing gcm to kgm-®
1gcm™ = 1000kgm-®
So when changing gecm to kgm simply multiplies by 1000

Example:
Express 0.8 gcm 3 in kgm3

1lgem3= 7,1000kgm'3
0.8 = X

x = 0.8 x 1000kgm™3
x =800km=3
Thus 0.8gcm =2 = 800kgm =3

1:1:2:3:1._Simple density Measurements
When the mass “M” and volume “V” of a substance are

known; then the density is obtained from:
m
D ] =—
ensity, p v

(a) For a Regularly shaped solid

%+ The mass of the solid is measured on a beam balance
The volume of the solid is obtained by measuring the
sides of the solid using a ruler, veneer calipers or
micrometer screw gauge.
The density is then got from the formula.

mass of solid

Density of solid = volume of solid

(b) For anirregularly — shaped solid

% The solid is weighed using a beam balance to obtain its
mass.
The volume of the solid is obtained by displacement
methods; using a displacement can. The volume of
displaced water is equal to the volume of the solid.
The density is then got from the formula.

mass of solid

Density of solid = volume of solid

NOTE:

1. For a floating object. Tie a sinker on the floating object
and gently dip it water. Get the volume of the water
displaced, V1.

Then dip the sinker alone in the water and again get the
volume of water displaced, V.
The volume of the floating object, V= V1- V2

For a pin or a ball bearing.

For liquids
The volume of the liquid is measured using a measuring
cylinder and the volume, V is noted.

An empty measuring cylinder is weighed on a beam
balance and its mass, M is noted.
A liquid is added to it and it is weighed again using the
beam balance;
Mass mass of
(of liquid) =\ empty |-

cylinder

mass of
cylinder
with liquid.

Densitv of liquid = mass of liquid
ensity of gl ~ volume of liquid

(d) Air

-_I— Towacuum
T —
' pump

|

topper

DNNNNNN

(i) Measuring of mass

A round-bottomed flask is weighed using a beam balance
when full of air and after removing the air using a vacuum
pump. Then

(i) Measuring of volume

The volume of air is found by filling the flask with water
and pouring it into a measuring cylinder. Then volume of air
= volume of water transferred into the measuring cylinder.

. . mass of air
Density of air = ——
] volume of air
Precautions taken

-The flask should be dried
-The atmospheric pressure and temperature should be noted.
-The air should be dry

Factors that affect Density

0] Temperature
When the temperature of a substance is increased, it expands
hence increasing its volume. The density then decreases.
When the temperature of a substance is reduced, it contracts
hence reducing its volume. The density then increases.

(i) Pressure
Pressure only affects the density of gases.
When the pressure of a given mass of a gas is increased, the
gas molecules become squeezed and occupy a smaller
volume. This increases the density of the gas.
When the pressure of a given mass of a gas is reduced, the
gas molecules become occupy a larger volume. This
decreases the density of the gas.

Uses of density
It is used to: -ldentify materials for construction

-Test the purity of a substance

-Choose the light gases to fill balloons
Example 1:
A Perspex box has alOcm square base containing water to a
height of10 cm. A piece of rock of mass 600g is lowered
into the water and the level rises to 12 cm.




(@) What is the volume of water displaced by the rock?
\Y Lxwxh
10 x10 x (12-10)
200 cm?®

(b) What is the volume of the rock?
Volume of rock = volume of water displaced
= 200cm?®

Alternatively,
Volume of water before adding the rock
V1 = LxWxH

= (10cm x 10cm x 10cm)
= 1000cm®

Volume of water after adding the rock
V2 LxWxH
(10 x 10 x 12) cm?
1200cm®

Volume of water displaced
Vo -V
(1200 — 1000) cm?®
200cm?®

(c) Calculate the density of the rock

mass _  600g 3

Density = = 3gcm”

volume _ 200cm3

Example 2:

(ii) The mass of 24.4cm® of mercury is 332g. Find the
density of mercury.(=13.6 gcm)

(iii) An 800g solid measures 10cm by 5cm by 4cm.
Determine its density.(= 4 gcm™®)

(iv) A glass stopper of volume 16cm?® weighs 40g. Calculate
its density in : (i) gcm=.(=2.5 gcm)

(ii) kgm3. (=2500kgm®)

(v) The density of copper is 8.9gcm=. What is the mass of
100cm?® of copper? .(=890 g)

(vi) When a piece of irregular stone of mass200g is lowered
in a measuring cylinder, the initial and final volumes
were 500cm?® and 600cm?® respectively. Calculate the
density of the stone.(=2gcm™3)

(vii)An empty beaker weighs 120g in air and 180g when
filled with 75cm3 of methylated spirit. Find the density
of methylated spirit. (=0.8gcm™)

(viii)  What is the mass of 1.5litres of water? (= 1.5kg)

2. The oail level in a burette is 25cm3.50 drops of oil fall
from a burette. If the volume of one drop is 0.1cm3.What is
the final oil level in the burette. [30cm?]

3. A measuring cylinder has water level of 13cm.What will
be the new water level if 1.6g of a metallic block of density
0.8g/cm? is added.

4. A perspex box having 6cm square base contains water to
a height of 10cm.
(@) Find the volume of water in the box [360cmq]

(b) A stone of mass 120g is lowered into the box and the
level of water rises to 13cm.
(i) Find the new volume of water? [468cmq]
(i) Find the volume of the stone? [108 cm?]

(iii) Find the density of the stone. [E g/cm?]

5. A steel C.P.U below, has a mass of 5609

40cm

20cm

100cm

Find its density (i) in g/lcm?® (ii) in kg/m®
6. 200g of liquid Y of density 4gcm. Calculate the density
of the mixture.
7. Liquids X and Yare mixed to form a solution. If the
density of X is 0.8gcm and volume is 100cm?, density of Y
1.5cm™ and its volume is 300m?3.Find the;

0] mass of liquid X [80g]

(i) mass of liquid Y [4509]

(iii) Density of a mixture [1.325gcm?]

7. In an experiment to determine the density of a pin,
100pins are gently lowered into a measuring cylinder
containing 12cm?® of water. The water in the cylinder rose to
98cm?. Find the;

(i) volume of a pin.

(ii) density of the pin in kgm

1:2:2. DENSITY OF MIXTURES
Suppose two substances are mixed as follows:

Substance Mass Volume Density

X Mx Vx

Y My Vv Dy= ?
Y

mass of mixture

Density of mixture =
y Volume of mixture

) ) My + My
Density of mixture =-———
Vx + Vy

Example: 1
100cm?® of fresh water of mass100g is mixed with 100 cm?®
of sea water of mass103g. Calculate the density of the
mixture.
Solution

mass of mixture

Density of mixture =
y Volume of mixture

Density of mixture
mass of fresh water + mass of sea water

- Vol. of fresh water + Volume of sea water

100 + 103

Density of mixture = 100+ 100

203

=200
Density of mixture = 1.015 gcm™®

Example 2:




Liquid Y of volume 0.40m?® and density 90.0kgm™ is mixed
with liquid X of volume0.35m® and density 800kgm.
Calculate the density of the mixture.

Solution
mass of Y = Volume of Y X Density of Y
mass of Y = 0.40 X 90.0

mass of Y = 360kg

mass of X = Volume of X X Density of X
mass of Y = 0.35 x 800
mass of Y = 280kg
.Then:
mass of mixture

Density of mixture =
Y Volume of mixture

Density of mixture
mass of liquid Y + mass of liquid X

~ Volume ofliquid Y + Volume of liquid X
360 + 280

Density of mi =——
ensity of mixture 040 7035

_ 640kg

"~ 0.75m3
Density of mixture = 853.33kgm

Exercise:

1. An alloy is formed by adding 500g of element P of
density 5gcm™ to 400cm® of element Q of density 4gcm.
Calculate the density of the alloy.[ 4.2gcm™]

2. 500cm?® of liquid X of density 2gcm is combined with
200 g of liquid Y of density 4gcm. Calculate the density of
the mixture.

3. Liquid M of density 0.5gcm 3 is mixed with liquid N in
equal volumes. If the mixture has a density of 0.8gcm™ ,
Find the density of liquid N.

4. 3cm3of water was mixed with 5cm= of milk of density
1500kgm3. Find the density of the mixture. [1312.5kgm™]

5. Liquid A of volume 400cm® and density 800kgm= is
mixed with liquid B of volume 600cm® and density
1120kgm’3. Calculate the density of the mixture.

1:2:3. RELATIVE DENSITY (R.D)

Relative density is defined as the ratio of the density of a

substance to the density of an equal volume of water.
Density of substance

Relative Density =
elative Uensity Density of equal volume of water

Note: Density of pure water =1gcm= = 1000kgm= since
density = mass / Volume, Then:
mass of substance

Relative Density =
mass of equal volume of water

weight of substance

Relative Density =
elative Uensity weight of equal volume of water

Note: Relative density has no units.

Experiment: To determine the Relative density of a liquid
using a density bottle.

ZL itopper

The bottle contains exactly the same volume when the liquid
level is at the hole.

+« mass of empty bottle Mo

A dry density bottle with a stopper is weighed when empty
using a balance.

« Mass of bottle filled with the liquid M,

A dry density bottle with a stopper is weighed when filled
with the liquid using a balance.

+«+ Mass of bottle filled with water M;

After removing the liquid and rinsing out the density bottle
with water, the density bottle is filled with water and
weighed again.

«+ The measurements are recorded as below:

Mass of empty: =m,

Mass of bottle full of water: = m;

Mass of bottle full of liquid: = m,

Mass of liquid: = m,—m,

Mass of water: =m;—m,

7

% Relative Density of a liquid = =2—2

mj—mg

Note: The advantage of using a density bottle in measuring
the relative density of a solid is that it is accurate compared
to other methods.

Measurement of relative density of a solid

¢+ This can be found by weighing the solid in air and when
fully immersed in water.
The solid immersed in water displaces an amount of
water equal to its volume. The relative density is then
calculated using;

: s Weight in air w.
Relative density = g — a

Weight in water - Wa—-Ww

Example 1
A density bottle was used to measure the density of
mercury. The following measurements were taken:
e Mass of empty bottle =209
e Mass of bottle full of mercury = 360g
e Mass of bottle full of water =45¢g
Calculate the;
a. Relative density of mercury
b. Density of mercury

Solution

0) (i)
m; — My _ Density mercury

RD=———— R.D

" Density of water

_ P
13.6——1000

p =136 x 1000
p =13600kgm—3




Example: 2

A density bottle has mass 75g when empty, 95g when full of
water and 99g when full of a liquid. Calculate the:

(i) Relative density of the liquid.

(ii) density of the liquid

Solution

mg = 75g; m;, = 99g; my; = 95g

I M
RD=—% E RD = Density of liquid
Density of water
_ P
2= 1000
p=12x1000

p =1200kgm=3

Exercise:

1. A bottle full of water has a mass of 45g, when full of
ethanol, its massis36g. If the empty bottle weighs 20g,
calculate the density of ethanol.

2. Density bottle has a mass of 70g when empty, 90g when
full of water and 94g when full of liquid.
Find the relative density of the liquid and its density.

3. An empty 60-litre petrol tank weighs10kg. What will be
its mass when full of petrol of relative density 0.72?

4. A density bottle was used to measure the relative density
of a liquid and the following results were obtained.

Mass of empty bottle : =30g

Mass of bottle full of water :=130g

Mass of bottle full of liquid : =110g

Calculate the density of the liquid. (=0.8gcm3)

5. An empty density bottle is 46.00g. When fully filled with
water, it weighs 96.00g. It weighs 86.00g when full of an
unknown liquid. Find the density of the liquid. (=0.8gcm™)
6. A piece of aluminum weighs 80N in air and 50.37N when
completely immersed in water. Calculate the relative density
of aluminum. (=2.7)

7. Two solid cubes have the same mass but their surface
areas are in the ratio of 1 : 16. What is the ratio of their
densities?

A 1:
C. 64:

2
1

B. 4:1
D. 1:64
9. A metal cuboid of dimensions 3 cm by 2 cm by 1 cm and
8.9 g cm? is completely immersed in a liquid of density 0.8
g cm-3. The mass of the liquid displaced is.

A. 534qg. C.29.14¢.

B. 750 D.48g¢.

10. 0.002m® of a liquid of density 800kgm™ is mixed with
0.003m? of another liquid of density 1200kgm3. What is the
density of the mixture?
A. 1,000 kgm®
C. 2,500 kgm-®

B. 4,000 kgm3
D. 1,040 kgm®

11. A bottle weighs 160 g when empty, 760 g when filled
with water, and 1 kg when filled with a certain liquid.
Calculate the volume of the liquid in bottle.

A: 160 cm3 B: 600 cm3

C: 760 cm? D: 1000 cm?
12. What mass of lead has the same volume as 1600 kg of
petrol? {Density of lead = 11400 kg m™, Density of petrol
=800 kg m3}

A. 22800Kkg

B. C. 11400 kg

C. 1600 kg
D. 800 kg

13. A metal cuboid of dimensions 3 cm by 2 cm by 1 cm
and 8.9 g cm-3 is completely immersed in a liquid of density
0.8 g cm-3. The mass of the liquid displaced is

A. 534g. B.29.1¢g.

B. C.75g. D.4.8g.

14. A tank 2m tall and base area of 2.5m? is filled to the
brim with a liquid, which weighs 40000N. Calculate, the
density of the liquid in kg/md.

A 4000 4000
" 2x2.5x10 ' 2x2.5%x10

40000 40000
2%2.5%10 ' 2x25

1:3. SCALARS AND VECTORS

Physical quantities can be divided into two types hamely:
i) Scalar quantity ii) Vector quantity

A scalar quantity is physical guantity which has magnitude
only.

Examples: Mass, volume, time, temperature distance,
pressure etc.

A vector quantity is a physical quantity which has both
magnitude and direction.

Examples: Velocity, acceleration, force, momentum
displacement, Electric and magnetic field intensities.

Resultant Vector

A resultant vector is a single vector which produces the
same effect on an object as two or more vectors acting on
the same body.

Moving from O to B along OB is the same as moving
through OA followed by AB. This shows that a single vector

OB produces the same effect as adding; OB = OA + AB

In general the resultant force is calculated by adding all the
force. But when the forces are in opposite direction the
resultant force is calculated by subtracting.

Addition and subtraction of vectors

The addition of vector takes place so long as the directions
are the same though the magnitude may differ.

The subtraction occurs when the directions are opposite.

Example 1:
A goat moves 13m west and continue moving west ward
5m. Find the resultant displacement of the got .

13m 5m

Shp=13+5
=18m in the western direction

»
|




Example 2:
Move 13m west and the move 5m east

13m >

5m
Sy=13-5
=8m in the western direction

Example 3:
Three force of 3, 5N and 7N act on an object A as shown.
Find single vector which can produce the same effect.

3N o
7N 4_@_'
Fu=(3+7) -5

=5N towards the East

Example 4
Three force of 3, 5N and 7N act on an object A as shown.
Find single vector which can produce the same effect.

6N 3N

15
Fv=15- (6+3)
= 6N towards the South

Example 5

Two force of 3 and 4N act on an object as shown. Find
single force which can produce the same effect as the two
forces above.

3N

I

Solution:

R = 45N
~The magnitude of the resultant
force is 5N

Fa=4N Direction of the

—> resultant force
Fv=3N T From the Vector
diagram;

Resultant Vector diagram Height
tan @ =

Base
3
* 3
= e
0 = tan (4)
0 =36.9°

tan0 =

Magnitude of the resultant force | ~-The direction of the
Using the Pythogras theorem; resultant  force s

(Hypotenuse)? = (Base)? 36.?°above the
+ (Height)? horizontal (or above the

(R)z — (b)z + (h)z 4N force)

R = 4% + 32
R = 25
R = +V25

Example 6
The figure below shows five forces acting on a 2.5kg mass.

9N

77
Ny

13N 8N

Calculate the;
(i) resultant force on the mass
(ii) direction of the resultant force
(iii) acceleration of the mass

Solution
(i)Fy = (12—=7)N=5N -
Fy = {(13+8)N—-9N}=12N |
+ Resultant Vector diagram

+» The magnitude of the resultant force
Using the Pythogras theorem;
(Hypotenuse)? = (Base)? + (Height)?
(R)? =(b)?  +(h)?
R? =572 + 122
R? 169
R = +V169
R = 13N
~The magnitude of the resultant force is 13N
(i)
+«+ Direction of the resultant force
From the Vector diagram;

Height
tan0 =
Base
12

tanb = —

0 =tan?! (12>
= {an 5
0 =67.4°
~The direction of the resultant force is 67.4%below the

horizontal (or below the 4N force)

(iii)
«» Acceleration of the mass
FromF = ma
13 = 2.5a

13 25
25 25

= a
a=048 ms~?

Example 7




Two forces 6N and 8N act on 2kg body as shown. Calculate
(i) the resultant force (ii) the acceleration

6

Methode I: Using Graphical Method.
Procdures
Choose a scale for the axes
Draw the vectors at the given angle
Complete the Parallelogram of vectors.
Measure the length R of the diagonal
Multiply R by the scale to get the resultant Vector.

Method I1: Using the Cosine Rule.

15093 300

8N
a? =b? + c? — 2bccos O
R? = 82 + 62 — 2(8)(6) cos 150
R? = 64 4+ 36 — 104 cos 150
R? = 100 — 104 cos 150
R? =190.07
R =+138N

Method I11: By Resolving the Forces Horizontally and
Vertically.

From the diagram;
X
sin 60 = g
X =6sin60 = 6 x 0.8666 = N
y
60 ==
CosS 6

y =6cos60 =6 %x0.5=3N
Then;
FV:y:SN

N ——— == ———

Using the Pythogras theorem;
(Hypotenuse)? = ((')ase)2 + (Height)?
(R)? =®?  +(h)?

R? = 52 + 32

R? = 169
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R = +v169
R = £13N
~The magnitude of the resultant force is 13N

Example 8
A mass of 15kg is suspended using a string. The string is
then pulled by a horizontal force F such that the string
makes an angle of 30° with the down ward vertical.
Calculate the;

(i) Tension in the string.

(ii) Horizontal force F.

Solution:

KL TS,

¢ W=mg=15g=15x10=150N

The three forces are in equilibrium
Step 1: forming a closed triangle
Step 2: resolving Vertically;

c0s30 = 175" & Tcos30 =150 & T = =2 = 173.21N

cos30 -

Step 3: Resolving Horizontally

F
Tan 30 = 1—504:) 150tan 30 = F & F = 86.6N
OR

F
sin30 = T < Tsin30 = F & F = 173sin30 = 86.6N

Example 9
A block of mass 2kg is pulled along a rough horizontal
ground by a force of 120N, with the help of a string, which
makes an angle of 60° with the horizontal. If the friction
between the block and the ground is 50N, calculate the;

(i) Resultant force on the block.

(ii) Acceleration of the block.

Solution

From the diagram;

in30 = z
sin =120




x =120sin30 = 120 x 0.5 = 60N

-y
cos 30 = 120

y =120cos30 = 120 x 0.8666 = 18.51N
Then;
Fv=18.51+(-20) =-1.49 N
Fnu= 60+ (-50) =10 N

Using the Pythogras theorem;
(Hypotenuse)? = (Base)? + (Height)?
(R)? =((b)?  +(h)?

R? 102 + 1.492

R? 102.2201

R = £v102.2201

R = 10.11N

~The magnitude of the resultant force is 10.11N

1:3:1. FORCES
A force is that which changes a body’s state of rest or
uniform motion in a straight line.
Or
-1t is that which makes a body to accelerate.
-1t is a push or a pull on a body.

Force is a vector quantity.
The S.1 unit is a newton, N.

Types of forces

There various types

Gravitational force, weight, friction, upthrust force,
electrostatic force, elastic force, magnetic force, Centripetal
force, centrifugal force, Tensional force, compression force,
shear force etc.

Gravitational force
The earth is surrounded by gravitational field which exerts a
force on anybody in the field.

The strength of the gravitational field is the force acting on a
unit mass in the earth’s field. Experimental measurements
show that on a unit mass on the earth’s surface, a mass of
1kg experiences a force of 0.9 N i.e. its weight is 9.8N so
the earth’s field strength “g” =9.8N/kg =10N/kg
1kg =10N

g = 10N/kg = 10m/s

Free fall is a vertical motion whose acceleration is due to
gravity “g” = 10m/s?. The gravitational force is towards the
centre of the earth and its magnitude on the body of mass
“m” is given by mg.

1:3:1:IWEIGHT
Weight of a body is the force of gravity on the body. or The
gravitational force acting on a body. Or

Is the force a body exerts on anything which freely supports
it in the gravitational field.
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Weight of body = mass of body “m” (kg) x acceleration due
to gravity, g. W =mg

The S.I unit of weight is a newton “N” Weight of a body
varies from place to place or from planet to planet.

Why weight of a body varies
Weight of a body varies because of the following reasons:

i) The shape of the earth is not a perfect sphere. so at the
equator the value of acceleration due to gravity is less than
that at the pole. This makes the weight of the body to be less
at the equator and greater at the poles.

ii) Planets have different accelerations due to gravity. A
body resting on the surface experience a reaction force R
from the surface which supports it.

Normal Reaction, R

I

Weight, W = mg

Differences between Mass and weight

Mass Weight

i) S.l unitis kg Slunitis N

ii) Is a scalar quantity Is a vector quantity

iii) Is constant at all places Varies from place to place

iv) Is a measure of quantity of | Is force of gravity acting
matter in a body on a body.

1:3:1:2. FRICTION
Friction is the force which opposes motion.
It acts in the opposite direction to that of the force causing
motion.

Reaction,R
A

. Direction
Frictional

f | of motion
orce

v
Weig

Types of friction
These are:

a) Static friction
c) Viscosity

b) Sliding or dynamic friction

a) Static Friction:
Is friction which opposes motion between two surfaces in
contact at rest.

« It prevents motion.

Experiment for measurement of static friction




o Direction
Frictional of motion
force,F > (o

- YAl Added

weights

v
Weight,W
Pan

i) Adding weight on pan
Know weights are added to the scale pan until the block
moves with a uniform velocity.

ii) The above will occur when weight of scale pan + weights
on the pan (loads) = maximum friction, F. This maximum
friction is called limiting friction.

iii) Repeating
The procedure is repeated by increasing weight of the block
“W” and obtaining the corresponding “F”’

iv) Plotting a graph
A graph of F against W (= normal reaction “R”) is plotted
.and its slope = coefficient of static friction p..

F (N)‘r

I
OPe=AR M

>

R (N)

(oo )

(coefficient) ( Normal )

of friction, p
F=pR

Reaction, R

Thus Coefficient of static friction p is the ratio of limiting
frictional force F to the normal reaction R. iep =£
Note: Coefficient of friction u has no units.

Example
Calculate the static friction when a body of mass 6kg rests
on a surface; given that coefficient of friction of surface is
0.5.
Given: m=6kg; p = 0.5; g = 10ms2
From; Frictional force, F = pR
But R=W =mg
= 6(10)
R = 60N

Then From; F = uR
F = 0.5(60)
F =

30N

b) Sliding or kinetic or dynamic friction:
Is_friction which opposes relative motion between two

surfaces in contact and in motion.
It is the force which opposes the motion of one surface
moving with uniform velocity over another surface.

*.

< It slows down motion.
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Experiment for measurement of static friction

Reaction,R
A

o Direction
Frictional of mgtion

force,F

<«

(o
Added

L weights
Y
Weight,W

Scale
Pan

i) Adding weight on pan

Known weights are added to the scale pan and a small push
is given each time until the block move with a uniform
velocity.

ii) The above will occur when weight of scale pan + weights
on the pan (loads) = maximum friction, F. This maximum
friction is called limiting friction.

iii) Repeating
The procedure is repeated by increasing weight of the block
“W” and obtaining the corresponding frictional force F’.

iv) Plotting a graph

A graph of “F” against R is plotted and its slope =
coefficient of sliding friction p..

F (N)‘P

c) Viscosity:
Is the opposition to the relative motion between layers of a
fluid.

Advantages of friction
i) It enables bodies to come to rest
i) It enables bodies to move without sliding
iii) It helps in writing
iv) It helps in making fire

Disadvantages of friction
i) causes unnecessary heat
i) reduces the efficiency of machines
iii) Causes things like tyres, soles of shoes to wear
out.
iv) Causes parts of machines to break.
V) Causes un necessary noise

Reduction of friction
i) Lubrication using oil or grease
ii) Using ball bearings or rollers

Laws of friction

-The limiting does not depend on the surface area in contact
but depends on the nature of the face contact.

-Frictional force is not affected by velocity with which a
body moves for sliding friction.




-Friction always opposes motion

-Limiting friction is proportional to normal reaction which is
equal and opposite to the weight of the body.

-Friction always increases from zero to maximum value
called limiting friction.

Exercise
1. Two forces of 7N and 9N act perpendicularly on a body
of mass 2kg. Find the acceleration of the body.

A man starts from point A and walks a distance of 20m
due north and then 15m due east. Find his new position
relative to A.

3. A parachutist falling with a constant velocity of 16 ms™
is blown by wind horizontally at 12 ms™.

(i) Find the resultant velocity of the parachutist.

(ii) If the parachutist jumps from a height of 500m directly

above a ground target, find the horizontal distance by which

the parachutist will miss the target on landing.

4.

1:4. PARTICULATE NATURE OF MATTER

MATTER:

Matter is anything that occupies space and has weight.

States of matter:
There are three states of matter namely:

-,

-,

% Solids — e.g stone, ice, e.t.c
% Liquids — e.g water, paraffin, e.t.c

% Gases — e.g oxygen, nitrogen, e.t.c

Property

Solids

Liguids

Gases

1.
Arrangeme
nt of
molecules.

Closely

packed in
regular pattern
called lattice

Fairly closely
packed in
regular
pattern

Far apart
from each
other.

0000
0000
0000

UNEB 1999 Qn. 7

UNEB 2003 Qn. 2, 27,41
UNEB 2005 Qn. 12
UNEB 1998 Qn. 2, Qn 18
and Qn. 1 Section B
UNEB 2007 Qn. 1, 3 and
Qnll

UNEB 1987 Qn. 23
UNEB 1988 Qn. 23
UNEB 1991 Qn. 24
UNEB 1992 Qn. 34

2.Intermole Weak
cular

forces.

Strong

Friction:
UNEB 1997 Qn. 1, 27, and Qn. 1 Section B
UNEB 1994 Qn.

Vibrate with
greater
amplitude

3. Motion | Vibrate within
of the | fixed position
molecules.

randomly
throughou
t the
container,
at greater
speed
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Have definite | No  definite | No

shape shape. definite
Take shape of | shape.
container

5.Rate  of | Very low in | Low High
diffusion some solids

6.Compress | Incompressible | Incompressibl | Compressi
ibility e ble

Note:
+«+ Solids and liquids are incompressible, meaning that
their volumes cannot be reduced by squeezing
them.
«» Gases are compressible because of the large spaces
between their molecules.

Change of state

++ Heating of matter
When a solid is heated, it changes to a liquid at constant
temperature called melting point. The process is called
melting or fusion.
When the liquid formed is heated further, the liquid changes
to vapour at constant temperature called boiling point. The
process is called boiling or evaporation.

« Cooling of matter
When a gas or vapour is cooled, it condenses to a liquid at
constant temperature called freezing point. The process is
called condensation or liquefying.
When the liquid formed is cooled further, it changes to a
solid at constant temperature called freezing point. The
process is called freezing or solidifying.




Condensing

Kinetic Theory of matter

The kinetic theory of matter states that:

¢+ Matter is made up of small particles called molecules or
atoms that are in a state of constant random motion.

s The speed of motion of the particles is directly

proportional to the temperature.

The kinetic theory of matter can be proved by using:
(i) Brownian motion
(i) Diffusion

BROWNIAN MOTION
Brownian motion is the constant random (or haphazard)
movement of tiny particles in fluids.

Experiment to demonstrate Brownian motion
Experiment 1: Using Pollen grains.
When pollen grains molecules are dropped in water or
suspended in water and observed through a microscope,
The molecules will be seen making irregular
movements in random directions.
This shows that particles of matter are ever in a state of
constant random motion.

Experiment 2: Using Smoke particles in air.

— Microscope

,— Glass slide
Air molecules
SI; = (Invisible)
> |

g‘ v Glass

cell

Glass rod (lens)
Pollen grain or smoke

Source of light (lamp) particle (Visible)

®,

« Smoke is placed in a glass cell and the glass cell
illuminated with light from one side.

« The smoke particles are then observed from above

using a microscope.

Observation:

% White specks of smoke particles will be seen moving in
a constant random motion.

% This shows that particles of matter are ever in a state of

constant random motion.

Explanation:

The constant random motion is due to un even collision (or
bombardment) of the invisible air molecules with the visible
pollen grains or smoke particles.

Factors that affect Brownian motion
(i) Temperature

When the temperature of the smoke cell is increased,
smoke particles are seen moving faster and when it is
reduced, they are seen moving slowly.

Increase in temperature increases the kinetic energy of
the molecules, hence they move faster than before.
Decrease in temperature decreases the kinetic energy of
the molecules, hence they move slowly.

(ii) Size and density of the particles

«» When the size of the particles is increased, Brownian
motion is reduced and when the size of particles is
reduced, Brownian motion increases.

DIFFUSION

Diffusion is the spreading (or flow) of molecules a
substance from a region of high concentration to a region of
low concentration.

Diffusion in liquids:
Experiment to show diffusion in liquids

Drinking straw or
Thistle funnel

Glass trough

—— Water

Potassium
permanganate

Procedures:

7

+» Water is placed in a clean glass trough

+» A crystal of potassium permanganate is then introduced
at the bottom using a drinking straw.

Observation:

o

¢+ The purple crystal of potassium permanganate dissolves
and spreads throughout the water forming a purple
solution.

Conclusion:

+ This means that potassium permanganate has diffused
through the water in the glass trough.

Diffusion in gasses:
Experiment to show diffusion in gases

1m long glass tube

| |
Cotton wool White fumes Cotton wool

. - Soaked in
soaked in aqueous  of ammonium

ammonia chloride gas Conce.ntrated
HCl acid

Procedures:

o

+» Cotton wool soaked in aqueous ammonia is placed at
one end and another cotton wool soaked in concentrated
hydrochloric acid is placed at the other end of a glass
tube of about 1m long.
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Observation:
< White fumes of ammonium chloride forms inside the
tube near the end with cotton wool soaked in HCI acid.

Conclusion:
¢+ This means that:
(i) The gases have diffused through the air in the tube.

(i) Ammonia diffuses faster than Hydrogen chloride.

Note: Alternatively;

An air molecule tube is inverted over brown nitrogen
dioxide molecules tube.

Observation: the brown colour spreads into the upper tube at
the same time the air molecules spread into the lower tube.

Experiment I1: to show diffusion in gases

Hydrogen
I— <

Manometer

Connect a water manometer to a porous pot containing
air.

Pass hydrogen into the air enclosed in the porous
material as shown in the diagram above.

The water level in the left arm of the manometer falls
while that in the right arm rises.

The hydrogen molecules diffuse through the porous
material into the air. This increases the pressure in the
porous pot, which then acts on the water surface in the
left arm of the manometer, thus pushing the water level
down wards.

Factors that determine the rate of diffusion

0] Size of diffusing molecules

Smaller molecules diffuse faster than larger molecules. This
is because larger molecules occupy large space than small
ones.

(i) Temperature
The rate of diffusion is directly proportional to temperature.

(iii) Pressure

The rate of diffusion is directly proportional to pressure.
This is because at a higher pressure, gas molecules are
squeezed, move faster and collide frequently than at low
pressure.

(iv) Molecular weight
Lighter molecules diffuse faster than massive molecules.

The speed of diffusion in a gas depends on the speed of
molecules in that; lighter molecules diffuse at greater rate
e.g. the rate of diffusion of hydrogen gas is faster than that
of carbon dioxide because the molecules of hydrogen move
at a higher speed since they are lighter than the molecules of
carbon dioxide.
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PROPERTIES OF MATTER
(&) MOLECULAR PROPERTIES OF MATTER

Molecular properties of matter are based on the behavior of
the molecules. These are observed in the following;

(i) Diffusion

(i) Molecular forces

(iii) Capillarity

(iv) Surface tension

(v) Elasticity

Molecular forces:

Intermolecular forces are forces of attraction or repulsion
between molecules of matter. The molecules may be of the
same substance or of different substance.

Types of molecular forces

«+» Cohesion (or Cohesive) force

Cohesion is the force of attraction between molecules of the
same kind or same substance.

E.g Forces between water molecules themselves, forces
between mercury molecules themselves e.t.c.

+«+ Adhesion (or Adhesive) force

Adhesion is the force of attraction between molecules of
different kinds or different substances.

E.g Forces between water molecules and glass molecules,
forces between mercury molecules and glass molecules,
forces between water molecules and mercury molecules,
e.t.c.

NOTE: The magnitude of the cohesion and adhesion forces
determines the:

e  Shape of liquid meniscus in contact with a solid

e Ability of the liquid to wet a substance

e Rise or fall in a capillary tube.

When cohesion is greater than adhesion forces, e.g mercury
and glass, then the liquid;
(i) Does not wet glass
(if) Forms spherical balls when spilled on a glass
surface
(iii) Depresses in a capillary tube
(iv) Meniscus curves downwards.

Mercury droplets
@g —— Glass
@

When adhesion is greater than cohesion forces, e.g water
and glass, then the liguid;

(i) Wets glass

(if) Spreads when spilled on a glass surface

(iii) Rises in a capillary tube

(iv) Meniscus curves upwards

Water drop

—— Glass

]

Water spreads on the glass surface due to greater adhesion
forces between glass and water molecules than the cohesion
forces between water molecules themselves hence wetting
the glass.




CAPILLARITY:
Capillarity is the elevation (or rise) or depression (or fall) of
a liquid a narrow porous medium e.g tube.
Capillary action depends on cohesion and adhesion forces.

(i) When adhesion is greater than cohesion forces, e.g
water and glass, then :
e the liquid rises in the capillary tube
e  the meniscus curves upwards (concave);
e  The liquid wets glass

Capillary tube

Meniscus
(Curves upwards)

1 Liquid
i (E.g. water)

When cohesion is greater than adhesion forces, e.g
mercury and glass, then the :
liquid falls (or depresses) in the capillary tube
the meniscus curves downwards (convex);
the liquid forms spherical balls when spilled on a
surface
does not wet glass

Capillary tube
Meniscus

(Curves downwards)

Liquid
(E.g. mercury)

Effect of size or diameter of the capillary tube on capillarity

Smaller
A Capillary tubes

L Larger
Capillary tube

Mercury — 9
7

TINT T T T T T1TT17T
L

L Water

Water rises higher in a capillary tube of smaller
diameter than the one of a larger diameter.

e Mercury depresses deeper in a capillary tube of
smaller diameter than the one of a larger diameter.
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Uses of capillarity

e It helps paraffin (fuel) to rise up in wicks of stoves
and lamps.

o |t helps water to move up tree-trunks to the leaves

e It helps blotting papers to absorb liquids

NOTE:

« All the above uses are possible because of greater

adhesion forces than cohesion forces between
molecules of the two substances. (i.e Fuel and wick,
water and tree-trunk, liquid and blotting paper
respectively). Thus, the wet part of the solid goes on
increasing upwards.
Damp proof material e.g polythene is put in the
foundation course of a building to stop capillary action.
This is because bricks, plaster and mortar are porous, so
water can rise up through the narrow pores and weaken
the wall.

SURFACE TENSION:
Surface tension is the force acting normally on a one-metre
length of a line drawn on the surface of a liquid. Its S.I unit
is Nm™?!.
Surface tension enables the surface of a liquid to behave like
a stretched elastic skin (or membrane).
It is due to cohesion forces between the liquid molecules.

Surface tension is the force on the liquid surface that causes
it to behave as if it is covered with a thin elastic membrane.

Molecular explanation of surface tension:

Unbalanced
surface molecule
Liquid
surface

inward force  Balanced inner molecule

According to Kinetic theory surface tension is explain as
follow:-

Molecules on the surface experience a net down word
force on them and surface of the liquid thus tends to
contract and acquire a state of tension.

« A molecule inside the surface of the liquid is
surrounded by equal number of molecules on all sides.
The intermolecular forces between it and the
surrounding molecules is zero.

A molecule on the surface has very few molecules on
the upper side compared to those bellow the liquid
surface.

Thus if this molecule is displaced upwards, a resultant
attractive force due to the large number of molecules
bellow the liquid surface has to be overcome.

This force is trying to pull the molecule out of the
surface into the bulk. It is trying to make the surface
smaller, hence surface tension.




Experiment to demonstrate existence of Surface tension

—Fin or needle
Blotting
Paooer

—WWarer

r Glass

trough

Procedures:
A clean beaker is filled with water.
A blotting paper is placed on the surface of the water.
A pin or needle is gently placed on the blotting papper
and observed.

Observation:

s After some few minutes, the blotting paper absorbs
water and sinks to the bottom.

+« The needle remains floating on the water surface.

Conclusion:

R/

%+ The needle is held by surface tension.

Effects of surface tension

(i) A needle (pin) floats on water surface.

(if) Tents keep water, umbrellas and raincoats keep water
off due to surface tension.

(iii) Insects e.g pond skater can walk across a water surface.

(iv) Water drops from a tap form spherical shapes. This is
because; a free falling drop will take the shape that has
the least (minimum) area.

Factors affecting surface tension

(i) Temperature: Increase in temperature (or heating a
liquid) weakens or reduces surface tension.

(if) Impurities: Impurities such as detergents, soap solution,
alcohol e.t.c reduce surface tension.

Estimating the thickness (or Size) of an oil molecule:

A drop of oil is able to spread into a thin film of a large area
when placed on a clean water surface. This is because the
end of the oil molecule has greater adhesion forces than
cohesion forces for neighboring molecules.

The size of an oil molecule is too small to be accurately
measured. Its approximate size can only be estimated using
an experiment.

Experiment to estimate the size of an oil molecule

il patch
Lycopodium
poweder

W ater

—— Clean trough

Fill a clean trough with clean water and sprinkle
lycopodium powder on the surface of the water.

Drop a known volume, V, of the oil onto the water
surface covered with lycopodium powder.

The oil spreads forming a cylindrical oil film with a
circular patch, whose diameter ©’d’’ is measured.
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«» The thickness or size of the oil film is estimated from:
Volume of oil drop

Thick f oil st=
ickness of oil drop; Area of oil patch

_ Voil drop

Apatch

NOTE:

It is a common procedure to;

v Dissolve a known volume of a solute (e.g cooking oil or
oleic acid) Vi in a known volume of a solvent (e.g
Petroleum, alcohol or ether) V2 to form a solute-solvent
solution.

Then a known volume, Vs of the solute-solvent solution
is dropped onto the water surface covered with
lycopodium powder.

The solvent in the drop either dissolves in water or
evaporates and the solute (oil) spreads forming a
cylindrical oil film with a circular patch, whose
diameter ©’d’’ is measured.

v The thickness or size of the oil film is estimated from:

Volume of oil in the )
spherical drop
Area of Patch x Thickness (t) = Volume of oil

Volume of cylindrical film = (

Volume of oil drop

Thickness of oil drop; t =
ickness of oll drop; Area of oil patch

However, the volume of the oil in the solution which forms
the oil film is calculated as follows:

(V1+V2) of solution =(contains) (V1) of solute or oil

Pl

(Vs) of solution dropped/|% V
=(contains) (volume of oil in drop)

(V1+V2)XV:V3 XVl

IRAL
V1 +Vy)
Volume of oil in drop,V =

\'

V1V
(V1+V2)

Assumption

(i) All the solvent has evaporated or dissolved in water.

(if) The oil patch is circular.

(ii) The oil film or molecule formed is cylindrical.

(iii) The oil film formed is one molecule thick. (i.e the
spaces between the molecules in the oil film are assumed to
be negligible).

(iii) The oil drop is spherical.

(iv) Volume of cylindrical film=Volume of oil in spherical dro

NOTE:

The water surface should be sprinkled with lycopodium
powder so that:

(i) The film becomes stationary.

(ii) A clear circular patch for measuring diameter is formed.

Example 1:

A solution is made by dissolving 1cm® of cooking oil in
1999cm?® of methanol. When 0.004 cm?® of the solution is
dropped on the surface of water, an oil film of diameter
12cm is obtained.

(i) Calculate the volume of cooking oil in the film.

(i) Estimate the thickness of a molecule of cooking oil.
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(iii) State any two assumptions made in (i) above.
Solution:

Volume of solute or oil, (V1) =1lcm?

Volume of solvent (methanol), (V2) = 1999cm?
Volume of solution dropped, (V3) = 0.004cm3
Volume of solute or oil, in V3 =V

ViVs  1x(0.004)
(V14V2)  (1+1999)

Volume of oil indrop,V =

_0.004
~ (2000)

Volume of oil in drop,V = 0.000002 cm3

Alternatively:

Volumes
Volume of Solution Volume of Oil
2000 cm? lcmd
0.004 cm?® \Y/

2000V =1 x 0.004
V = 0.000002 cm?

Avrea of oil patch,

=3.14 x 36
Area of oil patch, 4 = 113.097cm’?

) . Volume of oil drop
Thickness of oil drop; t =

Area of oil patch

~0.000002

~113.097
Thickness of oil drop; t=1.76 x 10=8 cm

Example 2:

In an oil film, experiment to estimate the size of a molecule
0.005cm? of oleic acid was dropped on lycopodium powder
on a water surface. The mean diameter of the acid was 5cm.
Calculate the thickness of a molecule of oleic acid.

Solution:
Volume of solute or oleic acid, (V1) = 0.005¢cm?
Volume of oil in drop , V = 0.005 cm3

Area of oil patch, = mR?

— 5 2

= ﬁ(z)

= 3.14 X 6.25
Area of oil patch, A= 19.63cm?

Then, fromAXt=V
Volume of oil drop(V)

Area of oil patch(A)

Thickness of oil drop; t =

~0.005

'~ 1963
Thickness of oil drop; t=2.55x 10"* cm

Example 3:
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An oil drop of volume 1x10-° m? spreads on a water surface
to form a patch of area 5x102 m? If the patch is one
molecule thick, find the approximate number of molecules
in the drop.

Solution:
Volume of oil indrop ,V = 1x10™ m3

Area of oil patch, A = nR?
A =5x10"%m?

Then, fromA Xt =V
(5x107%m?) xt =1x10"° m3
_1x1079m3
~ 5%x10~2m?2
t=2x10"%m

NOTE: Remember the oil drop is spherical thus its radius, r
is equal to half the thickness, % of the oil film.
Thus the radius of the spherical oil drop, r is given by;,

If n is the number of molecules in the oil drop, then

t
n (volume of sphere of radius, 5 ) =(volume of oil drop)

n(zmr®)=1x107
n{3x3.14x (1x10°%?} = 1x10~°
n(4.189 x 10724) = 1x10~°

n = 1% 1077
T 4.189x10724

n =2.39 x 104 molecules.

Exercise

1. Inan experiment to estimate the size of an oil molecule,
a volume of 0.12cm? was placed on a clean surface and
spread into a patch of area 0.0006cm?. Calculate the
size of the oil molecule. (Ans:t =200 cm).

When 0.002 cm® of oil was dropped on the surface of
water, an oil film of diameter 6.0cm was formed.
Calculate the thickness of the film.

(Ans:t=7.08 x 1075 cm).

The volume of 100 drops of certain oil is 1.0cm®. One
such drop was placed on a water surface and it spread
into a circular patch of average diameter 50cm. What is
the size of the oil molecule?

(Ans:t=5.09 x 107° cm).

If 1.8x10*cm? oil spreads to form a patch of area 150
cm?. Determine the thickness of the patch.
(Ans: t=1.2 X 107% cm).

A drop of oil of diameter 0.5mm becomes a circular
film of oil of diameter 30cm.
(i) Find the thickness of the oil film.
(Ans:t=9.2 x 10719 m).

(ii) Calculate the number of molecules in the oil
drop. (Ans:n =1.6 X 1017 molecules).




1cm? of oleic acid was dissolved in 99 cm? of alcohol to
form 100 cm?® of solution. A 1-cm® drop of the solution
was put on a water surface sprinkled with lycopodium
powder. The alcohol dissolved in water leaving the acid
which spread to form a patch of diameter 14 cm?®,

(i) Explain why lycopodium powder was used

(ii) Calculate the volume of the acid in the 1-cm?

drop of the solution.
(iii) Estimate the size of oleic acid molecule.

In an experiment to determine the thickness of an oil
molecules the following were doneg;
1cm? of oil was dissolved in 99cm?® of ether and
1cm? of the solution was diluted to 200cm?
0.4 cm? of the dilute solution was dropped onto the
surface of water.
The diameter of film formed was found to be 7cm.
from the above. Calculate the thickness of the oil
molecules. (Ans:t =5.19 x 107 cm).

A solution was made by dissolving 1cm?® of cooking oil
in 199cm? of methanol. When 0.004cm? of the solution
was dropped onto the water surface, an oil film of
diameter 12cm was obtained. Find the thickness of the
oil molecule.

9. See UNEB

1987 Qn.36 and Qn.7
1997 Qn.13
1999 Qn.13
2006 Qn.19
1992 Qn.31
2007 Qn.25

1987 Qn.2
2001 Qn.43
2003 Qn.3
2005 Qn.49
1993 Qn.7
2002 Qn.45

(b) MECHANICAL PROPERTIES OF
MATTER

Mechanical properties of matter are the behavior of matter
under action of an external force.

Materials are things used in the construction of structures
like buildings bridges, dams, etc. Before a material is put to
use the following mechanical properties should be
considered; strength, stiffness, ductility, brittleness and
elasticity.

Strength: It is the ability of a material to resist forces that
want to deform it.
Is the ability of a material to resist breaking when stretched,

compressed or sheared.
Force

Braking stress = -
Cross — sectional area

The strength depends on
i) Dimensions of the material, in that a large force is applied
in order to bend a material of large diameter.

ii) Nature of the substance

Materials of same size but of different substance require
different force to be broken. E.g. a large force is applied to a
steel rod compared to a piece of wood of the same size.

iii) Magnitude of force applied

©Obagiradnl@gmail.com

Stiffness (toughness): Is the ability of a material to resist
bending or to resist forces, which try to change its shape or
size so that it is not flexible. A material which is more stiff
always needs a large force in order to bend e.g. wood is
more stiff than rubber.

Ductility: Is the ability of a material to deform when a force
is applied.

Is the ability of a material to be
changed/rolled/hammered/pressed/bent or stretched into
other shapes with out breaking.

Ductile materials can be hammered, bent or drawn into
various shapes with out breaking.

A Ductile material is one, which stretches elastically then
plastically before it breaks when tensile force acts on it

Examples;
o Wet clay, plasticine, Metals, steel, e.t.c.

Properties of ductile material.

i) can be molded into any shape.

ii) can be bent without breaking. Because of the above
properties of ductile materials, they can be rolled into sheets
drawn into wires or worked into other useful shapes without
breaking.

Brittleness: Is the ability of a material to break suddenly
without bending.

A brittle material is one, which bends very little, then
suddenly cracks without undergoing plastic deformation.
When a brittle material breaks, its pieces fit together almost
exactly and can be glued back.

Properties of brittle material

i) Can bend very little and suddenly break without
undergoing plactic deformation.

ii) Cannot be molded into any shape.

Examples;
o Glass, chalk, stones, concrete, cast iron bricks, alloys
like brass, and bronze.

Elasticity: Is the ability of a material to recover its original
shape and size after a deformation force has been removed.

The material stretches due to the particle being pulled
further apart from one another.

A material, which does not recover its original shape and
size but is deformed permanently, is plastic.

Examples;
e Rubber, steel, e.t.c.

Hooke’s law:

Hook’s law states that the extension of a material is directly
proportional to the applied force provided the elastic limit is
not exceeded.

i.e. the material returns to its original length when the
stretching force is removed, provide the elastic limit is not
exceed

In short:Force « extension
Force = k(extension)
F = ke




Where k is the proportionality constant or material constant
in Nm, Where, F is the stretching force in newtons and e is
the extension in metres.
Extension, e = New length — Original length

e=1,-1,.

It is also important to note that;
Fi_F Fi_e

er € F, e
Where F1 is stretching force producing extension e; and
F. is stretching force producing extension e, on the same
material.

Examplel:

A spring is stretched by 0.05m by a weight of 5N hung from
one end.

(i) What weight will stretch it by 0.03m?

(ii) Determine the spring constant.

Solution:

Given;e;=0.05m,e,=0.03m, k=?, F;=5N, F,=?.

Then from; 5
F2 = EX 0.03

F, =3N

Example 2:

A spring increases its length from 20 cm to 25cm when a
force is applied. If the spring is constant is 100N/m.
Calculate the force.

Solution:

Given;/,=20cm,/,=25cm, k=100Nm™".

e=1l,—1,. From Hooke’s law;
e=25-20 F =ke

e =5cm F =100(0.05)
e=—=0.05m F = 5N

100

Exercise:

1. A vertical spring of length 30 cm is stretched to 36 cm
when an object of mass 100g is place in the pan
attached to it. The spring is stretched to 40 cm when a
mass of 200g is placed in the pan. Find the mass of the
pan.

A force of 500N extends a wire by 2mm. If the force is
reduced by a half, what will be the new length of the
wire, if the original length is 10cm.

A spring constant of natural length 8.0 X 1072 m
extends by 2.5 x 1072 mm when a weight of 10N is
suspended on it.
(i) Find the spring constant.
(if) Determine the extension when a weight of 15N
is suspended on the spring
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—— Metre rule

u

Spring

Pointer

Original length of the spring lo is noted.

Then various loads are suspended on the spring and the
corresponding new length, In of spring for each is noted.
The extension, e produced is calculated from;
Extension,e =1, — [,

The readings are noted in a table below.

Load(N) L, (m) e(m)

A graph of load against extension is drawn, and a
straight-line graph is obtained whose slope is equal to
the spring constant.

Load (N)

i Slope, = spring
i Constant, k

@] Extension (m)

R/

+«+ Thus, the load is directly proportional to the extension
“e”. This verifies Hooke’s law.

A graph of load against extension




Load (N)

g: E:;; o ;ﬁm P " Extension (m)
C = Yield point (minimum stress)

D = Hecking point (maximum stress)

E = Breaking point

OP = Permanent deformation

Explanation

Along OB, the load is proportional to extension in that the
extension increases as the load increases.

Point “B” is called elastic limit.

Beyond B (elastic limit), the graph is not a straight line
meaning that extension is no longer proportional to the load.
The material becomes plastic. This is indicated by a kink at
C, which is called yield point.

Beyond C, the material behaves plastically. i.e. it does not
regain its shape and size. Therefore, it undergoes plastic
deformation. This goes on to the breaking point E.

Point D represents the maximum stress (Breaking stress) the
material can withstand fracturing.

Explanation of sketch of load against extension
according to kinetic theory

OB the molecules are pulled slightly farther apart but can
move back to original position when stretching force is
removed. The deformation is called elastic.

Beyond C, layers of atoms slip over each other. The
molecule move farther apart but cannot move back to
original position when stretching force is removed.

Tensile stress, Tensile strain and Young’s modulus.

Tensile stress:
Is the force acting per cross section area of a material. Its S.1
unit is Nm2or Pa.

S Force F
tress= - =—
Cross section area A

Tensile strain:
Is the ratio of extension to original length of a material. It
has no units.

Straine Extension e
T Original length B L,

Young’s modulus:

This is the ratio of tensile stress to tensile strain.

It is the gradient of the straight line in the elastic region. Its
S.1 unit is Nm2or Pa.
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stress F'l,

Young's modulus= =
£ strain Ae

Note: This holds only when the elastic limit of a material is
not exceeded.

Example 3:
A wire of cross section area 3m? increases in length from
20cm to 25cm, when a force of 5N is applied. Calculate the;
(i) tensile strain.
(ii) tensile stress
(i) Young’s modulus.

Solution:
(i) Given;/,=20cm,/,=25cm, F=5N, A = 3m?
e=1l,—1l, ®e=(25-20) =5cm

. . _© (iii)
Tensile train=—
l, , stress
Young's modulus= -
strain

5
Tensile train=-—=10.25
ensile train=- 1.67

(ii) Young's modulus= 025

' F
Tensile stress= "

Young's modulus=6.67Nm™
Tensile stress=—

Tensile stress=1.67Nm™

Example 4:
Calculate the tensile stress when a force of 25N acts on a
wire of cross sectional area 5m?2.

Given; A =5m?, F = 25N

Tensile stress =—
A

Tensile stress= =
Tensile stress=5Nm~>
Question:

A metallic solid of mass 45kg rests on a copper rod of cross
sectional area 0.5 cm? standing vertically as shown below,

Idetallic solid

e Copper rod

P
Calculate the stress in the rod.
A. 9.0 X 10°Nm™2
C.9.0 X 10°Nm~?

B.9.0 X 105Nm™2
D. 9.0 X 108Nm™2




CRYSTALS:

Crystals have hard, flat sides and straight edges. Crystals of
the same substance have the same shape. This will be
observed when salt crystals grow as water evaporates from
the salt solution on glass slide as seen through a microscope.

This fact suggests that crystals are made of small particles
called atoms or molecules arranged in orderly way in plates.
Metals consist of tiny crystals.

Tensile, shear and compression force.

(i) Compression force

Compression is when the force acts as in the diagram below.
This results in the particles to be pressed more closely
together. So the length of the material decreases but the
thickness of the material increase.

Compressional

Force, £y

compressional

K— Force, F

(ii) Tensile force

Tensile force is when the force acts as in the diagram below.
This result in the particle of the material to be pulled further
apart from one another. So tensile forces increase the length
of the material but its thickness decreases.

Tensiopal [ Tensional
Force, F Force, F

Differences between tensile and compression force.

Tensile force Compression force

i) Particles are pulled | i) Particles are pulled close
further apart together

ii) Length of the material | ii) Length of material
increases decreases

iii) Thickness of the | iii) Thickness of the material
material decreases increases

(iii) Shear force

Shear force is the force needed to fracture the material in a
direction parallel to the applied force in that one section (or
layer) of the material slides over its neighbour.

A shear is produced when two equal but opposite forces are
applied to a body. The effect depends on the turning effect
or movement of the force.

[

[ [ F
F/ /
Body after = /

Body after application
Of shear force

Application
Of shear force

Important materials used for construction.

(a) Metals:
Large varieties of metals are available from which different
alloys or combinations of these metals are made into various
shapes. Metal can be rolled, pressed, and drawn, and are
usually strong, rigid and elastic.
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Some of the common metals are; copper, Zinc, Lead, Tin,
Nickel, Chromium. e.t.c

(b) Alloys:
Alloys are made by mixing one metal with one or more

other metals and in some cases non metals.
« Steel alloys. Steel is an alloy of Iron and carbon. Iron is
alloyed with a variety of the other materials like:-

Examples of steel

e Mild steel (Iron and carbon) used in making cars, ships
etc.
Stainless steel has high corrosion resistance due to its
composition of chromium and nickel. It is used in
making knives, watch casing etc.
Lead and sulphur steel. It is used in the making of
screws because it is easy to cut.

Duralium is an alloy of aluminium and is used in the
making of aircrafts because of its lightness and strength.

Nickel-Chromium alloys

i) Have good resistance to corrosion

ii) The electrical conductivity is independent of
temperature

iii) Have a high melting point.

For these properties, nickel-chromium alloys are useful for
making elements of electrical heaters.

« Invar: is a nickel-iron alloy with low expansivity. It can
be used to make accurate measuring tape and parts of
watches.

Brass: Is copper-zinc alloy? It is ductile and with high
tensile strength. It is used in stamping, pressing or
drawing. It is used in the making plumbing fittings.

Bronze: Is an alloy of copper and tin is harder and
stronger than brass. It is useful in ornamental work.

(c) Stony materials
Bricks: Are made by moulding a mixture of clay and

water and beating the mixture strongly.

Concrete: A concrete is a stony material which is a
mixture of cement, sand gravel and water. This is left to
harden in desired form.

Properties of concrete which makes it a suitable building
material

i) It is resistant to weather

ii) Itis resistant to compression

iii) It is very durable

iv) It is resistant to fire

Concrete can be primarily subjected to compression like
column and arches because it compression strength is high.
However, concrete is relatively brittle material whose tensile
strength is small compared to its compressional strength.
This makes concrete unsuitable for use in structure
membranes which are subjected to tension like tie rods,
beam.




In order to overcome the limitation of low tensile strength,
steel (with high tensile strength) is interlocked and
completely surrounded by hardened concrete mass to form
integral part of the membranes called reinforced concrete.

Reinforced concrete is a combination of steel rods, Cement,
sand, gravel and water.

Concrete is reinforced by interlocking and surrounding the
steel rods with the hardened concrete mass.

Advantages of reinforced concrete.
i) It has high compressive strength
ii) It has high tensile strength

iii) It has much greater ductility
iv) It is tough

V) It is weather and fire resistant

However, the disadvantage of concrete is its volume
instability caused by shrinkage of concrete, which results in
cracks.

The cracks can be filled with mixture of special tar, sand,
cement and water.

Cement Mortar: Cement mortar is composed of sand,
cement mixed with water and left to harden.

Reinforcement: sisal-fibre, bamboo stripes, wood strands are
also used in reinforcing concrete and cement mortars.

The reinforcing improves on tensive strength and weather
resistance of the materials.

Glass: Glass can be melted and formed into various shapes.

Advantages of glass which makes it useful as construction
material.
i) It is transparent
i) Its surface quite harder
iii) Very few chemicals react with glass.
iv) Can be melted and formed into various desired
shapes.

Safety glass: Is used motor vehicle windscreen safely glass
is made by heating plate glass cooling the two surfaces in a
stream of air.

These contract and compress the glass in the middle
resulting a very strong glass which when hit hard enough
breaks into small fragment that are less dangerous than large
pieces.

Wood: Wood is a poor conductor of both heat and
electricity.
The hardness and strength of wood varies from one sample
to another.

Thin sheets of wood are glued together to form a laminate
(plywood) which is stronger than solid wood of the same
thickness.
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BEAMS AND STRUCTURES
A beam is a large and long straight piece of materials with
uniform cross-sectional area.

A girder is a small piece of material used to strengthen a
beam.

A beam is the simplest but one of the most important
structures. When a beam bends, one side is compressed, the
other is stretched (tensile) and the centre is unstretched
neutral plane.

e e e

D

Above is the diagram of rubber marked with lines as shown.
When the rubber is bent as shown below,

Tensional Force.

Neutral ~ Compressional
axis. Force

The lines above OA move further apart. Showing that the
above parts are in tension.

The lines below OA move closer showing that the below
part are in compression.

Along OA the lines are at the same distance apart as before
implying neutral axis.

From above it can be noted that materials from neutral plane
can withstand compression and tensile force due to loading.

Flange

Hollow
Section

Pipe Horl-beam

The top and bottom flanges have the shape shown.

Because they are beams that have had material removed
from the neutral plane, so can with stand compression and
tensile forces due to loading.

In general, pipes for construction of structures like bicycles,
bridges are made hollow for the following advantages.

e They are beams that have had materials removed
from the neutral plane so can withstand tensile and
compression forces.

Notches cannot spread easily hence less risk of
breaking.

Less material is used for construction

The finished structure is lighter




e  Provide room for expansion and contraction.

The Notch effect:
Cracks and fractures:
A notch is a cut or weak point in the surface of a material.

When a notch is made in the reinforcing material, the fibres,
stripes and strands in the length of concrete or mortar are
broken down.

This result in such materials to fail to withstand compression
or tensile force.

Neutral

Tensional Notch Tensional

Force. sp:iads Force.

Notch Neutral
closes axis.

Glass tubes are easily broken after notch is made on the
side.

A notch, crack or scratch on the surface of brittle material
like concrete and glass, spreads more readily under tensile
force than under compression.

Reducing notch effect:
(a) For concrete and cement mortar:;
Notch effect can be reduced by; pre-stressed concrete
containing steel rods that are in tension because they were
stretched while the concrete was poured on them.

This is advantageous in that as well as resisting tension
forces they keep the concrete in concrete in compression
even if the whole structure is not.

(b) For glass:
Notches can be removed from glass

i) By making the surface of glass as smooth as possible. So
glass usually making smooth to reduce the breaking due
to notches.

ii) For safety glass used in motor vehicle screen is made by
heating plate glass and cooling the two surfaces in a
stream of air where they contract and compress the glass
in the middle. This is called thermal toughening.

iii) By reinforcing glass with transparent polythene.

(c) For wood;
Thin sheet of wood are glued together to form a laminated
structure which is able to resist notches more than solids
because for solid structures, the crack or a notch goes right
through while in a laminated structure it may be stopped by
one of the layers.
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STRUCTURES:
A structure is rigid meaning that it can support weight.

Triangular structures are more rigid than others. So a
rectangular structure can be made rigid by adding a diagonal
piece so that the rectangular change into two a triangular
structure, which are more rigid. This is why doors, water
tanks and roofing tuffs are made with triangular shapes.

Triangular

shabes \

Roofing tuff 77777
Water tank

Struts and Ties

In any structure, there are parts, which are under action of
tensional forces and others under action of compressional
forces.

Ties are girders, which are under tension.
This occurs when a girder results in the points it joins to
moves further apart on the removal of such girder in a tie.

Properties of ties:
v"Itis under tension

v" When removed, the point it joins move further
apart.
v It can be replaced by a rope or strong string.

Struts are girders, which are under compression.
This occurs when a girder result in the point to move closer
together on removal girder in struts.

Properties of struts:
v Itis under compression
v" When removed, the point it joins move closer to
each other.
v It cannot be replaced by a rope or strong string.

B C

In order to determine each of the girders whether its a tie or
a strut, each of the girders is removed and the effect is
noted.
+«+ If the points move further apart then the girder is tie and
if the points move closer together then the girder is
strut.
When BC is removed, point B moves close to point C
showing that girder BC is strut.
When AB is removed, point A moves close to B. so
girder AB is strut.
When AE is removed, point A moves further apart from
E meaning that girder AE is tie. Similarly, girder ED is
tie.
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For structures
When BE is removes point B move further apart from E
meaning the girder BE tie.

CDis atie
BF is a tie
BCis a tie
CEis astrut
AD is a strut

DE is a strut
Load At o

When BF is removed, the structure turns about point G. B
will move further away from F hence BF is a tie.

When BC is removed, the structure will bend at E. Thus, C
will move in the direction of the load, far away from B. This
means BC is under tension and hence it is a tie.

When CD is removed, point D moves down wards with the
load. Point D moves away from C, so CD is a tie.

When DE is removed, CD will be vertical due to the load.
Thus, point D moves nearer to E meaning that girder DE is a
strut. Similarly, girder EG is a strut.

When CE is removed, the load moves down wards and part
BCD will be straight due to the load. Thus, point C moves
nearer to E meaning that girder CE is a strut. Similarly,
girders BE and AB are struts.

Exercise:
1. Roofing structures and many bridges are made designed
triangular sections to;
(i) Minimize the material used
(ii) Withstand compression forces
(iii) Minimize tensile force under compression.
A. (ii) only B.(ii) and (iii) only.
C. (i) and (iii) only. D. (i), (ii) and (iii)

2. The beam shown below is being acted upon by forces
F1 and F, as shown.

The regions P, Q and R are respectively,

A tension, compression, neutral axis
B neutral axis, compression, tension
C. tension, neutral axis, compression
D. compression, neutral axis, tension

3. Anotch on a material spreads more rapidly when the
material is;
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A: reinforced
C: pre stressed

4, see UNEB

B: in tension
D: in compression

1993 Qn.10 and Qn. 26
1997 Qn.19

1989 Qn. 10

1994 Qn. 4

1996 Qn. 21

2006 Qn. 8

2007 Qn. 40
1987 Qn. 9
1990 Qn. 5
1994 Qn. 5
2002 Qn.47




1:5. TURNING EFFECT OF FORCE
Moment of a force is also called the measure of the turning
effect of a force.

Moment of a force is a product of a force and the
perpendicular distance of the line of action of the force from
the fulcrum (pivot).

(Moment of

aforce
( Perpendicular distance of)

) = Force X

the line of action of the
force from the pivot

SI unit of moment is a newton meter (Nm). Moment of a
force is a vector quantity.
Examples of the turning effects of a force;

e  Opening or closing a door

e  Children playing on a see-saw

e Bending of the fore arm of a hand

Example;1

A force of 12N is applied to open a door handle, which is
0.8m from the hinges of the door. Calculate the moment of
the force produced.

Solution

Taking moments about the Hinge;

Moment of Force = Force,F X Perp.distance
Clockwise moment = 12 x 0.8

Clockwise moment = 9.6Nm

Example;2

The moment of a force is 4Nm in the clockwise direction
when the lid of a tin is opened. Calculate the vertical force
applied, if the perpendicular distance from the hinges is

40cm.
' F%,
@Hinge

Taking moments about the Hinge;
Moment of Force = Force, F X Perp. distance
4 =Fx04

Solution

F = 4N
T 04
F = 10N

Thus the vertical force applied is 10N
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From above, it can be noted that:
The greater turning effect of a force occurs when the
force acts on an object at a right angle.
It is easier to close the door by pushing it at a point as
far away from the hinges as possible. Because the force
applied can easily balance with the reaction at the
hinges.

Factors affecting moments

The moment of the force depends on the:-

i) magnitude of a force

i) Perpendicular distance from the turning point
(fulcrum).

Law or principle of moments

This states that when body is in a state of equilibrium the

sum of clockwise moments about any point is equal to the

sum anticlockwise moments about the same point.

(Sum of clockwise) _ (Sum of anticlockwise)
moments moments

Experiment to verify the principle of moments.

Fulcrum
< dl ala dZ

@ml

W=

The metre rule is balanced horizontally on a knife-edge and
its centre of gravity, G noted.

Un equal masses my and m, are hung from cotton loops on
either sides of the rule.

The distances of the masses are then adjusted until the rule
balances horizontally once again. The distances di and d; are
measured and recorded.

The experiment is repeated several times and the results
tabulated including values of wid; and wads.

It is found that; w2d2 = widi. Where wzd; is the clockwise
moment and wd is the anticlockwise moment. This verifies
the principle of moments.

The points from which moments are being taken acts as the
pivot and the moments of force at that point is zero (0).
(Clockwise) _ (clockwise) X( Perpendicular )
moments force distance from pivot

Anti — Anti — )
p dicul
(clockwise) = (clockwi5e> X ( erpendicular )

distance from pivot

moments force

Taking moments about the pivot;




pd

—

7,
7

/ Fulcrum

W=

Clockwise moments =W xd1= W1d;

Anticlockwise moments =W, x d,= W2d,

And by the law of moment;

Sum of clockwise moments = sum of anti-clock moment
about any point. Thus, Widi1= W2d;

Note: When calculating moments about a point (pivot) all
distances should be measured from that point.

Finding the mass and weight of uniform body

v" When body is uniform, the mass or weight must act at
the centre.

v" A metre rule is marked from 0-100cm mark. If it is
uniform, then its mass/weight must act in the middle,
which is 50cm mark.

The mass or weight is calculated by applying the
principle of moment.

Example 2:

A metre-rule suspended from the centre of gravity is in
equilibrium, i.e balanced at G, when forces ofWi, W, and
W3, act at distances of a, b and c respectively from the pivot.

(i) Draw a labeled diagram to show all the forces acting on
the metre-rule.

Wz W3

(i) Write an expression for the sum of the moments.
Taking moments about the pivot;

Sum of Anticlockwise moments = WX d;+W,x d,

Sum of Clockwise moments =W;xc

Applying the principle of moments;
Sum of clockwise moments = Sum of anticlockwise moments
WQXC:W1><3.+W'> Xb

Example3:
A uniform metre rule is pivoted at its centre and three forces
of 6N, 2N and F act at distances of 20cm, 60cm, and 80cm
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respectively from the zero mark. If the metre rule balances
horizontally, find the value of F.

Solution

0 cm 50 cm

LR

100 cm
7

| 6N

<>
20cm |

; 60cm ——>

; 80cm ———>!

Taking moments about the pivot;
Sum of Anticlockwise moments =6x30 = 180Ncm
Sum of Clockwise moments =2x10+Fx30
=(20+30F) Ncm
Applying the principle of moments;
Sum of clockwise moments = Sum of anticlockwise moments
(20+30F) Ncm =180Ncm
30F =160
F=5.3N

Example 4:

A non-uniform tree trunk of weight 1000N is placed on a
pivot, 4m from the thick end. A weight of 800N is placed on
the other side of the pivot, at a distance equal to that from
the thick end to the centre of gravity, just tips off the tree
trunk. How far is the weight from the thick end?

Solution:

Let the distance from the thick end to the Centre of gravity
(C.0.G) be x.

Taking moments about the pivot;

Applying the principle of moments;
Sum of clockwise moments = Sum of anticlockwise moments
(800 x x ) Nm =1000x% (4 - x) Nm
800x =4000 -1000x
1800x = 4000
1800x 4000
1800 1800
X =22m
Thus the heavy weight, is (4+2.2) m = 6.2m from the thick
end.




Example: 1

A uniform metre rule is suspended from 40cm marking as
shown in the diagram below. Find the mass of the metre rule
if it’s in equilibrium.

0 cm 40 cm mark
/

2 N

X <« 4 5

' 10crl'n
Taking moments about the pivot;
x = (40 —10) = 30cm
d = (50 —40) = 10cm

Applying the principle of moments;
Sum of clockwise moments = Sum of anticlockwise moments
2xx)=mxd
2(30) = 10m
60=10m
+0Bm 60
10 10
m = 6kg
Thus, the mass of the metre rule is 60kg

Example 2: A uniform metre rule pivoted at 10cm mark
balance when a mass of 400g is suspended at Ocm mark.
Calculate the mass of the metre rule. (Ans: m=100g)

Example 3: The diagram below is a metre rule pivoted at
80cm mark. Calculate the mass of the metre. (Ans: m=67g)

50 cm 80cm  90cm
4

¢ =

y
m 200kg
i X <y o>

Example 4: A uniform beam 2m long is suspended as
shown below. Calculate the mass of the metre. (Ans:
m=16kg)

G

20k T m

: y
€I x i<y >

10c

Interpreting the question in diagram form.

v’ the diagram for any body should be drawn in the form.

v if the body is uniform, its mass or weight will act from
the centre of gravity which is obtained by,

L
C.o.g =3

i.e. For a uniform metre rule, which is marked from 0-
100cm, the centre of gravity from which the mass or weight
acts is,

L _ 100cm

C.og = S=T5 = 50.0cm
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v" Then the required value is calculated from the principle
of moment.

Example:5 A uniform metre rule is pivoted at 30cm mark.
It balances horizontally when a body of mass 20g is
suspended at 25cm mark.

a) Draw a force diagram for the arrangement.
b) Calculate the mass of the metre rule
(Ans: m=5g)

Example: 6 A uniform half-metre rule is pivoted at 15cm
mark and balances horizontally when a body of 40g is
hanging from 2cm mark.

i) Draw a diagram of the arrangement.

ii) Calculate the mass of the metre rule.

(Ans: m=52q)

Example: 7 A uniform rod AB of length 5¢cm is suspended
at 2m from end A. if the mass of the rod is 10kg. Calculate
the mass of the body, which must be suspended at 1m from
end A so as for the rod to balance horizontally.

(Ans: m=5kg)

Example: 8 A hand cart of length 1.5 m, has the centre of
gravity at length 0.5 m from the wheel when loaded with
50kg as shown below.

3|

If the mass of the hand cart is 10 kg, find the effort needed
to lift the hand cart.

Condition for Body to be in Equilibrium Under action of
parallel forces.

When a number of parallel forces act on a body such that the
body attains equilibrium, then the following conditions must
be met or fulfilled:
(i) The sum of the forces is one direction is equal to
the sum of forces in the opposite direction.
(if) The sum of the clockwise moment about any point
is equal to sum of the anti-clockwise moments
about the same point.

The above conditions are useful in calculations involving

two unknown forces. The following steps should be taken.

(i) An equation for sum of force in one direction equaling
to sum of forces in the opposite direction is written.

(i) Moments should be taken about one of the unknown
force. Where by the sum of anticlockwise moment is
equal to sum of the clockwise moments.

Example:

A uniform wooden beam of length 2m and weight 34N rests
on two supports A and B placed at 40cm from either end of
the beam. Two weights of 40N and 50N are suspended at
the end of the beam.

30




(i) Draw a diagram to show the forces acting on the beam.
(if) Calculate the reactions at the supports.

Solution:

(@)

CI.O.G
1

Example 1: A truck of weight 20KN is driving across a
uniform 50m long bridge of weight 500KN as shown below.

R: Rz

I.OTO_l CE.O.G q

v \
A 20KN 500KN B

Calculate the reactions at “A” and “B” if the bridge is in
equilibrium sum of forces in one direction = sum of forces
in opposite direction.

Solution

Sum of upward forces=sum of downward forces
R; + R, = 20KN + 500KN

R; + R, = 520KN

Since R; and R, are, unknown forces so moments can be
taken about either R;or R, .

Taking moments aboutR:
Sum of clockwise moments = Sum of anticlockwise moments
(20 x 5)+(500%25) =R,x 50
100+12500 = 50R,,
12600 = 50R,
50R, 12600

50 50
R, =252KN
Substituting for R, = 252KN into equation (i), gives;
R; + 252 =520
R, = 268KN
Thus, the Reactions R; and R, respectively are 268KN and
252KN.

Example 2: Two labourers “A” and “B” carry between
them a load of 500N on a uniform pole of weight 50N. if the
pole is 2m long, and the load is 50cm from A towards B.

(@) Draw a diagram to show the force acting on the poles.
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!

50cm

y
A 500N 50N

(b) Find the tension on A and B

Solution

Sum of upward forces=sum of downward forces
T, + T, = 500N + 50N

T, + R, = 550N

Since T; and T, are, unknown forces so moments can be
taken about either T,or T, .

Taking moments aboutR:
Sum of clockwise moments = Sum of anticlockwise moments
(500 x 50)+(50%100) = T,x 200
25000+5000 = 200T,

30000 = 200T,
200T, 30000

200 200
T, = 150N
Substituting for T, = 150N into equation (i), gives;
T; + 150 = 550
T, = 400N
Thus, the Tensions T; and T, respectively are 400N and
150N.

(c) Find the fraction of the total weight that is supported by
B.

Weight supportd by B
Total weight

Fraction =

Fraction -0
raction —550

Fraction =—
raction 11

Centre of gravity

Centre of gravity is the point of application of the resultant
force due to the earth’s attraction on it. All bodies are made
of a large number of tiny equal particles each of mass “m”
and pulled towards the earth with a force “mg”. If the total
mass of the entire particle in a body is “m” then the resultant
force of gravity on the body is mg and it acts vertically
downwards at the point G.

The centre of gravity or centre of the mass is a fixed point in
the object where the resultant weight, (force of gravity)
seems to act. If the centre of gravity is taken to, any other
point of support is not zero.




Centre of gravity or reqularly shaped object.

The mass or weight is evenly distributed and its centre or
gravity is in the middle, which is at the geometric centre of
the shape.

e.g. uniform metre rule.

50 cm mark
Ocm (c.0.g)

Finding the centre of gravity of an irregularly shaped
object (lamina).

Retort |
stand Plumb line

G P
S

Marking holes: Three holes “A”, “B” and “C” are made in
the object at the edges far away from each other.

Marking the cross lines: The object is suspended on a retort
stand from each of the holes and plumb (or pendulum bob)
is used to trace the centre of gravity by marking a line on the
object tracing the plumb line thread when swinging stops.

Repeating: The experiment is repeated with the object hung
at B and C and cross lines marked. The point C.0.G at
which all the lines cross is the centre of gravity of the body.

1:5:2 STABILITY:

Stability is the difficulty with which a body topples.

When a body is at rest, it is said to be in a state of
equilibrium or stability.

Types or states of stability or Equilibrium
Some bodies are in a more stable state than others.
There are three types or states of equilibrium or stability:
a) stable equilibrium
b) unstable equilibrium
c) neutral equilibrium
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(a) Stable equilibrium:
Is the type of equilibrium where, if the body is slightly tilted
and then released:
(i) the centre of gravity of the body is raised.
(if) the body returns to its original position.

mg

(b) Unstable equilibrium:
Is the type of equilibrium where, if the body is slightly tilted
and then released:
(i) the centre of gravity of the body is lowered.
(ii) the body moves farther away from its original position.

(c) Neutral equilibrium:

Is the type of equilibrium where, if the body is slightly tilted

and then released:

(i) the centre of gravity of the body is neither raised nor
lowered.

(ii) the body stays in its new position or it just rolls on
before stopping.

Example:
A ball on a flat surface.

How to increase the stability of a body.
The stability of a body can be increases by:
(i) Lowering the centre of gravity by putting more weight
at the base.
(i) Increasing the area of the base.
(i) If the body is slightly displaced and then released.

Exercise: See UNEB

2003 Qn. 5

1987 Qn.10

1988 Qn.2 and Qn.7
1989 Qn.15 and Qn.38
1991 Qn.30

1993 Qn.14

2000 Qn.11 and Qn.2
2002 Qn.11

2003 Qn.5

2007 Qn.17 and Qn.5




1: 6. MACHINES

A machine is a device on which a force applied at one point,
is used to overcome a force at another point.

A machine is a device, which simplifies works by
magnifying the effort.

Principle of machines;

It states that a small force (effort) moves over a large
distance to produce a bigger force that moves the load over a
small distance.

Effort: Is the force applied at one point of a machine to
overcome the load.

Load: Is the force, which is overcome by the machine using
the effort.

Mechanical Advantage (M.A):
This is the ratio of load to effort.
) Load

i.e; M.A=

Effort .
Note:-Mechanical advantage has no units.

-M.A is the number of times the load is greater than
the effort. Alternatively, it
gives the number of times the machine magnifies the effort.

Velocity ratio (V.R):
This is the ratio of the distance moved by the effort to the
distance moved by the load.

. Distance moved by effort
1.e; V.R=

Distance moved by load
Note: It is the ratio of the velocity of the effort to the
velocity of the load in the same time.
It is independent of friction.

Efficiency (1):
This is the ratio of work output to the work input expressed
as a percentage.

. o Effici Work output 100%
i.e; Efficiency (1) ork input 0

Work out put = Load X load distance
Work input = Effort X Effort distance

Load X load distance

Effici =
ferency Effort X Effort distance
Load Load distance

= X
Effort Effort distance
= MA X — x 1009
V.R %

X 100%

X 100%

M.A
Efficiency (n) = VR X 100%

NOTE:

The efficiency of a machine system is always less than
100% because of;

Friction in the moving parts of the machine.

Work wasted in lifting useless weights like
movable parts of the machine.

*,
°n
*,
°n

The efficiency can be improved by;

++ Qiling or greasing the movable parts.
¢+ Using lightweight materials for movable parts.
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SIMPLE MACHINES:
A simple machine is a device that work with one movement
and change the size and direction of force.

Examples of simple machines:

1.Lever system 5.Screws
2.Wheel and Axle machine | 6.Inclined Planes
3. Gear system 7. Wedges

4. Pulley systems

(a) LEVER SYSTEM.:
A lever is a rigid bar, which is free to move about a fixed
point called fulcrum or pivot.
It works on the principle of moments.

Classes of levers:

Class of lever | Position of F,E,L Examples

1st F is between E and L | Pair of scissors

2nd L is between E and F | Wheel barrow

3rd E is between Fand L | Human arm

Class of lever Examples

(i) First class lever: See-saw

Is a lever system where the Pair of scissors
fulcrum (or pivot) is between Pair of pliers
the load and the effort. Weighing scale

Claw Hummer

Wheel barrow
Nutcracker
Bottle opener

(i) Second class lever:

Is a lever system where the load
is between the fulcrum (or
pivot) and the effort.

(iii) Third class lever:
Is a lever system where the Pair of tongs
Effort is between the fulcrum Human arm
(or pivot) and the load. Spade

Forceps

Fishing rod

NOTE: -Load arm is the distance of the load from pivot.
-Effort arm is the distance of effort from pivot.

Load Effort arm
-M. A= V.R= ~—
Effort Load arm

Hence, a lever system is more efficient compared to other
machines.

Fulcrum (or Pivot)
f
97

"% Load arm % Effort arm %V
Load Effort

(b) WHEEL AND AXLE MACHINE :

This consists of two wheels of different radii on the same
axis. The axle has the same attachment on the wheel.

The effort is applied to the wheel and a string attached to the
axle raises the load.




Effort

For a complete turn or rotation;
The effort moves through a distance equal to the
circumference of the wheel.C = 2nR, R= radius of
wheel.
The load moves through a distance equal to the
circumference of the axle. C = 2mr, r=radius of axle.
. __ Distance moved by effort
Thus, from; V.R = Distance moved by load
B 2nR
2nr

Examplel:

The figure below shows a wheel land axle system, which
uses an effort of 300N to raise a load of 900N using an axle
of radius 10cm.

300N
Calculate the; (i) velocity ratio
(ii) Efficiency of the system
Solution:

R=40cm, r =10cm; L= 900N, E=300N;

ThUS, from; VR= Distance moved by effort — 2mR

Distance moved by load 2mr

() (ii).
R_40_, M.

Load _ 900 _
Effort 300

MA= 3

T 10
Thus, the velocity ratio is 4.

. M.A
Efficiency (n) = VR X 100%

3
1’]:1)(100%

n= 7%
Thus, efficiency is 75%
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Example2:
A wheel and axle machine is constructed from a wheel of
diameter 20cm and mounted on an axle of diameter 4cm.
(a) Calculate the;

(i) Velocity ratio of the machine

(i) Greatest possible value of mechanical

advantage.
(b) Explain why the mechanical advantage is likely to be
less than this value.

Solution:
D =20cm= R = 10cm, d =4cm = r = 2cm

@)

_ Distance moved by effort  2zR

" Distance moved by load  2mr

R

T

10
2
V.R= 5.
Thus, the velocity ratio is 5.

(a)(ii)

For the greatest (or maximum) mechanical advantage, the
system is 100% efficient.

Hence M.A=V.R=5

(b) The M.A is likely to be less than 5 because work needs
to be done against friction

Example3:

A common windlass is used to raise a load of 480N by
application of an effort 200N at right angles to the handle. If
the crank is33cm from the axis and the radius of the axle is
11cm, calculate the;

(i) Velocity ratio. (Ans: V.R=3)

(if) Efficiency of the windlass. (Ans: 1 =80%)

(c) GEAR SYSTEM:

A gear is device consisting of toothed wheels.
These are rigidly fixed to the axis and turn with their axis.

Driven gear Driving gear

Effort

Load

They change direction and speed of rotation when the effort
applied is not changed.

The direction of the driven gear is opposite to that of the
driving gear.

The number of rotations of the gear wheels depends on the
ratio of number of teeth and the radii of the wheels.




The effort and the load are applied on the shafts connected
to the gear wheels. A large V.R is obtained only when the
effort is applied on a small gear so that it drives the large
gear.

Number of teeth on driven gear N
V.R= — =—
Number of teeth on driving gear n

Example 1:
Two gearwheels A and B with 20 and 40 teeth respectively
lock into each other. They are fastened on axles of equal
diameters such that a weight of 400N attached to a string
wound around one-axle, raises a load of 600N attached to a
string wound around the other axle. Calculate the:
(@) Velocity ratio of the system when; (i) A drives B
(ii) B drives A
(b) Efficiency when; (i) A drives B
(ii) B drives A

Solution:
(@) N=40cm, n=20cm

L=600N, E=400N

(i)ThUS, from;V. R = Number of teeth on driven gear — E

Number of teeth on driving gear n

Load 600
(i) M.A= =—=
Effort 400

V.R = 2.

1.5

. M.A
Efficiency () = VR x 100%

1.5
n= 7 X 100%

n=75%

(i) M.A=15
V.R=2

Y.h = U.o. . M. A
The velocity ratio is 0.5. | Efficiency () = VR 100%

= =2 %1009
705 %

n=300%

Example 2:

ISON

Two gear wheels P and Q with 80 and 20 teeth respectively,
lock each other. They are fastened on axles of equal
diameters such that a weight of 150 N attached to a string
wound around one-axle raises a load of 450N attached to a
string wound around the other axle. Calculate the;

(i) Velocity ratio of the gear system. (Ans: V.R=4)

(if) Efficiency of the system. (Ans: n =75%)
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Example: 3

Two gear wheels P and Q with 25 and 50teeth respectively
lock into each other. They are fastened on axles of equal
diameters such that a weight of 400N attached to the string
wound around one axle raises a load of 600N attached to a
string wound around the other axle. Calculate the:

(i) Velocity ratio and efficiency when Q drives P.

[Ans: V.R = 0.5, Efficiency = 300%]

(ii) Velocity ratio and efficiency when P drives Q.
[Ans: V.R = 2, Efficiency = 75%]

(d) SCREW MACHINE :

A screw is a nail or bolt with threadlike windings.

It is like a spiral stair case.

It is an essential feature of machines like the vice and the
screw jack.

The distance between any two successive threads of a
screw is called a Pitch.

An effort is applied on a handle like in a vice or in a car
jack.

For a complete turn (or rotation) of the effort, the load
moves through a distance equal to 1lpitch while the
effort moves a distance equal to the circumference of
the handle

Distance moved by effort _circumference of handle

%" Distance moved by load - 1Pitch

VR = 2Tl
" 1Pitch

Example 1:

In a screw jack, the length of the handle is 56cm and a pitch

of 2.5mm. It is used to raise a load of 2000N. Calculate the;

(i) Effort required to raise the load. (Ans: E = 1.42N).

(i) V.R (Ans: V.R =1408).

(iii) Efficiency of the screw, hence explain the significance
of your value of efficiency. (Ans: 1 =100%)

Example 2:

A load of 800N is raised using a screw jack whose lever arm
is 49cm has a pitch of 2.5cm.If it is 40% efficient, Find the
(i) V.R

(i) M.A

Example 3:

A certain screw machine has a pitch of 3.5mm. The effort is
applied using a handle, which is 44cm long. Calculate its
velocity ratio. (Ans: V.R = 3.95)

Example 4:

A screw jack with a lever arm of 56 cm, has threads which
are 2.5mm apart is used to raise a load of 800N. If its 25%
efficient, find the;




(i) Velocity ratio (Ans: V.R = 1408)
(if) Mechanical advantage (Ans: M.A = 352)

Solution:
(a) Radius (lever arm),l =56cm, Pitch of a screw = % =
0.25cm

L= 80ON.

VR of 3 2ml
.R ofascrew = Tpitch

2% 314 x56

0.25
= 1406.72

V.R ofascrew =

(e) INCLINED PLANE

V.R = 3.
Thus, the velocity ratio is 3

(iii) M.A(=5N)
L=400N, E=150N
3 Load 400

~ Effort 150

(iv) Efficiency
_MA 100%
(= VRS 0

2.67
n= T X 100%
n=889%

= 2.67

(v) Work input
Work input = Effort X Effort distance
Work input = 150 x 15

= 2250]

An inclined plane is a slope, which allows a load to be
raised more gradually by using a smaller effort than when
lifting vertically upwards.

Re Distance moved by effort length of the plane

" Distance moved by load - height of the plane

R: VR =
OR: V sin 0
Example:

A load of 400N is pulled along an inclined plane as shown
below.

Calculate the;
Solution:

(vi) Work out put
Work out put = Load X load distance
Work out put = 400 X 5

= 2000]

(i) V.R (=3)
I=15¢cm, h=5cm
() Thus, from;
length of the plane 1

- height of the plane h

Practice Question:

1. A wooden plank, 3m long is used to raise a load of
1200N through a vertical height of 60cm. If the friction
between the load and the plane is40N, calculate the:

(i) effort required [Ans: E = 280N]
(i) Mechanical advantage [Ans: M.A = 4.29]

In the gear system in figure 3 below N; and N are the
number of teeth on the wheels. The efficiency of the
gear system is 60%.

Find the;
(i) Velocity Ratio.
(if) Load that can be raised by an effort of 200N.
(iii) Explain why its preferred to use a longer ladder to
a shorter ladder when climbing a tree.
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(f) PULLEY SYSTEM.

A pulley is a wheel with a grooved rim over which a string
passes.

Types of pulleys.
(i) Single fixed pulley
(if) Single movable pulley
(iii) Block and tackle pulley system

(i) Single fixed pulley
This is the type of pulley fixed on a rigid support.

Effort, E

Load, L

It is applied in:
+ Raising a flag
¢ Lifting building materials during construction
Here, -load distance = effort distance
-tension is the same throughout the string.

-If no friction is considered, Load = Effort. Hence

MA= Lo 1.(since L = E)

Effort  E

However, in practice the mechanical advantage and V.R of a
single fixed pulley is less than one. Because of the
following;

(i) Some energy is wasted in overcoming friction.

(i) Some energy is wasted in lifting useless loads like
threads.

(ii) Single movable pulley

Effort, E

Load,

Here, the effort distance is twice the load distance.
Here, -load distance = 2 x effort distance
-tension is the same throughout the string.

-If no friction is considered, Load = Effort. Hence
A= L(fad =2L-2 (since L = 2E)
Effort E

At balancing;

Sum of upward force = sum of downward forces
L=E+E

L=2E
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Load_ZE_2 ) L =9E
TR E - .(since L = 2E)

M.A and V.R of a single movable pulley is two

However, in practice, the M.A. of a single movable pulley is
less than two. Because of the following reasons;

(i) Some energy is wasted in overcoming friction.

(if) Some energy is wasted in lifting useless loads like
threads.

A single movable pulley is more advantageous than a single
fixed pulley. In that, for a single movable pulley the effort
required to raise a load is less that the load.

(ii) Block and tackle pulley system

This is consists of two blocks each having one or more
pulleys, combined together to form a machine. This is done
in order to have high velocity ratio and a higher mechanical
advantage.

It is applied in:

« Cranes

+«+ Brake downs > For raising heavy loads

o lifts

Note: (i) The number of portions of the string supporting the
lower block is equal to the velocity ratio of the system.
(ii) The effort applied is equal to the tension in each
string supporting the movable block.
E.g. If the effort is 6N, the tension in each string is also 6N.
(iii) For an odd number of pulleys in a system, the
upper block contains one more pulley than the lower block.
In addition, the string starts from the lower block.

N\

Effort, E
Effort, E




Effort, E Effort, E

Y

Load, L Load, L

Passing the string

«» If the number of pulley wheels is odd, then the string
should be tied down to the movable block.

¢+ For even number of pulley wheels, the string should be
tied up to the fixed block.

Experimen m re__mechanical

efficiency of pulley system.
/

Effort

(Weights added+
weight of scale pan)

Load pan

Determining effort: A known load is place on the load pan
and knows weights are added to effort pan until the load just
rises steadily when given a gentle push.

Repeating: The experiment is repeated with different loads
and the results are recorded in table shown bellow:

Drawing the graph:

_ Load Effici ~M.A
iciency= -
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From the table a graph of efficiency or mechanical
advantage against the load is plotted.

Efficiency

Mechanical advantage
N

101 V.R-

N

Load (N)

Load (N)~

Explanation of the shape of the graphs:

+» As the load increases, the efficiency also increases

« This is because the weight of the movable pulley block
and friction become very small compared to the load.

Note:

In practice, the movable block has some weight (w) and

there is friction (F). These two together with the load (L) act

downwards and they become part of the total downward

forces.

Thus, the efficiency do not increase beyond 100% because;
i) some energy is wasted on overcoming friction
i) Some energy is wasted on lifting useless loads

like movable pulley blocks.

Therefore at Equilibrium;
Sum of upward forces = sum of downward force
Sum of tensions
suporting lower | = Load(L)+Weight(W)+Friction(F)
block, (V.R) E
V.R =L+W+F

Example 1:
Below is a pulley system of mass 0.4kg, and there is friction
of 5N

(a) Calculate the;




(i) Velocity ratio of the system
VR = (Number of portions of the string )

suporting the movable block
V.R =4

(if) Effort required to raise the load.
Solution

Data

L=200N, m =0.4Kg, F=5N, E=?,
W=mg =0.4x10

W=4N

Sum of upward forces = sum of downward force
E+E+E+E=L+W+F

4E = L+W+F

4E = 2004+ 4+5

4E = 209

4E 209

4 4

E = 52.25N

(iif) Mechanical advantage of the system

(b) If the load is raised through 6m, calculate the distance
the effort moves at the same time.
Example 2:
Data
L.D =6m, E.D =?
Effort distance
V.R =

Load distance

A E.D
6
ED=4x%x6
E.D= 24m

Example 2:
A pulley system has two pulleys on the bottom block. A
load of 1000N is hung from the bottom block, it is found
that an effort of 300N to raise the load.
(i) How much energy is supplied, if the effort moves
through 5m?
Solution
Data
L=1000N, E=300N, E.D =5m
Work in put = Effort X Effort distance
= 300 x5
= 1500N

(ii) If the effort moves through 5m, find how far the laod
rises.
Solution
Data
E.D =5m, V.R=4, L.D=?
Effort distance

" Load distance

5
4= ﬁ=4L.D=5=>L.D=Z=>L.D=1.25m
(iii)Find' how much energy is gained by the load if the effort

moves through 5m.
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Work out put = Load X distance
=300%5
= 1500N

Example 2:

A pulley system of velocity ratio 3 is used to lift a load of
100N. The effort needed is found to be 60N.

(a) Draw the arrangement of the pulley system.

Solution
Velocity ratio is odd. then;

Number of pulley wheels on each block =

1 remainder 1.
The remainder wheel is added to fixed block.

Velocity ratio __ 3 __

L=100N

(b) Calculate the efficiency of the system.
Solution

V.R =3
3 Load

M.A= Effort
100 N 1.67
= Efficiency= 5 X 100%

0
M.A=1.67 Efficiency = 55.56%

M.A
Efficiency= VR X 100%

Coupled machines
If two or more machines are, coupled machines such that the

output of one is connected to the input of the other, the over
all performance is summed up by:
Overall -V.R =V.R; +V.R;

-M.A. =M.A1 + M.A;

-Eff = Eff, + Eff,




The diagram above shows a pulley system used by a sailor
for hoisting. Calculate the:

(@) Velocity ratio of the system

If the car bears down on the car with a force of 5000N and
that efficiency of a screw jack is 15%. Calculate the;

a) V.R.

Given; Radius,r = 2cm = 2 = 0.02m

100

Pitch, P = 2mm = —— = 0.002m
1000

Then;
Effort Distance

" TLoad Distance
2nr

.R=

Pitch
~2(3.14)(0.02)
VR 5002
V.R=62.8
Mechanical Advantage

Given;Efficiency=15%
, V.R=62.8
Then;

Effi = MA x 100%
'"" VR °

15%= M.A x 100%
" 62.8 0

(b)The effort required to turn the
handle

As Load
" Effort

9.42E =5000

9:42E 5000

942 942
E=530.79N

(c)Work done by the operator in
order to raise the side or the car by
25¢cm.

Work output
Eff = —— x 100%

~ Work input

Solution

Velocity ratio of lower block =4

Velocity ratio of middle

=2

Velocity ratio of upper block =1

OverallV.R=4+2+1=7

(b) The effort required to lift the load if the efficiency of the

system is 75%.
Solution

0.15 = M.A
T T 628

Work output=Load % Load distance

25
Work output=5000x (

— 100)
M.A = 0.15(62.8) Work output=1250J

M.A =942

M.A
Efficiency= VR X 100%

M.A
75%= — X 100%

os. MA
Yy

M.A =0.75%7
M.A=5.25

Then from;
M. A= Load
" Effort
1500

5.25 T

5.25E=1500
E = 285.7N

Example:

The diagram below shows a screw jack being used to lift a
car in order that a wheel may be charged.

< 20cm >

|
[
[

[«

Collar

4
LEL A r A
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NB: Work input is the work done by the effort. Sometimes it
is considered as the work done by operator.

o Work output
Eff1c1ency = W()Tmput X 100%

1250
15% =

m

X 100%

1250
0.15 =

in
0.15W;, = 1250

W, = 8333.33]

In general,

Work wasted = work input - work output
=8333.33 - 1250
=7083.33]

From above, it is noted that work input is greater than
workout put due to;

i) some work wasted in lifting useless loads,

i) Some work wasted in reducing friction.

Note: For the screw the velocity ratio is very high because
the length of the handle is very big compared to the pitch of
the screw.




However the efficiency is very low. Usually lower than
50%. This is because friction is very high so the screw
cannot run back if left.

Exercise : See UNEB

1999 Qn.2
1994 Qn.8

1987 Qn.36
1988 Qn.34
1991 Qn.26

1998 Qn.6
2006 Qn.4
1992 Qn.6
2001 Qn.42
2007 Qn.1
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1: 7.WORK. ENERGY AND POWER

1:7:1. WORK
Work is the product of the force applied and the distance
moved by the point of application of the force in the
direction of the force.
Note that the distance moved has to be in the direction of the
applied force. It is common that a force may be applied to
move an object to the right, but instead the object moves to
the left.
The force in this case has not done any work.

Work done = Force, F x Displacement, S
W=FS

The S.1 unit of work done is a joule (J)

Definition:

A joule is the work done when the point of application of a
force of 1N, moves through a distance of 1m in the direction
of the force.

Example: 1
1. Calculate the work done when a force of 9000N acts on a
body and makes it move through a distance of 6m.

Solution
Force, F= 9000N
Distance, s = 6m

Work done = Force, F x Displacement, S
W= FxS

W= 9000x6

W= 54000J

Note:

If an object is raised vertically or falling freely, then the

force causing work to be done is weight.

Force = Weight = mass, m X acceleration due to gravity, g
Force = Weight= mg

Thus, the work done against gravity is given by;

Work done = Weight x height

Work done = mgh

Where m is mass in kg, h is distance in metres and some
times, it is height.

Example:2
A block of mass 3kg held at a height of 5m above the
ground is allowed to fall freely to the ground. Calculate the
workdone.
Solution
Given, mass, m = 3Kg, Distance, s = 5m
Force F= Weight, W =mass X g

F=mg

=3x10

F=30N
Work done = Force, F x Displacement, S
W= FxS
W= 30x%5
W=150J




Example: 3

A man of mass 80kg runs up a staircase of 10stairs, each of
vertical height 25cm. Find the work done against gravity.
Solution:

Given, mass m = 80Kg,

5
Distance,h = 25cm = —=0.2
istance cm 100 0.25m

Total Distance, hy = 0.25mx10stairs
Total Distance, hy = 2.5m
Then;

Work done = Weight x height
Work done = mgh

=80x10%2.5
Work done = 2000J

Example: 4

A crane is used to to raise 20 tonnes of concrete to the top
floor of a building 30m high. Calculate the total work done
by the crane.

Solution:

Given, mass m = 20tonnes=20x1000=20,000K g,
Distance,h = 30m

Then;

Work done = Weight x height

Work done = mgh
=20,000x10%30

Work done = 6,000,000J

Example: 5

The figure bellow shows a bale of hay being pulled up an
inclined plane with a force of 200N. The bale moves down
the incline to a distance of 5m.

(i) Calculate the work done by the force.

Solution:

Work done = Force, F x Displacement, S
=200Nx(-5m)

Work done = -1000J

(if) Explain your answer.

The distance moved by the bale, was in a direction opposite
to that of the force applied hence a negative displacement.
The negative in the answer therefore means that the bale did
the work instead of the force applied.

1:7:2. ENERGY
Enerqy is the ability or capacity to do work.
The S.1 unit of work done and energy is a joule (J).

Sources of energy:

The raw material for the production of energy is called the
energy source.

There are two types of energy sources.
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(a) Non-renewable sources of enerqy
These are energy sources, which cannot be replaced when

they get used up.

Examples of non- renewable sources of energy

(i) Fossil fuels; these are formed from plant remains that
died million years ago. They include; coal, petroleum oil,
natural gas, e.t.c.

(if) Nuclear fuels; these are fuels found in radioactive
elements which may be occurring naturally such as
Uranium.

These fuels can be used in nuclear reactions to produce
electricity.

Advantages of non-renewable source of energy.
e They have high energy density. l.e a lot of energy
can be produced from a small quantity.
e  They are readily available as demand increases.
Disadvantages of non-renewable source of energy.
e  They are highly polluting.

(b) Renewable sources of energy
These are energy sources which can be replaced when they

get used up. They can never get exhausted.

Advantage:
They are non-polluting.

Examples of renewable sources of energy.

(i) Solar energy: This is the form of energy which reaches
the earth in form of heat and light.

It can be harvested using solar panels and transformed
into electrical energy, which is used for many purposes.
It is also used in direct low temperature heating.

(i) Wind: Wind can be harvested using giant windmills,
which can turn electrical generators to produce
electrical energy, which is a more useful form.

(iii) Running water: Running water is used in hydro-
electricity plants to turn giant turbines, which produce
electrical energy.

The water will always flow hence a renewable source.
Tides can also be used to generate electricity in this
way.

(iv) Geothermal energy: Water is pumped to hot under
ground rocks where it’s heated and then forced out
through another shaft where it can turbines.

Forms of energy

Energy can exist in the following forms;

a) Chemical energy:

Chemical energy is the form of energy a body has due to the
nature of its atoms and molecules and the way they are
arranged.

In the combination of atoms to form compounds, there is
gain or loss of energy. This energy is stored in the
compound as chemical energy.

If the atoms in such compounds are rearranged to form a
new compound, this energy is released. E.g If sugars in the
human body are burnt, a lot of chemical energy is released.

b) Nuclear energy:

This is the energy released when atomic nuclei disintegrate
during nuclear reactions.

In nuclear reactions, the energy, which holds the nuclear
particles together (Binding energy), is released.

42




There are two types of nuclear reactions i.e. fission (Where
large nuclei break to form smaller ones) and fusion (Where
smaller nuclei combine to form larger ones). In both cases,
large amounts of energy are released.

c) Electrical energy (Electricity):

This is the form of energy which is due to electric charges
moving from one point of a conductor to another.

This form of energy is most easily converted to other forms,
making it the most useful form.

d) Lightenergy:

This is the form of energy which enables us to see. Light is
part of a wider spectrum of energy called the
electromagnetic spectrum. Light consists of seven visible
colours, of red, orange, yellow, green, blue, indigo and
violet. We are able to see because the eye is sensitive to the
colours.

e) Heat energy:
Heat is a form of energy, which results from random
movement of the molecules in the body.
It is responsible for changes in temperature.
When a body is heated or when heat energy of the body
increases;
(i) The internal kinetic energy of the molecules
increases leading to a rise in temperature.
(if) The internal potential energy of molecules
increases leading to expansion and change of state
of the body.

f)  Sound energy:

This is the energy which enables us to hear.

Like light, sound is also a form of wave motion, which
makes particles to vibrate. Our ears are able to detect sound
because it produces vibrations in the ear.

g) Mechanical energy:

This is the energy of motion.

Mechanical energy = kinetic energy + Potential energy

There are two forms of mechanical energy.
(i) Kinetic energy:- This is the energy possessed by a
body due to its velocity or motion.

1
Kinetic energy = 3 (mass) x(velocity)?

K.E = —mv?

(ii) Potential energy:- This is the energy possessed by a
body due to its position or condition.
It is equal to the work done in putting the body in that
position or condition.
A body above the earth’s surface has an amount of
gravitational potential energy equal to the work done against
gravity.
Weight is the force of gravity acting on a body.
Weight = mg.

( Gravitational

acceleration )
Potential energy

)= (mass)x (due to gravity
(Height above >
the ground

P.E =mgh
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Conservation of Energy.

The principle of conservation of energy:

It states that ‘energy is neither created nor destroyed’ but
can be changed from one form to another.

In any system, the total original energy is equal to the total
final energy. For example, electrical energy is changed to
light energy in the bulb. However, the bulb also feels hot
because some of the energy is changed to heat.
Therefore, light energy plus the heat energy is equal to the
electrical energy supplied.
Thus from this principle, we conclude that;

e No new energy is created

e Total existing energy is not destroyed

e Energy is only changed from one form to another.

As energy is changed from one form or state to another, an
energy converter (Device) is required to ease the conversion.
Examples of such devices are shown in the table below.

Energy Change Converter

Chemical to electrical Cells or Batteries

Light to Electrical Solar panels

Electrical to light Electric lamps e.g bulbs

Electrical to heat Cooker or flat iron, etc.

Heat to Electrical Thermocouple

Electrical to sound Loud speakers

Sound to Electrical Microphones

Electrical to Kinetic Electric motors

Kinetic to Electrical Electric generators

Conservation of mechanical energy:
P.Er=mgh, K.E.=0

P.E. + K.E;=P.ET.

P.E= mgh1

K.E1: P.ET - P.E1
= mgh — mgh;

P.E= 0, KE=-mv? = mgh
FITITITITITIITS

A body of mass m at a height h above the ground, has a
potential energy, P.E = mgh. At this point, the velocity of
the body is Oms* hence it has no kinetic energy. (K.E. = 0J).

When the body is released, it begins to fall with an
acceleration g. The velocity of the body thus increases as the
height, h decreases. The body therefore gains kinetic energy
at the expense of potential energy.

When the body is just reaching the ground, the height, h is
zero (h = 0m) while its velocity is given by;
v? = u? + 2as; wheres =h,a=gandu =0
v? = 0%+ 2gh
v? =2gh
v=,2gh
Thus, its Kinetic energy as it reaches the ground is given

by; K.E = %mv2 = ém(,/Zgh)2 = mgh




Hence, K.E = %mv2 = mgh
Therefore; Gain in K.E = Loss in P. E.

The above illustration shows that energy is conserved.
Mechanical energy is continually transformed between
kinetic and potential energy.

A swinging pendulum.
The transformation of energy between kinetic and potential
energy can also be seen in a swinging pendulum.

At the end (extremes) of the swing, the energy of the
pendulum bob is only potential.

As it passes the central position, it has only kinetic energy.

In other positions between the extreme ends and the central
position, it has both potential and kinetic energies.

PZZZZZZ3— support

7/ \\

A

N 4
\/-,\/

\ Vo
\)_ _~7 OnlyP.E

P.E + K.E
Only K.E

Mechanical energy =P.E + K.E

As the bob falls from the left towards the central position, it
gains K.E at the expense of P.E.

As it rises from the central position towards the left end, it
gains P.E at the expense of K.E.

Example:

A ball of mass 200g falls freely from a height of 20m above
the ground and hits a concrete floor and rebounds to a height
of 5m. Given that g = 10ms™?, find the;

i) P.E of the ball before it fell.

ii) Its K.E. as it hits the concrete.

iii) Velocity with which it hits the concrete.

iv) K.E as it rebounds.

v) Velocity with which it rebounds.

vi) Velocity when it has fallen through a height of 15m.

Solution:

(i)

P.E=mgh (h=height from which the ball is dropped)
P.E=0.2x10%20

P.E=40J

(i)
As it hits the concrete, Total P.E is converted to K.E

1
K.Ezimvzz mgh
(h=height from which the ball is dropped)
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K.E=0.2x10%20
K.E=40J

(iii)
As it hits the concrete, Total P.E is converted to K.E
1
K.E=§mv2= mgh
(h=height from which the ball is dropped)
Emvzz mgh
v?=2gh.
v =,/2gh
v =,/2(10)(20)
v =400

v=20ms~!

(iv)

As the bounces from the concrete, the K.E used to move the
it from the bottom to the height h, is converted to P.E at
h;and it is momentarily at rest.

1
K.E= 7 mv3= mgh,

(h,;=height to which the ball bounces).
K.E;=0.2(10)(5)
K.E,=10J

v)

As the bounces from the concrete, the K.E used to move it
from the bottom to the height h; is converted to P.E at
h,and it is momentarily at rest.

1
K.E1=§mv%= mgh;
(h;=height to which the ball bounces).
1
3 (0.2)v3=0.2(10)(5)

0.1v?=10
vi =100
v, = V100

v, = 10ms~!

(vi) As it falls from the top, Total P.E at the top is
converted to some K.E and some P.E in
Falling to the height h;.

K.ET=§mV%+ mgh;

(h;=height of the ball from ground).
1

4025 (0.2)v3+ 0.2(10)(5)

40=0.1v3+ 10
30=0.1v?

v =300

v; =300

v, =17.32ms~?!

Example 1:
Calculate the Kinetic energy of a 2Kg mass trolly traveling
at 400m per second.

Given;m = 2kg,v = 400ms™1

KE—1 2
. fzmv

K.E:%(Z)(ZLOO)Z
K.E=160,000]




Example 2:

A 5Kg mass falls from a height of 20m. calculate the
potential energy lost.

Given;m = 5kg,h = 20m

P.E=mgh

P.E=5(10)(20)

P.E=1000J

Example 3:
A 200g ball falls from a height of 0.5m. Calculate its kinetic
energy just before hiting the ground.

200
Given;m = 200g = —— = 0.2kg,h = 0.2m

1000
K.E gained = P.E lost

K.E=mgh
K.E=0.2(10)(0.5)
K.E=1J

Exercise:
1. A block of mass 2 kg falls freely from rest through a
distance of 3m.
i) Find the K.E of the block. (Ans: =60J)
K.E gained = P.E lost
ii) Potential energy (Ans: =60J)
iii) The velocity with which the body hits the ground. (K.E
gained = P.E lost).

2. A body falls freely through 3m. Calculate the velocity
with which it hits the ground. (Ans: = 7.75ms™)

3. 100g steel ball falls from a height of 1.9m on a plate and
rebounds to a height of 1.25m. Find the;

(i) P.E of the ball before the fall. (Ans: =1.8J)

(ii) Its K.E. as it hits the plate. (Ans: =1.8J)

(iii) Its velocity on the plate. (Ans: =6ms™)

(iv) Its K.E as it leaves the plate on rebound. (Ans: =1.25J)
(v) Its velocity of rebound. (Ans: =5ms™)

For a body not falling freely but as it falls it experiences air
resistance then the kinetic energy gained by the body just
before it hits the ground is calculated from:

K.E gained = (mg — R)h

Where mg is the weight of the body, R is the air resistance
and h is the height above the ground.

Example 4:

A 20kg body falls from 1.8m above the ground. If the air
resistance is 0.9N.

(i) Calculate the Kkinetic energy just before hitting the
ground.

Solution
Given;m = 20kg,R = 09N, h = 1.8m,K.E.=?
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" K.E = (mg-R)h
I TT S TS TS TTTTS

K.E gained=(20%10 - 0.9)x1.8
=(200-0.9)x1.8
=(199.1)x1.8

K.E gained =358.38]

(ii) Calculate energy lost due to air resistance
Total energy at h,=mgh

=20x10%1.8
Total energy at h,=360J

Energy lost due to air resistance=360J-358.38J
Energy lost due to air resistance=1.62J

Note:
Energy lost due to air resistance can also be calculated from;
Energy lost due to air resistance=Work done against R
Energy lost due to air resistance=Force x Height
Energy lost due to air R=Air resistance x Height

=0.9x1.8
Energy lost due to air R=1.62]

Calculating the kinetic energy at any point for a body
falling freely.

P.E= mgh
K.E=0

P.Et.= P.E1 + K.E1
P.E1= mgh1
mgh = mghi1+ K.E1

J P-E= 0, K.E.= imv2 =mgh

P FIZF7 S FFFFFF7

At A the body has all potential energy. So the energy at A is
mgh = Total energy.

At B the body has a mixture of kinetic energy and potential
energy.

P.ET:K.E|+ PE|

mgh=K.E;+ mgh,

mgh= Emv§+ mgh,

Where “h1” is the height above the ground.




Example 5:

A stone of 150g is dropped from a height of 80m.
Calculate the;

(i) Kinetic energy when it is 50m above the ground.

Solution:

m=150g=—2=0.15kg, h;=50m, h=80m.
1000

A TTTT LTSS

(i) Method 2 :

mgh =K. E;+ mgh;, Given; a=10ms™2, u=0ms"

0.15(10)(80)=K.E;+ 0.15(10)(50) | Where h is the height

120=K.E;+ 75 fallen through.

K.E,;=120-75
K.E,=45] Then using the third

equation of motion, we

(ii) Its velocity when its 50m | have;

above the ground. 0% =u?+ 2ah

v? = 0% 4 2(10)(30)

v? =600

v =v600 ms~?

v=2449 ms—?!

Method 1 :

1 2
K.E1=§mV1

1
45=3 x0.15%v?
90=0.15v?
600 =v?
V600 = v,

v, = 2449ms~!

(iii) Its Kinetic energy when it has fallen through 50m.
Given; g=10ms‘2, h=80, h;=(80-50)=30m, K.E=?
Where h is the height above the ground.

Then from;
mgh = K.E;+ mgh;
0.15(10)(80)=K.E;+ 0.15(10)(30)
120=K.E,+ 45
K.E;=120 - 745
K.E,=75]
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1:7:3. POWER
Power is the rate of doing work. Or
Power is the rate of transfer of energy.
Note: Work done is the same as energy transferred.

Work done  Energy transfered

Power =

Time taken Time taken

Where work done=Force x Distance

Power=¥=Fx%=FV

Power =F.V
Where V is the velocity of the body.

mgh
Power = Tg

Where mg is the weight of the body and h the height.

The S.1 unit of power is watt (W).
1watt=1Js"

Definition:

A watt is the rate of transfer of energy of one joule per
second.

Or It is the rate of doing work of 1joule in one second.

Example 1:

An engine raises 20kg of water through a height of 50m in
10 seconds. Calculate the power of the engine.

Solution:

mgh
Power = Tg
_ 20(10)(50)

P
ower 10

Power
= 1000W

Example 2:

An electric bulb is rated 200W. How much electrical energy
does the bulb consume in 2hours.

Solution:

Energy used
Power = ——
time taken

_ Energy used

100_2><60><60

Enery used = 100(2 X 60 X 60)
Enery used = 720,000]

Example 3:
A man uses an electric motor whose power output is 3000W
for 1hour. If the motor consumes 1.44x107J of electricity in
that time, find the efficiency of the motor.
Solution:
Given;P,,=3000W, t=1hr=1x60x60=3600s.

Energy. =1.44x107]

input

. X Energy input
ower input = ———
P P time taken




>  1.44x10’
n""36000

P,,= 4000W

o Power output
EfflClel’lcy = m X 100%

- 3000
Efficiency = 2000 x 100%

Efficiency = 75%

For machines

Power input is the power created by effort.
Work input _Effort x Effort Distance

Time taken

Power input= -
p Time taken

Power output is the power created by the load.

Work output Load x Load Distance
Power output=—; =
Time taken

Time taken

Example 4:
An effort of 250N raises a load of 1000N through 5m in 10
seconds. If the velocity ratio is five, Calculate the:
i) Power input
ii) Efficiency
Solution:

Power\ Work output
(i) Given; ( input)

Effort=250N, Load=1000N,
V.R=5, L.D=5m, t=10s

" Time taken

3 LoadxLoad Distance

Time taken

10005

10
Power output = 500 W

< Power )
_ EffortxEffort Distance Eff = output

Time taken (Power)
input

(Power) _ Work input

input/  Time taken (ii)

x 100%

250%25 500
= Effici =——x1009
0 iciency = —— %

Power input=625 W Efficiency = 80%

INTERNAL COMBUSTION ENGINE
A heat engine is a machine, which changes heat energy
obtained by burning fuel to kinetic energy (mechanical

energy)

Engines are always less than 100% efficient because:-

i) Some of the energy is lost in over coming friction between
walls of the cylinder and pistons.

ii) Some heat energy is lost to surrounding due to
conduction.
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iii) Some of the energy is also wasted in lifting useless loads
like pistons.

Qnl:

A pulley system of V.R six is used to lift a load of 250N
through a distance of 3m. If the effort applied is 50N,
calculate how much energy is wasted.

Qn2: A girl of mass 40kg runs up a stair case in 16 seconds.
If each stair case is 20 cm high and she uses 100 Js~* . Find
the number of stairs. [Ans: 20]

See UNEB

1994 Qn. 17

1989 Qn. 29

2007 Qn.33

1987 Qn.3 and Qn.24
1993 Qn.4 and 18
1997 Qn.10

1999 Qn.2 and Qn.8
2000 Qn.23

2001 Qn.26

2006 Qn.7
1997 Qn.5
1995 Qn.9
1991 Qn.11
1992 Qn.11
2003 Qn.15
2007 Qn.6
1993 Qn.4
2005 Qn.45




1: 8 PRESSURE

Pressure is the force acting normally per unit area of the
surface.
Force(N)

[ P = =
i.e ressure Area(m?)
The S. unit of pressure
a newton per square metre, (N/m? or Nm~2) or
a pascal(Pa).

A pascal is the pressure exerted when a force of 1N acts
normally on an area of 1 m?.

1:8:1. PRESSURE IN SOLIDS:
Pressure in solids depends on;

«+ Magnitude of force applied

+«» Cross sectional area in contact

Maximum and Minimum Pressure
Pressure increases when the area decreases and decreases
when the area increases.

. Force or weight . F
Thus:Maximum Pressue = ———— <61 .

ti.e.Ppax =

Minimum Area Anmin

Force or weight . F
—orce of welen : 1.e.Pmin = —
Amax

Minimum Pressue = -
Maximum Area

Example 1:
The box below weighs 60N. Determine the maximum and
minimum pressures it exerts on the ground.

Solution

A box of dimensions 20cm by 1m byl0cm weighs 30kg.
Determine the maximum and minimum pressures exerted by
the box on the ground.

Given: -Dimensions; cm x 10cm x 20cm
-Mass, m = 30kg
-Acceleration due to gravity, g = 10ms=

-Dimensions; 1m x 2m x 3m
-Mass, m = 30kg
-Acceleration due to gravity, g = 10ms™
Force, F = Weight
=mg
F =30x10
F = 300N

(Smallest) _ (Smallest) y (Next smaller)
Area / \ length length
A —(10 x 20)—002 2

min =100 ~ 100/ ~ "™

Then: Py = F_300_ 15000 Nm~2 or 15000 P
en: P« A "002 m~° or a

Longest ) (Next longer)

Largest Area = ( length length

20 ,
AmaX = (1 X m) = 0.2m

F 300

Ppin =——=——= 1500 Nm~2 or 1500 P
min = A = 77 m~“ or a

Given:
-Dimensions; 1m x 2m x 3m
-Force, F=W = 60N
-Acceleration due to gravity, g = 10ms=
Force, F = Weight
F = 60N

(Smallest ) (Smallest ) (Next smaller)
Area length length
Anin = (1 x2) =2m?

Then: Pyax = —— = 2 = 30 Nm™2 or 30 Pa

_ (Longest Next longer
Largest Area —( length ) ( length) )
Apax = (3% 2) = 6m?

_ 60

Ppyin=-——=—=10Nm 20r 10 P
min = A — =5 m~° or a

Example 3:
The dimension of a cuboid are 5¢cm x 10cm x 20cm and the
mass of the cuboid is 6kg. Calculate the maximum and
minimum pressures the cuboid exerts on the ground.
Solution
Given: - Dimensions; 5cm x 10cm x 20cm

-Mass, m = 6kg

-Acceleration due to gravity, g = 10ms™

Example 2:
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F
Then: Py = ——
en max Amin
Force, F = Weight
F =mg
F = 6(10)
F = 60N

(Smallest) _ (Smallest) (Next smaller)
Area / _ \ length length




A _( 5 y 10)_ 1 _
min = \700 * 100/ ~ 200
F 60

Apin  0.005

Pmax -

= 12000 Nm~2 or 12000 Pa

30 20
Vw=—X—7—X%x0.5
100 1000

V,, = 0.003m™3

Longest ) (Next longer)

Largest Area = ( length length

A 20 10 ) L o oone
=|—X—] = — = 0.
max (100 100 m m
F 60

Poin = —— = —— = 3000Nm™2 or 3000 P
min = X = 0.02 moeor a

F=25x10+ (0.003) x (1000) x 10
F=254 30
F =50N

poo= 20 _ 50 ea333Nm?or833333P
max = 0006 ~ 0.006 SN 708333951

50
Puin = 575 = 33333 Nm™ or 333.33Pa

Example 4:

The tank below has a mass of 2.5kg. Determine the
minimum and maximum pressure exerted by the tank on the
ground; When it is;

(i) empty

(ii) filled with water up to the brim.

(iii) half filled with water. (Density of water =1000kgm)

Solution

(iif) When half filled with water.

Force, F = (Weight ofempty tank) + (weight of water)
F=mg+ myg
F=mg+ Vy,pwg

Where Volume of water, V,, =1 X w x h

30 20
= 2 x 22 % 0.25
100 1000

V,, =0.0015m™3

(i) When empty
Given: - Dimensions; 5cm x 10cm x 20cm
-Mass, m = 2.5kg
-Acceleration due to gravity, g = 10ms™
Force, F = Weight
F=mg
F =25x%x10
F = 25N

Then, F =2.5x 10+ (0.0015) x (1000) x 10
F=25+ 15
F = 40N

Prnax = 0.006 666.67Nm™2 or 666.67Pa

0
Poin = 55 = 266.67Nm™ or 266.67Pa

(Smallest) _ (Smallest) (Next smaller)
Area / \ length length

A ( 20 30) 0.006m?
o =l—X— ) = 0.
min = \ 7000 ~ 100 m

F 25
Prax = —— 0008 = 4166.67Nm~2 or 4166.67 Pa

Longest ) (Next longer)

Largest Area = ( length length

30 ,
AmaX = (05 X m) = 0.15m

F 25
P. =—=—"=1 . -2 1 . P
min = 4 — =015 66.67Nm™“ or 166.67 Pa

(if) When filled with water to the brim

Force, F = (Weight ofempty tank) + (weight of water)
F=mg+ m,g
F=mg+ Vwpwg
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Note: when calculating pressure, the unit of area of base
should always be in m?. From the above calculations it is
noted that: the greater the area over which the force acts
normally the less is the pressure.

‘0

% A tractor with wide wheels can pass over soft ground
because the greater area of wide wheel exerts less
pressure.

A hippopotamus of wide feet is able to walk on soft
grounds without sinking because the greater area of
wide hooves exerts less pressure.

When the same force is applied on a needle and nails
both placed on the hand, one tends to feel more pain
from the needle because the small area of needle exerts
greater pressure.

‘0

% A sharp knife cuts well than a blunt one.

Exercise:

1. Explain the following observations;

(i) A large reservoir is much wider at the base than at the top

(ii) In supply of water, smaller pipes are preferred to larger

ones.

2. Arectangular block of metal weighs 5 N and measures
2.cm x 3 cm x 4 cm. What is the least pressure which it
can exert on a horizontal surface?

A.2.10 x 107 Pa B.
C.6.25x 10 Pa D.

4.17 x 10° Pa
8.30 x 105 Pa

3. See UNEB

Where Volume of water, V,, =1 x w x h 1994. Qn.25 1991. Qn.5
2003. Qn.10 1995. Qn.15

49




1999. Qn.33
1988. Qn.13

1996. Qn.39
2002. Qn9

1: 8 :2. PRESSURE IN FLUIDS:

ATMOSPHERIC PRE RE

The layer of air surrounding the earth is called the
atmosphere.

Atmospheric pressure is the pressure exerted by the weight
of air on all objects on the earth’s surface.

Atmospheric Pressure depends on altitude.
The density of air above the earth decreases as the altitude

increases leading to the decrease of atmospheric pressure at
high altitude and the vice versa. At sea level, the
atmospheric pressure is 1.0 x 10°Pa.

Though the value of atmospheric pressure is large we do
not normally feel it because:

-Blood pressure is slightly greater than atmospheric pressure
-Atmospheric pressure acts equally in all direction.

Experiments to Demonstrate Existence of Atmospheric
Pressure.

a) Collapsing Can or Crushing Can Experiment.

If air is removed from the can by a vacuum pump, the can
collapses because the air pressure inside becomes less than
the atmospheric pressure.

1
1

\
] T
)\;l , Cold Water

%;}e;)? éAtmospheric

péreqs'ure < pressure Cork

Atmospheric
pressure

A small quantity of water is boiled in a can until steam
forms.

The steam drives out all the air inside the can, hence
reducing the pressure inside the can.

The stopper is then tightly fitted onto the can and the
heat source removed.

Cold water is then poured over the can. This causes the
steam inside to condense producing water and water
vapour at very low pressure.

The excess atmospheric pressure outside the can causes
it to collapse inwards.

Importance of atmospheric pressure

a) Drinking straw

When sucking, lungs expand and air is driven out from the
inside of the straw to the lungs.

This reduces the pressure inside the straw.

Then atmospheric pressure acting on surface of the liquid in
the bottle is greater than air pressure in straw and so it forces
the liquid up to the mouth.
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Bottle

Atmospheric Pressure

b) Rubber sucker

When the sucker is moistened and pressed on a smooth flat
surface, the air is pushed out. Atmospheric pressure then
holds it firmly against the surface.

Suckers are used for attaching car licenses to windscreen
and in industry for lifting metal sheets.

Defining pressure in fluids

Fluids refer to gas or liquids. These take up the shape of the
container, so the volume of the liquid filling a cylindrical
container is equal to the volume of that cylindrical
container.
Y
— Area of base = mr?
Volume of liquid = tr?h
Mass of liquid = mr2hp
Weight of liquid = mr2hpg

Area of base = mr?

Then from the definition of pressure:

Force(N) (tr¥)hpg _
Area(m?)  (mr?)

Pressure =

Pressure = hpg
Properties of fluids related to pressure

(i) A liquid finds its own level:

Pressure in liquids does not depend on cross sectional area
and shape of vessel containing the liquid.

This can be illustrated by an experiment using a
communicating tube as shown below.

Tubes of different
Cross sectional area Liquids surfaces in all the tubes
and shape at the same level

A liquid is poured into the communicating tubes of different
cross-sectional areas.




The liquid is found to stand at the same level in each tube.
This shows that pressure at same level is the same.

This is because the same atmospheric pressure acts on the
surface of water in each tube.

(ii) Pressure at a given depth acts equally in all directions:

Pascal’s principle of transmission of pressure in fluids

It states that pressure in an enclosed fluid is equally
transmitted through out the fluid in all directions.

Pascal’s principle works because liquids are incompressible.
That is to say, their volumes can’t be reduced by squeezing.

An experiment to verify Pascal’s principle.

_/h

r——

Piston

Water

Holes of equal size are drilled in a round bottomed flask and
covered with cork.

The flask is then filled with water and the piston pushed
inside the flask.

Water shoots out equally in all directions, and travels equal
distances. This verifies Pascal’s principle.

Hydraulic machines
Pascal’s principle states that: When a force exerted on a
liquid, pressure is produced which is transmitted equally
throughout the liquid.

The above principle is applied in hydraulic press, hydraulic
brakes and hydraulic jacks. Liquids are almost
uncompressible so they can pass on any pressure applied to
them.

In hydraulic press a small force is applied to a small piston
in order to raise, large force (load) placed on large piston.

(a) Hydraulic press

It consists of two interconnected cylinders of different
diameters enclosed by means of pistons which fit tightly in
the cylinders.

A high-density liquid like oil is used to fill the system.
Effort applied on the smaller piston can be used to overcome
a larger load on the bigger piston.

When a force (effort) is acting on the smaller piston, exerts
pressure on the liquid. According to Pascal’s principle, the
pressure will be transmitted equally to every point of the
liquid since the system is enclosed by the cylindrical
pistons.

The same pressure then acts on the bigger piston, where it
overcomes a bigger force (heavy load) because of the large
area of the piston.
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Effort, F;

Thus assuming a hydraulic press, which is 100% efficient,
then,
Effort Area of smaller piston

Load Area of bigger piston

F A

F, A

Fl 7'131'2 Fl l‘z

___=>_=_
F, arR? F, R?

Where r and R are the radius of the smaller and bigger
pistons respectively.

Example 1:
A hydraulic press is made of two cylinders of cross-section
areas 20cm? and 120cm? respectively fitted tightly with
pistons A and B. A force of 10N applied on A is used to
raise a load on piston B. Calculate the maximum possible
force that can be raised on piston B.
Solution:

Fi _ A

:Then from —
F, A

Effort

[— Piston A

2: A hydraulic press requires an effort of 100N acting on a
piston of area 20cm? to press a bale of cotton placed on a
piston of area 240cm?. If the percentage efficiency of the
press is 80%, calculate the force applied on the bale.

Solution:

Then f B _A
en from; inAz



80 y 20
_(100 240

100 _ ( 16 )

F, \240

16F,=24000

F,= 1500N

Advantage

A small force applied on small piston can overcome a large
place load placed on a large piston.

Hydraulic lift

reservoir  piston
A—-

This is commonly used in garages; it lifts cars so that repairs
and service on them can be done easily underneath the car.
A force applied to the small piston, raises the large piston,
which lifts the car. One valve allows the liquid to pass from
The small cylinder to the wider one, a second valve allows
more liquid (usually oil) to pass from oil reservoir on the left
to the small cylinder. When one valve is open, the other
must be shut.

(b) Hydraulic brake:

Slave
Cylinde\_

Brake

dr Master cylinder

Brake
shoe

To rear wheels

To other
wheels fluid

When the brake pedal is placed, the pressure exerted inside
the master cylinder is transmitted equally to all the slave
cylinders.

At the slave cylinder, the pressure acts on the pistons which
are connected to the brake shoes (pads).

This presses the brake shoes against the brake drum (disc)
hence creating friction, which opposes the rotation drum and
therefore the wheel. This results in the stopping of the car.

Exercise:
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1. A hydraulic press machine is used to raise a load W
placed on a piston of cross-sectional area of 100cm? by
using an effort of 20N at a piston of cross-sectional area of
2cm?,

Calculate the;

(i) Pressure transmitted through out the liquid [P=100000Pa]
(i) Load, W. [W=1000N]

2. A force of 100N is applied on a small piston of area
0.002m2. Find the maximum load that can be lifted by a
piston of area 0.8m?2.

3. Calculate the pressure at the bottom of a swimming pool
1000cm deep.{density of water = 1000kgm=}

4. A diver dives to a depth of 20m below the surface of sea
water of density 1200kgm3. Calculate the pressure
Experienced.

5. The tank below contains mercury and water. Find the
total pressure experienced at the bottom.

{Density of mercury = 13600kgcm, Density of water =
1000kgm=}

6. (a) (i) Define Pressure and state its S.I unit.
(ii) Describe how a hydraulic car Brake system works.
(b) A hydraulic press has cylindrical pistons of radii
2cm and 0.4m  respectively. Calculate the maximum Load
at that can be overcome by a force of 78N.

7. Four different liquids are poured into identical
measuring cylinders. The diagrams show the depths of
the liquids and their densities. Which liquid causes the
largest pressure on the base of its measuring cylinder?

D D.?g/cm3

3 3
20 g/cm3 16g/em C |12g/em

! 1t

Factors affecting pressure in fluids
Generally, pressure at any point in a liquid is the same in all
direction and depends on the following factors:

i) Depth “h” below the surface of the liquid

i) Density p of the liquid

iii) Pressure exerted on the surface of the liquid.




Experiment to show that pressure increases with depth.

Tall tank —>

Procedures:

Equally, spaced holes A, B and C of the same size are
drilled at different depths along one vertical side of a
cylindrical can.

The holes are then closed using corks.

Water is then poured into the can to full capacity.

The corks are then removed at the same time and the
distance from the can to where water fom each hole lands
noted.

Observation:

Water comes out fastest and lands furthest from the lowest
hole C followed by B and then least from A.

This means that pressure is highest at C, which is deepest.
Hence, pressure in liquids increases with depth.

Water supply system:

Water supply often comes from reservoirs at a higher
ground level. In a very tall building, it is necessary to pump
water to a large tank in the roof.

All the above are done because the lower the place supplied
the greater the water pressure at it.

Experiment to show that pressure depends on density

='ﬁ|“‘"

AN

<~ Tall Jar < Tall Jar

— Paraffin of — Water of

800kgm? density
1000kgm-3

<>

1

Two tall jars of the same size and height, each with a hole
punched at equal depth are used.
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The jars are then filled to the same height, with liquids of
different densities e.g paraffin and water.

The distance to which the liquids jet out is observed and
compared.

It is observed that water jets furthest compared to paraffin
i.e; x2>x1.Thus the higher pressure is exerted by water than
paraffin at the same depth.

Therefore, the higher the density, the higher the pressure.
MEASURING FLUID PRESSURE

(a) Using a manometer

(i) Measurement of Liquid pressure

Rubber tubing ~ Atmospheric
pressure

| Thistle
funnel

— Liquid

- Mercury

One arm of the manometer is connected to a thistle funnel
whose base is covered with a thin membrane and the other
end remains open to the atmosphere.

The difference in the liquid surface levels, h gives the
pressure at point A and it is called the gauge pressure or
absolute pressure.

Absolute pressure = H + hpg

(ii) Measurement of Gas pressure

Atmospheric
pressure

g
Z
L
L]
;_
%
L]

A
Mercury _ﬂ
-

Neoer”

-Connect a manometer to a gas supply as shown above
-Turn on the gas.

-The gas exerts a pressure at a point A. This causes the
liquid to rise in the opposite arm until the pressure in both
arms is the same.




-The gas pressure in one arm (limb) is equal to the pressure

in the opposite limb.

Pressure at A = Pressure at B

Atmospheric pressure due
pressure ) ( to mercury column)

Gas pressure = H + hpg

Pressure at A = (

(b) Using a bourdon gauge
This gauge measures the very high pressures of liquids or
gases, e.g. the pressure of steam in boilers.
It is a hollow curved tube of springy metal closed at one
end. The tube straightens slightly when pressure acts on the
inside.
The closed end of the tube is joined to a series of levers and
gear wheels which magnify the slight movement.
A pointer moving over a scale (usually graduated in 10° pa,
which is about 1 atmosphere pressure) records
Then, the recorded pressure is the excess pressure of liquid
or gas over atmospheric pressure, but some gauges can
record the actual pressure.

section of tube

boiler connection
pressure

Bourdon gauges are commonly used at filling stations.

Example:1

Mercury was poured in a U- tube such that it finds its own
level. When a column of 20cm of alcohol was poured on
one side of the tube, it was necessary to pour 16cm of water
on the other side to maintain equal mercury levels on both
sides as shown below. Find the density of alcohol.

Solution
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Atmospheric  + Atmospheric
Pressure, H Prlessure, H

T~ \Water

——Mercury

From; P = hpg,
h,pag = hy,pug
p.(20)(10) = 1000 x 16 x 10
pa = 800kgm3

Expressing cmHg or mmHg pressure in Nm or Pa
This is done by applying of formula pressure = hpg where

h is the liquid column which should be in meters, p is the
density of the liquid and it should be in kgm™ and g is the
acceleration due to gravity (g = 10ms™2).

Example 1
Express a pressure of 75cmHg given that the density of
mercury (Hg) is 13600kgm-3.

Solution

Given: Then from,

h=75cm, = 2> m Pressure = hpg
_ oo Pressure = (0.75) x (13600) x10
= 0.75m. ~102000Pa

Thus, 75cmHg =102000Pa.

p =13600Kgm3
g = 10ms—?

Example 2

The manometer contains mercury so the atmospheric
pressure is 76cm Hg. Calculate the gas pressure in cm Hg
and Nm2,

Atmospheric
Pressure, H

Expressing in Nm
Gas pressure

Gas pressure = H,i, + h
Gas pressure = 76 + 54.4
= 130.4cmHg

= X X
( 100 ) 13600 x 10
= 177344Nm"?




Exercise:

1. In an experiment to compare density of two liquids,
water and spirit were used. The height of water was
found to be 8cm and that of spirit was 12cm. Given that
the density of water is 1000kgm. Find the density of
the spirit. [Ans: 666.67kgm™]

2. The manometer tubes below contain mercury and
connected to a gas supply. Find the gas pressure.
[Atmospheric pressure =103360Pa].

(@) [Ans:177344Pa]

Gas
supply_>

Mercury

ANAARARRNNWY)

(

(b) [Ans:109620Pa]

Gas
supply_>

MO\

5. Inthe figure below, a fixed mass of dry gas is trapped
in bulb M.
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Determine the total pressure of the gas in M, given that the
atmospheric pressure is 760mm of mercury.
A) 114cm Hg B) 106cm Hg
C) 30cm Hg D) 46cm Hg

A simple barometer of mercury
A barometer is a manometer which measures atmospheric
pressure.

Describing how a simple mercury barometer is made in the

laboratory.
The description involves the following the following

points:-
X Filling a 1m long thick walled tube
A 1 mlong thick walled tube is filled with mercury

X Inverting the filled tube

The above filled is inverted several time with finger over the
open end. This is done in order for the large air bubble to
run up and down collecting any air small air bubble in
mercury.

X Refilling the tube
After inverting several times, the tube is refilled with
mercury.

<> Inverting the filled tube into a bowl.

With a finger on the open end, the filled tube is inverted into
a bowl of mercury.

When the finger is removed, the mercury column falls until
it is equal to atmospheric pressure.

Torricellian vacuum

L Tall alass tube

_—
——Trouah
—— Mercury

From the above apparatus, when the air above the mercury
in the bottle is pumped out, the column falls.




Testing the vacuum
If the vacuum is faulty and contains air or water-vapour, the
barometer reads than the true atmospheric pressure.

Testing for the vacuum of a mercury barometer.
This is done by tilting the tube until at a position when
mercury was a vacuum.

M ;
1—Torricellian vacuum

Atmospheric
. | pressure

Mercur
1 ) y

Ly

When the tube is tilted as in the diagram, the vertical height
of column “h” of mercury remains the same but the length
of mercury increases.

When a mercury barometer is taken from sea level to the top
of a mountain i.e. low altitude to high altitude, the mercury
column falls.

This is because the atmospheric pressure decreases at the top
of the mountain. The decrease in atmospheric pressure is
due to density of air decreasing because air is less
compressed above. Deep-sea divers must return slowly to
the surface because the sudden decrease in pressure when
they return fast from deep water is very painful

Pilots operating at great heights must have protective
headgear to prevent nose bleeding because atmospheric
pressure at great height is much smaller tan blood pressure.

Calculating the height of the reading of the mercury
barometer at high altitude:

This is calculated from;
Pressure change for air=Pressure change for mercury

h,p.8 = (Haam — hynpm8)

h,p.8 = (Hatm — hy)pmg

Where: h, is the height of altitude, p, is the density of air,
h,, is the mercury column barometer at that altitude and
H, . is atmospheric pressure before rising.

Example; 1

A barometer is taken to the top of a mountain 440cm high. If
the atmospheric pressure is 76cm Hg at sea level, the
average density of air = 1.2Kg/m® and mercury is
13600Kg/m3. Calculate the barometer reading.

Solution:

528 =0.76—h
13600

h =0.7212m

P 76 Pressure change Pressure change Y
atm =76cm= =
for mercury

100
hapa8 = (Hatm — hm)Pm8

=0.76mHg for air
Pmer=13600kgm™3
hapa = (Hatm — hm)Pm

Pair=1.2kgm=3

440 x 1.2 = (0.76 — h) x 13600

=7
g =* 528 = 13600 x (0.76 —h)

hair = 440m
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Exercise:

1. The pressure difference between the top and the bottom of
a mountain is 1.0 x 10*Nm™2. If the density of air is
1.25kgm3. Find the height of the mountain. [Ans: 800m]

2. A barometer reads 780mmHg at the foot of the mountain
which is 450m high. What is the barometer reading at the
top of the mountain.(Density of air is 1.25kgm- and that of
mercury is 13600kgm-3). [Ans: 738.9mmHg]

Other types of Barometers.
1) Fortin Barometer

)

R T N NN

—— Foirier

Sarewto afjust
meroury leve

It is constructed like a simple mercury barometer but with a
provision for accurate determination of atmospheric
pressure.

There is a vernier scale for accurate reading of the mercury
level.

2) Aneroid Barometer
It does not use any liquid.

Pointer . .
Fine chain

Lever
system

Spring 1

— Pivot

Evacuated
metal box

It consists of a sealed flat box (chamber) with flexible
walls.

The box is evacuated but prevented from collapsing by
means of a spring.

The box expands and contracts in response to changes
in atmospheric pressure.

The movements of the box are magnified by a system of
levers and transmitted to a fine chain attached to a
pointer, which moves along a suitably calibrated scale.
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APPLICATIONS OF ATMOSPHERIC PRESSURE:

1.The Lift Pump:
Lift pumps are used to raise water from deep under ground

wells.

Structure

It consists of a long cylindrical barrel, inside which is a
plunger (piston). It has two valves one at the entry point to
the barrel and the other at the plunger.

Down Up stroke

\l/\l,—Atmospheric

Pressure

The action of the lift pump is explained in terms of what
happens when the plunger is moving upwards (up stroke)
and when moving downwards (down stroke).

Up stroke.

e Valve A closes due to the weight of water above it.

e The weight above valve B reduces. This causes the
atmospheric pressure acting on the surfsce of water in
the well, to push the water up through the pipe into the
burrel.

Consquently, water above the plunger is lifted upwards
and it flows out through the spout.

Down stroke.

e Valve B closes due to the pressure on it, while valve A
opens due to the pressure exerted by water in the burrel.

e  Water the passes upwards through valve A into the area
above the plunger.

Limitations of the lift pump

It can only raise water to a maximum height of 10 metres.
This is because the atmospheric pressure can only support a
water column of 10 metres.

2.The Force Pump:

The force pump is designed to overcome the limitations of
the lift pump. It can raise water to heights greater than
10metres.

Structure
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Spout

Compressed air

Reservior

Valve B

Valve A—j Atmospheric

Pressure

The action of the force pump is also explained in terms
upstroke and down stroke.

Up stroke.
o Valve B closes and the atmospheric pressure forces the
water into the barrel through valve A.

Down stroke.

e Valve A closes due to the weight of the water above it.

e The water in the barrel is forced through valve B into
the reservoir, C and out of the spout D.
The air trapped in the reservoir is compressed and as
aresult, it keeps on pushing the water out of the
reservoir through the spout even when in upstoke.

3.0ther Applications of atmospheric Pressure:
0] Drinking straw

(i) Sunction pad

(iii) Siphon

(iv) Rubber suckers

(V) Bicycle pump

(vi) Water supply system

Rubber Sucker

This is circular hollow rubber cap before it is put to use it is
moisturized to get a good air seal and firmly pressed against
a small flat surface so that air inside in pushed out then
atmospheric pressure will hold it firmly against surface as
shown below

atmospheriy‘v"&

| pressure

Uses of rubber sucker;
-1t is used printing machines for lifting papers to be fed into
the printer.

The siphon;




This is used to take the liquid out of vessels (eg. Aquarium,
petrol tank)

- Atmospheric
f Pressure at this
lewel in both imbs

:_'_- Density = g - —--

__Atmospheric
pressure

+hpsz
How a siphon works

The pressure at A and D is atmospheric, therefore the
pressure at E is atmospheric pressure plus pressure due to
The column of water DE. Hence, the water at E can push its
way out against atmospheric pressure..

NB: To start the siphon it must be full of liquid and end A
must be below the liquid level in the tank.

Applications of siphon principle

1. Automatic flushing tank:

This uses siphon principle.

Water drips slowly from a tap into the tank. The water
therefore rises up the tube until it reaches and fills the bend
In the pipe siphon action starts and the tank empties (the
water level falls to the end of the tube).The action Is then

repeated again and again.

siphon

2. Flushing tank of water closet:

This also uses the siphon principle.

When the chain or handle is pulled, water is raised to fill the
bend in the tube as shown below:

hollow

water in

or E
E metal
haondle 3 piate
lifts
water

The siphon action at once starts and the tank empties.

Comparison of densities of liquids

(i) Miscible liquids

Here, a third liquid usually mercury is used to separate the
two miscible liquids.
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P

}

TV

lilll'

-Pour one liquid in one arm of a manometer and pour the
second liquid in the other arm.
-Measure the height of the liquids in the two arms, hy and ha.
Pa =P,
H+hyp;g=H+h;p,g
hyp; = hypy

(i) Immiscible Liquids.

Liquid of
density B,

d—Liquid of

-Pour one liquid in one arm of a manometer and pour the
second liquid in the other arm.
-Measure the height of the liquids in the two arms, hy and h,.
Py, =Py
H+h;p;g=H+hip;g
hyp; = hypy

Comparison of densities of liquids wusing Hare’s
apparatus




| 15
e — 1

A

NIRRT

= T |
Ligquid A Ligquid B
Ep1] (p)
Liquids of different densities are placed in glass pots as
shown above.
When the gas tap is opened each liquid rises to different
height h; and h,.Since they are subjected to the same gas
supply,
-Measure the height of the liquids in the two arms, h1 and ha.
PA=P,
H+hip;g=H+hipig
h;p; =hypy

Example 1
Water and kerosene are placed in U-tube containing

mercury as shown above. Determine the density of
kerosene?

irlli

TN

R

Pressure of kerosene= Pressure of water (since both tube are
open to the atmosphere)
Py =Py
H+hyp;g=H+hip;g
hyip; =hypy
8(1000) = 10p,
p; = 800 kgm™3

Example 2

The diagram below shows heights to which liquids A and B
have risen in an inverted U-tube, when some air has been
pumped at P. Find the density of liquid B if that of A is
800 kgm™3.[Ans: p = 640 kgm™3]
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Example 3
The atmospheric pressure at the bottom of a mountain is
100000Pa. If the mountain is 800m high, and the density of
air is1.25kgm™3. Find the pressure at the top of the
mountain.
Solution:
Pyottom = Ptop + hpg
100000 = P,p, + 800(1.25)(10)

P.op = 90000 Pa

Exercise:

1. Using Hare’s apparatus, with water another liquid A
in a container, water rises to a height of 60cm and
liquid A rises to a height of 48cm. If liquid A weighs
5¢, determine the volume of liquid A.

2. See UNEB

1999 Qn. 17

1989 Qn. 12

1990 Qn.17

1991 Qn. 3

1993 Qn.2 and Qn.20
1994 Qn. 16

1997 Qn.11

1994 Qn. 3

2002 Qn. 9

2007 Qn.17 and Qn.30
2000 Qn.2

2003 Qn.43

1995 Qn.2

MOTION IN FLUIDS
When a body falls through a fluid it will be acted on by
three forces namely:
i) weight of the body
i) viscous force (Viscous drag)
iii) up thrust

Directions of the above forces.

i) Weight of body: down ward direction towards earth.
ii) Up thrust: upward direction

iii) Viscous force; direction opposite to that of motion

Viscous
Drag Upthrust

Weight of the body

Direction of motion
The direction of motion is determined by direction of the
viscous force, which is a force that opposes motion like in
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the above body the direction of motion is down ward
because the viscous force is acting in upward direction.

Describing motion of a body falling in a fluid

—— Tall Glass Jar

spherical
metal ball

Viscous fluid

-As the body falls, it accelerates first with a net force
(resultant force) given by the equation.
F=W — (v+u) Or F=W-v-u

-As the body continues to fall, it attains a maximum uniform
velocity called terminal velocity when weight of body (W) =
Viscous force (v) + up thrust (u)

W=v+u Or W-v=u

Terminal velocity is the uniform velocity attained by a
body falling through a fluid when the net force on the body
is zero such that: Weight = Viscous force + up thrust

V(ms?) a(ms?)

ol o ol t(s)

Velocity and acceleration graphs for a body falling in a fluid.

BERNOULLI’S PRINCIPLE
It states that when the speed of the fluid increases, the
pressure in the fluid decreases and vice versa.

Liquids flowing in a pipe have three kinds of energies,
namely;

v’ kinetic energy

v’ potential energy

v’ pressure energy

the sum of these three energies is a constant.

a)

When the liquid flows through the uniform tube, the level
goes on decreasing as shown in the diagram, the faster the
liquid, the lower the pressure.
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_ - _B-_--_¢C

The pressure falls in the in the narrow part B but rises again

in the wider part C. This is because, since B is narrow, the

speed at which the liquid moves through it is higher, hence

the fall in pressure.

Note:

v" Fluid pressure changes with the rate of flow in the pipe

v Speed of water is greater at the constriction

v The order of pressure in the tubes decreases in the order
A, Cand B.

b) Gases

Bernoulli Effect in an air stream can be shown by blowing
air between two sheets.

Air Blow

Sheet of
paper

| —1

When air is blown the two sheets come together because the
air between them moves faster resulting in decrease of
pressure between them.

Application of Bernoulli’s principle

i) When the fluid comes out of a jet, the speed increases as
the pressure decreases.

ii) At the jet the gas comes out at high speed so the pressure
is low at the jet. This results in air to be drawn in.

iii) A spinning ball takes a curved path because the ball drag
air around causing air to pass more rapidly over one side
than the other. This results in pressure difference that causes
a resultant force on the ball.

Force on the ball

Low welodty

iv) An aero plane wing called aero foil is shaped so that air
has to travel farther and so faster on the top than underneath.
This results in a pressure difference that causes a resultant
up ward force on the wing, thus it lifts.




Lifting Fonce

Hizh Welocity

Low Welocity

v) When two large vehicles pass each other, a force of
attraction is experienced. This is because:

The speeding vehicles drag layers of air along with them. As
these layers of air pass each other at high speed, they cause a
pressure decrease.

This results in the vehicles being pushed towards each other.

Fluid flow
A fluid is a liquid or gaseous substance.

There are two types of fluid flow namely:
i) Stream line flow
i) Turbulent flow

Stream line flow or Steady flow or Laminar flow
Is the type of fluid flow where all the fluid particles that
pass a given point follow the same path at the same speed.

Stream line flow occurs where the slope falls gently so that
the fluid flows slowly and uniformly.

It is obtained by making the;

v' Diameter of the pipe wide

v Fluid flow slowly and uniformly.

}Stream lines
Turbulent flow

Is type of fluid flow in which the speed and direction of the
fluid particles passing any given point vary with time.

Turbulent flow occurs where the slope is so steep, such as at

a water fall and when there is a constriction.

Due to constriction or steep slope, water tends to flow very

fast and so disorderly.

It is obtained by making the;

v Diameter of the pipe narrow

v" Fluid flow very fast and disorderly, by lying the pipe
steeply.

Differences between streamline and turbulent flow.

Turbulent Streamline

Is due to steep slope or | Is due to slope falling
constriction so that water | gently so that the water
flows wvery fast and | flows slowly and uniformly
disorderly throughout. throughout.
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| 1: 9. ARCHIMEDES’ PRINCIPLE

Up thrust is an upward force due to the fluid resisting being
compressed. When any object is immersed or submerged
into fluid its weight appears to have been reduced because it
experiences an up thrust from the fluid.

Archimedes principle states that when a body is either
wholly or partly submerged in a fluid the up thrust is equal
to the weight of fluid displaced. i.e

Weight of _
displaced fluid) = Vspp)g.

Upthrust = (

Experiment: To verify Archimedes principle

@)

-E | Spring Spring
J: Balance — Balance

6 Object in Displaced
J

Water\ water
FA7d— Object

in air

%  Weight W, of object in air

An object is weighed in air using a spring balance to obtain
Wa.

+»  Weight Wy, of object in water

The object is weighed when completely immersed in water
using a spring balance to obtain Wy, and the displacement
water collected in beaker as shown below.

%  Weight of displaced water
By using a spring balance the beaker is weighed with the
displaced water when it’s empty

«»  Up thrust “U” = W,a- Wy
It is found that weight of displaced water is equal to up
thrust. Thus Archimedes’ principle.

Calculations involving Archimedes principle
For any calculation involving Archimedes’ principle the
following should be noted:
i) The body should be completely immersed or submerged.
ii) The weight of the body when completely immersed or
submerged is called its apparent weight.
The apparent weight is less than the weight of the body
because when the body is immersed it experiences an up
thrust.

Weight of
Apparent loss | _ [Weight of body in fluid
[ in weight ] - [body in air] N Apparent

T ( weight )

Upthrust,U =W, — Wy

iii) According to Archimedes Principle;
_ [ Weightof 1 _[Apparent loss
[Upthrust] = [displaced fluid] - [ in weight ]
= Wu - W/




Where V; and p; are the volume and density of the
displaced fluid.

For a body completely immersed or submerged fully,
according to the displacement method,

Volume of _ Volume of
immersed boddy’ b] ~ | displaced fluid’ "/
Weight = mg and m =Vp where “m” is mass in kg, V is

volume, and p is density.
But up thrust = weight of displaced fluid.
= m; g (where my is mass of displaced fluid)
Up thrust = (Vs pt) g

Up thrust = Vs Vg

Where “V” is volume of displaced fluid “p” is density of
fluid.

Example: 1
A glass blocks weight 25N. When wholly immersed in
water, the block appears to weigh 15N. Calculate the Up
thrust.
Solution
W, = 25N; W; = 15N;
Upthrust = W, — W;
=25-15
Upthrust = 10N

Example 2:
A metal weighs 20 N in air and 15N when fully immersed in
water Calculate the:
i) Up thrust;
i) Weight of displaced water
iii)  Volume of Displaced Water
Solution

W, = 20N; W = 15N;

i) Up thrust; ii) Weight of displaced water
Upthrust = W, — W; Weight of displaced fluid
=20—-15 = up thrust

Upthrust = 5N =5N

iii) Volume of Displaced Water
Weight of displaced fluid = up thrust
Weight of displaced fluid = up thrust =V _p,g .
Upthrust = Veprg .
5 =V x 1000 x 10.
5 =10000V.
5

Ve=——
7710000
V., =5x%x10"*m3

iv) Volume of the metal
Volume of the metal = Volume of displaced fluid
=5x10"*m?

v) Density of the metal
W, = 20N
Wa = Vppp8
20=(5%x10"*) X pp, X 10
20 = 0.005p;,

20

Pb = 5.005
0, = 4000 kem~—3
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Example 3:

An iron cube of volume 800cm? is totally immersed in
(a)Water (b) oil of density 0.8gcm.Calculate the up thrust
in each case. Density of water =1000 kgm

V, = 800cm™3 = 800/(100x100x100) kgm'3;

Solution
(a) Upthrust in water
pr=1gcm3=1000 kgm3
Vi=Vp= 800cm ™3 = 800/(100x100x100) kgm;
Up thrust = weight of displaced water
Upthrust = Vrprg

h _ 800
Upthrust = (100 x 100 x 100
Upthrust = 8N

>><1000><10

(b) Upthrust in the oil
pr= 0.8 gcm==0.8x1000kgm=3=800 kgm-3

Up thrust = weight of displaced water
Upthrust = Vip¢g
800

Upthrust = (100 X 100 x 100
Upthrust = 6.4 N

>><800><10

Note: the greater the density, the greater the up thrust. The
apparent weight of a body is less in fluids of greater density.

Example 3:

An iron cube, mass 480g and density 8g/cm? is suspended
by a string so that it is half immersed in oil of density
0.9g/cm?. Find the tension in string.

Solution
m = 480g, pv=8 gcm®
We=mg = (-o-) X 10 = 4.8N
pr=0.9gcm== 0.9 x 1000 = 900 kgm3
Vp = =10 = g0 m3
b Pb 8
Since its half —immersed then: Vs of oil = % x 60 = 30cm?®
Up thrust = weight of displaced fluid
Upthrust = Vipsg
30

Upthrust = (100 X 100 x 100
Upthrust = 0.27 N

)x900x10

Tension in string = Apparent weight (Ws)
Upupthrust = W, — W
0.27 =48 —W;
Wr =4.8-0.27
W; =453N
Thus Tension in string = 4.53 N

Application of Archimedes principle
(a) Relative density of a solid
By Archimedes principle, the apparent weight is equal to the
weight of water displaced by the solid. The volume of this
water displaced is the same as the volume of the solid.
But apparent loss in weight of solid in water = Wa — Ww

RelativeDensity(R. D)

RD Weight of solid in air

- Apparent loss in weight of solid in water




__ Weightofsolidinair _ w,

Upthrust in water - Wa—wy

Wa- Wy, = Upthrust: Where; W, is weight of solid in air. Wy
is weight of solid in water

Example

A glass block weighs 25N. When wholly immersed in water
the block appears to weigh 15N. Calculate the relative
density.

Solution

W, = 25N; W; = 15N; RD = Wa
Upthrust = W, — W; Waw,,
=25-15

Upthrust = 10N R.D = 25
10

RD=25

(b) Relative density of liquid

This is determined by using a solid. This solid sinks in water
and in the liquid for which the relative density is to be
determined.

A solid of weight W, is weighed when completely immersed
in the liquid to obtain W,. The solid is then weighed when
completely immersed in water to obtain Ww.

So helative Density of the liquid (R. D) is given by;

RD = Apparent loss in weight of solid in liquid

" Apparent loss in weight of solid in water

_ Upthrustinliquid  w, —w

" Upthrust in water  w, — w,,

Example

A metal weighs 25N in air. When completely immersed in
liquid it weighs 15N and it weighs 20N when completely
immersed in water. Calculate the relative density of the
liquid.

Solution
W, = 25N; W} = 15N; W,, = 20N:

Relative density of liquid = —2—1 = (25_15) =2-20
Wa-w,,  \25-20 5

FLOATATION
When a stone is placed on water, it sinks because its weight
is greater than the up thrust. When a cork is held below the
surface of water, it rises on release. This is because the up
thrust on the cork is greater than its weight.

A piece of wood neither rises nor sinks but floats because
the up thrust on the piece of wood and its weigh just balance
S0 it experiences no net force.

In general a body floats because up thrust is equal to weight
of the body. A body will sink because up thrust on it is less
than the weight of the body.

The principle of flotation states that: A floating body
displaces its own weight of fluid i.e. for a floating body;
weight of body = weight of displaced fluid

Wb = Wf
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Where W, is weight of body floating, W: is weight of
displaced fluid.

Wi =Vipsg
Where Vs is volume of displaced fluid

Wy =Vpprg _ _ _
Where V, is volume of floating body, po is density of

[TPall

floating body “g” is acceleration due to gravity

In general: Vopsg = Vipsg

Example 1:

A piece of cork of volume 100cm? is floating on water.

If the density of the cork is 0.25gcm™. Calculate the volume
of cork immersed in water.

Solution

(a) Upthrust in water
pr=1gcm3=1000 kgm3: pp = 0.25gcm™ = 0.25 x 1000kgm3
V= 100cm ™3 = 100/(100x100x100) kgm-3;

Up thrust = weight of displaced water
Upthrust = Vipsg
B ( 800

100 x 100 x 100
Upthrust =8N

Upthrust ) x 1000 X 10

Upthrust = Vipsg
mp = Vppp

100
100 x 100 x 100

Vi X 1000 = (

) X (0.25 x 1000) X 10

1000V; = 2.5
Ve = 0.000025 m® or 2.5 X 10=% m?

Exercise:
1. A glass block weighs 25N in air. When wholly immersed
in water, the block weighs 15N. Calculate the;

(i) up thrust on the block [10N]

() density of the glass kgm= [2500kgm™]
2. A piece of iron weighs 555N in air. When completely
immersed in water, it weighs 530N and weighs 535N when
completely immersed in alcohol. Calculate the relative
density of alcohol. [R.D=0.8]

3.UNEB 1991. OQOn.7
4. UNEB 1990. P> Qn. 5

Experiment: To verify the Law of Floatation




\/m Cotton loop

Test tube

— Measuring Cylinder

Lead shots

[— Water

Procedure
A test tube is placed in a measuring cylinder containing
water and the original reading of the water level (V1) is
noted.
Lead shots are added to the test tube until it floats up
right and the new water level (V) is noted.
Volume of displaced water = (V, — V;)cm3
Weight of displaced water = p,,(V, —V;)g

The test tube together with the shots is removed from
the cylinder and weighed using a spring balance. (The
cotton loop helps to attach it to the balance hook). Their
weight is recorded, W .

(Weight of lead shots + testtube) = W,

Observation
« The weight of lead shots and test tube is equal to the
weight of displaced water.
( Weight of lead )

shots + testtube

( Weight of )
displaced water

Conclusion
«» From the above observation, it is noticed that the law of
floatation is verified.

Application of the law of floatation

(i) A hydrometer (iii) Ships
(ii) Submarines (iv) Balloons

(i) A hydrometer

The relative density of any liquid may be found using a
hydrometer.

-1t is used to test the purity of milk.

-1t is used to test R.D of a car battery acid.

This consists of a float with along stem. A heavy weight is
placed beneath the float to keep the hygrometer up right.
The higher the hydrometer float the higher the relative
density of the liquid.
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Bulb (Tt mewases bucyrancy)
Lead shots cr sinker

(Enable the lyydimrmeter)

(i) Submarines

The average density of submarines is varied by means of
ballast tanks. For the submarines to float, the ballast tanks
are filled with air. To sink the submarines, the tanks are
filled with water causing average density to rise higher than
that of water.

(iii) Ships

Why ships float.

Ships float on water, although they are made from iron and
steel which are denser than water. This is because a steel or
iron ship is made hollow and contains air. So the average
density of the ship is less than that of water.

The loading lines called plimsoul marks on the sides show
the level to which it can be safely loaded under different
conditions.
Weight of displaced water (W) = weight of the ship (Ws) +
weight of the cargo (W¢).

W, = W, + W,

(iv) Balloons

These are airships used in meteorological measurements.

A balloon filled with hydrogen weighs less than the weight
of air it displaces.

The up thrust being greater than its weight, a resultant up
ward force on the balloon causes it to rise.

The balloon continues to rise up until the upthrust acting on
it is equal to the weight of the balloon plus its content and
then it floats.

The lifting power of the balloon is calculated from the
formula:

U = Whaiioon + Whyﬂogen + Wioaa

U=mpg+Vyppg + mg

Upthrust in air = Weight of displaced air
Upthrust in air = p,V,g

Example: 1

A balloon has a capacity 10m3and is filled with hydrogen.
The balloon’s fabric and the container have a mass of
1.25kg. Calculate the maximum mass the balloon can lift.
{Density of hydrogen = 0.089kgm: density of
air=1.29kgm=}

Solution:

Volume of balloon,V,, = 10m?

Density of hydrogen, p,, = 0.089kgm 3

Density of air, p, = 1.29kgm™3

Volume of air displaced,V, =Volume of balloon,V,, = 10m3
Volume of hydrogen, V;, =Volume of balloon,V, = 10m3
Mass of balloon and container,= 1.25kg

Let the mass of the load = x




Upthrust = Weight of balloon + weight of H, + load
U=mpg+ Vhppg + mg
Vapag = mpg + Vpppg + myg
10X 1.29xg=125xg+0.089x10xg+xXg
x = 10.76kg

Relationship between density of a floating body, density
of a liquid and fraction submerged
Density of \  ( Fraction Density of
(ﬂoating object) - (submerged) ( liquid )

Exercise:

1. A rubber balloon of mass 5g is inflated with hydrogen
and held stationary by means of a string. If the volume
of the inflated balloon is 0.005m3, find the tension in
the string.

(Assume hydrogen is a light gas, and density of air =

1.25kg): [Ans: 1.25 X 102N]

2. UNEB:1995.Qn. 7 5.
3. UNEB: 1988. Qn. 11 6.
4. UNEB: 2000. On. 40

UNEB: 1989. Qn. 4
UNEB: 2001. Qn.2

1:10. LINEAR MOTION

Distance: Is the space between two points.
Displacement: Is the distance moved in a specified
direction.
The S.I unit of distance and displacement is metre or m
Distance is a scalar quantity while displacement is a vector
quantity.

Speed: Is the rate of change of distance. Or It is distance
moved in a unit time.

Distance
Speed =

Time taken

Velocity; is the rate of change of displacement. Or It is
speed in a specified direction.

. Displacement
Velocity = ————
ty Time taken

The S.I unit of speed and velocity is metre per second.
(m/s) or (ms™).

Speed is a scalar quantity while Velocity is a vector
quantity.

Differences between velocity and speed

Velocity speed

- Vector quantity -scalar quantity

- displacement/time taken -distance/time taken

Types of velocities

¢ initial velocity u’

Is the velocity with which a body starts motion in a given
time interval.

Note;

1. For a body starting from rest the initial velocity “u’ must
be zero ie. u=0ms’?

2. For a stationary body starting motion means that the body
is starting from rest u =0 ms™

3. For a body traveling with a certain velocity, x, the initial
velocity for such a body will be x so, u = x ms? e.g. a car
traveling at 20 ms’?, has u =20 ms™
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+ Final velocity v’

The velocity with which a body ends motion for a given
time.

Note: if a body is brought to rest, then the final velocity is
zero ie, v = 0m/s.eg; A body traveling at 20m/s is uniformly
brought to rest in 2s. Then; v = 0m/s.

The units of velocity must include m/s or km/hr or cm/s.

Average velocity:

Final velocity + Initial velocity
2

Average Velocity =

Average Velocity = %

Uniform velocity

Is the constant rate of change of displacement.

OR

Uniform velocity is when a body makes equal displacements
in equal time intervals.

When a body moves with uniform velocity, initial velocity
(u) must be equal to final velocity, v. i.e. V = u.

E.g. A car traveling with uniform velocity of 20m/s has
u=20m/s. V=20m/s.

When a body moves with uniform velocity, its acceleration
is zero. (i.ea=0).

Acceleration (a)
Is the rate of change in velocity with time.

. Change in velocit;
Acceleration = ——e- ZYEOTY
Time taken

- V-u
Acceleration, a =

Change in velocity = final velocity (V) - initial-velocity (U)
The S.1 unit for change in velocity is m/s? or ms=,

Uniform acceleration

Uniform acceleration is the constant rate of change in
velocity with time.

OR:

Uniform acceleration is when a body moves with equal
change in velocity in equal time intervals.

When a body moves with uniform acceleration, the final
velocity is not equal to initial velocity.

Example.
A car starts from rest and it accelerates to 10m/s. Calculate
the change in velocity.
U=0m/s
V=20m/s
Change in velocity = v —u
Change in velocity = 20 — 0
= 20ms™!

Note: the velocity to which a body is accelerating becomes
the final velocity for that given time interval.

Differences between velocity and acceleration

| Velocity | Acceleration




i) S.I unit is ms™? i) S.I unit is ms2
ii) Is the rate of change of | ii) Is the rate of change of
displacement velocity with time?

Equations Of Motion
The units of acceleration must always be m/s? and units m/s
or km/hr are for velocity.

1%t Equation of motion
From the definition of acceleration.
Change in velocity

Acceleration =
Time taken
V—-u
) a=
t
at=v-—u
v=u+at
This is called the first equation of motion.

Examplel
A car started from rest it accelerates uniformly for 5s at a
rate of 4m/s?. Calculate the final velocity.

Solution

A body traveling at 20m/s is accelerated for 4s at 5m/s2.
Calculate the average velocity.
Solution

Given From; Then from;

u=20m/s v=u+at Average Velocity = Vtu
a:5m/52 v .
t=4s - 20

+ ()4 Average Velocity = 2272

v=20+20

v =40ms~* | Average Velocity = 62—0

Average Velocity = 30ms~?

Given From;

u=0m/s v=ut+a-
v=0 m/s v=0+(4)(5)
a=4ms? v =20

t=5s v =20ms!
v=?

Example: 5.

A car travels with a uniform velocity of 20m/s for 6s.
Calculate its acceleration.

Solution

Given From;
v=u-+at

20 =20+ a(6)
20 =20+ 6a
6a=0

a = 0ms—?

From the above example, it’s noted that for a body moving
with uniform velocity, its acceleration is zero because the
change in velocity becomes zero as initial velocity is equal
to final velocity.

Example 2.

A body starting from rest is accelerated to 30m/s in two
seconds. Calculate the acceleration of the body.

Solution

Example: 6.

A car traveling at 90km/hr is uniformly brought to rest in
40 seconds. Calculate the acceleration.

Solution

Given From;

u=0m/s v=u+at
v=30m/s 30=0+a(2)
t=2s 30 = 2a
15=a

a=15ms~?

Given From;

u=90km/hr = 22288 = 25m/s | V= u +at

- 0 = 25 + (a)(40)

0 =25+ 40a

—40a = 25
a=-0.625ms=?

Example 3.

A body starts from rest and accelerated uniformly at 2m/s?
for 3s. Calculate the final velocity.

Solution

Note: If the value obtained for acceleration is negative, it
implies that the body is decelerating or retarding. This
occurs when there’s a decrease in velocity.

Given From;
v=u-+at
v=0+2)(3)
v==6

v=~6ms!

A body traveling at 10m/s is accelerated uniformly for 3
seconds at 5m/s?. Calculate the velocity at the end of the
third second.

Solution

Given From;

u=10m/s v=u+at
a=5m/s? v=10+ (5)(3)
t=3s v=10+15

v =25ms"t

Example: 5.
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2" Equation of motion

Displacement: “S or Xx” is length moved in specified
direction

From the definition of Displacement.

Displacement = (Average velocity) X (Time)
v+u

s = (T) Xt Where: v=u+at

ut+at+u
=5 )

2

<2u + at) .
X
s 2

3 2ut + at?
$= 2

1 2
s=ut+ Eat
This is called the second equation of motion. This equation

is mainly used when the question involves distance and
time.

Example: 1




A body starts from rest and accelerates uniformly at 2ms
for 3s. Calculate the total distance travelled.
Solution

v? =36

v==6ms!

From;

t+1 t2
S=u —a
2

1
s=(0)3) +5 B
s=9m

Calculations involving deceleration or Retardation

When calculating a problem involving deceleration; it
should be remembered that the value of “a” should be
negative.

Example 2:
A body moving at 40m/s decelerates uniformly for 20s at
3m/s2. Calculate distance covered.

Solution

Example 2:
A body traveling at 90km/hr is retarded to rest at 20m/s.
Calculate the distance covered.

Solution

Given From;
u=90km/hr= 22290 _ o5 /s | V2 =u’ + 2as
1X60%60 02 = (25)2 + 2(~20)q
0% = 625 — 40s
40s = 625
40s 625
40 40
s =15.625m

Given From;

t+1 t2
S=UuU —a
2

s = (40)(20) + %(—3)(202)

s =800 —600
s=200m

A car traveling at 40m/s is uniformly decelerated to 25m/s
for 5s. Calculate the total distance covered.

Solution

Given From; Then, from:
v=u+at
25 =40+ 5a L
0B 5= @0®) +5 (-3
a=—-3ms™2 |s=200-37.5
s=1625m

t+1 t?
S=Uu —a
2

Third Equation of motion

From:

Displacement = (Average velocity) x (Time).

Making ‘¢’ the subject of the formula in the first equation of
motion and substituting it in here, we get;

Displacement,s = (wTu) X (?)
R0 Chnl))

2a
2as = v? — u?

v? =u? + 2as

This is called the third equation of motion

This equation is applied when time is not given and not
required.

Example 1:

Calculate the final (maximum) velocity of a body traveling
at 4m/s. When it accelerates at 2m/s? and covers a distance
of 5m.

Solution

Given From;

v? =u? + 2as

v?2 =42 +2(2)(5)
v2 =16+ 20
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Graphical presentation of uniform velocity and uniform
acceleration.
Uniform velocity can be represented on a 2 type of graphs.

i) Velocity against time graph

i) Distance against time.

velocity against time graph

4 Uniform

v (ms1) acceleration
Uniform
Velocity

Uniform
retardation

[

t (s)

Note:
When a body maintains the same speed, it implies that it
moves with uniform velocity.

»

0 ts)

OA- uniform acceleration
AB- uniform velocity
BC- uniform acceleration
CD- uniform deceleration or uniform retardation
« The slope of a velocity time graph gives the
acceleration of the body. ie:
Change in v

Changein t
The Area under any stage or section of velocity time
graph gives the distance covered during that time.

slope,s = = acceleration

Drawing a velocity against time graph
This involves the following steps:




Divide the motion into stages basing on the timing.
Obtain the initial velocity (u) and final velocity (v)
for each stage.

The final velocity for one stage becomes the initial
for the next stage.

Example 1:
A cyclist starts from rest and accelerate uniformly at 1m/s?
for 20s. Then he maintains the maximum speed so reached
for 1 minute and finally decelerates to rest uniformly for
10s.

i) Draw a velocity against time graph for the body.

ii) Calculate the total distance travelled.

Solution

Stagel Stage 2 Stage 3 Then from;

u=0 ms | u u=20ms™?t |v=u+at
=20ms™! |v=0ms~! v =0+ (1)(20)
a=1ms? | a= 0 ms? t=10s v =20ms™!
t=20s t=

v=? 1min=60s

1

(i) A velocity against time graph for the motion.

v(ms?)
A

0 20
ii) Total distance travelled
Stage 1: Stage 2:

Distance = %bh Distance = lw
Distance = % X 20 X 20
Distance = 200m

Distance = 60 x 20
Distance = 1200m

Stage 3:
Distance = %bh

Then Total Distance is;
=Stagel + Stage2 + Stage3
=200m + 1200m + 100m
=1500m

Distance = % x 10 X 20
Distance = 100m

Example 2:
A car traveling at 10m/s is uniformly accelerated for 4s at
2m/s?, It then moves with a constant speed for 5s after
which it is uniformly brought to rest in another 3s.

i) Draw a velocity against time graph.

ii) Calculate the total distance travelled.

Solution
i) Stage A Stage B Stage C
u=10 ms? u=18ms~1 u=18ms™!
a=2 ms a=0ms? v=0ms™?!
t=4s t =5s t=3s

v=?
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Then from;
v=u-+at
v =10+ (2)(4)

0

i) Total distance travelled

Stage A:
Distance = éh(a +b)

Distance = % X 4 x (10 + 18)
Distance = 56 m

Distance = Iw
Distance = 5 x 18
Distance = 90 m

Stage C: Then Total Distance is;
=Area (A+B+C)
=56m + 90m+27m

Distance = ~bh
2 =173 m

Distance = % X 3 %18
Distance = 27 m

Note: Distance covered during stage A can also be obtained
by dividing the area A into a triangle and a rectangle and
then finding the sum of the two areas.
ie;AF%bh :%x 4 x8=16m
Ar=Ilw =4x10 = 40m
Thus: Area, A = Area A1 + Area A,
=16m +40m
=56m

Example 3:
A body moving with uniform velocity:
A car travels at a velocity of 20m/s for 6s. It is then
uniformly brought to rest in 4s.
i) Draw a velocity against time graph.
ii) Calculate the retardation
iii) Find the total distance traveled
iv) Calculate the average speed of the body
Solution

i) Stage A Stage B
u=20 ms* u=20ms~ v=u+at
a=0 ms2 a=? v =20+ (a) (4)
t=6s t=4s -4a=20

v=20 ms~?! a=-5ms?

Then from;
1




[
»

0 | 10 t(s)

ii) The retardation
Retardation or deceleration occurs in region B.

(v) average retarding force
Solution

For A For B For C

u=0ms*;v=50ms?* | u=50ms?; u=50ms’;v=0ms

v=50ms !

Then from;
v=u-+at v=u-+at

50 =0+ (a)(5) 50 =50+ (a)(5) v=u+at

5a =50 S5a =50 0=50+ (a)(5)
a=10ms"2 a=00ms2 —5a =50

a=-—10ms"

Then from;
Then from;

2

u=20 ms? Then from;

v=0 ms*! v=u+al

t=(10-6) 0 =20 + (a)(4)

t=4s —4a =20
a=-5ms~

Thus the retardation is 5ms—?2

2

iii) Total distance travelled

Stage A: Stage B:
Distance = %bh

Distance =l X w
Distance = 6 X 10

. 1
Distance = 60 m Dlstance—5x4><10

Distance = 20m

Then Total Distance is;
=Area (A+B)
=60m+20m

=80m

iv)
Total Distance travelled

Total Time Taken

Average speed =

80 m

A d=——
verage spee 10s

Average speed = 8ms~!

EXERCISE
Qn1l. The graph below shows motion of a body of mass 2kg
accelerating from rest.

0

(a) Describe the motion of the body
(b) Use the graph to calculate the:
(i) total distance covered
(i) Distance covered when moving with uniform
velocity.
(iii) acceleration
(iv) retardation
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Description of the motion

e The body accelerates uniformly at 10 ms~2 from rest
to 50 ms™* for the first 5s.
It then moves with a uniform velocity of 50 ms™ for the
next 10s. (Or it maintains it for next 10s).
It finally decelerates or retards uniformly at 10 ms™2
from 50 ms™ to rest in the last 5s.

a) i) Total distance= Area A +Area B + Area C
Area A = %bh Area B = lw

:§x5x50 =10 x 50
=125m =500 m

AmaAzibh

=1x5x50
2

=125m
Total distance= Area A +Area B + Area C
=125m + 500m +125m
=750 m

ii) Distance covered when moving with uniform
Area B = lw

=10 x 50

=500 m

iii) Acceleration
For A

u=0 ms*

v=50 ms™*

t=5s
v=u-+at

50 =0+ (a)(5)
5a =50

a=10ms~?

iv) Retardation or Deceleration
For C
u=50 ms*
v=0 ms?
t=5s
v=u-+at
0=50+ (a)(5)
—5a =50
a=-10ms~?

Thus the retardation is 10 ms—2

i) Average retarding force
Mass, m = 2kg
Retardation = 10 ms—2




Then from;
Force = mass x acceleration
Average retarding force = mass x retardation
=2 x 10
=20N

Qn2. The graph below shows motion of abody of mass
3kg.Use it to answer the questions that follow.

v (ms?)
A

40+

|
14 20 t(s)

[
»

a) Describe the motion of the body
b) Use the graph to calculate the:
0] Distance covered during acceleration. (150 m)
(i) Distance covered when moving at constant
velocity. (320 m)
(iii) total distance covered.(590 m)
(iv) acceleration. (a = 5 ms™?)
(V) retardation. (a = —6.67 ms~2)
(vi) average accelerating force. (F = 15 N)

Qn3. The graphs below show motion of bodies. Use them to
answer the following questions.

a) Describe the motion of the body
b) Use the graph to calculate the:
i) Total distance covered.
i) Average velocity
iii) Acceleration.
iv) Retardation.

15 21 t(s)

©Obagiradnl@gmail.com

»
»

20 25 t(s)

Qn4. A body accelerates uniformly from rest at 3ms-2 for 4
seconds. Its velocity then remains constant at the maximum
value reached for 7 seconds before retarding uniformly to
rest in the last 5 seconds. Calculate the:

i) uniform velocity (v = 12 ms™1)

i) total distance travelled (= 138 m)

iii) retardation (a = —2.4 ms™?)

iv) average velocity for the journey.(v = 8.63 ms™1)

Qn5. A body moves from rest at a uniform acceleration of
2ms?2.
a) Sketch a velocity time graph for the motion of the body.
b) Find:
)} its velocity after 5 seconds. (v = 10ms™1)
i) how far it has gone in this time. (s = 25 m)
iii) how long it will take the body to be 100 m
from the starting point. (t = 10 s)

Non-uniform acceleration is when the rate of change of
velocity with time is not constant.

i) Displacement against time graph
A Uniform Velocity

away from origin
/ Bodly at rest

or stationary

Non-Uniform Velocity

Uniform Velocity
ards the origin

0




Uniform Acceleration

Uniform Deceleration

0 t (s)
Describing the motion on a displacement time graph

Displacement, s (m)
A

F J

Time (s) >
G |

H

Along:

OA- accelerating

AB- moving with uniform velocity away from the origin
BC- Decelerating

CD- Stationary

DE- Accelerating and moving toward the origin

EF- Moving with uniform velocity

FG- Moving with uniform velocity in opposite direction to
the original direction.

GH- Decelerating

At “H”- Momentarily stationary

HI- Accelerating and moving back towards the origin.

Solution
For A 300 = 37.5(8) +§(a)(82)
s=300m 32a=0
t=8s a=0ms?
Speed u= distance
= ﬂ

time

8
u=37.5ms*

Then from;
s=ut+ %at2

Description of the motion

e The body starts from A and moves 300m with a
uniform velocity of 37.5 ms™ for the first 8seconds.

e |t then a rests for the next 16 seconds.

o It finally returns to A with the uniform velocity of 37.5
in the last 8 seconds.

Exercise:
Qn: 1; [UNEB 1997 Paper 11 Qn.2]
Two vehicles A and B accelerate uniformly from rest.
Vehicle A attains a maximum velocity of 30ms~! in 10s
while B attains a maximum velocity of 40ms~? in the same
time. Both vehicles maintain these velocities for 6s before
they are decelerated to rest in 6s and 4s respectively.
0] Sketch on the same axes, velocity time graphs
for the motion of the vehicles.
(i) Calculate the velocity of each vehicle 18s after
the start. (v, = 20ms™ ! and vy = 20ms™1)
(iii) How far will the two vehicles be from one
another during the moment in (ii) above?
(S4 =380mand Sz = 500m: S,z = 120m)

Qn. 2 See : UNEB:

1993.Qn.25 and Qn.5 PII | 1994. Qn.10 and Qn.26
1996.Qn.1 Paper Il 1987. Qn.25
2000.Qn.1 Paper |

Example 1:
The graph below shows the variation of distance with time
for a body.

Distance (m)
A

'8 24
a) Describe the motion of the body
b) Calculate the:

i) acceleration of the body
ii) maximum velocity attained by the body

32 Time(s)
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MOTION UNDER GRAVITY (FALLING BODIES)

In a vacuum, all bodies fall at the same rate. However, in
atmosphere different bodies fall at different rate because the
air resistance is greater to light objects.

Acceleration due to gravity, g.
Acceleration due to gravity is the change in velocity with
time for body falling freely under the force of gravity.
Note: Acceleration due to gravity varies from place to place
because:

+«+ The earth is not a perfect sphere

+«+ The earth is always rotating

All bodies thrown upwards or falling freely in the earth’s
surface, have a constant acceleration called Acceleration

due to gravity, i.e:a = g = 10 ms™2.

Since the gravitational force acts vertically down wards, ie
accelerates all objects down wards towards the earth’s
surface. Thus for downward motion (falling objects), a =

+g = +10 ms~2. And for upward motion (objects thrown
upwards), a = —g = —10 ms ™2,




Projectile motion
A projectile is a particle which has both vertical and
horizontal motions when thrown in air.

Consider a body thrown vertically upwards from A.

A
B v, =0

A C
TA7 7ed 47— 7 7 7 7 =

In projectiles, the horizontal and vertical motions are
handled separately but simultaneously. The horizontal
velocity of the body in motion remains the same throughout
since there is no acceleration due to gravity in the
horizontal.

First equation of motion B
(zx):(3)+<0)t :{v v=x_u-|lfgt
y g y

Second equation of motion
S, = ut

Sx u 1/0
=( )Jt+-| |t 1
(Sy) (u) + 2 (g) = {sy = ut+ E‘gt2
Third equation of motion

0\ /S vi= u?
2 (9) (Sy) = {vf = u®+2gs,

(1) =)+

Where g = +10 ms~2.for downward motion (freely falling
objects or objects dropped from a height), If a body is
dropped from a height, thenu=0ms~1 hence.

s= %gt2 and v =gt or v=,/2gs.

Alternatively the principle of conservation of energy may be
used for a freely falling body.

ie:%cv2 =mgh=v=.,/(2gh).

g =-10ms2for upward motion (objects thrown
upwards),

Maximum Height, s, = Hy,,: Is the highest vertical
distance attained by a projectile.
At Hpax » vy, = 0:

Time of Flight, T: Is the total time taken for a projectile to
move from origin until it lands. This time is twice the time
taken to reach the maximum height.

If t is the time taken to reach the maximum height, then
T=2t

Distance - Time or Displacement —Time Graphs for a
body thrown vertically upward.
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Distance or

Displacement (m) Distance (m)
A A

>
»

(Time) 2 (s?)

S t ! t2
Distance- Time or Displacement —Time Graph for a body
falling freely from rest.

Distance or
Displacement (m)

Time (s)

S= Loe

= ut+_gt

Displacement —Time Graph for a body thrown vertically
upwards from appoint above the ground.

Displacement (m)
A

/ | -

\/ Time (s) g

Speed- Time and Velocity —Time Graphs For a body
thrown vertically upwards.

Speed (ms?) Velocity (ms™)
A 4&

u_.

Coming
Down

0 Timeg

The speed of the object decreases as it goes higher. At
maximum height reached the speed is zero because the
object is momentarily at rest and when the object starts to
fall the speed increases.

The velocity decreases upwards and it is zero at the
maximum height. However the velocity increases
downwards and negative because of the change in direction.

Experiment to measure acceleration due to gravity.




/To mains
supply

—-+— Ticker-Timer

)/

Tape

&mg— mass

A tape is passed through a ticker-timer and attached to a
10g- mass.

The ticker-timer makes dots on the tape at an interval
determined by the frequency of the mains supply. i.e

T = % This is the time taken to make one space (2

dots).

The distance S between the first dot to the last dot made
just before the mass hits the ground is measured using a
metre-rule.

The time,t taken to make n- spaces in distance S is
calculated from: t = nT.

The acceleration due to gravity, g is then calculated

from S = %gt2

Experiment to measure acceleration due to gravity

; Clamp

| Inextensible string

é)f Pendulum bob

Retort stand

I—Table

/
A pendulum bob is suspended from a clamp using an
inextensible string as shown in the diagram above.
The length of the string of the pendulum bob ‘I’ is
adjusted such that 1=0.3m.
The bob is the slightly displaced through a small angle
and released.
The stop clock is started and the time taken to make 20
oscillations (20T) is measured and recorded.
The period time T for a single oscillation is calculated
and recorded.
The experiment is repeated for other increasing values
of 1, and the corresponding values of 20T, T and T2
calculated and tabulated.

I(m) 20T(s) T(s) T2(s?)
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A graph of T2 against | is plotted. It is a straight line graph
through the origin and its slope, S is -calculated.

A gragh of T2 Against |

A
T? (s

0

The acceleration due to gravity,g. is then calculated from;
4m?
9=75
NOTE: Experiments have shown that the periodic time T
does not depend on the mass of the bob, but it depends on
the length of pendulum | bob and acceleration due to gravity

g at that point. i.e:
l
T=2m |—
)
Examplel:

A stone falls from rest from the top of a high tower.
Calculate the velocity after 2s.

Solution

u= 0 ms? Then from:
a=g=10 ms? v=u+gt
t=2s v=0+(10x2)
v =20

v=20ms—?!

Example 2:

An object is dropped from a helicopter. If the object hits the
ground after 2s, calculate the height from which the object
was dropped.

Solution

u=0ms? Alternatively
a=g=10 ms? From conservation of energy

t=2s P. Egottom = K- Erop
Then from: 1

s = ut+§gt2 mgh—zmv
s= 0(2) +5(10)(2%)
s =20

s=20m

Example 3:

An object is dropped from a helicopter at a height of 45m
above the ground.

a) If the helicopter is at rest, how long does the object take
to reach the ground and what is its velocity on arrival?
Solution

u=0ms?

a=g=10 ms?

t=7?

$=45m




VA

Then from:
1 v=u+gt
45= 0O +;10E) | =0+ (10x3)
45 = 5¢t2 v =30
_t=3s v=30ms?

b) If the helicopter had a velocity of 1ms™ when the object
was released, what would be the final velocity of the object?
Solution

u=1ms? v? =u?+2gs
a=g=10 ms? v? =12 + 2(10)(45)
t=2? v? =901

$=45m v =+/901

v=7? v =30.02ms™?

Example 4:

An object is released from an aircraft traveling horizontally
with a constant velocity of 200ms™ at a height of 500m.

a) Ignoring air resistance, how long it takes the object to
reach the ground?

Solution

For vertical motion Then from:

u=0ms* _ 1,
a=g=10 ms? s= ut+oet
t="? 500 = 1 2
<= 500m 00 = (O)t+5(10)(t")
v="7? 500 = 5t?
100 = t?

t = 10s

b) Find the horizontal distance covered by the object
between leaving the aircraft and reaching the ground.
Solution

For vertical motion Then from:
u= 200 ms™*
a=g=0ms?
= 1

o x= 200(10) +3 (0)(10%)
v="? x= 2000+0

x = 2000m

Note: For a body thrown vertically up ward, the time taken
to reach the maximum vertical height is equal to the time
taken for the body to fall from maximum height.

= t+1 t?
X= u 2‘9

Note; If a body is not falling freely but there is air resistance
R then the acceleration of the body can be calculated from:-
ma = mg — R, where m is the mass of the body
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Air resistance, R Resultant force, F

Then from:

From equations (i) and (ii)
ma=mg-R

Weight, W=mg

Example 4:

An object of 2kg is dropped from a helicopter at a height
45m above the ground. If the air resistance is 0.8N, calculate
the:

i) acceleration of the body

ii) velocity with which the body hits the ground

Solution

For vertical motion
m = 2kg

u= 0 ms?

g =10 ms?2
R=0.8N

s=45m

a="?

v="?

(i) Then from:
ma=mg-R

2a=2(10)-0.8

2a=19.2

a =9.6ms?

Alir resistance, R= 0.8N

(ii) Then from:
T v? =u? + 2as
v? = 0% + 2(9.6)(45)
h=45m v? = 864
Weight, v = V864

W=mg =20N v=2939ms™!
777777 77777

Exercise

Qn: 1. The table below shows the variation of velocity with
time for a body thrown vertically upwards from the surface
of a planet.

Velocity(ms™1) 8 |6 |4 -2

Time(s) 0 1 2 5

(a) What does the negative velocity mean?
(b) Plot a graph of velocity against time.
(c) Use the graph in (b) above to find the
i) Acceleration due to gravity on the planet.(= 2ms™2)
ii) Total distance travelled. .(= 17m)
(d) If the body weighs34n on earth, what is its weight on the
planet? (= 6.8N)

2. An aeroplane travelling at 200ms™ at a height of 180m is
about to drop an aid package of medical supplies onto an
IDP camp in northern Uganda.

(a) At what horizontal distance before the target should the
package be released? [x = 1200m]

74




(b) Find the time taken by the package to hit the
target.[t=6s]

See UNEB

2000 Qn.20
1995 Qn.10
1987 Qn.12
1989 Qn.1

1992 Qn.23
1996 Qn.24
1991 Qn.2

THE TICKER- TAPE TIMER

DETERMINING THE VELOCITY AND
ACCELERATION OF ABODY USING A TICKER
TAPE TIMER:

COMPENSATION FOR FRICTION

Before each experiment with a trolley, it is necessary to
compensate for friction.

This can be done by tilting the runway with suitable
packing pieces until it moves with uniform velocity after
having been given a slight push.

Ticker-timer
Tape

Trolley

Wooden Run way

////////// VAV
A paper tape is driven through a ticker timer connected
to a mains supply of known frequency e.g 50Hz by a
trolley running freely on an inclined plane.
After the trolley has reached the end of the run way, the
tape is removed and marked every after 5dots.The first
mark made is the zero tme.

[]....... o O o o Qﬁl

1
D
L}

»e

The time ‘t’ between n- spaces, is calculated from:
number of spaces X Periodic time

t =nT, where.T = %

The speed or velocity at different times is the calculated

by measuring the distances d, and d, covered in those

. d d
times. Thus: v, = = and v, = 2
1 2

The acceleration of the trolley is then calculated from:

acceleration,a = % : Whre t; = nyT is the total
37l

time taken to cover distances d,; and d,.

The procedures are repeated, various velocities
determined and a graph of velocity against time plotted.
The slope of the graph gives the acceleration of the
body.

Using the ticker tape timer to determine Acceleration After
it has printed dots on A tape.
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Frequency: These are vibrations per second or number of
dots per second. The S | unit is Hertz. (Hz).

Example: A frequency of 60Hz mean 60 dots per second.
NB: Frequency is also number of dots printed per second.

Period: This is the time taken for a dot to be printed on a
tape. The Sl unit of period is seconds.

. 1 1
Period, T= —— & T= -
frequency,f f

Ticker tapes showing dots for bodies in motion

State of motion Sample tape Direction of
motion

Uniform velocity

|ooooo|,:><:|

Uniform acceleration

[o v vos]| —

Uniform deceleration |. ° o o .|

Example:
Calculate the period for a frequency of 60 Hz
Frequency, f = 60Hz

1
Period time, T= 7
T 1
60
T=0.0167

Calculating time taken from a tape
Time taken, t = number of spaces(n)*Periodic time(T)
Time taken, t=nT

Example: 1
Below is a tape printed by ticker- tape timer vibrating at
100Hz. Find the time taken to print these dots.

[]Q...... e o o

Frequency, (Time ) _ (number of) o (Peri;)dic )

f=100Hz taken spaces time
Time taken,t=nT
Time taken,t=10(0.01)

Time taken,t=0.1s

Period time, T=—,

Calculating the average speed

A 4= Distance, (d)  d
Verage SPeeC rime taken, () ¢

Example: 2
Below is a tape printed by a ticker —tape timer vibrating at
50Hz. Calculate the average speed.




EQ...... e O o Q‘]
oltion X

Solution

Frequency, ( Titf\M/number 05 . (Peric')dic )
f = 50Hz taken/ \ spaces time
Time taken,t=nT

Time taken,t=10(0.02)

Time taken,t=0.2s

Distance=200 _200_ 2
istance=200cm= o0 = m

1
Period time, T= 7

Distance, (d)

A % Time taken, (0
Verage SPeCC Time taken, (1)

Average speed= T

A d=—
verage speed=—

Average speed=10ms~?

Frequency, f =1 (i)

50Hz (Time ) _ (number of) o (Periodic

taken

1
Period time, T= 7

When,d;=200cm,
200

~ 100
=2m

spaces

Time taken,t;=n; T
Time taken,t;=5(0.02)
Time taken, t;=0.1s

time )

Calculating the initial velocity “u” and final velocity “v”
from the tape.

[].....T...

-

< d
1

Initial velocity,u = Average speed
=initial distance “d;” divided by

for initial distance
time taken “t;”

d
Initial speed, u = t—l; where, Time taken,t;=n; T
1

Final velocity (v) = Average speed for final distance
= final distance “d;” divided by time taken “t,”
i.e.

d
Final speed, v= t—z; where, Time taken,t,=n,T
2

Example:3
Below is a tape printed by a timer vibrating at 50Hz
my T{lztj

[]_"_..i..T ° Qooij

d, 400cm

10cm S )
1

t Lt
t3 t.s‘

Calculate the;

i) Initial velocity
ii) Final velocity
iii) Acceleration

For the above, the following steps should be involved.
identifying the frequency
finding the periodic time from T= 1/f
finding the time taken to cover given distances
calculating the required velocities
finding the time taken to cover distance between
mid points of the distances
calculating the required acceleration
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(i)

When,d>=400cm,= % =4m
Time taken,t,=n, T
Time taken,t,=3(0.02)

Time taken,t,=0.06s

(iii)
number of

<Time taken) Spaces

for change points of

d, and d,

Time taken,t;=n;T
Time taken,t;=6.5(0.02)
Time taken,t;=0.13s

= | between mid ><(

Periodic
time

)

Acceleration;

Acceleration calculated applying v =u + at

. change in velocity
Acceleration,a = ——
Time for the change

. v-u
Acceleration, a = o
3

66.67—-20

0.13
Acceleration, a = 359ms "

Acceleration, a =
2

Example 11I:

Below is a tape printed by a ticker timer vibrating at 20Hz.

Calculate the acceleration.

Direction of motion

m ta,
<4 ns 71,

[
Ll

]

ﬂ.f,..., o olo o o

! 1 d,=300c

N

| <

! t

| 2

|

ty |




Solution

Frequency,
f=20Hz

1
Period time, T= T

When,di;= 1m

Time taken,t;=n; T
Time taken,t;=2(0.05)
Time taken,t;=0.1s

Initial speed,

When,d>=300cm,
300
=—=3m
100
Time taken,t,=n, T
Time taken,t,=4(0.05)

Time taken,t,=0.2s

Final speed 43
1nal speec ,V—tz—o'2

=15ms~!

Time taken,t;=n3T
Time taken,t;=7.5(0.05)

Time taken,t;=0.375s

Acceleration;
Acceleration calculated
Applying: v =u + at

__ change in velocity

- Time for the change

. v-u

Acceleration, a = -
3

15-10

Acceleration, a =
0.375

Acceleration, a = 13.33ms =2

If there are n-dots, then there are (n-1) spaces.

ie: mg=(ng—1).

Where ns is the number of spaces and nq is the number of

dots.

Example:

A ticker timer is vibrating at 10Hz. Calculate the time taken

if the timer prints 21 dots.

Solution

Number of dots, n;=21 dots

Number of spaces, ng = (ng — 1).
Number of spaces, ny = (21 — 1).
Number of spaces, ng = 20 spaces

Frequency, f = 10Hz

(aen) (M spaces ) Cime )

t=nT
t=20(0.1)
t=2s

Example 111

The timer is vibrating at 20Hz. Calculate the acceleration

1’11

7['12

OOOOOCIi d)

o Space for

O|O Q

ié 50cm %E

i&—— 150cm —>

Solution

<— 900cm 95

30 dots .O
H 1
1
1
1
1

Example:

A ticker timer prints 11 dots at 20Hz in a space of 2m.

Calculate the average speed.

Solution

Number of dots, n;=11 dots
Number of spaces, ng = (ng — 1).
Number of spaces,ng = (11 — 1).

t=nT
t =10(0.05)
t=20.5s

Frequency, f = 20Hz

1

Period time, T= T
T 1

20

T=0.05s
d, = 150cm — 50cm
d, =100cm
100

T

im

tl = an
t, = 2(0.05)

t, =0.1s

u=10ms=?!

d, =900cm
900

27700
d')=9m

tz = nzT
t, = 3(0.05)

t, =0.15s

-
9

V=015
v =60ms"?!

v

Time taken,t;=n;T
Time taken, t3=31.5(0.05)
Time taken,t,=1.575

Acceleration;
Acceleration calculated applying
v=u+at

. change in velocit
Acceleration, a = #
Time for the change

. v-u

Acceleration, a = .

3
. 60-10
Acceleration, a =

K 1575

Acceleration, a =31.75 ms~?

Number of spaces, ny = 10 spaces
Average speed,

Frequency, f = 20Hz Distance

V = ——----
Time taken

2
V=05

( Time ) _ (Number of) « (Period ) -
taken spaces time v =4ms~?!

NOTE:
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Note:

In experiments with ticker timer being pushed by a trolley,
the first dots are ignored because they are overcrowded for
accurate measurements.

Calculating Acceleration from given number of dots.
If the distance is measured from mt" dot to n dot then the
number of spaces can be calculated directly by subtracting
m from n.
Number of spaces, ng, = (nt*dot — m*dot).
Time taken, t = Number of spaces, ng*xPeriod time, T

1

frequency, f

Period time, T=

Example:

The distance between 15" dot and 18" dot is 10cm. if the
ticker timer is vibrating at 20Hz. Calculate the;

i) time taken

Number of spaces, n, = (nt*dot — m**dot)
Number of spaces, ng = (18 — 15)




Number of spaces,n. = 3 spaces

Frequency, f = 20Hz

1
Period time, T= 7
T 1
20
T=0.05s

Time taken, t=Number of spaces, nyxPeriod time, T
Time taken, t=3(0.05)
t=0.15s

i) average speed

Distance covered = 10cm = 0.1m
Distance

A d; U T
verage speed, v Tbmle taken

Example:

A trolley is pulled from rest with a constant force down an
inclined plane. The trolley pulls a tape through a ticker timer
vibrating at 50Hz. The following measurements were made
from the tap.

Distance between 16" dot and 20" dot= d1=20cm

Distance between 20™ dot and 30" dot = 34cm

Distance Q between 30" dots and 40" dot = 48cm

Distance between 40™ dot and 50" dot = d>=62cm

Calculate the acceleration of the trolley.

Solution

. v-u
Acceleration, a = o
3

3.1-25

Acceleration, a = 0%

Acceleration, a =1.0 ms—?2

Exercise

1. A paper tape dragged through a ticker timer by a trolley
has the first ten dots covering a distance of 4cm and the next
ten dots covering a distance of 7cm. If the frequency of the
ticker timer is 50Hz, calculate the acceleration of the
trolley.(Ans:=75cms or 0.75ms™2)

2. The ticker timer below was pulled by a decelerating
trolley. The tape consists of 3 five dot spaces and the
frequency of the timer is 50Hz.

PO006G O O O

e !
: 2.8cm '
! 1

Exercise: See UNEB

2001.Qn.25
2006.Qn.9

2003.Qn.26
1998.Qn.1(b)

Number of t, =n,T
spaces,n t, =10(0.02)
t, =0.2s
= (n"dot — m™dot)
= (20 —16)
d
= 4 spaces v=-=
Number of spaces, n, ¢
=4 spaces 0.62

"Toz
Frequency, f = 50Hz v=3Ims™*
1 For da last dot is 20™
Period time,T=— For d» last dot is 50

1 ( Time taken ) — (50" — 20tM

T=— .
30 for change; t5

T=0.02s x 0.02

Time taken \
( for change;t3) =30%0.02

t. =0.6s

d, =20cm

Acceleration;
Acceleration calculated applying
vV=u+at

Acceleration, a = —
Time for the change

change in velocity
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1: 11. CIRCULAR MOTION

Circular motion is motion in which a body moves in a circle
about a fixed point.

For a body moving in a circle;
v lts direction and velocity are constantly changing.
v It has an acceleration called centripetal acceleration.

78




v It has a force called Centripetal force acting towards the
centre of the circular path.

Direction of
motior at O
7T Pendulum bob

Weight=mg
T=Tension in the string which produces the
cetitripetal force
Note: When the object is released, it moves such that the

direction of motion at any point is along a tangent to the
circular path.

Forces acting on the body describing circular motion.
(i) Tension: Force acting towards the centre of the
circular path. It provides the centripetal force.

(ii) Centripetal force: Force acting towards the centre of
the circular path.

(iii) Centrifugal force: Force acting away from the centre
of the circular path.

(iv) Weight: Force acting vertically down wards towards
the centre of the earth.

Examples of circular motion

-Pendulum bob tied to a string whirled in a vertical or
horizontal plane

-Planetary motion etc

Exercise: See UNEB

| 1999 Paper 11 Qn.1

1: 12. NEWTON’S LAWS OF MOTION

These are three laws that summarize the behavior of
particles in motion.

1:12:1. Newton’s First Law of motion
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Newton’s first law of motion states that a body continues in
its state of rest or uniform motion in a straight line unless
acted upon by an external force.

Inertia
Inertia is the reluctance of a body to move, when at rest or to
stop when moving.

Thus, when a force acts on a body, the body;
v’ Starts or stops moving.
v" Increases or reduces speed depending on the
direction of the force.
v" Changes direction of motion.

1:12:2. Newton’s second law of motion

Newton’s second law states that the rate of change in
momentum is directly proportional to the force acting on the
body and takes place in the direction of the force.

mv — mu vV —u
Faf(:)Fam(T)(:)Fama(:)szma

When we consider a force of 1N, mass of 1kg and
acceleration of 1ms~2, then, k=1.Therefore;

F = ma
A newton; Is the force which acts on a mass of 1kg to
produce an acceleration of 1ms™2.

1:12:3. Newton’s third law of motion
It states that action and reaction are equal but opposite.

When a body, A exerts a force on body B, body B also
exerts an equal force in the opposite direction.

Reaction.R
A

\ 4
Weight,W=mg

The block exerts a weight, W= mg on the table and the table
also exerts an equal reaction R on the block. R= mg, so that
the net force on the block is zero and therefore there is no
vertical motion.

Applications of Newton’s third law of motion
(a) Rockets and jets

Rockets and jet engines are designed to burn fuel in oxygen
to produce large amounts of exhaust gases.

These gases are passed backwards through the exhaust pipes
at high velocity (large momentum).

This in turn gives the Rocket or jet a high forward
momentum which is equal but opposite to that of the
exhaust gases.

mgvg = _mRvR
Where m,v, is the momentum of the exhaust gases, and
mpgvg is momentum of the Rocket.

(b) Motion in the lift
Consider a person of mass m standing in a lift, when the;




i) Liftis stationary or moving with uniform velocity

The person exerts a weight,
/I\R mg on the lift and at the
same time, the lift exerts a
reaction, R, on the person.
R=mg.

mg

ii) Liftis moving upwards with acceleration, a.

In this case, three forces act on

the lift. i.e, the resultant
/]\R accelerating force (ma), the
weight, (mg) and the normal
reaction or Apparent weight (R).

Accelerating force = Net force
ma =R -mg
R=mg+ ma
R =m (g+a)

mg

Thus, the reaction on the person (apparent weight, R) is
greater than the actual weight of the person, mg.

This is why one feels heavier when the lift is just beginning
its upward journey.

iii) Lift is moving down wards with acceleration, a.

In this case, the resultant

accelerating force (ma), and the
1\R weight, (mg) act down wards.
The normal reaction or Apparent
weight (R) act upwards.

Accelerating force = Net force
ma=mg- R
R=mg-ma
R=m(g-a)

mg

Thus, the reaction on the person (apparent weight, R) is less
than the actual weight of the person, mg.

This is why one feels lighter when the lift is just beginning
its downward journey.

Example:1

A person of mass 78kg is standing inside an electric lift.
What is the apparent weight of the person if the;

d) Liftis moving upwards with an acceleration of 2ms2?
e) Lift is descending with an acceleration of 2ms-2?

Solution

(@)

m = 78kg
a=2ms?

R=?
R=mg+ ma
R =m (g+a)
R =78 (10+2)
R = 936N

m = 78kg
a=3ms?

R=?
R=mg-ma
R =78(10-3)
R = 546N

78¢

1:12:4. COLLISIONS AND MOMENTUM .

Linear Momentum:
Momentum is the product of mass and its velocity.

) x Velocity

(Linear Momentum) _< Mass of
of a body ~ \ the body

Impulse:
Impulse is the change in the momentum of a body.
Impulse = mv — mu

Impulse can also be defined as the product of force and time
of impact.

From Newton’s second law of motion,
mv — mu

F = < Ft = mv —mu

Impulse = Ft = mv — mu

The S.I unit of momentum and impulse is Kgms™
Note: Momentum and impulse are vector quantities.

Principle of conservation of momentum

It states that when two or more bodies collide, the total
momentum remains constant provided no external force is
acting.

It states that when two or more bodies collide, the total
momentum before collision is equal to the total momentum
after collision.

Suppose a body of mass m; moving with velocity u; collides
with another body of mass m, moving with velocity u..
After collision, the bodies move with velocities vy and v
respectively, then;

miu, + myu, = myv, + m,v,
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Types of collisions

v' Elastic collision

Elastic collision is the type of collision whereby the
colliding bodies separate immediately after the impact with
each other and move with different velocities.

In short, for elastic collision,
Total momentum)
before collision

(

Total momentum)
after collision

mgu;+ mu,=m; vyt myyv,

v'Inelastic collision

Inelastic collision is when the colliding bodies stay together
and move with the same velocity after collision.

In short, for inelastic collision,
(Total momentum) _

before collision

my u;tmyu,; =

(Total momentum >

after collision

(m,+m,)V

Comparisons between Elastic collision and Inelastic
collision

Total Total
momentum momentum
before - before
collision collision

Example: 2

A body of mass 8kg traveling at 20 ms™ collides with a
stationary body and they both move with velocity of 15ms™.
Calculate the mass of the stationary body.

Solution

After collision

(m,+ m,)=(3+2) kg

Before collision

m1:8kg m2=2kg

( ) u1=20m5'1© U=0ms-1

v2=v=15ms-1

Elastic collision

Inelastic collision

(i) Bodies separate after
collision

Bodies stick together after
collision.

m;= 8kg, my= 2kg
u;=20ms>, U,=8ms*
vi=V=1 ms?, v,=VV=15 ms*!

myu;+tmyuy= (m, +my)V
8(20)+m,(0)= (8+m;,)(15)
160+0=8(15) + 15m,
40=15m,
Total Total

momentum momentum 2.67=m,
= m, =2.67kg

before before
collision collision

(i) Bodies move with
different  velocities  after
collision

Bodies move with same
velocity after collision

(iif) Kinetic energy of the
bodies is conserved

Kinetic energy of the
bodies is not conserved

Momentum is conserved
Total momentum before
collision= Total momentum
after collision
m;u;+m,u,=m;vy;+m,v,

Momentum is conserved
Total momentum before
collision= Total
momentum after collision
m; u;+m,u,=(m, +m,)V

NOTE; For any stationary body or body at rest, the initial
velocity is zero so the initial momentum of such a body
before collision is zero.

Example:1

A body of mass 3kg traveling at 5ms™ collides with a 2kg
body moving at 8ms* in the same direction. If after collision
the two bodies moved together, Calculate the velocity with
which the two bodies move after collision.

Solution
Before collision

my=2kg (m + m,)=(3+2) kg

Before collision

mi=3kg

Example: 3

A body of mass 20kg traveling at 5ms? collides with
another stationary body of mass 10kg and they move
separately in the same direction. If the velocity of the 20kg
mass after collision was 3ms™. Calculate the velocity with
which the 10kg mass moves.

Solution
Before collision

Before collision

m;=20kg m2=10kg Vi=3ms1

Q_UESIOUFOmS'l @ Q\/_F;

m;= 20kg, m,= 10kg
us=5ms?, u,=0Oms*
V1=3mS'1 Vo=?

rﬂlul +m2u2= my V1+m2V2
20(5)+10(0)=20(3)+10(v,
100+0= 60 + 10v,
100 - 60 = 10v,
Total Total 40 10v,
momentum momentum =

before = before 10 10
4=v,

collision collision
V,=4ms”

1

my= 3kg, m.=2kg
us=5ms?, u,=8ms*
V1:V:?, V2:V:?

m;u;+myu,= (m +m,)V
3(5)42(8)= (3+2)V
15+16= 5V
31=5V
31 5V

5 5
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Exercise:

1. A particle of mass 200g moving at 30ms? hits a
stationary particle of mass100g so that they stick and
move together after impact. Calculate the velocity with
which they move after collision.(Ans:V= 20ms™)

A military tanker of mass 4tonnes moving at 12ms?
collides head on with another of mass 3tonnes moving
at 2oms™*. After collision, they stick together and move
as one body. Ignoring the effect of friction, find their
common velocity.
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(Ans: V=1.7mstin the direction of the 2" tank)

3. A body of mass 10kg moving at 20ms™ hits another
body of mass 5kg moving in the same direction at
10ms?. After collision, the second body moves
separately forward with a velocity of 30ms™. Calculate
the wvelocity of the first body after collision.
.(Ans:v1=10ms™)

A car X of mass 1000kg travelling at a speed of 20 ms-I
in the direction due east collides head-on with another
car Y of mass1500kg, travelling at 15ms-1 in the
direction due west. If the two cars stick together, find
their common velocity after collision.

EXPLOSIONS
Momentum is conserved in explosions such as when a riffle
is fired. During the firing, the bullet receives an equal but
opposite amount of momentum to that of the rifle.

Total momentum before collision = Total momentum after
collision
M, UMy, Up= MgV, My vy,
m,(0)+my,(0)= myv,+my, v,
0= mg v +my vy,

mgVe

= -m,Vy
Where; mg is mass of the rifle (or gun), Vg is velocity of the
rifle which is also called recoil velocity. my is mass of the
bullet, Vy is velocity of the bullet.

For any explosion of bodies, the amount of momentum for
one body is equal but opposite to that of another body.

The negative sign indicates that the momenta are in opposite
directions.

Example:1

A bullet of mass 8g is fired from a gun of mass 500g. If the
missile velocity of the bullet is 500ms™. Calculate the recoil
velocity of the gun.

Solution

_ _ 8 _ _ 500
my= 89 = To00 = 0.008kg, mg=500g = To00 = 0.5kg
vp=500ms?, Vg="?

From, m,v,=-myv,
0.5Vg=-0.008(500)
0.5Vg=-4

05V, _—4

0.5 05

— -1
Vg— -8ms

The negative sign indicates that the recoil velocity, Vg is in
opposite direction to that of the bullet.

Example:2

A bullet of mass 200g is fired from a gun of mass 4kg. If the
muzzle velocity of the bullet is 400ms™, calculate the recoil
velocity.

Solution

©Obagiradnl@gmail.com

my= 200g = —— = 0.2kg, my = 4kg

1000
vp= 400ms™, Vg=?

From, m,v,=-myv,
4Vg=-0.2(400)
4Vy=-80
4Vy 80

44
V,=-20ms™!

Example: 3

A bullet of mass 12.0g travelling at 150mspenetrates
deeply into a fixed soft wood and is brought to rest in
0.015s. Calculate

(i) How deep the bullet penetrates the wood [1.125m]

(ii) the average retarding force exerted by the wood on the
bullet. [120N]

ROCKET AND JET ENGINES

These work on the principle that in any explosion one body
moves with a momentum which is equal and opposite to that
of another body in the explosion. For the rocket and the jet
engine, the high velocity hot gas is produced by the burning
of fuel in the engine.

Note: Rockets use liquid oxygen while jets use oxygen
from air.

How a rocket engine work:

—Liguid Chorgen

Hot exhaust gases
at wery high speed

Principle: the jet and rocket engines work on the principle
that momentum is conserved in explosion.

High velocity: the high velocity of the hot gas results in the
burning of the fuel in the engine.

Large momentum: the large velocity of the hot gas results in
the gas to leave the exhaust pipe with a large momentum.




Engine: the engine itself acquires an equal but opposite
momentum to that of the hot gas.

Note: when the two bodies collide and they move separately
after collision but in opposite directions then.
mu;tmyu, = myvytmy(-v,)

m1u1+m2u2 = myvi-myvp

Example:

A body Q of mass 50g collides with a stationary body “P” of
mass 4g. If a body “Q” moves backward with a velocity of
10ms? and a body “P”, moves forward with a velocity of
6ms™. Calculate the initial velocity of a body Q.

Solution

—_ p— 50 —
Mo= 509,—m = 005kg
Uo=?, Up= Oms?
Vo= 10 ms?!, €—

mp= 4g = —— = 0.004kg

1000

Before colision After colision

(e, O,

Uq

Vo =10ms™ vp

:6ms‘1

Total momentum before collision = Total momentum after
collision
mpugt+ MpUp = MqgVqo +m,Vp

0.05ug+ 0.004(0) = 0.05(-10)+0.004(6)
0.05ug=-0.5+0.024
0.05ug=-0.476
0.05u, —0.476

0.05  0.05
ug=-9.52ms™!
Thus, the initial velocity of Q is 9.52ms™ to the left

Example: 2

A moving ball “P” of mass 100g collides with a stationary
ball Q of mass 200g. After collision, P moves backward
with a velocity of 2ms™? while Q moves forward with a
velocity of 5ms™. Calculate the initial velocity of P.

0 100

Solution
M= 200g,==2L = 0.2kg  mp=100g = —= = 0.1kg

Ug= 0, Up= ?
Vo=5ms?, Vp=2mgt
< —

Before colision After colision

mq =02kg 1, = 0.1kg vo=5ms™"  vp

OMeS SOlos

Total momentum before collision = Total momentum after
collision
mQuQ-i-mpup: mQVQ+mpVP
0.2(0)+ 0.1up= 0.2(5)+0.1(=2)
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0.1up=1+-0.2
0.1uy=-0.8
0.1u, —0.8
01 0.1
up=-8ms-
Thus, the initial velocity of Q is 8ms™ towards Q.

1

Example: 3.
A body of mass 10kg moves with a velocity of 20ms

I Calculate its momentum.

Solution

m=10kg; v=20ms*

Linear Momentum = Mass x Velocity
=10 x20
=200kgm™?

Initial Momentum = Mass X Initial Velocity
=mu

Final Momentum = Mass x Final Velocity
=mv

Example:2
A 20kg mass traveling at 5mls is accelerated to 8mls.

Calculate the change in momentum of the body.

Solution

m=10kg
u=5ms*
v=8ms*

Initial Momentum = mu Final Momentum
=20x%5 =mv
= 100kgms™! =20x8

= 160kgms™?

Change in Momentum = mv - mu
=160 -100
= 60kgms™—

1

Note: The change in momentum is called Impulse.

Example:3
A one tonne car traveling at 20ms™ is accelerated at 2ms

for five second. Calculate the;

0] change in momentum

(i) rate of change in momentum

(iii) Accelerating force acting on the body.

Solution

m=1tonne =1000kg
u=20ms™* (ii) Rate of change in
v="7? momentum

a=2ms2
t=5s Rate of change in momentum
(i) change in momentum | Change in mometum
Change in Momentum B
=myv - mu

Time taken

m(v-u)
=m(v—u) ot
But;v=u+at

v =20 + 2(5)
v=30ms~?!

~ 1000(30-20)

5
~ 10000

Change in Momentum 5




=mv - mu
=m(v—u)

=1000(30 — 20)

= 1000(10)
=10,000kgms™*

Solution

NOTE: The S.I unit for the rate of change in momentum is a
newton.

(iv) Accelerating force acting on the body.
Accelerating force, F = Rate of change in momentum
m(v-u)

t

~1000(30-20)
B 5
F = 2000N

From above, the force applied is equal to the rate of change
in momentum. This leads to Newton’s second law of
motion.

Exercise
1. A body of mass 600g traveling at 10mls is accelerated
uniformly at 2 ms for four seconds. Calculate the;
(i) change in momentum
(i) force acing on a body
Solution

m=1.5tonnes ()Impulse:
=1.5x1000 Impulse = Change in Momentum
= 1500 =mv - mu
u=20ms*
v=0ms*! =m(v— u)
t=0.5s
= 1500(0 — 20)

= 1500(—20)

= —30,000kgms~?

The Negative sign means that the direction of the impulse
is opposite to that in which the van was moving.

(ii)Average force exerted on the wall:
From;Impuse = Force X Time = Ft
—30000 = F x 0.5

F = —60,000N

Example:5
A man of mass 60kg jumps from a high wall and lands on a

hard floor at a velocity of 6ms.Calculate the force exerted on
the man’s legs if;
(i) He bends his knees on landing so that it takes 1.2s
for his motion to be stopped.
(if) He does not bend his knees and it takes 0.06s to
stop his motion.
Solution

(i) (i)
mass, m = 600g Rate of change in momentum
600 ~ m(v-u)

1000 t
= 0.6kg 0.6(18-10)
u=10ms™* T4
v=? 4.8
a=2 ms 4
t=4s 1.2
From;
v=u+at (iii) Force acting on the body
v=10+2(4) But;v=u+at
v=18ms™! But; 18 = 10 + 4t
Change in Momentum | But; a = 2ms™*
=mv-mu
F=ma
=m(w—u) =0.6(2)
F=12N
= 0.6(18 — 10)
Thus, Force acting on the body
is equal to the rate of change in
momentum.

= 0.6(8)
= 4.8kgms~?!

0)
m=60kg (i)
u=6ms* m= 60kg
v=0ms? u=6ms?
t=1.2s v=0ms*
t=0.06s
Force acting on the
body Force acting on the body
But;v=u+at But;v=u+ at
But;0=6+1.2a But;0 =6+ 0.06a
But;a = —5ms™! But;a = —100ms !

F=ma F=ma
=60(-5) =60(-100)
F=-300N F =-6000 N

Note:

++ The negative signs means the force acts to oppose that
exerted by the man.

« Landing in (ii) exerts a larger force on the knees,
which can cause injury compared to that in (ii).

Example:4
A van of mass 1.5 tonnes travelling at 20ms™, hits a wall

and is brought to rest as a result in 0.5seconds. Calculate
the;

(i) Impulse

(if) Average force exerted on the wall.

©Obagiradnl@gmail.com

Exercise :

1. An athlete of 80 kg moving at 5ms?, slides trough a
distance of 10m before stopping in 4 seconds. Find the
work done by friction on the athlete.

A car of mass 1500kg starts from rest and attains a
velocity of 100ms™in 20 seconds. Find the power
developed by the engine.

A. 750kW B. 3,000kW

C. 30, 000kW D. 750, 000kW

3. Aball of 3kg moves at 10ms™ towards a volley ball
player. If the player hits the ball and the ball moves




back with a velocity of 5ms™. Find the change in

" 10
C.3(10-5)

momentum.

10%x3

5
D.3(10 + 5)

A rubber bullet of mass 100g is fired from a gun of
mass 5 kg at a speed of 200 ms. Find the recoil

velocity of the rifle.

5%X200

' 100x1000
100%200

" 5x1000

5X1000

'100%200
200x1000

5x100

much kinetic and potential energy the molecules of a body
have.

Once heat has been transferred to a body, it becomes
internal molecular energy.

Temperature is the degree of hotness or coldness of a body.
The S.1 unit of temperature is a kelvin (K).

(a) THERMOMETERY
A thermometer is an instrument which is used for measuring
temperature on the basis of certain physical properties which
change with changes in temperature.

These properties are called thermometric properties

4. See UNEB

2001. On.1 2006. Qn.32 Thermometric properties

1988. Qn.9 and Qn.20 2007. Qn.24 A thermometric property is a property of a substance which
1994. Qn.5 and Qn. 3 1992. Qn.2 continuously change with temperature and may be used for
1995. Qn.8 2003. Qn.2 temperature measurements, these include:

-Increase in length.

-Change in potential difference
-Change in volume

-Change in pressure.

Thermometer scales.

There are 3 thermometer scales commonly used
(i) Celsius / centigrade scale (°C)

(i) Fahrenheit scale (°F)

(iii) Kelvin scale/ absolute (k)

Relation between Celsius and Fahrenheit
9
F= H (C+32)
And if Celsius scale reads 1000c then

9
F= g(100 +32) = 212°F

Converting from Fahrenheit to Celsius.
5
=—(F-32
C=5F-32)

Relationship between Celsius scale and Kelvin scale.

K =273+°C

Where C is temperature in Celsius scale and K is
temperature in Kelvin scale.

Example:

Convert 0°C to Kelvin | Convert 100°C to Kelvin scale
scale (Absolute scale)

K =273+°C K =273+°C

K=273+0 K=273+100

K= 273K K =373K

To obtain a standard scale on a thermometer. Two fixed
points must be marked out on it. The upper and lower fixed
points.

HEAT AND THERMAL PROPERTIES OF MATTER

2. HEAT ] a) Lower fixed point:

This is the temperature of pure melting ice at standard
atmospheric pressure; 76cmHg or 760mm Hg
-On Fahrenheit scale = 32°F

Heat is a form of energy, which results from the random
movement of molecules of a body. It is a measure of how
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-On Celsius scale  =0°C
-On Kelvin scale = 237K

The expansion of liquids when the temperature rises is
applied in thermometers.

A thermometer has two reference temperatures called fixed
point. These are lower fixed point and upper fixed point.
The upper fixed point is the temperature at which pure water
boils under normal atmospheric pressure.

The lower fixed point is the temperature at which pure water
freezes under normal atmospheric pressure.

Marking upper and lower fixed points
a) lower fixed point

Thermometer

Lower fized point

Pure melting ice

i) Placing thermometer in ice

-A thermometer to be marked is placed in pure ice melting
such that the bulb is packed round with ice.

-Adjust the thermometer so that the mercury thread is
clearly seen.

ii) Marking lower fixed point

-The thermometer is left in ice until level of mercury
remains stationery. This level is marked and it’s the lower
fixed point.

b) Upper fixed point
A hypsometer is a two walled vessel made out of a round
bottom flask.

Bulb in steam ——
at TéemHg

e~
Boiling watet—~ H

Heat source

(i). Placing thermometer in steam

A thermometer to be marked is placed in steam in a
hypsometer.

The thermometer should be in steam not boiling water
because boiling water temperature is affected by dissolved
impurities.

(ii). Double walls
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The double walls help to keep the steam at exactly 100°c so
that steam does cool and condense.

(iii). A manometer

The manometer is attached to the hypsometer to ensure that
the pressure with in it is 76cm Hg.

(iv). Marking upper fixed point

The thermometer is left in steam until the level of mercury
remains stationery. This marked and it’s the upper fixed
point.

Properties of a liquid that make it suitable for thermometer

(Qualities of a good thermometric liquid).

It should be opaque so as to be readily seen.

« 1It’s expansion should be regular, i.e. expansion per
degree should be the same at different point on the
temperature scale.

It should have high boiling point and low melting point
so that both high and low temperature can be measured.
It should be able to expand so much for a small
temperature change.

It should be a good conductor so that it responds rapidly
to the temperature change.

It must not stick to the inside of the tube.

Must not be very expensive.

Must not be poisonous.

It should be available.

Reasons why water is never used in thermometer

« It has a small range of expansion because its freezing
point is Ooc and boiling point is 100°c.
The meniscus in the glass is different to read since
water is colourless and wets the glass.
It does not expand uniformly.
It is not opaque.

Advantages of mercury over alcohol when used as
thermometric liquid.

Mercury Alcohol

-1t is opaque -1t is transparent

-Good conduct of heat -Poor conduct of heat as
compared to mercury

-Expand regularly -Does not  expand
regularly as mercury

-Has a high boiling | -Has low boiling point
point (357°C) 78°C

-Mercury does not stick | -Sticks on glass
on glass.

-1t is opaque so it can be | -It is colourless
easily seen.

Advantages of Alcohol over mercury when used as
thermometric liquid.

Alcohol Mercury

-Has a low freezing | Has a high freezing
point (It can measure | point of -39°% hence
very low temperatures) | unsuitable to measure
very low temperatures.

-Has a high  linear | Has a low linear
expansivity (expands so | expansivity  (expands
much for small | little for the same
temperature change) temperature range)

Reading temperature on an un calibrated thermometer
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|
1o0°c

If 1;.. is the length of the mercury thread above the bulb at
melting ice, lseqm 1S the length of the mercury thread of
steam at 760 mmHg and l,pjec, is the length of mercury
thread for the object being measured.

Then the required temperature 6°c is given by

0= <lobject - lice) % 100°C

lsteam - lice

In other words Lgeqm 1S also the length of mercury thread at
100°, l;.. is the length of mercury thread at 0° and
Lobjecels the length of mercury thread at the un known
temperature, 6.

I, —1
0= (M) x 100°C
1100 - lO

Note: (l1p0 —lp) is the temperature range of the
thermometer. In short the difference between the upper fixed
point and the lower fixed point gives the temperature range
of the mercury thread.

The interval between the upper fixed point and the lower
fixed point is called the fundamental interval. This is
divided into a hundred equal parts and each is called a

degree.

Example 1:

In an un calibrated mercury thermometer, the length of the
mercury thread above the bulb is 18mm at a temperature of
melting ice and 138mm at a temperature of steam at 760mm
Hg. When placed in a hot liquid the length of the mercury
thread is 118mm. calculate the temperature of the liquid.
Solution

lp =18mm; ly = 118mm ;l;o = 138mm; 0 =?

Iy — 1
0= (u) x 100°C
1100 - lO

_ (118 —18

x 0
138 — 18) 100%c

0= (100) x 100°C
~\120
0 = 83°C

Example: 2

The top of a mercury thread of a given thermometer is 3cm
from the ice point, if the fundamental interval is 5cm,
determine the unknown temperature 0.

Solution

lg —lp =3cm;ljyg — I, = 5cm; 0 =?

= M) % 100°C
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8 =60°C

Example: 3

The length of a mercury thread at a low fixed point and
upper fixed point are 2cm and 8cm respectively for a certain
liquid X. Given that the length of mercury thread at un
known temperature 0 is 6cm determine the value of 6.

ly =2cm; lg = 6cm ;li 50 = 8cm; 6 =?

I, —1
e:(‘9 °>><100°C
llOO_O

e—(6_2>x100°c
T \8-2

9= (4> x 100°C
“\6

8 = 66.7°C

Example: 4
Find the temperature in °C if the length of mercury thread is
7cm from the point and fundamental interval is 20cm.

Solution
lg - lo = 7Cm ;1100 - lo = ZOCm, 9 =7

I, —1
ez( 9 °>><100°c

llOO —to

6= () x 100°C
= ()

8 = 35°C

Example: 4

Find the unknown temperature 6 given the following lengths
of mercury.

-Length of steam = 25cm

-Length of ice point = 1cm

-Length of known temperature 8= 19cm

Solution

lo =1cm; lyg = 19cm ;l; 40 = 25cm; 6 =7

I, —1
e=( 9 °>><100°c
llOO_IO

e—(19_1> 100°C
BAVIEEVAS

0= (18) x 100°C
“\24
9 = 75°C

THE CLINICAL THERMOMETER:

This thermometer is used to measure the human body
temperature.

anl-:]?end Constriction Cappilary tube(Bore) Stm{




-The thermometer has a very fine bore (narrow capillary
tube) which makes it sensitive.

-Expansion of mercury makes it shoot along the tube.

-The glass from which the tube is made is very thin which
enables heat to reach the mercury quickly to read body’s
temperature.

-The bulb is the fluid reservoir. Thus it should be large
enough to hold all the fluid. It is thin walled for quick
response to heat.

-The glass stem is thick to act as a magnifying glass for the
temperature readings.

-When thermometer bulb is placed into the mouth or armpit,
the mercury expands and it is forced past the constriction
along the tube.

-When removed, the bulb cools and the mercury in it
contracts quickly.

-The mercury column breaks at the constriction leaving
mercury in the tube. The constriction prevents flow back of
mercury to the bulb when the thermometer is temporary
removed from the patients mouth or armpits.

The thermometer is reset by shaking the mercury back in the
bulb.

Properties/qualities of a thermometer.

Quick action

This refers to the ability of a thermometer to measure
temperature in the shortest time possible. This is attained by
using;

-A thin walled bulb and using a liquid which is a good
conductor of heat e.g. mercury.

Sensitivity

This is the ability of a thermometer to detect very small
changes in temperature. It is attained by:

-Using a thermometer with a big bulb

-Using a liquid which has a high linear expansivity.

-Using a narrow bore or reducing the diameter of the bore
hole.

Effect of heat on matter:

-When a solid is heated, the cohesive forces between its
molecules are weakened and the molecules begin to vibrate
vigorously causing the solid to (expand or) change into a
liquid state.

-The temperature at which a solid changes into liquid is
called the melting point. At melting point the temperature
remains constant until the solid has melted.

-When the entire solid has melted and more heat is applied,
the temperature rises. The heat gained weakens the cohesive
forces between the liquid molecules considerably causing
the molecules to move faster until the liquid changes into
gaseous state.

-The temperature at which a liquid changes into gaseous
state is called the boiling point. At boiling point temperature
of the liquid remains constant since heat supplied weakens
the cohesive forces of attraction in liquid molecules.

-If the heated substance is water its temperature rises with
time as shown below.
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Temperatur (°C)
'

Liguid + Vapour

Zolid + Liquid

Time

INTERNAL COMBUSTION ENGINE

A Heat engine is a machine which changes heat energy
obtained by burning fuel to kinetic energy (Mechanical
energy).

Engines are always less than 100% efficient because.

(i) Some of the energy is lost in overcoming friction
between walls of the cylinder and pistons.

(if) Some heat energy is lost to the surrounding due to
conduction.

(iii) Some of the energy is also wasted in lifting useless
loads like pistons.

Petrol engine

A Petrol engine gets its energy from an exploded mixture of
air and petrol vapour.

Petrol engine are also called four stroke cycle engines
because four piston stroke or monuments inside the cylinder
repeat themselves continuously. The piston strike is in the
order intake, compression, power and exhaust.

Petrol-air
frixtute

Piston

Crank shaft

a) Intake.
-As the piston moves down the cylinder due to the starter
motor in a car (or kick start in a motor cycle) it reduces the
pressure inside the cylinder.
-The inlet value opens and the petrol air mixture from the
carburettor is forced into the cylinder by atmospheric
pressure.
-In short intake involves the piston moving down the
cylinder, inlet valve opening and allowing petrol — air
mixture into the cylinder.

b) Compression
-Both valves close and the piston moves up compressing the
mixture to about a sixth of its original volume.
-Near the end of the stroke, the fuel is ignited by a spark
from the spark plug.

c) Power stroke
A spark jumps across the points of the sparking plug and
explodes the mixture, forcing the piston to move down.

d) Exhaust stroke




The outlet value opens and the piston rises, pushing the
exhaust gasses out of the cylinder.

DIESEL ENGINE

The operation of a diesel engine is similar to that of a petrol
engine.

However, there are some differences.

Diesel engine Petrol engine

-Diesel is used as fuel -Petrol is used as
fuel

-No spark plug -Has a spark plug

-Has a fuel injector -Has a carburettor

-Reliable and economical | -Not reliable and
because its 40% higher economical

-Heavier -Lighter

In a diesel engine air is drawn into the cylinder on down
stroke of the piston. On upstroke of the piston, it compresses
reducing the volume of the cylinder. The very high
compression increase the stroke, oil is pumped into the
cylinder by a fuel injector, it ignites automatically. The
resulting explosion drives the piston down on its power
stroke.

Note: Diesel engine is also called compression ignition (CI).
It is heavier than a petrol engine. Diesel engine is reliable
and economical. The efficiency is about 40% higher than
any other heat engine.

(b) HEAT TRANSFER
Heat flows from a region of high temperature to a region of
low temperature. There are three ways by which heat can be
transferred, namely;
(i) Conduction
(if) Radiation
(iif) Convection

(i) CONDUCTION

Conduction is the flow of heat through matter from a region
of higher temperature to one of lower temperature without
movement of matter as a whole.

Conduction in solids

Heat transfer in solids can occur as a result of;;

(i) Excess energy of vibrations being passed from one atom
to another.

(if) There excess Kinetic energy given to the free electrons
near the source of heat being carried by these electrons as
they move to colder region.

Note:
For heat to be transferred by conduction there should be a
material medium. Metal are good conductors of heat
because metals are made up of atom having free electrons
that are loosely held.
Examples of metals which are good conductors are;

1. Aluminium

2. iron

3. Copper
New utensils or kettles, saucepans boilers, radiators are
made of metals because metals are good conductors of heat
as their atoms have free electrons that are loosely held. Non-
metals, according to Kinetic theory do not have free
electrons that are loosely held so that heat does not pass
through them easily. This is why non-metals are called bad
conductors or insulators e.g plastics, cork, wood.
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Rate of heat transfer

The rate of heat transfer along a metal bar depends on the
following factors;

(i) The temperature difference between the ends.

(i) The length and area of cross in short time when the cross
section of the metal bar. Much heat is passed across in a
short time when the cross sectional area of the bar is large
and when the bar is short.

(i) Material from which the solid is made of.

Comparing the conductivities of different metals.

lran
Allurnininm
W oo

-The rate of conduction is compared by dipping the ends of
four rods coated with wax in hot water.

-The rods are identical but made of different materials.
-After a short while, the wax begins to melt along the rods.
It melts fastest along the copper rod and slowest along
wood.

-This shows that copper is the best conductor and wood is
the poorest of them.

Bad and good conductors and their applications.

(i) Good conductors like aluminium are used in cooking
utensils because they allow heat to pass through them easily.
Copper is one of the best conductor but aluminium is
usually used in making cooking utensils because it is much
cheaper.

(ii) Bad conductor also called insulators are used in making
of handles of cooking utensils because they do not allow
heat to pass through easily.

A metal always feels cold when touched on a cold day
because it loses heat from the body and transfer it to the
surrounding very fast.

Explain why metals feel colder when touched than bad
conductors

This is because metals carry heat away from the hands due
to high degree of conduction while bad conductors do not
conduct heat.

This also explains why a cemented floor feels colder than a
carpeted floor.

N.B
Liquids conduct heat very slowly. This is because their
molecules are apart.

Experiment to show that water is a poor conductor of
heat
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Procedure

-Water is put in a test tube slanted as shown in the diagram
above.

-The upper part of the tube is heated and convection currents
are seen at the top of the tube, water begins to boil.

-Ice at the bottom does not melt. This shows that water is
poor conductor of heat.

(i) CONVECTION

Convection is the flow of heat through fluid from a region of
higher temperature to one of lower temperature by the
movement of the fluid itself.

It is the heat transfer which involves bulk movement of
molecules of the medium.

Convection cannot occur in vacuum because it requires a
material medium. It occurs in fluids (liquid and gases)
because they flow easily.

When a liquid is heated it expands and becomes less dense
than the surrounding cold liquid.

Convection current.
Convection current is the cyclic motion of rising hot fluid
and falling itself. The hot fluid rises because when heated it
becomes less dense.

Explanation of convection current

-When the fluid is heated it expands and becomes less
dense.

-The heated fluid is forced upward by the surrounding
cooler fluid which moves under it.

-As the warm fluid rises, it gives heat to the surrounding
cooler fluid.

Experiment to demonstrate convection current.

Purtle streaks

Water

Crystals of
potassivm
pertmanganate

-When the flask is heated from the bottom as shown, the
coloured solution of water rises upwards from the crystals
and on reaching the top; it spreads as shown in the diagram.
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-The solution rises because on heating, it expands and
becomes less dense, so it is forced upwards by nearby cooler
(denser) water.

Difference between convection and conduction

Conduction Convection

-Involves no movement of | -Involves  movement  of
matter itself. matter as a whole.

Application of convection current to hot water domestic
supply system.

ballcock
main

suppl
PRY cold water
— o tank

hot water
cylinder

hoiler

How it works

-Cold water is supplied to the boiler along the cold water
supply pipe.

-In the boiler the cold water warms up, expands and
becomes less dense, so it rises up.

-As more cold water is applied to the boiler, hot water is
displaced upwards and supplied to the hot water taps along
hot water pipes A and D.

-The ventilation pipe, D is used to release steam.

The expansion pipe A allows pipe D allows escape of:

(i) Dissolved air which comes out of the water when it is
heated.

(ii) Steam, if the water is boiled.

If the expansion pipe is not there;

(i) The dissolved air which comes out when water is heated
causes air lock in the pipe.

(if) The steam if the water is boiled causes explosion.

a) Boiler

When working convection current of less dense hot water
from boiler raises up through pipe A to the hot water tank.
At the same time the more

b) Circulation
A circulation is set up in the hot water involving filling hot
water from top down wards.




-When a volume of hot water flows to the hot water tank
through pipe A, an equal volume of cold water flows to the
boiler through pipe B.

-At the same time an equal volume flows through pipe C to
the hot water tank.

-Pipe A leaves the boiler at the top and enters the hot water
tank at the top because it carries more dense hot water.

-Pipe B is connected to the bottom of the hot water tank and
to the bottom of the because it carries more dense cold
water.

Convection in gases
Experiment to demonstrate convection in gases

Burning
L Smoke papet

e

Hlass chimneys &

Glasls
vritud o

-The hot air above the candle rises up and gets out through
B.

-A lighted piece of paper will produce smoke at point A.
-Cold air enters at point A and sweeps all the smoke to go
and replace the hot air.

-The movements of smoke from A across the box and out
through B shows convection of gases.

Explanation of how smoke moves:

Smoke moves by convection because;

-The air above the candle warms up, becoming less dense
and then rises up through C.

-The dense cold air from the paper (smoke) enters X through
chimney A to replace the risen air (smoke) causing
convection currents.

Application of convection in gases:
-Chimneys in kitchens and factories
-Ventilation pipes in VIP latrines
-Ventilators in houses

-Land and sea breezes

Land and sea breezes
Land breeze;

cold aw
sires

a) Cooling of land
At night land cools faster than sea because land is a better
emitter of heat and has lower specific heat capacity than sea
water.
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b) Movement of air
The air above the sea is heated more than air above land, so
the warmer air above sea rises and the cooler air from land
occupy the space left. This results in a land breeze blowing
towards the sea.
Sea breeze:

a) Heating land.
During day land is heated by the sun more than the sea
because land is a better absorber of heat and has lower
specific heat capacity than the sea.

b) Movement air
The much more heating of land causes the air above it to
expand and rise as it becomes less dense. The space left is
occupied by more dense air from the relatively cooler sea.
So a cool sea breeze blows from the sea towards the land.

Ventilation:

-Air inside a room, air gets heated up on hot days.

-Roofs are usually provided with small openings called
ventilators above the building so that the warm air which is
less dense rises up and flow out through them.

-At the same time cool fresh air enters the building through
the doors and windows. In this way circulation of air
convection is set up

(iii) RADIATION
Radiation is the flow of heat from one place to another by
means of electromagnetic waves.

Heat energy is transfer from the sun to the earth by means of
radiation. Radiation is the means by which heat can travel
through the vacuum.

The energy from the hot body is called radiant energy.
Radiation is emitted by the bodies above absolute zero.
Radiant heat is mainly comprised of infrared which makes
the skin feel warm. It travels as fast as light and it is the
fastest means of heat transfer. It can travel through a
vacuum.

Factors affecting the rate of radiation of heat energy

Factor Explanation

v' Temperature of the | A hotter body radiates heat
body faster.

v Surface area of the body | Large surface area allows
much heat energy to be
radiated per second.

Dull surfaces radiate heat
energy faster than highly
polished surface.

v Nature of the body

Good and bad absorbers
Shiny surface are bad absorbers of radiation while dull black
surface are good absorbers. This implies that shiny surface
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reflects most of the heat radiations instead of absorbing. The
dull black surface absorb most of the heat radiations and
reflect very few.

Experiment to show absorbing of radiation in surface
Some surfaces absorb heat radiation better than others as
illustrated below;

Method |

Highly
polished

-Stick two pieces of cork using molten wax onto two
vertical metal plates.

- The heat source is placed midway between the vertical
plates so that the same amount of radiations are received by
the two surfaces.

Observation:

-1t will be observed that after a few minutes the wax on the
dull black plate melts and the cork falls off before that on
the shiny polished plate.

Conclusion:
-This indicates that dull black surfaces are better absorbers.

Method I1:

Requirements: - A Leslie cube
-Thermopile (instrument that converts heat to electrical
energy). A galvanometer.

.

[
Cube with Radiations
hot water

Thermopile

-One side of the cube is dull black, the other is dull white
and the last one is made shiny polished.

-The cube is filled with hot water and radiation from each
surface is detected by a thermopile.

-When the radiant heat falling on the thermopile is much, it
registers a large deflection of the point.

With different surfaces of the tube made to face the
thermopile one at a time.

Observation:

-The greatest deflection of the pointer is obtained when dull
dark surface faces the thermopile.

-The least deflection is obtained when a highly polished
shiny surface faces the thermopile.

Conclusion:

-The dull and black surface is a good radiator or emitter of
heat radiation while a polished shiny surface is a poor
emitter of heat radiation.

©Obagiradnl@gmail.com

Application of absorbers.

(i) Building in hot countries are painted white and roof
surfaces are shinny because white and shinny surface are
bad absorbers of heat radiation.

(i) Reflection on electric devices are made up of polished
metals because they have good reflecting properties.

Good and Bad emitter.

If the backs of the hands are held on either sides of the
sheet, one first feels much heat from the black surface.

This shows that a black surface is a better emitter of heat
than a shiny one.

-In short, black surface are good absorbers as well as good
emitters of heat radiations.

-Shinny surfaces or polished surfaces are bad absorbers as
well as bad emitters of radiations.

Applications
(i) Cooling fins on the heat exchanger of refrigerator are

painted black so that they emit heat more quickly.

(ii) Tea pots and kettles are polished so that they keep heat
longer as polished surface are poor emitters of heat
radiation.

Laws of radiation:

«+ Heat radiation travels in a straight line.

+ Good absorbers of heat radiation are also good emitters.

¢ Temperature of the body remains constant when the rate
at which it absorbs heat radiation is equal to the rate at
which it radiates heat energy.
Bodies only radiate heat when their temperatures are
higher than those of the surroundings and absorb heat
from the surroundings if their temperatures are low.

Application of radiation:

Black and dull surfaces

(i) Car radiators are painted black to easily emit heat

(if) Cooling fins of a refrigerator are black to easily emit
heat.

(iii) Solar plates or panels are black to easily emit heat.

Polished and white surfaces

(i) White washed buildings keep cool in summer.

(ii) Roots and petro tanks are aluminium painted to reflect
radiant heat.

(iii) White coloured clothes are won in summer to keep us
cool.

(iv) Silver tea pots, kettles and saucepan retain heat for a
long time.

Thermos/vacuum flasks

THE VACUUM FLASK
It is a flask with two silvered walls enclosing a vacuum. It is
used for keeping contents at a fairly constant temperature.




+—Vacuum

" Silvered walls

Ashestos Anti-
=" shock pad

Vacuum seal

-A thermos flask also called vacuum flask keeps hot liquids
hot and cold liquids cold.
-This is because heat losses are minimized. There are three
ways by which heat can be lost namely: Conduction,
convection and radiation.

Heat losses by the above ways are minimized by the vacuum
flask as follows:

-Conduction and convection are minimized by the vacuum
since for heat to be transferred by these ways, a material
medium is required.

-Convection from the hot liquid upward to the outside is
reduced by the cork which also reduces heat loses by
conduction because it is a poor conductor of heat.

-Radiation is also minimized by the two silvered surfaces
since they are bad emitters.

However when a hot liquid is kept in the vacuum flask for a
long time, it cools because at a small rate, heat is lost by
conduction, convection and radiation.

Choice of dress

The choice of dress one puts on depends on conditions of
the environment. On hot days, a white dress is preferable
because it reflects most of the heat radiations falling on it.

On cold days a dull black woolen dress is preferred because
it absorbs most of the heat incident on it and can retain for a
longer time.

(c) THERMAL EXPANSION OF MATTER
This is the increase in size of matter in all directions
whenever matter is heated.

1. Expansion of solids.
Expansion of solids can be illustrated using a metal ball with
a ring as shown below.

+ Metal ball
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-The metal ball passes through the ring when it is cold, but
when heated, the ball doesn’t pass through the ring any
more, showing that it has expanded.

-1t passes through the hole again when it cools, meaning that
the metal contracts when it loses heat.

Bi- metallic strip

Different metals expand at different rates when equally
heated,;

This can be shown using a metal strip made of two metals
such as copper and iron bounded tightly together (bi-
metallic strip) when the bi metallic strip is heated, the
copper expands more than iron and the strip bends as shown.

V7 ’//////1 ///.//////
B AR B Sulpe

(a) Before heating

//M’/’//////////

/
(b} After heating

-When the bimetallic strip of iron and Brass is heated, it
bends with brass on the outside of the curve.
-This is because Brass expands more than iron.

Uses of a metallic strip (application of expansion of solids)
Bimetallic strips are useful in the following devices by
completing the metallic circuit.

i) Ringing alarm bells

i) Thermostats

a) Fire alarm
Heat from the source makes the bi metallic strip bend and
completes the electric circuit and the bell rings.

\ electric
bell

acts
l/ cont

T aa s .. bimetallic

T T strip

(a) heat from fire

b) Thermostat

This is a device that makes temperature of appliances or
room constant. The thermostat shown below uses a bi
metallic strip in the heating circuit of a flat iron.

_Cnntrnl lknob

#To heater

L circuit
AR ;\\\““\\\“\\\\\“‘-‘:\m -

am Lo Y

Contacts ) . .
Bi-metallic strip

How an electric Iron works

-Setting the temperature: The control knob is set to the
required temperature.
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-Bimetallic strip heating: On reaching the required
temperature, the bimetallic strip bends away breaking the
circuit at contact C. This switches off the heater.

-Cooling bimetallic strip: On cooling just below the required
temperature, the bimetallic strip makes contact and switches
on the heater again. So a nearly steady temperature results.

-Knob: If the control knob is screwed more, the bimetallic
strip has to bend more in order to break the heating circuit
thus giving a high temperature

Disadvantage of expansion of expansion in our every day
life

e  Steel bridges
Bridges are constructed with one end fixed and the other
side is placed on rollers in order for the structure to expand
or contract freely with changing temperature without
damaging the bridge.

Fixed end

TAWAY ."'-"'-, FAY

TAYAYI "-E

L) Rollers

WALL

e Railways:
Railway lines are constructed with gaps between the
consecutive rails in order to allow free expansion of the rails
is the temperature increases.
If no gaps are left between rails, the rails buckle during a hot
day.
If no gap is left in the rails, they bend on hot days.

[
Cold day "~ Hotday

e  Electricity Transmission cables
The wires which are used for the transmission of electricity
or telephone wires are usually left sagging in order to allow
them free expansion and contraction.

Linear expansivity

Linear expansivity of a material is the fraction of its original

length by which it expands per Kelvin rise in temperature.
Linear expansion

Linear expansivity =
p y Original length X Temperature rise

Al
lo X AO

Where ;Al=1; —1l, and A0 =6, —6,
Where ; [, = original length

l; = New length

0, = Initial temperature

0; = Final temperature

The S.I unit of linear expansivity is K-*or °C*
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Examples:

1. In an experiment to measure linear expansivity of a metal,
a rod of this metal is 800mm long is found to expand
1.36mm when the temperature rise from 15°c to 100°c.

Solution
l, = 800mm

6, = 15°C; 6, = 100°C; AD = 85K

1.36 0.00002K 1
x = ———=0.
800 x 85

Exercise:
1. A metal rod has a length of 100cm at 200°c. At what
temperature will its length be 99.4cm if the linear
expansivity of rod is 0.00002K™2. [Ans: 6; = 173K]

2. A steel bridge is 2.5m long. If the linear expansivity of
the steel is 1.1 x 105C~*.How much will it expand when the
temperature rises by 5°C? [Ans: Al = 1.375 x 10™%cm]

2. Expansion of liquids

Liquids expand when they are heated. Different liquids
expand by different amount when equally heated.

Liquids expand much more than solids because according to
the kinetic theory, liquid molecules are far apart compared
to the solids and the intermolecular forces are weaker in
liquids.

Experiment to demonstrate expansion of water.

Matrowr tuhe

Liguid lewel

-Fill the flask completely with coloured water. Pass the
narrow tube through the hole of the cork and fix the cork
tightly to the flask.

-Note the first level of water on a narrow tube

-Heat the bottom of the flask and observe the new level of
water on the capillary tube. Initially there will be a
momentary drop of the water level in the tube then after
wards the level rises.

-Therefore liquids expand when heated since there was a
rise in the levels of water in the capillary tube.

Explanation
-When the flask is heated, the flask first receives heat before

the water in it so the flask expands and its volume increases
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causing the slight fall in level. -However, when heat reaches
the water, the volume of water expands more than the
increase in volume of the flask.

Comparing expansion of different liquids

— Mattowr tuhe

Liguid lewel

-

Hat water

-Three identical flasks A, B and C are filled with alcohol,
kerosene and water respectively.

-Fit a narrow capillary tube in each flask through the cork,
cool flasks to the same temperature, adjust the levels such
that they are equal and mark the original levels.

-Place the flasks in a trough of hot water

-After some time, the liquid levels rise to different levels.
This shows that different liquids expand differently when
heated through the same temperature range.

Liquid C expands more than B and more than A in that
order.

Application of expansion property of liquids
This property is used in thermometer; the liquids used
include alcohol and mercury.

Anomalous expansion of water
(Unusual expansion of water)

Ice at 07

— —Waterata's  —

For all solids expect ice, when heated, they melt to form
liquids. They expand just after melting but ice which melts
at 0°c to form water contracts until 4°c. Water is thus
exceptional or anomalous in the range 0°c to 4°c.

Sketch of volume against temperature.

Walurme
A

E

Ice and
el W ater
water

D

4
Temperatur (°C)

From the sketch, it is noted that water has its minimum
volume at 4°c.
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AB: As the temperature rises ice expands.

CB: The ice is melting to form water at 0°c

CD: As the temperature rises, the formed water at 0°c
contracts until 4°c.

DE: At 4°c the water expands just like other liquids do.

Sketch of density against temperature.

Dengzity
)

1
4 a 12
Termperatar [':' )

-Since density is mass/volume but mass is unaltered by
warming.

-1t is only volume which decreases between 0°c to 4°c.

-1t follows that water has its maximum density at 4°c. From
the sketch it is noted that ice is less dense than water.

-This is because for any given mass at 0°c the volume of ice
is greater than the volume of water. This is why ice is less
dense than water.

-When ice is mixed with water, ice floats on water because
when ice melts to form water, density increases as volume
decreases until 4°c.Therefore, ice is less dense than water.

Note: During very cold weather, pipes of water burst
because at 0°c when water freezes, considerable expansion
occurs resulting in increase in volume.

Biological importance of abnormal expansion

The unusual expansion of water has some biological
importance in the preserving of aquatic life during cold
weather.

a) Water at the top cooling

During cool weather, water at the top of the sea cools first,
contracts and being denser to the bottom. The warmer and
less dense water rises to the surface to be cooled.

b) At4°c
When all the water is at 4°c the circulation stops.

c) Temperature below 4°c

When the temperature of water surface falls below 4°c, it
becomes less dense and remains at the top, eventually
forming a layer of ice at 0°c.

The lower layer of water at 4°% can only lose heat by
conduction. So in deep water there will be always water
beneath the ice in which fish and other aquatic life can
thrive.

Explanation of unusual expansion of water by kinetic theory
-The expansion of water between 4°c and 0° is due to the
breaking up of groups of water molecule below 4°c and
formation of groups of water molecules above 4°c which
require a large volume. -So the anomalous expansion of
water at 4°c is because water molecules bond together
differently above and below 4°c.
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Expansion of gases

A gas expands when heated almost 10,000 times more than
solids.

The greater expansion of gasses is due to very weak
intermolecular forces which can be broken easily.

Experiment to demonstrate expansion in gases
>-Dyair (D

Water level
Airbubles — rizes

Coloured
water

Marrow tube

Allow to cool

In the above set up the flask is slightly heated.

Air bubbles will be seen coming out from the other end of
the tube

This shows that air expand when heated.

In the second set up, when the source of heat is removed and
the flask is allowed to cool by pouring cold water, the level
of water will rise. This shows that air contracts when cooled.

Alternatively
When hands are rubbed together thoroughly and held around

the flask as shown above, bubbles of air start coming out of
water. This is because the heat produced by the hands was
enough to cause the air in the flask to expand. When the
hands are removed and flask left to cool, the water rises in
the tube. This is because cooling the air contracts and
pressure of the inside are becomes less than the atmospheric
pressure.

Application of expansion of air.

Hot air balloon

Expansion of air is used in hot air balloon. When air in the
balloon is heated, it expands and becomes less dense and as
a result the balloon rises up.

Exercise 1: See UNEB Past papers.

1.1988 Qn.12 | 6.1999 Qn.9 11. 1989 Qn.2
2.1988 Qn.18 | 7.2004 Qn.11 | 12.1994 Qn.1
3.1988 Qn.31 | 8.2004 Qn.33 | 13.1998 Qn.3
4.1991Qn.4 | 9.2006 Qn.17 | 14.1998 Qn.5
5.1994 Qn.33 | 10.2007 Qn.36 | 15.

(d) GAS LAWS

Gases when heated will show a significant change in
pressure volume and temperature unlike solids and liquids
which show insignificant change in volume.
Gas laws are laws which express the relationships between
Pressure, (P), Volume (V) and Temperature (T) of a fixed
mass of a gas.

1. Boyle’s law
Boyle’s law states that the volume of fixed mass of gas at
contact temperature is inversely proportional to its pressure.

Mathematically;

1
P « v at constant temperature.

1
P =k—; < PV =k; & PV = constant
\%

P,V; = P,V, = constant

Example: 1

The pressure of a fixed mass of gas is 5artmospheres when
its volume is 200cm?®. Find its pressure when the volume

(i) Is halved

(ii) Is doubled

(iii) Is increased by 1% times provided temperature remains

constant.

Solution

(HPV; = RV,

5% 200 = P,(100)
P, = 10 atmospheres

(i) PV, = PV,
5% 200 = P,(400)
P, = 2.5 atmospheres

(|||) P]_Vl = P2V2
5% 200 = P,(300)
P, = 3.333 atmospheres

When pressure is doubled the volume is halved or vice versa

Experiment to verify Boyle’s law

H:lmne Mercury Capillary Bourdon
ofaw  column o, gauge

| Contlection
SCEldE! to the pump
Trap dry air in the capillary tube using the mercury column.
-The pressure is varied using a bicycle pump and its value, P
read from the Bourdon gauge and recorded.

-For each vale of P, the length, | of the air column is
measured from the scale and recorded. This is the volume of
the air.

-The procedures are repeated for different values of P and
the results tabulated.

Pressure, P (Pa) Volume, V(m?)
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-A graph of P against V is plotted

Prezzure Prezzure
1 1

o

Example 1:

The volume of a fixed mass of gas at constant temperature
when the pressure is 76mHg. Calculate the volume when the
pressure is 38 cmHg.

the volume when the pressure is 38 cmHg.

Solution

(HPV; =RV,

150 X 76 = V,(38)
V, = 300cm?

Note: from the above example, it is found when pressure
halved the volume doubles.

Example:2

The volume of a fixed mass of gas at constant temperature
increases from 300cm?® to 500cm?® . Find the new pressure if
the initial pressure was 70cmHg.

Solution

v; = 300cm?, P, = 70cmHg,
v, = 500cm?; P, =?

PV, =PV, & 70 X 300 = P, X 500
21000 = 500P,
P, = 42cmHg

Example:3

The pressure of a fixed mass of 0.5litres of a gas s
30cmHg. Find the volume if the pressure increases to
70cmHg.

Solution

v; = 0.5litres, P, = 30cmHg,
v, =7; P, = 70cmHg

PV, =PV, & 30 x 0.5 = 70 X V,
15 = 70V,

V, = 0.211litres

2. Charles’ Law

Charles’ law states that the volume of a fixed mass of a gas
at constant pressure is directly proportional to the absolute
temperature.

V o Tat constant pressure.

\'

— = constant

Vv

— =2 = constant
T T
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Experiment to verify Charles’s law

Metre — rule

— Thermormeter

Index of cone.
sulphuaric acid

——Metal can

Aircolumn

W ater

-Trap dry air using the index of concentrated sulphuric acid
in a capillary tube. Tie the tube on the metre-rule using a
rubber band.

-Place the apparatus in a metal can containing water and
heat the water slowly while stirring gently.

-Read and record the length, | of the trapped air column and
the temperature, T.

-Repeat the procedures for different temperatures and
tabulate the results.

-Plot a graph of | against temperature, T.

A graph of v against T A graph of V against T

) 2
Vim®) V')

¥
i
i
¢

L
U

B 0 >
T(K) g M TOE)

Observation:

-The graph is a straight line through the origin.

-In the second graph, at273°C, the gas occupies zero
volume.

This temperature is called absolute zero.

Conclusion:

-The graph shows that I (which is proportional to volume), is
directly proportional to the

absolute temperature at constant pressure. This verifies
charles’ law.

Absolute temperature is the Kelvin temperature scale
which has zero value coinciding with -273 °C.

Absolute temperature is also called thermodynamic
temperature. On this scale temperature is measured in
Kelvin (K)

Where temperature 0°C in Kelvin is obtained from
temperature; 0% = (0 + 273)K

e.g. temperature of -73%

T = (—=73°C + 273)

T = 200K




Absolute zero is the temperature of 273°% at which the
volume of the gas would become zero as the gas is cooled.
However, the volume of the gas can not actually shrink to
zero. This is because the gas first liquidifies, then turns to
solid before the temperature of 273°c is reached.

The volume-temperature and pressure-temperature graphs
for a gas are straight lines. This is because gasses expand
uniformly with temperature. So equal temperature increase
cause equal volume or pressure increases.

Example 1

The volume of a fixed mass of gas at constant pressure is
400cm?® at a temperature of -73°%. Calculate the volume
when the temperature is raised to 27°c.

Solution

v, = 400cm?, T, = (=73 + 273) = 200K,
v, =7; T, = (27 + 273) = 300K

AN R
T, T, 200 300  '2_ oM

Example 2

The volume of a fixed mass of gas at a given pressure is
1.5m? at a temperature of 300K. Calculate the temperature
when the volume will be 0.5m?3 at the same pressure.
Solution

v, = 1.5m3, T, = 300K,
vV, = 0.5m3, T2 =?

Vi _Ve 15 05 — 100K
T, T, 300 T, -

3. Pressure law.

The pressure of a fixed mass of gas at constant volume is
directly proportional to its absolute temperature.

P o T: atconstant Volume.

P tant
— = constan
T

P, P
— = == = constant
T, T,

Experiment to verify Pressure law

Procedure:

-The apparatus is set up as shown above. The rubber tubing
from the flask to the pressure gauge should be as short as
possible.

-The flask containing dry air is placed in water in a can such
that water is almost to the top of its neck.
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-The can is heated from the bottom while stirring and the
pressure, P is then recorded for different temperature values.
-The heating is stopped to allow steady gauge reading for
each reading taken.

-The results are tabulated and a graph of pressure against
temperature plotted.

For temperature in K

P(Pa) P(Pa)
'y &

For temperature in °C

Ti ”r:f'

T(E)

Observation:
-A straight line graph touching the temperature axis at -
273°C verifies pressure law.

Example 1

The pressure of gas in a cylinder is 15atm at 27°C.

(i) what will be the pressure at 177°C?

(i) at what temperature will the pressure be 10
atmospheres?

Solution

(i)

P, = 15atm., T, = 27 + 273 = 300K,
P, =2,T, = 177 + 273 = 450K

P, P, 15 P,
—e s — = —
T, T, 300 450

< P, = 22.5atm.

P, = 15atm., T, = 27 + 273 = 300K,
P2 = 10atm.,T2 =?

P, P, 15 10 T — 200K
e —=—0oT,= .
T, T, 300 T, 2

Equation of state

The combination of the three gas law equations forms a
single equation called the equation of state. Or the general
gas law.

It is an equation that expresses the relationship between
Volume, V, pressure, P and temperature, T. It is given by
the formula;

PV tant
—— = constan
T

PV, PV,

T T,

Example 1

Air in a 2.5 litre vessel, at 127°c exert a pressure of 3
atmospheres. Calculate the pressure that the same mass of
air would exert if contained in a 4 litre vessel at -73°c.

Solution

V; = 2.5litres., T; = 127 + 273 = 400K,
P, = 3atm
V, = 4litres ,T, = =73 + 273 = 200K




Pz =?

PV, PV, 3(25) 4P,

< P, = 1.08atm.

= =
T, T, 400 200

Example 2

A bicycle pump contains 50cm?® of air at 17°C and a pressure
of one atmosphere. Find the air pressure when it is
compressed to 10cm? and its temperature rises to 27°C.
Solution

V, = 50cm3., T, = 17 + 273 = 290K, P, = 1 atm
V, = 10cm3, T, = 27 + 273 = 300K, P, =?

PV, PV, o 1(50) _ 10P,
B 290 300

< P, = 5.17atm.

Standard temperature and pressure (S.T.P)

This is the physical condition of temperature equal to 0°C
and pressure is equal to 76cmHg at S.T.P, one mole of any
gas occupies a volume of 22.41.

Gas laws and kinetic theory.

Kinetic theory of matter states that, matter is made up of
small particles called atoms or molecules that are in a
constant random motion and the speed of movement of the
particles is directly proportional to temperature.

-The theory considers the molecules of a gas to be like
elastic spheres.

-Each time one of the molecules strikes the wall of the
container it rebounds.

-The force produced on the on the wall by a molecule is the
momentum change per second. So the gas pressure due to all
bombarding molecules is proportional to their average total
momentum per second (Force) normal to the wall.

Kinetic theory can be used to explain the cause of; -Gas
pressure

-Boyle’s law

-Charles’s law

-Pressure law

a) Causes of gas pressure.
-Gas molecules are in constant random motion colliding
with each other and bombarding the walls of the container.
-As they bombard the walls of the container, they exert a
force on the walls. These forces cause gas pressure.

Boyle’s law

-At constant temperature, the average speed of gas
molecules is constant.

-When the volume of the container decreases, the rate of
collision and bombardment increases resulting in increase of
force exerted on the walls and increase in pressure.
-Likewise increase in volume at constant temperature result
in decrease in pressure.

Charles ‘s law.

-When temperature of gas molecules increases, they move
faster.

-To maintain the pressure constant, the volume of gas must
increase so that molecules travel further between collisions
with the walls.

-This results in fewer collisions per second.

Pressure law.
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-When the temperature of gas increases, molecules move
faster

-Raising the temperature of a fixed mass of gas at constant
volume increases the average kinetic energy of the
molecules so that the molecules make more frequent
collisions with walls at high velocity.

- This decreases the rate of bombardment (few molecules
collide), resulting in decrease in gas pressure.

b) Effect of Temperature on pressure
-When a gas is heated and its temperature rises, the average
kinetic energy of the molecules increases and the average
speed of the molecules increases.
-The frequency of the collisions of the molecules with the
walls of the container increases hence the pressure of the gas
increases.
-If the container is flexible, the volume of the gas increases
in order to maintain the pressure constant.
-If the volume of the gas is to remain constant the pressure
of the gas increases due to more frequent and more violent
collisions of the molecules with the walls.
-The above explanation is used to explain why a balloon
inflated with air bursts when left in sunshine.
-This is because the temperature rises yet volume remains
constant so the pressure increases due to more frequent and
more violent collision of the molecules with the walls.

Absolute zero is the temperature at which the molecules
have their lowest possible kinetic energy.

Exercise 2: See UNEB Past papers.

1.1997 Qn.3 | 6.1989 Qn.13 | 11. 2006 Qn.15
2.1998Qn.6 | 7.1992Qn.6 | 12.1989 Qn.7
3.2003 Qn.4 | 8.2000 Qn.33 | 13.1991 Qn. 10
4.2007 Qn.43 | 9.2002 Qn.12 | 14.
5.2001Qn.3 | 10.1993 Qn.3 | 15.




(6) MEASUREMENT OF HEAT
(QUANTITY OF HEAT)

(a). Heat Capacity

Heat capacity is the quantity of heat required to raise the
temperature of a body by 1 Kelvin.

In general, the amount of heat required to raise the
temperature of a substance by one Kelvin. The S.I. unit of
heat capacity is Joules per Kelvin (JK™1).

Quantity of Heat Q

Heat Capacity, C =

Temperature Channge YY)

(b). Specific Heat Capacity

The word specific refers to a unit quantity of physical
property.

Specific Heat Capacity is the quantity of heat required to
raise the temperature of a 1Kg mass of a substance by 1K.
The S.1 unit of specific heat capacity is Joules per kilogram
Kelvin () or Joules per kilogram per Kelvin (JKg=1K™1).

Quantity of Heat
Mass X Temp. Channge

__Q
mA©O

Specific Heat Capacity =

Heat Energy = Mass X S.H. C X Temp. change
Heat Energy = mCAO

Where A6 is the temperature rise from initial temperature
0, to final temperature, 6.
Thena © = (6, — 6,)
m = mass of substance, C= specific heat capacity.
Heat capacity = mass X Specific Heat Capacity

NOTE:

When using H = mCA® ;

1. The mass, m must be in in S.1 unit (Kg).

2. In questions with the phrase “the temperature rises by
...%C or the temperature rose by...°C; the temperature value
given is the change in temperature, A@.

Example:

If the temperature of substance change from 20° to 40°c.
Then the temperature rise is;

AO=(8,—0;)=(40—20) = 20°C

Note: The value of C is different for different substances.
The table shows values of specific heat capacities of some
common substances.

Substance Specific Heat Capacity
(JKg'K™")

1.Water 4200

2.1ce 2100

3.Aluminium 900

4.Copper 400

N.B:The high specific heat capacity of water makes
water a very good liquid for cooling machines.
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Importance of the high specific heat capacity of water
The high specific heat capacity of water makes the
temperature rise and fall to be slower for water.

-This is one of the major reasons why water is used in the
cooling system of engines and radiator of central heating
system.

-The other reason why water is used is because it is cheaper
and available.

The specific heat capacity of water is 4200]Kg=*K~! and
that of soil is about 800JKg=K~1. This results in the
temperature of the sea to rise and fall more slowly than that
of land.

The specific heat capacity of water being 4200JKg~*K™!
means that heat of 4200J is required by 1kg of water to raise
its temperature by 1K.

Islands are surrounded by water as they experience much
smaller changes of temperatures from summer to winter
because the specific heat capacity of water is high so that
temperature rises and falls more slowly.

Example 1
How much heat is needed to rise the temperature from 30°%
to 0° for an iron of 5kg. Specific heat capacity of iron is
440J/KgK.

Solution:
A8 = (8, —0,) = (40 — 30) = 10°C
Heat Energy = mCAO

=5X440x 10

= 22000]

Example 2: (2000 Qn. 4)
When a block of iron of mass 2Kg absorbs 19KJ of heat, its
temperature rises by 10°C. Find the specific heat capacity of
iron.
Solution:
Q = 19K] = 19 x 1000 = 19000; A@ = 10°C; C?
Heat Energy, Q = mCAO
19000 =2 xCx 10
19000 = 20C

C = 950JKg~'K!

Example 3: (2003 Qn. 13)

Find the amount heat required to raise the temperature of a
0.5Kg salt solution from —5°C to 15°C. Specific heat
capacity of salt solution is 4000]JKg~1K™1.

Solution:
Q =?m = 0.5Kg; 8, = -5 °C, 6, = 15 °C;
AB=(0,-0,)=(15--5)=20°C
Heat Energy, Q = mCA@O

= 0.5 X 4000 x 20

= 40000]

Example 4: (1992 Qn. 4)

Find the amount heat required to raise the temperature of a
20g of water from 30°C to 60°C. Specific heat capacity of
water is 4200JKg 1K™

Solution:
20
Q =?m = 20g = —— = 0.02Kg;

1000
A® = (8, — 6,) = (60 —30) =30 °C




Heat Energy, Q = mCA@
= 0.02 x 4200 x 30
= 2520]

Example 5: UNEB 1997. Qn. 15

Calculate the specific heat capacity of paraffin if 22000
joules of heat are required to raise the temperature of 2.0 Kg
of paraffin from 20°Cto 30°C.

CALORIMETRY

Calorimetry is the measurement of heat exchanged.

The device used in calorimetry is a calorimeter. It is usually
made of copper.

The calorimeter is lagged with an insulator and placed in a
jacket with a plastic cover which has two holes for a
thermometer and a stirrer.

Methods of Measuring Specific Heat Capacity
(i) Method of mixtures
(i) Electrical Method (not on syllabus)

Describing the method of mixture

-The method of mixture involves mixing a solid with a
liquid at different temperature but the specific heat capacity
of either solid or liquid should be known.

-In this method a hot substance is mixed with a cold
substance and then stirred. Then heat will flow from a hot
substance to the cold substance until both are at the same
temperature.

-If no heat is lost to the surrounding then heat lost by the hot
substance = heat gained by cold substance.

NOTE:

1.-If the heat capacity of the calorimeter (or container) is
NOT neglected, then heat lost by the hot object is gained by
both the calorimeter and its content.
-Both the calorimeter and its content always have the
same temperature values. Thus
Heat

Heatlostby) [ gained He?jtb
( hot body ) | by cold + gam? y
body calorimeter

(m4C,AB) = (mC,A0) + (m C.AB)

2. If the heat capacity of the calorimeter is neglected, then
the heat gained by the calorimeter is neglected and is not
included in the calculation.
Heat lost by Heat gained
( hot body ) ( by cold body)
(m;C;A8) = (m,C,A8)

Where, mg, m; m, = masses of hot body, cold body
and calorimeter respectively
C, C, C. = Specific Heat Capacity of hot
body, cold body and calorimeter respectively
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Experiment to determine the specific heat capacity of a
solid by method of mixture

r— Thetmotmeter

Thread AL -'_r

| titter F=e=s

Cover “i 'J' 3 f Zine sample

Tacket I

Water

3 :l Calosi | _‘
{'@"' ! InsElr::;:er ;.5:' FJ _—|

Heating the sample
to boditg Point

Procedure

-Put water of mass my in a container of heat capacity ¢,

-Put calorimeter and its contents in a calorimeter jacket and
record their initial temperature 6

-Meanwhile, put the solid of mass m in boiling water in a
beaker as shown in figure (i) above for some minutes.
Record the boiling point 0>

-Quickly transfer the solid from boiling water to the
calorimeter using a string.

-Begin to stir until the final steady temperature 03 is
obtained (the heat shield is to prevent the heating from
boiling water to reach the calorimeter).

-Assume negligible heat to the surrounding.
Heat

(Heat lost by) _ | gained N ( Heat )

hot body by cold gam?d by
calorimeter
water

(myC,AB) = (m,,C,AB) + (m.C.AB)
mCs(83 — 0,) = m,C,y (8, — 0;) + m.C.(6, —6,)

C. = mwcw(ez - 91) + mccc(ez - 91)
S ms(93 - 92)

Knowing values of Ci;,Mi;, Mj CzM and temperature

changes, specific heat capacity of a solid Cs can be obtained

from the above expression.

Precautions

e  The specimen must be transferred as fast as possible but
with care to avoid splashing of water from calorimeter.
The calorimeter must be insulated and placed on an
insulating stand in a constant temperature bath.
The calorimeter must be polished on its inner and outer
surface to reduce heat loss by radiation.

e  Stirring must be done to ensure uniform distribution of
heat.

NOTE:

To determine the specific Heat capacity of the liquid, the

same procedure above is used. However in this case, a solid

of known specific heat capacity is used and C; is made the

subject of the formula.

m;Cs(63 — 6;) = miC(0; — 81) + mcC.(8, — 0,)

C = rnscs(e3 - e2) - mccc(ez - 91)
: m; (0, — 6,)




Example 1:

A piece of metal of mass 0.5kg is heated to 100°c and then
placed in 0.4kg of water at 10°c. If the final temperature of
the mixture is 30°. calculate the specific heat capacity of
the metal.

(The S.H.C of water is 4200]Kg~1K™1)

Solution:

9, = 100°C; m, = 0.5kg
9, = 30°C; m,, = 0.4kg
0, = 10°C;

Assume negligible heat to the surrounding.
Heatlostby\ ( Heat gained
( hot body ) - (by cold water)
mscs(e3 - 92) = mwcw(ez - 91)
0.5 X Cg X (100 — 30) = 0.4 x 4200(30 — 10)
35C5 = 0.4(4200)(20)
C, = 960]Kg~1K™?!

Note:
Liquid take up the volume of the container when filled so
when a liquid is filled in a container the volume of the
container is equal to the volume of liquid filling it.

Mass of\ _ (volume of density o

( liquid ) — ( liquid ) ( liquid

Example 2: UNEB 1993. Qn. 3(d)

A copper block of mass 250g is heated to a temperature of
145°C and then dropped into a copper calorimeter of mass
250g containing 250cm? of water at 20°C.

(i) Calculate the maximum temperature attained
by the water. (S.H.C of water is
4200JKg™1K™1).

(i) Sketch a graph to show the variation of
temperature of water with time.

Solution:
Finding Specific Heat Capacity by Mechanical method

T

Lead
shots

7

€99

-Lead shots of measured temperature 6; and mass “m” are
placed in a tube as shown above. When the tube is inverted,
they fall through distance “h”. so potential energy of the
lead shots is mgh.
-This energy becomes kinetic energy which in turn becomes
internal molecular energy when the lead shots are brought to
rest. The internal molecular energy is heat energy which
rises the temperature of lead shot from 8,t06,.
- Heat energy gained by the lead shots is equal to the
potential energy lost by lead shot.

mc(0, — 0,) = mgh
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When the tube is inverted N times then the total potential
energy is calculated as Nmgh so that heat gained is equal to
potential energy lost.
mc(68, — 6;) = Nmgh
c(6, —6,) = Ngh
gh
(6, —6,)

Where N is the number of time the tube is inverted. g is
acceleration due to gravity and h is the distance through
which the lead shots have fallen.

C

The distance “h” is the same as the length of the tube. This
method is more advantageous than the method of mixtures
because here the mass of substance is not required.

Example:
A tube length 10cm contains leads shots. If the tube is
inverted 1000 times such that the temperature of the shots
changes from 40° to 100°. calculate the specific heat
capacity of the lead shots.

h = 10cm = 0.1m; g = 10ms~%; N = 1000times

gh _ 1000 x 10 x 0.1
(6,—96,) 100 — 40

_ 1000

60
=16.7JKg K1

cC=

Example:

A tank holding 60kg is heated by 3KW electric immersion.
If the specific heat capacity is 4200J/kgk. Calculate the time
taken for the temperature to rise from 10°c to 60°c.

Solution:

m=60kg P=3KW =3 x 1000W=3000W

Energy = Power X Time

mc(0, —0,) =Pt
60 x 4200 x (60 — 10) = 3000t
t = 4200s

LATENT HEAT (HIDDEN HEAT)

(a) Latent Heat
Latent heat is the quantity of heat absorbed or released at
constant temperature by a substance during change of state.
Specific latent heat is the heat required to change one
kilogram of substance from one state of matter to another
without changing its temperature.

When a substance changes state from solid to liquid or
liquid to solid liquid to gas the temperature remains constant
although heat is supplied.

This can be explained by the Kinetic theory.

When a solid is changing in state there is no temperature
change because the supplied heat energy is being used by
molecules to break away the intermolecular force holding
them in one state.

Latent heat therefore is the heat which causes no change in
temperature but changes the state, say solid to liquid, liquid
to solid or liquid to gas.




A

Q = Quantity of heat,

m = mass,

l¢ = Latent heat of fusion,

1, = Latent heat of vapourisation
¢ = Specific heat capacity

AB = Change in temperature

Q;: Temperature of ice Qq: Temperature of
increasing steam decreasing
Q; = mcAO Q; = mcAB

:Ice changing to water | Q,: Steam condensing
= ml¢ Q; = ml,

: Temperature of water| Q3: water cooling
increasing Qz; = mcAB
Q3 = mcAO
Q,: water changing to
Q,: water changing to ice
vapour Q4 = ml;
Q4 = mlv
Q5: Ice cooling
Q;5: Temperature of steam| Qs = mcAO
increasing
Q5 = mcA@

(b) Types of latent Heats
(i) Latent heat of fusion; L,
Latent heat of fusion is the quantity of heat required to
change the state of a substance from solid to liquid at
constant temperature.

Specific Latent heat of fusion is the quantity of heat required
to change the state of a 1kg mass of substance from solid to
liquid at constant temperature.

The S.I unitis a Jkg™!
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Experiment to determine the specific latent heat of
fusion by method of mixtures.

™

Stirrer—

Thermometer

LSS

4|
[ Calorimeter

Hat water

Pure melting ice

-Pour pure hot water of known mass, my,,and specific heat
capacity C,, in a well lagged calorimeter of mass, m.and
specific heat capacity C..
-Record the initial temperature of,0, of hot water.
-Place small pieces of pure melting ice at 0°C into the
calorimeter and stir the mixture gently until all the ice melts.
- Read and record the final temperature of,6,0f the mixture
in the calorimeter.
-Re weigh the calorimeter and its content to determine the
mass of melted ice m;from the formula;
m; = (mi +mpy, + mc) - (me + mc)
-Heat lost by hot water and calorimeter is equal to heat
gained by ice and cold water from ice
my,,C,, A8 + m .C A0 = m;l; + m,,C, A0

mHWCw(gl - 92)

+mcCc(91 - 92)

meCw(el -

_ +mccc(el -

] = mllf + mWCW(GZ - O)

9922))] - mwcw(ez - 0)

m;

ly

Experiment to determine the specific latent heat of
fusion by Electrical method.

Electric immersion H
heater

Small pieces
of ice

=

~Filter

Procedures:

a) Placing heater;
An electric heater of known power “p” is placed in filter
funnel.

b) Packing small pieces of ice
Small pieces of ice are packed around the electric heater.

c) Switching on and timing;
The heater is switched on for a known time “t” and mass
“m” of water collected in the beaker is weighed and
determined from the formula:

( Mass of ) _ ( Mass of empty) _ (Mass of)
melted ice beaker + water beaker

Conclusion:




The specific latent heat of fusion of ice,L¢ is calculated from
the formula;
Pt = mLf

Assumption;
+«+ No heat is absorbed from the surrounding.

+ All heat supplied by the heater has been absorbed by the
ice only.

Significance of high value of specific latent heat of fusion
[ Lf = 340,000]kg ']

Ice is often used as a cooling agent e.g. ice cubes are added
to juice to keep it cold.

(i) Latent heat of vapourisation

Latent heat of vapourisation is the quantity of heat required
to change the state of a substance from liquid state to gas at
constant temperature.

Specific Latent heat of fusion is the quantity of heat required
to change the state of a 1kg mass of substance from liquid
state to a gas at constant temperature.

The S.I unitisa Jkg™!

Importance of the very high value of specific latent heat
of vapourization of steam
[L, =2,260,000]kg 1]
v" Because of high value, steam is used as a heating
agent e.g. In cookers (cooking)
v' Can be used for sterilizing medical tools e.g.
blades, forceps, e.t.c.

Experiment to determine the specific latent heat of
vapourization by method of mixtures.

Stearn trap

Stearn from

=

1 "

Thermometer

A

[ Calorirneter

Cold water

-Pour pure cold water of known mass, m.,and specific heat
capacity C,, in a well lagged calorimeter of mass, m.and
specific heat capacity C..
-Record the initial temperature of,0,0f cold water.
-Pass steam from boiling pure water at 100°C into cold
water in the calorimeter for some time and stir the mixture
gently until all the temperatures are steady.
- Read and record the final temperature of,6,0f the mixture
in the calorimeter.
-Re weigh the calorimeter and its content to determine the
mass of melted ice mfrom the formula;

ms = (mg + Mg, + me) — (Mg, +me)
-Heat lost by hot steam and condensed water from steam is
equal to heat gained by cold water and calorimeter
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mgl, + msCWA)G =m,C,A0 + m_C.AO
2| - mycu(0, - 0)

[mcwcw(mo iy
+mccc(62 — el

L, =
(4 ms

Determination of specific latent heat of vaporization of
steam by electrical method

Procedures:
a)
Weigh the mass of water and the beaker and record it as m.
b) Placing heater;
An electric heater of known power “p” is placed in the water
in a can placed on top of a beam balance.
c) Switching on and timing;
The heater is switched on for a known time “t” and Weigh
the mass of water and the beaker again and record it as m..
d) Finding mass of steam
The mass “m” of steam escaped is determined from the

formula:
Mass of \ _ _
(F a5 o) = (my) = (my)

Conclusion:
The specific latent heat of vapourisation of steam L, is
calculated from the formula;

Pt =mlL,

Latent heat and kinetic theory

(a) Latent heat of fusion.

During change of state from solid to liquid (melting) at
constant temperature, the heat supplied weakens the
intermolecular forces of attraction, the molecular spacing
increase, changing from static molecules of solid to fast
moving molecules in liquid state.

The average K.E of molecules remaining constant because
melting takes place at constant temperature.

(b) Latent heat of vaporization;

During change of state from liquid to vapour, (Boiling) at
constant temperature, the heat supplied weakens the
intermolecular forces of attraction, the molecular spacing
increase, so that they gain freedom to move about
independently.

As a result, the heat supplied is used to overcome these
forces resulting in gain molecular potential energy but not
their kinetic energy and also the work to expand against
atmospheric pressure.

Why specific latent heat of vaporization of a substance is
always greater than specific latent heat of fusion for the
same substance.




Specific latent heat of vaporization is always greater than L
because for molecules of a liquid to escape, they require a
lot of heat which increases the K.E in order to overcome the
intermolecular forces of attraction.

While for latent heat of fusion very low amount of heat is
required to weaken the intermolecular forces of attraction.

Effect of latent heat of vaporization

When steam at 100°c condenses on your body, it produces
more serious burn than one would have from an equal mass
of water at 100°c because when steam condenses latent heat
is given out.

How to apply the formula in calculations

The following should be noted;

1. When applying the heat formula for change of state from
either solid to liquid or liquid to solid the value of specific
latent heat of fusion should be used.

2. The substance must either be at the melting point
temperature for solid to liquid or at freezing point
temperature for liquid to solid.

a) For asolid at melting point changing to liquid at freezing
point.

Example I: How much heat is required to melt 10g of ice at
0°c given specific latent heat of fusion is 3.36 x 10° J/Kg.

Solution
Heat = mL¢

H t—( 10 )x(336><105)
¢t = 11000 '

Heat = 336000]Kg~*

b) When the solid is not at the melting point changing to a
liquid at freezing point

In this case heat energy for changing the temperature to
melting point is required. The heat for change the solid to
liquid is applied, so heat energy required = Heat for change
of temperature to melting point.+ Heat for change of state
Heat = mcAB + mL;

Heat = mc(6, — 6,) + mL;

Where: m is mass the substance

C is the specific heat capacity of the solid

0,is the melting temperature of the solid

0, is the initial temperature of the solid.

Example 2:

How much heat is required to change 10g mass of ice at —
10°c to water at 0°c. Given that the specific heat capacity of
ice is 2100J/KgK. and the special latent fusion of ice is 3.36
x 10° J/Kg.

Solution
Heat required = mc(0, — 6,) + mL;

] 10
Heat required = (m) (2100)(0 — —10)

+( 10 )(336x105)
1000/~

Heat required = 336000 ]

(c) For a solid not at melting point to a liquid not at freezing
point.

Heat required = Heat for change of temperature of solid to
melting point + Heat for change of state from solid to liquid
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+ Heat for change of temp at melting point to a given
temperature.
Heat = mc,;A8; + mL¢ + mc,AB,

WHERE

m is mass of the solid which is also the same as the mass of
the liquid formed

AB,is the change in temperature of the solid from its initial
temperature to melting temperature.

AB,is the change in temperature of the liquid formed from
temperature to the final temperature of the liquid.

C; is the specific heat capacity of a liquid

C. s the specific heat capacity of the solid

L+ is the specific latent heat of fusion

Example

10g of ice at -10° is heated to water at 30°c given that the
S.H.C of ice is 2100 J/KgK, the S.H.C of water 4200]/KgK.
The specific latent heat of fusion of water is 3.36 x 105]/
Kg. Calculate the heat energy supplied.

Solution:

States involved

i) Solid at -10°c i) solid liquid at melting point 0°C
iii) Liquid at 30°C

m = 10g = 0.01kg;
92 = OOC;
8, = —10°C;

Heat
(supplied) = mc,AB8; + mL¢ + mc,AB,
< Heat ) _0.01(2100)(0 + 10)
supplied) = 4+0.01(336000)

+0.01(4200)(30 — 0)

Heat 1043360 + 1260
supplied

= 4830]

Example

A 3kw electrical heater is left on for two minutes when its
placed in a container packed with ice. If 100g of ice was
melted to water, calculate the specific latent heat of fusion
of ice.

Solution:

P = 3KW = 3000W; m = 100g = 0.1Kg; t = 2min

Solution
Heat = mL¢
pt = mLf

3000 x 120 = 0.1 x L¢
360000 = 0.1L¢

L; = 3600000 Jkg™*

Note:
When the body changes state from liquid to solid, the same
amount of latent of fusion is given out.

Example




When the 1.5kw heater was switched on for 26 minutes, the
top balance recorded that the mass of the beaker was
reduced by 1kg. Calculate the specific latent heat of
vaporization of water.

Solution:

P = 1.5KW = 1500W; m = mass lost as steam = 1kg;
t = 26min = 1560s

Heat = mL,
pt = mL,

1500 x 1560 =1 x L,
2340000 = Ly
L, = 2340000 Jkg~*

Note:
If it’s a change of state from liquid to gas (vapour) or gas t0
liquid then the specific latent heat of vaporization should be
used.

Exercise

1. Calculate the mass of steam at 100°c needed to raise
temperature of water by 1kg from 20°c to 80oc. Specific
heat capacity of water is 4000J/Kgk.

[Ans:m = 0.10 Kg]

2. Calculate the heat required to convert 5kg of ice at -20°C
to steam at 100°C.

[Given that the S.H.C of ice is 2100 J/KgK, the S.H.C of
water 400]/KgK. The specific latent heat of fusion of water
is 3.4x10°/Kg and the specific latent heat of
vapourizationis 2.3 x 10°]/Kg.

[Ans:Q = 15,510,000]]

3. Musa was carrying out an experiment. He heated 2009 of
copper metal block to 98°C. He then transferred it quickly to
300g of water in a copper calorimeter of mass 100g at 30°C.
Calculate the final temperature of the mixture.

{Specific heat capacities of water and copper are 4200]/
KgK and 400]/KgK respectively}

4. Two bath taps H and C deliver hot and cold water
respectively at the same rate into a bath tab. Tap H is opened
for 20 seconds while tap C is opened for 35 seconds.

If the initial temperatures of water from H and C are 75°C
and 24°C respectively, find the temperature of the water in
the bath tab assuming the heat capacity of the bath bat to be
negligible.

A:12.0 B: 24.0 C: 425 D. 56.5

5. See UNEB

1989 Qn. 33
2006 Qn.8

1987 Qn.14
1988 Qn.19
1999 Qn.15

2001 Qn.34
2007 Qn.8
Section B
1988 Qn.5
1998 Qn.2

1988 Qn.3
2000 Qn.3
1992 Qn.8

The heat received by a substance depends on the following
factors:

«  Temperature

< Mass

«» Nature of substance
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f). VAPOURS

(i) Vapour is the gaseous state of a substance below its
critical temperature i.e.

Critical temperature (T¢) is the minimum temperature above
which the gas cannot be liquidized no matter how much
pressure is applied.

(ii) Saturated vapour is the vapour which is in thermal
dynamic equilibrium with its own liquid i.e. whose rate of
evaporation = rate of condensation.

(iif) Un saturated vapour is the vapour which is not in
thermal dynamic equilibrium with its own liquid i.e. whose
rate of evaporation # rate of condensation.

(iv) Supper saturated vapour is the vapour whose rate of
evaporation > its rate of condensation.

(v) Thermal dynamic equilibrium is the liquid’s thermal
state at which its rate of evaporation is equal to its rate of
condensation.

(vi)Vapour pressure is the pressure exerted on the walls of
the container by the vapour molecules.

(vii) Saturated vapour pressure (s.v.p) is the pressure
exerted by vapour which is in thermal dynamic equilibrium
with its own liquid.

(viii) Un saturated vapour pressure is the pressure exerted
by vapour which is not in thermo dynamic equilibrium with
its own liquid

(ix) Supper saturated vapour pressure is the pressure
exerted by vapour whose rate of evaporation > its rate of
condensation.

(x) Dew point is defined as temperature of saturated
atmospheric air.

NB: A cloudy film forms on screens of cars being driven in
rain because of the condensation of the excess water vapour
in atmospheric moist air as a result of exceeding its dew
point.

Kinetic theory explanation for the occurrence of
saturated vapour pressure (s.v.p)

Pizston

Wapour
Ligquid

v' When a liquid in a closed container is heated, the
energy which goes into it becomes mechanical energy
to the molecules.

v Some of the liquid molecules get enough kinetic energy
and break the intermolecular bonds and escape from the
surface of the liquid and occupy the space just above it.
These molecules constitute what we call vapour and
the pressure they exert to the walls of the container as
they collide with themselves and the walls of the
container is called vapour pressure.

106




Vapour pressure is the pressure exterted by the escaping
molecules of the vapour from the surface of the liquid.

v" When these molecules bounce off from the walls of the

container, they strike the liquid surface and re-enter the
liquid wuntil when a state of thermal dynamic
equilibrium is attained i.e. (rate of evaporation = rate of
condensation).
In this state, the vapour is said to be saturated exerting
saturated vapour pressure and before this state, vapour
is un saturated (with rate of condensation > rate of
evaporation) exerting un saturated vapor pressure.

Saturated vapour pressure (s.v.p) is the pressure exerted
by vapour which is in thermal dynamic equilibrium with its

own liquid.

NB:

Saturated vapours do not obey ideal gas laws because its
mass changes due to condensation or evaporation as
conditions change yet gas laws only apply to a constant
mass of a gas.

It should be noted that saturated vapor occurs for a very
short time and constant temperature (boiling point).

Comparison of vapour pressure

Saturated vapour. Un saturated vapour.
It does not obey ideal gas | It obeys ideal gas laws.
laws.
It is achieved at thermal | Its rate of evaporation =its
dynamic equilibrium. rate of condensation.

Its  pressure  remains | Its pressure increases with
constant at particular | increase in temperature.
temperature.

Determining saturated vapor pressure
Bent-pipette method
This method is used to determine the s.v.p of a volatile
liquid at a particular temperature.

e Procedure.
Two barometers A and B are filled with mercury and
inverted over a trough of mercury as shown. At first the
mercury is at the same level.
The liquid whose s.v.p is to be determined is introduced
with the help of a bent pipette in the vacuum space above
the mercury level in one of the barometric tubes as shown
below.

Saturated wapour

Bent pipette

N
.

Observation
Some of the liquid evaporates immediately and the mercury
column falls by “h”.

Explanation
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This is because the introduced Iquid evaporates and forms a
vapour which exerts a pressure on the mercury causing the
column to fall.

When mercury has stopped dropping, the vapour is said to
be in dynamic equilibrium, thus saturated vapour.

The pressure hpg is the s.v.p of the volatile liquid and p is
its density.

Merits of mercury for this experiment
e Mercury is very dense compared to many liquids
e Mercury is opaque thus easily seen and read.

If too much water is introduced on top of mercury column
Observation

Some water evaporates and some remains on top of the
mercury column.

Explanation
Some water remains on the top because the space above

becomes a saturated vapour so that the rate at which
molecules leave the liquid surface is equal to the rate at
which other molecules return to the liquid.

Effect of compression on a saturated vapour
The saturated vapour is compressed by lowering the tube.

Observation
The height “h” of mercury column remains constant but
amount of water on top of the mercury column increases.

Explanation
The height “h” remains constant because saturated vapour

pressure is not affected when the vapour is compressed.
However, the amount of water increases because more
vapour condenses when the vapour is compressed.

More Explanation:

v" A reduction in vapour volume of saturated vapour
mainly leads to an equal reduction in the number of
vapour molecules above the liquid surface.

v Since s.v.p is achieved at constant temperature (boiling

point), the vapour remains in thermal dynamic
equilibrium.
This means that the force per square meter (pressure)
exerted on the walls of the container remains constant
due to an equal reduction in the surface of the walls for
colliding molecules.

F 3

Vapour

Pressure

Haturated
Vap ot

In saturated
wapout

Pox—
i

0 Vapour Vaolume

Effect of expansion on saturated vapour
The saturated vapour is expanded by raising the tube
Observation




The height “h” of the column remains but the amount of
water on top of the column decreases.

Explanation
The height “h” remains constant because the expansion of

the saturated vapour becomes unsaturated on expansion so
more water evaporates.

Vapour pressure and temperature

Effect of temperature on saturated vapour

When a saturated vapour is heated, it increases with

temperature.

Although saturated vapour increases as temperature

increases, a saturated vapour does not obey Boyle’s law and

Charles’s law because;

v The mass of a saturated vapour is not fixed with
temperature change but varies with temperature
changes.

v The volume of saturated vapour is independent of
pressure.

The mass of unsaturated vapour depends on the pressure.

The mass of unsaturated vapour can be fixed while

temperature changes.

More Explanation:

e Initially vapour pressure increase slowly with increase
in temperature exponentially because fewer molecules
are energetic enough to leave the liquid surface but as
the liquid’s boiling point is approached, vapour pressure
rapidly increases i.e. un saturated vapour pressure.

At boiling point vapour pressure remains constant
(saturated vapour pressure) since vapour is saturated.

Heating the liquid beyond its boiling point results into
supper saturated vapour whose rate of evaporation is
greater than its rate of condensation and vapour
pressure (un saturated vapour pressure) increases
linearly with increase in temperature due to increased
multiple collisions of vapour molecules with the walls
of the container

Variation of pressure with temperature of saturated vapour
Vapour

Pressure Supper sahnated
k vapour! Un sabhnated

Saturated vapeoy

-
SEL 0

Termperahirs [ ")

Explaining the graph

AB-Saturated vapour increases with increases in
temperature, but does not obey the gas laws because:

(i) The volume of saturated vapour is independent of
pressure.

(i) The mass of a saturated vapourcannot be fixed as
temperature changes.

BC-unsaturated vapour increase as temperature increases
and obeys Boyle’s law and Charles’ law because:
(i) Volume of unsaturated vapour depends on the pressure
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(i) Mass of unsaturated vapour can be fixed when
temperature changes.

Definition of saturated vapour pressure
A saturated vapour pressure is the pressure of a vapour
which is in dynamic equilibrium with its liquid or solid.

Saturated vapourpressure and boiling point
A liquid will only boil when its saturated vapour pressure is
equal to the atmospheric pressure.

What happens when a liquid boils?

When a liquid is heated its temperature rises. This makes the
saturated vapour pressure to increase until it becomes equal
to the atmospheric pressure.

At this stage further addition of heat, cause bubbles of the
vapour to form inside liquid. This is boiling; therefore
boiling point is the temperature at which saturated vapour
pressure becomes equal to the external atmospheric
pressure.

From the above it will be noted that the boiling point of a
liquid depends on altitude because boiling occurs only when
the saturated vapour pressure becomes equal to atmospheric
pressure which depends on altitude.

Dew point
Dew point is the temperature at which the water
vapourpresent in air is just sufficient to saturate it.

MELTING  POINT,
EVAPORATION

(2) Melting
This is defined as the process by which a solid turns to
liquid at constant temperature called melting point i.e.

BOILING POINT AND

Melting point is constant temperature at which a solid
substance liquidifies at constant atmospheric pressure.

Freezing point is constant temperature at which a molten
substance solidifies at constant atmospheric.
Effect of pressure on melting point

J/Cnpper wire
f

—— Ice hlocls

Load

When pressure is increased by the weighted copper wire

e  Observation
The weighted copper wire passes through the block of ice
without cutting it into two pieces.

o Explanation

This is because increasing pressure by the weighted copper
wire lowers the melting point of ice, so the copper wire
sinks through water and water which is no longer under
pressure refreezes and gives out latent heat to the copper
wire to enable melting of ice below.




In general increasing pressure decreases the melting point of
solid and decreasing pressure increases the melting point.

Effect of impurities on the melting point

Impurities like salt lower the melting point of solid. E.g. the
temperature of a well stirred ice water mixture is normally
0°c but when an impurity such as salt is added it may fall to
-20°c.

(b) Boiling
Boiling is a change of state from liquid to vapour that occurs
within the liquid at constant temperature called boiling
point.

Boiling point is the constant temperature of a liquid at
which its saturated vapour pressure is equal to external
atmospheric pressure.

Steam point is the constant temperature at which (pure
water «<>vapuor) at 760mmHg. It is 100 C.

NB:

It should be noted that boiling of any liquid occurs only
when its saturated vapor pressure equalizes with external
pressure implying that when a liquid is boiling, there is
change of state thus occurring constant temperature called
boiling point.

Experiment to show that boiling occurs at constant
temperature (s.v.p = external pressure).

Saturated

Vapour ) ~—tirrer
| [ Thermometer

I - tuhe
} " ater

o4 L
Heating source

Water is trapped in a closed end of J-shaped tube and
the tube is placed in a beaker containing water being
heated from the base as it is stirred to ensure uniform
distribution of heat throughout the liquid.

When water in the beaker starts boiling, its vapour
escapes and exerts pressure on water in the open limb of
the J- shaped tube.

At this point the thermometer reading remains constant
and water in the J- shaped tube levels up indicating that
saturated vapor pressure is equal to external pressure.

Effect of pressure on boiling point

The boiling point of a liquid is directly proportional to the

pressure above the liquid.

<+ If the pressure above the liquid is increased, the boiling
point of the liquid rises. This is because more external
pressure compresses the water molecules into the liquid.
This requires more heat energy to break such
molecules, hence increasing the boiling temperature.

But if the pressure above the liquid is decreased the
boiling point of the liquid is lowered.
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« In a pressure cooker, food cooks more quickly because
the pressure of steam above water in the cooker can rise
to twice the normal atmospheric value.

Experiment to show the effect of pressure on boiling
points

Thermometer —* Stearn tube

v' When heating is stopped, the tube is closed and the
flask is cooled by cold water.

Observation
v/ Water starts to boil again through there is no heating.

Explanation
v" This is because when the flask is cooled the water

vapour or steam above the water condenses resulting in
the pressure above to decrease. This decreases the
boiling point.

NOTE: Cooking has nothing to do with whether water is
boiling or not. Boiling here is just a mere physical
phenomenon that can be seen.

Cooking depends on two factors; Time and temperature.
Cooking (Hard boiling) = Time X Temperature

Thus from the above, cooking to occur;

«» Atreduced temperature, increase the cooking time

+» Very quickly, increase the cooking temperature.

The Pressure cooker

+« Up on a mountain, the air pressure is low so water boils
at a temperature less than 100°. This is because the
pressure on the surface of the water decreases on the
mountain therefore cooking takes longer.

If we raise the boiling point of water we can reduce the
time taken to cook food. This is possible using a
pressure cooker.
Pressure cookers are useful in places where atmospheric
pressure is low like at the top of a mountain (high altitudes).

“ariable loading L)

safe
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valve
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Cooking with a pressure cooker is faster than ordinary
cooking because most of its top surface is covered leaving
just a small opening to let out vapour.

This covering reduces the space of escape for vapour
molecules which increase the pressure inside due to random
collisions of vapour molecules thus raising the boiling point
to about 120°C, hence faster cooking due to much heat.

Effect of impurities on boiling point

Impurities such as salt when added to a liquid e.g. water the
boiling point of the liquid rises.

Addition of impurities raises the boiling point of a liquid.
This is because; impurities absorb some of the supplied heat
making the liquid to boil at a higher temperature than its
normal boiling point thus faster cooking.

(c) Evaporation
This is defined as the process by which a liquid turns to
vapour molecules which occurs at the liquid surface. It takes
place at all temperatures but it is greatest when the liquid is
at its boiling point.
So evaporation is the conversion of a liquid into its gaseous
state.

Rate of evaporation

This is the rate at which molecules of a liquid escape from

the liquid surface per second.

The rate of evaporation of a liquid is increased by;

e Increasing the surface area of the liquid e.g. same
amount of water put in a basin and cup exposed to the
same drought, one in a basin reduces faster than that in
a cup.

Increasing the temperature of the liquid since increase
in temperature directly increases the average Kkinetic
energy of the molecules escaping.

Providing drought which removes the vapour molecules
from the liquid surface before returning to it e.g. water
exposed to direct sunshine evaporates faster than that
under a shade.

Reducing the pressure of the air above the liquid
surface (atmospheric pressure) e.g. evaporation is faster
on a mountain than on a leveled ground.

Factors affecting evaporation

liquid surface.

Explanation

Because wind blows away the energetic
molecules that have already escaped from
the liquid. This gives chance for more
molecules to escape.

Pressure High pressure above the liquid surface
means there is a high exertion on the
liquid surface thus preventing molecules
from escaping

Concentration | If the air already has a high concentration
of the liquid of the substance evaporating, then, such
vapour in air | substance will evaporate very slowly.

Intermolecular | The stronger the forces keeping the
forces molecules together, the more energy
needed to put them apart and escape.
Hence the slower the rate of evaporation.

Factor Effect/Explanation

Surface area Increasing the surface area increases the
rate of evaporation.

Explanation

This is because the increased surface area
makes more molecules to be at the surface
of the liquid where they can easily escape.

Temperature Increasing temperature increases the rate
of evaporation. Decreasing temperature

decreases the rate of evaporation.

Explanation

This is because more molecules will move
faster enough to escape from the surface of
the liquid.

This is because fewer molecules will move
fast enough to escape from the surface of
the liquid.

Drought The rate of evaporation increases when
(Air current) there is too much wind blowing over the
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Explanation of evaporation according to the Kinetic theory

(How evaporation causes cooling).

v' At a particular temperature, molecules of a liquid have
an average speed but some molecules are moving faster
than other.

Evaporation occurs when faster moving molecules
reach the surface and escape from the attractions of all
the molecules.

At the same time the slower molecules remain in the
liquid causing the average Kkinetic energy of the
molecules to fall.

v' This causes cooling as temperature falls with falling
averages kinetic energy.

Cooling

This is defined as the continuous fall of temperature of a

body placed in drought until when it attains an equilibrium

state.

Cooling as a result of evaporation is seen in:
+» Panting of dogs
+ Making ice by evaporation of a volatile liquid
+» Refrigerators

THE REFRIGERATOR
A refrigerator is a cooling appliance which uses the
mechanism that transfers heat from it to the external
environment.
It is used in preservation of;

v" Food —in homes and supermarkets.

v" Blood — in blood banks in hospitals.

v Medicines — in pharmacies/hospitals/health centres.

How it works principle

A refrigerator works on the principle that heat is taken in at
one point and given out at another point by the refrigerating
substance (Freon) as it is pumped around the circuit.




Evaporator pipe/coil
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Compressor/Pump:

1. Freon (a volatile liquid) or the refrigerant is compressed
by the pump against the expansion valve, its pressure rises,
and pushes it into the coils (cooling fins) on the outside of
the refrigerator.

Condenser and cooling fins:
2. When the hot high pressure gas in the coils meets the

cooler air temperature of the outside the cabinet, it is
condensed to a liquid.

3. Now in liquid form at high pressure, the refrigerant cools
down as it flows into the coils inside the freezer and the
fridge. It dissipates all the latent heat to the surrounding by
the cooling fins.

Evaporator:

4. The refrigerant absorbs the heat from the material
contents inside the freezing box, cooling down the
surrounding air and hence the contents.

5. Lastly, the refrigerant evaporates to a gas, and then flows
back to the compressor, where the cycle starts again.

Functions of the main parts of refrigerator
Pump/Compressor

%+ The pump removes the vapour formed in the freezer
%+ The pump forces the vapour into the heat exchanger.

Heat exchanger or Condenser
It is where the vapour is compressed and liquefies giving out
latent heat of vaporization.

Cooling fins
The cooling fins give out the latent heat of vaporization to

the surrounding air.
Note: The cooling fins are painted black so that they can
quickly give or emit heat radiations.
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Differences between evaporation and boiling

Evaporation

Boiling

i) Occurs at any temperature

Occurs at a  fixed
temperature called boiling
point

ii) Occur at the surface of the
liquid. No bubbles

Occurs within the liquid.
Bubbles appear

iii) Depends on the surface
area

Does not depend on the
surface area

iv) Can occur even when
atmospheric pressure is not
equal to saturated vapour
pressure

Occurs only when
atmospheric  pressure is
equal to saturated vapour
pressure

v) Causes cooling

Does not cause cooling

However evaporation and boiling are similar in that:
« Both evaporation and boiling need latent heat of
vaporization.
+ Both evaporation and boiling involve change of
state from liquid to gas.

Making ice by evaporation of a volatile liquid like ether

Procedures:

v" Place a metallic can filled with a volatile liquid like
ether on a film of water at the top of a wooden block.

v Blow air current through a glass tube or straw as shown
above.

Observation:

v' The water underneath the can freezes and turns to ice.

Explanation:

v" When a current of air is bubbled through ether, the ether

evaporates in the bubbles which carry it to the surface
and burst.
So the bubbling of air through ether results in
increasing the rate of evaporation. This rapid change of
state from liquid to vapour requires latent heat which is
conducted through the beaker from the water below it
causing it to cool and form ice.

Note: The metallic can may be replaced by a beaker.

Application of good and bad conductors

i) Frying and cooking pans are made of metals because
metals allow heat to pass through them easily.

ii) A metal always feels cold when touched on a cold day
because it removes heat from the body and transfers it away
very fast.

This shows that metals are good conductors of heat as they
draw the heat from the body

iii) A handle of a frying pan is made of insulators such as
wood or plastic because they are poor conductors.




2 Related explanations

v" Metallic utensils being good conductors of heat, they
absorb heat (from food) which would be carried away
by the volatile liquid to the cooling fins thus delaying
the refrigerating process. Such utensils are not
recommended to be used in refrigerators.

Milk in a bottle wrapped in a wet cloth cools faster than
that placed in a bucket exposed to a drought. This is
because the wet cloth speeds up the rate of evaporation
thus more cooling.

It advisable for a heavily perspiring person to stand in a
shade other than drought because drought speeds up
evaporation thus faster cooling which may lead to over
cooling of the body and eventually this over cooling
may lower the body’s resistance to infections.

When taking a bath using cold water, the individual
feels colder on a very shiny day than on a rainy day
because on a shiny day, the body is at high temperatures
such that on pouring cold water on the body, water
absorbs some of the body’s heat thus its cooling. Yet on
a rainy day the body is at a relatively low temperature
implying that less heat is absorbed from it when cold
water is poured on it.

Two individuals; A (suffering from serious malaria) and B
(normal) taking a bath of cold water at the same time of the
day, A feels colder than B because the sick person’s body is
at relatively higher temperature than of a normal person.
When cold water is poured on the sick person’s body, much
heat is absorbed from it compared to that absorbed from a
normal person thus more coldness.

Two normal identical individuals; A (takes a bath of water
at 35°C) and B (takes a bath of water at 25 C) after the bath,
A experience more coldness than B. This is because Water
at 35T raises the body’s temperature more than that at 25 C.
This means that after the bath, the individual who takes a
bath of water at 35C looses more heat to the surrounding
than what one who takes a bath of water at 25 C would lose
to it.

Water bottles are made of plastic other than glass and not
fully filled because when water cools, it expands such that
ice takes up a bigger volume. The un filled space is to cater
for increase in volume on solidification and the bottle is
made plastic to with stand breaking due to increase in
volume.

Exercise: See UNEB

1987 Qn.15 1997 Qn.16
1989 Qn.35 2001 Qn.6
1990 Qn.10 2008 Qn.4
1991 Qn.31 Section B

1988 Qn.10
1997 Qn.9
1995 Qn.4
2008 Qn.41
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3. OPTICS (LIGHT)

Definition:

Light is a form of energy which enables us to see. Or the
form of energy that gives visual sensation.

Light can travel through a vacuum because light is in the
form of electromagnetic waves. All electromagnetic waves
have a speed of 3.0x10% ms ! in a vacuum, hence the speed
of light.

An object is seen only when light from the object enters the
eyes.

Sources of light.

(i) Luminous light sources:
These are objects which give their own light. Examples
include the sun, stars, glow warms — these are natural. And
the man made include electric bulbs, lamps, candles, etc.

(i) Non — luminous light sources:
These scatter or reflect light from other sources e.g the
moon, mirror, reflecting surface.

Transmission of light:
Light travels from its source onto another place through a
vacuum or a medium; the media include:

(i) Transparent Medium
A media which allows almost all of the light to pass through
it and allows objects to be seen. E.g. colourless water,
paraffin and colourless glass.

(i) Translucent Medium
A medium which allows some light to pass through it but
does not allow an object to be seen clearly. E.g. cloudy
liquid, frosted glass and oily paper.

(iii) Opaque Medium
A medium which does not allow light to pass through it at
all and we cannot see thru them. E.g wood, bricks, plastic
etc
N/B: incandescent bodies give off light because they are hot
while fluorescent bodies give off light without being hot.
Fluorescence: the emission of light by a material after it has
absorbed heat for some time.

RAYS AND BEAMS
A ray is the direction of the path in which light is travelling.
It is represented by a straight line with an arrow on it.

A beam is a collection of rays or a stream of light energy.
There are three kinds:




(i) Parallel | (ii) Divergent | (iii)
beam beam beam
A collection of | A collection of | A collection of rays
rays which do | rays which | originating from
not meet. originates  from | different directions
one point and | and

spread out in | coinciding/collecting
different at the same point
directions

Convergent

RECTILINEAR PROPAGATION OF LIGHT
Definition:

This is the process by which light travels in straight lines
when produced from a source.

It is propagated (sent outward) and it travels in straight lines.

Experiment to show that light travels in a straight line

LighP goutce Card board with a
i | Fhole at the centre

i
.
|

.~ Ohszerver, E
-

Procedures

Arranging cardboards

Three cards A, B, and C are arranged with their holes in a
straight line such that they are some distance apart.

This is ensured by passing a string through the holes of the
cardboards and drawing a string taut.( straight n tight)

Observation

When the eyes is placed at E, light from the source is seen.
The cardboards are displaced such that their holes are not in
straight line, no light is seen at E.

Conclusion
This shows that light travels in a straight line

SHADOWS

A shadow is a region of darkness formed when an opaque
object obstructs the path of light.

Shadows are formed because light travels in a straight line.

Shadow formation

a) Point Source:
A point source is a very small source of light. It can be
obtained by placing a cardboard with a small hole in front of
a lamp as shown below.
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-
A

Lamp Cardboard

Shadow formation by a point source of light.

o

Point
source

—— Screen

Smooth Shadow
Obstacle

For a point source, a sharp shadow is formed, i.e. the
shadow is also equally dark all over.

For a point source: When the opaque object is moved near
the source, then the size of the shadow increases. However,
when the object is moved near the screen, the size of the
shadow is decreased.

b) Extended Source
When the cardboard is removed then the lamp becomes an
extended source

Opaque
object

The shadow has the central dark patch called umbra
surrounded by a lighter ring called penumbra.

Umbra
A region of shadow where no light reaches at all.

Penumbra
A region of the shadow where some light reaches.

Note:

For an extended source: When the opaque object is moved
near the source, the size of umbra decreases, but the size of
penumbra increases. When the object is moved near the
screen, the size of umbra increases, but the size of penumbra
decreases.

Extended su:ururn:e
of light Operue Tmbra

obiject Permmbra




The umbra may fail to reach the screen if the opaque object
is very far away from the screen

ECLIPSE:

An eclipse is the obscuring of light from the sun by either
the moon or the earth.

An eclipse occurs when the sun, moon, and earth are in a
straight line. There are two types of eclipses namely:

(a) Solar, annular (Eclipses of the sun)

(b) Lunar. (Eclipse of the moon)

a) Solar Eclipse:
Solar eclipse also called eclipse of the sun. It occurs when
the moon is between the sun and the earth, such that both
umbra and penumbra reaches the earth. The area on earth
covered by umbra has total eclipse and the sun cannot be
seen at all. The area covered by penumbra has partial
eclipse and only part of the sun is seen.

R/

< Annular Eclipse:

Annular eclipse of the sun occurs when the sun is very far
from the earth and the moon is between the earth and the
sun, such that the tip of the umbra is the one that reaches the
earth’s surface. From one place on the earth, the sun is
represented by the appearance of a ring of light.

Sun's appearance from A@

Note: The distance between the earth and the moon varies
slightly since the moon’s orbit around the earth is elliptical.
This explains the variation in the moon’s distance around
the earth.
b) Lunar Eclipse:
Lunar eclipse is also called eclipse of the moon. Lunar
eclipse occurs when the earth is between the sun and the
moon. During the eclipse of the moon, the earth’s shadow is
casted on the moon such that when the moon is at position
M,, total eclipse occurs. In position Mj, partial eclipse
occurs and when the moon is in position Mo, no eclipse
occurs, but the moon is less bright than usual.
.Mo

LY - 1
- 2 M

Qo
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Note: Total eclipse of the moon lasts longer than total
eclipse of the sun because for the moon, the earth which is
in the middle is larger than the moon for the sun.

Flourescence and phosphorence substance

(i) Fluorescence Substance:
A substance which absorbs energy and immediately release
the energy in the form of light e.g. zinc sulphide. The screen
of a T.V and C.R.O are made of a fluorescent substance.

(i) Phosphorescence Substance:
A substance which absorbs the energy falling on it, store it,
and when energy stops falling on it, it release energy in the
form of light, e.g. calcium sulphide.

THE PIN WHOLE CAMERA

Image
Black spot

Pin hole camera consists of a closed box with a small
hole(pin hole) on face and a screen of tracing paper on the
opposite face.

Description of Image Formation:

The image is real and inverted. Each point of the image on
the screen will be illuminated only by the light travelling in
a straight line from a particular point.

Effect of image formation for pin hole camera if;

0] Pin hole is enlarged; image become blurred

and brighter

Explanation:
The blurring of the image is because the large hole will be
the same as a number of pin holes put together, each
forming their own image and overlap of these images causes
a single blurred image.

Note:

The box is blackened inside to prevent reflection inside a
camera. The image comes brighter because of increased
quantity of light.

(i) Moving the object closer to the pin hole: The
size of the image increases the but the image
becomes less bright.

Explanation:

The image becomes less bright as its size increases because
the same amount of light as before spread over large area of
the screen.

MAGNIFICATION

Definition:

Magnification is the ratio of image height to object height or
image distance to object distance.

Mathematically, magnification is given by:




Image distance, V
Object distance, U

Magnification,M =

Image height, h

Magnification M = ——M——
agnification Object height, H

Larger magnification is obtained when the object is nearer

the pin hole and smaller magnification is produced when the

object is farther away.

Example: 1

Calculate the height of a building 150m away from a
pinhole camera, which produces an image 5 cm high if the
distance between the pinhole camera and screen is 10 cm.

Solution

Given; object distance=150 cm
Image height=5cm

Image distance= 10 cm

From definition of magnification

Image height,h  Image distance, V

M = =
Object height, H Object distance, U

See UNEB Paper |

1997 | 2000 | 2002 | 2006 | 2006
Qn.22 | Qn.34 | Qn. 27 | Qn. 29 | Qn.27

From
_ Image distance, V

" Object distance, U
M= 10cm 1 i
5cm 10cm “150cm 15 e (D)

H = 150cm

But also;
_ Image height, h
"~ Object height, H

: , 5 cm .
Alternatively, you can first | M = . (i)

calculate magnification

using first equation and then Equating (i) and (ii)
substitute in second equation | 5 cm

to obtain object height; i.e. = s

=5x15
= 75cm

10H =5 x 150
H = 75cm

Example: 2

The length of a pinhole camera is 25 cm. An object 2 m,
high is placed 10 m from the pinhole. Calculate the height of
the image produced and its magnification.

Solution:

Given; Image distance = 25cm = 0.25m
Object height 2m
Object distance = 10cm = 0.1 m
Image height=?

From definition of
magnification;

Image distance, V h .25

Object distance, U 2 1
10 cm

~ 150 cm 0.1h =2 x0.25
M= 25 h = 0.5cm
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1. A girl is 1.6m tall and stands 4m away from the pin
hole camera which is 20 m long. Find the:
i) Image height
i) The magnification if the camera is only
10cm long.

2. UNEB 1992 Qn. 1

(a) What is meant by rectilinear propagation of light?

(b) An opaque object is placed in front of a source of light.
Draw ray diagrams to show the formation of shadows when;
(i) A point source is used

(i) An extended source is used

3. .UNEB 1997 Qn. 4
(b) Draw diagrams to show the formation of total and partial
solar eclipse.

4. . UNEB1998 Qn.7

(a) Describe an experiment to show that light travels in a
straight line.

(b) An object of height 4cm is placed 5cm away from a pin
hole camera. The screen is 7cm from the pin hole.

(i) Draw a scale ray diagram to show the formation of an
image by a pin hole camera.

(if) What is the nature of the image?

(iif) Find the magnification.

(iv) Explain what happens to the image if the pin-hole is
made larger.

[ REFLECTION OF LIGHT ]

Definition:

Reflection is the process by which light energy falling on a
body surface bounces off.

The surface from which reflection occurs is called the
reflecting surface.

Types of Rays
(i) Incident rays; is a ray of light from the light source
falling onto/striking the reflecting surface

(if) Reflected rays; is a ray leaving/bouncing off the
reflecting surface at the point of incidence.

Normal: is a line at 90 degrees with the reflecting surface
the ray is incident

Types of Angle:

(i) Angle of incidence “i”; is the angle between the incident
ray and the normal at the point of incidence i.e. it’s the
angle made by the incident ray with the normal at the point
of incidence

(if) Angle of reflection “r”; is the angle between the
reflected ray and the normal at the point of incidence i.e.
it’s the angle made by the reflected ray with the normal at
the point of incidence.




Normal ray

Angle of Angle of
incidence | ReRection

Incident ray- Refected ray

w]

Poinf of incidence Reflecting surface

v Point 0 (point of incidence )
This is the point on the reflecting surface where the incident
ray is directed.

v" Normal (ON)
Is a line drawn from point 0 perpendicular to the reflecting
surface.

v Incident ray (A0Q)
Is the path along which light is directed on to the reflecting
surface.

v" Angle of incidence (i)
This is the angle that the incident ray makes with the normal
at the point of incidence.

v' Reflected (0B)
Is the path along which light incident on a surface is
reflected.

v" Angle of reflection (r)
This is an angle between the reflected ray and the normal at
the point of incidence.

The Laws of Reflection
The laws of reflection state that:
i) The incident ray, reflected ray, and normal at
the point of incidence all lie in the same plane.
i) The angle of incidence is equal to the angle of
reflection.

Experiment to verify the laws of reflection of light

R Wl
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Procedure:

A white sheet of paper is fixed on a soft board and a
plane mirror is placed vertically on the paper with its
reflecting surface facing the object.

The mirror line is traced and the mirror is removed and
the line is drawn and labeled AB.

A normal MN bisecting the mirror line AB is drawn.

A line RN is drawn at an angle 6 to the normal. e.g
0=30°

Pins P1and P, are fixed along line RN.

The mirror is placed back on the board so that its
reflecting surface coincides exactly with the mirror line
AB.

The images of P1 and P, are viewed in the mirror and
other pins P3 and P4 are fixed such that they are in line
with the images of Py and P..

The pins Psand P4are removed and a line NS is drawn.
Angle r is measured and recorded.

Observation:

v" Anglei=angler.

v" The incident ray, the normal and the reflected ray at the
point of incidence all in the same plane.

Conclusion: hence verifying the laws of reflection

Types of Reflection
1. Regular Reflection:
Regular reflection occurs when a parallel incident beam falls
on a place smooth surface and it is reflected across a parallel
beam. Example of smooth plane surface is a plane mirror.

Parallel beam
of incedant

Parallel beam
of reflaction

i)

Smooth surface
{ Plane mirmor )

2. Irregular or Diffused Reflection:

Incident parallel

beam Reflected beam in

all directions.

s Rough surfade

Diffused reflection occurs when a parallel incident beam
falls on a rough surface and the reflected beam is scattered
in different directions.




() REFLECTION AT PLANE SURFACES:

Image formation by a plane mirror

Obyect

Characteristics of the image formed
Image is of the same size as the Object
Laterally inverted
Virtual (cannot be formed on the screen)
Same distance behind the mirror as the Object is in
front of the mirror

Definition:
Real image: Is the image which is formed by rays that
actually intersect and can be formed on the screen.

Virtual image: Is the image formed by the apparent
intersection of light rays. i.e the rays which have been
extended and it cannot be formed on the screen.

Explanation of virtual image in plane mirror:

The image in a plane mirror is virtual in that the rays from a
point object are reflected at the mirror and appear to come
from the point behind the mirror where the eyes imagine the
reflected rays to meet when produced backward.

NB: virtual objects and images should be represented by
dotted lines.

Lateral Inversion:

In a mirror image, right and left are interchanged and the
image is said to be laterally inverted. The effect occurs
whenever an image is formed by one reflection.

Image of the Post

©Obagiradnl@gmail.com

The glancing angle and the angle of deviation.
Deviation of light at a plane surface

A Iy

o

g — Glancing angle
The angle between the incident ray and the reflecting
surface.

d- Angle of deviation

it is the angle between the initial direction of the incident ray
(‘extended incident ray) and the reflected ray.

Angle of Deviation, d;

d = Angle A'0B

d = g+ Angle M,0B

d=g+(90—r)

Buti =r (From the law of reflection).
d=g+ (90 —1i)

But;

(90 — i) = g (Vertically opposite angles)
d=g+¢g

d=2g

Example
1. A light ray is incident to a smooth surface as shown
below

Find the:
(i) Angle of reflection
(i) Glancing angle
(iii) Angle of deviation

2. A light ray is incident to a smooth surface as shown
below

M\W\m\m

Find the: '
(i) Angle of reflection
(ii) Angle of reflection

3. A girl sits 5 m away from a plane mirror. If a table is
placed 2 m away from the girl, find the :




Distance between the table and its image.
Distance between the girl and the tables’
image.

Distance between the table and the girls’
image.

A boy stands 10m away from a plane mirror.
What distance should he move towards the
plane mirror such that the distance between
him and his image is 8m.

INCLINED MIRRORS

Image formed by an inclined mirror at an angle 0

When two mirrors are inclined to each other at an angle 6,
the number of images (n) is given by:

360
=79

The table below summarizes how one can obtain the number
of image formed by 2 mirrors inclined at an angle.

Angle  between (ﬂ) Number of image
mirrors 0 (°) 0 inn:

_ 360

— 8

90

60

45

30

15

Questions

1. Two plane mirrors are inclined at an angle 50° to one
another find the number of images formed by these
mirrors.

) =72—1=62~ 6images

Two plane mirrors are inclined at an angle 6 to each
other. If the number of image formed between them is
79, find the angle of inclination 6.

Solution

= (1)
0 =4.5°

Find the number of images formed when an object is placed
between mirrors inclined at; (i) 90° (i) 60°  (iii) 120°
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(i) Image formed in two plane mirrors inclined at
90°

N
N
N

Mir;or (2}

When two mirrors are inclined at 90° to each other, images
are formed by a single reflection in addition to two extra
images formed by 2 reflections.

(i) Image formed in parallel mirrors
An infinity number of image is formed on an object placed
between two parallel mirrors each image seen in one mirror
will act as virtual object to the next mirror.

Mirror  Mirror
(1) (2)

Observer

-The object O, gives rise to image I1, on mirror my and 1, on
m. .11 acts as virtual object to give an image (1,2 in mirror
m. just as I, gives an image l,1) in mirror my, 1,2y in mirror
m | 12 gives lq 21 after reflection in my while 1 o,1,5) after
reflecting in Mirror my,

Number of images n = When two mirrors are parallel, the
angle 0 between them is zero and the number of images

formed between them is
360

N = (T — 1) = 0(infinite)

This shows infinite number of image when two plane
mirrors are parallel. The image lies in a straight line through
the object and perpendicular to the mirrors.




Application of reflections
ROTATION OF REFLECTED RAY BY ROTATING Uses of Plane Mirrors
THE MIRROR
(a) Periscope

This is the instrument used for looking over top obstacles. It
is made of 2 plane mirrors inclined at each other at 45°, It is

. mainly used in submarines.
Ineident ray

————<———Boaam from the
P m, € Object (Obstacle)

When a mirror is rotated through any angle, the reflected ray
will rotate through an angle 20 provided the direction of the
incident ray remains the same e.g the angle between a fixed
ray of light and a mirror is 25°, if the mirror rotates through
20°. Find by how many degrees do a reflected ray rotates.
Required angle = 20 = 2 x 20 = 40° Eye
N.B the angle through which the reflected ray is rotated does Q

Plane
Thitror

not depend on the angle of incidence but depends on the
angle of rotation on the reflecting surface.

The arrangement has two plane mirrors facing each others
and fixed at 45° Light from a distant object is turned
through 900 at each reflection.

(b) Used in pointer instrument to facilitate correct reading
of values by preventing errors due to parallax.

(c) They are attached to optical lever such as galvanometer

[l . . .
M u:\.\ /‘%1}/ to reflect light faII_lng on the mirror over the
b - galvanometer scale as it rotates.
(*H i \\/ Used in optical lever instruments to magnify angle of

w1l .
A rotation.

Deviation produced by mirror in position MMy is twice the (d) Inclined mirrors are used in kaleidoscope for producing
glancing angle different patterns of objects placed between them.

A kaleidoscope consists of two plane mirrors inclined at an
d; =Angle BOA = 2g ... .. coieeev e e e (D) angle of 60° to each other in a tube.

When one looks through the tube, five images of the same
Deviation produced by mirror in position MiM, is twice the object are seen, which together with the object form a
glancing angle symmetric pattern of six sectors.

d, = Angle BIO A = 2(g + 0) ... oot v .. (i)
(e) Used in small shops and supermarkets, take away and
Angle of rotation of reflected ray = Angle B*0 B saloons to give a false magnification as a result of
But; multiple reflections.

Angle B'0 B = Angle B0 A' — AngleBO A?
Angle B'OB = 2(g + 0) — 2g Exercise See UNEB Paper |
Angle B'OB = 20 1999 1996 1997
Qn.25 Qn.28 Qn.24

Questions

light from a bird ray from a gunman

20 40°
L iV i 7 i S 7 o
M
An incident ray makes an angle of 20° with the plane mirror
in position m1 as shown in the diagram
a) What will the angle of reflection be if the mirror is
rotated through 6° to position m2 while direction of
incident ray remains the same?
b) An object is placed 6cm from a plane mirror. If the
object is moved further, find the distance between the
object and its image.
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(b) REFLECTION AT CURVED (SPHERICAL)
MIRRORS
Curved mirrors are spherical mirrors made by cutting part of
the sphere.

Terms used in curved mirrors
Pole, P.
Pole is the mid-point of the actual mirror surface.
Pole is the centre portion of the mirror

Aperture.
This is the width of the mirror. The aperture is the distance
between two opposite points on the edge of the mirror.

Centre of Curvature, C.
This is the center of the sphere from which the mirror forms
a part.

Radius of Curvature, r.
The radius of curvature is the distance from the pole to the

(i) CONCAVE MIRROR
A concave mirror is the type of curved mirror in which the
reflecting surface is curved inwards.

Uses of concave mirror
Used in astronomical telescopes.
Used for shaving because it magnifies the object.
Used as solar concentrators.
Used by dentists for magnification i.e Dentist
mirror.
v" Used in car head lamps , torches

Defect of concave mirror:

When a wide beam of parallel rays fall on a concave mirror
of large aperture, not all are brought to a focus at the focal
point but instead form a caustic curved.

N.B Caustic curve is an illusory curve that is seen to touch
the reflected rays when a wide parallel beam of light falls on
a concave mirror.

centre of curvature.
Useful rays used in construction of ray diagrams.

Principal axis. Concave mirror Convex mirror

This is the straight line joining the pole to the centre of 1. A ray parallel to the | A ray parallel to the principal
curvature. principal axis is reflected | axis is reflected such that it
through the principal | appears to come from the
focus, F. i.e. principal focus, F behind the
mirror. i.e.

Focal length, f.
Focal length is the distance from the pole to the principal
focus.

Principal focus, F.
Principal focus is half the distance between the centre of
curvature and the pole.

Summary for terms used in curved mirrors i.e. Concave
mirror.
Types of curved mirrors
(a) Concave mirror (b) convex mirror 2. A ray passing through | A ray through the principlg
the principal focus, F is | focus F, behind the mirror i
reflected parallel to the | reflected parallel to the
principal axis. i.e. principal axis. i.e.

Shiny surfaces «— coated surface—

&

A ray passing though the | A ray which if produced
centre of curvature, C is | would pass through the centre
reflected back along the | of curvature is reflected back
same path because it is | along the same path. i.e.

the normal to the surface.
i.e.

Coated surl‘ace Shiny surface

(c) Parabolic mirror

Shiny surface

(.

Coated surfai:e

4. A ray striking the pole is reflected so as the incident ra
and the reflected ray make the same angle with the
principal axis. i.e.
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Characteristics of the image, | formed by concave mirror
at different positions.

(i) Object, O beyond the centre of curvature, C.

L]
i
=

The image, | formed is;
Position: Between F and C
Nature : Real and Inverted
Size : Diminished

Object, O at centre of curvature, C.
|

»

|
LA T

The image, | formed is;
« Position: AtC
« Nature :Real and Inverted
« Size :Same size as the object
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(iii) Object, O between centre of curvature, C and
the principal focus, F

image, | formed is;
<+ Position; Beyond C

«» Nature :Real and Inverted
< Size : Magnified

(iv Object, O at F.

=

The image, | formed is;
« Position: At infinity
+ Nature :Real and Inverted

(V) Obiject, O between principal focus, F and pole,
P.

e

&

|| -

1 2 T
The image, | formed is;
¢+ Position: Behind the mirror
«» Nature : Virtual and Upright (erect)
s Size : Magnified

NB. A concave mirror can be used as a magnifying mirror
when the object is placed between the focal point, F and the
pole, P to produce an erect image.

(i) CONVEX MIRRORS
Convex mirror is a type of curved mirror in which the
reflecting surface curves outward.

Uses of convex mirror
Convex mirrors are used as;




i) security mirrors in supermarket
ii)  driving mirrors

This is because a convex mirror;
v' Gives an erect (upright) virtual image of the objects.
v" Provides a wider field of view than other mirrors such
as plane mirror. i.e.

-

F o < ,> Viide Field
(Wirtual Focus) =~ . Observer of View
.

Conwex mirror
(Diverging MWirror

Disadvantage of convex mirrors:

- The image formed is diminished.

- It gives a false impression of the distance of an object
Therefore, convex mirrors give erect diminished images and
this makes it difficult for the driver to judge the distance
when reversing the vehicle.

Image formation by a convex mirror
Pt ]

==

| B

Characteristics of the image, | formed by convex mirror.
Irrespective of the position of the object, the images formed
in convex mirrors are;

«» Position: Behind the mirror
« Nature : Virtual and upright (erect)

Size : Diminished

NOTE: 1. Magnified images are the images which are
larger than the objects.

2. Diminished images are the images which are
smaller than the objects.

(iii) PARABOLIC MIRRORS
These are used to produce a parallel beam of light in spot
light, car head lamps or hand torches.
However the parabolic mirror is disadvantageous in that
when a wide beam of parallel rays falls on a concave mirror
of image aperture; not all rays are brought to a focus at the
focal point, instead they form a caustic curve.

Parallel beam from curved mirror

A narrow parallel beam of light may be obtained from a
point source light by placing the point source of light at the
principal focus of a concave mirror of small aperture.
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The image is regarded as being at infinity. If a wide parallel
beam is required as from a car head lamp then the section of
the mirror must be in the form a parabola.

Iustration:

r

A
Parallel
beam of light

Paraholic Airror

Magnification

Definition:

Magnification is defined as;

«+ The number of times the image is larger than the object.
+ The ratio of image size to object size.

Linear or transverse magnification is the ratio of one
dimension of the image to a corresponding dimension of the
object i.e.

Linear magnification is;

«+ The ratio of image distance to object distance.

Magnificati Image Distance v
agnification = ————8 = —
& Object Distance u

+«+ The ratio of image height to object height.

Magnificati Image Height h
aghilication = Object Height  H

Construction of accurate ray diagrams on graph paper
Step 1: On graph paper draw a central horizontal line
(which acts as the principal axis)
with a perpendicular line to act as the curved mirror.

Step 2: Where distances are given, choose a scale for object
size and position.

Step 3: Measure the focal length “f” and radius of curvature
“r” from the mirror and mark C and F as centre of curvature
and principal focus respectively.

Step 4: Draw two of the principal rays to obtain the position
of the image.

Step 5: Measure the position (distance) and the size (height)
of the image and multiply by the corresponding scale.

Example 1:
An object of height 10cm is placed at a distance of 60cm
from a concave mirror of focal length 20cm. Find by scale
drawing the;

Q) Image position.

(i) Nature of the image formed.

(iii) Magnification of the image formed.




Solution

AXIiS Conversion

Vertical axis & 10cm -» 25 1em
10

*

Horizontal & 60cm - 25 6em
axis 10

R/

20
% 20cm - o 2cm

FA

l‘.l.
1

Position:
The image distance as measured from the scale drawing is
3cm; using the above scale,
Image distance = (3x10)cm
= 30cm
The height of the image on the scale drawing is 0.5cm;
using the scale,
Image height = (0.5x 10) cm
5cm
Nature:
The image formed is; Real, Inverted and Diminished.

Magnification:

Image Distance 30

Object Distance 60 =05

Magnification =

Or
Image Height 5

Magnification = — = ——°_ = > — o5
BNt = G ect Height 10

Example 2:
The focal length of a concave mirror is 4cm. An Object
1.5cm high is placed 12cm in front of the mirror.
(i) Use a ray diagram to locate the position and
size of the image on the graph paper.
(i) Describe the features of the image formed.
(iii) Find the magnification of the image formed.

Solution

Q) Position:
The image distance as measured from the scale drawing is
3cm; using the above scale,
Image distance = (3x2)cm
= 6cm

The height of the image on the scale drawing is 0.8cm;
using the scale,
Image height = (0.75x 1) cm

= 0.75cm
(i) Nature:
The image formed is; Real, Inverted and Diminished.

(iii) Magnification:

Magnification = Image Distance _ 6 05
agnitication = Object Distance ~ 12

Or

Image Height  0.75

Object Height 1.5

Magnification = 0.5

Example 3:

An object of height 6cm is 10cm in front of a convex mirror
of focal length 12cm. Find by graphical method, the size,
position and nature of the image.

Solution
Let 5 cm be represented by 1 cm

AXis Scale Conversion

*

Vertical axis | 1:5cm & 6cm — g - 1.2cm

Horizontal
axis

. N 10
1:5¢m % 10cm - — - 2cm

12
% 12cm - < 2.4cm

AXis Conversion

< " 1.5
Vertical axis & 1.5cm — - 1.5cm

*

Horizontal & 4om - 25 2em
axis z

7

12
% 12cm - 5 6cm
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b

Q) Position:

The image distance as measured from the scale drawing is
1cm; using the above scale,

Image distance = (1x5)cm




= 5cm
The image 5.0cm behind the mirror.

Size:
The height of the image on the scale drawing is 0.8cm;
using the scale,
Image height = (0.6x1)cm
= 0.6cm
(i) Nature:
The image formed is; virtual, Inverted and Diminished.

(iii) Magnification:

Image Distance 5
=—=05

Magnification = ———— =
agnification Object Distance 10

Magnification and the image size of the object.

Solution
u=20cm; f=12cm;v="?

Using the mirror formula;

1_1+1
f u v

1 1 1
12-20"v
v =30cm
A real image was formed
30cm from the mirror on the
same side as the object.

1 1 1

1220 v

Magnification, M Image size, |

Example 2:

Calculate the distance of the image from the concave mirror
of focal length 15cm if the object is 20cm from the mirror.
Solution

f=15cm ;u=20cm; v="7?

When M is greater than
1 image is larger than the object

The image is magnified i.e. the

When M is equal to 1
object

The image size is the same as the

When M is less than 1

image is smaller than the object

The image is diminished i.e. the

THE MIRROR FORMULA
The mirror formula for the concave mirror and convex
mirror is given by;

1 1 1

f u'v _
u = object distance from the mirror
v = image distance from the mirror

f = focal length

An image may be formed in front or behind the curved
mirror. It is necessary to have a sign convention for the
values of u, v and f so as to distinguish between the two
cases and obtain the correct answer when substituting into
the formula.

Real is positive and virtual is negative sign convention:
According to this sign convention;
All distances are measured from the pole of the mirror
as the origin.
Distances of real objects and the images are positive.
Distances of virtual objects and images are negative.
The principal focus, F of the concave mirror is real
hence its focal length, f is positive while a convex
mirror has a virtual principle focus, F and so its focal
length, f is negative.

Example 1:

An object is placed 20cm in front of a concave mirror of
focal length 12cm. Find the nature and position of the image
formed.
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Using the mirror formula;
1 1

+1
f u v
1_1 1

15 20 + \%
v =60 cm

A real image was formed
60cm from the mirror on the
same side as the object.

1 1 1

15 20 v

Example 3:

Find the distance of the image from a convex mirror of focal
length 10cm if the object is 15cm from the mirror.

Solution

u = 15cm; f = -10cm (for convex mirror); v =?

Using the mirror formula; 1 -3-2 =5

1 1 v 30 30

+1
f u v

1

\%
v=—6cm

A virtual image was formed
6 cm from the mirror on the
opposite  side as  the
object.(i.e behind the convex
mirror)

Example 4:

A convex mirror of focal length 18cm produces an image of
on its axis 6¢cm from the mirror. Calculate the position of the
object.

Solution
u =?; f = -18cm (for convex mirror); v = -6¢cm

Using the mirror formula; 1 -1+3 2
1 1 . =73

1

1 — —

S_Z.z2 u 18 18 9
f u v

1 1 1 u_
18 u ' e
u=9cm
A real object was 9cm in
front of the convex mirror.




Exercise

1. Find the distance of the image from the concave mirror
of focal length 10cm if the object is 5cm from the
mirror.

A concave mirror of focal length 15cm has an object
placed 25cm from it. Find the position and nature of the
image.

An object is 32cm in front of a convex mirror of focal
length 16cm. Describe the image and give its position.

When an object is 42cm from a concave mirror, the
object and the image are of the same height. What is the
focal length of the mirror?

An object 5cm high is placed 30cm in front of the
concave mirror. The image is 60cm in front of the
mirror. Find the;

(M Focal length of the mirror.

(ii) Magpnification.

(iii) Height of the object.

NOTE: Currently, the use of the mirror formula and lens
formula is out of the O- level syllabus. Therefore students
are encouraged to practice the use of accurate ray diagram
(graphical) method to find the position of images and
objects or the focal length of the mirror.

Determining the focal length of Concave mirrors
i) Focusing distant object (Approximate Method)
Rays from

a distant

object

Concave
mirror

Vhite screen

Light from a distant object such as a tree is focused on the
screen.

Distance between the image (screen) and the pole of the
mirror are measured using a metre- rule.

It is approximately equal to the focal length .f of the mirror.

ii) By determining first the radius of curvature.
(Self conjugate method) or the no parallax method.

‘-\I]hiect pin

Concave
mirrar

A concave mirror is placed horizontally on a bench. An
optical pin is clamped horizontally on a retort stand so that
the tip lies along the principal axis of the mirror.
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The position of the pin is adjusted until the position is
obtained where it coincides with its image and there is no
parallax between the two, i.e. there is no relative motion
between the object and the image when the observer moves
the head from side to side or up and down.
The distance r of the pin from the pole is measured and focal
length determined,
r
f=3
iii) Using an illuminated object at C

Screen with

. Concave
ross_wire

mirror

&

Lamp

Procedures:

The apparatus is set up as shown in the diagram.

A concave mirror is moved to and fro in front of the screen
until a sharp image of the cross wire is obtained on the
screen.

The distance between the screen and the mirror, r is
measured and recorded.

The focal length, f, of the mirror is then determined from;
r

f=3

N.B:.

1. An object coincides with its image when the object is at
the centre of curvature of the mirror.

2. The focal length is one half of the distance from the
centre of curvature to the mirror.

3. Parallax is the apparent relative movement of two
objects due to a movement on the part of the observer.

Exercise: See UNEB Paper I:
1

2002 Qn.8 | 2003 Qn.20 | 2005 Qn.29 | 2007 Qn.2 |

2. UNEB 1995 Qn. 5

(a) The figure below shows an object, O placed in front of a
mirror. If F is the principle focus of the mirror. Complete the
diagram to show the formation of the image.

7
@QQF

(b) State two applications of convex mirrors.

3. UNEB 1997 Paper2Qn. 4
(c) An object 10cm high is placed at a distance of 25cm
from a convex mirror of focal length 10cm.

(i) Draw a ray diagram to locate the position of the
image.




(ii) Calculate the magnification.
(d) State the reasons for use of convex mirrors in vehicles.

4. UNEB 2002 Paper 2Qn. 5

(c) With the aid of a diagram, explain why a parabolic
mirror is most suitable for use in car head lights.

(d) List three uses of concave mirrors

©Obagiradnl@gmail.com

[ REFRACTION OF LIGHT

Definition:
Refraction is the bending of light ray(s) as it passes from
one transparent medium to another of different densities.

Refraction is the change in speed of propagation of light due
to change in optical density.

When light propagating in free space is incident in medium,
the electrons and protons interact with the electric and
magnetic fields of the light wave. This result in the slowing
down of a light.

Ilustration.

Q B

Refraction occurs because light travels at different speed in
the different media.

Description
(a) Rays and lines
Ray AO is called incident ray.
This is the ray that fall/strikes the boundary at the normal in
the first medium.

Ray OB is called the refracted ray.

Refracted ray is the ray that leaves the boundary at the
normal in the second medium and o the opposite side of the
incident ray.

Line PQ is called the normal.
The normal is an imaginary line at right angle to the
boundary and separates the incident ray and the refracted

ray.

Line XY is called the boundary.
The boundary is the line that separates the two media. It is
the line where refraction occurs.

(b) Angles
Angle, i is the angle of incidence.
This is the angle formed between the incident ray and the
normal.

Angle, r is called angle of refraction.
The angle of refraction is the angle formed between the
refracted ray and the normal.

NOTE: The light ray is refracted towards the normal when
it travels from a less dense medium to a denser medium
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and then refracted away from the normal if it travels from a
denser medium to a less dense medium.

Principle of Reversibility of light

It states that if a light ray (path) after suffering a number of
refractions is reversed at any stage, it travels back to the
source along the same path with the same refraction.

Law of refraction

When light passes from one medium to another, say from air
glass part of it is reflected back into the previous medium
and the rest passes through the second medium with its
direction of travel changed.

Mormal
Line

Medium 1
{Less dense)

Interface Medium 2
(Boundary) (Denser)

B
A0 = Incident ray

i = Angle of incidence
B = Refracted ray
+ = Angle of refracton

Generally, if light is incident from a less dense medium, to a
more optically dense medium, its speed reduces and it is
refracted towards the normal at the point of incidence.
However, if light travels from a denser to a less dense
medium, its speed increases and it is refracted away from
the normal.

Laws of Refraction
Law 1. The incident ray, refracted ray and the normal at
point of incidence all lie on the Same plane.

Law 2. For any two particular media, the ratio of the sine of
angle of incidence to sine of angle of refraction is constant.

. sini

i.e—— = aconstant(n)
sinr

sini

The constant ratio is called the refractive index for light

sinr
passing from the first to second medium.
Sint
Hence; 1N, = e
Definition:
Refractive Index is the ratio of sine of angle of incidence to
the sine of angle of refraction for a ray of light traveling
from one medium to another of different densities. i.e.
If light travel from air to glass, then the refractive index of
glass with respect to air is given by;
sint
air Nglass = E
It can also be defined as the ratio of the speed of light in one
medium to the speed of light in another medium.
v;  Speed of light in medium 1.

H ;1N =—=
enee; 1 Mz v, Speed of light in medium 2
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If medium 1 is a vacuum, we refer to the ratio as the
absolute refractive index of medium 2, denoted by n..

If medium 1 is a vacuum, then;
C Speed of light in vacuum.

No=—-=
2" v, Speed of light in medium 2

Where,C = 3.0 X 108ms~!
Note: For practical purposes, Nyacuum = Nair =1
DETERMINATION OF REFRACTIVE INDEX

Apparatus:
Rectangular Glass Block

Four Optical Pins and 4 thumb pins
Soft Board

White Sheet of Paper

Mathematical Set

D

Glass Block

Thumb Pin Soft Board White Sheet of Paper

Procedure

a) Place the rectangular glass block on the white sheet of
paper stuck on the soft board.

b) Trace the outline of the glass block on the white sheet of
paper.

¢) Remove the glass block and draw a normal at N.

d) Using a protractor, measure from the normal the angle of
incidence, i = 20° to draw the incident ray of the angle
measured and pin two optical pins P; and P, on the ray
drawn.

e) Replace the glass block back to its outline and aim from
face DC to fix pins Pz and P4 such that they appear to be in
line with the images of Py and Pa.

f) Remove the glass block and draw a line through P3 and P4
to face DC.

g) Draw a line from normal to meet the line trough Ps and P4
to measure the angle of refraction, r.

h) Repeat the procedure d) to g) for i = 30°, 40°, 50°, 60° and
70°.

i) Tabulate your result in a suitable table including values of
siniandsinr.

j) Plot a graph of sin i against sin r and determine the slope n
of the graph.

Conclusion

+«+ The graph sini against sinr is a straight line this verifies
Snell’s law.
The slope of the graph is the refractive index of the
glass block.
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Example 1:

A ray of light travels from air into water at angle of
incidence of 60°. Calculate the angle of refraction given that
the refractive of water is 1.33.

Solution
Given; i =60° n =133
Ray Diagram

Air
Vifater
1.33

From Snell’s law

Ngir SN Lgir = Nygeer SN Lygger

1sin60 = 1.33sinr

Example 2:
A ray of light traveling through air strikes glass at an angle
of 40° to the surface. Given that the refractive index of glass
is 1.45, find the;

0] Angle of refraction

(i) Angle of deviation (angle through which the

ray is bent from its original direction).

Solution
Given; 0 =40° n =145
Ray diagram

Where; r = angle of refraction
d = angle of deviation

From the angle properties
40° + i =90° From the diagram,
i =90° —40° r+d=i
i =500 31.9%° + d = 50°
d=18.1°

Angle of deviation, d

From Snell’s law

Ngir SIN Ly = Nygrer SN iygrer
1sin50 = 1.45sinr

0.766)
1.45

sinr = (

— (0.766)
r=sin""|——

1.45
r =31.9°
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Examples 3:

If the angle of incidence in oil is52°, find the angle of
refraction in glass for a ray of light travelling from oil to
glass. (Ny,; = 1.2andNg,s = 1.52)

Solution:

Using Snell’s law;

N sini = constant

Noy Siniyy = Ngiass sin iglass
1.2sin52 = 1.52sinr
0.9456)

ST = < 152

o <0.9456)
r = sin 152

r = 38.47°
Examples: 4
The diagram bellow shows a liquid sandwiched between

two glass slabs of refractive index 1.5. A ray of light begins
from the upper glass slab and it latter emerges into air.

Air

B i i Rt
o I\'\\'\\\\\\\\\\\\\\\\\\\\\\\\\\.\\.\\.\\.\\.\\.\\.\\.\"
R i Rty e
R ey ‘Q\'\\'\\\\\\\\\\\\\\\\\\\\\\\\\\\\\m\\\\\‘
e e
B ey '\\'\hE'\\\\\\\\\\\\\\\\\\\\\\\\\\.\\.\\.\\.\\.\\.\\.\\.\"

T e e e

Find the;
Q) Refractive index of the liquid.[n;, = 1.26]
(i) Angle of emergency in air. [e = 74.6°]

Example 5:
White light was observed to travel from vacuum through
multiple boundaries of transparent media X, Y and Z,
parallel to each other as shown below. Calculate the;

(i) Angle ©

(i) Refractive index of Y

(iii) Speed of light in X

(iv) Refractive index of Z with respect to X




N

Vacuum Vacuum

Real and Apparent Depths

Real depth

Real depth is the depth where the object is actually placed or
laying under the transparent medium of different optical
density to the surrounding medium. i.e. Real depth is the
actual height of the medium in its desired dimension.

Apparent depth

Apparent depth is the depth where the object appears to be
when observed through the transparent medium of different
optical density to the surrounding medium.

The real and apparent depth of an object viewed through a
transparent material can be used to determine the refractive
index of the transparent material.

Illustration of real depth and apparent depth

Glass block

Apparent depth

eal depth

/

A coin

Determination of refractive index of Liquid using real
depth and apparent depth.

Apparatus:
Beaker, Retort stand, Pins, Liquid, Half metre rule

Diagram:
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Retort Stand

A
Apparent depth
. - \L’Bj-- — = od

Hew position TReal depth,
ofthepin =" |  Liquid X

A - |

Procedure:

Pour liquid in a beaker and measure the height, y (real
depth) of the liquid in the beaker

Place a pin at the bottom of the beaker with its point
touching the side of the beaker.

Support another pin on the clamp at the side of the beaker
using plasticine.

Observe from the edge of the beaker and adjust the pin on
the clamp until it appears to be on the same level with the
pin in the beaker.

Now measure the height, x from the bottom of the beaker
where the pin in liquid appears to determine the apparent.
Divide the real depth of the pin in liquid by the apparent
depth of the same pin to determine the refractive index, n of
the liquid.

Real depth

Refractive index,n = ————
efractive index, n Apparent depth

Example: 1
A pin placed at the bottom of the liquid appears to be at a
depth of 8.3 cm when viewed from above. Find the
refractive index of the liquid if the real depth of the liquid is
11 cm.
Solution
Given, Real depth =11cm

Apparent depth =8.3 cm

o Real depth
Refractive index,n =

Apparent depth

n =133

Determination of refractive index of glass using real
depth and apparent depth.

Apparatus:

Glass block, Retort stand, optical Pin, White sheet of paper
Half metre rule

Diagram:




Hew position of the
line on the paper

Retort Stand

- Glass T

=i} = b [

Vithite paper

Aline drwn on a paper
Procedure:
Draw a line on a white sheet of paper and place a glass
block a above it as shown.
Look down at the edge of the glass perpendicular to the tip
of the line drawn on the paper.
Adjust the search pin on the clamp until it is at the same
level as the line drawn on the paper. Ensure no parallax i.e.
the pin and the image of the line should appear to be one on
moving the head to and fro the line of observation.
Measure the distance, a and b respectively to determine the
apparent depth of the line
Refractive index of the glass block is then obtained from;

Real depth

Refractive index,n = —————
efractive index, n Apparent depth

b

" b—a
Example: 2
A glass block of height 9 cm is placed on a coin of
negligible thickness. The coin was observed to be at 3 cm
from the bottom of the glass block when viewed from
above. Find the refractive index of the glass.
Solution

o Real depth
Refractive index, n =

Apparent depth

Effects of refraction:
(i)_A swimming pool appears shallower that its actual depth

Explanation

This is because light rays from the bottom are refracted
away from the normal at the water to air boundary.

These rays appear to come from the point | not O, so at the
point | the pool appear shallower than it is.
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(ii)_A ruler placed in a glass of water appears bent when
viewed from above.

Explanation

Rays of light from the point V of the ruler pass from water
to air and are bent away from the normal as it emerges to the
less dense medium. As it enters the eye, it appears to be
coming from the point | above V.

(iif) A coin or even written mark placed at the bottom of
water in a beaker or basin appears to be on top when viewed
from above.

-
Apparent depth

Real depth

i)

Explanation

This is due to refraction of light from the coin at O. As light
passes through the water to air boundary, the ray is refracted
away from the normal in air and appear to be originating
from the point | (apparent depth) above the actual point O
(Real depth) at the bottom of the container.

This effect and explanation is also factual for an object or
mark under other medium like glass block and even glass
prism.

Caoin

(iv)_Twinkling of the stars in the sky at night.




TOTAL INTERNAL REFLECTION AND CRITICAL
ANGLE

Consider monochromatic light propagating from a dense
medium and incident on a plane boundary with less dense
medium at a small angle of incidence. Light is partly
reflected and partly refracted.

.‘

0 :‘, /Strung refracted ray
;4 Denser
< Medium f

i

Lessdense
hedium

. Weak reflected ray
Incident ray

As the angle of incidence is increased gradually, a stage is
reached when the refracted ray grazes the boundary between
the two media.

’
¥
J'

|
|
0
y ; Denser
i
i
|

C

l'

r P-fl di
! eHHm Weak efracted ry

%

uLessdense
Wedium

trong reflected ry

The angle of incidence c is called the critical angle.

Hence critical angle is the angle of incidence in a denser
medium which makes the angle of refraction in a less dense
medium 90°.

When the angle of incidence is increased beyond the critical
angle, the light is totally internally reflected in the denser
medium. Total internal reflection is said to have occurred.

Total Internal Reflection
]

i=c
Denser

Medium Incident ray

Less dense
medium

Hence Total Internal Reflection is the process where all
the incident light energy is reflected back in the optically
denser medium when the critical angle is exceeded.

Conditions for Total Internal reflection to occur.

(i).  Light must be moving from an optically denser medium
(e.g glass) to a less dense medium (e.qg air).

(ii). The angle of incidence in the optically denser medium
must exceed (greater than) the critical angle. [i > ¢ ].
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Relationship between critical angle, ¢, and refractive
index, n

Denserhedium

+
Less dense Medium
Mz

Using Snell’s law:
Nysini; =N,sinm,
Nysinc =N, sin 90
) Ny
sinc =
1

If the lens dense medium is air or a vacuum;

] 1
sinc =
1

Calculation involving critical angle and refractive index
At critical angle, the angle of refraction is 90° i.e. r = 90°.
And the ray is from more optically dense medium i.e glass
to a less optically dense medium i.e. air. So,
From Snell’s Law:
Ng sinig = Ny SIN I,
NgsinC = sin90° But sin90° = 1
NgsinC = 1

1

sinC
Refractive index of the glass and C is the

ﬂg
Where ng =
critical angle.

Example: 1
Calculate the refractive index of the glass if the critical
angle of the glass is 48°.
SOLUTION:
Give;

From;ng

Applications of total internal reflection

(i) Light pipes and Optical fibres
Light can travel and can be trapped by total internal
reflection inside a bend glass tube and pipe along a curved
path.
If several thousand rays are trapped together, a flexible light
pipe is obtained that can be used to light up some awkward
spot for inspection.

\\‘“n—_\__/
N\ ///‘—Dptu:al fibre
\\\ //

A ray of light




(i) Mirage
Direct light through air

Light at As - —
'8 Of uniform refractive index Observer

on the road surface -~

»
-
-

-

Imaggof A

Explanation

v Gradual refraction:
On a hot day light from the sky is gradually refracted away
from the normal as it passes through layers of warm but less
dense air near hot road.

v' Total internal reflection:
The refractive index of warm air is slightly smaller than that
of cool air, so when light meets a layer at critical angle, it
suffers total internal reflection thus to the observer the road
appears to have a pool of water.

(iii) Fish’s view:

The fish in water enjoys a wider field of view in that it
views all objects under water and those above the water
surface

Objects above the water surface are viewed as a result of
refraction while those under the water surface are viewed as
a result of total internal reflection. However this is only true
if the water surface is calm.

(iv) Submarine periscope:

M

Obstac Ic‘

Reflected rays

[

I'\\

* D Observer
Q

Light from a distant object meets the surface MN at 45°; so
light is totally internally reflected downwards.

The reflected light is incident to the surface PQ where it is
totally internally reflected to give the emergent light to the
observer.
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(v) Totally reflecting prism
The critical angle of a glass prism is 42° and a ray is
normally incident on face PQ thus un deviated i.e. not
refracted. Total internal reflection occurs and a ray is turned
through 90°.

]

ﬁﬂn

R R

(if) Twrning a ray through op°

_‘-\"'h.\___‘_‘_‘_
(iif) Turning a ray through 180°

The critical angle of glass is 42° and rays are incident
normally on face PR. At face PQ, the rays are incident at 45°
so total internal reflection occurs.

The use of prisms are preferred to plane mirror

v Prisms produce clear image

v Prisms do not tarnish and deteriorate as mirror.
However, plane mirrors are not used in submarine periscope
because:

e Several images of one object are formed at the back
by plane mirror due to multiple reflection inside the
glass i.e. plane mirror produces blurred images.
Plane mirrors absorbs more light than prisms so the
image produced is fainter.

REFRACTION THROUGH A TRIANGULAR PRISM
Refraction by glass prism

BF= Refracting edge

AB and BC = Refracting surface

AC and ED = Base

ABC and DEF = Principle section (or any other plane
perpendicular to the refracting edge).

Angle ABC = Refracting angle or angle of the prism.

Representation of a Prism.




Rays: ON = Incident ray; Angle i; = angle of incidence
NM = Refracted ray; Angle r; = angle of refraction
ME = Emergent ray; Angle i,
= angle of emergence
Lines: NS and MS = Normal lines on either sides.
Angle A = angle of the prism or refracting angle.

Deviation of light by a prism

Considering Deviation at N,

=7 4+d S di =01 =T e e e vee v eve ve e (1)
Considering Deviation at M,

Iy =Ty4+d, ©dy =10y =19 s ces s e s e e e e (D)

From Triangle NMT:
d=d,+d, .. - (1)
Puttmg equatlons (|) and (||) mto Equatlon (|||) glves
= —r)+ (U —1)
d = +i)+(n—1)
d="(i1+1i3) = (] F72) et e et e et et e v e e (ID)

From Triangle NMS:
A =rn +tr. PP () |
= (i, + 12) A SRR ¢ ) |

Minimum Angle of Deviation

Definition: is the smallest angle to which angle of deviation
decreases when the angle of incidence is gradually
increased.

P

Condition for minimum deviation position:

v" Ray of light MN in the prism is parallel to the base of
the prism.

v Incidence angle and emergency angles are equal.

v Light passes symmetrically rough the prism.

The angle of incidence, i = angle of emergency, e
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Experiment to measure the refractive index of a
triangular glass prism.

v" OQutline of the prism
The prism is placed on a paper and its outline ABC is drawn
and then the prism is removed. Draw the normal at M and
measure the angle of incidence, i. Place the pins P; and P,
on the incident ray.

v’ Obtaining the refracted ray.

Replace the prism to its outline. By looking through the
prism from side QR, pins P; and P4 are placed such that they
are in a straight line with images of P; and P2 in the prism.
Draw a line to join point N to M from which the angle of
refraction on AC is measured.

v Repeating the procedures and tabulating the results
Repeat the procedures for different values of i and obtain
different values of r.

Record the results in a suitable table including values of sin i
and sin r as shown below
Table of result:

i®) r© Sini Sinr

v Plotting the graph
Plot a graph of sin i against sin r to determine the slope of
the graph. Slope is the refractive index of the prism.

ASin r (°)

0 Sinr (°)

Note: For a light ray travelling in a medium like water to
glass, then the refractive index of glass with respect to water
is calculated from:

Ng  sinr,

Ny ~ sini,
In general, the refractive index of any medium X with
respect to another first medium Y is given by:
nx
ny
Where; Ny = refractive in dex of X
Ny = refractive index of Y
For calculation, your are required to use;

Ny siniy = Nysinry

w Ng=

y Nx=




Example 1:
A ray of light is incident on water — glass boundary at 410.
Calculate r if the refractive indices of water and glass are
1.33 and 1.50 respectively.
Solution:
Given; ng= 15, n, = 133 i, =
41° andr, = 7?
From ;Ny sin iy
Ny, sin i,
1.33sin41°

Ny sin 1y
Ng sin 1y,
1.50sinr

1.33sin41°

150
- (1.3351’1141")
sl 1.50
35,50

Example:1

A ray of light propagating in a liquid is incident on a prism
of refractive angle 50° and refractive index 1.6, at an angle
of 30° as shown below.

If light passes through the prism symmetrically, calculate
the;

(). Refractive index of the liquid.

(ii). Angle of deviation.

Solution.

(M r; =1, =1; Thus 2r =
Applying Snell’s law at N: S0er=25"er, =
N,sini =Nsinr r, = 25°
N,sin30 =1.6sinr;...(I) | % e=i © e=30°

Applying Snell’s law at M:
Nsinr, =N;sine
1.6sinr, =N sine ... (ii)

But, also;
ri+r,=A
1‘1 + rz = 50 [ (lll)

But since light passes
through the prism
symmetrically, then;

Thus from equation (i);
N, sin30 =1.6sinr;
N, sin30 = 1.6 sin 25°

. 1.6 sin 25°
L™ sin30

n.= 135

(ii).

d=(i; +iy) — A
d=(+e)—50

d = (30 + 30) — 50
d=10°

The figures below show two right angled prisms of
refracting angles 30° and 45°respectively. Rays of light are
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incident normally on the faces of the prisms below.
Complete the diagrams to show the path taken by the
incident ray through each prism hence explain why light
takes the path shown.

The figure below shows light incident normally on a glass
prism in air. If the critical angle of the prism is 42°,

_ 450
Light

45°

Complete the diagram t o show the path of light as
emerges from the prism.

45° (]

450 I::‘L \\\

b

-
\
n
%

At points B and C, light is moving from a denser to a less
dense medium and angle of incidence is greater than the
critical angle. [45° > 42°]. Thus, total internal reflection
oceurs.

At points A and D, the incident light is not deviated because
it is incident normally to the surface.

(i) Calculate the refractive index of the glass prism
Applying Snell’s law at B
Ny sin iy = Ngsinry
nsin C = 1x sin 90
nXxsin42 =1 X sin 90
n =1.49




Trial Questions
1. A prism of refractive 1.5 and refractive angle 60° has an
angle of refraction of 28° on the 1% face. Determine
a) angle of incidence i [44.7]
b) angle of refraction on 2" face r, [r, = 327]
c) angle of emergency iz [iz = 52.6°]
d) angle of deviation d [37.34°]

Critical angle of a certain precious stone is 27°.
Calculate the refractive index of the stone.

3. See UNEB Paper |
| 1994 Qn.40 | 1995 Qn.24 | 1996 Qn.1 | 1996 Qn.35 |

4. UNEB 1990 Qn. 4
(@) (i) State the laws of refraction.

(ii) What is meant by refractive index?
(b) Describe a simple experiment to determine the refractive
of the glass of a triangular prism.
(c) The angle of refraction in glass is 320. Calculate the
angle of incidence if the refractive index of glass is 1.5.

5. UNEB 1996 Qn. 3 PII
(a) What is meant by the following terms;
(i) Critical angle
(ii) Total internal reflection
(b) State; (i) two conditions for total internal reflection to
occur.
(ii) One application of total internal reflection.

6. UNEB 1993 Qn. 9
The diagram below shows rays of light in a semi-circular
glass prism of refractive index 1.5.

() Explain why ray AB;

(i) Is not refracted on entering the block at A.

(ii) Takes path BD on reaching B.
(b) Ray CB is refracted at B. Calculate the angle of
refraction.

7. UNEB 1996 Qn. 4; UNEB 1987 Qn. 7; UNEB 2001
Qn.46
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LENSES
Definition:
Lenses are spherical surfaces of transparent materials. The
materials may be glass, plastics, water, etc.

Types of Lenses:

Q) Converging Lenses (Convex Lens):
A convex lens is thick in the center. It is also called a
converging lens because it bends light rays inwards. There
are three examples if convex lenses, namely:

_ Flanao Converging
Bi-convex COvex meniscus

r rz

C+wed fo] Coad

ry ra ry s
[wred (el Cwred B C—wred

Plano comvex lens

A converging lens (Convex lens) is one in which all parallel
beams converge at a point (principle focus) after refraction.

(i) Diverging Lens (Concave Lens):
A concave lens is thinnest in the central and spreads light
out. A concave lens is also called a divergent lens because
all rays that are parallel to the principal axis diverge after
refraction;
Plano :Iiverging
Bi-conicawe coficate metiscus

N
- ve] (— 'JE-':' [— ve] ) I[-:x:-:l [rvﬁj l:—:fre:l

Concave Lens
{Diverging lens)

Plano convex lens




Diverging

Hiehiscus

In a diverging lens, refracted ray seems to come from the
point after refraction.

Technical Terms:

Concave lens
(Diverging lens)

Convex lens
(cotrrerging lens)

e Poleofalens:
Is the centered point of the surface of the lens through which
the principal axis passes.

e Optical Centre: (C)
Is the point on the principle axis mid way between the lens
surfaces. It is the centre of the lens at which rays pass un
deviated.

e  Principal Axis:
Is the line through the optical center of the lens on which the
principal focus lies.

e Principal Focus, F:
Convex lens.
Is the point on the principal axis at which all rays parallel
and close to the principal axis meet after refraction thru the
lens.
Concave lens.
This is the point on the principal axis of a concave lens at
which all rays parallel and close to the principal axis appear
to diverge from after refraction thru the lens.

e Focal Length, f:
Is the distance between the optical center and the principal
focus.

Note:  The principal focus of a converging lens is real

while that of a diverging lens is virtual.

Real principal focus is one at which actual rays meet after

refraction.

1. Centers of curvature, 2F: Is the centre of the sphere of
which the lens surfaces form part. OR It is a point on
the principle axis where any ray through it hits the lens
at right angles.

Radius of curvature: Is the radius of the sphere of which
the lens forms part. OR It is the distance between the
optical centre and the centre curvature of the lens.
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Ray Diagram for a Convex (Converging) Lens.

In constructing ray diagram, 2 of the 3 principal rules are

used.

1. A ray parallel to the principal axis is refracted through
the focal point.

e L

\ (

Convex lens Concave lens

2. A ray through the optical centre passes un deviated i.e.
is not refracted.

A I

W

Convex lens Concave lens

3. Array through the principal focus emerge parallel to the
principal axis after refraction.

e I

\ (

Convex lens Concave lens

Images formed by convex lenses:
The nature of the image formed in a convex lens depends on
the position of the object from the lens.

(a) Object beyond 2F
T

4

Convesxlens

Characteristics of the image:
e Nature: Real and Inverted.
e Position: Between F and 2F.
e Magnification: Diminished




(b) Object at 2F
T~

N

Convesxlens

Characteristics of the image:

e Nature: Real and Inverted.

e Position: At 2F.

e Magnification: Same size as object. Characteristics of the image:
) e Nature: Virtual and Upright or erect.
(c) Object between F and 2F e Position: On the same side as the object.
N e  Magnification: magnified.

Convexlens

When the object is placed between F and C, the image is
magnified and this is why the convex lens is known as a
magnifying glass.

Summary of the useful rays

4 ¥

Convexlens

Characteristics of the image:
Nature: Real and Inverted.
Position: Beyond 2F.
Magnification: magnified.

(d) Objectat F Image Formation in a Concave Lens
T Irrespective of the position of the object, a concave lens
forms an image with the following characteristics:
e Nature: Virtual and Upright or erect.
e Position: Between F and C.
e Magnification: Diminished.

Eays to image
t infinity

Conyexlens

Characteristics of the image:
e Nature: Real and Inverted.
e Position: At infinity. OA = Object
e  Magnification: magnified. [E =Virtual Image

(e) Obiject between Fand C

Convex lens
(Diverging lens)
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Magnification of lens:

image height, h

object height, H
Image distance, V

Object distance, U

Magnification,M =

M = h
" H
The lens formula:

If an object is at a distance, u forms the lens and image, v
distance from the lens, then focal length, f is given by:

+

1 1 1
f u v

This applies to both concave and convex.

Real is positive and virtual is negative sign convention:
According to this sign convention;
All distances are measured from the optical centre of
the lens as the origin.
Distances of real objects and the images are positive.
Distances of virtual objects and images are negative.
The principal focus, F of the convex lens is real hence
its focal length, f is positive while a concave lens has a
virtual principle focus, F and so its focal length, f is
negative.

Example 1:
An object of height 10cm is placed at distance 50cm from a
converging lens of focal length 20cm. Calculate the;

0] Image position.

(i) image height

(iii) magnification
Solution:
Given, H = 10 cm,

50 cm, f 20cm
? ?

u
\ h

Questions: (Students’ Exercise)
1. Anobjectisplaced: @) 20cm b) 5cm, froma
converging lens of focal length 15 cm. Find the;

(i) nature of the image in each case .

(i) position, v of the image in each case.
(Va = 60cm ; Vb = 7.5)

(iii) Magnification, M of the image in each case.
(Ma =3 ; Mb = 15)

2. A four times magnification virtual image is formed of an
object placed 12cm from a converging lens. Calculate the;
(i) Position of the image (v = 48cm)

(ii) Focal length of the lens ( f = 10cm).

3. Find the nature and position of the image of an object
placed 10cm from a diverging lens of focal length 15cm.
(Virtual : v = 6cm).

Finding position by graph (scale drawing):

Step I: Select a scale for drawing

Step Il: Make a sketch of the drawing; this should include

two major rays from a point on the object i.e.

v' Array parallel and closed to the principal axis should be
refracted through the focal point for a converging lens
while for a diverging lens, the ray parallel and closed to
principal axis is refracted in such a way that is appears
to come from the focal point.

A ray through the optical center should be drawn un
deviated.

Examples:
An object of height 10cm is placed at a distance of 50cm
from a converging lens of focal length 20cm. Find by scale
drawing the;

0] Image position

(i) Image height

(iii) Nature of the image formed

Solution

Using the mirror formula;

1 1 5-2_ 3

1
f-u'v =700 _ 100

1 3

v 100

v =133.33cm
A real image was formed
33.33cm from the lens.

AXis Scale Conversion

*

. - . o
Vertical axis | 1:5cm % 10cm - = - 2em

Horizontal

1:10cm % 50cm — 2 — 5cm
axis 10

K2

20
% 20cm - m — 2cm

Using the definition of | Magnification:
magnification, M

\Y

M =
U

h
H
h

3333

0 20

h=6.67cm
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(i) Position:
The image distance as measured from the scale drawing is
3cm; using the above scale,
Image distance = (3.4x10)cm
= 34cm




The height of the image on the scale drawing is 0.8cm;
using the scale,
Image height = (1.4x5)cm
= 7cm
(ii) Nature:
The image formed is; Real, Inverted and Diminished.

(iii) Magnification:

M fication = Image Distance _ 34 = 0.68

agnification = Object Distance 50

Or

Image Height 7
g g _ L~ =0.7

Magnification = — X =
agnification Object Height 10

Example: 2
An object of the height 10cm is placed at a distance of 60
cm from a diverging lens of focal length 20cm. Find by
scale drawing, the;

(i) Image position, v

(ii) Height, h of the image

(iii) Nature of the image

(iv) Magnification, M

Solution

AXis Scale Conversion

Vertical axis | 1:5cm % 10 cm - ? - 2cm

*

Horizontal

. 1:10cm @ 60cm - 2 5 6cm
axis 10

20
% 20cm - o 2cm

(i Position:
The image distance as measured from the scale drawing is
3cm; using the above scale,
Image distance = (1.5x10) cm

= 15cm
The height of the image on the scale drawing is 0.8cm;
using the scale,
Image height = (0.5x5) cm

= 25cm

(i) Nature:
The image formed is; Virtual, Upright and Diminished.

(iii) Magnification:
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Maenification = Image Distance 15 — 025
agnification = Object Distance ~ 60

Students’ Exercise

1. Anobject 1cm tall stands vertically on principal axis of
a converging lens of, focal length, f = 1cm, and at a
distance of 1.7cm from the lens. Find by graphical
construction, the position, size, magnification and
nature of the image.

An object is 32.5 cm from a diverging lens of focal

length 12 cm. by scale drawing;

Q) Locate the numerical position and the height of
the image formed.

(i) Calculate the ratio of image magnitude to
object height.

(iii) Describe the image formed using the result in
(ii) above.

An object is placed 10 cm in front of a concave lens of
focal length 20 cm to form an image. Determine the
position, nature and magnification of the image using a
ray diagram.

An object 5¢cm tall is placed 15 cm away from a convex
lens of focal length 10cm. By construction, determine
the position size and nature of the final image.

An object 5cm high is placed 20cm in front of a
converging lens of focal length 15cm. Find the power of
the lens and the magnification of the lens.

An object of height 20cm is placed vertically on the
axis of a convex lens of focal length 10cm at a distance
of 30cm from the lens. Use the graphical method to find
the position, nature and magnification of the image.

Experiments to measure focal length of convex lens
(Converging lens)

1. Rough method
(Using a distant object, e.g window)

conwex lenz White screen

Fay= from
Distant object

lenz holder

le .
[ £ 7
Position the lens and a white screen on a table as shown
above.
Move the lens towards and away from the screen until a
sharply focused image of the distant object is formed on the
screen.
Measure the distance, f between the lens and the screen. It is
approximately equal to the focal length of the lens used.

Note:

To improve the accuracy of the results, it is advisable that
the experiment is repeated at least three times and the
average focal length calculated.




f; (cm) f,(cm) f;(cm) f(cm)

a b c (a+b+0)
3

2. Plane mirror method and no parallax

A plane mirror M is placed on a table with its reflecting
surface facing upwards. The lens L is placed top of the
mirror.
An optical pin, O is then moved along the axis of the lens
until its image | coincide with the object O, when both are
viewed from above and there is no parallax.

Object— Image

Corvex |ens Plane mirror

The distance from the pin O to the lens is thus measured and
it is equal to the focal length, f, of the lens.

Alternatively, the set up bellow may be used.
Image I'I h

conwvex lens Flane mirror

R R R R R e —

Ohject
pin

e o

I f |
NOTE: Rays from O passing through the lens are reflected
from the plane mirror M and then pass through the lens a
gain to form an image. When O and | coincides the rays
from O incident on the mirror must have returned a long
their incident path after reflection from the mirror. This
happens if the rays are incident normally on the plane
mirror, M. The rays entering the lens after reflection are
parallel and hence the point at which they converge must be
the principle focus.

3. Using illuminated object and plane mirror

Muminated

convex lens Flane mirror

R R R N Te—

|

f |
The position of the lens holder is adjusted until a sharp
image of the object is formed on the screen alongside the
object itself. The object will now be situated at the focal
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point (focal plane). The distance between the lens and
screen is measured and this is the focal length f.

Note: The focal point or focal plane of a lens is a point or a
plane through the principal focus at right angle to the
principal axis. At this point, rays from any point on the
object will emerge from the lens as a parallel beam and are
reflected back through the lens.

4. Lens formula method

Card boardwith Convex

’ White
wire gauze lens

SCreen

0

Lighting
Bulb

| e
r T

Using an
illuminated object, O at a measured distance, u, move the
screen towards and away from the lens until a clear image of
the cross wires is obtained on the screen.

The image distance, v is measured and recorded.
The procedure is repeated for various values of u and the
corresponding values of v measured and recorded.

The results are tabulated including values of %and %

u(cm)

v(cm)

—(cm™)
u

—(em™)
v

The focal length can be calculated from the equation
% = ﬁ + % and the average of the values obtained .

Power of a lens:

Power of a lens is the reciprocal of its focal length expressed
in meters. The S.I of power of lens is dioptres (D ).

Note: The Focal length of convex les is real so it’s positive
and hence its power is positive.

The focal length of a concave lens is virtual so it’s negative
hence its power is negative.

The power of the combination of lenses can be calculated
from:
1

focal length in metres

The power of the lens; P =

( Power of ) _ (Powerof) ( Powerof)

combination, first lens second lens

1 1

focal length, f; + focal lenth, f,
of first lens of second lens

Peombination =

Pcombination =




Examples:

1. Two converging lenses of focal lengths 15cm and 20cm
are placed in contact, find the power of combination.

Solution

Given, f; =15cm =0.15m; f, =20 cm =

0.20 m

Peombination =

1

1
0.15 * 0.20

1:)combination -

Peombination = 11.67D

2. A convex lens of focal length 20cm is placed in contact
with concave lens of focal length 10cm. Find the power
of the combination ( Ans: -5D).

Solution

Given, f,=20cm=0.20m; f, =10cm =

0.10 m

l:)combination -

1

l:)combination = 0.20

Peombination = —5D

Uses of lenses

e The eye uses it to focus images on the retina
In spectacles to correct eye defects.
In lens cameras to focus images on the screen or film.
In slide projectors to magnify/focus images on the
screen.
In compound microscopes to magnify/ focus images of
tiny near objects.
As simple magnifying glasses, to magnify images of
smaller objects without inverting them.

Simple Optical Instruments:

0] Projector (or Projection Lantern)
A projector is used for projecting the image of a transparent
slide onto the screen. Thus the image formed is real.

Sli.d e Screen

Lamp

|
Concave Projector lens

mirror

Mode of Operation

The powerful source of light (lamp): is placed at the
principal focus of a concave mirror so as to illuminate the
slide if the image is to be bright.

Concave mirror: reflects back light which would otherwise
be wasted by being reflected away from the film.
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Condenser; this is the combination of two Plano convex
lenses. The main function is to collect the rays from the light
source and concentrate them onto the slide.

Slide: It contains the object whose image is to be projected
on the screen.

Projector lens: is mounted on a sliding tube so that it may
be moved to and fro to focus a sharp real image on the
screen.

(i) Lens Camera
A camera is alight tight box in which a convex lens forms a
real image on a film.

Focussing

Diaphram
adjusting
ring
The film contains chemicals that change on exposure to
light. It is developed to give a negative. From the negative
the photograph is printed.
The inner surface of the camera is painted black in order to
prevent reflection of stray rays of light.
A camera is fitted with the provision for adjusting the
distance between the film and then lens so that the object
can be focused on the film by the convex lens.

«+ Converging lens; is to focus the object on the film.

«+ Shutter; It controls the amount of light entering the

camera by the length of times the shutter is open. Fast
moving objects require short exposure.
The brightness of the image on the film depends on the
amount of light passing through the lens. The shutter
opening is controlled by the size of the hole in the
diaphragm.

Diaphragm; this changes the size of the aperture. The
stop is made of a sense of metal plates which can be
moved to increase the aperture size.
Thus it controls the amount of light entering the camera
by its size.
*Note: The correct setting of the lens for an object at any
given distance from the camera is obtained from a scale
engraved on the lens mount.

Film: It is a light sensitive part where the image is
formed.

THE HUMAN EYE

Light enters the eyes through the cornea, the lens and then is
focused on the retina. The retina is sensitive to light and
sends messages to the brain through optic nerves. The iris
changes in size to vary the amount of light entering through
the pupil. The size of the pupil decreases in bright light and
increases in dim light.
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Functions of the parts of the eye.
1. Lens: The lens inside the eye is convex. It’s sharp; it
changes in order to focus light.

Ciliary muscle: These alter the focal length of lens by
changing its shape so that the eye can focus on image
on the retina.

The iris: This is the coloured position of the eye. It
controls the amount of light entering the eye by
regulating the size of the pupil.

The retina: This is a light sensitive layer at the back of
the eye where the image is formed.

The optic nerve: It is the nerve that transmits the image
on the retina to the brain for interpretation.

The cornea: It is the protective layer and it also
partly focuses light entering the eye .

Accommodation

This is the process by which the human eye changes its size
so as to focus the image on the retina. This process makes
the eye to see both near and far objects.

Note: Accommodation is the process by which objects at
different distances are focused by the ciliary muscles
changing shape, so that the focal length of the lens changes.

Accommodation can also be the ability of the eye to focus
objects at various distances.

Near point: this is the closest point at which the eye can
accommodate a most clear vision. Its 25m for a normal eye.

Far point: this is the most distant point at which the eye can
accommodate a clear vision. It’s at infinity since rays travel
in a straight line.

Defects of vision and their corrections

a) Long Sightedness. (Hypermetropia)
This is an eye defect where a person can see distant objects
clearly but near objects are blurred.
It is due to either;

Q) Too long focal length, or

(i) Too short eye ball.
Because of these effects, the ciliary muscles have weakened
and cannot make the eye lens fatter (i.e. decrease its focal
length) to focus near object on the retina.
Thus, the image is formed behind the retina.
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BB

Convex Lenas

This defect is corrected by using spectacles containing
converging lens which increase the convergence of the rays
and brings it to focus on the retina.

b) Short Sightedness: (Myopia)
This is an eye defect where person can see near objects
clearly but distant ones are blurred.
It is due to either;

Q) Too short focal length, or

(i) Too long eye ball.
Because of these effects, the ciliary muscles do not relax
sufficiently and consequently, distant objects are focused in
front of the retina.

Concave lens

This defect is corrected by using spectacles containing
diverging lens which increase the divergence of the light
rays before they enter the eye and brings them to focus on
the retina.

Similarities between the camera and the eye

o Both the eye and camera have light sensitive parts i.e.
the retina for an eyes and film for camera.
Both the eyes and camera have lenses.
Both have a system which regulates the amount of light
entering them i.e. iris for the eye and the diaphragm for
the camera.
The camera has black light proof inside the camera
while the eye has a black pigment inside.

Differences between the human eye and camera:

Human eye Camera

Lens: - Is biological. -Lens is artificial
- Is flexible - Is arigid glass or plastic

Focal length: f of lens for | -focal length of lens the for
the eye is variable. camera is fixed.

Distance: The distance | -The distance between the
between the lens and retina | lens and film is variable.
is fixed.

Focusing: By changing the
shape of the lens. to the film.

-By moving the lens relative

Aperture: Controlled by the | -Controlled by the
iris. diaphragm.

Exposure: Is continuous. - Controlled by shutter.

Light sensitive surface: | -Retina
film

Exercise:
1. See UNEB Paper |

[ 1993Q.7 | 2000Q.21 | 2001Q.30 | 2004Q.14 | 2007Q.10

2. Section B

[ 1993Qn.7PIl | 1994Qn.2 | 1998 Qn.6 | 2000 Qn.8
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COLOURS AND DISPERSION OF LIGHT
Colours of objects we see depend on the colours of the light
which reach our eyes from them.

Its by experiments conducted that we can prove that white
light is made up of a mixture of seven colours called a
spectrum.

A spectrum is a range of seven colours that form white light.
(Day light).

(@) DISPERSION OF LIGHT
Definition:
Dispersion of light is the separation of white light into its
component colours.
When white light is passed through a prism, it is deviated
and separated into seven colours.

This is because of the refractive index of glass being
different for each colour which makes the different colours
to move at different speeds.

An object colour depends on:

e  Colour of light falling on it.

e Colour it transmits or reflects i.e. green light
appears green because it absorbs all other colours
of white light and reflects green

Impure spectrum: this is the type of spectrum in which the
boundaries between the different component colours are not
clearly defined. i.e when there is overlapping of colours of
white light.

Pure spectrum: this is a spectrum in which light of one
colour only forms on the screen without over lapping.

Production of a Pure Spectrum

Light source

Slit Lens  Glass Prism

An illuminated slit is placed at the principle forces of a
converging lens so that a parallel beam of white light
emerges and falls on the prism.

Refraction through the prism splits up the light into separate
parallel beams of different colours each of which is brought
to its own focus.

Note: the combination of the slit and first lens is called the
collimator (To collimate means to make parallel).

Note: The slit should be made narrow to reduce the
overlapping of colours to a minimum so as to produce a
fairly pure spectrum.
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(b) COLOURS
Colour is the appearance of an object that results from their
ability or capacity to reflect light.

Types of Colour

Q) Primary Colours:
Colours that can’t be obtained by mixing any other colours.
Examples: Red, Green, Blue

(i) Secondary Colours:
Colours obtained by mixing any two primary colours.
Examples: Yellow, Magenta, Cyan (Peacock Blue)

Colour Addition:

When two colours of light are projected on a screen, they
overlap to give a different colour. The new colour is said to
be formed by colour addition.

(iii) Complementary Colours:
This is a pair of one primary colour and one secondary
colour which when mixed gives white light. Examples:
Red + Cyan = White
Blue + Yellow = White
Green + Magenta = White

Coloured objects in white light
An object coloured because it reflects and transmits its own
colour and absorbs all other colours incident on it.

Examples:

Green Green
light i
gh Creen is light Creen is
reflected reflected

White Body

Hence the body
appears green

Fellow hody

Henee the body
SPpEArS greet




Fed
Redis light
reflected

Crpaty bhody

Ilagenta

Mo colour is reflected since
thete iz no colour common to
both the incident light and the
body Hence the body appears
hlack

Hence the body
appears red.

(c) COLOUR FILTERS
Definition:
A filter is a coloured sheet of plastic or glass material which
allows light of its own type to pass through it and absorbs
the rest of the coloured lights i.e. a green filter transmits
only green, a blue transmits only blue, a yellow filter
transmits red, green and yellow lights.

Effect of filters of primary colours on white light

Question

Describe and explain the appearance of a red tie with blue
spots when observed in.

a) Red light

b) Green light — the whole tie appears black because both
colours are primary colours and none is reflected back.

c) Red light — in the red light the tie appears red and blue
spots blacks.

This is because the red reflects the red colour and observes
blue colour.

Question2

A plant with green leaves and red flowers is placed in

a) green b) blue ¢) Yellow

d) what colour will the leaves and flowers appear in each
case . Assume all colours are pure

a) green -: the leaves remain green but the flower black
b) blue -: the leaves will appear black and flowers black
c) Yellow -: the leaves appear green and flowers appear red.

Colour subtraction.

When light falls on a surface of an object, three things may
happen to it in varying proportions. Some light may be;

0] Reflected,

(i) Transmitted,

(iii) Absorbed.

The light which is absorbed disappears. The absorption of
light is known as subtraction of coloured light.

Mixing pigments;

Is a phenomenon when a impure colour reflects more than
one colour light. Mixing coloured pigment is called mixing
by subtraction and mixing coloured light is called mixing by
addition.

When two pigments are mixed, they reflect the colour which
is common to both and absorb all the other e.g. yellow paint
reflects orange, yellow and green. While blue paint reflects
green, blue and indigo.

Yellow and blue reflect green but absorb orange, yellow,
blue and indigo.

Blue Yellow

Indigo

orange
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A green filter | A red filter absorbs | A blue
absorbs all other | all other colours of | absorbs all othe
colours of white | white light and | colours of white
light and transmits | transmits only red. | light and transmits
only green. _ only blue.

R R—* —R R

0—+— 0= 0->—
Y Y= Y >
¢ 6=

B>— B

I+
Y
Red

I+
V]

Effect of filters of secondary colours on white light

A vyellow (R+G) | A Cyan (G + B) | A magenta

filter absorbs all | filter absorbs all | (R + B) filte
other colours of | other colours of | absorbs all othe
white light and | white light and | colours of white
transmits only Red | transmits only | light and transmits
green and yellow. | Green and Blue. only Red and blue.

R »—R | R R—+» G
0 0+
v > ¥

G I G

B B>

| | |
Y+ V]
Yellow filier Cyan fi Magenta filter

Infrared and Ultra-violet light

The spectrum from the sun has both the visible and invisible
spectrum. The invisible spectrum consists of ultra-violet at
the extreme end of the violet light and the Infra red found
just beyond the red light.

Ultra-violet VIBGYOR Infra-red

Invisible Visible spectrum | Invisible
spectrum spectrum

The invisible spectrum can be detected by;
(i) A thermopile connected to a galvanometer which
shows a deflection on its detection.
(if) A photographic paper which darkens when the
invisible spectrum falls on it.

144




Mixing Coloured Filters and Pigments

8

Cyan filter ~Yejlow filter

When a yellow filter and cyan filter are placed at some
distance from a ray box such that half of their portions
overlap.

Observation: Green light is seen where white light passes
through both filters

Explanation:
For the overlap of yellow and cyan, cyan filters absorb the

red

Light and transmit green and blue, but yellow filter absorbs
blue light and transmits green and red (which is absorbed by
Cyan filter) so only green light is transmitted.

Note: White light is separated into seven colours
by a prism because the prism has different refractive index
for the different colours of white lights.

Exercise:

1993 1996 | 2000 2001 Qn.
Qn.4 Qn.16 | Qn.32 37

Section C
UNEB 1994 Qn. .4 PII;
UNEB 1994 Qn. .4 PII;
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4. WAVES

A wave is a disturbance which travels through a medium
and transfer energy from one point to another without
causing any permanent displacement of the medium itself
e.g. water waves, sound waves, waves formed when a string
is plucked

CLASSIFICATION AND GENERAL PROPERTIES
OF WAVES

A wave is a periodic disturbance which travels with finite
velocity through a medium and remains unchanged in type
as it travels. Or it is a disturbance which travels through a
medium, and transfers energy from one location (point) to
another without transferring matter.

Waves may be classified as mechanical or electromagnetic
waves.

Mechanical waves: These are waves produced by a
vibrating body. They are transmitted by particles of the
medium vibrating to and fro.

They require a material medium for their propagation.

These include water waves, sound waves, waves on
stretched strings and waves on vibrating springs., e.t.c.

Electromagnetic waves: These are waves produced by a
disturbance in form of a varying electric or magnetic fields.
These are waves that don’t require a material medium for
their propagation. Electromagnetic waves travel in a
vacuum.

They include radio, infra red, light, Ultraviolet, X-rays,
Gamma rays.

If the disturbance of the source of waves is simple harmonic,
the displacement in a given time varies with distance from
the source as shown below.

WAVE MOTION

When a wave is set up on the medium, the particles of the
medium from about a mean position as the wave passes. The
vibrations are passed from one particle to the next until the
final destination is reached

Generation and Propagation of mechanical waves.

Waves are generated when particles of a transmitting
medium at any point are disturbed and start vibrating.

As they vibrate, they cause the neighboring particles to
vibrate in turn, hence causing the vibrations to continue
from the source to other regions in the transmitting medium.
The disturbance thus spreads the source outwards and it
constitutes the wave.




Graphical representation of a wave.

Wave length, 4
Equilibrium /mean/
Rest positign

Displacement

Terms used in describing waves,
Amplitude: This is the greatest displacement of any wave
particle from its equilibrium position.

Wave length (X): Is the distance between two successive
particles in a wave profile that are in phase.

It is the distance covered in a complete cycle of a wave.

It is the distance between two successive crests or troughs.

It is the distance between two successive compressions or
rare factions.

Crest: It is the maximum displaced point a above the line of
0 (zero) disturbance.

Trough: It is the maximum displaced point below line of
zero disturbance.

Wave front. Is a line or surface that joins points of the same
phase in a wave travelling through a medium.. OR: It is the
imaginary line joining the set of particles that are in the
same state of motion ( in phase).

Particles are in phase if they are in the same point in their
path at the same time and are moving in the same direction.
The direction of travel of the wave is always at right angles
to the wave front.

Cycle or Oscillation: is a complete to and fro motion of a
wave. It is equivalent to moving from O to B.

Period (T): The time taken for any particle to undergo a
complete oscillation. T = -
Frequency (f): The number of oscillations per second.

n

f==

"

Velocity (v): The distance covered by a wave particle per
second in a given direction.

Phase: Is a fraction of a cycle which has elapsed after a
particle passing a fixed point.

Relationship between fand T

If a wave completes n cycles in time t, then frequency, f is

given by:

Frequency, f =

Period, T == .o (i)
Eqn (i) x eqn (ii) gives;
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ONCREYS

Relationship between v, A and f
If a wave of wavelength A completes n cycles in time t, then
the frequency, f is given by;

Each cycle is a wavelength, 4:
Total distance covered in n-cycles = n\

Speed _Distance_n/l_
peed,v = Time  t

= v=fA

Alternatively,
If a wave covers a distance, A, the wavelength, then the time
taken is T, the period. Hence speed,

Speed —A—(l)a But,~ =
peed,v =5=7)4, u'T_f
S v=fA

Types of waves
There are wo broad types -:
a) progressive waves and
b) stationary waves

PROGRESSIVE WAVES
Is a wave which moves away from its source through a
medium and spreads out continuously? There are two kinds
of progressive waves namely:

i) Transverse waves

ii) Longitudinal waves

i) Transverse waves
These are waves in which particles vibrate perpendicularly
to the direction of propagation of the wave.
Examples
v water waves,
v Electromagnetic waves
v" waves formed when a rope is moved up and down.

Crest

RestTean
Pnsiltion

Ditection of propagation
of the wave

Trough

ii) Longitudinal waves
These are waves in which the particles of media vibrate in
the same direction as wave

OR
These are waves in which the particles of the media vibrate
parallel to wave motion e.g. sound waves in pipes, waves
from a slinky spring.
Longitudinal waves travel by formation of compressions and
rare factions. Regions where particles crowd together are
called compressions and regions where particles are further
apart are called rare factions.




Long spring

- R C E - R
l L J
T T Wave

length

L
[ Wave
length

Compression (C) is a region in a longitudinal where the
vibrating particles are very close together.

A wave faction (R) Is a region in a longitudinal where the
vibrating particles are further apart (distanced).

Wave length; of the longitudinal is the distance between
two successive compressions or rare factions.

Differences between longitudinal and transverse waves
Transverse Waves Longitudinal waves

- Particles Particles vibrate parallel to
perpendicular to the direction of wave
direction of wave
-Consists  of
troughs

-Can be polarized

vibrate
the

crests & | Consists of compression &
refraction

Cannot be polarized

1. State two differences between waves and light waves.

Examples
1. A-radio station produces waves of wave length 10m. If
the wave speed is 3x108 m/s, calculate
(i) Frequency of radio wave.
(i) period time, T
(iii)  Number of cycles completed in 108 s
Solution:

(&) Name;
(i) Any two points on the wave which are in phase
(ii) The points Labeled m and x

(b) (i) Determine the amplitude of the wave.
(ii) If the speed of the wave is 8000cm/s. Determine
the frequency of the wave.

Questions

1. A vibrator produces waves which travel 35 m in 2
seconds. If the waves produced are 5cm from each
other, calculate;

(i) wave velocity
d =35m,t = 2s
35

=—=—=17. -1
v : > 5ms

(i)
v=fA

wave frequency

v=17.5ms™?

f = 3.5Hz

(i) Frequency of Number
radio wave ; A =

10m, v=3x108 m/s

(ii) Period ;T (ii)

cycles

1
Period, T = - n
1 f Frequency, f = T

n = ft

v=1 T=3%x10

3%x108=fx10 | T=33%x10"7s |n=3x10"x10

3 x 108 n = 3 x 108cycles
f=

10

f=3x%x10"Hz

of

2. The distance between 10 consecutive crests is 36¢cm.
Calculate the velocity of the wave. If the frequency of
the wave is 12H,.

Solution:

2. The figure below shows circular waves of frequency 32
Hz. Calculate its velocity. [Ans: 1.6ms™]

® )
s ))) ),

3. A source produces waves which travel a distance of
140cm in 0.08s. If the distance between successive
crests is 20cm, find the frequency of the source. [Ans:
87.5Hz].

4. A sound source produces 160 compressions in 10s. The
distance between successive compressions is 20m.
Calculate the;

Q) frequency of sound [16HZ]
(i) wave speed [320ms™]

5. See UNEB 1992 Qn. 7

The distance between n- | v=fA
successive crests or troughs
is given by;

d=m-1DA

v=12x0.04

v=048ms?!
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THE RIPPLE TANK
3 Lamp

| Electric motor
—%7  Straight bar
; Ball for circular
ripples

=
= ~T-Stroboscope

A ripple tank is an instrument used to study water wave
properties. It is a shallow glass trough which is transparent.
The images of the wave are projected on the screen which is
placed below it.

The waves are produced by means of a dipper which is
either a strip of a metal or a sphere. The dipper is moved up
and down by vibration of a small electric motor attached to
it.

The sphere produces circular wave fronts and the metal strip
is used to produce plane waves.

A stroboscope helps to make the waves appear stationery
and therefore allows the wave to be studied in details.

Straight waves (plane waves): These are produced by
dipping a straight edged object e.g. a ruler on the water
surface.

Continuous straight waves: These are produced by fixing a
straight dipper (horizontal bar) suspended by rubber bands.
The whole bar is dipped in water and is made to vibrate by
the vibrations generated by an electric motor.

772777774 traight barrier

Flane wave fronts

Continuous circular waves: These are produced by
attaching small total balls (using rubber bands) to metal bars
and using the vibration from an electric motor.

As the bar vibrates, the vibrations cause the dipper to move
up and down producing continuous circular waves.

N.B Therefore the speed of the wave in a ripple
tank can be reduced by reducing the depth of water in the
tank. The effect of reducing the speed of waves is that the
wave length of water reduces but frequency does not. The
frequency can only be changed by the source of the wave.
Qn: A vibrator in a ripple tank has a period of 0.2 seconds
and the distance between 10 successive crests is 38.8cm.
Calculate the ;

(i Wavelength of the wave [4.31cm]

(i) Velocity of the wave [0.22 ms™1]

WAVE PROPERTIES
The wave produced in a ripple tank can undergo.

(@) Reflection | (b) Refraction | (c) Diffraction

(d) Interference | () Polarization

() REFLECTION OF WAVES
A wave is reflected when a barrier is placed in its path. The
shape of the reflected wave depends on the shape of the
barrier.
The laws of reflection of waves are similar to the laws of
reflection of light.
+ Reflection of plane wave

(i) On aplane surface.

Flane harrier

. i
Reflected
wawve |

© (Plane wave front)

Incident _
Wave
lf_plane" wave E’_Dhts)
(ii) On a curved surface

e Concave reflector

Concave

Reflected

Reflected cireular  Incident plane
wave front

Wave fronts Wawe fronts

o

«+» Reflection of circular waves
(i) On aplane surface

Flane

straight bartier

Eeflected circular
wave fronts

Incident circular
Waves
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(ii) On a curved surface

e Concave reflector e  Convex reflector

- #
I
: L3
|
: Concave

/_,Jeﬂector

Warsfod Reﬂlcted

Incident cieeular  Reflected plane
wave fort

Wave fronts Wawe fronts

Note: During reflection of water waves, the frequency and
velocity of the wave do not change.

(b) REFRACTION
This is the change of in direction of wave travel as it moves
from one medium to another of different depth. It is caused
by the change of wave length and velocity of the wave.
However, the frequency and the period are not affected.
In a ripple tank, the change in direction is brought about by
the change in water depth.

v

Hlazz block

Deep water
When waves are incident on a shallow water boundary at an
angle;
v" Wave length decreases in shallow waters
v Speed decreases in shallow water
v Frequency and period remain the same.

Incident wawves

LLLLL

Deep water

Barrier

‘A’Z
-
f’ #
.o+ Refracted
Jy
< waves

Shallowr water

2A,=wave length in deep water
2, = wave length in shallow water
Note:

() A1>2,

©Obagiradnl@gmail.com

(li) 171 =f/11and 172 :flz
(iii) v,>v,; When f — is constant.

velocity in deepwater

Refractive index n = ——
velocity in shallowwater

v A

Refractive indexn = — = Q

vy fA

o Yo Wave length in deep water
Refractive indexn = — = -
A,  Wave length in shallow water

Refraction of plane waves by a convex lens

Lens—-shaped perspex
reduces water depth

Incident

straight waves

(c) DIFFRACTION
This is the spreading of waves as they pass through holes,
round corners or edges of obstacle. It takes place when the
diameter of the whole is in the order of wave length of the
wave i.e. the smaller the gap the greater the degree of
diffraction as shown below.

(@) Wide gap
7
il
Ifeident

—_—
Incident . Ciroular
Nearly straight wave fronts diffracted

diffracted wave
fronts

b) Narrow gap

wave fronts
wave fronts

The ripples emerge in a

The ripples emerge straight ..
PP g g semi-circular pattern.

and curve at the ends.

-Waves spread out more (i.e greatly diffracted) when the
wave length is longer.

-The wave length does not change when waves pass through
the slit.

-Diffraction (spreading) increases with decrease in the width
of the slit. Wider gaps produce less diffraction.

-When the width of the gap is less than the wave length of
the of the incident waves, the emerging waves are circular.
At this width, the slit may be considered to act as a separate
point source of waves.

(a) Edge of obstacle




Sound waves are more diffracted than light waves because and anti-nodal lines are closer together making the pattern
the wave length of sound is greater than that of light. more difficult to see.
Therefore sound can be heard in hidden corners. A ntinodal line
N.B - When waves undergo diffraction, wave length and ) (Constructive intetference)
velocity remain constant.
- Yo bt AT Mordal line
(d) INTERFERENCE . = 4 “ N (Destructive interference)
This is the super imposition of two identical waves et e
travelling in the same direction to form a single wave with a Wave sources— U
larger amplitude or smaller amplitude. from dippers :___ﬁ;-ﬁ:_*-#- L7y
The two waves should be in phase (matching). \\a ANTT
. .‘\'h-.,x" "'-;._ﬂ_‘___%--%.

ot

Conditions necessary for producing interference: .
1. The two waves must have coherent sources. Hote: In the cotresponding case far light waves, antinodal lines are
2. The two waves must have the same amplitude and the bright fringes and nodal lines ate dark fringes.

same frequency.
3. The distance between the sources must be very small.
L Antinodal lines
Constructive interference
This constructive interference occurs when a crest from one
wave source meets a crest from another source or a trough
from one source causing reinforcement of the wave i.e. e
increased disturbance is obtained. Modal lines
The resulting amplitude is the sum of the individual
amplitudes.

E.g.

N+N=N U+U=U Lines joining points of constructive interference are called
OR antinodal lines while these lines joining points of

y /\ destructive interference are called nodal lines.

\//\ ” __l\ /\ /\ Trial Questions:

/\ ' \/ \/ (a) With the aid of a diagram, describe how an interference
Sum

1
I
T
I
i
I
I

For Light, constructive Interference would give
increased brightness.

For sound, constructive Interference would give
increased loudness.

patter (Interference fringes) can be produced in a ripple
tank.

(b) What are the conditions necessary for interference to
occur?

(e) POLARISATION OF WAVES
It only occurs with transverse waves like other transverse
waves, water waves can be polarized.
Polarization: is the effect in which vibration are in only a
vertical plane.
Differences between water and sound waves;
Water waves Sound waves
-Transverse Longitudinal
-Low speed High speed
-Short wave length Long water length
-Can be polarized Cannot be polarised
-Possible only in liquid (.e.g | Possible in solids, liquids and
water) gases.

Destructive interference

This occurs when the crest of one wave meets a trough of
another wave resulting in wave cancelling i.e.

If waves are out of phase, they cancel each other to give an
area of zero resultant. This is called destructive interference.

State three differences between sound and light waves.

Wave 1994 Qn23 1992 Qnl | 2008 Qn31
motion 1998 Qn23 2006 Qn22 | 1989 Qn6
1992 Qn7 1998 Qn26 2007Qn35 | 1993 Qn4
1989 Qn30 | 2001 Qn18 2007Qn39 | 2006 Qn5
1990 Qn21

For Light, constructive Interference would give reduced
brightness or darkness.

For sound, constructive Interference would give reduced
loudness or no sound at all.

Note:
The interference pattern caused by two sources placed close ELECTRO MAGNETIC WAVES _
together — give nodal and antinodal lines that are spread This is a family of waves which is made by electric and

widely. When the two sources are placed far apart, the nodal magnetic vibrations of very high frequency. _
Electromagnetic waves do not need a material medium for

transformation i.e. they can pass through a vacuum.
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Spectrum of electromagnetic waves
In decreasing frequency

5 Light
amna Infra- Radio waves
rays Lrays 1Y * ted  (Mlicrowaves, TV, Radio)

UIVIVAVAY 1/ “Jﬂ"‘qﬂ'\/\\/

EIEIln.m 1nm |:|1um EIEIlum lem lm lkm
na+o7F

trictometres

Properties of electromagnetic waves
e  They are transverse waves.
e  They can travel through vacuum.
e They travel at a speed of light (3.0 x 108 m/s).
e They can be reflected, refracted, diffracted and
undergo interference.
e They posses energy.

Effects of electromagnetic waves on meter
(@) Gamma rays.

e They destroy body tissues if exposed for a long
time.

e They harden rubber solutions and lubricate oil to
thickness.

X- rays

e  Causes curtains to give off electrons.

o  Destroys body tissues if exposed for a long time.

e Used in industries to detect leakages in pipes and in
hospitals to detect fractures of bones.

Ultra violet

e  Causes sun burn

e Causes metals to give off electrons by the process
called photoelectric emission.

e  Causes blindness.

Visible light

e Enables us to see.

e  Changes the apparent color of an object.

e  Makes objects appear bent to refraction.

Infrared

e  Causes the body temperature of an object to rise.

e Itisasource of vitamin D.

Radio waves

Induces the voltage on a conductor and it enables its

presence to be detected.

onwards.

Radio waves | High frequency Radio  transmission
Oscillating aerials.

electric current
Very low energy
changes in
electronic
structures of

atoms.

Red Sun set and Blue sky

Effect of long and short wave lengths.

(i) Long wavelength: Waves of long wavelength are less
scattered than waves of short wavelength. This explains why
the sun appears red when rising or setting.

Explanation: At sun rise or sun set, the light rays from the
sun travel through greater thickness of earth’s atmosphere.
So the longer wavelength passes through.

(if) Short wavelength: Waves of short wavelength are
highly scattered. This explains why the sky appears blue,
since the primary colour, blue has the shortest wavelength in
the spectrum.

Note: Beyond the atmosphere, the sky appears black and the
astronauts are able to see the stars and the moon.

Electromagnetic waves 2001 Qn21
1987 Qn30 2006 Qn31

1989 Qnl6 2007 Qnl13

Wave band Origin Source

Gamma rays | Energy changes in | Radioactive substance
modes of atoms

X-rays Electrons hitting a
metal target

X —ray tube

Ultra- violet | Fairly high energy | Very hot bodies

changes in atoms | Electron discharge
Through gases
especially mercury

Vapour

Visible light | Energy changes in | Lamps, flames etc
electron structure
of atoms

Infrared Low energy | All matter over a
radiation changes in | wide range of
electrons of atoms | temperature from
absolute zero
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SOUNDS WAVES
Is a form of energy which is produced by vibrating objects
e.g. when a tuning fork is struck on a desk and dipped in
water, the water is splashed showing that the prongs are
vibrating or when a guitar string is struck.

PROPERTIES OF SOUND WAVES

e Cannot travel in a vacuum because there is no metal
needed.
Can cause interference.
Can be reflected, refracted, diffracted, planes polarized
and undergo interference.

e  Travels with a speed V= 330m/s in air.

SPECTRUM SOUND WAVES

Frequency | OH, 20H, 20,000H,

Type  of | Subsonic Audible Ultra sonic
sound sound sound sound wave.
waves

Subsonic sound waves
These are not audible to human ear because of very low
frequency of less than 20H.

Audible sound waves
These are audible to human ear. This frequency ranges from
20Hz- 20 KHj.

Ultra sonic sound waves
These are sound waves whose frequencies are above 20H;.
They are not audible to human ears. They are audible to
whales, Dolphins, bats etc.




Application of ultra sound waves
They are used by bats to detect obstacles e.g. buildings
a head.
Used in spectacles of blind to detect obstacles.
Used in radio therapy to detect cracks and faults on
welded joints.
Used in industries to detect rocks in seas using sonar.
Used to measure the depth of seas and other bodies.

Example: 1
A radio station broad casts at a frequency of 200 kHz and
the wave length of its signal is 1500m. Calculate the;
(i) Speed of the radio waves. [3.0 x 108]
(i) Wave length of another station that broad casts
at a frequency of 250 Hz. [A = 1.2 X 10° m.]

Example: 2
An F.M radio, broad casts at a frequency of 88.8MHz. What
is the wave length of the signal? [1 = 3.4m]

TRANSMISSION OF SOUND.

Sound requires a material medium for its transmission. It
travels through liquid, solids and gases, travels better in
solids and does not travel through vacuum.

Experiment to show that sounds cannot pass through a
vaccum.

> Two hattery

/&

Bell jar

Electric hell

J

—— § W0 VACuMT punp

Procedures:

Arrange the apparatus as in the diagram with air, in the
jar.

Switch on the electric bell, the hammer is seen striking
the gong and sound is heard.

Gently withdraw air from the jar by means of a vacuum
pump to create a vacuum in the jar.

Observation:

e The sound produced begins to fade until it is heard no
more yet the hammer is seen striking the gong.

e Gently allow air back into the jar, as the air returns, the
sound is once again heard showing that sound cannot
travel through vacuum.

Conclusion:

e Sound waves require a material medium for their
transmission.
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Note: The moon is sometimes referred to as a silent planet
because no transmission of sound can occur due to lack of
air (‘or any material medium).

The speed of sound depends on;

(i) Temperature
Increase in temperature increases the speed of sound i.e.
sound travels faster in hot air than in cold air.

(i) Wind
Speed of sound is increased if sound travels in the same
direction as wind.

(iii) Attitude
Sound travels faster on a low altitude and slower on higher
altitude.

(iv) Humidity:
The higher the humidity, the higher the speed of sound and
velocity.

(V) Density of the medium.
Speed of sound is more in denser medium than in the less
dense medium.

Change in pressure of air does not affect speed of sound
because the density of air is not affected by change in
pressure.

Sound travels fastest in solids than liquids and gases
because. In solids the particles in solids are very close
together and they produce vibration easily i.e. solids are
more dense. Also speed of sound is faster in liquids than in
gases.

In solids and liquids, increasing the temperature decreases
the speed of sound because solids are denser. Also speed of
sound is faster in liquids than in gases.

Some media and the speed of sound
Medium | Speed of sound (ms™)

Air 330

Steer 600

Water 1500

Glass 5600

Some explanations

- If a person places his ear near the ground and another
person taps along a metal which is some distance away
the sound will be heard clearly than when standing
since sound travels faster in solids than in gases.

A sound made by a turning fork, sounds, louder when
placed on a table than when held in the hand. This is
because a larger mass of air is set in vibration thereby
increasing the sound.

Qn. Explain why sound travels faster in solids than in

liquids.

- Sound waves of frequency 3.3 KHz travel in air. Find
the wavelength (Take speed of sound in air = 330ms™)

V= f/1:>/1=\i= 330 = 330 =0.1m

f 3.3x1000 3300

Example:

Two men stand a distance apart besides a long metal rail on
a sill day. One man places his ear against the rail while the
other gives the rail a sharp knock with a hammer. Two
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sounds separated by a time interval of 0.5s, are heard by the
first man. If the speed of sound in air is 330ms™, and that in
the metal rail is 5280ms?, find the distance between the
men.
Solution:
t; —t, =05

X X

330 5280 0°
Xx=176 m

How sound waves travel through air

- Sound waves are produced by the vibration of air
particles. As air particles vibrate, the vibration, produce
energy which is transferred to the next particles that
also vibrate in the same direction as the sound wave.
The next particle are so made to vibrate and in doing so,
they transfer their energy particles which also vibrate.

Experiment to verify the laws of reflection of sound.

Board

XY is a hard plane surface, R is a closed tube and T is an
Open tube.
Put a ticking clock in tube R on a table and make it to
face a hard plane surface e.g. a wall.
Put tube T near your ear and move it on either sides
until the ticking sound of the sound is heard loudly.
Measure angles i and r which are the angles of
incidence and reflection respectively.
From the experiment, sound is heard distinctly due to
reflection.
Angle of incidence (i) and angle of reflection (r) are
equal and lie along XY in the same plane.
This verifies the laws of reflection.
Note: Hard surfaces reflect sound waves while soft surface
absorb sound wave.

ECHOES

An echo is a reflected sound. Echoes are produced when
sound moves to and fro from a reflecting surface e.g. a cliff
wall. The time taken before an echo arrives depends on the
distance away from the reflecting surface.

In order for a girl standing at a distance, d from a reflecting
surface to hear the echo; sound travels a distance of 2d.
Measurement of velocity of sound using an echo method

A/
[\ d

Two experimenters stand at a certain distance d from a
tall reflecting surface

One experimenter claps pieces of wood n times, while
the other starts the stop clock when the first sound is
heard and stops it when the last sound is heard.
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e The time taken, t for the n claps is recorded and the
speed of sound in air is calculated from;

2(distance) 2nd
time Tt

Speed =

2(distance) _ 2d _ 2nd
T L Y

For an echo; Speed = —=— =5=—
time — t

Where n is the number of claps (or sounds) made.

Example: 1

A qirl stands 34m away from a reflecting wall. She makes
sound and hears an echo after 0.2 seconds. Find the velocity
of sound.

2(distance)

Speed =
bee time

V="
t
_2><34
02
V=340 ms~?

Example: 2

A person standing 99m from a tall building claps his hands
and hears an echo after 0.6 seconds. Calculate the velocity
of sound in air.

Speed =

V=1330ms!

Example: 3

A gun was fired and an echo from a cliff was heard 8
seconds later. If the velocity of sound is 340m/s, how far
was the gun from the cliff?

2(distance)

Speed =
pee time

2d

Tt
340—2d
~ 8

2d =340 x 8

2d = 2720

d=1360m

Example: 4

A student is standing between two walls. He hears the first
echo after 2 seconds and then another after a further 3
seconds. If the velocity of sound is 330m/s, find the
distance between the walls.

t t;

330 = = = 2d, = 1650

330 = - = 2d; = 660

d; =330m d, =825m

d=d1+d2
d =330 + 825

d =1155m




Example: 5

A man is standing midway between two cliffs. He claps his
hands and hears an echo after 3 seconds. Find the distance
between the two cliffs.

(Velocity of sound = 330m/s)

Since the man is mid way
between the cliffs,
d2 = dl = 4’95m

330 = =3 = 2d; =990

d=d1+d2
d, = 495 m d = 495 + 495

d =990m

Case Il

2X
330=7:2x=2x330

x =330m

y=577.5m

Distance between the cliffs,d = x +y
d=x+y
d =330+ 577.7
d =907.5m

Example: 6

A student made 50 claps in one minute. If the velocity of
sound is 330s, find the distance between the student and the
wall.

2n(distance)

Speed =
pbee time

2nd
V=—

330 t2 x50 xd
- 60

100d = 330 x 60

d=198

1. A boy stands at a distance of 990m from a tall building
and makes a loud sound. He hears the echo after 6
seconds. Calculate the speed of sound in air.

Original sound

echo

d =990m; t = 6s

2d _2x990 45076
t 6

A sound wave of frequency 200Hz is produced 300m
away from a high wall. If the echo is received after 2
seconds. Find the wave length of sound wave.

v =24_2x300_3500mst
t 2
o=t =390 15m
f 200

3. A man stands between two cliffs and fires a gun. He
hears the 1% echo after 2seconds and the second echo
after 3 % seconds. Calculate the distance between two
cliffs and speed of sound in air = 330ms™.

Solutions:
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4. A student, standing between two vertical cliffs and
480m from the nearest cliff shouted. She heard the 1%
echo after 3 seconds and the second echo 2 seconds
later. Calculate;

(i) The velocity of sound in air.
(i) The distance between the cliff.

Solutions:
Let distance between cliffs = d

Case Il

2X 2(d —
t1 t2

2 X 480
V=

_ 2(d - 480)
- G )

= 3V=960 | 320

. 2(d —480) = 5 x 320
V=320ms"~

d — 480 = 800

d=1280m

Questions

1. A boy standing 100m from the foot of a high wall claps
his hands and the echo reaches him 0.5s after. Calculate
the speed of sound in air.

A sound wave is produced 600m away a high wall. If an
echo is received after 4 seconds. Find the frequency of
sound wave length is 2m.

A sound wave of frequency 250Hz is produced 120m

away from a high wall. Calculate;

(i) The wavelength of the sound wave

(i) The time taken for the sound wave to travel to
the wall and back to the source and speed of
sound in air = 330ms™.,

A man standing between two vertical walls and 170m
from the nearest wall shouted. He heard the 1% echo
after 4s and the 2" echo 2 seconds later. Find the
distance between the walls.
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A boy standing 150m from a high cliff claps his hands
and hears an echo. If the velocity of sound in air is
320ms™. Find the time taken for the sound to travel to
the wall and back to the source.

A man stands at a distance of 340m from a high cliff
and produces sound. He hears the sound Again after 2
seconds. Calculate the speed of sound.

A child stands between 2 cliffs and makes sound. If it
hears the 1%t echo after 1.5 seconds and the 2" echo
after 2.0 seconds. Find the distance between the 2 cliffs.
(Speed of sound in air = 320ms™).

A man sees the flash from a gun fired 1020m away and
then hears a bang. How long does the bang take to reach
him? [Ans: 330x1020 s].

The echo sounder on a boat sends down the sea, a pulse
and receives its echo 0.3 seconds later. Find the depth
of the sea. (speed of sound in water is 1445ms™)

[Ans: 216.8m].

10. A girl at A clapped her hands once and a boy at B heard
two claps in an interval of 1 second between the two
sounds. Find the distance AB. [Ans: 330m].

. Two people X and Y stand in a straight line at distances
of 330m and 660m respectively from a high wall. Find
the time interval taken for X to hear the first and second
sounds when Y makes a loud sound. [Ans: 2.0 s].

Reverberation

In a large hall where there are many reflecting walls,
multiple reflections occur and cause or create an impression
that sound lasts for a longer time such that when somebody
makes a sound; it appears as if it is prolonged. This is called
reverberation.

Definition of Reverberation
Reverberation is the effect of the original sound being
prolonged due to multiple reflections.

Advantages of reverberation

In grammar, reverberation is used in producing sound.
Complete absence of reverberation makes speeches
inaudible.

Disadvantages of reverberation

During speeches, there is a nuisance because the sound
becomes unclear.

Prevention of reverberation
The internal surfaces of a hall should be covering the sound
absorbing material called acoustic materials.

Why echoes are not heard in small rooms?

This is because the distance between the source and
reflected sound is so small such that the incident sound
mixes up with the reflected sound making it harder for the
ear to differentiate between the two.

Questions:

(@) Outline four properties of electromagnetic waves.
(b) Distinguish between:
Q) Sound waves and light waves.
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(i) Sound waves and water waves.

1. A man standing midway between two cliffs makes a
sound. He hears the first echo after 3s. Calculate the
distance between the two cliffs (Velocity of sound in air
=330m/s)

Refraction of sound waves

Refraction occurs when speed of sound waves changes as it
crosses the boundary between two media. The speed of
sound in air is affected by temperature.

Sound waves are refracted when they are passed through
areas of different temperatures. This explains why it is easy
to hear sound waves from distant sources at night than
during day.

Refraction of sound during day.

Cooler air

_% Wartner

“Warm ground during the day
Vo= Wy

During day, the ground is hot and this makes the layers of
air near the ground to be hot while that above the ground is
generally cool. The wave fronts from the source are
refracted away from the ground.
Refraction of sound during night

Wartner air ®
% Cooler ar @ %

Cold ground at mght
V2 Vg

During night, the ground is cool and this makers layers of
air near the ground to be cool while above to be warm. The
wave fronts from the source are refracted towards the
ground making it easier to hear sound waves over long
distances.

Diffraction of sound

This refers to the spreading of sound waves around corners
or in gaps. When sound waves have wave length similar to
the size of the gap. They are diffracted most.

Sound waves easily bend around corners because they have
longer wavelength and are easily diffracted.

A person in one room can be heard by another person in the
next room because of diffraction of sound waves.

The mouth acts as a gap and the waves from mouth spread
and the person is able to hear the sound.

If you are sitting in a room and the door is open, you can
hear music from a radio in the next room; the sound waves
from the radio pass through the door and spread out into the
room you are in.

Note:
Light waves are not easily diffracted because they have
short wave length.




Interference of sound

When two sound waves from two different sources overlap,
they produce regions of loud sound and regions of quiet
sound. The regions of loud sound are said to undergo
constructive interference while regions of quiet are said to
undergo destructive interference.

An experiment to show interference of sound waves.
Siginal generator

o o
o Cr

/N w XN

Loud sE:-eal'r_er, A Loud speaker, B

Two loud speakers A and B are connected to the same signal
generator so that sound waves from each are in phase and
are of the same frequency. Interference of waves from A
and B occurs

An observer moving in front of the loud along AB hears
alternating loud and soft sound as he moves which
corresponds to constructive and destructive interferences
respectively.

With the sound set at a lower frequency (long wave length)
the interference pattern becomes widely spread.

Qn. Describe an experiment to show interference of
sound waves.

MUSICAL NOTES OR TONES:
A musical note or a tone is a single sound of a a definite
pitch and quality made by a musical instrument or voice.

Music: This is an organized sound produced by regular
vibrations.

Noise: This is a disorganized sound produced by irregular
vibrations.

Characteristics of musical notes

Q) Pitch
This is the loudness or softness of sound. It depends on the
frequency of sound produced, the higher the frequency the
higher the pitch.

(i) Loudness

This depends on the amplitude of sound waves and

sensitivity of the ear.

o Amplitude; This is the measure of energy transmitted
by the wave. The bigger the amplitude, the more
energy transmitted by the wave and the louder sounder
sound produced.

Sensitivity of the ear. If the ear is sensitive, then soft
sound will be loud enough to be detected and yet it will
not be detected by the ear which is insensitive.
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(iii) Timber (Quality)
This is the characteristic of a note which allows the ear to
distinguish sounds of the same pitch and loudness it depends
on the number of overtones produced, the more the number
of overtones, the richer and the sweeter the music and
therefore the better the quality.

Overtone
This is a sound whose frequency is a multiple of a
fundamental frequency of the musical note.

Pure and impure musical notes.

Pure refers to a note without overtones. It is very boring and
only produced by a tuning fork.

Impure refers to a note with overtones. It is sweet to the ear
and produced by all musical instruments.

Beats
A beat refers to the periodic rise and fall in the amplitude of
the resultant note.

VIBRATION IN STRINGS

Many musical instruments use stretched strings to produce
sound. A string can be made to vibrate plucking it like in a
guitar or in a harp putting it in pianos. Different instruments
produce sounds of different qualities even if they are of the
same note.

Factors affecting the frequency of the stretched string.

Pt d »B Pulley

Sound box

A. =Fixed bridge; B.=Movable bridge

(@) Length
For a given tension of the string, the length of the string is
inverse the proportion to the frequency of sound produced.
This can be demonstrated by an instrument called sonometer
as shown above.
By moving bridgeB, higher frequency can be obtained for a
short length AB and lower frequency for a long length. The
relation can be expressed as ;

foaz=fl=k=fili = fl

(b) Tension
Adding weights or removing them from its ends at load R
the tension of the higher sonometer wire. It will be noted
that the higher the tension, the higher the frequency of the
note produced.

U U LF
f“ﬁzﬁ‘k:'fz‘j;

(c) Mass per unit length (i)
Keeping length (1) and tension (t) constant, the frequency of
sound produced depends on the mass per unit length of the
string. Heavy strings produce low frequency sounds. This
is seen in instruments such as guitar, base strings are thicker
than solo strings. If the tension and length are kept constant,
the frequency of sound is inversely proportional to the mass
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of the strings thus a thin short and taut string produces high
frequency sound.

1
f“ﬁif\/ﬁzkz"fl\/ﬂ_lth/ﬂ_z

3 mass
Where, u = mass per unit length = length

The three factors can be combined into a single formula to

give the expression for frequency of a stretched string (wire)

as:
1T

Where, | is the length in m, T is the tension in N and u
is mass per unit length in kgm™*

Example: 1
A musical note has frequency of 420H, and length (1), if the

length of the string is reduced by % find the new frequency.
fili = f2l;

But, lz = Ell
1
4201, = f, (511)
fz = 84’0 Hz

A stationary wave is a wave formed when two progressive
waves of the same frequency and wave length travelling in
opposite direction meet producing nodes and antinodes.

Progressive wave is a wave in which energy is transmitted
from one place to another and is not stores.

Vibrating strings

The ways in which a string vibrates are called harmonics.
The sound is produced when notes are performed at both
ends of a stationary wave.

Modes of vibration

The ends of a stretched string are fixed and therefore the
ends of the string must be the displacement nodes.

If the string is displaced in the middle, a stationary wave is
formed.

Fundamental note:

e Is anote with the lowest audible frequency.

e Itis the note produced at the first position of resonance.

Overtones:

e Is a note whose frequency is higher than the
fundamental frequency.

[ ]

Uses of overtones:

-Determining the overall quality of sound

-Describing sound systems in pipes or plucked strings.

Harmonics:
e Is a note whose frequency is an integral multiple of the
fundamental frequency.
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Musical Interval:
e This is the ratio of the frequencies of two notes.
Name of musical note | Tone ratio
Octave tone 2:1

Minor tone 5:4

Major tone 9:8

Semi tone 16:5

Octave:
e  This is the span of notes between one pitch and another
that it is twice or a half its frequency.

Note: Two notes with fundamental frequencies in a ratio of
any power of two (e.g half, twice, four times e.t.c) will
sound similar. Because of that, all notes with these kinds of
relations can be grouped under the same pitch class.

Note: In calculations involving octave use the formula;

fa _ <2>"
fr M
Where, f, = Higher frequency

fi = Lower frequency
n = Number of octaves above or below f;

Example: 1
Find the frequency of a note four octave above a note of
frequency 20Hz.

Solution: f; = 20Hz,n = 2 (above); f, =?

%:(%)n:%=(%)z=>f2=22><20=80Hz

Example: 1
Find the frequency of a note of four octaves below a note of
frequency 512Hz.

Solution: f, = 512Hz,n = 4 (below); f; =?

fa

i \1 1

2\" 512 /2\* .
—<—) =>7=<_) > f, = 2* x 20 = 32Hz
1

(i) First Position of resonance (fundamental note)
1t harmonic vibration

The wave formed in this case is the simplest form of
vibration and is called the fundamental note .

The frequency at which it vibrates is called the fundamental
frequency.

If f is the frequency (Fundamental frequency). Then

-(3)
! ﬂ' ,BUIJ’ZZI




j , Where v is the speed of the wave.

(if) Second Position of resonance (first Overtone).

When the wave is plucked quarter way from one end, the
wave formed is shown below.

— =41

If f2is the frequency of the wave, then;

vV V 2V v
f2:—:—:—X—:2X —_— :2fl

2, 1 271 21
Thus, it is also called the second harmonic.

(iii) Third Position of resonance (2"overstone)

3

\Y

f3:13=~(%)=3x§=3f1

Thus, it is also called the third harmonic.

Therefore in a stretched string all the harmonics are possible

and their frequencies are; f, 21, 31,41,

Thus harmonics obtained from vibrating strings

aref;,2f;,3f; etc. hence both even and odd harmonics are

obtained.

A- Antinodes- these are points that are permanently at rest.
No disturbance occurs at these points.

RESONANCE

This is when a body is set into vibrations with its own
natural frequency by another nearby body vibrating at the
same frequency.

The final amplitude of the resonating system builds up to a
much greater value than that of the driving system.
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An experiment to demonstrate Resonance using a
coupled pendulum and tubes.

Procedures:
Taut shring V
4 /

A D

O O

Hang four pendulum bobs on the same taut string such that
pendulum, A has variable length while B, C and D have
different fixed lengths.

Set pendulum A to the same length as D. Make it swing and
observe the mode of swinging of the pendulums.

Set pendulum A to the same length as B. Make it swing and
observe the mode of swinging of the pendulums.

Observation:

When length of A is equal to length of D, B and C vibrate
with smaller amplitudes while D swings with larger
amplitudes.

When length of A is equal to length of B, the motion of A
will be transferred to B in greater amplitude and B will start
to swing with appreciable amplitude while C and D will
jiggle a little but they will not swing appreciably.

Common consequences of resonance:

(i) A playground swing can be made to swing high by
someone pushing in time with the free swing.

(if) Soldiers need to break a step when crossing a bridge.

(iii) Vibrations of the sounding box of a violin.

(iv) A column of air in a tube resonates to a particular note.

(v) A diver on a spring board builds up the amplitude of
oscillation of the body by bouncing on it at its natural
frequency.

(vi) Singers who can produce very high frequency notes can
cause wineglasses to break when the notes have the
same frequency as the natural frequency of the glass.
[Opera singers]

Applications of Resonance:

e In determining the speed of sound in air using a tuning
fork and the resonance tube.
In tuning strings of a musical instrument e.g a guitar
and tuning electrical circuits which include indicators.

Dangers of Resonance

e Causes bridges to collapse as soldiers match across
them. This can be prevented by stopping the matching.

e  Causes buildings to collapse due to earthquake.

e Chimneys can also collapse due to strong resonance.

Vibrations of air in pipes.

(@) When a wave of a particular wave length and frequency
is set into a closed pipe, reflection of the wave occurs at
the bottom of the pipe. The reflected wave will
interfere with the incidence when the length of the wave
is adjacent so that a node is reflected at the reflected
surface, a standing wave is produced.




The air column is now forced to vibrate at the same
frequency as that of the source of the wave which is a
natural frequency of the air column.

(a) Closed pipes.
This consist essentially of a metal pipes closed at one end
and open at the other.

Closed pipes boundary conditions.

At the closed end, there is a displacement node.

At the open end here is displacement antinode.

The allowed oscillation modes or standing wave patterns
are:-

(i) Fundamental note

M

ﬂ'l
4
vV v

L =
Fundamental frequency, A4l

Fundamental or lowest audible frequency (f1)

It is obtained when the simplest stationary wave form is
obtained.

(i) First overtone (3™harmonic)

Frequency of first overtone f3 is given by;
\' \'

f,=—
g
3 4] 41

(iii) Second overtone (5""harmonic)

(Vv

= —=5f,
2q (ﬁuj 41
5

The frequencies obtained with a closed pipe are f1, 3f;, 5 fi,
7f1 9f1, etc i.e. only odd harmonics’ are obtainable. Because
of the presence of only odd harmonics, closed pipes are not
as rich as open pipes.

In closed pipes, nodes are formed at closed ends and
antinodes at open end.

(b) QOpen pipes
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These are Pipes which are open at both ends.

In open pipes, standing waves resulting into resonance are
created when the incident waves are reflected by the air
molecules at the other end. Possible ways in which waves
travel are shown below:

In open pipes, the sound nodes are produced when antinodes
are formed at both ends.

Open pipes boundary conditions:
Antinodes are at both ends.
The allowed oscillation modes or standing wave patter are:-

Q) Fundamental note.( 1%t harmonic)

Fundamental frequency;

(i) First overtone (second harmonic)

Thus frequencies for notes produced by open pipes are
f,,2f ,3f, 41,
So an open pipe can produce both odd and even harmonics.

Therefore, open pipes produce a richer note than that from a
similar closed pipe, due to the extra harmonics.

In general;

+ For a closed pipe: f, = n(%) =nf,, Where, n = 1,

+« For an open pipe: ;f, = n(%) =nf,, Where, n=1,

End correction

Then, at the open end of the pipe is free to move and hence
the vibration at this end of the sounding pipe extend a little
into the air outside.

An antinode of the stationary wave due to any note is in
practice a distance, ¢ from the open end. The distance, ¢ is
known as the end correction.

For the closed pipe;-
Fundamental mode




Ay
Z=l+c<=)/11=4(l+c)

_1]_ v
f1_11_4(l+c)

Fundamental frequency,
v

fi = 3avo

For open pipe;-
Fundamental mode,

A
2

A
7=l+264:>/11=4(l+26)

_17_ v
f1_11_2(1+2c)

Fundamental frequency,
v
f1= 2(1+2¢)
Open pipes are preferred to closed pipes because they give

both odd and even harmonics hence better quality sound.

Determination of velocity of sound in air by Resonance
method.

Glass tube

Wilater

= Large glass jar

C = End correction, [, I, = Length of air columns.

e Assemble the apparatus as in the diagram.

e Put a vibrating tuning fork just above the resonance
tube.
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e  Gently lower the resonance tube until the 1%t resonance
(loud sound) occurs.

e Measure the length [, at which it occurs.

L +c= i A

e Raise the resonance tube until the 2" resonance (loud
sound) occurs.
Measure the length [, at which it occurs.

e  Subtract equation (i) from (ii) to eliminate c
3 1
(lz - ll) + (C'C) = Z}\‘ 'Z}\.
-1 =50
2 (12 - ll) = A
e Hence the speed or velocity of sound in air is
determined from the expression. V = fA.
V=2f(—- 1)
Example: 1.

In an experiment the velocity of sound in air using a
resonance tube, the following results were obtained:
e Length of 1% resonance = 16.1cm
e Length of 2" resonance = 51.1cm
e  Frequency of tuning fork = 480 H,
(i)

(i) Calculate the wave length | (ii) The end correction of the

of sound produced. resonance tube.

A=2( - 1) _ 1

1=2(51.1— 16.1) h+C=24

= 1

A=70cm 161+ = x70
C=175-16.1
C=14cm

(iii) The velocity sound in air.
V=2, - 1)

V =2 x 480 (51.1 16.1)
= X -
100 100

V = 336ms !

Example: 2.

A glass tube open at the top is held vertically and filled with
water. A tuning fork vibrating at 264 Hz is held above the
table and water is allowed to flow out slowly .The first
resonance occurs when the water level is 31.5cm from the
top while the 2" resonance occurs when the water level is
96.3cm from the top. Find the;-

Solution:

(i) Speed of sound in | (ii) End correction.
the air column. A=2(,-1,)

V=2f(, - 1)

963 315
96.3 31.5) A=2 ('100 - 100)

V=2X264(———

100 100 A=1296m

V = 342.144ms ™! 1
ms L+C=-2
Yy
0.315+C =% 1296

C =0.324- 0315
C =0.009m




Example: 3. 4. (a) A tuning fork of 256H, was used to produce
The frequency of the third harmonic in a closed pipe is 280 resonance in a closed pipe. The first resonance position
Hz. Find the length of the air column. (Speed of sound in air was at 22cm and the 2" resonance position was at
= 330ms™) 97cm. Find the frequency of sound waves.
Alternatively; (b) An open tube produced harmonics of fundamental
For a closed pipe, the frequency 256H,, what is the frequency of the 2
possible frequencies are; harmonics.
f1, 3f1, 5fi.....; where f; = 5. Atuning fork of frequency 256 Hz was used to produce
frequency of the resonance in a a tube of length 32.5cm and also in one
(fundamental note) of length 95.0cm. Calculate the speed of sound in the
air column. [320ms™]
But frequency of third . A tuning fork of frequency 512Hz is held over a
harmonic = 3f; = 280Hz. resonance tube of length 80cm. The first position of
resonance is 16.3 cm from the top of the tube and the
Thus; second position of resonance is 49.5cm. Find the speed
4] 3f1 =280 of sound in air. Why is it better to use a frequency of
330 =280 x — fi =93.33Hz 512Hz rather than one of 256Hz? [340ms™]
3 330 = 280 % 41 - See UNEB
B fi = v Sound 1989 Qn27 | 2006 Qn42 | 1989 Qn2
Y waves 1997 Qn23 | 2008 Qn26 | 1991
2001 Qn19 1994Qn10 1997 Qn26 | Qnl4
93.33 = 330 1990 Qn40 1998 Qn25 | 1999 Qn27 | 1991
41 1995Qn22 2002 Qn25 Qn40
2002 Qn17 1992
41 x93.33 =330 Qn32

1997
l=0.884m Qn33

990 = 11201

1 =0.884

Example : 4. Progressive 2000 Qn12 | Qn22 1990 Qné
The frequency of the 4™ overtone in an open pipe is 900Hz and/stationary | 2000 Qn29 | 2005 2000 Qn6
when the length of the air column is 0.4m. Find the waves 2000 Qn30 | Qn39 2004 Qn7
(i) Frequency of the fundamental note 1988 Qn25 2002 2008 2008 Qn6
(i) Speed of sound in air. 1989 Qn9 Qn31
Solution: 1995 Qn21 2008
(i)Frequency of the | Thus; Qn35
fundamental note 5f, =900 Section B
fi =180 Hz

For an open pipe, the
possible frequencies are; (ii) Speed of sound in air.
fu, 2fy, 3f1, 4fy, 5fi...;
where f, = _v

fi=o;

(frequency of the ) 21
fundamental note

v
f v 180 = —
1

ZE 21

But frequency of 4t v=2%x04x180
overtone =5f; = 900Hz.
v = 144ms~?!

Exercise:
The frequency of the 3 overtone (4" harmonic)
produced by an open pipe is 840H,. Given that the
velocity of sound in air is 330m/s, calculate;
(i Length of the people
(i) Fundamental frequency

A pipe closed at one end has a length of 10cm, if the
velocity of sound is 340m/s; calculate the frequency of
the fundamental note.

A tuning fork produces resonance in a tube at a length
of 15.0cm and also at a length of 40.0cm. Find the
frequency of the tuning fork.
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ELECTROSTATICS

5. ELECTROSTATICS

This refers to the study of charges at rest.
To understand the nature of charge, it is necessary to know
the structure of an atom.

Structure of an atom
The atom consists of three particles, namely

Differences between conductors and insulators

Conductors Insulators

- Electrons easily move - Electrons hardly move

- Electrons loosely held - Electrons tightly held

- The charge acquires is not | - Charge acquires is fixed
fixed.

Particle Charge Location

(i) Neutron | No charge In the nucleus of the atom

(ii) Proton Positive (+) | In the nucleus of the atom

(iii) Electron | Negative Outside the nucleus of the
(+) atom

Electron

Nugleus

Electron
shells

(Dhits)

The electrons are negatively charged while protons are
positively charged. The two types of charges however are
of the same magnitude in a neutral atom.

In a neutral atom, the number of negative charges is equal to
the number of positive charges and the atom is said to be
electrically neutral. Therefore, electrostatics is the study of
static electricity because the charges which constitute it are
stationary.

Conductors and insulators

A conductor is a material which allows charge to flow
through it.

It has loosely bound electrons known as conduction
electrons. The flow of these electrons constitutes current
flow.

Conduction occurs when electrons transfer charges as they
move from one part to another.

Examples: all metals, graphite, acids, bases and salt
solutions are conductors.

An insulator is a material which does not allow flow of
charge through it.

It has no conduction electrons because its electrons are
strongly bound by the nuclear attractive forces.

Examples: rubber, dry wood, glass, plastic, ebonite, fur,
polythene, sugar solutions etc.

Note: A body (Conductor or Insulator) can lose or gain

electrons.

e Loss of electrons leaves the body with a positive
charge.

e Gain of electrons leaves the body with a negative
charge.
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Electrification
This is the process of producing electric charges which are
either positive or negative.

Methods of producing Electric charges.

(i) By friction or rubbing or electron transfer (good for
insulators and non conductors).

(if) By conduction/contact (good for conductors).

(iif) By induction (conductors).

(i) Electrification by friction

e Two uncharged bodies (insulators) are rubbed together.
Electrons are transferred from the body to the other.
The body which looses electrons becomes positively
charged and that which gains electrons becomes
negatively charged.

Acquire positive charge Acquire negative charge

-Glass, Fur, Cellulose -silk, Ebonite (hard rubber),

Polythene

Explanation of charging by friction

All insulators do not have electrons arranged in the same
way i.e. some insulators have electrons held to them fairly
loosely e.g. in glass electrons are held fairly loose compared
to silk.

When glass is rubbed with silk, glass tends to lose electrons
faster than silk. This results in electrons being lost from
atoms of glass at the same time being carried by silk.

The lost electrons from glass are carried by atoms of silk, so
glass becomes positively charged and silk becomes
negatively charged.

NOTE: The production of charge by rubbing is due to
electrons being transferred (lost) from materials where they
are less held by the nucleus to the other materials where they
are tightly held by the nucleus.

Law of Electrostatics
o Like charges repel each other.
e Unlike charges attract each other.

NOTE: However, attraction between a charged body and
any other body DOES NOT necessarily mean that the other
body is of opposite charge.

Thus the only SURE/ TRUE test for presence of charge on a
body is repulsion.




Explanation of attraction between a charged body and an
uncharged body

When a negatively charged body is brought near a
conductor, induced charges are produced on the conductor.
The negative charges on the conductor are repelled by the
negative charge on the rod.

Consequently, the part of the conductor near the rod
becomes positively charged and the far end becomes
negatively charged.

Because the positive charge on the conductor is nearer the
negatively charged rod than the negative charge on the
conductor, the attraction between the positive charge and
negatively charged rod is greater than the repulsion between
the negative charge and the negatively charged rod.

The net force between the rod and the conductor is therefore
an attraction. Therefore because of this fact, the only SURE/
TRUE test for presence of charge on a body is repulsion.

Electrification by conduction i.e Contact method
(By sharing excess electrons)

Charged Un Charged
body (Al body (B)

Bodies in Bodies after

cotitact sepatration

Support the uncharged conductor on an insulated stand.
Put a positively charged rod in contact with the
conductor.

Because of mutual repulsion between the positive
charges in the rod, some of them are converted or
transferred to the conductor.

When the conductor is removed from the rod, it is
found to be positively charged.

NOTE:
The negative charges (electrons) migrate from the un
charged body to the charged body until the positive
charge on both of them is the same.
Sphere B acquires a positive charge because it has lost
electrons while sphere A is still positive but it is left
with less positive charges.

The insulated stand prevents flow of charge away from
the conductor.

To charge the conductor negatively, a negative rod is
used.

Electrification by induction (By Electrostatic induction)
Electrostatic Induction is the acquisition of charges in an un
charged conductor from a charged body placed near it but
not in contact with it.

Facts about charging a conductor by induction.

« Bringing a charging rod near the conductor to be
charged.

A charged body is brought near one end of the conductor to

be charged without touching it.

It induces charges on the conductor. That is electrons are

either repelled or attracted to one end.
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<+ Earthing the side of the conductor remote to the
charging rod in presence of the charging rod.

The other side of the conductor is earthed to allow inflow or

out flow of electrons from or to the earth.

« Breaking the earth connection in presence of the
charging rod.

While the charged body is still in position, the earth line

disconnected.

+» Removing the charging rod

The charged body is the removed and the net charge
distributes its self all over the conductor.

Note: The charge obtained is always opposite to that of
the charging body.

(a) Charging the body positively.
Charged ebonite or
polythene rod

Conductor

Free
—l

4+ electrons _

Insulator Brief
electron

L1 flow fo

(o) (o) “eorth (o

Procedure:

e Bring a negatively charged rod near the conductor
placed on an insulated stand. The positive and negative
charges separate as shown in (a)

In presence of the charged rod, earth the conductor by
momentarily touching it at the side furthest from the
charging rod with a finger. Electrons flow from it to the
earth as shown in (b).

In presence of the charged rod, disconnect the earth line
and then remove the charged rod.

The conductor is found to be positively charged.

(b) Charging the body by induction negatively,

Charged glass or
cellulose acetate rod

Conductor

- Ap—
electrons +

Insulgtor Brief
electron
I 1 Lflowfrom

“earth

)] (b) {c}

Procedure:

e Bring a positively charged rod near the conductor
placed on an insulated stand. The positive and negative
charges separate as shown in (a)

In presence of the charged rod, earth the conductor by
momentarily touching it at the side furthest from the
charging rod with a finger. Electrons flow to it from the
earth as shown in (b).

In presence of the charged rod, disconnect the earth line
and then remove the charged rod.




e  The conductor is found to be negatively charged.

Charging two bodies simultaneously:
(i) Such that they acquire an opposite charge.

Y

F,
I
i Insulator

Bodies on breaking
eatth contection

Earthing the sphete

sittltaneously

Two identical metal X and Y are supported by
insulating stands.

A negatively charged rod is placed between the two
metal spheres.

Positive charges in each sphere are attracted towards the
negatively charged rod and negative charges (electrons)
are repelled to the side remote to the charging rod.

In presence of the charging rod, both conductors are
earthed at the same time by touching the sides remote to
the charging rod.

On earthling the sphere, electrons flow to the ground.
When the earth is disconnected, the radial spheres are
left with positive charge.

When the charging rod is withdrawn, the positive
charge on the spheres distributes themselves over the
entire surface of the sphere.

Alternatively;
Charged
body w

|z| Y X Y
I I é %I;Insulatnr

Bodies after

sepatration

Bodies in contact
ity presence of
chatged rod

Support two uncharged bodies, X and Y on an insulated
stand and then place them in contact as shown in (a)
Bring a positively charged rod near the two bodies,
positive and negative charges separate as in (b).
Separate, X from Y in presence of the inducing charge.
Remove the inducing charge, X will be negatively
charged and Y will be positively charged.

(ii) So that they acquire the same charges
Charged

hady  w

|Z| Y X T
QO ! BQP (?
g ; Insulator

Farthing Bodies after

sphere ¥ separation

To charge the two spheres simultaneously such that they
acquire the same charge, Sphere Y (one remote to the
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charging rod) is earthed by touching it in presence of the
charging rod.

The gold leaf electroscope

Iietal Brass cap

Insulator

Earthed ——— |
Metal Case

MetalBrass rod

Metalf

Brass plate | ||w7 Gold leaf,
L — PlPrrrrrrrrrrrees

It consists of a brass cap and brass plate connected by a

brass rod.

A gold leaf is fixed together with a brass plate with a

brass.

The brass plate, gold leaf and part of brass rod are put

inside a metallic box which is enclosed with glass

windows.

Mode of action

e When a charged body is brought near or in contact with
the cap of the electroscope, the cap will acquire an
opposite charge to that on the body by induction.
The charge on the body will repel all charges similar to
it down to the metal rod, to the plate and the leaf.
Due to presence of like charges on the plate and gold
leaf, the leaf diverges as it is repelled by the plate.
Leaf divergence implies that the body brought near or
in contact with the cap carries a charge.

Charging a gold leaf electroscope by induction.
0] Charging it positively
Megatively

charged rod Btief  Breakthe earth
electton oopmection and

- . flow  hen remove the rod
I P Iﬁ T !-+ +

I ol

it —1 LN
Earth

Bring a negatively charged rod near the cap of the gold
leaf electroscope.
Positive charges are attracted to the cap and negative
charges are repelled to the plate and gold leaf.
The leaf diverges due to repulsion of the same number
of charges on the plates.
Earth the gold leaf electroscope in presence of a
negatively charged rod.
Electrons on the plate and leaf flow to the earth.
The leaf collapses.




e Remove the negatively charged rod, positive charges
on the ca spread out to the rod and leaf therefore the
leaf diverges hence the gold leaf is positively charged.

(ii) Charging it negatively.
Fositively
charged rod Btief Ereak the earth
]‘_Ijl-__-:j_ﬂ @ electton connection and
- :Ir“ w

flowr then remmove the rod

Get an uncharged gold leaf of electroscope.

Bring the positively charged rod near the gold leaf cap.
Negative charges are attracted to the cap and positive
charges are repelled to leaf and glass plate.

Earth the gold leaf electroscope in presence of a
positively charged rod.

Negative charges flow from the earth to neutralize
positive charges on plate and leaf.

The leaf collapses.

Remove the positively charged rod, negative charges on
the cap spread out on the leaf plate, therefore, the leaf
diverges and a gold leaf therefore becomes negatively
charged.

Uses of a Gold leaf Electroscope

1. To detect the presence of charge on a body.

Bring the body under test near the cap of a neutral G.L.E.
If the leaf deflects, then the body has got a charge.

However, if the leaf remains un deflected, then the body is
neutral (has no net charge).

2. To test the nature or sign of charge on a body.

, Lower
negatively ==
charged

electroscope

Increase Further increase

Bring the body under test near the cap of a charged G.L.E.
If the leaf diverges further, then the body has a charge
similar to that on the G.L.E.

However, if the leaf collapses, then the body is either neutral
or it carries a charge opposite to that on the G.L.E. In this
case, we cannot conclude. But the G.L.E is discharged by
touching its cap with a finger and then given a charge
opposite to the one it had previously and the experiment is
repeated.

If still the leaf collapses, then the body is neutral.

NOTE: An increase in leaf divergence is the only sure
test for the sign of charge on a body.

©Obagiradnl@gmail.com

Increase in leaf divergence occurs when the test charge
and the charge on the gold leaf electroscope are the
same.

3. To compare and measure potentials.

Two bodies which are similarly charged are brought in
contact with the cap of a G.L.E one after the other.

The divergences in the two cases are noted and compared.
The body which causes more divergence is at a higher
potential.

4. To classify conductors and insulators.

Bring the body under test in contact with the cap of a
charged G.L.E.

If the leaf collapses suddenly, then the body is a good
conductor.

If the leaf collapses gradually, then the body is a poor
conductor. The leaf collapses due to charge leakage.

If the leaf does not collapse, then it is an insulator.

Distribution of charge on a conductor.
Surface density is the quantity of charge per unit area of the
surface of a conductor.

The distribution of surface density depends on the shape
of the conductor.

It is investigated using a gold leaf electroscope and a
proof plane (a small metal disc with a handle made of
insulator).

The surface conductor is touched using a proof plane.
The proof plane is then transferred to an electroscope
by allowing it to touch the cap of the G.L.E.

The angle of leaf divergence is noted and it gives a
rough measure of the charge transferred and hence the
magnitude of surface density at that point.

Experimental results show that:
(i) Charge density is greatest at the most curved point.
(if) Charge always resides on the outside of a hollow
conductor.

(@ Hollow conductor

Charge transferred ﬂ
by proof plane

When the proof plane is placed on the outside surface of a
charged hollow conductor, charge is transferred to the
uncharged G.L.E, the leaf diverges as shown in (a). This
proves that charge was present on the outside of the surface.
When the proof plane is placed on the inside of a charged
conductor is transferred to the uncharged G.L.E, the leaf
does not diverge as in (b) therefore, charge resides on the
outside surface of the hollow charged conductor.




(b) Curved bodies

A curve with a big curvature has a small radius and a curve
with small curvature has big radius therefore, curvature is
inversely proportional to radius. A straight line has no
curvature.

Surface charged density is directly proportional to the
curvature. Therefore a small curvature has small charge
density. Surface charge density is the ratio of charge to the
surface area.

(Q3phetical iy Cotindrical

(i) Pear shaped
conductor conductor

conductor

ACTION OF POINTS

Charge concentrates at sharp points. This creates a very
strong electrostatic field at charged points which ionizes the
surrounding air molecules producing positive and negative
ions. lons which are of the same charge as that on the sharp
points are repelled away forming an electric wind which
may blow a candle flame as shown in the diagram below
and ions of opposite charge are collected to the points.

Positive air
o1 repelled

(Electric witid)

L,@é»

Highly cha.rg/ d
shatp point \J‘
Ele n::t:rn:nns
attracted to
shatp poitt

The electric witd
raty blow off a
nearby Lt candle

Therefore, a charged sharp point acts as;
(M Spray off” of its own charge in form of electric
wind.
(i) Collector of unlike charges.
The spraying off and collecting of charges by the sharp
points is known as corona discharge (action of points.)

Application of action of points (corona discharge)

e Used in a lightening conductor.

e Used in electrostatics generators.

e Electrostatic photocopying machines.

e Air crafts are discharged after landing before
passengers are allowed. Air crafts get electrified but
charge remains on the outer surface.

Lightening

A lightening is a gigantic (very large) discharge between
clouds and the earth, or between the charges in the
atmosphere and the earth.

A lightening conductor:

Lightening conductor is a single component in a lightening
protection system used to safe guard tall building from being
destroyed by lightening.
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It provides a safe and easy passage of charge to the earth
hence safe guarding the building.

A lightening conductor is made up of:
(i) Spikes placed high up on a tall building.
(if) copper strip which is fixed to the ground and on
the walls of the tall building ending with several
(iii) Copper plate buried under the grounded

How it works

Hegatively
charged clowd

Foazitive iona

Hegative ions

Mietal spikes

Copper strip

Electrons safely
flow to the earth

f Electrons dissipated
to the garth

Copper plate

Charging the clouds negatively by friction: A moving
cloud becomes negatively charged by friction.
Induction: Once it approaches the lightening conductor,
it induces opposite charge on the conductor.

lonization and neutralization: A high charge density on
the conductor ionizes the air molecules and sends a
stream of positively charged ions which neutralize some
of the negative charges of the cloud.

Conduction: The excess negatively charged ions are
safely conducted to the earth through a copper strip.
Faraday’s Ice pail experiment

Insulating
handle  +]_




PART I

Procedures:

¢+ Place an un charged metal can on an uncharged G.L.E.

+«+ Suspend a positively charged metal sphere and lower it
into the pail, without touching the pail as shown in
diagram ().
Move the charged metal sphere about inside the can and
then remove the metal sphere completely.

Observation:

Electric Field patterns

(a) Isolated charges

(i) Isolated positive charge (ii)Isolated negative charge

Action Observation

On lowering the metal sphere | G,L,E diverges

On moving the metal sphere | No observable change
about

Field lines point away from

the charge. Field lines point towards

the negative charge.

On complete removal of the | Leaf returns to its original
metal sphere shape.

(b) Unlike charges close together

PART Il

Procedures continued:
Lower the metal sphere again into the metal can, this
time allow the sphere to touch the bottom of the can as
shown in diagram (b).
Test the charge on the sphere using another G.L.E.

Observation:

The lines of force connect from positive charge to negative
charge.

Action Observation

On touching the metal can G,L,E remains diverged

(c) Like charges close together
The field lines repel side ways.

On testing the metal sphere | The sphere is found to have
with another G.L.E lost all the charge

Conclusions from Faradays’ experiment.

v" A charged metal object suspended inside a neutral metal
container induces an equal but opposite charge on the
inside of the container.

When the charged sphere touches the inside of the
container, the induced charge exactly neutralizes the
excess charge on the sphere.
When a charged body is suspended within a metal
container, an equal charge of the same sign is forced to
the outside of the container.

Electric fields

This is a region a round the charged body where electric
forces are experienced. Electric fields may be represented
by field lines.

Field lines are lines drawn in an electric field such that their
directions at any point give a direction of electric field at
that point. The direction of any field at any given point is
the direction of the forces on a small positive charge placed
at that point.

Properties of electric field lines
e They begin and end on equal quantities of charge.
e They are in a state of tension which causes them to
shorten.

They repel one another side ways.
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(i) like positive charges (ii) like negative charges

(d) Two charged plates/ a charged plate and a
point charge

L. &

Exercise:

1991 Qn.2 | 2005 Qn.34 | 2002 Qn.30

1997 Qn.28 | 2008 Qn.6 2005 Qn.5

1998 Qn.28 | Lightening & | 2006 Qn.33
Electric fields

1999 OQn.31 | 1992 On.21 2007 Qn.32

2000 Qn.35 | 1994 On.14 1988 Qn.17

2001Qn.22 | 1995 Qn.26

2004 Qn.10 | 1998 Qn.40

2005 Qn.28 | 2000 Qn.17

SECTION B

1989 Qn. 60

(a) Sketch the electric field patterns for the following;
(i) Two negative charges close to each other
(if) A positively charged conducting sphere
(iii) Two oppositely charged parallel plates




(b) Explain the following observations;
(i) The leaves of a positively charged gold leaf
electroscope fall when the cap is touched.
(if) When a positively charged conductor is lowered in
an ice pail placed on the cap of an uncharged
electroscope, the leaves diverge. When the
conductor touches the inside of the pail, the
divergence of the leaves is not altered.
(c) Explain how a lightening conductor safe guards a house
against lightening.

1990 Qn.8
(@ Draw a well labeled diagram of a gold leaf
electroscope.
(b) Describe an experiment to test the charge on a charged
body using a gold leaf electroscope.
(c) Draw electric field patterns for;
(i) Two positively charged bodies at a small distance
apart.
(if) Anisolated negative charge.

1991 Qn.7

(a) State the law of electrostatics.

(b) Describe how two identical metal balls may be charged
positively and simultaneously by induction.

(c) (i) Explain what happens when a negatively charged rod
is brought near the cap of an uncharged electroscope
and slowly taken away.

(ii) Briefly explain how an electroscope can be used to test

whether a material is a conductor or an insulator.

(d) What precautions should be taken when carrying out
experiments in electrostatics?

1994 Qn.7

(a) Explain why a pen rubbed with a piece of cloth attracts
pieces of paper.

(b) A positively charged metallic ball is held above a
hollow conductor resting on the cap of a gold leaf
electroscope.

Explain what happens to the leaf of the electroscope as
the ball is lowered into the hollow conductor.

1998 Qn.10

(a) Explain what happens to an insulator when it is rubbed
with another insulator of different material?

(b) The figure below shows a conductor supported on an
electrical insulator. The conductor is given some
positive charge.

Show how the charge is distributed on the conductor.

(c) Sketch the electrical field pattern due to two unlike
charges P and Q below.

P 0

® O
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2005 Qn.4
(@) Describe how you would use a gold leaf
electroscope to determine the sign of a charge on a
given charged body.
(b) Explain how an insulator gets charged by rubbing.
(c) Sketch the electric field pattern between a charged
point and a metal plate.

(d) Four non- metallic rods W, X, Y and Z are tested
for charges. X attracts W and Y and repels Z. Z
repels W and Y. W and Y repel each other. Which
of the following statements is true about W, X, Y
and Z?

A. Xis charged, Y is uncharged.

B. X is un charged, W and Y are charged.
C. W, Y and Z carry the same charge.

D. X, Y and Z carry the same charge.

Two pith balls are suspended by a nylon thread.
When a positively charged rod is placed between
them, A is attracted while B is repelled.

+

What charge does A and B have?
A
Positive Positive
Neutral Positive
Positive Negative
Neutral Neutral




6. ELECTRICITY

0.1. m ELECTRIC CELLS OR BATTERIES

A cell is a device which directly changes chemical energy to
electrical energy.

Types of electric cells

a) Primary cells, these are cells which cannot be recharged
and their chemical reaction which produces electrical
energy cannot be reversed e.g the simple cells, dry cells

b) Secondary cells, these are cells that can be recharged
and the chemical reaction that produces electricity can
be reversed by passing the current thru the opposite
direction.

(a) Primary cells

These are cells which produce electricity from an
irreversible chemical reaction.

They cannot be recharged by passing a current through them
from another source and their chemical reaction which
produces electrical energy cannot be reversed

Examples of primary cells;
(i) Simple cells (Voltaic cells)
(ii) Leclanche’ cell (Dry cell and Wet cell)

(i) Simple cells (Voltaic cells)

A simple cell is made up of two electrodes and an
electrolyte. A more reactive metal becomes the cathode
while the less reactive metal becomes the anode.

It commonly consists of a copper rod (Positive electrode)
and the zinc rod (Negative electrode) dipped into dilute
sulphuric acid (Electrolyte). The electrodes are connected by
pieces of conducting wires.

In a simple cell, the cathode is Zn, the Anode is copper and
the electrolyte is dilute HSOa.

Bulb

Current ﬂu:n.;/ ‘\Electmn flowr
Zine
plate

Dilute
Sulphuric acid

Mechanism of the simple cells

A simple cell gets its energy from the chemical reaction
between Zn and H,SO4 (aq) i.e.

Zn (S) + H2SO4 (ag) ———» ZnS0O4(aq) + Hz

Electrons flow the negative plate zinc to the positive plate
copper while current flows from the positive to negative
plate.
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At the cathode
When the circuit is complete, the zinc rod slowly dissolves
and goes into electrolyte as zinc ions Zn?*, according to the
equation;

Zn (s) -
At the anode
The electrons travel through the external circuit and arrive at
the copper electrode, where they are picked up by the
hydrogen ions from the acid to form hydrogen gas according
to the equation:

2H*(aq) + 28 -  Hy(g)

Zn%*(aq) + 2e€

<+ Thus bubbles of a colourless gas are seen at the copper
plate.
+» The reaction generates an electric current.

DEFECTS OF A SIMPLE CELL

Defect

How to minimize

1. Polarization:

This is the formation of
hydrogen bubbles on the copper
plate. The hydrogen given off
insulates the anode from the
electrolyte. This reduces the
voltage of the cell.

-Use of a depolarizing
agent like potassium
dichromate,(K2,Cr.07)
or manganese dioxide
(MnQg), which oxides
hydrogen to form
water.

-Brushing the copper
plate occasionally.

2. Local action: -Rubbing clean Zinc
This is due to some reaction | with mercury
between the impurities in Zinc | (amalgamating

and the acid resulting into the | zinc).This prevents
formation of hydrogen bubbles | contact of the
on the zinc plate. The hydrogen | impurities with the
bubbles insulate zinc from the | electrolyte)
electrolyte. -Cleaning Zinc with
conc. H>SO4.

NOTE: A simple cell stops working after a short time
because of polarization and local action.

(ii) Leclanche’ cells

+ Dry Leclanche’ cell (Portable, electrolyte cant pour out,
faster depolarizing action & can maintain high steady
current for some period of time)

Wet Leclanche’ cell (Bulky and electrolyte can easily
pour out, slow depolarizing action & cannot maintain
high steady current which lights).

Here polarization and local action are avoided

e Manganese (iv) oxide is in place to act as a depolarizing
agent to oxidize hydrogen to water. Thus preventing
polarization.
The carbon powder reduces the internal resistance of
the cell and increases the conducting surface area.




« Dry Leclanche’ cell

L Dletal’ Brass cap

Insulator (polythene)

Zine cat

Ammondum
chloride jelly

Powdered carhon and

mangatese (1¥) oxide

©)
R TR R

Cathon rod

©

Carbon is the anode and Zinc is the cathode. The electrolyte
is ammonium chloride jelly. The chemical reaction between
zinc and ammonium chloride is the source of electrical
energy is a dry cell and therefore e.m.f is up.

Zn (s) + 2NH4Cl (ag) ——» ZnCl; + 2NH3 + H2 (9)

The e.m.f produced goes on to fall due to polarization and
local action. These are the defects of a dry cell.

Polarization

The formation of Hydrogen bubbles at the carbon rod.

Its prevention

The manganese IV oxide around the carbon rod acts as a
depolarizing agent which oxides hydrogen to water.

Note:Even if the cell is not working (giving out e.m.f) e.m.f
reduces because of local action.

(b) Secondary cells (Accumulators) (or storage cells)
Secondary cells are cells that can’t be recharged by passing
a current through them from another source once they stop
working or reduce on the amount of current being supplied.
Current is produced as a result of a reversible chemical
change taking place within the cell.

Use of accumulators

-To start (ignition) of a cars and other locomotives and to
provide light to motor cars.

-Used in factories to run machines

Examples of secondary cells (Accumulators)
There are two types of accumulators.
(i) Lead acid accumulator
(if) Alkaline accumulator (e.g Nickel — cadmium cell;
NiCd cell, Nickel —iron cell ; NiFe cell)

(i) Lead acid accumulators

A Lead acid storage battery consists of cells connected in
series. Each cell consists of a lead plate (negative
electrode), lead dioxide (or lead (iv) oxide) (positive
electrode), and dilute sulphuric acid as the electrolyte.
When the accumulator is fully charged, the relative density
of the acid is about 1.25 and the e.m.f of each pair is 2.2V.
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Lead dioxide |: —— Lead Plate
Flate ; - (Cathode)
(Anode) :

sulpharic acid

The cathode is lead, the anode is lead dioxide and the
electrolyte is dilute sulphuric acid.

When it is working both electrodes gradually change to lead
sulphate while the acid becomes more dilute and its relative
density decreases.

Mechanism of an accumulator.
When in use, the negative lead electrode dissociates into
free electrons and positive lead (ii) ions.

Pb(s) — Pb%**(aq)+ 2e

The electrons travel through the external circuit while the
lead (ii) ions combine with the sulphate ions in the
electrolyte to form lead (ii) sulphate.

Pb%*(aq) + SO,*"(aq) -

PbS0,4(aq)

When the electrons re-enter the cell at the positive lead
dioxide electrode, a chemical reaction occurs. The lead
dioxide combines with the hydrogen ions in the electrolyte
and the electrons to form water, releasing lead (ii) ions into
the electrolyte to form additional lead (ii) sulphate.

PbO (s) + 2H"(aq) + 2é — H,0(l) + Pb%*(aq)

Care and maintenance of lead —acid accumulator

Dos

DONTs

(i) The battery should be
charged regularly.

(ii) The liquid level should
be maintained using
distilled water to ensure
that electrodes are nor
exposed.

(iii)  Cells should be
charged if the R.D. reduces
to 118 R.D. can be
checked using a
hydrometer.

(iv) Cells should not be left
uncharged for a long time.

(v) When charging, avoid
nearby flames because O
and H; are given off during
the process i.e. O, is from
Anode and Hy from
cathode.

(vi) Avoid shortening the
terminal i.e. you should not
connect the terminals with a
low resistance wire or metal
because when shortened too
much current is taken away
from the cell.

(vii) Avoid overcharging
and over discharging.

(ii) Alkaline cells

+» Nickel — cadmium (NiCd cells)
Anode is the Nickel —hydroxide and cathode is cadmium

++ Nickel — Iron (NiFe Cells)

Anode is Nickel hydroxide and cathode is iron.

In both cases, the electrolyte is potassium hydroxide
dissolved in water (caustic potassium solution)




Mickel

(Cathode)

+—— Potassnum
hrpdromide

- Used in battery driven vehicles

- Used for emergency lighting

Advantages of alkaline cells

accumulators

over Lead-acid cells or

Alkaline Accumulators

Lead-acid accumulators

(i) Require no special
maintenance.

Require special
maintenance

(ii) May be left uncharged for
a long time without being
damaged. They can be out of

They get damaged if left
un charged for a long
time.

use for a long time

(iii) Are less heavy. Are heavy.

(iv) Are long lasting. Are not long lasting.

(v) They provide large | They
currents  without  being | currents.
damaged.

provide low

(vi)  Are suitable  for
supplying steady current for a
long time.

(vii) Can with stand over | Can be damaged by over
charging. charging.

Disadvantages of the alkaline cells over the lead acid
cells.
Alkaline cells are expensive compared to lead acid
cells.
Alkaline cells have a low e.m.f and a higher internal
resistance.
Cadmium compounds are poisonous
They do not properly store charge.

Capacity of an accumulator

This is the amount of electricity which an accumulator can
store. It’s measured in ampere hours (Ah)

Capacity = current (A) x time (h)

Capacity = It

Example:
How long wills a cell marked 80Ah supply a current of 4.5A
before it is exhausted.

Solution:
Capacity = current (A) x time (h)
Capacity = It
80 = 45xt
t = 17.8 Hours

Charging an accumulator (battery charging)
D2 supply

+ .
NS

— Electrolyte
(Dil. Hy304 or KOH)

An accumulator is recharged by passing a current through it
from a D.C supply in the opposite direction to the current it
supplies.

Positive of the D.C. supply is connected to the positive of
the accumulator while negative terminal of the D.C. supply
is connected to the negative of the accumulator.

The acid becomes more concentrated during charging and
R.D. of the acid increases.

The__Rheostat varies resistance to make the current
adjustable.

The ammeter measures the charging current which becomes
low as the accumulator is charged and restored to usable
condition. This is due to the rise in the e.m.f of the
accumulators.

When chemicals have been restored to their original
condition, hydrogen gas is given off (gassing process) and
the cell is said to be fully charged.

Note;

% When an accumulator (battery) is being charged,
electrical energy charges to chemical energy.
When a battery (an accumulator) is being used
(supplying current), chemical energy changes to
electrical energy.
Direct current is used during the charging process
because alternating current would charge the
accumulator in the first half cycle and then discharge it
in the next half cycle.

Question:
Six accumulators each of e.m.f 2V and each of internal as
shown below;

D.C supply Voltage
+ -
—" O

AT 100

1] [ —e)

&coumulators

(M Explain why its necessary to include a rheostat in
the circuit.
Explain why direct current is used in the charging
process.
What will the ammeter read if the Rheostat is set at
5.4Q. (1=2A)

171
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(iv) Find the rate at which electrical energy is
converted to chemical energy in (ii) above. (P = 2
4W).

Differences between primary cells and secondary cells.

Primary Cell Secondary Cell

-Cannot be recharged once | -Can be recharged when
it stops working they stop working.

-Current is produced as a | -Current is produced as a
result — of irreversible | result of reversible
chemical change. chemical change.

-Provide a lower e.m.f -Provide a hiigher e.m.f
-Works for a shorter time | -Works for a longer time.
-Higher internal resistance | -Lowe internal resistance

Exercise:
1.
| 1995 Q.28 | 1998 Q.33 | 1998 Q.39 | 2002 Q.15 |

2. Which of the following statement(s) is or are true?
(i) Regular charging
(if) Maintaining the level of acid by topping it up
with distilled water.
(iii) Avoid over discharging
(iv) Avoid shorting the terminals.
A: (i), (ii) and (iii) only. B: (i) and (iii) only.
C: (i), (iii) and (iv) only. D: all

3. 1993 Qn.6
(@ (i) Draw a diagram to show the structure of a
simple cell.
(if) Give one defect of a simple cell and state how it is
minimized.
(b) Explain how a lead acid accumulator can be
recharged when it has run down.

1994 Qn.4

(@) List four different sources of e.m.f

(b) State two advantages of a secondary cell over a
primary cell.

1995 Qn.6
(@) Explain why a current does not flow between
the electrodes in dilute sulphuric acid until a
certain value of p.d is exceeded.

1996 Qn.10
(a) State two advantages of nickel iron
accumulator over a lead acid accumulator.
(b) Name the gases evolved during the charging of
the lead acid accumulator.
(c) Why adry cell is called a primary cell?

©Obagiradnl@gmail.com




0.2. m CURRENT ELECTRICITY

D.C source A.C source

Electricity is the flow of charged particles such as electrons
and ions.

Electricity has various forms which include static electricity
and current electricity. Static electricity is discussed in
Electrostatics and current electricity will be discussed
majorly now.

Electric current is the rate of flow of charge. OR It is the
rate of flow of electrically charged particles.

Steady current is the constant rate of flow of charge.

It’s measured in amperes represented by A. 1 A =1 CS™,
An ampere is a current when the rate of flow of charge is
one coulomb per second.

Qn. What type of quantity is current?

Source of electric energy
It has various sources which include among others;-

(i) Chemical energy. It is also known as potential or stored
energy and releasing it always requires combustion of
burning of coal, natural gas etc.

(i) Thermal energy. Heat means thermo/ it can produce
electrical energy when /after combustion of fossil fuels and
biomass.

(iif) Kinetic energy. This is energy in motion e.g. moving
water, moving wind etc as they turn the turbines.

(iv) Nuclear energy. Its energy in the bonds inside atoms
and molecules during its release it can emit radioactive and
thermal energy as well. It is normally produced in nuclear
reactors

(v) Solar energy. This is energy from the sun which can be
captured by photovoltaic cells and then a source of electrical
energy.

There could be other sources of energy but generally, the
above are the major sources.

Common electrical /appliances we use in Uganda
include.

- Electrical lamps - Electric kettles

- Electric plates (cookers) - Electric flat irons
N.B. Electrical appliances can be defined as devices used to
simplify worker but use electricity as a form of energy.

Electric circuits and symbols

Symbols

Electric symbols are symbols used in electricity during the
circuits to draw them schematically and represent electrical
and electronic components.

They include;
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Battery Alternating
current (a.c)

| or
® i}‘“‘|| i _Dﬂuﬂ.:._

Meters

Voltmeter

Ammeter Galvanometer

Resistors

Fixed resistor Variable resistor
(Rheostat)

=N | | A
(")

Bulb or L
Wires

Connected wires | Wires not joined Open switch

_ &

Capacitors

Fixed capacitor Variable capacitor

i E— | — A — | =

There are very many symbols but these are the mostly used
electrical symbols.

Terms used;

(i) Charge, Q; Is the quantity of electricity that passes a
given point in a conductor at a given time.

The S.I unit of charge is a coulomb. A coulomb is the
quantity of electric charge that passes a given point in a
conductor when a steady current of 1A flows in one second.

(i) Current, (1); Is the rate of flow of charge. i.e. I = -

The S.I unit of current is an ampere. An ampere is a current
flowing in a circuit when a charge of one coulomb passes
any point in the circuit in one second.

1A = 1Cs™!

Example 1: UNEB 2008 Qn.32
A current of 6A amperes flows for two hours in a circuit.
Calculate the quantity of electricity that flows in this time.




Solution:

Given: Q=1It

I = 6A,t = 2hrs Q=6x7200
=2X%x60x60=7200s. | Q =43200C

Q=?

Example 2: UNEB 2007 Qn.48 (b)
A charge of 180C flows through a lamp for two minutes.
Find the electric current flowing through the lamp.

Solution:

Given: Q=1t

Q = 180 C,t = 2minutes 180 =1x120
=2X60=120s. [=15C

Q=7

(iii) Potential difference (P.d); Is the work done in
transferring one coulomb of charge from one point to
another in a circuit.

Whenever current flows, it does so because the electric
potential at two points are different. If the two points are at

the same potential, no current flows between them. P.d = %

The S.I unit is a volt. A volt is the potential difference
between two points in circuit in which, 1J of work is done in
transferring 1C of charge from one point to another.

1v =1jc?!

(iv) Electromotive force, (e.m.f): Is the work done in
transferring one coulomb of charge around a complete
circuit in which a battery is connected.

It is the p.d across a cell in an open circuit.

Sources of electrical e.m.f.

(i). Electric cell: This converts chemical energy to
electrical energy.

(if). Generators: These convert mechanical energy to
electrical energy.

(iii). Thermo couple: This converts thermal energy (or
heat energy) to electrical energy.

(iv). Piezo-electric effect (Crystal pick ups)

(v). Photo electric effect (solar cells)

(v) Electrical Resistance, (R): Is the opposition to the flow
of current in a conductor. R = %

The S.I unit of resistance is an ohm (). An ohm is the
resistance of a conductor through which a current of one
ampere flows when a p.d across it is one volt.

(vi) Internal resistance of a cell, r:
Internal resistance of a cell is the opposition to the flow of
current within the cell.

(vii) Open circuit: where current is not being supplied to an

external circuit.

(viii) Closed circuit: Where the cell is supplying current to

an external circuit.

1. E.m.f:- Is the work done to move a charge of IC
through a circuit including a source (cell) i.e. the p.d.
when the cell is not supplying current to an external
circuit.

Terminal p.d. The work done to move a charge of IC
through a circuit across the terminals of a battery i.e.
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it’s the p.d when current is being delivered to an
external circuit.

NB. The value of the terminal p.d. is always less than e.m.f
because of the opposition to the flow of current inside the
cell.

Internal resistance: Is the opposition to the flow of current
within the cell.

E.m.f = Terminal pd.+<

E=VR + Vr
E=1IR + Ir

p. d across the internal )
resistance, r '

Factors affecting resistance of a conductor.

The resistance of a conductor is independent of the P.d, V
and the current I through the conductor but it depends on
physical factors like; length, cross sectional area and
temperature.

Factor Effect on resistance

(i) Length, | Increasing the length increases the
R x [ resistance of the conductor.

This is because increase in length
increases the number of collisions
electrons have to make with atoms
as they travel through the conductor.
This reduces the drift velocity of the
free electrons and hence increases
the resistance of the conductor.

(i) Cross sectional | When there is an increase in the
area, A cross sectional area of the conductor,
1 the number of free electrons that
R A drift along the conductor also
increases.
This means that there is an increase
in the number of electrons passing a
given point along the conductor per
second, thus an increase in current
Consequently, this reduces the
resistance of the conductor.

(iii)Temperature, T | When there is an increase in the
1 temperature of the conductor, the
R T atoms vibrate with greater amplitude
and frequency about their mean
positions.
The velocity of the free electrons
increases which increases their
kinetic energy. Consequently, the
number of collisions between the
free electrons and the atoms
increases.
This leads to a decrease in the drift
velocity of the electrons. This means
that there is a decrease in the number
of electrons passing a given point
along the conductor per second, thus
a decrease in current
Consequently, this increases the
resistance of the conductor.

(iv) Nature of the | Good conductors like metals have
substance. low resistance while poor conductors
(insulators)  have  very  high
resistance.




Note: Supper conductors are materials whose resistance
vanishes when they are cooled to a temperature near
—273°cC.

Combining the first two factors at constant temperature, we
get:
l l

Rx—<=R=p—
A Py

Where, p is a constant which depends on the nature of the
conductor. It is called the Resistivity of the conductor.

Thus thick and short conductors have lower resistances
compared to thin and long conductors.

Resistivity, p:

Is the electrical resistance across the opposite faces of a
cube of 1m length.

The S.1 unit of resistivity is an ohm metre,(Q2m).

Conductivity, o
Is the reciprocal of electrical resistivity.

1
o=—
p

Ohms law:

It states that the current through an ohmic conductor is
directly proportional to the P.d across it provided the
physical conditions remain constant.

Experiment to verify Ohms law;

Cell
K/ I

= @
(o

-The circuit is connected as shown above.

-Switch, K is closed, and a current, | flows through the
circuit.

-Read and record the ammeter reading and the
corresponding voltmeter reading.

-The rheostat is adjusted to obtain several values of V and I.

-Plot a graph of V against |

&

V()

Y

-1t is a straight line graph through the origin, implying that
V is directly proportional to I which verifies Ohm’s law.

Note: In case the experiment requires resistance, then the
slope of the graph is the resistance.

From the graph; Slope,R = ¥ = tan 0.
Where 0 is the angle between the line and the horizontal.
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Limitations of ohm’s law

v' It only applies when the physical conditions of a
conductor are constant e.g. temperature, length of a
conductor, cross section area e.t.c.
It doesn’t apply to semi conductors e.g. diodes and

electrolytes

Ohmic and non- ohmic conductors
- Ohmic conductors are conductors which obey ohm’s

law. E.g. Metals.

Non Ohmic conductors are conductors which do not
obey ohm’s law e.g. filament lamps, in diodes, neon gas

tubes.

The graphs of current against voltage for different

conductors.

(i) Ohmic conductor
(Pure metal)

(ii) Electrolytes

I (A

V (V)

The straight line passes
through the origin.
The conductor

obeys Ohm’s law.

closely

c,s0, Dil.H,S0,

I (A) solution & carbon
electrodes

[

| V (V)

Conductions in electrodes
and electrolytes are both
ohmic.

For some electrodes
conduction begins after the
voltage has reached a certain
value,

(iii)  Semi
diode

Conductor

(iv)  Thermionic  diode
(diode valve)

1 (A)

— v

There is a slow rise in the
current and it is nearly
Ohmic.

(A

I vv)

The graph is fairly Ohmic. At
saturation, the current
becomes constant.

(v) Thermister
And carbon resistor

(vi) Filament bulb

Vv (V)

The resistance of a
thermister decreases as
temperature increases. A
fall in resistance causes
current to increase more
rapidly.

Vv (V)

At low currents, the graph is
a straight line. As current
increases, more heat is
produced and temperature
increases which increases the
resistance of the filament
wire,

(v) Acid water

(vi) Neon gas




V()

Dilute H; 50, With
platinum electrodes

ELECTRIC CIRCUITS

An electric circuit can be defined as a combination of
electric appliances represented by electric symbols for a
particular purpose.

A circuit can be open (incomplete) or closed (completed).
An open circuit is circuit in which electrons are not
continuously flowing.

A closed circuit is a circuit which is complete and having
electrons continuously flowing.

Parallel and series electric circuits’ connection

In connections, we must either connect in series or in

parallel.

Some examples

1. A current of 4A flows through an electric kettle when
the p.d. across it is 8V. Find the resistance.

2. What voltage is needed to make a current of 0.4A flow
through when the appliance has resistance of 20Q?

Questions

1. Give the unit and its symbol for
(@ Current
(b) Charge
What instrument is used to measure current.
A charge of 4C flows through an ammeter in 1s. What
reading will the ammeter show? If the same charge
flowed through the ammeter in 2s. What would the
current be?
(a) Draw a circuit diagram to show two cells connected
in series with a switch and two bulbs.

(b) Draw a 2™ circuit diagram with the same components,
but with a switch and two bulbs in Parallel with each other.

Qn. Determine resistance from the information given.

p.d(V) |1.05 | 140 |1.80 |220 | 2.40

I (A) 015 |020 |0.25 |030 |034

RESISTANCE

It can be defined as the opposition to the flow of current thru
a conductor. A resistor is a conductor which opposes the
flow of current thru it.

The unit of resistance is an ohm ( Q)

An ohm is the resistance of the conductor when a current of
1 Ais flowing and a p.d. of 1 V is across its ends.
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Resistor Net works

Q) Series arrangement of resistors
Resistors are said to be in series when they are connected
end to end so that the same amount of current is the same.
The positive of one load is connected to the negative of
another load.

[
|
b

In series

0 Same current flows through each resistor.

(i) P.d across each resistor is different

(iii) Total p.d V = sum of p.d across each resistor.

Thus:V = V1 + V2 + V3

Using Ohm’s law, V1= IRy, V2= IRz and V3= IR3
V= IRl + IR2 + IR3
V= I(Rl + Rz + R3)

If R is the resistance of a single resistor representing the
three resistors, then V=IR.
IR=1(R; + R, + R3)

R:R1+R2+R3

Series circuits

The current is the same at all points around a series circuit
connections i.e. from the source (battery/cell) up to all
points when its fully connected.

Battery
L | | | |
+ | |

@

Lampl LampZ

Which is a series connection and current being measured in
series.

(i) Parallel arrangement of resistors

Resistors are said to be in parallel if they are connected such
that they branch from a single point (known as a node) and
join up again.

The positive of one load is connected to the positive of
another load.




For parallel
Q) P.d across each resistor is the same.
(i) The main current flowing splits and therefore,
the current through each resistor is different
(iii) Total current, | is equal to sum of the current
through each resistor.
Thus:I=1, +1, + 13
Using Ohm’s law, V; = 1; V, = A andV; = A
Ry Rz R3
v VvV V
Ry * R, * R,

I—V(1+1+1)
~ \R; R; Rj

I

If R is the resistance of a single resistor representing the
three resistors, then: I = =

Note: For only two resistors in parallel, the effective
resistance can be obtained as follows:
1 1 1 1 R,+R, R;R,

— et — s —= = —
R R, R, R RyR, R, + R,

Parallel circuits

Lamp 2

Ammeters are for measuring the current in a parallel circuit.
It’s characteristic in parallel connections to derive current
whenever it reaches the parallel arms of the circuit. But
current later recombines to form the original current again
before it returns to the cell.

Examples:
1. Show that for two resistors in parallel, the effective

_ RR,

resistance Rl +R 2

2. What is the total resistance of the resistors below;

—{ 1000 — son ——»

3.  What is the effective resistance of the circuit below?

—1 500 200
300 100

250 1500

More combinations:

It’s very possible to have series and parallel connections
combined and in this case, we apply both principles within a
given circuit.

1

LI
Ry

|
| |

Rz

If the effective isR
Let the effective of Ry and Rz be R,
1 1 1 R;+R,

=— 4+ — =
R; Ry RRy

Rp '
Let the effective of Rz and R4 be Ry
RS = R3 + R4_

Thus the effective resistance R is given by:
R=R, + R,
L B
" Ry+R, Ot
Voltage and connections
Voltages or e.m.f’s can also be connected in series or
parallel.
Cells in series
In this case, we sum all the individual e.m.f’s to obtain the
total e.m.f’s:

Ammeter Voltmeter

-A  device used to|-A device used to measure
measure current potential different

-It has a wvery low | -Ithasa very high resistance
resistance -Connects across the path of the
-Always placed in the | conductor whose p.d. is to be
path of current, i.e in | determined, i.e in parallel.

r1 rz r3

|E1 ETE3

Effective e.m.f, E Effective resistance, r

E=E1+E2+E3 r=ri+r2+rs

series

Gl

| S—
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Cells in parallel
For the case of parallel connection of e.m.f. they have the
same e.m.f.




Effective e.m.f, E

Effective resistance, r

E=Ei1=E2=Es

EXAMPLES

1. (1991 Qn. 35). In the circuit diagram below, the
ammeter reading is 0.2 A. Find the voltmeter reading.

1
| S|

A
&) EJ
1052

2082

Let Ri=10Q, R2=20L, R3=30Q, I=0.2A, V=?

First determine the
effective resistance, R

Now that we know | and R,
let us use Ohms law; V=IR

R:R1+R2+R3
R=10+20+ 30
R =60Q

V=IR
V=02x60
V=12V,

(1997 Qn. 35). Two coils of wire of resistance 2Q and
3Q are connected in series with a 10 V battery of
negligible internal resistance. Find the current through
the 2Q resistor. [Ans: 2A]

Solution:

Let Ri=10Q, R2=20L, R3=30Q, I=0.2A, V=?
20 an

K
10V

24

Solution:

Let Ri= 3Q, Ro=3Q, I=2A, V=2

First determine the | Now that we know | and R,
effective resistance, R let us use Ohms law; V=IR

V=IR
V=2x15
V=3V

(2007 Qn. 3). What will be the reading of the ammeter
in the figure below if switch Kz is;

ll.SV

| @

(i)  Openand Kz is closed

(if)  Closed and K is closed.
Solution:
(i) When K is open and K; closed, current flows
through the 4Q only. Let R=4Q, V=15V, I=?

First determine the | Now that we know | and R,
effective resistance, R let us use Ohms law; V=IR
V=1IR
1.5=1x4
[=0.375A

R =40

(i) When K3 is closed and Kj closed, current divides
into the 2Q and 4Q. Let R 1=2Q, R,=4Q, V=15V, [=?

First determine the | Now that we know | and R,

First determine the effective | Now that we know V and R,

resistance, R

let us use Ohms law; V=IR

R:R1+R2
R=2+3
R =50

V=IR
10=1x5
51=10

effective resistance, R

let us use Ohms law; V=IR

1

V=IR

15—I><4
T3

[=2A

(1993 Qn. 15). A current of 2A in flows in a circuit in
which two resistors each of resistance 3Q are connected
as shown in the figure below. Calculate the P.d across
XY.
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[=1125A

(2008 Qn. 28). The figure below shows two cells each
of eem.f 4.5 V and internal resistance 0.5Q, connected
to a 2Q resistor.




n

What is the ammeter reading?
Solution:

Let ri= 0.5Q, r>= 0.5Q, Rs=2Q V= 4.5V (Voltages in
parallel; Ei=E2=V), I=?

First determine the | This resistance Rp is now
effective resistance, Rp of | in series with the 2Q
the resistors in parallel. resistor.
Thus  the effective
1 1 1 resistance, R is;

r; 1, R=Rp+R3

R=0.25+2
4 R = 2.25Q

1

1+1
505

5

1
0

Now that we know | and
R, let us use Ohms law;
V=IR
45=1x2.25
I=2A.

1
R=-0=10.25Q
2 0.25

6. (1994 Qn. 4). The diagram below shows three resistors,

1.8Q, and 2.0 Q and 3Q resistor.
|5 v
| |

1
| IS |

n

180 —
L

n

Calculate the; (i) Effective resistance of the circuit
(ii) Current through the circuit.
(ii1) P.d across the 2Q resistor
(iv) Current through the 3Q resistor.

Solution:

(i) Effective resistance of the circuit

The 2Q and 3Q are in parallel. Their effective
resistance is in series with the 1.8Q resistor.

Thus the effective resistance R is given by:

R=R, +R;

RiR,

R= +R
R, +R, 3

2X3 6
R = +18©R==-+18<R=12+138
2+3 5
R =30

(ii) Current through the circuit.
From Ohms law; V=IR.

V=IR

5=1x3

1—5—167A
=3=1L
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(iii) P.d across the 2Q resistor
P.d across the 2Q resistor is equal to the P.d across the
3Q which is equal to the P.d across the parallel
combination.
Thus from Ohms law; V=IR.
Vp = IRP

\Y —5><12
P_3 .

Vp =2V
Thus the P.d across the 2Q resistor is 2V.

(iv) Current through the 3 resistor.

Let the 3Q resistor = Ry; Then;

V; =L1R;; Inthiscase, V; = Vp =12V
1.2=1,x3

I, =04A

Thus the current through the 3Q resistor is 0.4A.

7. (2001 Qn. 31). Find the effective resistance when two
resistors of 5Q and 15Q joined in series are placed in
parallel with a 20Q resistor.

Solution:

Let Ri=5Q, Ro= 150, R3= 20L2,
A sketch diagram showing the network of resistors.

| |
s I e R ey
50 158

| |
]

205

First determine the effective | Now Rs is in parallel
resistance, Rs for the | with the Rs=20Q.
resistors in series. Thus the effective
Ry =R, +R, resistance in the circuit
Ry =5+ 15 is;

R = 200 _ RRy

" Rg+R;

20X 20 400
T 20420 40

R =10Q

8. Inthe figure below, find the ;
14W
alal

50 1]
—L

s I SR
n

—
40

(i) Effective resistance in the circuit.
(ii) Current through the circuit.
(iii) P.d across the 2€ resistor.
(iv) P.d across the 6Q2 resistor.




Solution:

Let R1=5Q, Ro= 6Q, R3=3Q, Rs~=4Q, Rs=2Q,
(i) Effective resistance in the circuit.

First determine the effective
resistance, Rs for the 5Q and
6Q resistors in series.

Rs =R; +R,

Ri=5+6

R, = 110

Now Rs is in parallel with
the 3Q. and 4€ resistors.
Thus the effective resistance
in parallel is;

L
4

1 12+44+33 89

R, 132 132

1 12+44+33 89
B 132 132

132n = 0.6740Q
89 "

Now Ry is in series with
the 2Q resistor.

Thus the effective
resistance in the circuit
is;

R =Rp +Rs
R=0.674+2

R = 2.6740Q

(if) Current through

the circuit.

From Ohms law; V=IR.

V=IR

14 =1x 2.674

2.6741 = 14
1=5.236A

(iii) P.d across the 2Q
resistor.

From Ohms law; V=IR.
V=IR

V =15.236 %2
V=10472V

(iv) P.d across the 6L resistor.
The P.d across Rg(5Q and 6Q) is equal to the p.d
across the 3Q and is also equal to the p.d across the 4Q

resistor.

This is because, R, 3Q and 4Qare in parallel.

P.d across
combination:
From Ohms law; V=IR.
Ve = IpRp

Vp = 5.236 X 0.674

Vp = 3.529

the parallel

Current through
R (50 and 6Q) resistors.
From Ohms law; V=IR.
Vp = IR,
3.529 = I, x 11
111, = 3.529

I, =0321A

Then the P.d across the
6Q resistor is obtained as
follows;

From Ohms law; V=IR.
V=IR

V=0321%x6
V=1925V

Example: 8
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4 Qand 120 resistors are parallel, their effective resistance
412 g,

is 4+12

R1 and 3Q resistors are in series, their effective resistance is

R, =R, +3=3+3=6Q

R. and 6Q resistors are in parallel, their effective resistance
R, = 6x6 _ 30

is 6+6

Rs and 1) resistors are in series, their effective resistance is

R=R; +1=3+1=4Q

Hence effective resistance of the whole circuit is R = 4Q

vV._2 =0.5A

I = — = —
Current flowing R 4

Exercise:
1. Calculate the effective resistance of the circuit below.
[Ans: 4Q]

—1H

}m }m }m

1

2. Eight identical cells each of e.m.f 1.5 and internal
resistance 0.1Q are connected in a circuit as shown bellow.

— A HHHH A —

10

1

Calculate the;
(i). Current in the circuit.[Ans: 4A]
(if). Ammeter reading, A. [Ans: 1.6 A]

3. Three identical cells each of e.m.f 1.5V and internal
resistance 0.1Q are connected as shown bellow.

|

0
Calculate the current in the circuit. [Ans: 0.88A]




4. (1997 Qn. 30). A battery of e.m.f 12V is connected across
two resistors of 6Q and 3Q as shown below.

©

Calculate the current through the resistors.

5. A number of 8 ohm resistors are available. How would
you connect a suitable number of these to obtain an effective
resistance of :

(i) 2ohms.

(if) 24 ohms

6. See UNEB Paperl
Section A:

1987 On.29 | 1989 On.32 | 1992 Qn.8 | 1994 On.4

1998 Qn.35 | 2000 Qn.37 | 2006 Qn.38 | 2008 Qn.36

1992 On.15 | 1989 On.11 | 1991 Qn.28 | 1994 OQn.24

1995 Qn.29 | 1998 On.37 | 2004 Qn.6 | 2007 Qn.12

1994 On.32

Section B:

2002 Qn.50 | 1994 Qn.5 | 1997 Qn.8 | 1998 Qn.8

2000 Qn.9 | 2002 Qn.7

(1989 Qn. 7). (b) A battery of e.m.f 2.0 V and of negligible
internal resistance is connected as shown below.

1
| |
30
Find the reading of the ammeter, A.

(c) A battery of em.f 12 V and internal resistancelQ is
connected for three minutes and two seconds across a
heating coil of resistance 11Q immersed in a liquid of mass
0.2 kg and specific heat capacity of 2.0 x 103Jkg= 1K1,
Find the rise in temperature of the liquid. Clearly state any
assumptions made.

(1989 Qn. 7). (b) A cell of e.m.f, E and internal resistance
1.0 Q is connected in series with a 2Q resistor as shown
bellow.

¥

50

z

The voltmeter reads 1.5V when the switch is open.
(). Find the value of E.
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(ii). What will be the voltmeter’s reading when the
switch is closed?

(iii). What will be the voltmeter’s reading when X is
connected to Z? Give a reason for your answer.

An experiment to obtain internal resistance of a cell.

(a) Method I: Using a voltmeter and standard resistors.

-A high resistance voltmeter is connected across the
terminals of the cell, we take the reading which is the E.m.f.,
E of the cell.
-A standard resistor is connected to the cell terminals and
the voltmeter reading is taken again which is V.
-Calculate the internal resistance of the cell, r from;

. R(E-V)

\"
-Repeat the procedure using other resistors of different
resistances.
-Finally take the mean value of internal resistance.

(b) Method IlI: Using a voltmeter, Ammeter and
standard resistors.

-A high resistance voltmeter is connected across the
terminals of the cell, we take the reading which is the E.m.f.,
E of the cell.
-A standard resistor is connected in series with the cell
terminals and the voltmeter connected across it as shown
above.
-Read and record the voltmeter reading, V and the
corresponding ammeter reading, I.
-Calculate the internal resistance of the cell, r from;
E-V

r= T

-Repeat the procedure using other resistors of different

resistances.
-Finally take the mean value of internal resistance

Derivation: For the resistor alone;

Find the total resistance | V=1IR..........c.eo..... (i)
using R and r and them apply
ohm’s law

Total resistance = R+ r

E =1 X Total restance
E=I(R+T)
E=IR+Ir.......(i)

Subtracting equation (i)
from equation (i) , we get;
E-V=Ir
Making r the subject of the
formula gives;
E-V

r=——

Note: The expression E —V is called lost volt and it is
defined as the voltage wasted in overcoming the internal
resistance of a cell.




Alternatively:

F V=IR I—V
rom; V =1IR, =R

Substituting for current, 1 in
the equation for r above,
gives;

2401 = 1500
[=625A

(240)2
1500 =
R

1500R = 57600
R=3840Q

6.3 m ELECTRICAL ENERGY AND POWER

The advantage of electric energy is the ease with which it
may be transferred to light, heat and other forms of energy.
Because of this, it can be used in many types of equipment
like refrigerators, cookers, lamps, e.t.c.

When electricity passes thru an appliance, it develops and
produces some heat which may depend on any of the
following;

» Resistance of the conductor

» The amount of current flowing

»  The time for which the current has been flowing

Work done by an electric current.
When a charge moves through a resistance wire, the work
done becomes the electrical energy which changes to heat
energy.
Work done = Voltage x Charge
W=Vx Q

From the definition of current, Q = It: Thus;
W= VxIt
W= VIt . .ovovei v ()

But from Ohm’s law, V = IR : Thus;
w IR X It
W = IZRU. e e e (1)

V2t
W= —....

o SRR ¢1 1))

Electrical Power

Power is the rate of doing work or it’s the rate of energy
transfer.

Work done  Energy transfered

Power =

Time taken Time taken

IVt
Power, P = T =1V

2

P=IV=I?R = v
o "R
Examples

1. An electrical flat iron of rated 240V, 1500W. calculate
the;
(1 The current through the flat iron.
(i)  The resistance of the flat iron
(iii)  The energy consumed in 1% hours.

Solution:

(iii) The energy consumed in

1% hours:
E =Pt

E = 1500 x (1.5 X 60 X 60)

E = 8,100,000]

One can use;
2

E=1Vt E—V
= ,or =R

2. In the diagram, below, a 12V battery of internal
resistance 0.6Q is connected to the 3 resistors. A, B, C.

E= 12, r=0.652

10

J

Find the:
(i) Current in each resistor.

(i1) Power dissipated in the 4Q resistor.

Solution:

R=0.6Q; E=12V,1="?

Effective resistance of the
circuit

The 2Q and 3Q are in
parallel. Their effective
resistance is in series with
the 1.8Q resistor.

Thus the effective
resistance R is given by:

R =R, + R,

RiR;

R = YR, +
R,+R, 37T

_4x6

T 44+6
24

R=—+1+06

R=24+1+0.6
R =40

+1+0.6

(i) Current through the
circuit.

From Ohms law; V=IR.
V=IR

12=1x4

1=2_3a
===

Thus current through the 1Q
resistor is 3 A.

P.d across the parallel
combination, 4Q and 6
resistors.
From Ohms law; V=IR.

Vp = IRp

Vp=3X24

Vp =72V
Thus the P.d across the 4Q
and 6Q resistors is 7.2V.

P =1500W; V =120V, | =?

(i) the current through the flat | (ii) The resistance of the
iron. flat iron

P=1IV

1500 =1 x 240

Current through the Q

resistor.

From Ohms law; V=IR.
V; =R,

72=1, x4

41, =7.2

I, =18A

Current through the 6Q
resistor.
From Ohms law; V=IR.
V, =R,
72=1,%X6
61,=72
I,=12A

Alternatively:
L=1-1,
[,=3-18
I[b=12A
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(ii) Power dissipated in
the 4Q resistor.

P = IR

P=(18)2x4

One can use;
VZ
P =1V, P=—
or R




P=324x4
P=1296W

3. (1992 Qn. 6). An electrical appliance is rated 240V,
60W. (a) What do you understand by this statement?

(b) Calculate the current flowing through and the resistance

of the appliance when operated at the rated values above.

[0.25A, 960Q2 respectively]

Solution:

(a) 240V, 60W means that the appliance supplies or
consumes 60 joules of electrical energy in one second when

connected to a 240V mains supply.

Exercise:
1. An electric appliance is rated 200V, 0.05kW. Calculate
the;
(i) Current through the appliance.[0.25A]
(if) Resistance of the appliance.
(iii) Time it will take to transfer energy of 10,000J.
[200 seconds]

2. Appliance A allows 3A of current to go through it when
connected to a 200 V supply while appliance B has a
resistance of 40Q2 when connected to the same supply.

Which of the two appliances heats up first and why?

3. see UNEB

(b) V=240V, P=60W, 1=?

Section A

(i) From: P =1V
60 =1x 240
2401 = 60
[ =0.25A

2
(ii) From: P = V?

60R = 57600
R =9600

1997 Qn. 37 | 1989 Qn. 8 | 2007 Qn.4 | 2003 Qn. 38

1988 On. 10 | 1991 Qn. 15 | 1998 On. 35 | 1999 Qn. 36

2006 Qn. 36

(1990 Qn. 3). (c) In the diagram below, two batteries of
e.xm.f 1.5V and internal resistance of 1Q each are
connected to a network of resistors in a circuit which

includes a switch, S.

15‘|V,lﬂ

().  What will be the reading on the ammeter when
switch S is closed? [Ans: 0.23A]

(if). What is the power developed in the 4Q resistor
when S is closed? [Ans: 0.21 W]

Solution:

Example: 5
A battery of un known e.m.f and internal resistance is

connected in series with a load of resistance, R ohms. If a
very high resistance voltmeter is connected across the load
reads 3.2V and the power is dissipated in the battery is
0.032W and efficiency of the circuit is 80%. Find the:

0] Current flowing

(i) Internal resistance of the battery.

(iii) Load resistance, R

(iv) E.m.f of the battery.

Solution:

rn=1Q; r=1Q;

Ri=4Q; Ro=3Q; Rs= 6Q; V1= 1.5V, V= 1.5V;

Effective resistance of the

circuit
For the two cells in parallel.
rir, 1x1
r= = = 0.5Q
rp+r, 1+1
For the two standard
resistors in parallel.
RiR, 3X6
RP = =
R;+R, 3+6
=20

Thus effective resistance is;
R=R,+Rs+r
R=05+2+4
R=6.50

(i) Current through the
ammeter.
From Ohms law; V=IR.
V=IR
1.5=1x%x6.5
6.51 = 1.5

[=023A

(ii) power developed in
the 4Q resistor when S is
closed?

From Ohms law; V=IR.
P=1°R

P=(0.23)2x4

P =0.0529 x 4
P=021W

From equation (iii)
[(4r) =32 v ee. o (V)

Total resistance,= R +r

From the circuit formula;
E

= R ) Equation (ii) = (iv)

Power dissipated in the | 12r 0.032

battery; Ar - 32

P =1?r = 0.032........ (i) [=0.04A

From Ohm’s law; the
terminal p.d is;

From equation (ii)
(0.04)%r = 0.032
r =200
V=IR=32........(ii
P.ou R = 4r
Effici , =
Y = B in R = 4(20) = 800

80 IR

100 ER

08 = I?R

T T I2(R+01)
R=08R+r1)
R =4r

From equation (ii)
E=I(R+r)

E = 0.04(40 + 20)
E=4V

Example:6
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A battery of e.m.f 12V and un known internal resistance is
connected in series with a load resistance, R reads 11.4V
and the power dissipated in the battery is 0.653W. Find the:

183




Q) Current flowing.

(i) Internal resistance of the battery.
(iii) Load resistance, R.

(v) Efficiency of the circuit.

Solution:

From Ohm’s law; the
terminal p.d is;
V=IR

From equation (iii)
(1.088)%*r = 0.653
r=0.550

=114 . (i)
From equation (i)
P.d across the internal | IR =11.4
resistance is lost volts | (1.088)R = 11.4
(Ir). From; R =10.480
E=IR+r)eIr
=E o Power output
IR Efficiency,= ———
Ir=12-11.4
Ir IR

= 0.6 v v e (i) | = g X 100%

Power input
X 100%

Power dissipated in the (1.088)2(10.48)

battery; 12(1.088)
P=1"r x 100%
= 0.653 ... .... (iii) = 959
Equation (iii) =+ (ii)
I2r  0.653

Ir 06
_1=1.088A

6.4 m COMMERCIAL ELECTRICAL ENERGY

There are always charges for electricity consumed that the
electricity board gives for us for payment and they use our
meters to estimate the energy consumed.

The energy consumed is measured in kWh which is an
abbreviation for kilowatt hour.

The commercial unit of electrical energy is a kilowatt-hour,
(kwh) since a watt second is very small.

A kilowatt hour is the electrical energy used by a rate of
working of 1000 watts for 1 hour.
It is the quantity of electrical energy converted into other
forms of energy by a device of power 1000watts in one
hour.
1 watt = 1 joule per second
1 kWh = 1000x1hr

= 1000 x 60 x 60 x 60 joules.
1 kWh = 3,600,000] = 3.6 M]

Cost of electric energy calculation

[Number of units used] _ [Power] v [ Time
(Energy consumed) |~ |(in kW) (in hours)

Total cost = [ Number of units used « [Rate per]
otal cost = (Energy consumed in kWh) unit
The rate per unit is the cost per unit of electrical energy
consumed. Thus the cost of using an appliance is given by;
Total Cost = [Power [ Time ]

% Cost per]
(in kW) (in hours)

unit

Examples;

1. (1995 Qn. 33). Four bulbs each rated at 75W operate
for 120 hours. If the cost of electricity is sh.100 per
unit, find the total cost of electricity used.

Solution:

Question:

A cell of electromotive force 2.0V and negligible internal
resistance is connected in series with a resistance of 3.5Q
and an ammeter of resistance 0.5Q. Calculate the current in
the circuit. [Ans: 0.5A]

Commercial Electric Energy

All electric appliances are connected in parallel so that each
is at the same voltage.

All electric appliances are marked showing the power rating
in watts (W) and the voltage in volts (V).

The power of an appliance indicates the amount of electrical
energy it supplies or the amount of work it does per second.

For example: A heater marked 240V, 1000W, means that

the heat consumes 1000J of electrical energy every second
when connected to 240V.
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Number of bulbs = 4;
Power rating for each bulb = 75W
Total Power rating for 4 bulb = 4 X 75W = 300W

Total Time = 120 Hours Cost per unit = sh. 100

Cost per]

Total Cost = [ .
unit

Power [ Time ]

(in kW) X (in hours)
Total Cost = [0.3 kW] x [120 hrs] x [sh.100]

Total Cost = sh.3600

2. An electric immersion heater is rated at 3000W, 240V.
Calculate the;
(i) Current and resistance of the heating element.
(if) Total number of electric units it consumes in

1% hours.
(iii) Cost per unit if sh. 9000 is paid after using it
for 3hours everyday for ten days.




Solution:

(i) V=240V, P =3000W, I=7, R = ?

Total power = (2.4 + 1 + 0.18 4 0.3) kWh = 3.88 kWh

From: P =1V
3000 =1x 240
2401 = 3000
[=12.5A
240)?
3000 = ( R)
3000R = 57600
R =19.20

Total time = (3 X 30) hours = 90 hours.

Cost per]

Total Cost = [ Power [ Time ] ]
unit

(in kW) X (in hours)
Total Cost = [3.88 kW] % [90 hrs] x [sh. 200]

Total Cost = sh. 69840

(i)

Total Power = 3000W

1
Total Time = 12 hours

3000

= 3
1000 =3 hours

=3 kW
= 1.5 hours

Number of units used]

Power] [ Time
(Energy consumed)

~ |(in kW) X (in hours)

Number of units used

(Energy consumed) 3x15

Number of units used

(Energy consumed) 4.5 kWh = 4.5 Units

4. Find the cost of running five 60 W lamps and 4 100 W
lamps for 8 hours if the electric energy costs shs. 5.0
per unit.[ Shs.28 ]

A house has one 100 W bulb, two 75 W bulbs and 5 40
W bulbs. Find the cost of having all lamps switched on
for 2 hours every day for 30 days at a cost of shs. 30 per
unit.

[Shs. 810].

6. See UNEB

Section A

2002 Qn. 36 | 1999 On. 40 | 2003 Qn. 37 | 2006 Qn. 28

2007 Qn. 14

Section B

1992 Qn.2 [1997Qn.8 | 2008 Qn.4 |

(i)

Total Power = 3000W Total Time = 3 X 10 hours

~ 3000
" 1000

= 30 hours

=3 kW

Let the cost per unit be y

Total Cost = [ Power] X [(i Time

Cost per
(in kW) x ]

n hours) unit

9000 =3x30xy
9000 = 90y
y =sh.100

Mr. Bagira uses 3 kettles of 800W each, a flat iron of
1000W, 3 bulbs of 60W each and 4 bulbs of 75W each.
If they are used for 3 hours every day for 30 days and
that one unit of electricity costs sh. 200, find the total
cost of running the appliances.

Solution:

Kettles

P

=3 x 800
P

= 2400 W

2400
1000

= 2.4 kW

Flat irons

P
=1x1000
P=1000W

1000
1000

=1kwW

60W Bulbs
P=3x60
P=180W

180

= 0.18 kW

~ 1000 kw

75W Bulbs
P

=4 x 750
P=300W

300

~ 1000

= 0.3 kW
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Generation and Transmission of electricity
(a) Generation of electricity
Electricity is generated at power stations by using one of the
following;
+«+ Coal, Nuclear reactions, Falling water, e.t.c.

(b) Transmission of electricity
+» The electricity generated at the power station is then
stepped up to higher voltage using step up transformers
for transmission.
Electricity is transmitted at high voltages to reduce
power loss through heating effect in the transmission
cables.
Transmission cables are made thick to reduce its resistance
hence minimizing power loss through the I*R—
mechanism.
The electricity is then stepped down using step down
transformers in phases. That is, it is first stepped down
to heavy factories, industries, cities, towns, and finally
to homes.
The transmission can either be over head or
underground. In some developed countries, the grid
system is used
The grid system is a system where different power stations
are inter connected or networked so that in cases there is
power failure in one power station or when one station is
stopped for maintenance work, the other stations continue to
supply the power.

(c) House wiring.
Domestic electric installation
Power is connected in a house by thick cables from the pole

called mains to the fuse box {meter box}, then main switch
and to the distribution box. Here, power is directed to

185




electrical equipments. Each circuit has its own fuse which is
connected to a live wire.

The main switch board (distribution box) breaks both wires
when in OFF position and is therefore called a double pole
switch.

It completely cuts off the supply in the house.

In supply cable:

Power enters the house thru the supply cable from the
electric pole from which two insulated wires, the live and
the neutral come from. They are distinguished by colour i.e;

Type of wire Colour

(i) Live wire Red or Brown

(ii) Neutral wire Blue or Black

(iii) Earth wire Yellow or Green or Yellow with
green stripes

The earth wire is usually earthed and is therefore at zero
potential while the live wire is at a potential of 240V for the
case of Uganda.

The electricity being supplied is alternating and it therefore
alternates from positive to negative in a single cycle.

Iwlain
Swuritch Distribution box

==
Moo TT
B

To different citcuita
Iiain fuse —1

Live wire

— Earth wire
Heutral wrire

Switches, Sockets and Plugs

Electric Connection
system

(i) Switches » Control the flow of current

» Connected to the live wire to prevent
the appliance from being live when
switched off. Thus they are called
single pole switches.

It is a thin wire of low melting point
which melts when the current exceeds
a required value so as to break the
circuit.

It must be connected to the live wire.

(ii) Fuses

(iii) Sockets These are power points usually put on
the walls.

They have 3 holes leading to the live
wire L, neutral wire N and earth wire

E.

(iv) Plugs These are points which connect or tap
power from the socket to the
appliance.

It has 3 pins that fit into the 3 holes in
the socket. The pins are marked with
L, N and E for live, neutral and earth

wires respectively.
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Connection of appliances
Electrical appliances are usually connected in parallel with
the mains so that;
(i) They receive full main potential difference.
(if) When one circuit is faulty or switched off, the
other circuits remain working.

(a) Light circuits

All lamps in house wiring are connected in parallel with the
switch on the live wire to the lamp.

Lamp 1 Lamp 2 Lamp 3

NN
D 0 G

- o - = - = = = Earth,E

+ == Mewiral, ¥

(i) Filament Lamp / Incandescent lamp:

Argon
Or nitrogen

Glags bulh

Filament

|. Lead in wire

Bayonet cap

Connection
to lamp

-When switched on, the coiled tungsten filament is heated, it
becomes white hot and emits light.

-The higher the temperature of the filament, the greater the
electrical energy changed to light.

Note:

< The filament is made out of tungsten, because tungsten
has a higher melting point. Hence it can’t easily melt
when white hot.
The filament is coiled in order to reduce space occupied
and hence reduce the rate of heat loss by convection
currents in the gas.
The glass bulb is filled with an inert gas at low pressure,
to prevent evaporation of tungsten and increase the
operating temperature. Otherwise it would condense on
the bulb and blacken it.




(ii) Fluorescent lamps/ Tubes/ Discharge lamp.

..

Electrode
vapour

Mercury  Fluorescent

Flass tube
powder

-When switched on, the mercury vapour emits ultra-violet

radiations.

-The radiations strike the fluorescent powder (e.g Zinc
sulphide, ZnS) and the tube glows emitting light.

Differences between a filament lamp and a fluorescent

lamp

Filament lamp

Fluorescent lamp

-Not long lasting

-Long lasting

-Cheaper

-Expensive

-Emit light by heating the
filament in the bulb.

-Emit light by sending an
electrical discharge through an
ionized gas.

-Have high
temperatures.

operating

-Have low
temperatures.

operating

-Can easily be disposed
off since the inert gasses
are not poisonous.

-Care should be taken when
disposing them off, since
mercury vapour is poisonous.

-High  energy/  power
consumption, hence high
energy costs.

-Low energy/ power
consumption,  hence low
energy costs.

Qn. With the aid of diagrams, describe how a filament lamp
and a fluorescent/discharge lamp work.

(b) Socket ring mains.

The sockets on the ring main circuit are connected in
parallel so that they receive full main potential difference.
The use of a ring of wire reduces the thickness of wire
which has to be used.

Both ends of the loop are connected to the fuse box.

The current, | flowing is normally 12 amperes. Thus the fuse
used should be just above 12 A.

Choosing an ideal fuse for the appliance
The ideal fuse to be used should have a maximum rating
which is a little higher than the normal current expected.

Example:
Suggest an appropriate fuse value to be used for a 3kW
appliance when used on a 240V main supply.

==

L

Safety precautions in a house

e  Electric cables must be properly insulated

o Keep hands dry whenever dealing with electric supply

e In case of an electric shock, switch off the main switch
immediately
Before a fuse is replaced check the fault in the circuit
which caused the problem and make sure it’s rectified.

Sources of e.m.f

They are;

- Cells. These change energy to electric energy

- Batteries/accumulators. Also convert chemical energy
to electrical energy
D.C and A.C. generators
Photo cells, they convert light energy to electrical
Thermo couples. They convert heat energy to electrical
energy.

Exercise:

1. (1989 Qn. 17). How many lamps marked 75W, 240V
could light normally when connected in parallel having
a 5A fuse.

Al B:3 C: 16 D: 26

2. (1990 Qn.39). Very high voltages are used when
distributing electric power from the power station
because;

A: Some electric equipment require very high voltages

B: Currents are lower, so energy losses are smaller

C: Very high voltages are generated at the power stations

D: There is less likely hood of the transmission lines being

struck by lightning.

3. (1991 Qn.7). An electric toaster plate rating is 220-
240V, 750W. The fuse is:

A:1A B:3A C:5A D:13A

4. (2000 Qn. 31). For safety in a house, a fuse and a
switch are connected to:

P = 3kW=3000 W; V =240 V
p=1v
3000 =1x 240
2401 = 3000
[=125A
Thus the appropriate fuse should be slightly higher than
12.5A

Fuse Switch

Live wire Neutral wire

Neutral wire Earth wire

Live wire Live wire

Earth wire Neutral wire
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5. (1999 Qn. 39). Which of the following statements are
true about electric wiring?

(i) The fuse is always connected into the live wire
leading to the circuit.

(if) The fuse is always connected into the Neutral
wire leading to the circuit.

(iii) When a fault develops in a circuit, it is the
neutral which has to be disconnected.
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A: (i) only
C: (i) and (iii) only

B: (iii) only
D: (i), (ii) and (ii).

6. (2002 Qn. 18). The device which disconnects the mains
when there is a sudden increase in voltage is;
:Fuse B:Switch C: Earth wire D: Circuit breaker

(1992 Qn. 2). In a house wiring system, all connections
to the power points are in parallel so as to:

: Supply the same current.

: Operate at the same voltage.

: Minimize the cost of electricity

: Consume the same amount of energy.

(2008 Qn. 17). The possible energy transfer in an
electric bulb is;

: Light energy to heat energy.

: Heat energy to electrical energy.

: Electrical energy to light energy.

: Light energy to electrical energy.

(1993 Qn. 33). Which of the following circuit diagrams
shows the correct positions for the lamp and the switch
K in a lighting circuit?

& Liwve B: Meutral

Meutral K Live

. Heutral D: Live

10. (1991 Qn. 7).

SECTION B

11. (1991 Qn.3). The figure below shows a circuit diagram
of a part of a wiring system of a car. H; and H. are
headlamps and P4, P2, P; and P4 are parking lamps.

Hy H;
5]

® g

E

(@) How can;
(i) All the lamps be switched on?
(ii) Both headlamps be switched off without
affecting the parking lamps.

(b) State what happens to the lamps if P1 is broken when all
the lamps are on. Give a reason for your answer.

12. (2000 Qn.8). (a) Describe the structure and action of a
fluorescent tube.

(b) Give one advantage of a fluorescent tube over a filament
lamp.
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(c) Describe the functions of;

(i) A fuse.

(ii) An earth wire
(d) Describe briefly how power is transmitted from a power
station to a home.
(e) Find the cost of running two 60W lamps for 20 hours if
the cost of each unit is sh.40.




MODERN PHYSICS

MODERN PHYSICS

STRUCTURE OF AN ATOM

(a) The atom
An atom is defined as the smallest electrically neutral
particle of an element that can take part in a chemical
reaction.
An atom consists of 3sub atomic particles namely -:
- Proton
- Neutrons
- Electrons
It is made up of the central part called nucleus around which
electrodes rotate in orbit or shells or energy levels. The
protons and neutrons lie within the nucleus and these
particles are sometimes referred to as nuclei particles or
nucleons.

T = ap .
@ £ ) &

Hydrogen atom Helium atom

Meot atom

Name of | Symbol | change | Location
p’cle
Protons 1y +1
Neutrons 0y 0
Electrons -1, -1
The nucleus is positively charged

In the nucleus
In the nucleus
Outside nucleus

The atom of an element is represented in a chemical
equation using a chemical symbol as shown below.

Where, X is the chemical symbol of the element, A is the
mass number and Z is the atomic number.

An atom with specified number of protons and neutrons (or
specified A and Z) is called a nuclide.

(b) Atomic number and mass number
(i) Atomic number (2)
This is the number of protons in the nucleus of an atom.

(ii) Atomic mass (A)
This is the sum of protons and neutrons in a nucleus of an
atom. It is sometimes called Mass number or nucleon
number.

The atomic number, Z, mass number, A and the number of

neutrons, n are related by the expression:

Atomic mass = Atomic number + No. of nucleons
A=Z+n
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(c) Isotopes
These are atoms of the same element having the same
atomic numbers but different mass numbers.
Thus Isotopes of an element have;

(i) The same number of protons and electrons.

(ii) Different number of neutrons.

Examples of Isotopes:
Element | Isotopes

Carbon | -Carbon-12 (12C); Carbon-13 (13C);
Carbon-14 (1¢C)

Chlorine | -Chlorine-35 (33C1); Chlorine-35 (35C1);

Uranium | -Uranium-35 (%35U ); Uranium-35 (232U

Isotropy is the existence of atoms of the same element with
the same atomic number, but different mass number.

Question:
Describe the composition of the following nuclides.

(i) 35Ra (ii) 252Pb (iii) *33U

Exercise:
1. (1991 Qn. 18): 129X is a symbol for a nuclide whose
number of neutrons is
A. 40 B. 80 C. 120 D. 200
(1990 Qn. 7): The table below shows the numbers of
the respective particles constituting atoms of elements
P,Q,Rand S.
Element | Neutrons | Protons | Electrons
P 0 1 1
Q 2 1 1
R 2 2 2
S 2 3 3
The isotopes are
A. PandQ
B. C.RandS

C.QandR
D.Qand S

3. (1990 Qn. 11): The copper atom $3Cu has
electrons | protons | Neutrons
29 29 34
34 34 29
34 29 29
34 39 34

(1991 Qn. 8): If X is an isotope of Y, then the
. Atomic mass of X is equal to that of Y
Atomic mass is equal to the atomic number of Y
Atomic number of X is equal to that of Y
Atomic number of X is equal to the atomic mass
of Y

(1994 Qn. 9): An atom has mass number 88 neutrons
and atomic number 38. Which of the following
statements are correct about the atom;

(i) It has 38 protons and 50 neutrons

(ii) It has 38 protons and 38 electrons

(iii) It has 50 protons and 38 neutrons
A. (i) and (ii) C. (ii) and (iii)




B. C. (i) and (iii) D. (i), (ii) and (iii)
(1995 Qn. 18): Isotopes are nuclides with the same
number of;
Protons but different but different number of
electrons
Protons but different number of neutrons
Neutrons but different number of protons
Electrons but the same number of protons

(2004 Qn. 22): The table below shows the structure of
four atoms P,Q, Rand S

Elements | Neutrons | Protons | Electrons
6 6 6

8 6 6
2 2 2
2 3 3
C.QandR
D.Pand R

A. PandQ
B. PandS

(2004 Qn. 32): An atom contains 3 electrons, 3 protons
and 4 neutrons. Its’ nucleon number is?
A 3 B.4 C.6 D.7

(2006 Qn. 21): A Nickel nuclide, $3Ni contains
A. 28 protons and 28 neutrons
B. 32 electrons and 28 neutrons
C. 28 protons and 32 neutrons
D. 28 electrons and 32 protons

. 238X and 232X are isotopes of an element. Find the
number of neutrons in the nucleus of 232X.
A. 144 B. 140 C.92 D.4

. An isotope of nuclide, 33X, has
A. 18 protons and 17 neutrons
B. 17 electrons and 18 neutrons
C. 17 protons and 20 neutrons
D. 18 protons and 18 neutrons

12. (a) What is the difference between atomic number and
mass number?
(b) What is meant by;
(i) Mass number?
(ii) Atomic number?

PHOTOELECTRIC AND THERMIONIC EMISSIONS

(a) Photoelectric Emission:

Photo electric emission is the ejection of electrons from a
certain metal surface e.g zinc plate, when electromagnetic
radiation of sufficient frequency falls on it.

It normally occurs in phototubes or photoelectric cells.

Phototube or Photoelectric cell

v" A photoelectric cell consists of a cathode coated with a
photo sensitive material and an anode. These are
enclosed in a vacuum glass tube.

v" The glass tube is evacuated in order to avoid collision
of the ejected electrons with the air or gas molecules.
This would otherwise lead to low currents.
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Electromagnetic radiation
(e.g Ultra-violet radiatiomn)
Zinwe cathode

(Glass tube

Emitted electrons
[Cathode rays)

—Vacuum

Electromagnetic radiations (eg Ultra violet radiation) are

directed onto the cathode and supplies sufficient energy that

causes the liberation of electrons.

The electrons are then attracted by the anode. and produce

current in the circuit hence the ammeter deflects.

Note: The flow of electrons to the anode completes the

circuit and hence an electric current flows which causes the

ammeter to deflect.

+«+ The magnitude of the current produced is proportional
to the intensity of the incident radiation.

< If gas is introduced into the tube, current decreases
slowly because gas particles collide with electrons
hence reducing the number of electrons reaching the
anode.

Conditions for photoelectric effect to take place.

«» Nature of the metal.

+» Frequency of the incident electromagnetic radiation. It
should be noted that electrons are not emitted until a
certain frequency called Threshold frequency is
reached.

(b) Thermionic Emission:

This is the process by which electrons are emitted from
metal surface by heating. The steams of electrons are
transmitted or travel in a straight line and these steams are
called cathode rays.

CATHODE RAYS:
Cathode rays are steams of fast moving electrons.

Production of Cathode rays:

Heater Filament

Low P.dJ’:r.

Cathode rays
Fluorescent screen

The cathode is heated by a low P.d applied across the
filament.

The cathode then emits electrons by thermionic emission.
The emitted electrons are then accelerated by a high p.d
(E.H.T) applied between the filament and the anode so that
they move with a very high speed to constitute the cathode
rays.




Other methods by which cathode rays are produced are;

e  Photoelectric emission

e Applying a high p.d

e By natural radioactive nucleus which emit beta
particles.

Properties of cathode rays
They travel in a straight line
They carry a negative charge.
They are deflected by an electric field. They are
deflected towards the positive plate, since they are
negatively charged.
They are deflected by a magnetic field. In an electric
field, cathode rays are deflected towards the positive
plate and in the magnetic field; the direction of
deflection is determined using Fleming’s left hand rule.
But remember, the direction of flow of current is
opposite to that of electrons.
They ionize air and gas molecules.
They cause fluorescence to some substance e.g zinc
sulphide.
They darken photographic film.
They posses Kkinetic energy and momentum
They produce X-rays when stopped by matter.

Experiment to show that cathode rays travel in straight
line (Thermionic tube).

Heater Filament
Cathode

anP.dJTji

Maltese cross

Shadow of the
Maltese cross

Cathode rays are incident towards the Maltese cross.

A shadow of the cross is formed on the fluorescent screen.
The formation of the shadow verifies that cathode rays
travels in a straight line.

Applications of Cathode rays

The thermionic emission and cathode rays are utilized in
cathode ray oscilloscope (C.R.0), X — ray tube, Image tube
of a Tv, Electron microscope, etc.

THE CATHODE RAY OSCILLOSCOPE (C.R.O)
The C.R.O consists of three main components.

{a) Electron (&} Dethecting
gun system

e T S—— \\W

{c ) Fiuorescent
SCFEEN

T

alectron
- — = —

—_—— = . s
bearm
¥- Plate - Plate \\~J

Waruum

Cathode| #node
Control grid
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(a) The electron gun:
This consists of the following parts

(i) The cathode: It is used to emit electrons.

(if) The control grid: It is connected to low voltage
supply and is used to control the number of
electrons passing through it towards the anode.

(iii) The anode: the anode is used to accelerate the
electrons and also focus the electrons into a fine
beam.

Note: Since the grid controls the number of electrons
moving towards the anode. It consequently controls the
brightness of the spot on the screen.

(b) Deflecting system:

This consists of the X- and Y- plates. They are used to
deflect the electron beam horizontally and vertically
respectively.

The X- plates are connected with the C.R.O to a special type
of circuit called the time base circuit.

Time base switch: This is connected to the X — plate and is
used to move the bright spot on the screen horizontally.

The Time Base or sweep generator

This is a special electrical circuit which generates a “saw
tooth” voltage (i.e. a voltage p.d that rises steadily to a
certain value and falls rapidly to zero.)

This p.d (time base) is connected to X-plates and causes the
spot of electron beam to move across the screen from left to
right, This is called a linear sweep.

The spot returns to the left before it starts the next sweep.
This is called fly-back. The time for the fly back is
negligible.

P.d v

Linear
+ sweep

Time (S:T

Note: During the fly back, the control grid is automatically
made more negative thereby suppressing the brightness of
the spot.

(c) Fluorescent Screen:
This is where the electron beam is focused to form a bright
spot.
The coating on the screen converts kinetic energy into light
energy and produce a bright spot when the electron beam is
focused on it.

The graphite coating on the inner wall of the cathode ray
tube traps stray electrons emitted from the screen and makes
the potential in that region uniform.




Action of a C.R.O

(a) A.C out put on the screen of a C.R.O

Connecting a signal in form of alternating current (a.c)
voltage across the plates has the following traces on the
screen of a C.R.O.

0] (i) (iii)

Time base off. Time base off. Time base on,. X
X-plate a.c signal | Y-plate a.c signal | and Y-plate a.c
only. only signals combined

Horizontal line at | Vertical line at the | Sinusoidal wave

the centre centre

(i) When time base (x- plate ) is switched on and there is no
signal on the y-plate , the spot is deflected horizontally . The
horizontal line is observed at the centre of the C.R.O...

(if) When alternating current (a.c) is applied to the y- plate
and time base (x —plate ) is off , the spot is deflected
vertically . The vertical line observed at the centre of the
C.R.O..

(iii) When a.c is applied on the y-plate and x- plate is on ,a
wave form is observed on the screen.

When time base is switched off , and no signal to the y-
plate , a spot is only observed.

(b) D.C out put on the screen of a C.R.O

Connecting a signal in form of direct current (d.c) voltage
across the plates has the following traces on the screen of a
C.R.O.

(i)

Time base off.

No signal on the
plates

(i)

Time base off.
X-plate  signal
only

(iii)

Time base off.
Y-plate signal
only

Spot at the centre

One direction
horizontal  line
from the centre

One direction
vertical line from
the centre

Note:

(i)

Time base off.

d.c signal on the
Y-plates

(if)

Time base on,
d.c signal on the
Y-plates

(iii)

Time base on.

d.c signal on the
X-plates

One direction
horizontal line

One direction
vertical line
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UsesofaC.RO
(i) Measurement of a.c and d,c voltage
(if) Measurement of frequency
(iii) Measurement of phase difference
(iv) Displaying pictures in TV sets.
(v) Displaying wave forms

Displaying wave forms:

LAANIPN
AN i

Sine Wawe Damped Sine Wawve

[ ] [ ] (1 [1 []
T L] L

Rectangular wawve

JANEIVAN
NN

Trangle Wawve

Sawtooth Wawve

a—— B
—7

Step

Frequency measurements
This is achieved by comparing a wave form of known
frequency with unknown frequency

Method

Adjust the time base of a C.R.O until one complete wave is
obtained without altering the control grid of the C.R.O ,
Apply a signal ( input to the Y-plate) of known frequency.

A steady waveform of the input will be displayed on the
C.I.o.

Then compare the frequency by counting the number of
complete waves

If a signal repeats, it has a frequency. The frequency is
measured in Hertz (Hz) and equals the number of times the
signal repeats itself in one second.

V\ \/\ A
2 Cycles per
‘ M Second =3 Hz

r-— Perod —-1|
|

S

! |

! Second

Measurement of p.d
A C.R.O can be used as voltmeter because the spot is
deflected depending on the p.d between the plates

Method
e Connect a cell 1.5V to the y-plate and adjust the grid
control until the trace indicating the p.d is 1cm above
0 so that every 1cm deflection represents a p.d of
1.5V.




Get unknown p.d and connect it to y-plate and then
compare the deflection by counting the number of of
cm deflected. This means that we can measure
unknown p.d.

Measuring d.c. Potential Difference

e switch off the time-base.

e a spot will be seen on the c.r.o. screen. Adjust the grid
control (Y- gain control) until the trace indicating the
p.d is 1lcm above 0 so that every lcm deflection
represents a p.d of 1.5V
d.c. to be measured is applied to the Y-plates.
spot will either be deflected upwards or downwards.
Deflection of the spot is proportional to the d.c. voltage
applied. Then compare the deflection by counting the
number of cm deflected. This means that we can
measure unknown p.d.

Measuring d.c. Potential Difference
In this case, the voltage gain or the Y-sensitivity is set at a
suitable value. Then the p.d to be measured is connected to
the Y-plates and the time base is switched off.
The vertical deflection is measured and the direct voltage is
got from:
V. = Voltage gain

dc = [ (orY — sensitivity)

v
Vertical deflection, d

4

X Vertical deflection

If the Y-gain control is set at 2 volts/division And the
vertical deflection, y, is 1.5 divisions
Then d.c. voltage

= 15x%x 2

= 3.0V

Measuring a.c. voltage
e switch off the time-base

a spot will be seen on the c.r.o. screen.
a.c. to be measured is applied to the Y-plates.
spot will move up and down along the vertical axis
at the same frequency as the alternating voltage.
The spot moves to the top when the voltage
increases to its maximum (positive)
The spot moves to the bottom when the voltage
decreases to its lowest (negative) .

When the frequency is high.
The spot will move so fast that a vertical line is
seen on the screen.
Length of the vertical line gives the peak-to-peak
voltage (Vpp) applied to the Y-plate.
The peak voltage (Vp) = Vpp/2
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For a.c voltage
The length | of the vertical trace is measured and
_ Voltage gain . .
Vpp = | (orY — sensitivity) X Vertical deflection

WhereVy, is the peak to peak voltage. The maximum

voltage (amplitude, V; ) is given by V, = % and the actual
voltage at root mean square (r.m.s) is given by

Vo
Vims = ﬁ

Example: 1

A CRO with Y-sensitivity (voltage gain) of 8Vcm™ has its
Y-plates connected (with the time base turned off) to:

@ A d.c accumulator delivering 16 V,

(b) An a.c voltage delivering 16 V at root mean square.

0] Determine the deflection of the spot in (a)
above and the length of a vertical line in
(b) above.

(i) Explain with a diagram what will happen if
the plates are connected with time base on
to a voltage in (b) above.

Solution

Given:
Vdc = 16 V

=8Vcem™?

[ Voltage gain
(or Y sensitivity)

Then from;

_ Voltage gain . .

Ve = [ (or Y — sensitivity) X Vertical deflection
16 =8xd
d=2cm

The spot will be deflected by 2 cm from the zero line.

(b)
Vems = 16V

Voltage gain

_ -1
(or Y sensitivity)] — 8Vem
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Vo Vo
Vems = 5= 16 =7

_ Voltage gain
PP | (orY — sensitivity)

>V, =16V2V

x Vertical deflection

2x16V2=8x1
[=4V2 cm

(ii) If the time base is on and Y-plates connected then we
shall obtain the wave from below with a peak value

V, =16v2 V

Im W2V
lmﬁﬂﬁne

wawe form

Example: 2

A C.R.O with time base switch on is connected across a

power supply; the wave form shown below is obtained.
_'_,.,-l—-"—l-.__

7 I

, N
/)

/

""‘"-l—-__-—l-"""/
Distance between each line is 1cm

(i) ldentify the type of voltage generated from the
power source. Alternating current voltage.

(if) Find the amplitude of voltage generated if voltage
gain is 5V per cm.
Solution:
Voltage gain
[ (or Y — sensitivity)
From the graph, Amplidude = 2 cm

=5Vcm™?

_ Voltage gain

Vo = (orY — sensitivity)
Vo =5x%x2

V, =10V

] X Amplitude
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(iii) Calculate the frequency of power source if the time
base setting on the C.R.O is 5 X 103scm™*.
Solution:
Time sensitivity, 1 _ _3 1
(Time base setting)| ~— 5.0 X107 scm
From the graph, Length for 2 cycles = 8cm
Time, t for 2 cycles =?

Time, t for 2 cycles

Time sensitivity,
(Time base setting)
Time,t = (5.0 x 1073) x 8
Time,t = 0.04 s

Time, t = X Legnth on time axis

Time, T for 1 cycles (Period time, T)
t

No. of cycles -

Time, T =

Frequency;

1
Frequency,f === 002" 50 Hz

Trial Question:

A cathode oscilloscope CRO with time base switched on is
connected across a power supply. The wave form shown in
figure below is obtained.

N
S

N |/ N
NP NV

The distance between each line as 1cm.
(M Identify the type of voltage generated by the
power supply.
(i) Find the amplitude of the voltage generated if the
voltage gain is 5Vcm™.
(iii) Calculate the frequency of the power source, | the
time base setting on the C.R.O is 5 X 103scm™

Example: 3

Determine the frequency of the signal below, if the time
base is set at 10 mill-second per cm.

a— lim

2 cycles occupy | =15¢cm

1 cycle occupies | =15/2=7.5cm




Legnth
for 1 cycle
Period time, T = 7.5 X 10 ms cm ™!
Period time, T = 75 ms
Period time, T = 75 X 107 3s

Period time, T = ( ) X (Time base setting)

Frequency;

Frequency, f = T = 7 %< 102 = 13.33 Hz

Note
If the CRO has no calibrated time base setting, when the

unknown frequency f2 of the signal is determined from the
relation

1
Since,foc a = fldl = fzdz

Where
d, — horizontal distance occupied by signal 1for one cycle

d, —horizontal distance occupied by signal 2 for one cycle
f, —known frequency of signal at same time base setting.

Advantages of a C.R.O over an ammeter and voltmeter

(i) It has infinite resistance and therefore draws very little
current from the circuit.

(if) It can be used to measure both a.c and d.c voltages.

(iii) It has instantaneous response.

(iv) It has no coil that can burn out.

X -RAYS

These are electromagnetic radiations of short wave length.
They are produced when fast moving electrons are suddenly
stopped by a metal target.

The process involved in the production of X-rays is the
inverse of Photoelectric emission.

Production of X-Rays
X-rays are produced in an X-ray tube.

Electron heam

Low P.d

“Cooitg
fins
Tungesten target

(High melting pt.

Focusing

cup X rays Lead

shield

E = Ewvacuated tube (or Vacuum),
& = Copper anode

The cathode is heated to emit electrons by thermionic
emission .using a low voltage supply.

A high p.d is applied across the anode to accelerate the
electrons towards the anode.

When the cathode rays strike the metal target, about 99% of
their kinetic energy is converted to heat energy and 1% is
converted to X- rays.

Energy Changes in the X-ray tube.

Electrical _ Heatenegyin | K.Eof _ E/m
energy the filament electrons  energy

Note:

(i) The x — ray tube is evacuated to prevent fast moving
electrons from being hindered by friction due to air
resistance.

(if) The heat generated is conducted away thru the copper
anode to the cooling fins, or by use of a circulating
liquid, oil or water through the hollow anode.

(iii) The curvature of the cathode helps to focus the
electrons onto the anode.

(iv) The target is made of tungsten because tungsten has a
very high melting point (33800).

(v) The lead shied is used to absorb stray X-rays hence
preventing exposure of X-rays to un wanted regions.

Intensity of X-rays:

Intensity of X-rays refers to the number of X-rays produced.

e The intensity of X-rays increases when the filament
current or heating current (the low P.d) is increased.
This is because when the filament current is increased,
the number of electrons hitting the target increases.
The intensity also increases with the applied voltage
across the tube since the applied voltage increases the
energy with which the electrons hit the target hence
increasing energy for X-ray photons.

Penetrating Power (Strength or Quality) of X-rays:

e The penetrating quality of X-Rays increases with the
applied voltage across the tube
X-rays of low frequency or low penetrating power are
called soft X-rays and are produced when a low voltage
is applied across the tube.
If the applied voltage is high, X-rays (hard X-rays) of
high frequency are produced.
The penetrating power of X-rays is independent of the
filament current.

Types of X — rays

(i) Soft x —rays are X-rays of low penetrating power i.e
low frequency and long wave length produced when a
low accelerating p.d is applied across the x-ray tube.

(if) Hard x —rays are X-rays of high penetrating power i.e
high frequency and short wave length produced when a
high accelerating p.d is applied across the x-ray tube.

Properties of x- rays

e They can penetrate matter (the penetration increases
with the frequency and its minimum in materials of
high density e.g. lead.).
They travel in straight lines at the speed of light.
They are not deflected by both electric and magnetic
fields since they are not charged.
They can ionise a gas increasing its conductivity.
They affect a photographic plate or film.
They cause some substances to fluoresce e.g. Zinc
sulphide.
They are electromagnetic radiations of short wave
length.
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e  They can produce photo electric emission.
e They undergo refraction, reflection and diffraction.

Health hazards of X-rays
Frequent exposure to X-rays can lead to dangers like;
e  They destroy cells especially hard x- rays.
Cause gene mutation or genetic change.
Cause damage of eye sight and blood.
Cause cancer eg Leukemia (cancer of the blood)
Produce deep seated skin burns.

Safety Precautions
Avoid unnecessary exposure to X —rays.
Keep exposure time as short as possible.
The x- ray beam should only be restricted to parts of the
body being investigated.
Soft X-rays should be used on human tissues.
Workers dealing with x-rays should wear shielding
jackets with a layer of lead.
Exposure should be avoided for unborn babies and very
young children.

Uses of X-rays

a) Medicine (Hospital Use)

e Used to investigate bone fractures.
Detecting lung tuberculosis..
Used to locate swallowed metal objects.
Used to detect internal ulcers along a digestive track
Used to treat cancer especially when it hasn’t spread by
radiotherapy i.e very hard x-rays are directed to the
cancer cells so that the latter are destroyed.

How an x-ray is used to locate broken parts of a bone .
Bones are composed of much denser material than flesh
hence if x- rays are passed thru the body , they are absorbed
by the bones onto a photographic plate which produces a
shadow of the photograph the bone that is studied to locate
the broken part.

Industrial use

Used to detect cracks in car engines and pipes.

Used in inspection of car tyres

Used to locate internal imperfections in welded joints
e.g pipes , boilers storage tanks e.t.c.

Used to detect cracks in building.

X-ray crystallography
Used to determine inter — atomic spacing in the crystal.
This done by using X-ray diffraction.

Security:

X-rays are used to check luggage for potentially
dangerous weapons and smuggled items at airports and
custom security check point.

Differences between cathode rays and x-rays

Low penetrating power High penetrating power

Deflected by both
Magnetic and electric fields

Not deflected since they
have no charge.

Cathode rays X-rays

Negatively charged | Have no charge
neutral
highly
penetrating cannot be
deflected

Travel at low speed Travel at high speed
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Exercise:
1. Thermionic emission may occur when
A. Fast moving electrons hit a metal
B. A metal is given heat energy
C. Metal receives light energy.
D. A substance undergoes radioactive decay

Which one of the following will affect the number of
electrons emitted in a thermionic tube?

(i) The p.d between anode and cathode

(ii) The pressure of the filament

(iii) The current flowing in the filament circuit

A. (i) and (ii) only C. (i) and (iii) only

B. (ii0 and (iii) only D. (iii) only

What is the process by which electrons are emitted from
a hot filament?
A. Radioactivity
B. Nuclear reaction
C. Thermionic emission
D. Thermo-electric effect
Which one of the following are properties of cathode
rays?
(i) They travel in straight lines
(i) They can penetrate a thick sheet of paper
(iii) They darken a photographic plate
(iv) They are deflected by a magnetic field

A. (i), (iii) and (iv) only  C. (i), (ii) and (iv) only
B. (i), (i) and (iii) only  D. (iv) only

The phenomenon by which electrons are released from
a metal surface when radiation falls on it is known as

A. Radioactivity C. Photoelectric effect

B. Thermionic emission  D. Reflection

Streams of electrons moving at high speed are called?
A. X-rays C. Gamma rays
B. Cathode rays D. Alpha particles

The process by which electrons are emitted from the
surface of a metal by application of heat is known as
Photoelectric emission
Electromagnetic emission
Thermionic emission
Heat emission

Fig below shows a beam of electrons incident mid way
between two charged metal plates.

S . S—

Electron Beam

i

Which one of the following is correct? The beam
A. s deflected towards the positive plate
B. Is deflected towards the negative plate
C. Moves perpendicular to the plates
D. Passes through the plates undetected.




9. The particles that are emitted from a hot metal surface
are called
A. Electrons C. Neutrons
B. Protons D. Alpha

10. Cathode rays are;
A. Electromagnetic waves
B. Streams of X-rays
C. Protons emitted by a hot cathode
D. Streams of electrons moving at high speed

11. A Zinc cathode was enclosed in an evacuated glass tube
as shown in fig below.
Electromagnetic radiation

(e.g Ultra-violet radiatiomn)
Zinwe cathode

(Glass tube

Emitted electrons
(Cathode rays)

—V acuum

When the cathode was irradiated with ultra violet radiation,
the ammeter gave a reading
(i) Explain why the ammeter gave a reading.
(ii) A gas was gradually introduced into the glass
tube. Explain what happened.

12. (a) What is meant by the following?
(i) Thermionic emission.
(if) Photoelectric effect
(b) State the conditions necessary for photoelectric
effect to occur.
(c) With the aid of a diagram, describe how cathode
rays are produced by thermionic emission.

Input —~_. R
(a.c) + v

tr 1n~_~fmmer

The wave form obtained when X and Y are connected to a
cathode ray oscilloscope is:

A. B. C. D
14. A sinusoidal wave is observed on a cathode ray
oscilloscope, when;
A. A cell is connected to the Y- plates with time base
off.
B. A low frequency alternating voltage is connected
to the Y-plates with time base on.
C. A high frequency alternating voltage is connected
to the Y-plates with time base on.

D. A cell is connected to the Y- plates with the time
base on.

15. The figure below, (a) shows a spot of light on the screen
ofaC.R.O.
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(&) (k)
The spot can be turned into a horizontal straight line shown
in (b), by;
A. Switching off the time base.
B. Switching on the time base.
C. Making one of the plates positive.
D. Connecting the a.c voltage to the Y- plates

16. The cathode ray oscilloscope may be used to;
(i) Measure energy.
(ii) Measure potential difference.
(iii) Display wave forms.
A. (i) only.
B. (i) and (ii) only.

C. (i) and (iii) only.
D. (i), (ii) and (iii).

17. Which of the following represent the appearance on the
screen of a cathode ray oscilloscope when a d.c voltage
is connected across the Y- plates with the time base
switched on?

A B. C. D
18. The brightness on the screen of a T.V is determined by;
A. Darkness in the room.
B. Size of the screen.

C. Number of electrons reaching the screen.
D. Direction of the aerial.

19. Which one of the following sketches represents the
appearance the wave form observed in a C.R.O
connected across an a.c supply when the time base of
the C.R.O is on?

A. B. C. D.
20. The brightness of the spot on a C.R.O screen is
controlled by;

A. X —Plates. C. Grid.
B. Anode. D. Cathode.

21. The X and Y — plates in a cathode ray oscilloscope
make up the:
A. Electron gun.
B. Focusing system.

C. Deflection system
D. Accelerating system.

22. (a) (i) Draw a well labeled diagram of a cathode ray
oscilloscope. (C.R.O).
(ii) State one function of each part you have labeled in
(i) above.

(b) The diagrams below show the traces of a cathode ray
beam on the screen of a cathode ray tube.

Explain how each one may be obtained.

(c) Give two uses of a C.R.O.




. The diagram below shows the main parts of a cathode
ray oscilloscope (C.R.O).

&

(@) Name the parts labeled; A, B, C, D, E, U, V and X.
(i) Explain why the C.R.O is evacuated.
(ii) Describe briefly the principle of operation of a
C.R.O.
(iii) Describe how a bright spot is formed on the
screen.
Using diagrams, show what is observed when on the
screen of the C.R.O when;
(i) The CRO is switched on and no signal is applied
to the Y - plates.
(i) The time base is switched on and no signal is
applied to the Y - plates.
(iii) An alternating signal is applied to the Y- plates
while the time- box is switched off.
(c) Give two applications of a cathode ray oscilloscope.

24. Which of the following is the correct sequence of the
energy conversions in an X — ray tube?
A. Electrical Heat Electro magnrtic

- - KE -
energy energy energy

B. Heat Electrical Electro magnrtic
- - KE -
energy energy energy

C. Electrical Heat Electro magnrtic
- - K.E
energy energy energy
D. K.E N Electrical N Heat Electro magnrtic
energy energy energy energy

25. Which of the following is true about X — rays?
(i) Cause photographic emissions.
(ii) Deflected by an electric field.
(iii) lonize matter
(iv) Not deflected by a magnetic field.
A. (i), (i) and (iii). C. (i) and (iv).
B. (i) and (ii). D. (i), (iii) and (iv).

. The following are some of the uses of X — rays except;
Detection of flaws in a material.
Detection of affected tissues in living organisms.
Destruction of cancer cells.
Preservation of cereals.

. The difference between X — rays and ultra — violet rays
is that X — rays have;
(i) Greater velocity.
(if) Shorter wavelength.
A. (i), (i) and (iii).
B. (ii) and (iv).

(iii) Lower frequency.
(iv) More energy.

C. (i) and (ii).

D. (i), (iii) and (iv).

28. The difference between soft and hard X — rays is that;
A. Hard X- rays travel faster than soft X — rays.
B. Hard X —rays penetrate more than the soft X—rays.
C. Hard X —rays less dangerous than the soft X-rays.
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D. Soft X — rays are produced at high potential
differences.

29. The diagram below shows a hot cathode X — ray tube.

Focusing
High woltage , cup

(a) Name the parts labeled P, Q, R, Sand T.
(b) What is the purpose of the;
(i) Low voltage.
(if) High voltage
(c) State two applications of X —rays .
(d) Explain why part Q must be cooled.

30. (a) What are X —rays?
(b) With the aid of a labeled diagram, describe the structure
and mode of operation of an X — ray tube.
(c) Explain how each of the following can be increased in an
X —ray tube:

(i) Intensity of the X — rays.

(ii) Penetrating power of the X — rays.
(d) Give two biological uses of X — rays.
(e) State any four ways in which X — rays are similar to
gamma rays.




RADIOCTIVITY
Radioactivity is the spontaneous disintegration of heavy
unstable nucleus to form stable nucleus accompanied by
release of radiations.

Activity is the number of disintegrations (or break down
emissions) per second.

The radiations emitted are:

Alpha particles (a), beta particle (B) or gamma radiations
(7). Elements that emit radiations spontaneously are said to
be radioactive elements.

Radioactivity is considered as a random process because
you can not tell which atoms of a molecule will disintegrate
at a particular instant.

Properties of Radiations emitted

(a) Alpha particle
An alpha particle is a helium nucleus which is positively
charged i.e.3H

Properties

e Itis positively charged with a charge of +2.

e It has a low penetrating power because of its relatively
large mass and due to this; it can be stopped or
absorbed by a thin sheet of paper.

It can be deflected by both electric and magnetic fields
because of its charge and it is deflected towards a
negative plate.

It has a high ionising power due to its high charge or
great charge.

e Ithasa low range in air.

Note: When un stable nuclei emits an alpha particle, the
mass number reduces by 4 and atomic number reduces by 2.
When a nuclide decays by release of an alpha particle, it
loses two protons and two neutrons. This can be expressed
as below:

AX—— 55Y + SHe

Parent Daughter alpha
nuclide nuclide particle

Example
Q) Uranium decays by emitting alpha particles to

become thorium;
206Th + 4He

Polonium — 210 undergoes alpha decay to become
lead — 206;

20po L 2py | AHe

Question:

1. A radioactive substance 238X undergoes decay and emits
an alpha particle to form nucllde Y. Write an equation for
the process.
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2. A radioactive substance 238X undergoes decay and emits
two alpha particles to form nuclide Y. Write a balanced
equation for the process.

(b) A beta particle
A beta particle is a high energy electron i.e. ~le.

Properties

e Itis negatively charged with a charge of —1.

e It has a low ionising power because of its low charge
(=1).
It has a higher penetrating power because of its low
mass and due to this; it can be stopped or absorbed by
an aluminium foil (a few cm).
It can also be deflected by both electric and magnetic
fields at a higher angle and it is deflected towards a
positive plate.

e It has ahigh range in air.

Note:

When a radioactive nuclei decays by emitting a beta

particles. Its mass number is not affected but the atomic

number increases by one.

When an element decays by emitting a beta particle, it loses
an electron. This results from the decay of a neutron to a
proton:

—_— 1 0
o P+ B
neutron proton beta particle

Beta decay can be expressed as:
0
AX——4Y + e
Z ; beta
particle

parent daughter
nuclide nuclide

Example
Radioactive sodium undergoes beta decay to become

magnesium. This can be written as:

24 24 0
1 Na 12 Mg _|_ -le
Note: When a nuclide undergoes beta decay:

0] Its atomic number increases by one.
(i) Its atomic mass remains the same.

Questions:
1. An unstable nuclide 22§X decays to form a stable nuclei Y
by emitting a beta partlcle
(i) Write down an equation for the process.
(if) How would nuclide X be affected if a beta particle
was emitted instead of the alpha particle?
(iif) Compare the nature and properties of an alpha
particle with those of a beta particle,

2. A radioactive nucleus 24§Ra undergoes decay and emits
two alpha particles and two beta particles to form nuclide S.
State the atomic number and mass number of nuclide S.

3. (a) Consider the equation below.

. 206
210 Ox O, (i) 206 20Y (i) ,"g1 2




Name the particle emitted at each of the stages (i) and (ii).

(c) Gamma Rays
These are neutral electromagnetic radiations with the
shortest wave length.

Properties
They are neutral (not charged) and therefore can not be

deflected by both electric and magnetic fields.

They have the highest penetrating power because of their
light mass and due to this they can be stopped or absorbed
by a lead metal or shield which has the highest density.
They can also cause ionisation of a gas by knocking off
electrons from the neutral atoms but this is by small
amounts.

They have the highest possible range in air.

Question:

1. (a) Describe the composition of the 23Na atom.

(b) $9Co is a radioisotope of Cobalt which emits a beta
particle and very high energy gamma rays to form an
element Y. Write a balanced equation for the nuclear
reaction.

60 0
ggco_’ZSY —I_ _1e —|_ y

2. A radioactive nuclide 233X emits 4 alpha particles, 2
beta particles and gamma radiations to turn into
another nuclide, Y. Find the mass number and atomic
number of Y.

3. A radioactive nuclide 233X decays to nuclide Z
according to the decay process below.

228
232 228 Y 228 7

90 X 88 89 Zﬁ_ 89
B C

A
(@) ldentify the particles or radiations A, B and C.
(b) State two differences between radiations A and B.

Note: In a chemical reaction or equation,

0] The total mass number on the left must be equal to
the total mass number on the right hand side.

(i) The total atomic number on the left must be equal
to the total atomic number on the right hand side.

Deflection of Alpha, Beta and Gamma radiations in electric
and magnetic fields

v Garntma rays

(electroma gnetic waves)

Eeta particles
(electrons)
\

/_\ Alpha particles
N 8

(Helnm nuchide)
Lead Box containg a
radioactive substance.
e.g Fadum

Alpha particles are deflected in a direction towards the
South Pole while beta particles are deflected towards the
North Pole.

Alpha particles are less deflected than beta particles
implying that alpha articles are heavier than beta particles.
The gamma rays are not deflected in the magnetic field
implying that they have no charge.

If the radiations are subjected to an electric field, the paths
below are seen.

,f,ﬁlpha patticle

P Cramina rays
Beta patticle

+ 4+ + + + + + +

Alpha particles are deflected towards the negative plate
since they are negatively charged, while beta particles are
deflected towards the positive plate since they are negatively
charge.

The gamma rays are not deflected in the electric field
implying that they have no charge.

Penetration Power of Alpha, Beta and Gamma radiations

1

? wey | ey | v

Radioactive Thirck Aluminium Lead
source Faper sheet sheet

lonising effects of the radiations

Ultra violent radiation is incident on a clean zinc plate
resting on the cap of a charged G.L.E as shown below

©Obagiradnl@gmail.com




Emitted
electrons
L

Cleaty mitao
plate

-
':“'\-
| i‘
77

¥ light
) —

-

-—

dhielded
v laip

— —

e c— 1o

Leaf slowly collapses as
electrons ate emitted

When a radioactive source is brought near the cap of a
charge G.L.E , the leaf falls , this show that the G.L.E
has been discharged as a of the ionization of air around
the cap.

If the G.L.E is positively charged negative ions or
(electrons) from air attracted and the gold leaf falls and
if is negatively charged, irons are attracted and leaf also
falls.

Question:
Explain what is observed when;
(i) The G.L.E is positively charged.
(if) Radio wave is used instead of ultra violent radiation.

Answer

(i) No further divergent of the leaf is observed because
the ultra violent radiation eject electrons from the
metal surface but the electrons are immediately
attracted back hence no loss of charge.

(i) Radio waves have low energy thus are unable to
release electrons so there will be no effect on the leaf
divergence of the electroscope.

Back ground radiation

These are radiations which are naturally existing even in the
absence of radioactive source .they are caused by natural
tracks of radioactive materials in rocks. Cosmic rays from
outer space.

These cosmic rays are very high energetic radiated particles
which come from deep in space. So the correct count rate =
actual rate plus back ground count rate.

Example:
Given that the back ground rate is 2 counts per minute and

the Geiger Muller count rate is 25, determine the
approximate number of radiations present.
Countrate = 25-2
= 23 Cmin?

Comparisons of the Radiations
(a) Similarities between alpha and beta particles.
e Both ionize gases.
e  They both penetrate matter.
e They are both deflected by and magnetic fields.
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(b) Differences between alpha and beta particles.

Property

Radiation

Alpha particle

Beta particle

Charge

Positive

Negative

Nature

Helium

electrons

particles
which have lost the

High
electrons

energy

Deflection in

fields

Towards
plate and south pole

negative

Towards positive
plate and north pole

Penetrating

power

thick ones.

Low: Penetrate thin
paper but stopped by

High: Penetrate
thick paper and thin
alluminium foil but
stopped by thick
alluminium sheets.

lonizing
power

High (Most)

Moderate

Absorbed by

Thick
paper

sheets of

5mm of alluminium

(c) Differences between Gamma rays and X-rays

Gamma rays

X-rays

(i) Wave
Length

Shorter wave length
than X-rays.

Longer wave length
than gamma rays.

(ii) Origin

From nuclei of atoms
as a result of
radioactivity.

From cathode rays
suddenly stopped by
matter.

(d) Comparison of Alpha, Beta and Gamma radiations

Property

Radiation

Alpha
particle

Beta

Gamma

particle rays

Charge

Positive

(*+2) (1)

Negative No

charge

)

Nature

Helium
particles
which have
lost the
electrons

High energy
electrons

High energy
electromagne
tic radiation.

Deflection in
fields

Towards
negative
plate  and
south pole

plate

north pole

Towards Not
positive

deflected
and

Penetrating
power

Least

Moderate

Most

lonizing
power

Most

Moderate

Least

Absorbed by

Thick
sheets  of

paper

5mm

alluminium

of | Thick sheet
of lead

Range in air
(inm)

0.05 3

100

Note:

(iii) Range of radiation is the maximum distance
covered by a radiation in air before it is totally
absorbed.

(iv) lonisation is the process of changing the neutral
atoms of a gas into positive and negative ions.




Detectors of the radiations
These include:
(i) lonisation chamber
(if) Geiger Muller Tube (G.M tube)
(iii) Cloud chamber (both expansion type and diffusion
cloud chamber)
(iv) Scintillation counter

Cloud chamber tracks for the Alpha, Beta and Gamma
radiations

When an ionising radiation from a radioactive source, enters
the chamber the ions are produced.

Alcohol droplets in the cloud chamber will collect around
these ions produced forming strings.

Using a strong illumination, the droplets can be
photographed by using a camera.

The type of radiation depends on the thickness or length of
the traces of ions formed.

Alpha particles produce, thick short, straight and continuous
tracks, Beta particles produce longer but wavy tracks and
Gamma rays have an irregular and faint tracks as shown
below.

Alpha particle

Beta particle

Gamma rays

\

Short, straight and | Long and wavy | Irregular  and
continuous tracks tracks faint tracks

Dangers of radiations.

(i) Alpha particles;
Alpha particles are less dangerous unless the source enters
the body.

(ii) Beta Particles and Gamma radiations:
These are very dangerous because they damage skin tissues
and destroy body cells.
They cause:
(i) Radiation burns. (i.e. redness and sore on the skin).
(if) Leukemia, (Blood cancer).
(iii) Sterility, (Inability to reproduce).
(iv) Blindness, (i.e. they damage the eye sight)
(v) Low body resistance to normal diseases, due to
damage of blood corpuscles.
(vi) Mutation. (A harmful genetic change, that occurs
during DNA replication and protein synthesis).
The effects of genetic mutations appear in the subsequent
generations. E.g, a child may be born with one arm or both
but when one is shorter than the other.

Safety precautions when dealing with radioactive
sources
Radioactive sources should be handled with care. In that;

¢+ They should be held with forceps or a pair of tongs
and not with bare hands.
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Avoid eating, drinking or smoking where radioactive
sources are in use.

Radioactive sources must be kept in lead boxes when
not in use.

Wash hands thoroughly after exposing them to
radioactive materials.

Any cut on the body should be covered before dealing
with radioactive sources.

Operators should put on gloves and lead coats.

During experiments with radioactive materials, the
radiations should not be directed towards the people.

Applications of Radioactivity
(Uses of alpha , beta ,and gamma rays)
The uses in various fields are based on the following

% Gauge control and fault finding:
If a radioisotope is placed on one side of a moving sheet of
material and a GM tube on the other, the count rate
decreases if the thickness increases. Flows in a material can
be detected in a similar way; the count-rate will increase
where a flaw is present.

+ Radioactive tracers:
A small amount of a weak radioisotope is injected into the
system and traced by a GM tube or other detectors.

+ Radiotherapy
Gamma rays are used in the treatment of cancer and
detecting breakages in bones.

+«  Sterilization
Gamma rays are used to sterilize medical and industrial
instruments and foods.

+» Archaeology
Living plants and animals take in radioactive carbon. When
a tree dies, no fresh carbon is taken and the carbon starts to
decay. By measuring the residual activity of carbon
containing material such as wood, charcoal the age of
archaeological remains can be estimated.

(@) Industrial uses:

They are used,;

v in tracer techniques to investigate the flow of liquids in
chemical plants. (Identifying oil leakages in oil pipe
lies).
in the automatic control of thickness or uniformity of
materials in industries. (e.g Cigarettes)

In the study of wear and tear in machinery.

To detect faults in thickness of metals sheets in welded
joints. (gamma rays)

in food preservations.

to sterilize equipments in food industry

to detect smoke

in energy production: Nuclear reactors use radio
isotopes to produce electricity.

(b) Medical uses
v/ Used to treat cancerous cells. (Radiotherapy).
They are used to kill bacteria in food (x- rays).
Used to sterilize medical surgical equipments.
Locate broken bones
Asses the amount of blood in a patient

(c) Archeological uses




v' Used to determine the time that has elapsed since death
of a certain organism occurred in a process called
carbon dating.

(d) Geology
v" They are used to determine the age of rocks.

(e) Biological uses
v Used to study the uptake of fertilizers by plants.
v Used to sterilize insects and hence eliminate pests that
destroy crops.

(f) Defense
v" Nuclear reactions of fusion and fission are used in
manufacture of weapons of mass destruction like
nuclear and atomic bombs.
Exercise:
1.  Which one of the following radiations has the listed
properties?
(i) Long range in air.
(if) Not deflected by magnetic and electric fields.
(iii) Cause very little ionization of air molecules.
A. Alpha. C. Gamma
B. Beta. D. X - rays.

A radioactive source decays by emission of all the
three radiation. The radiation enters normally into
electric field as shown in figure 3.

Radinactve source

Fig, 3.

(@) Which radiation is most likely to detect at;
(i) Position A. (ii) Position B. (iii) Position C.

(b) (i) What can you deduce about the charges of the
radiation?

(i) State two differences between radiation A and B.

(iii) What happens when the radioactive source is
completely covered with an ordinary sheet of paper.

(iv) Draw diagrams to show the paths of the particles
named in (d) above.

(c) A radioactive source that emits all the three radiations is
placed in front of the cardboard aluminum and lead sheets as
shown in the figure above. Name the radiations likely to be
between the card board.

Card  aAlluminium  |azd
board sheet zheet

Radiation
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Q) Cardboard and aluminum sheet.
(i) Aluminum and the lead sheets

(d) (i) Name any three precautions which must be
undertaken by one working with ionizing radiation.

(i) Give 2 uses of radioactivity.

(iii) Name two health hazards of radioactivity.

(e) Name one;
(i) Industrial use;
(ii) Biological use of radio activity.

HALF LIFE
Half life is the time taken for a radioactive substance to
decay to half of its original mass (or nuclei).

Half life can be measured in any unit of time, e.g seconds,
minutes, hours, days, weeks, months and years.

It is not affected by physical factors like temperature and
pressure.

It is different for different nuclides as shown for some
nuclides in the table below.

Radioactive Symbol | Half life Radiati
element ons

Polonium-218 | 21%pPo | 3.05 minutes a

Thorium — 234 23'Th | 24.10 days B,y

Uranium — 234 2320

2.47 x 10°years a,y

Uranium — 238 2380

4.51 x 10%years a,y

Note:

«» These values are not to be memorized.

« The last two are called Radioisotopes. (Radioactive
atoms of the same element with the same atomic
number but different mass numbers).

Experiment to determine the half life of a radioactive

nuclide.

v Place the source of the radioactive nuclide into the
ionization chamber or Geiger Muller tube.

v" Note and record the count rate (Change in the intensity
of radiations from the source with time).

v Plot a graph of intensity or number of nuclei remaining
against time.

v Read off the half life from the graph.

How to read half life from the graph:

v Draw a horizontal line from half of the original amount
(or count rate or original number of nuclei) to meet the
curve.

v Draw a vertical line from the point on the curve to meet
the time axis.

v Read the value of half life from where the vertical line
meets the time axis.




Half
I life
t

Time [ days)

1
1

In some cases, the original mass may not coincide with the
zero (0) time.
F

Count

Time (days)

Calculations of Half life:

given by; t = nt1
2

Where, n is the number of half lives in a time, t

Method I11: Using the formula

The mass remaining after a time t, M, ,when an original
sample of mass M,decays with a half- life of t: is given by;
2

M, = M, G)n: Where, n =ti

1
2

Case I: Finding the half life when the final mass, M and

time taken, t are given,.

+« In this method, we continuously half the initial count
rate or initial mass until the given count rate or final
mass.
Then we use the formula; t = nti. Where, t is the time

2
taken for the decal to half, t1 is the half life and n is the
2
number of half lives.
Example 1:
(1994 Qn. 15): The count rate of a radioactive isotope falls

from 600 counts per second to 75 counts per second in 75
minutes. Find the half life of the radio isotope.

Solution:

Method I: Using a table

Method I: Using a table

Time Mass Mass  Decayed
Taken, t remaining, M, | M, = M, — M,

0 0

=

=
°

N——

=
o

=
o

NIR NI RN R
N—
N

N——

Where: nt1 =t
2

M, = 600Cs™!;M, =75Cs"%; t = 75s

Count rate(Cs™!) | Number of half- lives, n
M, = 600 0

300 1
150 2
M, = 75 3
Then from; nt1 = t.

2
3t1 = 75.
2

t1 = 25 minutes
2

Method I1: Arrow Diagram (Crude method)

Method I1: Arrow Diagram (Crude method)

tt 4, o4 11 1
MM EM"ZJM" ZMO-fM-U §M0—M>§ >

The total time taken for the required amount to decay, is

1t 2ty 3ty
7 2z
600 — 2 300 ———» 150———» 75
1 L9
Fi

t = 75 minutes
Then from; nt1 = t.
2
3t = 75.
2

t1 = 25 minutes
2

Method I11: Using the formula

The mass remaining after a time t, M, ,when an original
sample of mass M decays with a half- life of t1 is given by;
2

M, = M, G)n: Where, n = é
2
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Alternatively; At the stage

M = of;
75 = 600 (%) yon 1

75 = 600(271)" . 8
@5 Introducing logarithms to

75 base 10 on both sides;
600

n

)™=
log2™ =1og0.125

—nlog2 =1og0.125

2—"—1
8

_log0.125
~ log2

—n=-3
n=3

Method I11: Using the formula

The mass remaining after a time t, M, , when an original
sample of mass M decays with a half- life of t1 is given by;
2

M, = M, G)n: Where, n = é

2

Then from; nt1 = t.
2
3t1 = 75.
2

t1 = 25 minutes
2

Example 2:

(1987 Qn. 6): After 18 hours, a sixteenth of the original
mass of a radioactive isotope remained. What is the half life
of the isotope.

Solution:

Alternatively; At the stage
of;
1

27 =—

Introducing logarithms to
base 10 on both sides;

log2™ =10g 0.0625
—nlog2 =10g 0.0625

_10g0.0625

-n=—4
n=4

Then from; nt: = t.
2
4t1 = 18.
2

t1 = 4.5 hours
2

Method I: Using a table

Let the initial amount be N;

N
N =? ;Nt=R; t = 18 Hours

Mass Number of half- lives, n
M, 0

1t1
2

=z

2t1
2

oz ]z oz

Then from; nt1 = t.
2

4t1 = 18.

2
t1 = 4.5 hours
2

Case Il: Finding the mass left when half life and time

taken are given

+« Half the original mass continuously until we reach the
time given.

+ The mass that corresponds to the time given is the mass
left.

Example 3:

(1994 Qn. 6): The half life of a radioactive element is 2
minutes. What fraction of the initial mass is left after 8
minutes?

Solution:

Method I: Using a table

Method I1: Arrow Diagram (Crude method)

1ty N 2t1 N 3t 4t
z - =z - 2 = 2 -
N—2 >4 T8 16
I t = 18 Hours s

Then from; nt1 = t.
2
4t1 = 18.
2
t1 = 4.5 hours
2
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Let the initial amount be N;

N=? ;N = ; t1 = 2 minutes; t = 8 minutes;
2

N
16’
Mass Number of | Time

half- lives, n taken, t
(minutes)

0 0

1t1 2

2

2t1
2

1
From the table, the fraction left after 8 minutes = 16




Method I1: Arrow Diagram (Crude method)

Method I1: Arrow Diagram (Crude method)

1te 2tq sta
z z N 2 2
—_— T - —— —
4 8 . 16

4

t = 8 minutes

N 4 N ¢ N 8 N

N ,N 8 N

N—2 > 4 3
I

t = 8 minutes

1
From the above, the fraction left after 8 minutes = Ta

Try using the crude method, you will still get themass
left after 120 days =2 g

Method I11: Using the formula

The mass remaining after a time t, M, , when an original
sample of mass M,decays with a half- life of t: is given by;
2

M, = M, G)n: Where, n =é

2

Method I11: Using the formula

The mass remaining after a time t, M, , when an original
sample of mass M,decays with a half- life of t1 is given by;
2

M, = M, (%)H:Where,

51
2

N

N 16

1
Thus, the fraction left after 8 minutes = I

1
N, = 64 X —
t 32

=2 :
Thus, the mass left after 120 days =2 g

Example 4:

(1994 On. 6): The half life of Uranium is 24 days.
Calculate the mass of Uranium that remains after 120 days if
the initial mass is 64g.

Solution:

Case Ill: Finding the mass decayed when half life and
time taken are given
Half the original mass continuously until we reach the
time given.
The mass that corresponds to the time given is the mass
left.
Find the mass decayed from the expression:
Mass decayed = Original mass — Mass left

Where: Original mass = mass atatime t=0.
Mass left = mass corresponding to the given time

Example 5:

(2001 Qn. 4) (e) : The half life of a radioactive substance is
24 days. Calculate the mass of the substance which has
decayed after 72 days, if the original mass is 0.64g.
Solution:

Method I: Using a table

Method I: Using a table

Let the initial amount be N;
My = 64 g ; M, =7; t1 = 24 days; t = 120 days;
2

Let the initial amount be N;
M, = 0.64 g ;M =?; t1 = 24 days; t = 72 days;
2

Mass (g)

Number
half- lives, n

of

Time
taken,
(days)

M, = 64

0

0

32

1t1
2

24

16

2t1
2

48

72

Mass (g)

Number
half- lives, n

of

Time
taken,
(days)

M, = 0.64

0

0

0.32

1t1

2

24

0.16

2t1

2

48

M, = 0.08

3ty

72

96

M = 2

5t1
2

120

Z
From the table, the mass left after 72 days = 0.08 g
Mass decayed = Original mass — Mass left
Mass decayed = 0.64 — 0.08
Mass decayed = 0.56 g

From the table, the mass left after 120 days =2 g

Method I1: Arrow Diagram (Crude method)
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Try using the crude method, you will still get the mass
left after 72 days = 0.08 g and Mass decayed = 0.56 g

206




Method I11: Using the formula

The mass remaining after a time t, M, , when an original

sample of mass M,decays with a half- life of t1 is given by;
2

1\, ot

M, = M, (E) : Where, n=—

1
2

Thus, the mass left after 72 days = 0.08 g
Mass decayed = Original mass — Mass left
Mass decayed = 0.64 — 0.08
Mass decayed = 0.56 g

Example 6:

(2002 Qn. 23): The half life of a radio active substance is
10s. How long will it take for a mass of of 16g of the
substance to reduce to 2g? [Ans: t = 30s].

Example 7:
(2008. Qn.8) (c): A radioactive element has a half life of 4
minutes. Given that the original count rate is 256 counts per
minute,
(i) Find the time taken to reach a count rate of 16 counts
per minute. [Ans: t = 16 minutes]
(i) What fraction of the original number of atoms will be
left by the time the count rate is 16 counts per minute?

[Ans: Fraction left = %]

Example 8:
(a) The table below shows results obtained in an experiment
to determine the half life of a radioactive substance.

Count rate -+

Time (minutes) -}

From the graph above, half life,
t1 =5+4(0.5)
2

= 7minutes

(b) Radioactive materials emit radiations, alpha, beta
particles and gamma rays which are harmful to human life.
Lead containers absorb these radiations and prevent them
from coming into contact with people.

(c) (i) The element takes 3000 years to decay to half its
original mass.

(ii)

216
20, JMEy L 4y, + o3
24 23 2

(iif)

Method I: Using a table

Count rate 250 175 76 38 25

Time (min.) 0 5 10 15 20

Draw a graph of count rate against time and use it to
determine the half life of the radioactive substance.

(b) Explain why radioactive substances must be stored in
thick lead containers.

(c) The nuclide 233X has a half life of 3000 years and decays
to nuclide Y by emission of an alpha particle. and three beta
particles
(i) State the meaning of the statement “Half- life of a
nuclide is 3000 years.”
(if) Write a balanced equation for the decay process.
(iii) What percentage of the original sample of the nuclide,
remains after three half lives.

Solution:

(@)
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%age mass | Number of half- lives
100 0

50 1

25 2

12.5 3

Therefore, 12.5% of the original mass will remain after 3
half lives.

Method I1: Arrow Diagram (Crude method)

ta ti t1
3 z Z
220—2 »110—2 » 55 ——=» 275
Thus the percentage of the original sample that remains after
3 half lives is given by;

Mass left
=—Xx100%
Original mass

_ 275 x 100%
T 220 0

=12.5%




Method I11: Using the formula

11. The following values obtained from the readings of a
rate meter from a radioactive isotope of iodine

The mass remaining after a time t, M, , when an original
sample of mass M,decays with a half- life of t1 is given by;
2

M, (%)n: Where, n = i
2

Time (min) 0 5 10 15 20

Count rate (min%) | 295 | 158 86 47 25

Thus the percentage of the
original sample that remains
after 3 half lives is given by;

_ Massleft
~ Original mass

_ 275 x 100%
= 220 0

=12.5%

X 100%

Exercise:
1. If a radioactive element of mass 32 decays to 2g in
96days .calculate the half life.

A certain radioactive substance takes 120years to decay
from 2g to 0.125¢. Find the half life.

The half life of substance is 5days. Find how long it
takes for its mass to disintegrate from 64g to 2g.

A radioactive sample has a half life of 3 x 103 years.
Find how long it takes for three quarters of the sample
to decay.

The activity of a radioactive element with a half life of
30 days is 2400 counts per second. Find the activity of
the element after 120 days.

The count rate from a radioactive source is 138 counts
per minute when the back ground rate is 10 counts per
minute. If the half life of the source is 6 days, find the
count rate after 18 days.

A radioactive element has a half life of 4years .if after
24hours 0.15g remains calculate the initial mass of the
radioactive material.

A certain mass of a radioactive material contains 2.7 x
102* atoms, how many atoms decayed after 3200years
if the half life of material is 1600years?

[Ans: 2.025 x 10%* atoms]

9. (a) The activity of a radioactive source decreases from
4000 counts per minute to 250 counts per minute in 40
minutes. What is the half life of the source?

(b) A carbon source initially contains 8 x 10° atoms.

Calculate the time taken for 7.75 x 10° atoms to decay.

10. The table below shows the count rates of a certain
radioactive material.

Count rate (s) | 6400 | 5380 | 3810 | 2700 | 1910 | 1350

Time (min) 0 1 3 4 7 9

Plot a suitable graph and use it to find the half life of the
material.

Plot a suitable graph and find the half life of the radioactive
iodine.

12. The following figures were obtained from Geiger miller
counter due to ignition if the sample of radon gas

Time (min) 0 102 | 155 | ... 300

Rate (min!) | 1600 | ... 200 | 100 |50

(a) i) Plota graph of count rate against time
ii) determine the half life
iii) Find the missing values

(b) (i) what is the count rate after 200 minutes
(ii) after how many minutes is the count rate 1000 minutes

13. The following figures were obtained from Geiger miler
counter due to ignition of the sample of radon gas

Time (min) 0 102 | 155 | 208 | 300

Rate (min™) 1600 | 1400 | 200 | 100 | 50

a) Plot a graph of count rate against time.

b) Determine the half life.

c) What is the count rate after 200 minutes?

d) After how many minutes is the count rate 1000
minutes?

NUCLEAR REACTIONS:
A nuclear reaction is a process in which energy is
produced by either splitting a heavy nucleus or combining
two lighter nuclei at high temperatures.
A nuclear reaction takes place in a nuclear reactor.

Types of nuclear reactions:

(i) Nuclear fission
This is the splitting of a heavy unstable nucleus into two
lighter nuclei with the release of energy.
This process can be started by bombardment of a heavy
nucleus with a fast moving neutron. The products of the
process are two light atom and more neutrons which can
make the process continue.

Example:

When Uranium — 235 is bombarded with slow moving
neutrons, Uranium — 236 is formed.

Uranium — 236 then under goes nuclear fission to form
Barium, (Ba) and Krypton, (Kr) with the release of neutrons
and energy according to the equation below.

233U + in > 238U - ¢Ba + 32Kr + 2{n + Energy

The energy released in a single nuclear fission reaction of a
single Uranium atom is about 200 MeV.

Conditions for nuclear fission to occur:
«+ Low temperatures.
+« Fast moving neutrons

Application of nuclear fission:
+«» Used in making atomic bombs.
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Used to generate electricity.

Used to generate heat energy on large scale.

Note: Nuclear reactors make use of controlled nuclear
fission while atomic bombs make use of un controlled
nuclear fission.

*.
o
*.
o

(if) Nuclear fusion:
This is the union (or combining) of two light nuclei at high
temperatures to form a heavy nucleus with the release of
energy.

Example:

When two Deuterium (Heavy hydrogen) nuclei combine at
very high temperature (of about 108K), Helium — 3 and a
neutron are produced accompanied by the release of energy
according to the equation below.

H + H - 3He + Jn + Energy

Reactions of this type occur in the in the sun and stars and
are the source of the sun’s or star’s energy.

Conditions for nuclear fission to occur:
« Very high temperatures.
« The light nuclei should be at very high speed to
over nuclear division.

Application of nuclear fission:

Used to produce hydrogen.

Used in making atomic bombs.

Used to generate electricity.

Used to generate heat energy on large scale.

5

%

5

%

5

%

e

%

Similarities between nuclear fission and nuclear fusion.
« In both nuclear reactions, nuclear energy is
released which can be used to generate electricity,
heat or in atomic bombs.
<+ Energy changes in a nuclear reactor:

(Nuclear) (Chemical) (Kinetic) <Electrical)
- - -

energy energy energy energy

Differences between nuclear fission and nuclear fusion.

Nuclear fission Nuclear fusion

Is the disintegration of a | Is the combining of two
heavy nucleus into two | lighter nuclei to form a
lighter nuclei.. heavy nucleus.

Requires low temperature. Requires high temperatures

Requires slow neutrons for | Neutrons are not required.
bombardment For fusion to occur

High energy is released Lower energy is released

Results into 4 products Results into 3 products

Exercise:
1. (a) What is meant by radio activity?
(b) The equation below shows a reaction which takes place
in a nuclear reactor.
235U + &n > %S0 - *1Ba + ,JKr + 3}n + Energy

(i) Name the reaction represented by the equation
(if) Find the values of x and y.
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2. (1991 Qn. 1). The process whereby the nuclei of alight
elements combine to form a heavy nuclei is called?
A. Fission B. Fusion
C. lonisation D. Radioactivity

3. (1993 Qn. 22). The process by which a heavy nucleus
split to form lighter nuclei is called?
A. Fission B. Fusion
C. lonisation D. Radioactivity

4, (1994 Qn.18). 23U + in - %Ba + 3%Kr + 2x
The equation above represents a nuclear reaction. Identify x.
A. Proton B. Neutron
C. Alpha particle D. Beta particle

5. (2000 Qn. 7). In the atomic bomb, energy is produced
by:
A. Fission
C. Thermionic emission

B. Fusion
D. Radioactivity

6. (2001 Qn. 17). When Uranium — 235 is bombarded

with a neutron, it splits according to the equation;
23%0 + ¢n - NP + 22Kr + 3in

M and N on P represent;

M N

56 141

141 56

199 36

107 128

7. (a) (i) Distinguish between nuclear fission and nuclear
fusion.
(i) two conditions necessary for each to occur.

(b) State one example where nuclear fusion occurs naturally.
(c) State one use of nuclear fission.

(d) The following nuclear reaction takes place when a
neutron bombards a sulphur atom.
3t + n - 3
(i) Describe the composition of nuclide Y formed.
(if) Nuclide Y decays by emission of an alpha particle
and a gamma ray. Find the changes in mass and
atomic number of the nuclide.




MAGNETISM AND ELECTROMAGNETISM

MAGNETISM

Magnetism is the force exerted by a magnetic field.

A magnet is a piece of metal that attracts other metals. It
has two poles i.e. North Pole and South Pole.
A magnet is a substance which has the capacity of attracting
and holding the other substance e.g iron, steel, Nickel etc.

Examples of magnets include Lodestone magnet, which is a
form of Iron (ii) oxide called magnetite which is a naturally
occurring magnet.
It always points in north and south directions if it is freely

suspended.

Types of
material

Definition
properties.

and magnetic

Examples

(a) Magnetic
material

This is a material which has
the property of being
attracted or repelled by a
magnet.

iron, steel,
nickel, e.t.c.

(i)Ferro-
magnetic
materials

These are materials which are
strongly attracted by a
magnet.

% Their magnetic dipoles
line up more readily.

« When placed in a
magnetic  field, they
retain their magnetism
after the external field is
removed.

iron, cobalt
and nickel,
Gadolinium
(Gd)

(i))Non
Ferro-
magnetic
materials.,

These are materials which are
weakly attracted by a
magnet? e.g. iron, cobalt and
nickel

Para-
magnetic
materials

These are materials that are

slightly or weakly attracted

by a strong magnetic field.

« They become more
magnetic when they are
very cold.

Aluminium,
Wood,
brass,
copper,
platinum,
uraniumetc.

Dia-
magnetic
materials

These are materials that are

weakly repelled by a strong

magnetic field

% When in a
magnetic  field, they
become weakly
magnetized in a direction
opposite to the
magnetizing field.

strong

Zinc,, gold,
Bismuth,
sodium
chloride,
mercury,
Benzene,
water

e.t.c.

(b) Non-
magnetic
materials

These are materials which
cannot be attracted or
repelled by a magnet e.g.
copper, brass, wood, plastic,
wood, rubber etc.
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Note: Magnets strongly attract ferromagnetic materials,
weakly attract paramagnetic materials and weakly repel
diamagnetic material.

Hard and soft magnetic materials

(i) Hard magnetic materials.
These are ferro-magnetic materials which are not easily
magnetized but retain their magnetism for a long period. E.g
steel
Hard magnetic materials are used for making permanent
magnets used in instruments like

v' Electricity meter

v Radio loudspeaker

v Telephone receiver

(if) Soft magnetic materials

These are ferro-magnetic materials which are easily

magnetized but lose their magnetism easily. E.g iron

Soft magnetic materials are used in

» Transformer

» Magnetic keepers

» Making of temporary magnets used in: electric bells,
relays, electromagnets, dynamos, motor armatures, etc

Experiment to distinguish between hard and soft
magnetic materials

atrong
— petmanent
magnent

fillings

Procedure

Two strips of iron and steel are attracted to a magnet as
shown above

The arrangement is then dipped in the iron fillings.

Observations:

(i) More iron fillings are attracted to the iron strip than
the steel strip. This is because the induced magnetism
in iron strip is stronger than that in steel. Iron is easily
magnetized than steel.

(i) On removing the permanent magnet almost all iron
fillings on iron fall off and very few if any fall from
steel. Steel.

This is because the induced magnetism in iron is
temporary while induced magnetism in steel is
permanent.




Conclusion

Iron is a soft magnetic material i.e temporarily magnetized
while steel is permanently magnetized and thus hard
magnetic material.

Assignment: give some differences between steel and iron
as magnetic materials

Storing magnets

Magnets tend to become weaker with time due to repulsion
of the free like poles of molecular magnets near the ends.
This upsets the alignment of the atomic dipoles.

To prevent this self demagnetization of magnets, bar
magnets are stored in pairs with un like poles put together
and pieces of soft iron called magnetic keepers are placed at
the end as shown below.

Keeper

Magnet
5

Explanation
How magnetic keepers are used to store magnets

» Magnetic keepers become induced magnets and their
poles neutralize the poles of the bar magnets. In other
words, the keepers and the bar magnets form a closed
loop with no free poles thus eliminating self
demagnetization.

Uses of magnets
Used in industries to lift heavy loads
Tapes and tape recorders use a special type of magnetic
materials with very fine powder where each particle can
be magnetized
Used in electric motors and generators to rotate the
wheels of a machine
Used in a relay reed switch and as a circuit breakers
Used in telephone receivers and loud speakers. etc

Polarity of a magnet

Polarity of a magnet refers to the points at the ends of a
magnet that have opposite magnetic properties where the
magnetic strength is more powerful. The points are called
poles.

Magnets are never found as monopoles. (Single magnetic
poles). Every magnet has two poles called North pole(N)
and South pole (S).

The North Pole is the pole which is attracted to the
geographic north and the South Pole is the pole which is
attracted to the geographic south.

Law of magnetism:

It states that, unlike poles attract and like poles repel.

Note: The attraction or repulsion between two magnets
depends on the strength of the magnets and the distance
between them.

The further apart the magnets are, the less they attract or
repel one another.
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Properties of magnets

e Magnets attract only certain materials.

e Magnets have two ends called magnetic poles. Its at
these ends where the attractive forces are strongest
{Assn. Describe an experiment to show that
attractive forces of a magnet are strongest at its
ends}

This is shown by dipping a magnet into a container of
iron fillings.

Iron fillings are seen in large numbers at the magnetic
poles than in the middle of the magnet.

Magnets with two poles i.e. North Pole & South Pole
when freely suspended come to rest in the north-south
direction.
{Assn. Describe an experiment to show that a freely
suspended magnet comes to rest in the north-south
direction}

Magnets have a basic law which states that unlike poles
attract while like poles repel.

{Assn, Describe an experiment to verify the law of
magnetism}

Testing polarity/magnetism [How to identify the pole of a
magnet]

(a) By suspension method

2

i

/

? Freely Buspended Magnet
X

Procedures:
v Suspend a given un marked magnet with a help of a
thread so that it can rotate freely.
v/ Wait until the magnet comes to rest.

Observation:
The magnet points in north-south direction.

Conclusion:
The end facing the geographic north is the North pole and
the end facing the geographic south is the south pole.

(b) Using a magnet of known poles

i

N

"

Iiagnet of kiown poles




Procedures:

v Suspend an iron bar and mark its ends X & Y

v" Bring the N-pole of a magnet slowly towards the end X
and after towards end Y. Note the observations in each
case.

Repeat the above procedures using the S- pole of a
known pole magnet.

Observations

(i) Attraction: Probably due to attraction between unlike
poles or due to attraction between a magnet and a
magnetic material.
Therefore we cannot make a conclusion here.

Repulsion: It is due to like poles. If repulsion occurs,
then the unknown pole is similar to the known pole of
the magnet.

In this case we can make our conclusion of the
unknown pole.

Double touch method

Magnetic

North Pole South Pole Substance

North Pole  [Repulsion  [Attraction Attraction

South Pole  |Attraction Repulsion Attraction

Magnetic

Substances Attraction IAttraction No effect

Note: Repulsion is the only sure way of testing for the
polarity of a magnet and not attraction because attraction
occurs for both magnets and magnetic materials.

Methods of magnetizing a magnet
(i) Single touch/stroke method
(ii) Divided/double touch/stroke method.
(iii) Electrical method using direct current.
(iv) Induction method.
(v) Absolute method

Single touch method

[

—= — - || - %

—|—Magnet
F'Y

In this method, the steel bar is stroked from end to end
several times in one direction with one pole of a permanent
magnet.

The polarity produced at the end of the bar is of the opposite
kind to that of the stroking pole.
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Material to be magnetized

In this method, the steel bar is stroked several times from
the centre outwards with unlike poles of the two permanent
magnets.

After each stroke, the stroking pole should be raised higher
and higher to avoid weakening of the induced magnetism in
the steel bar.

The polarity produced at the end of the bar is also of the
opposite kind to that of the stroking pole.

Consequent pole magnet.
Consequent poles of a magnet are double like poles both at
the centre and at the ends.

Consequent poles are obtained when a steel bar is double
stroked using two like poles from the centre outwards as
shown below.

o ———

o e e

[T ——
— . i e . . e

= H
————————
’

M » _‘J/
NN S

I
Consequent poles

If such a magnet is freely suspended in air, it does not come
to rest.

Qn. (a) What is a consequent pole magnet?
(b) Briefly describe how a consequent pole magnet is
made..

Electrical method

Zolenoid

[ Y ]
|s++++++++m0
S(}JJJJJIJ N

Steel bar

The material to be magnetized is inserted into a solenoid to
which a steady d.c is connected to flow.

The current is switched on for a few minutes and then off.
When the steel bar is removed, it is found to be magnetized.

The current flowing in the same direction makes the atomic
magnets in the Domains to point in same direction.

212




Determining the polarity of the magnet produced.
The polarity of the magnet produced depends on the
direction of the current at the ends of the solenoid.
It can be established by using one of the following methods:

(i) Using the direction of flow of current.

Look at the ends of the solenoid,;
If the current is flowing in a clockwise direction, that
will be a South Pole.
If it is flowing in an anti-clockwise direction, then that
will be the North Pole.

(if) Using the Right hand grip rule.
Grip the solenoid such that the fingers point in the direction
of current in the solenoid. Then, the thumb points in the
North pole.

Right Hand
.,

Absolute method.

In this method, the steel bar is heated to red hot, hammered
and allowed to cool while facing in the north- south
direction.

Induced magnetism

A piece of un-magnetized steel/iron becomes magnetized
when its either near or in contact with a pole of a magnet.
This is a process called induced magnetism or magnetization
by magnetic induction. The end nearest to the pole of the
magnet acquires an opposite pole.

]fw'.[agr1na1:4Q|N =

Tron nails become nduced magnets

Magnetic saturation

When a magnetic material is magnetized, it reaches a point
where it cannot be magnetized further. This is called
magnetic saturation.

« Demagnetization

It is the process by which a magnet loses its magnetism. i.e.
the atomic magnets are now in a random arrangement and
facing in different directions.

It can be demagnetized by:

(iv) Using Solenoid
Alternating
current

-The magnet is placed in a solenoid
whose ends are connected to an a.c
supply.

-1t is then withdrawn from the solenoid
slowly so that the changing magnetic
flux destroys the order of alignment of
the atomic magnets.

Note: the demagnetized magnet should be removed in an
East-West direction to avoid magnetization by the earth
field.

The domain theory of magnetism

A magnet is made up of small magnets lined up with their
north poles pointing in the same direction; this is illustrated
when the magnet is broken into two pieces intending to
separate the North Pole and the South Pole as shown below.

E

B 5 | |w

N 3 N 3 N 3

No matter how many times the magnet is broken, the small
pieces will still be magnets. These atomic magnets are
called magnetic di- poles.

In a magnetic substance e.g magnetized steel bar, there are a
number of magnetized region called domains. Domains are a
grip of atoms which are tied magnets called dipoles.

Domain theory states that in an un magnetized substance
the dip holes in all domains are not aligned, so when the
magnet is made, the domain are aligned in the same
direction

Once they are all aligned, the substance can’t be magnetized
any further and it is said to be magnetically saturated.

(b Magnetised bar

P
e -~ S
-

—  —= - |

—

- 1& L‘.:m‘_‘—"‘_j
N

(d) Unmagnetised bar

-

Domain Magnetic Domain Magnetic
dippole dipole

Magnetic Magnetic material | Magnetic material
dipole in un magnetized | in magnetized state
(molecular state
magnet)

Method Explanation

(i) Hammerin | The magnet is hammered while lying in
g the E-W direction.

(if) Dropping The magnet is dropped on a hard surface
several times.

N‘_}s
Dipoale

(iii) Heating The magnet is heated until it becomes red
hot and then allowed to cool while lying

in the East-West direction.
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QN. Explain in terms of the molecular theory how a steel
bar gets magnetized and demagnetized.

When a magnet is stroked on the steel bar the magnet
domain are forced to align in the direction of the magnetic
field from the magnet. They do so and remain in that
direction hence the bar gets magnetized.

However, when a magnet is heated strongly, dropped on a
rough surface or alternating current passed through it, the
domain is set to point in opposite directions which aren’t
north — south hence weakening the magnet. This is called
demagnetization.

Magnetic saturation:
Is the limit beyond which the strength of a magnet can’t be
increased at constant temperature.

QN. Explain why increase in temperature destroys the
magnetism of a magnet.

When a substance is heated, molecules vibrate with greater
energy, these increased vibrations destroy alignment of tiny
magnets in the domain and the magnetism is decrease.
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MAGNETIC FIELDS
A magnetic Field is a region or space in which:
e A magnetic dipole (magnet) experiences a force.
e A current carrying conductor experiences a force or a
moving charge experiences a force.
e Anemfisinduced in a moving conductor.

Magnetic flux.
Magnetic flux is a group of magnetic field lines passing
through a certain area.

Field lines are used to represent the direction and magnitude
of the magnetic field. The strength of the magnetic field is
proportional to the density of the field lines.

The direction o the magnetic field is represented by the
magnetic field lines. The magnetic field lines are taken to
pass through the magnet, emerging from the North Pole and
returning via the South Pole. The lines are continuous and
do not cross each other.

Magnetic lines of force do not intersect or touch and can
pass through a non-magnetic substance.

Methods of locating magnetic flux
(i) Using a plotting compass.
compass shown in three starting points

\\_ﬁz ‘,"‘““‘-52_."""‘\_
", N AT . Az

'.B' By “"m-.‘{‘hiﬂ-

S|

plotted line of force

-Place a magnet on a flat surface and then place a piece of
paper on top of the magnet.

-Place a plotting compass near one pole of the magnet, note
and mark the position of the North pole of the compass
needle using a pencil dot.

-Move the compass needle onto the dot marked on the paper
and make a second dot.

-Continue the process until you reach the south pole of the
magnet.

-Join the dots to give a line of force and show the direction
of the force using an arrow.

(if) Using Iron fillings.

PR e

-Place a magnet on a flat surface and then place a piece of
paper on top of the magnet.

-Sprinkle iron fillings all over the paper.

-Tap the paper gently

Observation: The iron fillings re-arrange themselves as
shown above.




Magnetic flux patterns

(a) Isolated bar magnet

Iagnetic field
lines loop from
Notth to south

The closer the
lines, the stronger
the force

(b) Unlike poles close together (attraction)

N &

(c) Two like poles (repulsion)

A neutral point in a magnetic fields

A neutral point is a point in a magnetic field where the
resultant magnetic field strength is zero (0). The opposing
magnetic fields are of equal strength and therefore cancel
out.

@W

N— e
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Magnetic shielding or screening

This is the creation of a magnetically neutral space or region
in the neighbour hood of the magnetic field irrespective of
the strength of the field.

Iron has the ability of drawing and concentrating all the flux
from its surroundings through itself. It is thus said to be
more permeable to the magnetic flux than air.

Iron in form of a ring causes the lines of force to pass
through its walls and no magnetic flux passes the
surrounding ring.

The space inside the ring is said to be shielded or screened
from magnetic flux.

Soft iron

o magnetic
flux inside

All lines of force incident on the ring induce magnetism into
it. These create a neutral region inside the ring

Magnetic shielding can be applied

o In non digital watches

. In T.V tubes and cathode ray tubes

o In electron beams

They are used to shield them from external magnetic field
by placing a strong iron cylinder along the neck of the tube.

The earth’s magnetic field

A freely suspended bar magnet always comes to rest
pointing in the North-South direction.

This is due to the magnetic field of the earth

The earth behaves as though it contains a short bar magnet
inclined at a small angle to its axis of rotation with its South
Pole in the northern hemisphere (geographic North) and the
North Pole pointing to the Southern hemisphere (geographic
South).

Earth's magnetic North Pole

Geographic North Pole
Earth's axs

Magnetic Equator
Geographic South Pole

Geographic Equator

Earth's magnetic South Pole




ToLlagnetic
Horth

To Geographic
Hotth

— Mlagnetic meridian
Geographic

metidian

8 = Angle of declination
or angle of variation
= Angle of dip
By = Vertical component
of earth’ s field
Bg = Hl:urizl:unltal C OTYLp OTLert
of earth’ = field

Magnetic meridian: this is the vertical plane containing or
passing through the earth’s magnetic north and south poles

Geographical meridian: This is the vertical plane passing
through the geographical north and south directions

Angle of Dip, : This is the angle between the earth’s
magnetic field and the horizontal; OR Angle of dip is the
angle that the axis of a freely suspended bar magnet makes
with the horizontal when the magnet sets.

Angle of declination (Magnetic variation) is the angle
between the earth’s magnetic and geographical meridian
This is the angle between geographic North Pole and the
magnetic north pole.

Magnetic axis: is the imaginary line passing through the
earth’s magnetic north and south poles.

Geographical axis: This is the imaginary line through the
center of the earth and passing through the geographical
north and south

Variation of Angle of dip, as one moves from the
magnetic equator up to the North Pole

Magnetic Equator: This is the greatest circle in a
horizontal plane perpendicular to the magnetic meridian
where a freely suspended bar magnet experiences zero
magnetic dip.

Explanation

At the magnetic equator, the earth’s magnetic field lines are
parallel to the horizontal; therefore the angle of dip at the
equator is zero,

As one moves along a given longitude towards the North
Pole, the resultant magnetic field lines meet the earth’s
surface at angles greater than 0° but less than 90° thus the
angle of dip at such a position is also greater than zero but
less than 90

ie.

At the North Pole, the magnetic field lines are normal to the
surface of the earth, thus they are perpendicular to the
horizontal. Therefore the angle of dip at the North Pole
equals 90° i.e. .
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Generally, the angle of dip increases from at the equator up
to at the North Pole

Earth’s magnetic field;
This is the series of parallel lines running from geographic
south to geographic north as shown below.

North

T

Interaction of earth’s field with a bar magnet.

(a) When the South Pole of | (b) When the North Pole of
the bar magnet is pointing | the bar magnet is pointing
north and the magnet is in the | north and the magnet is in
magnetic meridian the magnetic meridian

i

N

Magnetic effect of an electric current.

Any straight conductor carrying current experiences a
magnetic field around it.

The field pattern obtained can be studied by using iron
fillings or plotting compass.

It is found that the magnetic lines of force form concentric
circles with the wire as the centre.

s

cardboard

agnehic concentrc i

%

The direction of a magnetic field around the conductor is
given by the right hand grip rule. which states that imagine a
conductor to be griped in the right hand with the thumb
pointing in the direction of the magnetic field, then the
fingers will point in the direction of the current.

Right hand grip rule

It states that imagine a conductor to be griped in the right
hand with the thumb pointing in the direction of the
magnetic field, then the fingers will point in the direction of
the current.

Grip the soft iron bar with the right hand figure, following
the direction of current. The end where the thumb points is
the north pole.




(i) Magnetic fields due to a straight wire carrying
current

Current into the page

Current out of the page

Current out of paper Current into paper

Maxwell’s right hand rule:

This is used to find the direction of the field.

If one grasps the current carrying straight wire in the right
hand with the thumb pointing in the direction of current,
then the fingers curl pointing in the direction of the
magnetic field.

(ii) Magnetic field due to a current carrying circular coil.

Cuatt etd

Chrrent Diowrn

Up

Alternatively the field lines of a current carrying circular
coil can be sketched as follows;

/OT®/.

.
]t

The field lines around each side are concentric circles.
Magnetic fields near the center of the circular coil are
uniform hence the magnetic field lines are nearly straight
and parallel

(iii) Magnetic flux due to a current in a solenoid
A solenoid is a coil whose diameter is smaller than its
length.

1l
1

The field pattern due to a solenoid is similar to that of a bar
magnet when current is switched on.

The direction of the field is determined as follows:”if the
coil (solenoid) is viewed from one end and the current flows
in an anticlockwise direction at that end, then the end is a
North Pole and if the current flows in a clockwise direction,
then that end is a south pole”

The strength of the flux density depends on:
e The current in the solenoid

e Number of turns
Exercise:

1. (1991 Qn. 23).
SECTION A

1994 Qn.1 | 1993 .| 1997  Qn.
37 29

2000 Qn. | 2002 2004 Qn. 8
36 20

2008 Qn. | 1991
18 23

SECTION B

2. (2008 Qn. 3). (a) Define the following terms as applied
to magnetism:

(i) Ferromagnetic material.

(if) Neutral point

(b) Sketch he magnetic field pattern around a bar magnet

whose axis lies along the magnetic north.

(c) (i) State one method of magnetizing a magnet.

(if) What is meant by a magnetically saturated material?

3. (1995 Qn. 7). (a) With the aid of a diagram, explain
how a piece of iron can be magnetized by a single touch
method.

(b) How can you determine the polarity of a magnet?

(c) Explain why a magnet loses its magnetism when placed

in a coil of wire carrying alternating current.

4. (2004 Qn. 41). (a) List two ways by which a magnet
may lose its magnetic properties.
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(b) The figure below shows an iron ring between two
opposite magnetic poles.

teel fail

(i) Sketch the magnetic lines of force on the diagram.
(if) Explain what happens to the steel nails.

5. (2004 Qn. 4). (a) (i) What is a magnetic field?

(ii) State the law of magnetism

(b) Sketch the magnetic field pattern of two bar magnets
whose north poles are facing each other.

6. (2006 Qn. 3). (a) Distinguish between angle of dip and
angle of declination.

(b) Draw a diagram to show the magnetic field pattern

around a bar magnet placed in the earth’s field with the

north pole of the magnet pointing to the earth’s magnetic

south.

(c) Describe what happens to the compass needle, C, as it is
moved closer to the bar magnet along the dotted line shown
below.

7. (2002 Qn. 6). (a) What happens when a magnet is ;
(i) Dipped iniron filings.
(ii) Freely suspended in air.

N

(b). A powerful magnet Q is placed on a soft board. Plastic
pins are firmly stuck in the soft board around the magnet.
An identical magnet P, is held in the space surrounded by
the pins above the magnet Q. When the magnet P is
released, it floats above the magnet Q as shown below.

Plastic pin

1T

Explain;

(i) why P floats above Q.

(if) why are plastic pins used instead of steel pins.

(iif) What would happen to magnet to magnet P if all the
pins were removed at the time.

(c) Explain in terms of the domain theory how a steel bar

gets magnetized by stroking.
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FORCE ON A CURRENT CARRYING CONDUCTOR
IN A MAGNETIC FIELD

(a) Origin of the force that causes motion of a current
carrying conductor placed across a magnetic field.

When a current carrying conductor is placed across a
magnetic field (e.g between the poles of a powerful magnet),
it sets up a magnetic field around itself.

The two fields then interact with each other causing a
resultant force.

If the field or the current is reserved, the direction of the
force also reverses.

Field due to

Field due to bar  Current carrying
Fnaghet Conductor

The combined field exert a force on the current carrying
conductor. The force is towards the region with fewer field
lines (i.e less flux density).

Cornbined fields

Force, F

On one side of the conductor, the magnetic fields oppose
each other and some cancel out resulting in formation of a
relatively weaker field there.

On the other side of the conductor, the applied magnetic
field lines are forced to curve or concentrate resulting in
formation of a strong magnetic field there.

There are more field lines above the wire since both fields
act in the same direction.

A force is therefore exerted on the conductor that moves it
from a region of strong magnetic field to a weaker magnetic
field.

If we suppose field lines to be a stretched elastic material,
these below will try to straighten out and in so doing will
exert a down ward force on the wire.

[See the kicking wire experiment for verification]

Fleming’s Left Hand Rule (Motor rule)
The direction of the force in a current carrying conductor

placed across a magnetic field is predicted by the Fleming’s
Left Hand Rule.

It states that if the thumb, first and second fingers of the left
hand are held mutually at right angles with the thuMb
pointing in the direction of magnetic force (or Motion), the
First finger indicates the direction of the field while the
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seCond finger indicates the direction of current in the
conductor.

First finger
{Field)

(Motion or force))

seCond finger
(Curent )

(b) Factors affecting the magnitude of a force on a current
carrying conductor.
Experiments show that the magnitude of the force exerted is
proportional to the:-
(i) Current I in the conductor
(ii) Length, I, of the conductor
(iii) Strength of the magnetic field by a quantity called
magnetic flux density, B.
(iv) Number of turn in the conductor, N
(iv) The angle O, where® is the angle between the
conductor and the magnetic field.
All these factors can easily be generated from the expression
for the force on a current carrying conductor below.

F = NBILSin0O

Note: current flowing into the paper is donated by (X) and
current flowing out of the paper is denoted by, (*)

(&)

Current into the Current out of the
papet papet

Force between two straight conductors carrying current
in a vacuum

Two current carrying conductors (wires) exert a force on
each other due to the interaction of the magnetic fields set
up around each conductor.

Depending on the direction of the currents, in the two
conductors, the force exerted can be;

(i) Attractive (Same direction of current )

(i) Repulsive (Different directions of current)

Magnetic field due to two straight wires carrying current
in the same direction
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X is neutral point

The fields in the middle of the conductors are in opposite
directions. Hence they attract each other.

A force on each wire acts from a region of strong field
hence straight parallel wires carrying current in the same
direction attract. i.e. “like currents attract”

Magnetic field due to straight wires carrying current in
opposite directions

I

e

“Unlike currents repel”
The fields in the middle of the conductors are in the same
direction. Hence they repel each other.

A force on each wire acts from a region of strong field
hence straight parallel wires carrying current in opposite

direction repel. i.e. “Unlike currents repel”

Applications of Electromagnets

An electromagnet is any current carrying conductor which
acts as a magnet.

If a soft iron is placed in a solenoid, it will be strongly
magnetized only when the current is flowing.

When the current is switched off, all the magnetism
acquired is lost.

The soft iron inside the solenoid is acting as an
electromagnet. The strength of the field of an electromagnet
can be increased by:

e Placing an iron core inside the coil.

e Increasing the magnitude of the current.

e Increasing the number of turns in the coil.




Applications of electromagnets
Electromagnets are used in;
e Lifting magnets
Electric bells
Moving coil loud speaker
Telephone receivers
Magnetic Relays, e.t.c.

(i) Lifting magnets
They are mainly used for lifting and transporting heavy steel

from one place to another in a factory. The coils are made of
insulated copper wire wound on a U-shaped soft iron so that
opposite polarity is produced. The opposite adjacent poles
increase the lifting power of the electromagnet.

The coil is wound in opposite directions on each of the soft
iron.

o

(if) Electric bell
It consists of a hammer, a gong, soft iron armature, contact
adjusting screw, a push switch, steel spring and an
electromagnet made of two coils wound in opposite
directions on the iron cores.

_ Push switch

Soft ron

Current

&>

Soft iton core
/‘ / Spring

1“ ; } | Cotrtact
adjusting screw
rrxryl
b

‘/ Contact
Soft [ron armature hN

ngg _<a LH attittiet
o

Action
When the switch is pressed, current flows through the
electromagnet which becomes magnetized.
It attracts the soft iron armature and hence breaking the
contacts.
This causes the hammer to strike the gong and sound is
heard.
As the armature moves, the current is broken causing
the electromagnet to lose its magnetism. The spring
pulls the armature again to its original position and
contact is made again.
The process is repeated on and on hence a continuous
sound will be heard.

(iii) Telephone receiver

It consists of an electromagnet which is mad e of two coils
wound in opposite directions on two soft iron cores, a
diaphragm and a permanent magnet which attracts the
diaphragm and keeps it under tension.
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Permanet
magnet

Diaplragm —

%/

Action:

++  When the phone is lifted, a steady current flows through
the solenoids. However when a person speaks into the
microphone on the other end, the sound energy is
converted into varying electrical energy of the same
frequency as the original sound.
This is transferred through the cables to the receiver and
magnetizes the electromagnet.
The strength of the electromagnet varies according to
the magnitude of the electric current which also
depends on the original sound.
This causes the magnetic alloy diaphragm which is
under tension to have a varying pull. As a result, the
diaphragm vibrates reproducing the vibration of the
speech and so the speech is reproduced.

Wartying cutrent
from microphone.

Hoft iron core
(Electromagnet)

(iv) Magnetic relay
A magnetic relay switch uses a small current in the primary

circuit to control a larger current in the secondary circuit.

Insulator o
Gecondary e 77 T 1\?1:??
Circuit C o
E

A ]

]

T Armature

PN
Primary
Circuit

B

Soft iron core
(Electromaghet)

When current flows in the coil from the primary circuit AB,
the soft iron core is magnetized and hence attracts the L-
shaped iron armature.

As the armature is attracted, its top rises making it rock on
its pivot hence closing the contacts at C in the secondary
circuit. Connected to DE.

The relay is then said to be energized or on.

(v) The moving coil loud speaker
It converts electrical energy into sound energy. It is used in
radio receivers, record players, etc.




Structure

|

Permmanent
N sz magnet

goft iron core
Speechivoice
coil

Soft iron
pole pieces

Casing T Flesible leads
(Frame) to cod

67

It consists of a light coil of wire known as a speech coil
wound tightly round a cylindrical former to which a large
thin cardboard cone is rapidly attached. The coil is in a
radical magnetic field provided by the permanent magnet
which has circular pole.

Action
Varying electric currents from an amplifier flows
continuously in the speech coil through the leads.
The varying current produces a varying electromagnetic
force on the coil making it to vibrate at the same
frequency as the current.
This makes the frame and the paper cone to vibrate at
the same frequency sending the surrounding air in
vibration hence a loud note (sound) is heard.
The greater the electrical energy supplied to the coil, the
louder the note produced.

Applications _of the force on a current carrying
conductor

(@ Moving coil Galvanometer
It is used to detect and measure an electric current and
potential difference.

Linear Scale

N —
\
|
/
‘<

Permanent magnet Cylndncal soft ron core

S

(N—-

Harr Sprmg 9

C————Jeweled beanng

It consists of a rectangular coil with many insulated turns
wound on an aluminum former, soft iron cylindrical core
between the curved poles of a powerful permanent magnet,
the springs which control the rotation of the coil, a pointer
and a linear scale. The current is led in and out by two hair
springs.
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Action:

When the current to be measured flows through the coil, a
resultant magnetic field is set up. By Fleming’s left hand
rule, two equal and opposite parallel forces act on the two
vertical sides of the coil. The two forces together form a
deflection couple causing the coil to rotate until the
deflecting couple is just balanced by the opposing couple
setup by the hair springs.

As the coil rotates, the pointer moves with it and hence the
magnitude of the current can be obtained from the linear
scale.

Sensitivity of the moving coil galvanometer
A galvanometer is said to be sensitive if it can detect very
small currents.
The sensitivity can be increased by;
e Using very strong magnet to provide a strong
magnetic field
e Using very weak hair springs
e Suspending the coil so that it can turn freely
e Using a coil with many turns

Advantages
(). It has a linear scale because of the uniform field

provided by the radial field.

(if). It can be made to measure different ranges of
current and potential difference.

(iii). External field around the galvanometer has no
influence because the magnetic field between the
magnets and the soft iron is very strong.

Conversion of a moving coil galvanometer into an
ammeter and voltmeter.
(). Conversion of a galvanometer to an ammeter
Use of shunts
An ammeter is constructed in such a way that it has a very
low resistance so that a large current passes through it.

To convert a galvanometer into an ammeter, a low
resistance called a shunt is connected in parallel with it.

Is

=11,

I, is the full-scale deflection of the galvanometer
P.d across the shunt = P.d across galvanometer
& (I-1I5)Rs = IR,

Most of the current will pass through the shunt and only a
small part through the galvanometer.

Example:

A moving coil galvanometer has a resistance of 5Q and
gives a full deflection of 15mA. How can it be converted
into an ammeter to measure a maximum of 3A?




(i).

Solution

(i)

Let Rs be the resistance of the shunt required.

I, = 15mA —Rg
)

1<3A
Is

—

Rs

P.d across the shunt = P.d across galvanometer
& (1-1Ig)Rs = IgR,
& (3-0.015)R, = 0.015 x 5
2.985 Rg = 0.075
R, = 0.025Q
Thus a low resistance resistor of 0.025Q should be
connected in parallel with the galvanometer.

= 50

Examplel.

A moving coil galvanometer gives a full scale deflection of
4mA and has a resistance of 5Q..How can such instrument be
converted into an ammeter giving a ful-scale deflection of
10A?

Solution:
Let Rs be the resistance of the shunt required.

P.d across the shunt = P.d across galvanometer
(1- Ig)Rs = IgRg
< (10 — 0.004)R; = 0.004 x 5
R, = 0.0020Q
Thus a low resistance resistor of 0.002Q should be
connected in parallel with the instrument.

Examp2.
A moving coil galvanometer gives a full scale deflection of
6mA and has a resistance of 4Q0.How can such instrument be
converted into;
(i). anammeter giving a ful-scale deflection of 15A?
(if). A voltmeter reading up to 20V?

Solution:
()

Let Rs be the resistance of the shunt required.

[, = 6mA Rg =40
g
@

Is
—L

Rs

P.d across the shunt = P.d across galvanometer
& (I-15)Rs = IR,
& (15 - 0.006)R; = 0.006 x 4
R, = 0.016Q

7

[="10
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Thus a low resistance resistor of 0.0016Q should be
connected in parallel with the instrument.

(i)

V= ( P.d across
~ \the multiplier

V=V, +V,

V=14Ry, + R,

) + (P.d across galvanometer)

V —IgRg
=—&8
Ig
20 —0.006(4)
m 0.006

R,, = 33290

Example 3.
A moving coil galvanometer of resistance5Q and current
sensitivity of 2 divisions per milliampere, gives a full-scale
deflection of 16 divisions. Explain how such an instrument
can be converted into;
().  Anammeter reading up to 20A?
(ii). A voltmeter in which each division represents 2V?
Solution:
(i)
Current sensitivity = 2div/mA
Full scale deflection = 16div.
2div - 1mA
16div = x
On cross multiplying, we get;
2x = 16mA
x=8mA =8x10"34=0.0084

I, = 8mA Rg =50
g

7\ @
I

—

Rg

P.d across the shunt = P.d across galvanometer
& (1-1Ig)Rs = IgR,
& (20 —0.008)R; = 0.008 x 5
R, = 0.002Q
Thus a low resistance resistor of 0.0016Q should be
connected in parallel with the instrument.

=20

Voltimeter sensitivity = 1div/2V
Full scale deflection = 16div.
1div - 2V

16div =y

On cross multiplying, we get;
y=16 x2 =32V

V — IR,

g




_32-0.008(5)
m 0.008

R,, = 3995Q
(i). Conversion of a galvanometer to a voltmeter

A voltmeter has a high resistance so that no current passes
through it.

To convert a galvanometer to a voltmeter, a high resistance
called a multiplier is connected in series with it.

Use of multipliers

(P. d across the) ( P.d across )
V= -

multiplier galvanometer
V=V, +V,
V=1IRy, + [gR,
V =IL(Ry +Ry)

Example

(i) In the above example, if the galvanometer is to measure
a maximum p.d of 1.5V, the value of R can be obtained as
below.

V= ( P.d across
~ \the multiplier

V=Vy,+V,

V=1IRy, + R,

) + (P.d across galvanometer)

V —14R,
Ig
1.5 — 0.015(5)
Rm = 5015

R, =950
Thus resistance of 95Q must be connected in series with the
galvanometer.
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(b) The simple direct current (d.c) motor
The d.c motor changes electrical energy to mechanical
energy.

Structure:

It consists of a rectangular coil which can rotate about a
fixed axis in a magnetic field provided by the permanent
magnet. The ends of the coil are soldered to two halves of a
copper ring (commutator).

Two carbon brushes press lightly against the commutators.

Rectangular
coil

Commutator

A

.\;‘[_—C athon brush
APR

Action

«  When current flows in the coil, side BC experiences a
downward force and AD an upward force. (Fleming’s
left hand rule).

The two forces constitute a couple which rotates the
coil.

When the coil reaches the vertical position, the brushes
lose contact with the commutator and current is cut off.
However the coil continues to rotate past this vertical
position because of the momentum gained.

The current in the coil reverses as the brushes change
contact with the commutator, side AD now experiences
a downward force and BC an upward force. Thus the
coil continues to rotate as long as the current is flowing.

Energy losses in a d.c motor

1. Energy losses in the winding of the armature (1°R)

2. Eddy current losses.
3. Energy losses due to friction e.g. between the brushes
and the commutator. These can be minimized by;

(i) Using low resistance copper wire

(if) Eddy currents are minimized by winding the coil
on a laminated core.

(iii) Energy losses due to friction are minimized by
lubrication,

Exercise:

1. (1994.0n. 2). (c) A moving coil galvanometer, has a
coil of resistance 4Q and gives a full scale deflection
when a current of 25mA passes through it. Calculate the
value of the resistance required to convert it to an
ammeter which reads 15A at full scale deflection.[Ans:
6.68 x 1030.]

(1999.Qn. 10). A galvanometer has a resistance of 5Q
and range 0-40mA. Find the resistance of the resistor
which must be connected in parallel with the
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galvanometer if a maximum current of 10A is to be
measured. [Ans: 0.02Q]

(1994.0n. 2). A galvanometer of reads 0.05A at full
scale deflection and has resistance of 2.0Q. Calculate
the resistance that should be connected in series with it
to convert it to a voltmeter which reads 15V at full scale
deflection. [Ans: 298Q]

4. A galvanometer of internal resistance100Q gives full a
fsd of 10mA. Calculate the value of the resistance
necessary to convert it to:

(@) Voltmeter reading up to 5V. [400Q]
(b) Ammeter reading up to 10A. [0.1Q]

Exercise:
1. (1988.Qn. 24).

Magnet R

Electron heatm

/8 7
_/
Magnet 3

An electron beam is incident into the page at right angles to
the magnetic field formed between two magnets R and S as
shown in the above diagram. The beam will be deflected.

A. Down wards. B. Towards magnet R

C. Towards magnet S. D. Upwards.

2. (1991 Qn. 13). The diagram below shows a beam of
electrons directed to pass between the poles of a
magnet.

N\

The electron beam would be;
A. deflected towards the S-pole. B. deflected downwards
C. Slowed down. D. reflected backwards.

3. (2003 Qn. 22). Which of the following factors affect the
magnitude of force on a current —carrying conductor in
a magnetic field?
(i) Direction of current.
(if) Amount of current
(iii) Direction of the magnetic field
(iv) Strength of the magnetic field.

A. (i) and (ii) only.
C. (i) and (iii) only.

B. (ii) and (iii) only
D. (ii) and (iv) only.

(1997 Qn.31). The figure below shows a current
carrying coil PQRS pivoted about XY between two
magnets.

Which of the following statements are true about the coil?
(i) The sides PS and QR shall experience a force.
(ii) As seen from X, the coil will rotate anticlockwise.

(iii) The force on the coil can be increased by increasing the
number of turns.

(iv) The coil will come to rest with PQ at right angles to the
magnet field.

A. (i), (ii) and (iii) only.
C. (ii) and (iv) only.

B. (i) and (iii) only
D. (iv) only.

5. (2005 Qn. 2). The direction of motion of a conductor
carrying current in a magnetic field can be predicted by
applying ;

A. Faraday’s law. B. Maxwell’s screw rule

C. Fleming’s left hand rule. D. Fleming’s right hand rule.

(1990 Qn. 4), 1994 Qn. 38, 1995 Qn. 40, 1998 Qn. 31.
SECTION B

6. (1992 Qn. 10). An Alluminium foil carrying a current
is placed in a magnetic field as shown below.

Alhyminiam fodl

7

A courmalator
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ELECTROMAGNETIC INDUCTION

Electromagnetic induction is the producing of an
electromotive force (electric current) in a circuit from
magnetism by varying the magnetic flux linked with the
circuit.

An electric current produces a magnetic field around the
conductor through which it flows. Similarly, a magnetic
field induces a current in a conductor when the conductor
cuts the field. This effect is called electro magnetic
induction.

The means that current or (e.m.f) can be induced when;
The magnetic field strength around an electromagnet is
increased and decreased.
Constantly moving a permanent magnet in and out of a
coil of wire.
Constantly moving a conductor near a stationary
permanent magnet.
Electromagnetic induction forms the basis of working of
power generation, dynamos, generators etc.

Types of electromagnetic induction:
¢ Self induction
+« Mutual induction.

Self induction

Self induction is the process where an e.m.f is induced in a
coil (or circuit) due to a changing current in the same coil.
The flux due to the current in the coil links that coil and if
the current changes, the resulting flux change induces an
emf in the coil itself.

When current flows in a coil, it sets up a magnetic field
within the coil and when it is switched off, the magnetic
field collapses (changes). A current is induced in the coil to
oppose the change.

This effect is called self induction. The coil is said to have
self inductance, (L) and the coil is said to be an inductor.
Back e.m.f is the e.m.f induced in a coil (or circuit) due to a
changing current in the same coil (or circuit).

The induced e.m.f tends to oppose the growth of current in
the coil.

Demonstration of self induction
Consider a coil of known number of turns connected in
series with the battery and switch k as shown below.

Coil (Trductor )

Larnp

R K

-Switch k is closed, current, | flows in a coil and the bulb
(lamp) lights up slowly to maximum brightness.

-The magnetic flux linking the turns of the coil changes
hence inducing an e.m.f in the coil .

-This e.m.f tends to oppose the growth of current in the coil.
Alternatively;

-The current, | is varied by using a variable resistor, R.

-The magnetic flux linking the turns of the coil changes
hence inducing an e.m.f in the coil.
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-This e.m.f tends to oppose the growth of current in the coil.

-Switch k is opened, current, | decays out from the coil and
the bulb (lamp) first lights up brightly and then gradually
goes off.

-The magnetic flux linking the turns of the coil changes
hence inducing an e.m.f in the coil.

-This e.m.f tends to oppose the decay of current in the coil.

Note: Just as self induction opposes the growth of current in
a circuit when K is closed; it also opposes its decay when K
is opened.

Mutual induction

This is the generation of an e.m.f in one coil due to change
in current in the nearby coil.

A magnet can be used to induce current in a coil. A
secondary coil carrying current can be used instead of the
magnet to induce current

Assignment; describe briefly an experiment to show mutual
induction with the aid of a diagram.

Demonstration of Mutual induction

a) Based on changing magnetic field.

Experiment to show that the induced current (or e.m.f) is as

a result of a changing magnetic field.

(a)_Coil-coil experiment

«»+ Consider cols A and B wound on a soft iron rod as

shown below.

I.-'-'—'—‘x

[ =]

K J Inzulated
+ Jip copper wire

it

E le——Soft iron core

Centre zero
B |: ? b—
- galwvanormeter

When switch, K is closed, current flows in the primary
coil, A and the galvanometer momentarily deflects in
one direction and no more deflection there after as the
switch remains closed.

When the rheostat, R is adjusted so as to decrease the
resistance (hence increasing current), a deflection on
one side of the galvanometer is obtained.

When the rheostat, R is adjusted so as to increase the
resistance (hence decreasing current), a deflection on
the opposite side of the galvanometer is obtained.

When the switch is opened (at a break), the

galvanometer deflects in the opposite direction and no

more deflection there after as the switch remains open.
(b) Similar observations above could be made when the
coils are arranged as shown below.




Primary coil, & Secondary coil,B

FEQE]_\K Qg}

E Centre zero
galwanoreter

Larger deflections are obtained when a bunch of soft
iron is inserted into the coil compared to hard solid iron
bar or air cored coil.
The deflection obtained in the secondary coil (coil B)
depends on the induced e.m.f in it, which depends on
the;

Number of turns in coils A and B

Area of coils A and B.

Proximity of the two coils (distance between the

coils)

Similar _observations above could be made when there is
relative_motion between a magnet and a coil as shown
below.

i .
Magnet e Magnet cail

G
Centre zero Centre zero
Galvanormetsr Galvanomster

Deflects i Deflects in
ame dirsction opposite direction

{"_

When both the magnet and coil are stationary (or
moved with the same velocity in the same direction),
there is no deflection. This is because, there is no
varying magnetic field created hence no em.f is
induced in the coil, and so the galvanometer does not
deflect.

When the coil is fixed and the magnet moved into the
coil or when the magnet is fixed and the coil moved
towards the magnet. The magnet experiences an
opposing force. This is because the induced e.m.f flows
in such a direction that the magnetic flux due to it
opposes that due to the magnet.

A varying magnetic field is created which induces an e.m.f

in the coil, hence the galvanometer deflects in one direction.

% When the magnet is withdrawn from the field, the
magnet experiences an attracting force. Magnetic flux
threading the coil decreases. The induced e.m.f flows in
such a direction that the magnetic flux due to it
enhances that due to the magnet. The galvanometer
deflects in the direction opposite to the first one.

Observations from the above experiments:

(i) Whenever there is relative motion between a coil and a
magnet, the galvanometer shows a certain deflection. This
indicates that current is induced in the coil.

(if) The deflection is temporary. It lasts so long as the
relative motion between the coil and the magnet continues.
(iii) The deflection increases with increase in relative
motion.
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(iv) The direction of the deflection is reversed when either
the pole of the magnet is reversed or the direction of motion
of either the magnet or coil is reversed.

Assignment; describe briefly an experiment to show mutual
induction with the aid of a diagram.

Laws of electromagnetic Induction:

(i) Faraday’s law.

< Whenever a conductor moves through a magnetic flux
or whenever there is a change in magnetic flux linked
with a circuit, an e.m.f is induced.
The magnitude of induced e.m.f in a circuit is directly
proportional to the rate of change of the flux linking it.

(ii) Lenz’s law.

The direction of the induced current is such as to oppose the
change causing it.

It followed Faraday’s law when Lenz studied the direction
of the induced current in a complete circuit.

Direction of induced e.m.f

The direction of induced e.m.f (or induced current) is
obtained by using Lenz’s law.

However, if the current is being induced by the motion of a
conductor in a magnetic field, it is more convenient to use
the Cork’s screw rule or Fleming’s Right hand Rule
(dynamo rule).

Fleming’s right hand rule

First finger

(Field)

zeCond finger
(Induced Carert )

It states that: “When the thumb, first finger and second
finger of the right hand are held mutually at right angles,
with the thumb pointing in the direction of motion, the first
finger in the direction of the magnetic filed, then the second
finger points in the direction of the induced current”.

In summary; thuMb — motion, First finger — field ,seCond
finger — current.

Note: we use the Right hand for Direction of Current
produced or (RDC).

Direction of the induced current in a straight wire.

A wire is placed between the poles of a permanent magnet
and connected to a galvanometer. The wire is moved up and
down at right angles to the magnetic flux.

> It’s observed that when the wire is moved down, the
galvanometer deflects to the right meaning that induced
current is flowing in the clockwise direction.

» When the wire is moved up, the deflection is reversed
indicating that the current is reversed. (anticlockwise )

The above observation can be verified using Fleming’s right

hand rule as shown below.




Assignment: draw a coil in a magnetic field and show its
rotation when current is moving in different direction.

Experiment to verify Lenz’s law
(Illustration of Lenz’s law)

. (5)
L Ly
Flil—\—
I K
-A battery is connected in series with a galvanometer and a
mega ohm resistor. Switch K is closed and the direction of
flow of current is noted from the deflection of the
galvanometer.

-The battery is then replaced by a coil AB of known sense of
winding as shown below.

B A B
S TR0 igiytas
J——

Motion of

magnet o

Cenfre zera
Galwatiomete r
Deflects in

one direction

When the North Pole of the magnet is moved towards
the coil, the current induced in the coil flows in the
direction such that the magnetic flux due to the coil
opposes that due to the magnet (i.e it flows in a
direction that makes end, A a north pole). The
galvanometer deflects in the clockwise direction. End A
of the coil becomes the North Pole. (Like poles repel).

When the magnet is moved away from the coil, the
galvanometer deflects in the opposite direction. The
induced current flows in a direction such that the
magnetic flux due to the coil reinforces that due to the
magnet. (i.e it flows in a direction that makes end, A a
south pole).. The galvanometer deflects in the ant-
clockwise direction. Thus end A of the coil becomes the
South Pole.

In both cases, the induced current flows in a direction
so as to oppose the change in flux causing it. This is
Lenz’s law.

Lenz’s law and conservation of energy

Lenz’s law is an example of conservation of energy. In order
not to violate the principle of conservation of energy, the
effect of the induced e.m.f must oppose the motion of the
magnet, so that the work done by the external agent in
moving the magnet is the one converted to electrical energy.
Other wise the induced magnetic field would increase the
velocity of the magnet thereby increasing its kinetic energy.
However, there is no source for this energy. Thus if the
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induced e.m.f helped rather than opposed, the principle of
conservation of energy would be violated.

Applications of Electromagnetic Induction.
1. Generators

2. Transformers

3.Induction coils

1) GENERATORS
A generator transforms mechanical energy into electrical
energy.

(a) D.C generator
Structure:

The d.c generator is a device used for producing direct
current energy from mechanical energy.

Part Function

(i)Permanent Provide a strong radial magnetic
magnet poles field.

(if)Armature It’s the moving part in the radial
(Rectangular coil) field.

It brings about electromagnetic
induction in the generator.

(iii) Commutator
(C1 and Cz).

Two half rings from which current is
tapped by brushes.

(iv) Carbon brushes | Blocks of carbon which convey
current between the moving and the
stationary parts of the generator.

Mode of operation

-When the coil rotates with uniform angular velocity in the
magnetic field, in accordance to Fleming’s Right Hand rule.
The magnetic flux density linked with it changes and an emf
is induced in the coil.

The induced emf is led away by means of the slip rings S
and Ss.

-Applying Fleming’s right hand rule, the induced current
enters the coil via, AB and leaves the coil via CD.

-When the coil passes over the vertical position, after half
the rotation, the slip ring changes contact. C; goes into
contact with Band C; goes into contact with B;.

-The forces on the sides of the coil change, thus the current
in the coil is reversed. The current flowing through the load
thus continues to flow in the same direction.




-Hence the direction of the induced e.m.f doesn’t change in
the external circuit during one complete revolution of the
amateur coil. The output of the generator is unidirectional.

Variation of induced e.m.f, E of a D.C generator with time
Induced e . f, E
-

EqgT

Time, t

Note:

-The induced e.m.f and hence current are maximum when
the plane of the coil is horizontal. This is because cutting
between the coil sides and the magnetic field lines are
greatest.

-The induced e.m.f and hence current are minimum (zero)
when the plane of the coil is vertical. This is because there is
no cutting between the coil sides and the magnetic field
lines.

A simple A.C generator (Alternator)

Structure

-The simple a.c generator consists of a rectangular coil,
ABCD, mounted between, N, S- pole pieces of a strong
magnet and freely to rotate with uniform angular velocity.
-The ends of the coil are connected to copper slip rings Si
and S, which press against carbon bfrushes B1 and Bo.

Mode of operation

%+ When the coil rotates with uniform angular velocity in
the magnetic field, in accordance to Fleming’s Right
Hand rule. The magnetic flux density linked with it
changes and an emf is induced in the coil. The induced

emf is led away by means of the slip rings S; and S,.

When sides AP and CD interchange positions, the
current in the terminals X and Y reverse the direction
and the coil continues rotating in the clockwise
direction.

Therefore, the induced e.m.f generated flows following
a sinusoidal wave.

Factors affecting the magnitude of e.m.f induced in a

rotating coil.
. Number of turns on the coil.

. Area of the coil

©Obagiradnl@gmail.com

Magnetic flux density (field strength)
Position of the coil
Frequency of rotation of the coil.

Variation of induced e.m.f, E of an A.C generator with
time

Inducedemtf E

awawal
N \J

Structural modifications to convert A.C generator to a
D.C generator:

-Replace the slip rings with two halves of slip rings
(commutators)

2) THE TRANSFORMERS
This is a device which transfers electrical energy from one
circuit to another by Mutual electromagnetic induction.

Structure

-1t consists of a laminated soft iron ring around which
primary and secondary coils are wound.

-ldeally the primary coil has zero resistance and the
secondary coil has high resistance.

Soft Iron Core

a.cm%

L

U
-

]

Prmary cod

secondary cod

Action:

+«+ An alternating voltage, V, is applied to the primary coil
at some instant and an alternating current I, flows in the
primary coil.
This sets up a varying magnetic field in the soft iron
core, which links up the secondary coil.
The magnetic flux density B, is changing hence an e.m.f
is induced in the secondary coil.

The induced e.m.f is proportional to the number of turns in

the secondary coil.

Types of Transformers:

There are two types of mains transformers;
(i) Step Up transformers

(if) Step down transformers.

(i) Step-up transformer (ii) Step-up transformer
It has more turns in the | It has more turns in the
primary circuit than in the | secondary circuit than in
secondary. the primary.




Soft Iron Clore Softiron core
|

R o'

A
I

e /
Prmary ceil Secondary coil Primary coil Secendary coill

This is usually installed in | This is stationed near the
power stations and | consumers and in electrical
transmission  stations. It | appliances. It changes the
changes the voltage to a | output voltage to a lower
higher value by using more | value. The number of turns
turns in the secondary coil | in the secondary coil is less
than in the primary to the | than those in the primary
ratio of the output voltage | coil.

required If  Ns<Np, V<V, Is > 1p
If Ns>Np, Vo>V, Is < lpand | and the transformer is
the transformer is called step- | called step-down.

up.

constantly
demagnetized.
Each time the direction of
magnetization of the frame is
reversed, some energy is wasted in
overcoming internal friction.

When a core which can not be
easily magnetised and
demagnetised is used, power losses
occur.

magnetized and | demagnetised

For an ideal transformer, (A transformer which is 100%
efficient), the power in the primary is equal to the power
developed in the secondary i.e. Vplp = Vsls , where I, and Is
are flowing in the primary and secondary coils respectively.

Note:

% Transformers operate only on a.c and not dc because dc
does not produce changing magnetic flux in the and
therefore no emf is induced in the secondary coil.

In practice, transformers are not 100% efficient because

of the energy losses.

Electric power transmission

¢ Electricity has to be transmitted over long distances
from generating power stations to the consumers. This
causes some power loss in the transmission lines.
This loss can be minimized if the power is transmitted
at high voltage (or low current).
Electric power is stepped up before transmission and
stepped down at the consumers’ end by using
transformers.

Causes and remedies of power losses in transformers

(iv) Magnetic flux leakage (i) Wind one coil on
Flux leakage occurs when all the | top of the other.
magnetic flux due to the currents in | (ii)) Use E- shaped
the primary coil do not link up with | cores.

the secondary coil. A small amount
of flux associated with the primary
coil fails to pass through the
secondary coil.

Cause of Energy or power loss How it is minimized

(i) Resistance in the windings: Use thick copper
-Some of the energy is dissipated | wires of low
as heat due to the resistance of the | resistance.

coil (joule-ohmic energy loss),
hence power loss through the I?R
mechanism.

Transformer Equation

Secondary voltage Number of Secondary turns

Primary voltage = Number of Primary turns

v, N,
vV, Np

Efficiency a transformer

. Power out put
EfflClency = m x 100

Power out put = Power in secondary circuit = IV
Power in put = Power in primary circuit = IpVp

I Vs

x 1
v, 00

Efficiency =

No machine (No transformer) is perfect/ ideal and therefore
the value of efficiency cannot be 100% because of the
energy losses discussed earlier.

Example. 1

1. A transformer whose secondary and primary coils have
60 and 1200 turns respectively has its secondary coil
connected to a 3.0Q2 resistor. If the primary is connected to a
240V a.c supply. If the transformer is 80% efficient,
calculate the current flowing in the primary circuit.
Solution:

(ii) Eddy currents

Eddy currents are currents induced
in the soft iron core due to the
changing magnetic flux linking the
core..

They cause unnecessary heat in the
transformer  through the I?R
mechanism and therefore reduce
the amount of electrical power
transferred to the secondary.

Use a laminated core
made of thin strips or
laminars  separated
from each other by a
layer of insulating
varnish.

(iii)Hysteresis(Magnetic
reversal):
The core or frame of iron ring is

Use a soft iron core,
which can easily be
magnetised and
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Np =1200 Ny =60

P
Efficiency = P x 100

100 P

n

80 46




1200V, = 240 x 60 | 0.8P,, = 46
P, = 57.5W
1200V, = 14400

V, =12V P, = IpVp
57.5 = Ip X 240
Ip = 4.174 A

1. UNEB 1998:

A transformer is designed to work on a 240V, 60W supply.
It has 3000turns in the primary and 200 turns in the
secondary and it is 80% efficient. Calculate the current in
the secondary and primary coils.

. Py
Efficiency = P x 100

mn

200 P, = nP,

240 ~ 3000
60 = - p
3000V, = 240 x 200 T100 ™

V, =16V Pn = 75W
P, = IV, P, = pVp
60 = I, x 16
I, =0.27A 75 =1Ip X 240

Ip = 0.3125 A

2. UNEB 1999 37, 2000 No. 6 (c), 2002 No. 5 (c), 2004
No. 5 (d),

Example
1. A transformer connected to 240 V A.C mains is used to
light a 12V, 26 W lamp.
(i) What current does the lamp need to light correctly?
(if) If the efficiency of the transformer is 75%, what
current is taken from the mains?
(iii) Calculate the magnitude of the series resistor that
would be necessary if the lamp were connected
directly to the mains.

A transmission line between a power station and a

factory has resistance of 0.05 Q in each of the two

wires. If 100 A is delivered at 100 V.

(i) What useful power is delivered into the load.

(i) How much power is wasted is wasted during
transmission.

(iii) What total power must be supplied by the
generator?

A transformer with a ratio of 5:2 and efficiency of 90%
has a primary voltage of 240V. If a current of 2.5A
flows through the primary coil, determine the current
through the secondary coil.
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A step up transformer is designed to operate from a 20
V supply and delivers energy at 250 V. If it is 90%
efficient,

a) Determine the primary and secondary currents
when the output terminals are connected at
250V, 100W lamp.

b) Find the ratio of the primary turns to the
secondary turns..

Assignments;
1. a) Describe with the aid of a diagram the operation of a
transformer.

b) A 240 V step down mains transformer is designed to
light ten 12 V, 20 W ray box lamps and draws a current of 1
A in the primary coil. Calculate the:

i) Power supplied to the primary coil.

i) Power delivered in the secondary coil

iii) Efficiency of the transformer.

2. A transformer connected to 240 V A.C mains is used to
lighta 12 V 26 W lamp.
a) What current does the lamp need to light correctly?
b) If the efficiency of the transformer is 75%, what
current is taken from the mains?
¢) Calculate the magnitude of the series resistor that
would be necessary if the lamp were connected
directly to the mains.

3. A transmission line between a power station and a
factory has resistance of 0.05 Q in each of the two
wires. If 100 A is delivered at 100 V.

a) What useful power is delivered into the load.

b) How much power is wasted is wasted during
transmission.

¢) What total power must be supplied by the
generator?

Calculating the value of alternating current.
The maximum value of an alternating current is known as its
peak value which is reached momentarily, twice for every
revolution of the coil.
We need to obtain the mean square value and then root-
mean square value (r.m.s) value of the alternating voltage
(or current) in order to avoid zero average.
The peak value is related to the root-mean square value by
an equation;
peak value
V2
1. Peak value is the maximum value of alternating current
or voltage.
Peak value is just momentarily reached twice every
complete revolution. It is therefore greater than the effective
value of the supply.
2. Root —mean square value is the effective value of
alternating current or voltage.
It is equivalent to the direct current (or direct voltage) which
would dissipate the same amount of power when passing
through a resistor as the alternating current of peak value.

rrms=




Example. 1

In Uganda, the A.C mains voltage is 240 V. calculate the

peak value of the mains.

peak value = 240V

peak value

V2

peak value

V2

V, = 240 X2
= 339.4

rm.s =

240 =

Advantages of a.c over d.c
A.C is easy to generate.

A.C is is easy to transmit to around the country with

minimal power loss.

Alternating current can easily be stepped up and down

for home consumption.

Disadvantages of a.c over d.c

= A.Ccannot be used to charge a battery.

= A.Ccannot be used in electroplating.

= A.Ccannot be used in electrolysis.

Rectification is the converting of A.C to D.C which is
already discussed under electronics in modern physics.

Similarities between a.c and d.c.

Both can be cause:
-Magnetisation
-Heating
-Lighting

Differences between a.c and d.c.

D.c

A.c

-Can be used in
electrochemical  processes.
E.g electro plating

-Ac is useless in this aspect

-Can be used in electric
trains for locomotion.

-The train would simply
move forward and
backwards at the frequency
of the a.c supply.

-Can’t be stepped up or
down

-Can easily be stepped up
and down by using
transformers.

-cannot

-Can be transported for long
distances with minimum
power loss

-D.c can’t be conducted by
capacitors

-A.c can be conducted by
capacitors

-D.c is already rectified

-A.c can easily be converted
to d.c using rectifiers
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RECTIFICATION

Rectification is the process by which a.c is converted to d.c.
During rectification, a diode which shows low resistance to
the flow of current in one direction and a very high
resistance to current flow in the opposite direction is used.

i g
L]

Types of Rectification:

(a) Half-wave rectification

This is where a.c is converted to d. ¢ such that current in the
second half cycle is blocked by the diode.

B g P
1
@ vl:llll.t

-When current flows clockwise, the resistance of the diode
is low.

-In the 2" half cycle, when current would be flowing in the
opposite direction (anti- clockwise), the resistance of the
diode is very high and so current is switched off.

-The energy in the switched off half cycle appears as heat
energy and warms up the diode.

Alternatively, we can use a vacuum- tube.

When the anode becomes positive, electrons are attracted
from the cathode hence current flows in the circuit.

And when the anode becomes negative, electrons from the
cathode are repelled and therefore no flow of current.

The result is that the current in the circuit is uni-directional.

i

a.c ﬂ"f

Or:

113 EI:-utput
+(d.c)

Input —~_

(a.c)
b
transformer

Current {4

Ol Titne (3)

A moving coil galvanometer can be used to measure the
average value of the current, < 1> .




(b) Full-wave rectification:

Although current has been rectified and made to flow in one
direction, during half wave rectification, half of the energy
is lost.

To over come this problem, we use full- wave rectification
in which four diodes are arranged in a circuit bridge below.

During the 1% half cycle, point A is positive relative B.
Thus current flows through diodes 1 and 2. Diode 2
takes back the current to the source.

During the 2" half cycle, point B is made positive
relative B. Thus current flows through diodes 3 and 4.
Diode 4 takes back the current to the source.

Thus there is always a current flowing in the same
direction through the load, R.

Cutrent (A)

Time (g}

A moving coil galvanometer can be used to measure the
average value of the current, < 1> .
From the definition of mean value;

EXERCISE
13. (2000 Qn.6): The arrangement in figure below is used
to produce an e.m.f. what causes the e.m.f?

ol

o]
Ilagnet

®

Centre zero
galvanorneter

A. The attraction between the coil and the magnet
B. The magnetic field outside the coil

C. The magnet placed close to the coil.

D. The variation of magnetic lines linking the coil.

14. (2000 Qn.22): In figure 6 below when switch K is
closed, the two soft iron cores will;
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Iron core

s

oy

Repel each other all the time

Attract each other all the time.

Attract each other for just a brief moment

Have no force of attraction or repulsion between
them.

15. (2002 Qn.5): The figure below shows a coil connected
to a center zero galvanometer G.

Y

Centre zero
galvanormeter

The poles produced at the ends X and Y of the coil when
the north pole of the magnet approaches it , is;

A. X-north pole Y-south pole

B. X-south pole Y-north pole

C. X-north pole Y-north pole

D. X-south pole X-south pole

16. (2002 Qn.40): The induced current in a generator
A. Isamaximum when the coil is vertical
B. Is aminimum when the coil is horizontal
C. Changes direction when the coil is horizontal
D. Increases when the speed of rotation increases

17. (2004 Qn.9): Which of the following is the correct
order of energy changes or conversions in a generator
A. Heatenergy in cylinder -
kinetic energy in piston — electrical energy

chemical energy from fuel —

heat energy from cylinders —

kinetic energy in pistons —

rotational kinetic energy in dynamo —
electrical energy

chemical energy from fuel —

rotational kinetic energy in a dynamo —
rotational kinetic energy in piston —
electrical energy.

electrical energy —

rotational kinetic energy in dynamo —
rotational kinetic energy in pistons —
sound energy.

18. (2004 Qn.42):
a) State two differences between a.c and d.c
generators.

b)




—
I

Idagnet

©

Briefly describe what happens when a magnet is moved into
a coil as shown in figure above.

19. (2001 Qn.47):
a) State one advantage of a.c over d.c in a main

0 n.nl\/n.uz W 0.04 4
-340%

The graph in figure above sows the variation of an a.c with
time. Find;

(i) The peak value.

(if) The frequency

20. (1999 Qn.37): A transformer is used to step down an
alternating voltage from 240V to 12V. Calculate the
number of turns on the secondary coil if the primary
coil has 1200 turns.

A .3 B.5 C. 60 D. 100

21. (1995 Qn.31): A transformer has twice as many turns
in the secondary as in the primary coil. The a.c input to
the primary is 4V. Find the output voltage.

A .2V B.8V C4v D.16V

22. (1997 Qn.10): A transformer whose efficiency is 80%
has an output of 12 W. Calculate the input current if
the input voltage is 240 V. (Ans: 0.0625A).

23. (2003 Qn.6): A transformer is connected to 240V a.c
mains is used to light a 12 V, 36 W. What current
does the lamp draw?

A. 200A B. 6.7A
0.33A

C. 30A D.

24. Which of the following is true about a transformer
The efficiency is 100%
The magnitude of e.m.f induced in the secondary
does not depend on the e.m.f induced in the
primary coil.
There are no power losses as the core is well
laminated.
Passing direct current through the primary has no
effect on the secondary coil.

25. Which one of the following would be suitable to use in
the construction of a transformer core?
A. Lead C. Copper
B. Softiron D. Aluminium

26. The main function of a step-up transformer
A. Changea.ctod.c C. Change d.cto a.c
B. Increase the current D. Increase voltage
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27. A transformer can’t function normally with a d.c
because a d.c
Has an extremely high heating effect
Reduces the efficiency of the transformer
Cannot produce a changing magnetic field
Cannot provide voltages required for power
transmission.

28. An a.c input voltage of 250V is connected to a
transformer with 100 turns. Calculate the number of
turns in the secondary coil, if an output of 15V is
required.

. Which one of the following is the most economical
means of transmitting electricity over a long distance?
At a high voltage and a low current
At a high voltage and a high current
At a low voltage and a low current
At a low voltage and a low current.

30. The figure below shows a transmission line from
power station to a consumer several kilometers away.
Several km

IIIIITIIIS SIS

Which one of the following is the correct type of
transformers at P and Q?

P Q
Step-up Step-up
Step-down | Step-down
Step-up Step-down
Step-down | Step-up

31. When transmitting energy, electrical power over long
distances, the voltage is stepped up in order to
A. Transmit it
B. Reduce power loss
C. Increase current for transmission
D. Prevent electric shocks.

. Power loss due to eddy currents in the core of a
transformer can be minimized by
A. Laminating the core
B. Using thick copper wires in the windings
C. Using soft iron core
D. Winding the secondary coil on top of the
primary coil

. A voltage of 440V is applied to a primary coil of a
transformer of 2000 turns. If the voltage across the
secondary is 11kV, what is the number of turns in the
secondary coil?

A. 50 C. 80
B. 5x10* D. 8.0 x 10*
34.

a) Give the advantages of alternating current over

direct current in power transmission

b) Describe, with the aid of a diagram, the

construction and action of a transformer




c) A transformer is designed to operate at 240V mains
supply and deliver 9V. The current drawn from the
mains is 1.0A. if the efficiency of the transformer is
90%, calculate;

(i) The maximum output current
(if) The power loss

d) State the possible causes of the power loss in © (ii)

above
35.

(i) Explain briefly what is meant by mutual induction

(if) Mention the causes of energy loss by a transformer
and state how the loss can be minimized

(iii) A transformer has 200 turns on the primary coil.
Calculate the number of turns on the secondary coil
if 240V is to be stepped to 415 V

36.

a) What is a transformer?

b) The diagram in fig below shows a model of a
transformer in which the primary coil P is
connected to d.c and the secondary coil, S is
connected to a galvanometer.

(i) What is observed just as the switch K is closed?

(if) What would be the effect of closing switch K very
fast in (i) above?

(iif) What is observed when the switch K is closed?

(iv) What is observed just as switch K is opened?

(v) What would be observed if the d.c source is
replaced by an a.c source of a low frequency.

c) A transformer of efficiency 80% is connected to
240Va.c supply to operate a heater of resistance
240Q. If the current flowing in the primary circuit
is BA,

(i) Calculate the potential difference (p.d) across the
heater.

(if) If the transformer is cooled by oil of specific heat
capacity 2100Jkg*K? and the temperature of the
oil rises by 20°C in 3 minutes, find the mass of the
oil in the transformer

Describe briefly the structure and action of a
transformer.
(i) State any three causes of energy losses in a
transformer.

(i) How are these losses reduced in a practical transformer?

c) Explain why it is an advantage to transmit
electrical power at high voltage.

d) Electrical power is generated at 11kV.
Transformers are used to raise the voltage to
440kV for transmission over large distances using
cables. The output of the transformer is 19.8MV
and they are 90% efficient. Find the;

(i) Input current to the transformer.

(if) Output current to the cables

38. The circuit below shows diodes and bulbs connected to
a d.c supply.
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d.c

— source

Which of the following pairs of bulbs will light up?
A. MandN C. NandH
B. MandL D. Hand L

. Rectification of alternating current means
A. Stepping up alternating current by a transformer
B. Converting alternating current into direct current
C. Stepping down alternating current by a

transformer

D. Generating alternating current from a dynamo.

. What device could be connected to the secondary of a

transformer in order to get d.c in the output ?

A. Diode C. Resistor
B. Rheostat D. Thermostat

. Arectifier is used to?
A. Step up an a.c voltage
B. Step up an a.c current
C. Change an a.c voltage to a d.c voltage
D. Change a d.c voltage to an a.c voltage

. The number of rectifiers used in a full-wave
rectification is?
A 1 B.2 C.3 D.4

. The diagram below shows the current circuit of a
thermionic diode.

()

-

£ =
Highly
B

Esracuated tube

:I-T LowP.d

a) Name the parts labeled A and B

b) Why the thermionic diode is is highly
evacuated?

c) Describe briefly the action of a thermionic
diode.

44. The figure below shows a charging circuit.




a.c
supply
ol

a) Name and state the use of each parts labeled;
i w
@iy Z
b) Sketch the wave form that is obtained from
terminals XX.
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DON’TS IN AN EXAMINATION
«  Don’t cross out work that may be partly correct
Avoid this unless you have finished replacing it with
something better.
s Don’t write out the question. This wastes time.
The marks are for your solution!
% What are the examiners looking for?
The most common compliant of the examiner is “candidate
failing to answer the question” This complaint is expressed
in a number of ways, e.g.
e  Answer too short
Answer too long
Irrelevant material included
Relevant material left out
Answer suffers from lack of substance, absence of
diagram(s) graphs / Calculations which are clearly
asked for, entire parts of questions missing
Failure to give correct responses to questionbeginning
with the direct words (or key words) e.g.define,state,
explain, describe, etc.

DIRECTION WORDS USED BY EXAMINERS IN
INSTRUCTIONS

Examiners use certain direction words in their instruction to
let you know what they are expecting in the answer. Make
sure that you know what they mean so that you give the
right response.

Questions in physics examinations may use any of the
following direction —words define, state, write down,
mention, list, calculate, find, determine, deduce, hence,
explain, describe, draw, sketch, what is meant by, etc.
Interpreting this word wrongly can be very expensive in
terms of marks or time lost. To determine how long an
answer should be, a student can use:

«» Direction (key) word used, e.g. State, explain, etc.

+ Marks allocated to the question

1. Define (the term (s)
This only requires a formal statement, definitions must be
absolutely precise
There cannot be a nearly correct definition.

Problem:

Define a newton?

Anewton is the force which gives a mass of 1lkg an
acceleration of 1ms

2. State
This requires a concise answer with no supporting argument.
You can write your answer without having to show how it
was obtained. Physical laws and principals must be stated in
a precise form.

Problem:
State Boyle’s law
Boyle’s law states thatthe volume of a fixed mass of a gas is
inversely proportional to its pressure if temperature is
constant.

3. What is meant by
This normally requires a definition, together with some
relevant comment and the terms concerned.
The amount of additional comment intended should be
interpreted in the light of indicated mark value
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Problem:

What is meant by dispersion of light?

Solution

Dispersion of light is the splitting of white light into its
components colours by a glass prism.

This is because glass (prism) has different refractive indices
for the different colours of white light.

4. Explain
This requires a candidate to make a given term or piece of
information clear. Some laws and principal may be applied.
Sometime a diagram or a graph may be useful.
Problem:
Explain how heat is transferred in metals..
Solution
Heat is transferred in metals by conduction.
When a metal is heated at one place, the electrons there
gain more kinetic energy and therefore move faster towards
the cooler part. They collide with other electrons and atoms
in the cooler part to which, they pass on their energy. In this
way, heat is transferred in the metal.

5. Describe
This require a candidate to state in words (with the aid f
diagram where appropriate) the main points of the topic. It is
often used with reference either to a particular phenomenon
or to a particular experiment.
In the former case, the answer should include reference to
observations associated with the phenomenon.
In the letter case, full details of the method, measurements,
apparatus and treatment of result are required.
Problem
Describe an experiment to verify Hook’s law using a spring.
Solution:See question 3(c) ,2002 P,
Note: The candidate must be careful to cut back on the
details if the question asks to “describe briefly” or to
“describe concisely”. Here the candidate’s ability to isolate
the key feature of the experiment / topics is being tested.
Problem
With the aid of a diagram, describe briefly how a pure
spectrum is produced
Solution:See question 6(b), 2004/2

6. List
This requires a humber of points with no collaboration. If
the number of points is specified, this should not be
exceeded.
Problem
List three properties of alpha- particles
Solution:
e They carry a positive charge
e They are deflected towards the negative plate in an
electric field.
e They are deflected in a magnetic field.

It should be noted that in this case only the first three
properties given whether correct or wrong will be
considered.

7. Calculations.

The following steps are suggested in questions involving

calculations

v" Summaries the information given in the question. Use
standard symbols (Clearly define any symbol which is
not standard) and convert quantities too S1 units.

236




A sketch diagram may sometimes be helpful.

Spot the law or principle and equations which relate to
the situation. If necessary, make reasonable
assumptions or approximations and show clearly where
it is done.

Write down all your working [Remember that marks are
given for the correct working even if the final answer is
wrong!

Evaluate your answer to the lowest form. Do not give
answer like % unless you are running out of time

v Indicate units on your final answer.
v" Check that your final answer is sensible with the
context of the question.

Problem

A sound wave has a velocity of 330ms™ and a wavelength of

1.5m. Calculate its frequency

Solution:

« (Summaries the given information using standard
symbols and with correct units)

Given:

V =330ms,x=15m, F=?

s (Write down the relevant equation)

Using the wave equation:

V=14

+  (Show your working)
330=fx15
1.5f 330

15 15
f = 220Hz

% (Final answer with units)
Hence the frequency of the wave is 220Hz.

USEFUL INFORMATION IN PHYSICS

UNEB sample Questions:

1993 Qn.5

2002 Qn.29
2004 Qn.17
2004 Qn.39

2007 Qn.1
1997 Qn5
1999 Qn.12

2001 Qn.11
2003 Qn.11
2006 Qn.10

2000 Qn.24

Diffusion

Is the spreading of molecules from a
region of higher concentration to a region
of lower concentration.

Brownian
motion

Is the random movement of particles due
to collision with invisible air molecules
which are in a state of random motion.

UNEB sample Questions:

Particulate
nature

1987 Qn36
1997 On.13
1999 Qn.23
2006 Qn.19

Size of oil
molecule
1987 Qn.7
1992 On.31
2004 Qn.40
1993 Qn.7
2002 Qn 45

2007 Qn.25
1987 Qn.2
2001 Qn.43
2003 Qn.3
2005 Qn.49

Scalar
quantity

A scalar gquantity is a quantity which has
magnitude only.

Vector
quantity

A vector quantity is a quantity which has
both magnitude and direction.

Resultant
vector

Is the sum of two or more vector
guantities.

Force

Force is a physical quantity which changes
a body’s state of rest or of uniform motion
in a straight line.

F = ma

A newton

A newton is a force which gives a mass of
1kg an acceleration of 1ms?2,

® MECHANICS

Acceleration
due to
gravity

Is the rate of change of velocity of a freely
falling body.

Mass Mass is the quantity of matter which a
body contains.

Volume Volume is the amount of space occupied

by an object

Density Density is mass per unit volume of a

substance

. Mass
Density = Volume

Relative
density

Relative density is the ratio of the density
of a substance to the density of an equal
volume of water.

Weight

Weight of a body is the force of gravity on
it.
OR: Weight is the force which a body
exerts on anything which freely supports
it.

weight = mg

Centripetal force is the force which keeps
a body moving in a circular path.

Friction

Friction is the force that opposes motion
between two surfaces in contacts.

RelativeDensity
Density of asubstance

- Density of equal vol. water

Mass of substance

~ Mass of equal Volume of water

Weight of substance

- Weight of equal Volume of water

Static
friction

Static friction is the friction between two
surfaces at rest.

Kinetic
friction

Kinetic or sliding friction is the friction
between two surfaces that are moving
relative to each other.

Limiting
friction

Is the friction force between two surfaces
which are at the verge of sliding over each
other.
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friction

Coefficient
of static | normal reaction.

Is the ratio of limiting friction to the

UNEB sample Questions:

Cohesion
force

Cohesion is the force of attraction
between molecules of the same substance.

Adhesion
force

Adhesion is the force of attraction
between molecules of different substance.

Surface
tension

Surface tension is the tangential force
acting normally per unit length across any
line in the surface of a liquid.

Or It is the force which causes the surface
of a liquid to behave like a stretched
elastic membrane.

Moments
and

centre of
gravity
2003 Qn.5
1987 Qn.10

1988 Qn.2

1988 Qn.7

1989 Qn.15
1989 Qn.38
1991 Qn.30
1993 Qn.14
2000 Qn.11

2002 Qn.11
2003 Qn.5
2007 Qn.17
2000 Qn.2
2007 Qn.5

force

Centripetal

Is the force acting on a body moving in a
circle and directed towards the centre of
the circular path

WORK, ENERGY AND POWER

Up thrust

Is the upward force which acts on bodies
in fluids.

Work is the product of force and distance
moved in the direction of the force.
Work = Force X Distance

i.eW=FXd

UNEB sample Questions:

Particulate
nature

1987 Qn36
1997 Qn.13
1999 Qn.23
2006 Qn.19

2007 Qn.25
1987 Qn.2
2001 Qn.43
2003 Qn.3
2005 Qn.49

Size of oil
molecule
1987 Qn.7
1992 Qn.31
2004 Qn.40
1993 Qn.7

A joule is the work done when a force of 1N
moves through a distance of 1m.

Heat is a form of energy which is transferred
from one place to another due to a
temperature difference between them.

2002 Qn45

MOMENTS

Moment

Moment of a force is the product of the force
and the perpendicular distance of its line of
action from the point.

perp.

distance
from
pivot

( Moment

ofa force) = force X

Principle Moments:

When a body is in equilibrium the sum of the
clockwise moment about ay point equal the
sum of the anti clock wise moment.

For parallel forces in equilibrium

« Sum of upward force = sum of downward
forces

«» Sum of anticlockwise moments = Sum of
clockwise moments

Energy is the ability to do work.
Kinetic energy is the energy which a body has
because of its motion.

2

K 1
.e—va

Potential energy is the energy which a body
has because of its position or condition.
P.e = mgh

Principle of conservation of energy:
Energy is neither created nor destroyed but
changes from one form to another

Is the rate of doing work

work done
Power = ——
Time

Power is the rate of transfer of energy

Energychanged
Power = ————
Timetaken

UNEB sample Questions:

Work, Energy

1994 Qn.5

A Couple: Is a pair of equal but opposite

parallel forces.

e It causes rotation of the body

e It cannot be replaced by a single fore. It
can only be balanced by an equal but
opposite couple.

A torque: Is the moment of a couple.

and Power
1994 Qn.17
1989 Qn.29
2007 Qn.33
1987 Qn.24
1993 Qn.18
2006 Qn.6

1993 Qn.4

1995 Qn.9
1987 Qn.3
1991 Qn.11
1992 Qn.11
1997 Qn.9
1997 Qn.10
1999 Qn.8

2000 Qn.23
2001 Qn.26
2003 Qn.15
2007 Qn.6
1993 Qn.4
1999 Qn.2
2005 Qn.45

Centre of
gravity

Centre of gravity of a body is the point of
application of the resultant force due to the
earth’s attraction on it.

MACHINES

Machine
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A machine is a device which enables force
acting at one point to overcome force acting at
some other point.




Mechanic
al
Advantag
e

Mechanical advantage is the ratio of the load
to effort.

MechanicalAdvantage (M. A) =

Load
Effort

Velocity
ratio

Velocity ratio is the ratio of distance moved
by effort to distance moved by the load in the
same time.

Velocity Ratio(V.R) =

Effortdistance
Loaddistance

V.R of aninclined Plan
lengthoftheplane [

- heightoftheplane ~ h

V.R of ascrew
_ circumferanceofcirclemadebyeffort

Pitchofthescrew

V.R of awheel and axle
_ circumferanceofwheel

Circumferenceofaxle

_2mR R

2nr r

In a manometer:

Gas atmosp.
(pressure ) - (pressure ) + hpg
Pascal’s principle
It states that pressure in an enclosed fluid
is equally transmitted through out the fluid
in all directions.

Pascal

Is the pressure exerted when a force of 1N
acts on an area of 1m2.

UNEB sample Questions:

Pressure
1994 Qn.25
2003 Qn.10
1992 Qn.33
1988 Qn.13
1991 Qn.5
1995 Qn.15
1996 Qn.39
2002 Qn.9
2001 Qn.27

2001 Qn.10 1993 Qn.20
1999 Qn.17 1994 Qn16
1994 Qn.3 1997 Qn.11
1993 Qn.1 2002 Qn.9
1987 Qn.40 2007 Qn.27
1989 Qn.12 2007 Qn.30
1990 Qn.17 2000 Qn.2
1991 Qn.3 2003 Qn. 43
1993 Qn.2 1995 Qn. 2

Efficiency

Efficiency is the ratio of useful work done by
a machine to the total work put into in the
machine.

o workoutput
EfflClenCy = onmput X 100%

. M.A
orEfficiency = VR x 100%

Archimedes’
s principle

Archimedes’s principle
When a body is wholly or partially
immersed in a fluid it experiences an
upthrust equal to the weight of the fluid
displaced.
Upthrust = weight of fluid displaced
U=meg
U=(psVy)

UNEB sample Questions:

Machines
1999 Qn.2
1994 Qn.8
1987 Qn.36

1988 Qn.34 | 1992 Qn6
1991 Qn.26 | 2001 Qn.42
1998 Qn.6 2007 Qnl

2006 Qn.4

PRESSURE

Pressure

Pressure is the force acting normally per
unit area.
Force |
iLeP =

F
Pressure = —
Area A

Pressureinliquid

height of Density
= ( liquid ) X (ofliquid) X
column column

Acceleration due to gravity

P =hpg

Principle of
flotation

Principle of flotation
A floating body displaces its own weight of
the fluid.
Upthrust = weight of the floating body
U=myg
U=(psVs)g

Density of
floating | = (

Fraction )
object

submerged

Density
x( of >

liquid
Fraction

Relative density = submerged

UNEB sample Questions:

Archimedes principle and Floatation

1991 Qn.7
1995 Qn.7
1988 Qn.11

1990 Qn.8
1990 Qn.9

2000 Qn.16
2001 Qn.40

1990 Qn.5 PP2
1989 Qn.4
2001 Qn.2
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MOTION

Displacemen
t

Displacement is the distance moved in a
specified direction




Speed is the rate of change of distance
moved with time.

S d_Distamce
peed = Time

Velocity

Velocity is the
displacement.
OR: Velocity is the rate of change of
distance moved with time in a specified
direction.

rate of change of

Uniform
velocity

Is the constant
displacement

rate of change of

Acceleration

Acceleration is the rate of change of
velocity with time.

Uniform
acceleration

Uniform Accelerationis the constant rate
of change of velocity.

Equations of motion
1:v=u+at

1
2nd. g = ut+Eat

37 p? = u? + 2as

1
s=5 gt*(for a free fall)

F = ma

Momentum

Momentum of a body is the product of its
mass and velocity
Momentum = Mass x Velocity

Principle of conservation of

_momentum:

When two or more bodies act on one
another, their total remains constant,
provided no external force acts.
Momentum before collision = Momentum
after collision

Inelastic collisions:

This is where the colliding bodies stick
together and move with a common
velocity, V after the collision.

i.e. miu1+ mauz = (m1+ mg) V

Elastic collisions:

This is where the colliding bodies separate
and move with different velocities after the
collision.

i.e. MUz + MaU2 = Myu1 + MaU2

Inertia

Inertia is the tendency of a body to remain
at rest or, if moving, to continue its motion
in a straight line.

UNEB sample Questions:

Motion

UNEB sample Questions:

Momentum and Newton’s laws of motion

1993 Qn.25
1997 Qn.2 PP2
1996 Qn.1 PP2
2000 Qn.1 PP1
1998 Qni(b)

2003 Qn.26
1987 Qn.12
1987 Qn.25
1989 Qn.1

1992 Qn.23
1993 Qn.25
1994 Qn.10
1994 Qn.26
1996 Qn.24

2001 Qn.1
1988 Qn.9
1994 Qn.5
1995 Qn.8
1988 Qn.20

2006 Qn.32
2007 Qn.24
1992 Qn.2
1994 Qn.3
1990 Qn.8

2000 Qn.16
2001 Qn.40
1990 Qn.5 PP2
1989 Qn.4
2001 Qn.2

2000 Qn.20
1995 Qn.10

2001 Qn.25
2006 Qn.9
1991 Qn2
1993 QnS PP2
1999 Qn.1PP2

2003 Qn2

1990 Qn.9

Newton’s
laws of
motion

1t law

A body continues in its state of rest or of
uniform motion in a straight line unless an
external force makes it behave differently.

2" law

The rate of change of momentum of a body
is proportional to the applied force and
takes place in the direction of the force.

3 law
To every action there is an equal and
opposite reaction

Elasticity

Elasticityis the ability of a substance to
recover its original shape and size after
distortion.

An elastic material is one which recovers its
originals shape and size after the force
deforming it has been removed.

Hook’s law:
The extension of a material is directly
proportional to the applied force provided
elastic limit is not exceeded.
Force = k(extension)
Force F, F,
ke — = =

_— k
extension e e

Fi e
or —= =
F, e
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Strength

Is the ability of a material to withstand forces
which try to break it. OR Strength is the
ability to resist the application of force
without breaking.

Brittle
Material

Is a material which bends very little and
breaks suddenly when a tensile force acts on
it.




Ductile
material

Is a material which stretches first classically
and then plastically before it breaks when a
force acts on it.

Concrete

Is a mixture of cement, sand, gravel and
water.

Convectio
n

Convection is the flow of a fluid from the
places of higher to places of lower
temperature by movement of a fluid itself.

Stress

Force F
Stress =

crosssectionalArea A

Radiation

Radiation is the flow of heat from one place
to another by means of electromagnetic
waves.

Strain

. extension e
Strain = ———F—— =—
originallength ly

, stress
Young's modulus = -
strain

A tie is a girder which is in tension.

A strut is a girder which is in compression.

UNEB sample Questions:

Heat, temperature and expansion

1997 Qn3 PP2 Heat
2002 Qn38
1996 Qn31
1997 Qni17
1998 Qn8

1999 Qn16
2003 Qn30
Section B

1997 Qn3

2003 Qn44

2004 Qn33
2006 Qn17
2007 Qn36
Section B
1989 Qn2
1994 Qn1
1998 Qn3
1998 Qn5

transfer
1988 Qni2
1988 Qn18
1988 Qn31
1991 Qn4
1994 Qn33
1999 Qn9
2004 Qnl1

UNEB sample Questions:

Mechanical Properties of matter

1993 Qn10
1997 Qn19
1989 Qn.10
1994 Qn.4

2002 Qn.47
1996 Qn.21
2006 Qn.8

2007 Qn.40

1987 Qn.9
1990 Qn.5
1994 Qn.5

® HEAT

Heat is a form of energy which is transferred
from one place to another due to a
temperature difference between them.

Temperatu
re

Temperature is the degree of hotness of a
substance.

T in Kelvin is obtained using: T=273+6
Lower fixed point is the temperature of pure
melting ice.

Lower
fixed point

Is the temperature of pure melting ice

Upper
fixed
point

Is the temperature of the steam above water
boiling at standard atmospheric pressure of
760mmHg.

Gas laws

7

< Boyle’s law:

The volume of a fixed mass of a gas is
inversely proportional to the pressure at
constant temperature.

PV = aconstanti.e.P,;V; = BV,

«  Charles’s law:
The volume of a fixed mass of a gas is
directly proportional to the absolute

temperature at constant volume.

v .V, Vv
= = aconstanti.e.=* = -2
T T, T,

« Pressure law:
The pressure of a fixed mass of a gas is at
constant volume is directly proportional to
its absolute temperature.

P . P P

— = aconstanti.e.=t =2
T Ty Ta
Gas laws combined

Equation)

(Universal Gas

PV P,V Pav.
— = aconstant, —* = =2
T T, T,

Fundamen
tal
Interval

Is the length between the upper and lower
fixed points.

To obtain unknown temperature 6 we use:
0 -1
100 190 — I

0= x100

y
Where x is the length of mercury thread at
temperature fand y is the distance on the
stem between the upper and lower fixed
points (fundamental interval).

Absolute
temperatu
re

Absolute zero is the temperature at which
the molecules of the gas have their possible
lowest kinetic energy.

Or Absolute zero is the lowest temperature
attained before a gas liquefies and its volume
reduces to zero.

UNEB sample Questions:

Gas laws

2005 Qné
1997 Qn3
1998 Qn16
2007 Qnd
2007 Qn43

Section B
1989 Qn7
1991 Qn10
1993 Qn3
2001 Qn3

1989 Qn13
1992 Qn6

2000 Qn33
2002 Qn12
2006 Qn15

Conductio
n

Conduction is the flow of heat through
matter from the places of higher to places of
lower temperature without movement of
matter as a whole.
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Heat
capacity

Heat capacity is the heat required to raise the
temperature of any mass of a body by 1K.
Heat energy given out (received)

=cAf

= (02— 6h)

Dew point

Dew point is the temperature at which the
water vapour presents in the air is just
sufficient to saturate it.

Specific
heat
capacity

Specific Heat capacity is the heat required to
rise the temperature of 1Kg mass of a
substance by 1K.

Heat energy given out (received)

=mcAé

=mec (02— 01)

UNEB sample Questions:

Boiling, Evaporation and vapours

1987 Qn15
1989 Qn35
1990 Qn10

1991 Qn31
1997 Qn16
2001 Qn6
2008 Qné

1988 Qn10
1997 Qn9
1995 Qn4
2008 Qn41l

©® GEOMETRIC OPTICS:-LIGHT

Latent
Heat

Latent heatis the quantity of heat required to
change the state of a substance at constant
temperature.

REFLECTION

Specific latent heatis the quantity of heat
required to change the state of a 1Kg mass of
a substance without change of temperature.
Heat energy given out or gained = ml

(During change of state).

Specific Latent heat of fusion is the quantity
of heat required to change a 1Kg mass of a
substance from solid state to liquid state
without change of temperature.

Specific latent heat of vaporization is the
quantity of heat required to change a 1Kg
mass of a substance from liquid sate to vapor
state without change of temperature.

Reflection

Reflection is the change in the direction of a
light ray or a beam of light after striking a
surface.

A ray is the direction of the path taken by
light.

A beam is a stream of light energy

Focal
length

Focal length is the distance between the
principal focus and the pole (for a mirror)
or optical centre (for a lens).

Principal
focus

Is a point on the principal axis at which all
rays close and parallel to the principal axis
converge after reflection at the mirror or
refraction at the lens.

Centre of
curvature

Is the centre of the sphere of which the
mirror or lens forms part.

UNEB sample Questions:

Measurement of heat

1992 Qn4
2003 Qn13
2000 Qn4
1993 Qn3
1997 Qn15
2001 Qn34
1997 Qn4
2000 Qn3
2000 Qn38
2002 Qn26
2003 Qn33

2003 Qn39
2007 Qn28
Section B
1991 Qn3
2007 Qn2
2008 Qn2
Latent heat
1995 Qnl1
2004 Qn3
1989 Qn33
2006 Qn8

1987 Qni4
1988 Qn19
1999 Qn15
2001 Qn34
2007 Qn8
Section B
1988 Qn5
1998 Qn2
1999 Qn3
2003 Qn3
1992 Qn8

Radius of
curvature

Is the radius of the sphere of which the
mirror or lens forms part.

Magnificati
on

Is the ratio of the height of the image to the
height of the object.

It is also defined as the ratio of the image
distance to the object distance.

Real image

Is the image formed by actual intersection
of reflected rays.

It’s the image which can be formed on a
screen.

Evaporatio
n

Is the gradual change of state from liquid to
gas that occurs at the liquid’s surface.

Saturated
Vapour

A saturated vapour is one which is in a
dynamic equilibrium with its own liquid

Virtual
image

Is the image formed by
intersection of reflected rays.
It’s the image which cannot be formed on a
screen.

apparent

Saturated
Vapour
Pressure

Saturated vapor pressure is the pressure
exerted by a vapour is in a dynamic
equilibrium with its own liquid

Boiling
Point

Boiling point of a substance is the
temperature at which its saturated vapour
pressure becomes equal to the external
atmospheric pressure.
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UNEB sample Questions:

Rectilinear
propagation of
light

1997 Qn.22
2000 Qn.34
2002 Qn.27
2006 Qn.29
2006 Qn.27
Section. B
1992 On.1

Reflection
curved surfa
2001 Qn.8
2003 Qn.20
2005 Qn.29
2007 Qn.2
Section B
1995 Qn.5
1997 Qn.2 PP
2002 Qn.2 PP

1997 Qn.4
1998 Qn.7
Reflection
at plane
surfaces
1996 Qn.25
1999 Qn.28
1997 Qn.24
2005 Qn.40
2007 Qn.16




REFRACTION

Refraction

Is the change in the direction of light as it
moves from one medium to another.

Refractive
Index

Is the ratio of the sine of the angle of
incidence to the sine of the angle of
refraction.

Wavelength

Is the distance between two successive
particles which are in the same phase.

The wave length of a wave,A in which the
distance between n successive crests or
troughs is X, is given by;

L X
T n-1

Power of a
Lens

Is the reciprocal of the lens’s focal length in
metres.

Total
internal
reflection

Is when light moving from a denser
medium to a less dense medium is reflected
when the critical angle is exceeded.

Critical
angle, ¢

Is the angle of incidence in a denser
medium when the angle of refraction in the
less dense medium is 90°.

Frequency

Is the number of complete oscillations made
per second.
number of oscilations

Frequency =

1time taken

"~ Period time

f==
T

Amplitude

Is the maximum displacement of particles
from its rest position.

Accommod
ation

Is the automatic adjustment of the eye to
focus far and nearby objects by changing
the focal length of the eye lens.

Period

Is the time taken for a wave to make one
complete oscillation.

Minimum
Deviation

Is the deviation that occurs when the angle
of incidence is equal to the angle of
emergency.

Velocity
of a wave

Is the distance moved by any point on a
wave in one second.
V=fA

Dispersion

Is the separation of white light into its
component colours by a glass prism.

UNEB sample Questions:

Is a line or section taken through by an
advancing wave along which all particles
are in phase.

Is—the spreading of waves as they pass

of light

Refraction

1994 Qn40
1995 Qn24
1996 Qnl
1996 Qn35
1990 Qn4
1993 Qn9
1996Qn3PP2

Lenses and Glass prisms
optical 1996 Qn4
instruments 1987 Qn7
1993 Qn7 2001 Qn46
2000 Qn21 Dispersion
2004 Qnl14 and colour
2007 Qnl10 1999 Qn29
1993 Qn.7 PP2 | 1993 Qn 4
1994 Qn2 1996 Qn 16
1998 Qn6 2000 Qn 33
2000 Qn8 2001 Qn 37
2003 Qn 35
Section B
1994 Qn.4 PP2
2001 Qn.7 PP2

through a narrow opening.

Interference

Is a combination of waves to give a larger
or smaller wave.

An echo

Is a reflected sound from a hard surface.

Reverberati

Is when the original sound and its echo
merge so that they cannot de distinguished.
This makes the original sound appear
prolonged.

WAVES

Transverse
Wave.

Is one in which the direction of vibration of
the particles is perpendicular to the wave
travel.

ts—when—a-'body is set into vibrations of
maximum amplitude with its own natural
frequency by another nearby body vibrating
with the same frequency.

Longitudin
al
Wave

Is one in which the direction of vibration of
a particle is in the same direction as the
wave travel.

Stationary
wave

Is a wave formed when two progressive
waves of equal frequency and amplitude
travelling in opposite directions are
superposed on each other.
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UNEB sample Questions:

1992 Qn7
1989 Qn30
1990 Qn21
1992 Qn1l
1994 Qn23
1998 Qn23
1998 Qn26
2001 Qn18
2006 Qn22
2007 Qn35
2007 Qn39
2008 Qn31
1989 Qné6
1993 Qn4
2006 Qn5

Wave motion

1998 Qn25
1999 Qn27
2002 Qn17
2002 Qn25
Progressive ar
/stationary
waves
1988 Qn25
1989 Qn9
1995 Qn21
2000 Qn12
2000 Qn29
2000 Qn30
2002 Qn22
2005 Qn39
2008 Qn31
2008 Qn35
Section B
1990 Qné6
2000 Qn6
2004 Qn7

Electromagnetic
waves
1987 Qn30
1989 Qn16
2001 Qn21
2006 Qn31
2007 Qn13
Sound waves
2001 Qn19
1990 Qn40
1995 Qn22
1989 Qn27
1997 Qn23
1994 Qn10
2006 Qn42
2008 Qn26
1997 Qn26
1989 Qn2
1991 Qnl4
1991 Qn40
1992 Qn32

A neutral
Point

Is a point at which the resultant magnetic
field is zero.

Magnetic
saturation

Is the limit beyond which the strength of a
magnet cannot be increased.

Right-hand
grip rule.

If the fingers of the right hand grip the
solenoid in the direction of current, the
thumb points to the North Pole.

Maxwell’s
screw rule
(Right -
hand screw
rule)

If a right — handed screw moves forward in
the direction of the current, the direction of
rotation of the screw gives the direction of
the field.

Electromag
netic
induction

Electromagnetic induction is the production
of an e.m.f in a conductor when the
conductor cuts magnetic field lines.

1997 Qn33 2008 Qn6

©® MAGNETISM

Fleming’s
left hand
rule
(motor
rule)

If the first finger, second finger and the
thumb of the left hand are held at right
angles, then the First finger points in the
direction of the Field, the seCond finger in
the direction of Current and the thuMb in
the direction of the Motion.

Ferromagn
etic
Materials

Are materials which are strongly attracted
by magnets.

(i) Paramagnetic materials are materials
that are slightly attracted by a strong
magnetic field e.g Wood, Aluminium,
brass, copper, platinum etc.

(i)Diamagnetic materials are materials that
are slightly repelled by a strong magnetic
field e.g Zinc, Bismuth, sodium chloride,
gold, mercury, e.t.c.

Diamagnetic materials become weakly
magnetized in a direction opposite to the
magnetizing field.

Back e.m.f:

Is the e.m.f set up in opposition to the e.m.f
applied to drive an electric motor.

Faradays
laws

Law 1: Whenever a conductor cuts a
magnetic field lines (or Whenever there is a
change in magnetic flux linking a circuit),
an e.m.f is induced.

Law 2:The size of an induced e.m.f is
directly proportional to the rate at which the
conductor cuts the magnetic field lines.

Lenz’s law:

The direction of induced current is such as
to oppose the change causing it.

Magnetic
poles

Poles are places in the magnet where the
resultant attractive forces appear to be
concentrated.

1%t law of magnetism: Like pole repel
unlike pole attract.

Magnetic
field

Is the region surrounding a magnet in which
the magnetic force is exerted.

Fleming’s
right hand
rule
(Dynamo
rule):

If the first finger, second finger and the
thumb of the right hand are held at right
angles to each other, then the First finger
points in the direction of the induced Field,
the seCond finger in the direction of
induced Current and the thuMb in the
direction of the Motion.

Magnetic
Meridian

Is a vertical plane containing the magnetic
axis of a freely suspended magnet at rest
under the action of the earth’s field.

Self
induction:

Is the process where an e.m.f is induced in a
coil due to a changing current in the same
coil.

Geographic
al
Meridian

Is a vertical plane containing the earth’s
axis of rotation.

Magnetic
declination

Is the angle between the magnetic and
Geographical meridians

Angle of dip
(angle of
Inclination)

Is the angle between the direction of the
earth’s resultant magnetic flux and the
horizontal.
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Mutual
induction:

Is the process where an e.m.f is induced in a
coil due to a changing current in a near by
coil not connected to the first one.

Transformer equation:
Seconary voltage

Primary voltage

Number of turns in secondary

~ Number of turns in primary

Vs_NS
V, N

p

Cell

Is a devise which produces electricity from
a chemical reaction.

Primary
cells

Cells that produce electricity from an
irreversible chemical reaction.

Or are cells which cannot be restored to
their  original condition once their
components are used up.

Secondary
cells

Cells that produce electricity from a
reversible chemical reaction.

They are cells which can be recharged after
they run down by passing a current through
them.

n

Rectificatio

Is the process of changing alternating
current to direct current.

A rectifier is a device which converts a.c to
d.c.

OR It is a device which allows current to
pass in one direction only.

Polarization

Is a defect in a simple cell which results
from formation of a layer of hydrogen
bubbles on the copper plate.

UNEB sample Questions:

Local action

Is a defect in a simple cell due to impurities
in zinc which results in the zinc being used
up even when current is not supplied.

Magnetism
Magnets
materials
1991 Qn23
1994 Qn1l
1993 Qn37
1997 Qn29
1998 Qn32
2000 Qn36
2002 Qn20
2004 Qn8
2006 Qn14
2008 Qn18
2004 Qn41
1995 Qn7
2002 Qn6
2004 Qn4
2006 Qn3
2008 Qn3
Magnetic
effect of
electric
current
1994 Qn2
1999 Qn10
1990 Qn19
1988 Q24
1990 Qn4
1991 Qn13

1994 Qn38
1995 Qn40
1997 Qn31
1998 Qn31
2001 Qn23
2003 Qn22
2005 Qn2
Section B
1992 Qn10
1997 Qn9
2000 Qn10
2007 Qn7
1987 Qn8
1993 Qn8
1997 Qn7
2001 Qn6
Electromagnetic
Induction
2000 Qn6
2000 Qn22
2002 Qn5
2002 Qn40
2004 Qn9
Section B
2004 Qn42
2001 Qn47

Transformers
1999 Qn37
1995 Qn31
1997 Qn10
2003 Qn25
1989 Qn6
1989 Qn37
1992 Qn29
1993 Qn30
1994 Qn19
1994 Qn35
1995 Qn32
2002 Qn32
2005 Qn25
2007 Qn31
Section B
1987 Qn8
1993 Qn8
1997 On7
2001 Qn6
Rectification
1987 Qn32
1993 Qn17
1994 Qn30
2000 Qn39
Section B
1992 Qn8
1995 Qn9

and

Resistance

Is the opposition of a conductor to the flow
of current.

Effective resistance for resistors in series:
R=R; +R, +R; +

Effective resistance for resistors in parallel:
1 1 1 1

—=—+4—+—t

R R; Ry Rj

An Ohm is the resistance of a conductor in
which a current of 1A flows when a p.d of
1V is applied across it.

Ohm’s Law:

The current passing through a metallic
conductor is directly proportional to the
potential difference between its ends at
constant temperature.

Voltage(P.d) = Current X Resistance

Potential
different(p.
d)

P.d between two points is the work down
when 1C of electricity moves from one
point to the other.

V=IR

O ELECTRICITY

1St

Law of

electricity:

Like charges repel, unlike charge attract.

A coulomb

Is the charge passing any point in a circuit
when a current of 1 ampere flows for 1
second.

Electromoti
ve
force(e.m.f)

E.m.f of a cell is its terminal p.d on an open
circuit. OR: Is the terminal p.d of the cell
when it is not supplying current.

(Electromotive) — (external P.d)

force
+ (internal P.d)

E = (IR) + (Ir)
E=IR+r)
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Is the p.d between two points such that 1J
of electrical energy is changed into other
forms of energy when 1C of charge passes
from one point to the other.




Kilowatt
hour (kwh)

Is the energy supplied by a device which
does work at a rate of 1000J in one hour.

©® MODERN PHYSICS

Electricity

(or electrical | = Current X Voltage

energy)

VZt
E=IVt=I°Rt=—
R

2

X time

Ectrical Power = Current X Voltage
2

\Y
P=IV=I?R=—
R

Atomic
number:

Is the number of protons in the nucleus of an
atom.

Mass
number:

Is the total number of protons and neutrons in
the nucleus of an atom.

Isotopes:

Are atoms of the same element having the
same atomic number but different mass
numbers.

OR Are atoms of the same element having the
same number of Protons but different number
of neutrons.

Is short length of wire of material with a
low melting point which melts and breaks
the circuit when the current through it
exceed a certain value.

Cathode
rays:

Avre streams of fast-moving electrons.

Thermion
ic
emission:

Is the process by which electrons are released
from a heated metal surface.

Electrolysis

Is the process by which a substance is
decomposed by passing an electric current.

1t Law of electrolysis

The mass

of substance

liberated in

electrolysis is proportional to the charge

passed.

Photo
electric
effect:

Is the process by which electrons are released
from a metal surface when radiation of the
right (sufficient) frequency falls on it.

UNEB sample Questions:

X-Rays:

Are radiations of electromagnetic waves that
are produced when fast moving electrons are
stopped by matter.

Current
Electricity
2008 Qn32
2007 Qn48
1991 Qn35
1997 Qn35
1993 Qni5
2007 Qn3
1987 Qn29
2001 Qn31
1989 Qn32
1990 Qn32
1992 Qn8
1994 Qn21
1997 Qn30
1998 Qn34
1999 Qn35
2000 Qn37
2003 Qn23
2006 Qn38
Section B
2002 Qn50
1994 Qn5
1997 Qn8
1998 Qn8
2000 Qn9
2002 Qn7
2000 Qn9
2002 Qn7
1992 Qni5

1989 Qnl1
1991 Qn28
1994 Qn24
1995 Qn29
1998 Qn37
2004 Qn6
2007 Qn12
1994 Qn32
Section B
1989 Qn7
1998 Qn6
Electrical

1997 Qn37
1989 Qn8
2007 Qn4
2003 Qn38
1992 Qné6
1990 Qn3

electricity
1995 Qn33
2002 Qn36
1988 Qn10
1990 Qn37
1991 Qn15
1998 Qn35
1999 Qn36
1999 Qn40
2003 Qn37
2006 Qn28

and power

Commercial

energy

2006 Qn36
2007 Qn14
Section B
1992 Qn2
1997 Qn8
2008 Qn4
Electric lightin
1990 Qn39
1991 Qn7
1991 Qn20
1992 Qn2
1993 Qn33
1999 Qn39
2000 Qn31
2002 Qn18
1989 Qn17
2008 Qni17
Section B
1991 Qn3
2000 Qn8
Electric cells
19995 Qn28
1998 Qn33
1998 Qn39
2002 Qn15
Section B
1993 Qn6
1994 Qn4
1995 Qn6
1996 Qn10

Radioacti
vity

Is the spontaneous disintegration of unstable
element with emission of radiations.

Radioisot
ope

Is an isotope which undergoes spontaneous
disintegration with emission of radiations.

An alpha
Particle

Is a helium nucleus which has lost two
electrons.

a—decay: 4X — 473y + 4He

Bata
particles

are streams of high — energy electrons.
B —decay:4X — ,,4Y + e

Gamma
rays

are electromagnetic radiation of short
wavelength.

y—decay: 4X —» 4Y +y —rays

Half — life

Is the time taken for a radioactive substance to
decay to a half its original amount.
The mass remaining after a time t, M, , when
an original sample of mass M decays with a
half- life of tu is given by;

2

1\", _t
M, = M, (E) : Where, n = o

2

Then the mass decayed after a time T is
given by; MDecayed =M, - M,
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OR: Using the table
Time Mass Mass
taken | remaining | Decayed
T M, Mp, =M,
— Mt

0

Where:
nty =t
z

2004 Qn34
2005 Qn33
2007 Qn5
2008 Qn27
Section B
1995 Qnl
2000 Qn6
2003 Qn8
2004 Qn8
Cathode ray
oscilloscope
1988 Qn40
1994 Qn34
1998 Qnl1
1999 Qn21
1999 Qn22
2001 Qn16
2002 Qn7
2002 Qn21

1997 Qn8
1989 QN6
1988 QN9
1998 Qn8
1989 Qn7
1990 Qn3
1992 Qn7
1993 Qn31
1997 Qn20
1997 Qn38
1998 Qn27
2000 Qn2
2000 Qn28
2002 Qn3
2003 Qn17
2004 Qn20
2005 Qn18
2008 Qn16

2005 Qn36
2006 Qn23
Section B
1988 On3
1990 Qn2
1996 Qn6
2000 Qn4
Nuclear reactions
2008 Qn44
1991 On1
1993 Qn22
1994 Qn18
2000 Qn7
2001 Qn17
Section B
1993 Qn2
2006 Qn6
1999 Qn5

OR: Using the crude method:

1 1
Mot%EMo t%ZMO t1=M,

L — —>  —

1
2

Nuclear
fission

Is a process whereby a heavy nucleus splits
into lighter nuclei with release of energy.

Nuclear
fusion

Is a process whereby light nuclei combine to
form a heavy nucleus with release of energy

Backgrou
nd
radiation

Is the radiation which originates from
radioactive compounds in the earth’s crust
and from particles and rays from outer space.

UNEB sample Questions

Atomic physics
1991 Qn18
1990 Qn7
1990 Qni11
1991 Qn8
1994 Qn9
1995 Qn18
2004 Qn22
2004 Qn32
2006 Qn21
2007 Qn20
2008 Qn2
Section B
1987 Qn3
2004 Qn.
Thermionic
emission
1987 Qn28
1988 Qn3
1997 Qn18
1999 Qn20
2002 Qn19
2004 Qn23

2007 Qn38
2008 Qn25
Section B
1991 Qn8
2002 Qn8
2005 Qn48
X-rays
1987 Qn16
1987 Qn22
1989 Qn36
1990 Qn16
1991 Qn38
1992 Qn22
1994 Qn39
1995 Qn25
1999 Qn30
2002 Qn10
Section B
1988 Qn5
2000 Qn4
2000 Qn6
2007 Qn8
Radioactivity

Section B
1990 Qn2
1994 Qn6
1997 Qn6
1999 Qn6
2001 Qn50

Half - life
1994 Qn15
1987 Qn6
2005 Qn36
1994 Qn6
2001 Qn4
2002 Qn23
2008 Qn8
1992 Qni8
1993 Qn28
1995 Qni19
1995 Qn20
1997 Qn40
1999 Qn23
2000 Qn4
2004 Qn30
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