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Section A
Basic ideas

1

How to approach a calculation

“The resistance R, is chosen so thatthe bulb i run under
the conditions for which it was designed, .. at a power
of 30W.

Caleulat
(3) the current that flows through the bulb under the
design conditions

In this chapter a question of the kind found in A-
level physics examination papers is answered. The

question concerns an electric circuit calculation
and, although the physics for such calculations is
not discussed until Chapter 20 s reached, you can
Iearn a lot from the question and its answer. The

understood by 3
byl mher p:np]e "The comments which falow the
repare you for answering all the

e ingeof e you can meet.

Example 1 -an A-level question

A 6OV, 30W light bulb is connected in srics with a
resistor and a batiery as n Fig. 1.1 The battery's EMF.

®) e
(€) the total resistance of the circuit
(d) the value of the resistance R,.

Answer

@ Powerp = x1
0x1

(b) Resistance
(© To
() Resistance R,

Reading the question

el esistance = 800

Don't be surprised if you have t0 read a question a
you discover

ilar question before.
“Do I recall one or more formulac likely to fit the
question?” “What have I got to work out?”

a until it maks
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‘The question in our worked example should make

you f a light bulb that would normally be
d 0 volts across it and would produce
30 jouls ofhest and ight enegyper second .

output s 3.0 watts, The formulac that

the bulb, ¥ the voltage across it, 1 the current
through it and R its resistance.

Diagrams

gy and s for two masses. R, was used for the
series resistance in our worked example (1). In
Example 3 of Chapter 4 abbreviations H and Hy
aee i for beo hoczoral fres, sy Vs
and ¥ for two vertical force:

some quantities many different
used. You will find d, ., r and othe letters used
for distances.
‘Whatever letiers you decide upon you must state
what they are being used for.

A diagram contains information that can be seen
at a glance and it can be easier to work from than
the lengthy wording of a question. If a diagram is
not provided with a question or asked for, a
Al sk way b worhie. Note it the
quest xample would have been
Complee without the dngram.

Diagrams can be very helpful
For diagrams you will need 10 be familiar with
some symbols such as those for the battery, light
bl and resstos thatar shown i Fi. 1. The
lines draw arrows on them o represent
foreesaveanother cxample.

Symbols for electric circuits are listed on page
319.

Symbols for quantities
and units

You will find in this and other physics books that
there is a well-established set of abbreviations for

most physics quantities. F for force and R for

current (‘Intensité de courant in X
symbols are often used; the symbol 7 (pronounced
lamba) for wavelength is an cxample.

upper case and lower case letters can
distinguish  between two similar  quantities,
e.g. masses M and m in the formula F = GM™
in which M could be the mass of the earth and
the mass of a sateltc pulled towards the carth
with a force F. Subscripts serve the same purpose,

State what y

You have much less choice with units. The
intermational agrecment known by the name of
“Systeme International (S1) fixes the units you
MUST use and the accepted abbrevi for
them. Examples are the amperc for current and
its abbreviation A, the metre (m) for measuring
distances (lengths) and kilogram (ke) for a mass.
A list of the SI units you will meet is given in
Table T on page 319. Note that the SI unit for
resistance measurements is the ohm and its
abbreviation is 12 (the Greek letter omega). We
have already had an example: for the
internal resistance of the battery.

Itis customary to write units in the singular. So we
2 3 ot rafer than § mete, Yon skl
adopt this practice in your calulations.

‘metres’ might be mistaken for
(interpreted as ‘metre second'). H

the plural is acceptable because it makes more
comfortable reading. For example 3 joules of
heat' was mentioned above. When abbreviations
are used 3 joule s written as 3 and we certainly
do not put an s after the J here. The J s Goule
second) applies to quite a different quantity.

Writ units n the ingular i all clcultions
3volt or 3V, not

Al the formulae you learn should work with SI
units and all formula used in this book work
with ST units.

Formulac work with S1 units

Maigle of St usit such s the iomet k2

times @ metre) and megawat (2 il

umus oo wath) may be ued when staing e i of

e quantiy. Submuliples of the S units such

e ‘milliampere. (2 thousandih of an ampere)

or a centimetre (one hundredth of a metre) may
be convenient for describing small quantities




HOW TO APPROACH A CALCULATIO!

mlwnu—lmxnmn 1000 volt,
1V = 1000V
1 mitlampere - I-mpm/mm

Pl
000

Alist of the multiples and submultiples that you

can use is shown in Table I on page 319.

A symbol placed before a unit to mak

‘multiple or submultiple is a ‘prefix’ and it is

10 the front of the unit with no gap. A gap must

our example the diagram is already there o we

move on to choosing an cquation for part (a) of

the answer.

Equations you might think of that relate lhe

current (1) we want to caleulate to the vol

), pover (P) and resisianco (k) are R = I’/I
and you may know P

=FR
Consider relevant formulae

Note that we usually leave out multiplying signs

be used when a unit is made up of other units.  and write P of P
Thus a newton me is written as o confusion results, When values are insrted
between the m and s in ‘m & causes the Wnit 10 for 1 and 1 the  mudt be used, Otherwise 8
o o e T N0 ot ke 2402wl e 242 ntcnd
“millisccond’, the ‘m’ for milli being a prefix.
2ms means 2 millisccond, but 2
2 metre second

IF the vaoss you put oo » formula are
measurements in SI units the answer you will ge
n S1 it I the worked cxample the igures
gren (e dae) ae ol for measremens in
mely volts, watts and ohms.
s s acvisable 10 convert & vlue ghven
as a multiple or submultiple into a value in whole
Sl units, as explained in Chapter 3.
You may decide to do a caleulation using a
‘multiple or submultiple of a unit but you have to
be very sure of what you are doing and of what
units will apply o the answer you get for your
calculation. 1t s safer to work in whole ST units.

‘Whatever units are used you must show the units
in your working. For cvery item you work out
you must show the unit. So in our worked
example, at the end of the calculation for part (a)
of our answer we see the symbol A for ampere. It
can h:  vey cmbervome {9 et e vkt ¢
iy cvery e it s used So n part ()
ofthe alcnl:uumya see'= 24— 12~ § without
any 12 signs, but the unit is hown sith he o
resistance of 41
Show the unit with each quantity calculated

Getting an answer

‘When you have read the question, or even as you
are reading it, your aim should be to rewrite the
question’s information, perhaps first as a labelled
diagram and then as one or more cquations. In

R:gnrdm; the lurmnla R=V/I, you
it to get V= IR or I =V/R. This
Tamngng s cuted “transposition” and the rules

gkt wonder wtich of e formane o
current is e for our part (a) answer. The
one 10 chooke s 1 PV or P i
the current through the bulb, P is the power of
the bulb and Vis the voitage across the bulb.

Select an tppmyrlllz formula

‘The formula I = V'/R would be suitable if V' were
the voltage across the bulb and R its resistance,
but we don't know the value of this resistance.
‘There could be a temptation 1o put in
formula whatever resistance value i

namely the 8,092 internal resistan
battery and this would be quite wrong.

For any formula remember the conditions under
which i

So for part (a) we use P = VT or [ = P/V.
Rearranging the = V1 formua for P o get the
formula 1 = P/V i ver d quick o do.
ormulae needed in some questions can be m
tedious to transpose an,  thevalac that are 15
be put nto the cquation arc not too complicated,
it is best to start by entering the data in the
formu you rememter. Transposion i dlayed
the calculation has achicved some
Simplifcation. In our worked cample the

3
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equations are simple, as are the values 10 go into
them, so there s little to choose between
entering data first or rearranging equations first.

‘When an equation is complicated consider

Fig.12

entering
‘Write your answer as a series of equations. These.

follows that"is particularly useful. It was used in
part (a) of our answer. In place of several
cquations one cquation can often be continued
through a number of steps, as in part (b), where
we sce R =V/I=6.0/0.50 = 128 instead of

R=vit

Write a calculation as a series of equations

Using your calculator

It is assumed that you have an electronic
caleulator which has keys for sin, cos and tan (for
e wih sagle) sud fo Ao log of & nanbe
These keys and others on such a ‘scientific
caleulator are essential for Alevel physics
calculations. Some calculators conform o the
“VPAM' specifications and display not just the
last number you h; or an answer but
show alues and the operations (such as
adding and multiplying) that you have keyed

e answer is then displayed as well when you
press the equals key.

S0 to work out 6.00.50 in part (b) of the worked
example, you remember that 6.0/0.50 is the same
a5 6.0+ 0,50 and key in 6.0+0.50 = and the
calculator display is exactly as shown in Fig. 1.2
or is the same except that the 1200% answer is
replaced by 12. or by 12.0000 and the number of

zeros) may be different. The
differences are the result of the calculator having
2 number of diflersnt “modes; ie. ways of
working. The mode we want to use is
“scientific mode’ an is mode that gives he
display shown in Fig. 1.2.

Advice given in this book for calculator use will
apply 1o the Casio f-83WA calculator. The
procedures for switching on  this calculator,

a

selecting the ‘scientific mode’ and clearing the
screen for another calculation are described in
Chapter 2.

From the answer displayed as 1.200%' you get the
expected answer of 12 by multiplying the 1.200 by
10. If the two small figures were 02 you would

give 1200, When the small figures are 11, for
cxample, multiplying by 10 cleven times would be
convenient and this is one reason for keeping
the 1200 ard, s expeined [n Clister 2, we then
write 1.200 x 10 instead of 1

‘I'm stuck’

How often do you hear these despairing words
vhen  caleision qeaton s ld? Evea when

ledge of physics and the
Lpproprinic mathsyou cangetstuch.

You might then read the question again and ask
yourself:

o Does the question fit what | have been trying
todo?
o Is there a diagram I could draw?
+ He | pieured the stuation descrbed by the
question or have 1 ha mind a
withoutabattery or olhcr\ollug: supply?
Have I missed an equation that is needed?
Pethaps n < in the st provided with the
exam p:

.

« re there words in the question that I have

that ‘in series’ meant th
components formed a single loop.

Aword like ‘series’ can make a lot of difference to
acalelation, It . key word.Simiar key words

often met are ‘smooth’, ‘slowly’ and ‘steady’. In
mechanics quesions & “smooth
that is so smooth that it cannot provide any force
parallel toits surface. So a smooth floor can push
upwards and prevent a person falling but cannot
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provide a force to stop sliding. An object ‘raised
slowly’ means it rises so slowly that it has no
kinetic energy and gains only gravitational
potential encrgy. A ‘steady speed” means no
change in speed.

Ifat first you don't succeed .

Good luck

We all make silly mistakes sometimes, 50 never

et (oo disappointed. Rough checks are
mentioned in Chapter 2 and these will minimisc:
errors. Hurrying encourages errors, of course.
Leaving a question and returning to it can waste
time but may give you a fresh view of a problem
and lead 10 a successful answer. S0 take care and
‘good luck with your calculations!
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Essential mathematics

Expressions and
equations

An expression is a combination of numbers and
symbols Simple cramples ae he sum 3+ 2, the
difference 3 — 2 and the product

In any expression the order of mullyplmlmn or
adding is not important,

ep 3X2=3x2and247=7+2.

The order of subtraction DOES matter, e.g.3 -2
is not the same s

Alphabetical symbols are used to represent
numbers cither for conver because the
number is not yet knawn.

An equation shows that two expressions have
equal size or value, ..

A quantity is a number or a measurement. A
measurcment is a number times a unir, eg. 3
times a metre or 3 metre. (Note that units used
i calculations are written in the singular.)
Abbreviations are wsed for units, .g. m for metre.
The “Systéme International’ (SI) specifies the
symbols o be used for units. Units are discussed
in Chapter 3.
A formula is an equation which shows how a
quantity on the left may be calculated by
Insnin valves of quaniies o the right, e
area = length x width or A ~
Note that a x sign is u.(nally omitied if no
confusion will result, ¢.. 4 =

30 means 3xa.
Fractions

A half is obtained by sharing onc (cqually)
between two or dividing 1 by 2. For a half we

6

1+20r 12 0r ),

one,soitisnfracion,

- Half s part of & whole

3 divided by 6 also cquals a half, so that 3

“This illustrates that multiplying or dmdmg e
top (the numerator) AND the bottom (the
denominator) of a fraction b'y the same number

does not change its value, c.g.

A number mltiplying a fracton gt st
{he mumerator, and a number Ghiding o fracton
maliphc the denominsior, &

Note that 3 ration of & manber meas the
fraci 5" the number, ¢.g. ‘a quarter of 3°

of means ‘times’
To multiply a fract

numerators are m\llnphcd and the denominators
are multiplied, .

Simplifying an expression means to rewrite it with
‘smaller numbers or fewer numbers, e.g. ‘l‘ above

was simpliied o £ and also cquals 3.

Reducing two numbers in an cxpression, as inthe
3800 it shoe, s ald ‘w50t

is the removal of two numbers, as in

93x1
o

3%
which simplifies to which cquals 93

Cancelling in cquations is _discussed Tater.
Canceling unis ostures i Chapler 3.
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g may be useful when a fraction has
been divided by a fraction, e.g.

“he recprocal ofa racton s obtained by tuning
the faction upside dow eciprocal of 2/3is
372. The reciprocal of a slmplt number ¢.g. of 7
(which can be written as 7/1)is 177,

‘The reciprocal of 2/3 s 3/2 and of 7 is 1/7

Percentage

veans for cach’ and ‘cent’ denotes 100, 50 50
percent (written as 507) means 50 for each 100 o
500t of cach et 2 3 fraction 100 o =
half. So p% means a fration, 155 p% of y means

Py, anda fra P o tha
1y anda g so that

Using brackets

ax(b+e) or a(b+e) can be rewritien as
2b-+ac.S0 36 42 orcxanpl. e 3 times
the sum of 5+2. other

is the same as 5+ 4% which equals 4 + 2x. But
2*7
8+

X equals 8+ 2x.

When two bracketed expressions multiply the rule
is

@ Hble +d) =g+ ad bhe+bd 23

You can test this rule with simple numbers.

Working with + and —
signs

If muliplying bmckA:L( contain differences we
the effect of a — sign
¥ negaive mumber. The
tive numbers give 4 positive
product (7lm\=$7gw=~+|.  times + gives —,
and + times + gives +. (Note here that a number
wih o+ or - before it s rearded s +) So
cquaton 23 the cxpresion (3-2)(7-3)
Couldbe wrten as21 4+

A similar rule applies 1o sums and differences.
For example, the heat in joules required 10 warm
2 kilogram of water from jemperaure 7i" 10 10
84200010~ 73) and for 7, uals 4200, but
i e 4200010~ and

must give + to give a 19" temperature rise.

“The rules are
— —gives + —+or+—gives — ++ gives +
Your calculator

tion appled 10 bracketed cxpresion applcs
to evnyling widin the buckc(s S0 3642
(which i 3x2 0r

15+6.

atb+c) =ab +ac @2)
Numbers that are multplying are called factors
and in the expression ab + a factor of
both ab an ac. 1t is ommon’ i boh. Taking
outa common factor i the reverse of the process
described above. ab + ac becomes a(b +0)

Ina fraction such as S the dividing line shows

that 2 divides both the 8 and the 4x and the effect

For Adlevel physics calculations you need
lectroni cauator, ad it houldbe prtra
S0 that it will_handle, for example, the
powers, ogarthme, sinee and cosnes cxplined
later in this chapter. This book describes the usc
of the Casio fe83WA calculator. Other
calculators are similar.
Your fe-83WA is switched on by pressing the AC/
N Key.
‘The calculator has a number of different ways of
working, rent modes, and pressing the
MODE key (near top right of the kepad) three
times will show you the choice of mod
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Now use the MODE key again and press 1 when
“Comp’ is displayed to select that, then 1 when
“Deg’ is displayed to select degrees for angles
(discussed Tater), and finally 2 when ‘Sci’ is
displayed 1o get scientific mode

explained). In response to your sclecting scientific

obtained in the following calculation.

Novyocantet b aldsery rosingthe ACY
ON key to clear the screen, then entering
cxample 8 x 05 = . Your 8 0.5 t0be s
is shown on the screen and the answer is displayed
‘on the right as 4.000,a four-figure answer.

Now try 7 3= . Your answer is 2.100". You
expected 21 or 21007 Well, you are using
scientific mode, which will be very useful. Just
multiply the 2.100 by 10,

point one place 10 the rig
the 1 in the small 01 on the right i
now have 2100 (2100% " would
2100 % 10 x 10

indicate

Dividing, adding wd suhlracnng e ahieve
the same way but us —keys.

Some care is needed with dividing.

. 91 " 91
Consider 320 This is the same as 3%
DIVIDED by 47, e expsincd abore So the
caleulator entry should be 9.1 +

934
An example of another diffiulty is 35—,
where you could unintentionally get the answer
for 334 43,79, The simplest procedure is o use:

the Sallator for 211+ 379 t0 et 590, dear
the calculator, then use 9.34 +5.90 to get 1.583.
Alternatively, if you know how to use it, the
calculator's memory can help.

Brackets are handled by the calculator just as you
vould expect.For example, entering 62 +3) =
gives the answer 3.000° meaning 30.00 or

Simple rules for handling
equations

f the whole of one side of an equation is
‘multiplied, divided, added to or reduced by any

‘number, then the equation will remain true if the
same s done to the other side.

Examples are.

5 gives

from each side, ie.x = 3

o dx = Bgivesx = 2when cach side is divided by
4

o x42

x=5-2 by subtracting 2

= 4/6 can be written as 3r = 2 or

Calculate the time for which an electric heater must be
Fun o produce 7200 joules of heat if the potential
difference across the heater is 12 volts and the current
flowing is 2.5 amper

Answer

‘The formula usually learnt is “heat prody
joules = VI where  is the potental difference in
Yol 1 he et In smperesand the tne i
seconds.

juced in

700 = 12525 1
7200230 %1
Dividing both sides by 30 (or moving the 30 t0 the lef-

e where i i) e g 22
™

which

can be rewritten as

30
240 second or 4 minute

(The . symbol denotes the word ‘therefore’ or ‘it
ollows i)

Cancelling in an equation

Simplifying or removing a pair of numbers in an
equation is called cancelling. In the equation
3(26+ 3) = 3(x + ) the threes cancel when both
sidscl the cquaion e fvidd by . I gl
above had be —12x you
otk 12 awide moely o 72 you might
have divided both sides of the equation by 12 (it
would still be true). You would get 600 = 21 5o
thatt =

Simplifying 3.1v+5=44+5 to 3dr=44 is
also an example of cancelling.

































































































































































































































































































































































































































































































































