SECTIONC: MCDERN PHYSICS
CHAPTERL: CATHODE RAYS& POSITIVE RAYS
1.0: GASES AS CONDUCTORS OF ELECTRICITY ‘
When a gas is free from external influences it has no free charges to act as carriers of
eleciricity but can be a conductor of elec’n"lcny in varicus ways: |

In all these ways the mofecules are made to be ionized by de‘mchmenr of one or more
electrons. E. 9. rzducmg the pressure of a gas ar*d qppiymg a hlgh p.d across the container
havitlg the gas. '

Energy mus‘ be supplied to molecules‘ in or‘der to ionize Them gas molecuies become ionized as
a result of coihsmn with negahve charges moving rapidly. The presaur'e of the gas is reduced to

enable ions produced to have means frex. paTh iong enough to o!low 1hem gam free energy for
"1omzaﬁon ; ik

1.1; (,AT-'HOD’F RAYS :
“These are. streams of fus‘;L movmg zmctrons ?ha? ?r'avei fr'om caThode to ﬂnode wheaap.dis
: connec.ed acr‘o s The ploTe ‘ '

e DISCHARGt TUBE % b : ‘

‘ P oper’nps of cathod? mys can be STLuled inad sthr'ge ’rube ir which eiacfmc:‘ry is passed

th "ough a gas at low pressur’e The elactr‘ons are enclosed ina giass Tube. whlch is connac?ed o
a pressure gauge and a vacuum pump.. ' ‘ '

A dischar ge .ube con+cuns 2 meml eiec*rr'odes aoprox:ma?eiy BOcm cpurt be’rween wmch ap.d
of about IOOOV is apphed Ly s -
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i Ata _py_r_*g.ssi_frg of =2 mmHg, lang luminous positive column appears from anode to cathode
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& At apressure ~1 mmHg. a pink positive column and a negative glow appear near the cathode.

These two regions are separated by Faraday's dark space

Negative giow
\ Faraday's dark space l
K \ —_—
™/ anode

cathode\ _

Positive glow

mes striated. The negafive glow moves

% At apressure of 0.1 mmHg, the positive column beco
d the cathode glow appear round the

away from the cathode, Crookes’ dark space appears an

cathode
| striations

cathode glow
9\ Faraday’s dark space

e L XL
-

cathod

Crooke's dark space
% At pressure of about 0.0ImmHg, Crookes dark space fills the glass Tube and the tube

flouresces due to electron.

i imitations of the discharge tube method
> When cathode rays strike the anode they may produce x-rays which are dangerous
> A very high p.d is needed across the electrodes whick can be hazardous fo handle
The gas is needed at appropriate low gas pressure which is difficult to attain

o

Cheracteristics of a discharge tube

LT Break down

Current/A W

_sat lﬂgus:n_/e
A

(8] . R Tt ag
Voltage/\V

v In region OA, as the applied voltage increases the number of electrons reaching the anode
increases leading to the increose of the current.

v Inregion AB, at saturation the electrons released by collision reach the anode roughly at the
same time so that the current through the tube appears constant.
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In region BC, the number of electrons due to ionization increases rapidly and not alt the
electrons reach the anode at the same time so the current increases gradually.
At break down the number of electrons reaching the anode is so large and current rises

sharply and this may damage tube. It canbe prevented by connecting a resistance in series
with the tube.

Applications of a discharge tube

(1) lighting fluorescent tubes (3) Making Flood lights
(2) In etivertisement sign tube, neon signs (4) Making mercury lamps, sodium lamps
1.1 1: THERMIONIC EMISSION

Definition
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1.1.3: MODERN CATHODE RAY TUBE [PRODUCTION OF CATHODE RAYS]

Thermionic emission is a process by which electrons are emitted from a hot metal surface.
Work function is the minimum energy required to release an electron from the metal surface.
The work function of a metal is expressed in electron volis [eV]

eV is defined as the kinetic energy gained by an electron in being accelerated by a potential
difference of one volt.

MECHANISM OF THERMIONIC EMISSION

Metals coniain free electrons in their laitice that are ioosely bound Yo their parent nuciei.

As the temperature of the metal is raised, velocities of the electrons increase, some of the
surface electrons acquire sufficient kinetic energy to overcome the electrostatics attraction
force of the atomia nucleic and consequently escape from the metal surface.
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Ll e % The electrons are focused by the cathode and
T [ accelerated by EHT to the fluorescent screen
which gives a glow when they strike the
screen.
& Tt is the beam of fast moving electrons from
the cathode which constifute the cathode

Lew nsupply p L]

rays.

Evacuafed lune

The cathode is heated by a low p.d and

produces electrons by thermionic emissions.

1.1.4: PROPERTIES OF CATHODE RAYS

They travel from cathode fo anode ina straight line

They are electrons and carry a negative charge

They can be deflected in an electric field towards the positive plate

They can be deflected in a magretic field towards the North Pole according to Flemings left

v v

Y v

harnd rule. ,
They cause certain substances to fluorescence when they collide with them
They posses kinetic energy which is changed to heat when they are brought to rest

Y ¥V ¥

They can produce x-rays if they are of sufficiently high energy

1.1.5:TO STUDY PROPERTIES OF CATHODE RAYS

i: Straight line movement

Cathode ' - - /Vacuum
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2 Electrons emitted from a heated cathode, are accelerated by the anode and directed towards a

maltase cross placed in the center of the a glass tube.

% A sharp shadow of the maltose cross is cast on a screen at the end of the tube. This shows that

cathode rays fravel in a straight line

2: Carry a negative charge
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1.1 6:ELECTRODE DYNAMICS

1:Motion in an Electric field

a) Speed of an electron
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# The cathode ray tube is modified to
include parallel plates connected to the
terminals of a battery as shown below:

< When cathode rays are produced
thermionically and passed through the
plate, the fluorescent spot is seen to
shift upwards from its initial position
before the plates were applied. The
spot moves Towards the positive plate
and away from the negative plate, this
shows that cathode rays carry a
negative charge.

The magnetic field is provide by the magnet.
The application of the magnetic field makes
the fluorescent spot to shift in the direction
which depends on the field i.e. the pole nearer
the beam. .
The beam bends fowards the North Pole.




e and mass m is emitted from a hot cathode and accelerated by an

Suppose an electron of charge
e wards the anode, then;

electric field of potential V fo
he accelerating p.d

Kinetic energy gained by the electron =work done on an electron by t

2 .
inu=el,

Cr

. Note V, must be accelerating p.d and not p.d between the plates

b) Electron path in an electric field
Consider an eleciron of charge e and mass m entering an electric field horizontally with a speed u.
& My -
e ————— m/ »U
//
Electron U el | e x
beam
L
''''' S A |

Since electric field intensity is force per unit charge, the force on the electron is therefore given by
[1] Where E is electric field infensity

F= Ee----

8ut alsc F=ma --------=——mmmemmmoomoommommm oo e {21
Equating 1 and 2 Ma= Fe
i e B (3]
if the p.d between the plates is V and their distance is d, then
v
B )
Put into equation 3
. TR
= md [41
b 5]

For vertical motion {u=0m/s], y= % =

for horizontal motion [a=0m/s, constant velocity], x= ut
X
---------------------------------------------- (6]

u
put inte equation 5
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Note

%+ When an electron moves horizontally into a uniform electric field, it describes a parabolic path.

This parabolic motion is brought by the electric force [F=Ee] experienced by electrons in the
direction of that of the field.

* The};prizon‘ral motion of the electron is not affected by the field. A charge gains energy when
it moves in the direction of an electric field

Formuia when the electron just leaves the plate

After leaving the plates the electron moves in a straight line. Just after passing through the plates,
the distance x moved through is equal fo the length of the plate . Therefore x=l

Vel? = (e Yz
y = (m) OR = (Zmu”)i

For the velocity along the vertical (u=0m/s)

v=u-t+at
Vy =y
Vet ' =3
e where L
Ve L OR v = Eel
Vo, s y = In
Y mdu w

The resultant velocity Vs with which the electron leaves the field is given by

Vi =vg+u?

i
Ve = \/U}Z 4%

The direction with which the electron emerges from the field

¢ vV
’ 8= tan™! (——Z)
u

1. Anelectron is accelerated from rest through a p.d of 1000V. what is;
{a) Its kinetic enerqgy in eV

v
tang ==
u

Example

{b) I'ts kinetic energy in joules
(c) Iis speed

3
(€%
s



Solution
a) Va=1000V
k.e =1000eV
b) k.e=eVa
=1.6x10"x1000
k.e =1.6x107%J

c) k.e=zeVa

Bl

3 mut=1.6x107°x1000

e b
_ [zxt.6x107 1921000
Ly 9.11x307
m.=9.11x10 31, m, is mass of the electron

u=1874x10"m/s

2. Calculate the speed of a proton which has been accelerated through the p.d of 400V [mass of

praton =1.67x107"kg, e=1 6x10"°¢]

Solution
k.e =eVa
1 muzeVa

ZeVa
U=
m

U= 2x1.6x10 "19x400
2 1.67x10727

U=2.769x10°m/s

3. Abeam of electrons, moving with velocity of 10x107ms?, enters midway between two
horizontal paralle! plates P, Q in a direction parallel to the plates. P and Q are Scm long, 2cm
apart and have a p.d V applied between them. Calculate V if the beam is deflected so that it

just grazes the edge of the upper plate £

Soiution
‘i\{v
v | 7
J P+ __.u.‘,_’ —p./
e
2 Tl
\7__.{:— I_.“_._.g.____._..rr_/ﬁ -__;
: $ . ;‘(‘2;,_ e e 3
.
=3
L'mo ,
d=—2-m

T100
P 5 I
u=1x10"ms

}':I;_o m  since the beam is directed midway
from szut+  at?
y= £ at® (u=Om/s)
but a=>%
md
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_ vel?

" 2mdu?

1 ox16x10 % [ 5 )~
.,_.,>: e s — e e— 7 2
100 2:911110'”-(-";)(100 x(1x107)
100,

V=911V

m=9.11x10%kq mass of an electron

<
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s
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-
cm_ 12V

The figure above shows 2 parallel metal plates P and Q each of length 4cm and separately by ¢
distqnce 4cm. A pd of 12V is applied between P and Q and abeam of electrons of speed

U =1x10%ms™ is directed midway between P and Q at right angles to the electric field between

the plates, calculate;

(i) The angle to the initial direction of the beam at which the beam emerges from the space

between plates P and Q
(i) The velocity at which electron leaves the plates.

Solution

IS P

7y
U=1x108ms" T 4_/1

d=2x107

|

I
| d=4x107%m, u=1x10%ms™, V=12V, L=4x107m i) ¥,=2.11x10%ms™

v,=at u=1x10°
] L Ped =
j W® e Vp:‘\’vjf +u?
_ 12x1.6x10” ¥x4x107?

, Y75 11x10 - 3%xax10~2x1x106 » Vo= /(2.11x108) + (1x10°)?
h=2.11x10°ms™ - Ve=2.33x10%m/s
1 =tant X
] . e The electron leaves the plates with a velocity
1‘ B=tan” 106 of 2.33x10%m/s
! 6=64.6"

. Two parallel metal sheep's of length 10cm are separated by 20mm in a vacuum. A harrow beam

4]
3 of electrons enters symmetrically between them as shown.
Y




lgtes the electron beam just misses one of the

Whena p.d of 1000V is applied between the pi

plates as it emerges.
y enter the gap [Take the field between the plates

Caleulate the speed of the electrons as the
+o be uniform] [m ISXIO”Ckg 1

Solution

Since the beam enters symmetrically y- = y.-——- y=0.01m

. ve
using y=;—
y T '

1 0.0tm when the beam just emerges ’r:i

1:}00::(01)2
00t s 2x0.02xu? (m)
0.01=

4

1000:x(0.1)%x1.8x10**
R - 2x0 02xu?

' u? =4 5x101°
uz6 71x107ms™

d=0.02m, L=0.1m V=1000V
required to get is u=m/s
but specific charge i-‘-l.&xl()"flkg'1

6. Tnanevacuated tube, electrons are accelerated through a p.d of S00V. Calculate their final
speed and consider whether this depends on the accelerating field being uniform.
After this acceleration, the electrons pass through a uniform electric field which is
perpendicuiar to the direction of travet of the electrons as they enter the field. This electric
field is produced by applying a potential difference of 10V to two parallel plates which are
0.06m long and 0.02m apart. Assume that the electric field is uniform and confined to the
space between the two plates.
Determine the angular deflection of the electron beam produced by the field.
[e/m for the electron =176x10%¢Ckg ™)
Solution 1 m? zeVa
For the first case | Ui 2\;,3,)%
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U= lrz\,;_’: U=1.33x10"m/s
—\!’ “m
Uz/Zx500x1.76x101T

For the second case

Vo v,23.97x10°m/s
Y & but
i P —/—,;-"53)4 —~-p1) = tan -1 i‘:’-
[V — '!LB_"”“'“ ______ _‘/f'ﬁ__/ . e: l:._‘n_g 5‘—925_52_5_
i ) 1.33x107
¥! ;‘_‘I:TT:.A_VL. e Ry .. A=1. 710
The anqular deflection =1.71°
= = L L= 1 g
d=0.02m, L=0.06m V=10V, = =1.76x10
.vel
YY" ndu {

_10x0.06x1.76x10"*

VY, = ———————
b 0.02x1.23x107

2. Kotiorn is a magnetic field
Consider an electron beam, moving with a speed V which enters a uniform magnetic field of
magnitude B acting perpendicular to the direction of motion. The force F on an electron then
¢ = BeV. The direction of the force is perpendicular to both B and V, the magnetic force
cannot change the energy of the electron. It only deflects the electron but does not chenge 1ts
speed or kinetic energy.

T ® ™ _ Unifoerm magnetic ficld B
~

) / @ downwards
Vi o®

e Elgetien T -
3

& @ ‘
) - _v__.' —Circular deflection
Dz >

The force BeV is always normal fo the path of the beam. If the field is uniform the force 1s

neam

constant in magnitude and the becm then travels ina circle of radius r, since BeV is the

centripetal force towards the centre.

_mmnenf.um

- e



reases continuously due to may be collision, 1ts momentum

Tf the velocity V of the electron dec
dius of 1ts path decreases and the electron

decreases, so from the relation for r above, the ra

will then tand to spiral instead of moving in a circular path of constant radius.

Note
& When an electron beam having a common velocity enters a uriform magnetic field in a direction
normal to the radius r, in accordence with Flemings left hand rule they experience a magnetic

force F = 8cV at right angles to beth 2.and V and so the field wili provide the centripetal
force which makes the electron beam to move in a circular path of constant radius.

Examples
1. Anelectron is moving in a ci*cular path at 3.0x10%ms™ in a uniform magretic field of flux

density 2.0x10*T. Find the radius of the path [mass of electron=9 1x10*'kg,charge on
electron= 1.6x10%¢C]

Solution
r_r;?y_’;: Bev
Va3xiPms? r = %l_;f
=2xI0°T »
m9.1x10% kg P 0'119:3
- 19
exl6xI07¢ RS

7 Flectrons accelerated from rest through a potential difference of 3000V enters a region of
uniform magnetic field, the direction of the field being at right angles to the motion of the
electrons. If the flux density is O C1T, calculate the radius of the electron orbit.

[Assume that the specific charge e/m for the electron =1.8x10%Ckg ']

Soiution
Vo= 3000V ! -
o 11 He
S 1 1l "
= 1.8x10 v =329x10"m/s
imu’=eVa ;: 1.8x10"
U=VZVux = L T
_.Jj_"___.,-__...,__ o1 Gxi0ts
U=v2x3000x1 82107 o g
U=3.29x10"m/s g ngw'? .
FESEEINT P ol
But l 651 Xygriont
mp’ I -1 5 2
-i:i'--'-HeL’ | r=1 83x10 ‘m

137 o ,
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accelerated from rest through a potential difference of 2000V and then
field which is perpendicular to the direction of the proton beam. If
s of the path which the beam describes

A beam of profons is
enters a uniform magnetic
ihe flux density is 0.2T, calculate the radiu

[proton mass=1.7x10%'kg electronic charge =-1.6x10%°C]

Solution
Va=2000V By 22
imuzeVa _my
Usy2xVax — N3
om r= %x% uzv=6.14x10°m/s
U= 2x2000x1.6x107%% 6142103172107
17x107%7 T oaxiexio B
U=6.14x10°m/s r=3.26x107m
Bev -
Exercisel
1 Calculate the speed of a proton which has been accelerated through a p.d of 400V. [mass of
proton =1.67x10%kg, charge on proton = 160x10%] Ans[2.77x10°ms™]
2.

In the figure above, a beam of electrons is

| e e 2% O 2V
b SN accelerated through a p.d of 500V and then
500\}'X ¥ 3 v ¥ ¥ VeE=xioVm? enters a uniform electric field of strength
\Etitr:()s:;:?e?fg £23x10%Vm™. Created by two parallel plates
each of length 2x10%m. Calculate;

2
S.
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{a) The speed v of the electrons as they enter the field

{b) The time 1 that each electron spends in the field
(c) Angle & through which the clectrons have been defiected by the Time they emerge from

the field [e/m of electron =176x10"Ckg™]  An[1.33x10°m/s, 1.512107%s, 3.4%
(a) Ina cathode ray tube electrons are accelerated through a potential difference of 9000V

and focused into ¢ narrow beam. Calculate the velocity of electrons in the beam.
(b} The same beam along a line midway between the electrostatic deflecting plates 20cm long

and 4.0cm apart.




What is the‘value of the p.d between the
plates needed to deflect the beam through the

greatest angle possible?[e:l.éxlO'”C,

R o m=9.1x10"" kg1 An[5.63x10"ms ™, 721V]

4

o

o

(a) Electrons are accelerated to a p.d of 3x10V and pass at right angles into a uniform
magnetic field of strength 1 5x10°2T. find the radius of their paths.
(b) An identical beam is projected perpendicular into an electric field of 3x10%Vm™. Calculate
the deviation y of the electron path at a point 10x102m perpendicularly into a field as
measured from the point of entry of the beam.

[Specific charge of electron e/m =1.76x10"Ckg’

_——ik—%»’i’n«/—dgy 1 An [3‘25x107ms'1, 0.25m]

10x102m

(a) Electrons are accelerated by ap.d of 2x10%V and passes at right angles info a uniform
magnetic field of flux density 1.0x10°*T. find the radius of the path described.

(b) An identical beam of electrons is projected perpendicular into an electric field of intensity
2.0x10°Vm™

;S Calculate the deviation S of the electrons path

____%_f&_,%{‘{ ~3 at a point 10x10°m perpendicular fo the field

- o s measured from the point of entry of the beam.
An[1.51x107%m, 2.5m]

" A narrow horizontal beam of electrons passes symmetrically between two vertical metai plates

mounted one at each side of the beam. The velocity of the electrons is 3x10'ms™, the plates
are 0.03m long and 0.01m apart. It is found that whena battery of 568V is connected ta the
vlates, the electron beam just strikes the end of one the plates. Calculate the value of the
specific charge (e/m) of the electran. An[1.76x10" Ckg ]

In a cathode ray tube the electrons are accelerated through ap.d of 500V and then pass
between deflecting plates which are 0.05m long.

(i) Find the time it fakes an electron to pass between the plates

(i) If ap.d across the plates is 10V d.c and the plates and lem apart, calculate the angle

139

through which electrons are deflected [e/m=176x10"Ckg "] An[3.8x107%s, 2.9%



1 1.7: DETERMINATION OF SPECIFIC CHARGE OF AN ELECTRON [e/m]
BY J.J THOMSON'S EXPERIMENT

The charge per unit mass or specific charge of an electron can be measured by the apparatus below.

Magnetic field
Cad/wode filament B into the

anode —

// 7Nﬁnddcal P - /Paper )

(“"T
Low«uoltageﬁl——~
supply

R ® G@‘§9(3{:;:‘-\\\\\

High resistanse.__| \
voltmeter \\U‘ \ v
e late

Accglerating v? tage] P
_—-ﬁ A

/ Flourascent spot

| @ @ ®® @J ) \ screen

0

% Electrons are emitted thermionic ally by the filament And are accelerated towards the

cylindrical anode.

% With no electric and no magnetic fields applied at plate X, the electron beam strikes af the

screen at point O which is noted

.
C-.‘

which is noted.

A magnetic field of flux density, B is applied at X to deflect the electron beam toa point Y

& Anelectric field of intensity, E is applied at X at right angles to the flux B at X and adjus?éd

until the position of the beam on the screen is restored to point O.

% The p.d V, the plated separation, d and velocity, u of the movement of the electron beam are

noted

hJ
X

The electric force = magnetic force

Beu = efl: e
£
us= %Subs’rifuﬂng for u into the equation eVa = 3 mu® , where V, is accelerating p.d
2
S; = 5-’1%55 , which gives the charge to mass ratic of an electron

% The value of E is found from E= —2 whereV is p.d between the deflecting p

separation
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lates d is their




Excmples

{. Two plates are 2¢

magnetic field through a distance ¢
When a p.d of 1000V is ap

m long and separated by a di

i 7x10°3T. An electron beam inci
flux density 4.7X f 1Ocm on a screen placed 24cm from the end of the plate.

stance of 0.5cm in a uniform magretic field of
dent midway Between the plates is deflected by

plied to the plate , +he electron is restored to the un deflected

position. Calcuiate the specific charge of the electron

Sohstion

== fn
T
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ki i C—
!4— 24’4—‘ 24cm ’

d=05x10% m  L=2x107%m
B=47x10°T  V=1000V
For no deflection
magnetic force =Electric force
Beu=E.e
Bui E=v/d

Ve
Beu=—
=

14

U=—-
Rd

b 1600
T4.7x10™4x0.5x10x102

jae

u=4 26x10"ms"
but tan E):Yf

vel
mdufu

mdu?”

tan © =

tan & =

-2
also tan e:%%i%— ............. [2]

Equating 1 and 2

10x107%_ Vel
(D.J) " mdu?
2

e 10x1072du?

m TN b

(D + 2) v
e 10x102x(4.26x107)%x0.5x107>
m (24x1072 + 1x10-2)x2x10 "2x1000
£ =18x10"Ckg"

An electron beam in which the electrens are 2x107ms? enters a magnetic field in a direction
9

perpendicularly to the field direction. It is found that the beam can pass through without
change of speed or direction. When an electric field of strength 2.2x10%°Vm™ is applied in the

same region ot a suitable orientation

(1) Calculate the strength of the magnetic field

(i) If the electric field were switched off, what would be the radius of curvature of the electron

o
.

path. [e=1.6x107°C]
Saqlution
v=2x10"ms™ E=2.2x10%m"
When the beam passes without change of
speed or direction then the magnetic
force is equal and opposite to the
electric force

Rev = Ee
Bt

v
_2.2x10t

22107

B=1.1x103T



3 . - _mv

If the electric field were switched off, the P2 o=

i 1 -3 95107
magnetic force would provide the necessary 2 21210”22210

’ 1.1x1073x1.6x10" 9
centripetal force. +21.03x10"m
ey _mv?
e r

Exercise2 .

1. (a) A beam of singly ionized carbon atoms is directed into a region where a magnetic and an

electric field are acting perpendicular both to each other and to the beam. The fields have
intensities 0.1T and 10°NC!respectively. If the beam is able to pass undeviated through this
region. What is the velocity of the ions

(b} The beam then enters a region where a magnetic field alone is acting. As a result the beam
describes an arc of radius 0.75m. Calculate the flux density of this magnetic field. [Mass of
carbon atom =2.0x10 %kg, e=1.6x10°C] An[1x10°ms™, 1.7x107°T]

2. Radio waves from outer space are used to obtain information about interstellar magnetic
fields. These waves are produced by electrons moving in circular orbits. The radio wave
frequency is same as the electron orbital frequency. [The mass of an electronis 9.1x10 "'kg,
and it's charge is -1.6x10"°C]. If waves of frequency 1.2MHZ are observed, calculate

(i) The orbital period of the electrons ‘

(i) The flux density of the magnetic field An[8.3x1077s, 4.3x10°°T]

3. Abeam of cathode rays is directed mid way between two parallel nietal plates of length 4cm
and separation icm, the beam is deflected though 10cm on a fluorescent screen placed 20cm
beyond the nearest edge of the plate when a p.d of 200V is applied across the plate. If this
deflected is annulled by a magnetic field of flux density 1.14x1Capplied normal to electric
field between the plates. Find the specific charge of the electrons. An[1.75x10"'Ckg™]

1.1.8: MILIKAN'S OIL DRCOP EXPERIMENT FOR MEASUREMENT OF e
When an object falls free in air it experiences a viscous drag which increases its velocity. As
the object accelerates downwards, the upward force due to the viscous drag increases and
eventually becomes equal to gravitational force. At this stage there is no further acceleration
and the object is said o have reached ifs terminal velocity

Experimental procedure
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Constant temperature

=" bath
e R T el
I — .
1|’i'——'—:‘ - """ a—————0ll spray

| =

n:icrcs:_:qps, B e A ,i.s

* “ —Q_il' - jd . . . (\'_,,J’ X-ray tube

; B — L

- = = = .

+ The apparatus is arranged 6% shown above, Miflikan used two metal plates A and B with a small

hole H in the center of the upper plate.
& A fine spray was used to atomize the of
through the hele H, the drop is observed in a jower power 1T
light when the chamber is brightly ifluminated.
# The drop acquires a charge by friction using x-ray
measured by timing its fall through a known distance by means o

| and create tiny droplet, when one drop finds its way

avelling microscope by reflected

< and terminal velocity of selected drop is
f the scale on the eye piece of

the microscope.

w =
{

At terminal velocity a=0m/s’
Mg=U+F

4 .
5x:rr3p,,g:§ nrip, gréTMrV,

Upthru:st }l,\/isco us force

= R S R e [
Where V, is terminal velocity

P, is density of oil K
Pq is density of air
from equation 1

r:r v J;
[2g(p0 - 0a)
< A battery connected across plates A and B i i i
. provides the field and its intensity E== i
tensity E=~ is known

where V is p.d between the plates and d is the distance apart. The p.d across the plates is now

varied until Yhe drop remain stationary.
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;'

»

Pl

1

Upthrust  Electric force EQ=6mnrv,
U Fe Q_.(T"ﬂth
T E
-~ But E=v/d
_Gmmr¥ed ©
QX
1
| 4]
Mg=1U+Fe 28(Po-pa) l
3 » 3 _ emVed IV 2
4/3 Tl'l"apog—4/3 r pa9+EQ Therefore Q - : [._.--—-——-—zg(pu -—p,;)]
4/3 r g(pn "'"pa): EQ """"""""""""""
[2 ]d{f,
Equating equation 1 and equation 2

A constant temperature enclosure surrounded Millikan's apparatus in order to eliminate
convection currents. It also served to shield the apparatus from draught hence drop under
investigation does not drift side ways. This keeps viscosity and density of air and oil constant.

Millikan used low- vapour pressure oil because it does not evaporate easily hence size of oil

does not change appreciably.
Stoke's law was assured in fall through a homogeneous medium

Millikan's measured the charges of several oil drops. The results showed that the charges were
always integral multiple of 1 6x1079C and he concluded that electric charges can never exist in
fractions of this amount and that the magnitude of the electronic charge e is 1.6x10™7 ie

Millikan established that charge is quantized.
Therefore Q=ne where n is the number of electrons

Oil droplets are introduced into the space between 2 flat horizontal plates set Smm apart. The
plate veltage is then adjusted exactly e 80V so that one of the dropleis is held stationery.
Then the plate voltage is switched off and the selected droplet is observed to fall 4 measured
distance of 1.5mm in 11.25. Given that the density of the oil used is 900kgm™ and viscosity of
air=1.8x10-5Nm2. Calculate the charge en the droplet and determine the number of electronic

charges
Sclution
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14!

r

[N

3
Upthrust  Electric force 4/3 ,7”'3P09=4/ 3 r'pagtEQ
Y f Fe EQ=4/3 nr’pag
g
S
But E=v/d
Q anrdpogd o eemmmenee 1]

— e e 4 e e

g 3v

At the terminal velocity a=0
Mg=U+Fe
When the plate voltage is

switched off there is no electric force buf only viscous drag acts

Upthrust  Viscous force’ But from equai'ion 2
U = i
% N [9x1.8x10“5x1.34x10“4 2
ki = 2x900x9.81
g r =1.11x10°m
; _anripged
At terminai velecity a=0 But from Equation 1 S
Mg = U+ Fe _4:—272x(1.11x10-6)3x9oo_~cs.s1xsno'3
4/3 nirlpog=4/3 TripgrémnrV, d 3x700
9= - ‘ Q=3.23x10"%
po=0 (negligible) . 19
3 «Electronic charge =3.23x107"¢
anry..4/3 iripog
it Number of charges are obtained from
SIIMVEIZE i e
r—LQ’Po] Q:ne
[2] n=Q/e
" _3.23x107%°
__1.Sx10“3 1.6x107 12
but Ve=—=15— n=2.01875
V,=1.34x10 s * n~ 2charges

. Inmeasurement of the electron charge by Millikan's method, p.d of 1.5kV can be applied
between horizontal parallel metal plates 12mm apart. :
With the field switched off, a drep of oil of mass 1x10™ kg is observed to fall with a constant
velocity 400ums™ When the field is switched on the drop rises with constant velocity 80ums™.
How many electron charges are there on the drop (Assume that air resistance is proportional
to the velocity of the drop and that air buoyancy may be neglected) [electronic charge
=16x107C, g=10m/s%]
Solution
when electric forceis swtiched of f only the viscous drag acts.
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upthrust  Viscous foree
J

8 l lF'o
L"‘j ams-?
B

-

Yag

At terminal velocity a =0m/s
Mg=U+Fg

4/3 iripag=4/3 mrip.g+Fo
But po=0

4/3 mPpeg= Fo

Mg= Fo
But from the assumption (viscous force «
velocity)
Fo®Vg

Fo=kVo where K is a constant of

proportionality
_mg

k= 3
_1x10 210
T 400x10%

k=2.5x101¢

When the field is switched on both the field and drag act but in opposite direction

Upthrust  Etectric force
U ‘ Fe

) %a ms 2
I Viscous
S "drag F,

At terminal velocity a=0
U + F,=mg+F;
U=0
Feomg+Fy
F]O(Vi Cmd Fg:EQ
Fizk Vi

~EQ=mg+kV;
Also E==
Qtzzz mg+kVy

Q:(mgﬂcvﬁd
v
_(1x207"%x10+2 510 1%9%80x10”%)x12x1073
Q= 1.5x103

Q=9.6x1071°C .

Number of charges is obtained from
Q=ne

n=Q/e

_2.6x10”%°
Ti.6x10m29

n=6 charges

. In Millikan's experiment an oil drop of mass 1.92x107%g is stationary in the space between the

two horizontal plates which are 2x10%m apart, the upper plate being earthed and the lower one
at a potertial of -6000V. Neglecting the buoyancy of the air. Caleulate the magnitude of the

charge.
Solution



Gl

N RS

B R X e

-

~J

Upthrust glectric force
U Fo

D

-

At terminal velocity a=0

4. A small oil drop carryirg negative electric charges is fallin
5ms™ between the two horizontal parallel

potential relative to the lower one.

Draw a diagram showing all the forces acting on the drop, stating the caus

But u=0 [neglecting air buoyancy]
EQ=mg .

Q=mg/E

But E=v/d

Q=i

_1.92x10 1yg g1 x2210"2

Q= 6000
Q:=6.28x10™C

g in air with a uniform speed of 8x10°

plates. The upper plate is maintained at a positive

e of each force and

use the following data to determine the charge on the oil drop and the number electronic

charges.

[Radius of drop=1.60x10®m, density of 0il=B00kgm™, density of air=1.30kgm 3, viscosity of air
-1.80x10*Nm? Distance between the plates=1x107%m, p.d between plates =2x10%V, g=10ms7?]

Selution

-
.

a

U- upthrust due to air buoyancy (upwards)
F.-electric fields created between the plates
due to the p.d

F-viscous drag due to viscosity of air
Mg-weight of the drop (downwards) due to
gravitaticnal pull

[r=16x10¢, py=800kgm ?, po=1 3kgm?, r=1.8x10°Nm?, d=1x10 “m, v=2x10° Vi= 8x10°ms']

At terminal velocity a=0
Mg:U+ R +F
:-:;' nr‘spogz;—' aripg+EQrémry,
EQ=2 nr°pog (Po-pa) -67rirvs
=2
BQT E=;
;4 1rd pog (p0--pa)- 18y

Q 3v

[exZx(1.6x107%) x10(800~1.3)~ 16x 221821075 x1.6x10 x6x10 75 [x107

Q- 3x2x107

3 -
lo‘zx[c;x?z(l.axw > x10(800 - 1.3)—mxz-jx:..anr;'sz.sxm-ﬁxaxw'sl

3x2x1023

Q=4.68x10"¢
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Positive rays are produced when cathode rays in a discharge tube collide with gaseous atoms
and strip of f (knack out) some electrons from the atoms.
The positive tons formed are accelerated to the cathode and these streams of positive ions

constitute rays.

1.1.11:Properties of positive rays

~

>

A 74

Q‘G
&

They are positively charged
They are deflected in eleciric and magnetic field in a much small extend than cathode rays
becquse they are more massive than cathode rays.
They cause a fluorescence and affect a photographic plate
They show a spectrum of different velocities
They are dependent on the gas in the tube
1.1.12 DETERMINATION OF THE SPECIFIC CHARGE OF POSITIVE RAYS USING
MASS SPECTROMETER
Deflecting chamber, """~ ‘:’hotOgraphnc plates
@ O P

@ X2 E_
@ ~-.
3

=3 @p] )
LI_

+)\ Velocity selector

S: 4
2 Source cf ions

Bositive of ions from a source 1$ directed though slits Sy and S; info the velocity selector
where there are crossed electric fieid of infensity, E and magnetic field of flux density, B,
Tons of charge, Q leave the velocity selector un deflected with velocity, u given by B,Qu = EQ,
thet isu = é‘ : »

The selzcted 1ons pass through Szand enfer a deflection chamber with a uniform magretic
field of flux density, B,

The tons move along a semi circular path and strike the photographic plate where they are
detected. The radws, r of the path described 1s measured and recorded.

ul
Ina circular path, B:Qu= -~ that is Lol
r el Byr




" . E
& On substituting for u, the charge o mass ratio is gof from|~= ;I'é—;l
LA

DIFFERENCE BETWEEN CATHODE RAYS AND POSITIVE RAYS

(Cathoderays Positive rays_ ..
{ They are light (less massive) | They are massive___———
}_Ib_‘iiue negatively charg jed | They are positively charge ed
| They travel with same velocity | Have arange of velocities |
| They produce x-rays when they They do not produce x-reys

L bombard matter | when they bombard maffer

SPECIFIC CHARGE OF AN ION
This is the ratio of charge o mass of an ion

sIunitis Ckg™?

1.1.12: DETERMINATION OF THE SPECIFIC CHARGE OF IONS USING
A BAIN BRIDGE MASS SPECTROMETER

?Source of lons

Ts:

s [

l ———-=>i§'--;:— Area Of crossed electric and
— 5m]ecforrJ i-rr{( ! ey magneus held

RN e H,i + Photographic plates
£ "“1“1;{% :.B-. : UI_"‘”—"‘ \ //
L = - =10 E = - e
ZTZ |

O oD G e (B2

;

i o 30

| N = R =
oeflecting charnbey | cx;\ S - T i R =2 !

= | \;.:(X) > . <X . S
! <0 . o P e e —Tp-Path olions
BT A
~ X oo x>

-

2 Streams of ions from a source is directed though slits 5; and 5, into the velocity selector
where there are crossed electric field of intensity, £ and magnefic field of flux density, B,
v Tons of charge, Q pass through the selector un deflected with velocity, u given by B;Qu = Ei
thatisu = e
3 1
& The selécted ions pass through S3and enter a deflection chamber with a uniform magnetic
field of flux density, B, '
5 The ions move along a semi circular path ana strike +he photographic plate where they are

detected. The radius, r of the path described 1s measured and recorded.

E
B,r

% Ina circuiar path, B,Qu= L. thatas L
m.

v

% On substituting for u, the charge 16 mass ratio s got from [jQ— .
{m

By\Bav
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Example
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_ Tn a Bain bridge mass spectrometer singly 1onized atoms of

Note
mE

o—

TR B
2]

r« L/ m

since E, Bi stant , r depends only on the charge to mass ratio. It follows that the

and By are coh
hich an ion strikes the photographic plate depends on its charge to mass ratio [ions

/m fall on the near end of the photographic plate].
s used to separate different isotopes of a single element.

posiﬁon at w
with large Q
gqin bridge mass spectrometer i

)

a p.d of 10kV and is allowed to enter a uniform

A beam of profons is accelerated through
their path. Find the radius of the circle they travel.

magnetic field B of 0.5T perpendicular to
[mass of profan _1 67x10%kg e=1.6x10"°C]

Solution -
g=05T
in=1.67x10%"kg In the magnetic field
Ves 10x10°V ’“i‘z =Beu
1 mu?=eVa . mu
,2 va Be
U= em _16x10°#7x138x10°
k Y TrTECR
L "9xmx'(; 0.5x1 ﬁ;m
i [ r=2.9x10°m
u=1.38x10%ms"*

¢i, 3¢l pass into the deflection

chamber with a velacity of 10%ms . If the flux density of the magnetic field in the deflecting
chamber 15 0.08T, calculate the difference in the radii of the path of the ion.

Soiution
{et r, be radius For *°Cl r,=0.454m
r,» be radius for €l »
1u=1.66x10%"kg Also
35u=(1.66x10 #'x35)kg o Tz
L
37u=(1.66x1077x37)kg o
Zl;zi e r2=35ﬂ 66107 27x10°
s e 0 08x1 6x120° 12
"‘:_Jﬁi—'t;.
P 2 15X1 6623077 x10° r3=0.480m
L 0 08Xl et 17 '
Difference rr-ri=0.48-0.454




=0.026m

Y s 20
3 The mass of the singly charged neari 1sotope. 20Ne* is 3.3x10 kg. A beam of these 1ons enters

a uniform transverse magnetic field of 0.3T and describes a circular orbit of radius 0.22m.

What 18?

a) The velocity of the ions

b) The potential difference which has been used to accelerate them to this velocityle=16x107C]

Soiution
r- ; . . ! 2
Magnetic field provides the centripetal force i mu‘zeVa
T - Va2
Beu = o T 2e
f_.-b.‘ira 3
= _ 33r1077¢x(3.2210%)
_vu 3> 6x1077x022 - 2x) 61 ¥
T 336x107%6
u=3 2x10°m/s va=10560V

The accelerating p.d provides the kinetic

energy

4. Tnamass spectrograph consisting of doubly charged ions, it is required that the radius of the
nath of the ion with a mass number 72 be exactly im. If the electric field intensity across the
velocity selector is 80Vm ! What will be the magretic field intensity across the deflection
chamber [1U=1.67x10%"kg]

Solution paE
. . oB?
Since its doubly charge Q=2e
_ me LT 67x10 “27x80
P_qglgzr T ax16x100 1782
but BFBZZB
B=5.5x10°T
o . ¥
Exercised

1. Singly charged ions having masses close 14U and 15U are accelerated by a p. d of 800V and
then passed perpendicular to the lines of force of a uniferm magnetic fizld of flux density

/?t (}‘;

]




0.2Wbm 2. Calculate the radii of curvature for the path followed by the lons in the magnetic
field. An7.64cm, 7.91cm]

2. Ina mass spectrometer, the magnetic flux density in both magnetic field is 0.4T and the
electric field in the velocity selector is 2x10*Vm

(i) What is the velocity of an ioh which goes un deviated through the slit system.

(i) The source is set to produce singly-charged ions of magnesium isotopes. Mg-24 and Mg-26.
Find the distance between the images formed by them on the photographic plate. [1U=1.67x10°
g e=16x10C]  An[Bx10'm/s 5.22x10m]

3. A velocity selector employs a magnet that produces a flux density of 0.004T and parallel plate
capacitor with a plate separation of lcm for the electric field. What p.d must be applied to the
capacitor in order to select charged particles having a speed of 4.0x10°ms™ An[160V]

4. The following measurement were made in a mass spectrograph for a beam of doubly ionized

Neon atoms B=0.005T, r=0.053m, V=2.5x10ms™, Calculate the mass of Neon atom. An{3.4x10"
26
kgl

UNEB 2013 Q.8 _
(a) Explain briefly how positive rays are produced ' {0O3marks)
(b) An electron of charge, e and mass, m, is emitted from a hot cathode and then accelerated by

an electric field towards the anode. If the potential difference between the cathode and
anode is V, show that the speed of the electron, U. is given by

(2 e V)
U =
m
(03marks)
{c) An electron starts froim rest and moves in an electric field infensity of 2.4x103Vm ™. Find the;

{i) Force on the electron. An (3.84x10718N)
(02marks) N

(i} Acceleration of the electron An (4.22x10%ms %)
{UZ2marks)

(n)Vvelocity acquired in moving through a p.d of 90V An (5.6210°ms™") (O2marks)

{d) A beam of electron each of mass, m, and charge, e, is directed horizontal metal plates
separated by a distance, d.

(:} If the p.d between the plates is V, show that the deflection v of the beam is given by

B 1 (eV) 2
",—Zm Aduz.x

154




Where, x, is the horizontal disfance travelled
ere, X,

(06marks) ut of the electric field (Ozmcrks)

(ii) Explain the path o ciron bearn as 1t emerges
1] 1 : \

£ the ele

UNEB 2012 Q.8
(a) (i) What are cathode iray$s
(Olmark)
(ii) With the aid 0
straight lines
(04mraks)
(b) A beam of electrons

f a diagram describe an experiment to show that cathode rays travel inq
a ’ ;

is accelerated through a potential difference of 500V. The beam enters

id between fwo similar naralle! plates of length 10cm and is 3cm apart. If the potentig|
:lw;fway scross the plates 1 600V find the velocity of an electron as it leaves the region
nce alros 4 s ’
b;? e::n the plates An [2.96x10'm/s 8 = 63.4°]
w .

(08marks)

UNEB 2011 Q.8

(c) Explain why
(iY the apparatus in Millikan's experiment is surrounde

(03marks)

d with a constant temperature enclosure

(ii) low vapour pressure oil is used (02marks)
(d) In Millikan's experiment , the radius r of the drop is calculated from
e [ '
. -\j 2pg
Where r is the viscosity of air and p is the density of oil. Identify the symbol v and describes
(02 marks)

briefly how it is measured.

UNEB 2010 Q.8
(a) (i) With the aid of a labeled diagram, describe what is observed when a high fension voltage

is applied aeross a gas tube in which pressure is gradually reduce to very low values

(®5marks)
(i) Give two epplications of a discharge tubes
{Olmark)
(b) Describe Thamson's experiment to determine the specific charge of an electron  (Gémarks)
(c} In Millikan's aif drop experitient, a charged oil drop of radius 9.2x107m and density
800 kgm * 1s held stationary in an electric field of intensity 4x10%vm’".

!

/

)



on charges are on the drop [04marks]

(1) How many electr
d intensity that can be applied to move the drop with velocity 0.005ms .

(u) Find the electric fiel

UPWGI"dS (density of ar :1,29kgm'3, n:1.8><10'5Nsm'1) [04marks]
An[4, 2.48x10°Vm'']
UNEB 2009 Q.8
[02marks]

(¢} State four differences between cathede rays and positive rays
(b) An electron having energy of 4.5x10%V moves at right angles to a uniform magnetic field of

flux-@ensity 1.5x10°T, Find the;

(i} Radius of the path followed by the electrons [04marks]
(i) Period of motion [03marks]
[02marks]

(c) (i) Define the terms Avogadro's constant and Faraday's constant
(1) Use the Avogadro's constant and faraday constant fo calculate the charge on an anion of a
mono atomic element An[1.6x107°C] [03marks]

UNEB 2007 Q.5
(a) What are isotopes [O1marks]
{b) With the aid of a diagram, describe the operation of brain bridge spectrometer in determining

the specific charge of ions. [Qémarks]

UNEB 2006 Q.S
{a) (i) A beam of electrons, having a common velocity, enters a uniform magnetic field ina

direction normal to the field. Describe and explain the subsequent bath of the electrons
(i} Explain whether a similar path would be followed if a uniform electric field were
substitutes for the magnetic field {(OBmarks)

(b) Describe an experiment to measure the ratio of the charge 1o mass of an electron [7mk]

(c) Electrodes are mounted at opposite ends of a low pressure discharge tube and a potential
difference of 1.2kV applied between them. Assuming that the electrons are accelerated from
rest, caleulate the maximum velocity which they could acquire.

[specific electron charge =-1.76x10"Ckg™] An{2.06x107ms ]
(O5marks)

id) (1) Give anaccount of the stages observed when an electric discharge passes through a gas at
sressure varying from atmospheric to about 0.01mmHg as air 1s pumped out when the p.d
acress the tube is maintained at extra high tension, T05marks]

(1) State two disadvantages of discharge tubes when used to study cathode rays [Olmk]



UNEB 2005 Q.8

(¢) Inthe measurement of electron charges by Millikan's apparatus, a potential difference of

1.6kV is applied between two horizontal plates 14mm apart. With the p.d switched off, an oil
drop is observed to fall with constant velocity of 4x10'ms™. When the potential difference is
switched on, the drop rises with a constant velacity of 8x10 Sms ', I the mass of the oil drop is
1.0x10Mkg, find the number cf electron charges on the drop. [Assume air resistance is
proportional to the velocity of the oil drop and neglect the up thrust due fo the air

[07marks]  An[4]

UNEB 2004 Q.8

(b) A beam of electrans is accelerated through a notential difference of 2000V and is directed

mid way between two horizontal plates of length 5.0cm and a separation of 2.0cm. The p.d across

the plates is 80V,

(i) Calculate the speed of the electrons as they enter the region between the plates [03marks]

(ii) Explain the motion of the electrons between the plates

(iii)Find the speed of the electrons as they emerge from the region between the plates.
An{2.65x10'ms™, 2.653x107ms™']

UNEB 2003 Q.8

(b) Explain how Miilikan's experiment for measuring tne charge of the electron proves that the
charge is quantized.

(c) A beam of positive ions is accelerated through a p.d of 1000V into a region of uniform
magnetic field of flux density 0.2T. While in the magnetic field it moves in a circle of radius
2.3cm. Derive ah expression for the charge to mass ratio of the 1ons and calculate its value.

An[9.45x107Ckg '}

UNEB 2002 Q.9
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(a) (i) What are cathode rays? [O1mark]
(i) Anelectron gun operating at 3x10%V is used to project electrons into the space between
two oppositely charged parallel plates of length 10cm and separation 5erm, calculate the
deflection of the electrens as they emerge from the region between the charged plates when
the p.d is 1000V, An[1.66x10°m]

[04marks]

/¢




CHAPTER 2: ELECTRONIC DEVICES

2.1.0: THE CATHODE RAY OSCILLOSCOPE (CRO)

Grid, Deflecting system _Fluorescent screen
% - v \V4 ™
N o cedongen
. / N0 -
Cathode - !

=

] f{—-ﬁléfe's_-f)"(-pflates
D

—
© ik \‘5*—1 -—'(-\- '—2—.A v
: 5\)/__ \\ T3 VL _{"‘*,:] Eiectron be:aM
B eh ) d e it ey LF /
i | | " 5 : A
r’? | i ‘L""“”!F”“_Jl NSy 2 suiphide
EHTO—T"} T -0 EHT

E N\
i 4. Graphie coaling

» Cathode is heated and emits electrons thermionic ally. The electrons are focused and
accelerated by the anodes to the screen Grid controls number of electrons reaching the
screen hence brightress of the spot

<,

%+ Y-plates deflect electron beam var’rica[lyfa and X-plates deflect electron beam horizontally.
% The screen glows to form a spot when struck by electrons. Graphite coating shields electrons
from externai fields and corducts stray electrons o the earth.

Time base

»  The time base s connected to the x-plates and provides a saw tooth p.d that sweeps the
electron beam from left to right of the screen at constant speed.



Beam being swept

Pd across‘!“ from jeft to "'ght/ﬂy back

X-plate

= The saw tooth then returns the bzam to the initial position af the extreme left of screen
lef+ sweep !5 called fly-back time.

cimost instantaneously. The time taker for this right fo i

2.1 1:USES OF THE CRO

+ Tt is used to disploy wave forms, the signal to be investigate is conrected to the y-plate and
the time bese To the x—plafa'

% Tt measures voltage {AC or DC)

% Measures frequencies

% Used to measure phase differences

% Measures small time intervals

Z.1.2:Advantages of CRG over a voltmetar
% It measures both AC and D € voltage unlike a voltmeter measures only D.C voltage unless a
rectifier is used
< It has an instantanzous respense since the electron beam behaves as a pointer of negligible
inertia.
“ It draws very litile currert since it has nearly infinite resistance to DC and a very nigh
impedance te AC

It has no coi! o burn out.

ro
Py
T

21 APPEARANCE OF ELECTRON SPOT O THE SCREEN
# YWhen a signal is net connected to the y-plate and time base switched off, a bright spot is
formed on the screen.
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= ‘When the d.¢ voltage 13 connected to the y-plaie such that the top piate Is positive the line is

displozed to E. If the lower plate is posttive the line is displaced to F. the displacement in

erther case is proportional to the d.¢ voltage applied.

0 IS
\ _15
- F

If in the £RO *he gain control of the y-deflection amplifier is Vg Vem™ then

V5
/:L

7=VES

+ When AC is connected to y-plate and Yime base switched off. The spot is a vertical line

The length L represents peak to peak voltage

2\/0 ocl
2Ve-Val. where Vo is peak voltage
—pr
V0 =—
l g 2
ol s = ]
& When the A.C is connected to Y-plate and fime base also switched or. the a stationery wave is
obtained
: e
()
N
V(} &
Vg—ng
Vr.m.s = -‘5‘-;

+ Y-plate off and fime base cn

Horizontal line formed at the centre of the screen

Examples




1 1{ the voi*age gains 20Vem ' and an A € voltage connected to Y-plate products a vertical frace

N
o 12cm lang with 1ime base off Find the peak value of the voltage and 1ts rm.s value

Solution Virem s ‘%“,

2Ve:-Val Vrms =%P
_a0x12 V2

L Vr.m.s =84 85V

V03120V

Peak value =120V

t of the deflecting system of a cathode ray oscilloscope. At the

2. The sketch below shows par
peint A, a bean of clectrons:has a velocity of 3x107ms ! along the axis of the system. The
piates which are 4cm apart provides a uniform electric field in the space between them. Edge
«Ffects may be neglected, Pisat a notential of +200V wrth respect to Q
- |
Y - TR S —— o
A (8] ~.
ol N~ screen
R
- B
TR ¢ 021 o S PR SR ¥ o P S
Find the position at which the electron beam strikes the screen (e/m=1.76x10"Ckg™)
Solution
. | Tan B 32 comvemmmm s e i
! //”;‘f g Do (4]
i <" . e i ; vy
g b ki L k“ | But also Tan © BZ mmmoessumnomommoos [2]
. S N ccreen ], Equating Land 2
" ';'\\ - l P _Vy
| S — i
Q le-i = N : By, ®
] i i -
PR,/ U RO WS i 5="M{D + ’1
et g o L
But V‘-"manl‘ (D + 2)
L: 10 2 :"J. .1‘. -?' :‘_.i(" -7 .._:E(:‘.\]':\:'.",_.Tttx:‘tl(]lL.t’l_gl_.‘i}_ﬂ_-_'A"kV“ 4, -2 5 }qx_‘lo-z
10x10 “m, d=4x10 m, ) '.Jx10 m, Bk = [4x107% + == ]
V:ZOO, a/n“- = 176)(.'{0‘16";0:9 : 5__4 4)(10 ?m

s o . - 5

3. The figure below shows two metal piates 8cm lorg and 2em apart A fiuorescence screen s
placed B0cm fiom the one end of the plates. An electron of kinetic energy 6.4x10 *J is
incideni midway between the plates

ieil )2—/

{



™S
3

3 o
5

i

|

|
Yo
1

]

|

t
77y

. screen

i
|
|
!
|
I
_

- —8Ccm—— - — ———b0 >

ralculate the p.d which must be applied ceross the plates fo deflect the electron 4.2cm on the
screen. Assume that the space through which to electron moves is evacuated.
fe=1:6x107°C, m=9.1x10"'g}

s
Solution Tan © B
2
Ke= —é— mue 4 Bt E
Lo S 1
6.4x10"%=3 mu® Tan € (50x30° 2 +4x10~2) [1]
P |
e 2x64x1077¢ Also
Ty 9ax107%! Tan © :Eaz
- 1 7 -1
U=3.75x10"ms — =—‘Ltz _____________________________
mdu
2
d=2x10%, D=50x10?, L=8x107, <]

g: 4x10 2m, 5=4.2x10%m

vel _ 42210772
mdu® (30x1072 +4x1072)

P y
| e il N v_4.2x10'2x9.1x10‘31x2x10 2x(3.75x107)%
g memmm—— e _[§42cm - {1 6x1079x8x107%)
T . ’_S"é/’ _Eq
g=2cm T T = - o TP SN screen
7 R
AT S I y .
=T \ V=83.98V
e n BTl e e —— 50— — - W
{
I
Exercise 4
1 &
1.
| i
[<2cm,.,, ;
Ciectron gun ~ L i v l
:’—,-I N —_ - - ._\ l
!l /'! l\a /. 5mm i
."_-_l HE ' = s .
_ - | I | L A mi:“ g ._.__‘, A l.
s o T e TWEem T -
5KV

~alcutate the deflection sensitivity (deflection of spot in mm per volt potential difference) of

the cathode ray tube from the following data.



Electrens are ceceizrated by a potential difference of 5kV between the cathode and anode.

[length of deflection plates =2cm, separation of deflecter plate

- -1
of deflzctor plates from screen =tbem] An [6x10 ZmmV""]

s =Bmm, distance of mid point

2. Inache type of CRO, the electrostafics deflecting system consists of two parallel metal plates
of length 2cm and 0.5¢m apari the centre of the plates is situated i5em from the screen and
p.d of 80V is applied between the plates To provide a uniform electric regior: between the
blates at right angles to the field. Calculate.

(i) Speed with which electrons leave the plates

(ii) Deflection of electron beam on the screen. [e=1.6x107%C, m=9.1x10 *'kg]

.

Ani3.11x107ms*, 8.76x107'm]

UNEB 2011 Q.8
{0) (i) Describe with the aid of c well labeled diagram, the structure and mode of operation of
CRC
[O6marks]

(i) State the cdvantages of CRO over a moving coil voltmeter r02marks]

UNEB 2004 Q.8

(a) (i) Describz with ine aid of a labeled diagram the main features of a cathede roy oscilloscope
{CRO)
[08marks]

(ii) State twe uses of a CRO [O1marks]

(iii) The gain contrai of & CRO is set on 0 3Vem ' and an clternating voltage produces a vertical
trace of 2cm wiorg with the time base of f. Fird the rost mean square value of th

: f the applied
veltage. An[G.304V] (02marks]

LIPIER 2005 Q.9

f L 2l L L . i
{b) Qescribe, vtk the gid of ¢ diagram, the structure and mode of cperation of a cathode ray

oscilloscope (CRO) [06marks]
mar

(c} ACRO has its v sensitivity set to 20Vem ”, a sinusoidal input voitage 1s suitably applied to give

a steady fime base awitcied on so that the electron beam takes 0.01s to traverss the screen

If the trace secn has a peak -to-peak height of 4cm and contains two complete cycles Find the
(1) r.ms value of 1he input voitage

[03marks]
162 _
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(1) frequency of the input signai An[14 .14V, 200Hz]
[02marks]

2.2.0: THERMIONIC DIODE

A thermionic diade is a device which is used to change alternating voltage to direct voitage This
pracess i3 called rectification

Circuit symbol
) Anode A

e W Vacuum

—

Cathode C

L/”:Fﬁ:i ”tjeater

A diode consists of cathode (¢) and a metal Anode (A). these two elements constitute the
electrodes of the vaive which are placed inside an evacuated glass envelope

2.2.1:DIODE CHARACTERISTICS CIRCULT

‘hﬂcﬂ%n‘meter
i A ] A ——
Angde A =

T T
e EI i
e e ' i

! H 1
) Voltemete&t/; 1

t -
o atane ci B )

J l 0-200%,
b_ K_:ﬂ o ]

/

_Q

s

Ammeter T L :l
S ¢ S el e o W

-"H e P
a9-Bv

L.__.;I

% When the cathode filoment is heated with a low p.d electrons are emitted thermionically.
% If the anode A is kept at pesitive potential (Va) with respect to the cathode ¢, some electrons
move from cathode tc anode and the diode conducts due to attractive effect on them.

However If anode is at negative potential with respect to the cathode, no electrons reach the
anode and the diode does not conduct due to the repulsive effect on them.

The diode therefore allows current to flow in only one direction

Arode curreni (fa) which flows is read from ihe Milliameter and the Voltimeter reading gives

anode potential (Va)

- ave
Therefore anode resistance Ra = Z)Tl
a



2.2.2.A graph of I, against V, (diode characteristic graph )

4
1,(m A)
Iy = — = ‘:/')-B—-""‘"—'“"’*—""""‘C
e
//
’/A e gt e o wes ..,.._.b—
ol T Vo(V)

% Along OA, electrons are released with some velocities that some reach the anode. Though the

majority have low KE and do not reach the anode (space charge) hence a small current i3

detected.

L3

&+ AB, as voltage increases the number of electrons reaching the anode increases and therefore

increase in current.

& BC, As anode potential is increased further, all the electrons leaving the cathode reach the

ancde. This is the saturation region.

Note:
Space charge:

This is the cloud of negative charges around the cathede at low anode p.d
Space charge limitation:

When +he anode potential is not sufficient fo attract all the electrons emitted from the
cathode, zmitted electrons tend to collect in the form of electron cloud above the
cathode. This cloud of negative charge electrons constitutes space charge. Space charge
exerts a repelling force on electrons being emitted from the cathode there by decreasing
the anode current

Saturation
This occurs when the anode patertial 15 increased to a value such that the number of

emitted electrons is equal to number cf collected electrons

165
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2.3.0:A DIODE AS A RECTIFIER

2.3 3:RECTIFICATION
Rectification involves converting Alternating current to Direct current.
This can be cone by use of
< Thermienic diodes. » Semiconductor diode
When a rectifier is connected tc a supply its supposed to conduct and when it does so its said
to be farward biased, And when connected in a reverse way it fails to conduct therefore its
saidfo be reverse-biased.
a) Holf wave Rectification

N

[}
Diode i
i

i
i
:
(}J G@Movmg coll Ammeter

R -
A.c to be measured is first passed through the rectifier which converts it to d.c. The d.c
obtained is then measured using a moving coil ammeter.
N.B: The Arrcw head in the rectifier symbol shows the direction of fiow of current through
the circuit.
A graph of I against t1s drawn

~ P P
] A /
/ \ N\ P
v L. /_ . W | .
by Fuli wave rectification
o e =
| D / o
T e
& N, g
] 1D~ v o X
i ;“\\/._ ., ‘f/'> &4 i
i |‘ K_f>r_'\ - ;] =

v
i /
i)
i
i
ik
£
Y
.

"5'\

—~
1
'
i
-
<

~ Four diodes are arranged in a bridge network as shown above. If A is positive during the first
nalf cycle, diodes 1 and 2 conduct and current takes the path ABCRDEF

i,



. . . . i } ~ il
~ During the next half cycle when F is positive and A is negative diodes D3 and Ds conduct whilz

A, and Bz do not conduct in this eycle and current (1) flows thraugh path FECRDBA. The

current through R is in the same direction hroughout and it can be measured by moving coil
ammeter.

4
'
:
!
i
i
|3

UNEB MO 6(e) 1999

With the aid of a circuit diagram, describe the mode of action of a full wave rectifier.

F a— Gnd
/’
-

|
|
s sy oo v
l
|

Cathode C
—
{eater

-~

H

\/_ﬂﬁsf
-
I+ consists of three electrodes, with grid placed between the cathcde and anode.

The relationship between the grid potential (V;), Anode patential (¥,) end anode current (/s) for

a given heating current gives The trinde characteristics.

5 & 1:TRIQDE CHARACTERISTICS CIRCUIT
L, Y

3 ; L
1 H i
‘ ! i '
H i /.»-J-—.‘ { ! {
! § wmlie: ©F ! L T
: L TR i i i
gl 257 | ' 1
| Ll iGnd - R sz
10V, - B i :}__J
“tr T 1 U ! @ A
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T - |
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2 4 2:TYPICAL ANCDE LHARACTERISITIS

4

At
As the anode voltage increases, the anode current aiso increases

2 .4.3:TYPICAL MUTUAL CHARACTERISITCS
resultant electric field infensity at the

a4 cathode and hence no electrons move through
/ the grid and hence the anode current is zere
/’ / (1=0)
/\n_,(}\} Q// & As the negative voltage increases and

Ja, A@, /i reaches a cerfain value, the atiraction

NP ,,‘{y effect of the positive anode overcomes
4_,._4/,,*\_3/_’,_@_ _— repulsive effect of the grid and
s eiectrons now reach the anode.

& When the anode is valtage is 70V (for example
‘the negative voltage on the grid creates the

2 4 4:TRIODE CONSTANTS

1:ANODE RESISTANCE (Ra)
, : e

It is defined as R, = 7~ at constant ¥, .

7,15 anode voltage and Ta is anode current which can be obtained from +he straight part of the anode

characteristics curve

TH3




N

s T e e 5 B
Va
2: MUTUAL CONDUCTANCE (yn)
It :sdefined as g, = g—fl for constant V,
a
Vg 15 grid voltage .
3
4
/ !Ax b
d
g M. |
ol AV,
i O e e e S A i S i
Vg
3:AMPLIFICATION FACTOR {p}
1t is defined as y= —:%“ for constant I,
a
2.4 %:RELATION BETWEEN R, . AND g
_."_Ezg _Rebls
. C'_-A!ﬂ ) —(:ln\,
AVa=R,Al,
ad. - AI(" q
IS0 Gin® e L :Raa‘.s‘u:(‘f—:‘-
AP’g:?L’i
But = T
But p =gk |1 = Roxgy|

2.4.6:USES OF A TRIODE
« T1iis used as an amplifier in a radio receiver
e Ttisused an oscillator ina radio transmitter

v 11 g usea
747 TRIODE AS A SINGLE STAGE VOLTAGE AMPLIFIER
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The amphfiers are used Yo boost the level of small voltage /current in radio receivers. Sigrals in
form of alternating currents (voltages) are usually very weak and therefore need amplification.
This can be achieved by means of a triode

~ Singie stage amplification means signals 1o be amplified, pass through the amplifying circuit

ohly once.
Output
?.q,,.y_o"a\g%“.:[‘
[e]
[rom———— L_,...._—-_—_TR::;._.N _
—~ 4 Load
==
(R _%_
o 9 el G H.T

£

; !
Gr,;b,a%___ LHDIJ | T

~ The alternating input is supplied in the grid cathode circuit while the out put is taken across a
high resistance in series with the anode.

v

A triode should not only increase the value of alternating voltage but also give a wave for which
is alsa a replication of the input without any distortion.

v

A small negative voltage called a grid bias in the grid cathode is to prevent the distortion.

2.4 8:VOLTAGE GAIN
This is the ratio of output voltage Vo to the input voltages (V,)
Va

Voltage gain = P—:-

2.4 9:EQUIVALENT CIRCUIT OF TRIODE AS AN AMPLIFIER
To obtain the magnitude of voltage gain, the triode circuit is replaced with an equivalent circuit.
The input voltage V, in the grid cathade cireuit is equivalent to (pV)

[t BB e o G !
fl . |
LJ ik 2L \I/CJutput volitage
J- i : 0
u\/,@ 1
L ihoe " ¢ S RETI
Total resistence in the circuit =R, + R, Output voltage Vi =IR,
£ 0.1 of the source = iy, Therefore Vn:a%f{.:}%",
atly)
Therefare uV, = 1(R, + R,) VLR,
v oI o [2]
DA el 1) Rat Ry,
TRl

20




et e

Vi i E ,LIRL
i ins =7 dioliaye gain = 50~
vaiioge BRRSEy l |{! tage gath = p o+ Ry |
s TP T
/3 2 _ Ra+ 8y ¢ -
Voitage gains = Y Vi V, RetRp

' V. uRy
\ oip Yo 2R
|

Example _
A trivde with mutual conductance of 3mAv’ anode resistance 10*() and load resistance 20000

(1 is used as single stage voltage amplifier, calculate the voltage gain.

iRy,

Solution gn=3x107AV" voltage gan =/~
gn 23MAV ", b =Ra x gn T
-1n2 o 4,0 -3 X
Ra=10" {1 el esly Voltage gain =20
R.=20000 2, | s =30
2. Caiculate the voltage gain for triode whose amplification factor (1) is B0 and whose arode slope
resistance Ra is 10° 11 when used with an anode load of 20,000 £) in a single stage voltage
amplifier
Solution ! R,=20000 () I Voltage gain = 53.3
K =80, i voltage gain :Ef:".%: ]
Ra=10* 1} I _s8oxze000 !
1 T Iotx2nono |

A}

A triode vaive vith an ancde resistance of 3x10% (2 15 used as an amplifier.
A sinusoidal clterrating sigral of amplitude 0.5V is epplied to the grid of the valve. Find the
.. s value of the output voltage if the amplification factor 1s 15 and anode load 1s 50k (2

=

Voo

Solution
e B l 1520 5550107
0 UL 1 1520 8x50x10 | -
Y, Rg+Ry, IR remrs i Vr.m.5=5.003v
_{_uRL N | 3 _
= V. -7 0
o (R‘,Jflz,_‘) t 'l V= ,u?:_:/v {
1 Viom. s=-2 ]
|

Excerciseb

L. A sinusoidai voltage of 0.2V is applied to the grid of the triode of an amphfication factor 10. If

the anode resisiance of the friede is 15k}, Caleulate the output voitage. An[0. 125V}

N

. Atriode with mutual conductarce of 4mAV™ and ancde resistance Ra=5k(2 is cornected o a

load rezistance of 10k(2-Estimate the out voltage obtained from an alfternating output signal of
26mV. An[0.333V]

[&N]

. Atriode with mutucl conductance £mAY ! and the anode resistance 15k(2 and a load resistance

30k 15 used as a single stage ampitfier. Calculate the voltage gain. An[40Q7].




2.5.0:THE TRANSISTOR
A transistor is made from three layers of p and n-sem conductor called the emitter (E), base
(8) and collectors (C). the base is thinner. It can be pnp fype or npn type transistor

The junction transistor is called a bipolar transistor because its action is due Yo two charge
carriers i.¢ the electrons (-} and the holes (+).

There. are two types of junction transistor
) n-p-n transistor where the electrons, are the majority charge carriers
i) p-n-p fransistor where the holes are the majority charge carriers,

Symbols
- e N B c
'8

PP type n-p-n type

2.5.1:Common ~ emitter mode (CE mode) for n-p-n transistor

The circurt can be used to obtain three types of characteristics
(1) Out put characteristics
(2) Input characteristics
(3) Transfer characteristic

2.5.2: Collector current (Ic) Against coilector emitter voltage (Vr)

Output characteristics
a
R lgs

i L
T T e
[ S

For small Ve the output current Le increases slightly with V.

it




At Higher Vg, I varizs linearly with Ve for a given ihase current Tp. the linear part of the
ion is undistorted.

characieristics is used as amplifier circuit so that the output voltage variat

2.5.3: Iy Against Vae{Input characteristics)

Iy 4 ,V <
! /'NCM Voer > Vs
o
/,/
S
/

et vt
Vag

15 varies exponertially with Ve i.e its input characteristics is non linear for a given Vee

Input resistance Rp= ;IVB-
8
2.5.4: A graph of I Against Iz (Transfer characteristics)
4 )
| -~
1 =
| i .

fe
Outpui current I varies fairly linearly with the input current Ig.

Current transfer ratio B or (current gain)

_outputiciarent - A
inpui current - aly
a0 Transistor as g voltage amplifier
LY,
— T
. I |
D "
! =
v, | ‘\[ l
Input A C'.(':i-2 ‘t . I J

v G id pias
The small A.C voltage V, 1s apphied To the base emitter cirewt and causes small changes of base
current Al which produces large changes alc in the collecter current flowirg through the load
R which corvertis these current changes into voliage charges which form the A.C output voltage
V(FAJ_.cR.

UNER 2013 Q.10
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(e} (i) Define space charge as applied to thermionic diode (Olmarks)
(i) Draw anode current-anode voltage curve of thermionic diode for two different

filament currents and explain their main feature (O6bmarks)

UNEB 2012 Q 10
(a) Define the terms below as applied o a triode

(i) Space charge [Olmarks]
{ii) Amplification factor [Olmarks)
'éri_.ii)MuTual cohductance [Oimarks]
(b) With the aid of a labeled diagram explain full wave rectification [07marks]
(c) Derive an expression for the amplification factor p in terms of anode resistance Ra and mutual
conductance gy for a tricde valve. [03marks]

(d) A triode with mutual conductance 3mAV™! and anode resistance of 10k{} is connected to a load
resistance of 20k(2. Calculate the amplitude of the output signal, if the amplitude of the input

signal is 25mV An[0.5V] [04marks]

{e) i) Sketch the output characteristics of a transistor [02marks]
(i) Identify on the sketch in e(i) the region aver which the transistor can be used as an
amplifier,

[Olmark]

UNEB 2008 Q.10

(a) Describe the mechanism of thermionic emission [03marks]

(b) Explain the following terms as applied fo a vacuum diode
(i) space char‘gélimifcﬁon [03marks]
(i) saturation . [Olmark}
(iiirzctification {02marks]

{c) Sketch the current- potential difference characteristics of thermionic diode for two
different operating temperctures and explain their mean features
{O5marks] ,

(d) (i) A triode valve with anode resistance of 3x10°(2 is used as an amplifier. A sinusoidal
alternating signal of amplitude 0.5v is applied to the grid of the valve. Find the r.m.s valve of

the output voltage if the amplification facter is 15 and anode load is 50k (2. An[5.003V]

f05marks}

(i) Braw an equivalent circutt of a triode as a single stage-amphifier {Otmarks]




 — S —

il

UNEB 2007 Q.8
{e} Describe briefly the mechanism of thermionic emission ' [02marks]
(b} (i} Draw a labeled circuit to show a triode being used as single-stage vottage amplifier

[03marks]
(i) With the aid of an equivalent circuit of the triode as an amplifier, obtain an expression for
the voitage gain [04marks]

(i) A friode with mutual carductance 3x103AV" and anode resistance of 1x10*() is used as a

single-stage amplifier. If the load resistance is 3x10* (2 calculate the voltage gain of the

amplifier. An[22.5] [05marks]
{c) (i) Describe the structure of a junction transistor '02marks]

(i) Sketch and describe the toliectar-current against the collector-emitter voltage

characteristics of a junction transistor {C3marks]

UINEB 2004 Q.10
(@) (i) Explain briefly the mecharism of thermionic emission [02marks]
(ii) Draw labeled diagram of the circuit used fo determine the anode current and anode voltage
characteristics of thermionic dicde (02marks]

{iii) Sketch the characteristics expected in a)i) at constant filament current and account for
its special features [C4marks]

UNEB 2003 Q.9

(a) (i) What is meant by Thermionic emission {O4marks]
(i) Sketch the current-potential difference characteristics of thermionic diode for two
different operating temperatures and explain the:r main features. [O5marks]
(iii) Describe one application of a diode [02marks]
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CHAPTER 3: PHOTOELECTRIC EMISSION

It's defined as a process by which electrons are released from a clean metal surface when
irradiated by electromagnetic radiations (light) of high enough frequency (energy),

The electrons emitted this way are called phate electrons.

The radiation falling on the metal surface 1s absorbed by the electrons and becomes internal
energy which is sufficient to enable them overcome the inward attraction for the electrons to
get loose and fly off the metal surface.

3.1.0:EXPERIMENT TO DEMONSTRATE PHOTO ELECTRIC EFFECT

Ultra violet— -—r-:: Zine
radistions L l/ -
1
Ech— |
-
% 1
I = _Gold tesf electroscope
i ™~
{

4 A cleaned zinc plate s placed on a cap of a negatively charged gold leaf electroscope.

+ When ulfraviolet radiations are directed on to the plate, the leaf is seen to collapse gradually.
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d the cap lost charges (elecirons). So the magnitude of the

& This is because the the plate an :
reby decreasing the divergence of the

negative charge at the leaf and gold plate decreases the

leaf gradually.

Note:
(1) I the intensity of UV radiation is increased f

no change on the divergence of the leaf. But for a negative
collapses fast since the number of electrons emitted per unit time

or the positively charged electroscope there is
ly charged electroscope, the leaf
(phote current) from the

zine plate increases with intensity.
{2) If infrared redictions are used instead of UV no effect is observed on the leaf divergence

hecause the frequency of the infrared is below threshold fraquency for zinc. Hence it cannot
eject electrons from the zine plate no matter how intense it's radiation is.

{3} When ultraviolet radiations fall on a cleaned zinc plate placed on a cap of a positively charged
gold leaf electroscope, there is no change in the divergence of the !zaf. This is because the
electrons that are emitted photo electrically are atiracted back by the positively charged zinc
plate. Hence there is no change in the magnitude or sign of charge on the electroscope.

3.1 1:EINSTEINS PHOTOELECTRIC EQUATION
Einstein proposed that when a photon collides with an electron, it must either be reflected with
no reduction in energy or it must give up all its energy to the electron.
The energy of a single photon cannot be shared amongst the electrons i.e no more than one
electron can absorb the energy of one photon.
Therefore in any given fime the number of electron emitted by a surface is proportional to the
rumber of incident photons i e to the intensity of the radiation,
Further more , an electron can be emitted as soonas a photon reaches the supché exolainin
why photoemission begins instantaneously, o ?

Einstein aiso reasoned that some energy imparted by a photon is actually used to release
n f 4 ; ; Jeicdse an
electron from the surface (overcome the binding force) and the rest appears as the kineti
‘ ; - efic
efiergy of the emitted electron. This is summarized by Einstein's photoelectric equation

Ihf =Wp + 1) mv:,",m.}.'!

where h = 15 plonk's constant
hf=the energy ¢f cacn incident photen of frequency
Wy = the work function of the surface

Loiad et
7 My =maximum kinetic energy of the emitted electrons



[Wy = hfs|  where fqis threshold frequency
| /o nw,,m,(‘ (‘_V"J Vs is stopping potential

Definition
Work function of metal (Wo)

It is the minimum energy that is needed fo just remove an electron from the metal surfoce

Threshold frequency (fo)

It is the minimum frequency of the incident radiation below which no electron emission takes

place from a metal surface

Stopping potential (V)
It is the minimum potential which reduces the photo current to zero.

3.1.2: AN EXPERIMENT TO MEASURE OF STOPPING POTENTIAL

Incident

radiatioi = ﬁ? P_hoto cell
Colour’ ﬂitt,r = \)< )}
@ l
- et RO
.,,i'"' <“\7)—-[
Potential dluid(:,jmr—-:"“ ey

varying P T — rﬁml
R

< The cathode C is made positive with respect to the anode by the potential divider.
< The beam of radiation is passed through a colour filter on to the cathode.

% The ammeter gives the photocurrent due to emitted electrons

7 The appled p.d is increased negatively until the ammeter register zero reading.

» The p.d (V) for which the photocurrent is zero is recorded from the voltmeter
“  This p.d V; is known as the stopping potential

AN EXPERIMENT TO VERIFY EINSTEIN'S EQUATION OR DETERMINE PLANCK'S
CONSTANT
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incident

: - hoto cell
radlatzor\kij_{:\‘ e
e TN T T
Cotour filter e o
e S N
. e "”,,‘ I
&
NN IR
Potental diwd_c-:’rv,f,or—-j:’:j—_. e ]
varying Pd i i s }

L — --—i|—-———' S

2 The anode A is made negative with respect o the cathode
% The cathode C is alsa made positive with respect t¢ the anode.

& A beam of radiation of knowa of frequency, f is passed through a colour filter on to the photo
cathode.

< The ammeter gives the photocurrent due to emitted elecirons

@ The applied p.d V is increased negatively until the ammeter register zero reading.
< The p.d (V) for which the photocurrent is zero is recorded from the voltmeter
< The procedure is repeated with other frequencies, f of radiation.

< A graph of V; against f is plotted.

< A straight line graph is obtained and the siope s is found from it.

% The plancks constant h is got from h = eS where e is the electronic charge

NGTE
hf=WyteV,
V() 4

/ GV};: hf+ WO

I / .
- Vez = f - =B

. _:/*é"“ T T T e
// ! = g
S Slope
~hze x slope

If W3 mud .,
Where e 15 electronic charge
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~ Photo electric emission is an instantaneous

process.

3.1 3:LAWS/RESULTS/OBSERVATIONS OF PHOTO ELECTRIC EMISSION

Law 1- For any given metal surface there is a certam minimum frequency of radiation called
threshold frequency below which no phato electrons are emitted.
Law 2- Photo electrons are emitted with a range of kinetic energies, ranging from zero up-to

some maximum value and K.E is proportional 1o the frequency of the incident radiation,

Law 3-The number of photo electrons emitted per second (photo current) is directly
nroportional to the intensity of incident radiation for a given frequency.

Law 4-There is no detectable time lag between irradiation of a metal surface and emission of

electrons by the surface

3.1.4:Results/observation from the experiment

i:¥ariation of K.Egwith frequency [keeping applied p.d and intensity constant ]

R T A A

! 4 A Wk & > I{.Emaxis.dir'ecﬂy pr'oporfiom.ni ’ro. f're.quency
(;'23‘7;) p4 / ~ For any given surface, there is minimum

/ frequency called threshold frequency to below
, // // which no electrons are emitted

: “_—wa “/-f_“ I The metals have the same slope and h (plank's
i f(Hz) constant)

2:Variation of photo current T with applied voltage for different frequencies but keeping the
wmtensity constant

5+ K. Emax (€Vs) ncreases with frequency

&
Photo current(f) » T (saturation current) 1s independent of

. I g frequency
f // fi>f>f Is = nej
y /%/ Where n is the number of photo
/ f electrons
Sy VsV Yy Applied voltage(*V
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PRI
PR

=3

T

S

TSI

3:Variation of photocurrent I with applied p.d for different inten

constant

I L g ity
SR = e e O ICIiten ity

sities keeping frequency

~ Photo current increases with intensity
» Max k.e (e¥ ) is independent of intensity

¢

4:Variation of photocurrent with intensity when both frequency and appled p.d are constant

Flhholacurrenid lT st
-
1

5 P e -
tNten=ity

5:Variation of photocurrent with time

&
Photo t:urre nt ,/r_"’—"—"'__"ﬁ o
,.
7

[

3.1.5:THEQRIES OF LIGHT

There are two theories of light

> Photocurrent is directly proportional fo

intensities
> Max K.e (aVs) 1s independent of infensity

a) Classical wave theory which is considered as wave like propagation of light

It states that radiation is emitted with continuous energy

b) Quantum theory

It states that radiation is emitted in Quanta (packets of light energy).

A photon This is a packet of light energy

3 1 6:FAILURES OF CLASSICAL WAVE THEORY TO EXPLAIN PHOTO ELECTRIC EMISSION

< Existence of threshold frequency

The theory allows continuous absorption and accumulation of energy: any radiatior should

eventually be able to provide electrons even if the it's below the threshold frequency provided

1t is intense enough. It therefore predicts no threshold frequency contrary to what was

experimentally observed
< Variation of kinetic energy



ave theory, an increase In Intensity means more enerqgy and hence

py the W | l ) greater value of
i cnetic energy of electrons, However, maximum K € depends on frequency of radiation

max

and not.

[nstantoneous emission

i nce there 1s continueus absorption and accumulation of energy by an electron, the theory
Sinc 4 ’

predicts a time Jag between irradiation and emission of electrons, however such time lag is not

e.xperimem‘ally observed

Note: classical theory only accounts for the increase in the number of electrons emitted per second

with increasing in

tensity of the incident radiation.

3.1.7: QUANTUM THOERY EXPLANATION OF PHOTOELCRIC EMISSION

Quantum theory considers radiations to be emitted and absorbed in discrete packets or
quanta’s called photons each of energy E = hf.

Quantum theory considers photoelectric emission to be one electron-one photon affair. Each
electron can only absorb one photon. If the photon energy is less than the work function the
photon is reflected back, but if the photon energy is greater or equal to the work function,
then the photon is absorbed and an electron is released.

Increasing intensity increases the number of photons in the beam since each electrons is only
allowed to absorb only one photon, the number of electrans emitted per second {photo current)
is proportional to the intensity. \

Quantum theory does not allow continuous absorption and accumulation of energy. Energy
transfer process requires very small time [of order 107°S]. This predicts photoelectric
emissioh Yo be an instantaneous process.

Examples
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Work function of potassium is 2.25eV. Light having wavelength of 360nm falls on the metal.
Caiculate;
(i) Stopping potential
(ii) The speed of the most energetic electron emitted
[h=6.60x10 *Js, C=3x10%ms*, e=1.6x10"°C]

Solution hf =Wots muda
Work function Wp=2.25eV but alse 3 muf.=eVs
W22 25x1.6x107%%F hf = WoteVs
A :360x1,0'9m h5= WoveV
Using Einstein’s equation Vs :ng—wo

e

B



e MWran®
Vo = ouxans?
o L 6x1072?

Ve=1.188V

“ Y Moy = VS

~225x1 6x107%°

 §
; 2evs
v/ Z |—
Tmax m

2 If a surface has a work function of 3. QeV

2xl r,rlﬂ Jt’xl 38

qum i

= 6 46x10°m/s

n] X"

7

(a) Find the longest wave length of light which will cause the emission of photo electrons on it

(b) What is the maximum velocity of the photo elec

trons liberated from the surface having a work

function of 4.0eV by ultraviolet radiations of wave length 0.2pum.

Solution

a) Wo=3x16x10"J
VVo=hfa
hfo=3x1.6x10™"°
h}%:?;xl_éxlO'*g

6.6x10 ~3*x3x10°
Ay S
0 3l Gx1071°

Ap=4.125x10 'm
Longest wave length of light =4 125x107m

3. Calcium has a work function of 2.7eV

b) Using Einstein's equation
R =Wors Mifax
Wo=4x1.6x107°7
A =0.2x10°m
hri = Wor$ muf .,

6x10 3 *x310°
21(E‘E——T" ~4x1.6x10° 10)
v - © 2210
max

9.1x107

Vpax =8.77x10%ms’!

(a) What is the threshold frequency for calcium

(b) What is the maximum wavelength that will cause emission from calcium.
[e=1.6x107°C, h=6.6x103Js C=3x10%ms™]

Solution
a) Wg=2.7x1.6x107°
hfo=2.7x1.6x107%

f 27x16no'“

f0=6.55x10"Hz
b) Max wavelength is 4,

EXCERCISE®6
1. Caleulate the zhergy of;

{a) A photon of frequency 7.0x10"Hz.

{b) A photon of wavelength 3x10/m

Fi=l

0 Xy
stloﬁ

6.552101%

2024 58x107m

0-

?
i

j\




[h:6.6x10‘3435,C:3x10“ms"J] An[4.6x107°T, 6.6X10°°T]

2 Sodwm hasa work function of 2.3eV. Calculate:
(a) Its threshold frequency
(b) Maximum velocity of the photoelectrons produced when the sodium 15 illuminated by
light of wavelength 5x107m
(c) The stopping potential with light of this wavelength [h=6.6x10°4Ts, ¢=3x10%ms’,
1eV=1.6x10"°T, mass of electron m=9.1x10kg] An[5.6x10""Hz, 2 5x10°ms™*, 0.18V]

3 Calculate the stopping potential for a platinum surface irradiated with ultraviolet light of
wavelength 1.2x107m. The work function of platinum is 6.3eV. [h=6.6x10"*"Js, C=3x10%ms™,
e= 1.6x107°C]

An[4.0V]

4. Gold has a work function of 4.9eV

(a) Calculate the maximum kinetic energy in joules, of the electrons emitted when gold is
iluminated with ultraviolet radiations of frequency 1.7x10%Hz.

(b) What is the energy in eV

(c) What is the stopping potential for these electrons, [h=6.6x103*Js, e=1.6x10%°C}

An [3.4x10Y7, 2.1eV, 2.1V] ,

5. Light of frequency 6x10"Hz, incident on a metal surface ejects photoelectrons having a kinetic
energy 2x10%°7. Calculate the energy needed to remove an electron from the metal (work
function). [h=6.6x10%4Js] An[1.96x107]

6. Light of wave length 0.5um incident ona metal surface ejects electrons with kinetic energies
up to a maximum value of 2x107°T. What is the energy required to remove an electron from
the metal? If a beam of light causes no electrons to be emitted, however great its intensity
what condition must be satisfied by its wavelength? [h=6.6x10 37s, C=3x10%ns]

An[1.96x10°%°,

1.01x10 %]
The maximum kinetic energy of photo electrons ejected from a tungsten surface by mono

chromatic light of wavelength 248nm was found to be 8.6x107°] . Find the work function of
tungsten [h=6.6x10*'Js, e=16x10 9e, €=3x10%ms?]  An[4.45eV]

3.1.8: PHOTO CELLS

These are devices that change radiations into current

184



B T e e e e s e e L o o e o e e G e oy s Rkt AR

Symbol

=t
- % A- Anode
. % }j—_-w---- C- Cathode

Wher radiation falis on the cathode, elections are emitted and are collected by the anode 1f st

is positive with respect to the cathode.

3.1.9: USES OF PHOTOCELLS

(i) They are used in Burglar alarms
A burglar alarm consists of a photo cell forming a closed circuit and a source of radiation

Sour¢e ot

radiation ‘?2_ ﬁ;ﬁjﬁ e ._.__._._-i

- ) L

_ e
Light from the source falls on the photoceil and matntains a current in the circuit. When
someone intersects the radiations, the current is automatically switched of f. This automatically
operates the relay switch and another circuit containing a bell gets closed, the bell starts ringing

and can only stop when it has been switched of f.

(ii} Reproduction of sound track on a film
A photo cell is used in the reproduction of sound which is recorded on a film in form of a thin
transparent strip called a sound track on one side of it.

Phioto cell
.,,.—"""'T T ! T e T ‘(_:"‘i
=z - SO s 5 ety FESERERS
o L | R
- fitn S | T £
Excitor lamp L L | loaa
-t

When the film runs, light from lamp goes through the film and falls on a photocell. A variable
current is produced which 1s amplified and fed to a loud speaks to reproduce a sound. »»

Example
1. A100mW beam of light of wave length 4x10"m falls on caesium surface of a photocell
(i) How many photons strike the cesium surface per second.
(ii) If 65% of the photons emit photo electrons, find the resulting photo current
(ii|)_ Calculate the kinetic energy of each photon if the work function of caesium is 2 20eV
Solution
() Photon energy Ezhf or E=h§ | E=495x10™
E:‘f_"i.lf’zl_o’_f:XL‘L |
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{ beam -photon energy x number of P
P'“ ‘0

= 17 E:
Jhotors per S°0"S f phot G el
100X (10 4.95x107 B pumber of pnotons T=2x102A

17 .
Number of photons per second =2.02x10 (iii)  From Einstein's equation
photons ‘ hf =We+t5 mvl,,
(ir) Number of electrons emitted per Ko By =W
second n=65% of photons K. Epax® 4.95x107°-2.2x1 6x10°
n=- ’—\{.{, 021.10

100 K B 1L43x10MF
=1 31x10" electrons

3.2.0:X-RAYS

These are electromagnetic radiations of short wavelength (~107'%m) which travel at a speed of
light and produced when fast moving electrons (cathode rays) strike a metal target.

3.21: X-RAY TUBE [PRODUCITON OF X-RAYS]
—5 EHTE —
VO Tungsien target
/’
| - /ﬂ/
Ltow |, et AT
supply =t ( = P

I

cas ns e e =
s /j\i\ /# 3\ \oohngﬁns

cathode

Copper anode®
Heated fillament

Operation

s,
L]

The cathode is heated with low voltage and electrons are emitted thermionically.
Electrons are accelerated by a high p.d fowards the anode.

s
e

2,
Lcs

On striking the target, a small percentage of the electrons is converted to X-rays
% The anode is cooled by the cooling fins.

Note

(1) The energy changes in an x-rays tube are; electrical energy from low voltage source To heat

energy used for heating the filament to kinefic energy of electrons and then to heat and x-
rays.
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(2) The infensity of x-ray beam increases with the number of electrons hitting the target,
therefore intensity is controlled by filament current /heating current or supply voltage.

(3) The penetrating power (quality) of an x-ray beam is controlled by the’ accelerating p. d beTWeen ;!

the cathode and the anode

(4) X-rays with high penew‘r'afmg power are called hard x- mys whnle those with low penz’rratmg
power are called soft x-rays. o

(5) The x-ray tube is totally evacﬁa‘red to prevent cdilision of e!ec1 rons with gas molecules_

3.2.2: PROPERTIES OF X-RAYS .
(1) They travel in straight lines af the velocity of ilghT

(2) They cannot be deﬂec‘red by electric or magnehc ‘neid(Thns is an ewde.nce that 1hey are no’r
charged particles )

(3) They recadily penetrate maﬁer' penefmﬁon is least with ma’rerm[s of hlgh densx’ry

(4) They can be reflected but not at very large angles of incidence - i .

(5) Refractive indices of all materials are ver‘y close to unity (orie) for x-rays so that very little

bending occurs when ?hey pass from one material to ano‘rher
(6) They can be dtfﬁ*acfed ' :

The following propeme; 7 to 10 are used fo dehac? x- rays
. {7) They ionize gases through which they pqss

(8) They affect photographic film -

{9) They can produce ﬂuorescence Bis

(10)They can produce phoTozIe.cTr'lc ermssnon

3.2.3: USES OF X- RA‘/S
fAedical uses

&

% Used to detect fractures in bones

’e

(]

Used to destroy cancer cell . .~

.
DORES

Used in detection of lung T.B

-
o

Used for sterilization of medical equipments
Industrial use

< They are used to locate internal imperfection in welded joints and coS‘Hng
Agric uses ' :

% Tracing phosphate fertilizers using phosphorus

« Sterilization of insecticides for pest control
& X-ray crystallography
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Used to st udy (:t“yﬁ“hﬂ structures and determine structure of complex organic molecyl
F R ) § anic cules

Health hazard of X-roys

. They have harmful effeets on human cells which become eminent alftep éere'rimp

+caution . '
PrC‘C: Lead aprons chould be worn while deallng with x-rays

. The brain and sther delicate parts of the body should rot be: exposed to X-rays
« Unnecessary long time exposure to x-rays should be avoided.

5 2.4:X-RAY EMISSION SPECTRA
X-rays spectra have two d!STH'\CT componanfs s
(1A background of continuous radiation, ﬂ'"?- mmlmum waveiehgfh of whnch depends onthe
operating volfage of the tube i.¢ the ener‘gy of The incident electrons ,
& At cut of f wavelength, Ly, . Electrons from thz ccnhod . Sﬁ‘_lke the mr‘gef cmd lose all their

kinetic energy in a single encounter with the ’rurgef qtom f:m,s Fesults in thie: broduction of
the most energetic x-ray photons of maxumum frequency an
wavelength.

From [ = if| | iy ﬁﬁ&k:‘iﬂ

orrespondmg Amin called cut of f

(2) Very intense emissiggen few dlscr_e-re wavelengfh (cm X~ Fﬂy lme specfrum) Thase wavzieng‘rh
are characteristic of the Tar‘get mrt*""

mal cmd are mdependen’r of fhz opermmg voEmge

v Lme spetrum A
- (characteristic hne '

p mdependent of operqung p d S

X-ray ll. ntensity

R
W

© Contintious spectrum -
(White spectrum) .

. / DG‘peﬂdS on Opera‘hng p d and E T
/l ' LR el ﬁliament current i
{ Wave length
mnimum
Depends on operating

pd
a) Continvous spectrum
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¢ formed as a result of muitiple collisions of energy electrons with a targe) atom and these
1is SRS " ; N .

lecirons are decelerated Different amounts of energy are lost, x-rays given off have
elecirons are dece 2d. L

vavelengihs varying from a certain minimum vatue (A ) 10 infinity
\ i . o

b) Line spectrum

When highly energetic electrons penelrate the atom, knock electrons from nner most shells
and displace them 1o higher shells. This puts the q;om in an excited state and therefore
becomes unstable. The subsequent electron transition from higher energy levels into o vacancy

in the fower energy levels causes a high energy x-ray photon of definite wavelength to be

emitied whose energy is equal to the difference between the energy levels. This leads to x-ray
line spectrum.

Note

-
Y
4+

The frequency of the x-ray 15 given by E = hf. Where E is the difference in the energy levels
involved and h is plank's constant.

a
3
A

o
o

Continuous spectrum is produced due to multiple collisions of electrons with Target atoms while

Line spectrum is produced by electronic transitions within the atoms as the electrons in them
fali back to the lower energy levels.

Example

L Anx-ray tube operates at 30kV and current through it is 2mA. Calculate
(1) The electrical power input
(i) Number of electrons striking the target per second
(ii) The speed of electrons when they hit the target
(iv) The lower wavelength limit of X-rays emitted

h=6.6x10%Ts, e=1.6x10" 19, C=3x10%ms, m=9 1x10Vkg]
Solution

(i) Power input =TIV

min= ]

_6.6x10 M x3xnt
N7 6x10-1930x70¢

Power input =2x107°x30x10? v
Power input 2607 I u= r?*——*~—-—-——n A0 Dxdoxio}
(i) Tene ‘ _\J gax1p-A
. = 8!
ey u=1.03x10°ms
" i 3 (W) hf‘muxzev
Toriu ]
n=125x10" electrons per second \ e
(iii)% mus ey | | Ao
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Do s4.13x10 M m

-
[

The p.d between the target and cathode of an x-ray tube is 50KV and current in the tube is
20mA. If only 1% of the total energy is emitted as x-rays.

(i) What is the maximum frequency of the emitied radiations

(1i) At what rate must heat be removed from the target in order Yo keep 1t a steady temperature
Solution

1) Afnax=€V
jmn:-l—"l—lg%j;f_i?}d—nf Rate at which heat is supplied to the target
Fnar® 1. 21X10Hz %99% of power
i) 1% of power produces x-ray, =00 0T TV
therefore 99% of power produces :£5x20x10'3x50x103
heat =990Js™
For a steady temp the rate at which heat
is supplied equals to rate at which heat is
removed

3. Anx-ray tube operated at 1.8x10°V with target made of a material of SH.C of 250Tkg™ K™ and
has a mass of 0.25kg. 1% of the electrical power supplied is converted into x-ray and the rest
is dissipated as heat in the target. If the temp of the target rises by 8°C per second. Find

(i) The number of electrons which strike the target per second
(ii) The shortest wavelength of x-rays produced

Solution
V=18x10°V, €=250Tkg 'K m=0,25kg | Rl
o . 16216
==B°0s n=1.74x10° electrons per second
) IVt =mec 46
Iv= mcé\f2 ) bl
Tomesd R
T 5. Amin
120 2.,:2..\053 Rossta _he
1.8x10 e
- -3 6.6x107** x3x108
I-?.TSXIO A )‘"“'n:fg;%:‘-?}%m?
Using T=ne Zmin=6.88x10"%m
n=T/e
Exercise 7

L Calculate the wavelength of the most energetic x-rays produced by the fube operating at

[ Ve
LE iU

Yt ]
k¢ 1 s 2 4 ’ ~ - ~ - T e 2 181 K ¥
Vo [h=6.6x10Ts, ex1.6x107 ¢, C=3x10%ns '] An{1.24x10"'m]
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2 The current in a water-cooled x-ray tube operating at 60kV is 30mA 99% of the energy
supplied to the tube is converted nto heat at the target and removed by water flowing at a
rate of 0.06kgs ' calculate;

(a) the rate at which energy is being supplied to the fube

(b) The increase in temperature of the cooling water [S.H.C =4 2x103Tkg ! °c ]

@
An{1.8x10%°Tst, 7.1°C]

. The most energetic x-rays produced by a particle x-ray tube have a wavelength of

2.1x10"Im_ What is the operating p.d of the tube, [h=6.6x10*'Js, e=1.6x10717C, C=3x10%ms ']

(&)

An[59kV]
4. An x-ray tube which is 1% efficient produces x-rays energy at a rate of 20Js". Calculate the
current in the tube if the operating p.d is 50kV  An[40mA]

5. Explain how the radiation from an evacuated x-ray tube is affected by changing
{(a) the filament current

(b) the filament target p.d

(c) the target material

6 State briefly how you would control electrically;
(a) the intensity
(b) the penetrating power of the emitted x-rays.

7 Electrons are accelerated from rest through a potential difference of 10kV in an x-ray tube
calculate.

(i} the resultant energy of the electrons ineV

(i) the wavelength of the associated electron waves

(i11) The maximum energy and the minimum wavelength of the x-ray radiation generated
[h=6.6x10*Ts, €=1.6x10"1°C, C=3x10%ns™, m=9.11x10 3'kg]

An[10000eV, 1.223x107m, 1.6x10 '8 , 1 24x10°
10
m]

8. The p.d between the target and cathode of an x-ray tube i1s 50kV and the current in the tube
Js 20mA only 1% of the total energy supplied is emitted as x-radiation.
{a) What is the minimum freguency of the emitted radiation

19]




(b) At whal rate must heat be removed from the target in order to keep it at a steady
temperature [h=6.6x10*'Js, e=1.6x10 1] An[1.2x10""Hz, 9.9x10°W]

¢ An x-ray tube works at a d.c p.d of 50kV. Only 0.4% of the energy of the cathode rays is
converted into x-radiation and heat is generated in the target at a rate of 600W. estimate;

(1) Current passed through the tube

(i) velocity of the eiectrons striking the target [h=9x10'kg, e= —1.6x10 '°C]

An{i2mA, 1.33x10°ms™]
10. (a) A 900W x-ray tube operates at a d.c p.d of 30kV. Calculate the minimum wavelength of the

x-rays produced

(b) Calculate the current through the tube

(¢) Tf 99% of the power 15 dissipated as heat estimate the number of x-ray photons produced
per second. [h=6.6x10Ts, e=1.6x10 19¢, C=3x10%ms*J] An[4.1x10 "m, 30mA,
1.9x10%s™!

3.3.5: BRAGG'S LAW FOR X-RAY DIFFRACTION

It states that 2dsin = ni where d is interplanal separation, 8 is glancing angle, A is x-ray wavelength
and n1s an interger

DERIVATION OF BRAGS'S LAW FOR X-RAY DIFFRACTION
When x-rays are directed to a crystal each atomic plane of a crystal behaves like a reflecting

surface.

% Constructive interference occurs when the path difference is ni

Where n is an integer and A is wavelength the x-rays.
~AB+BC=nA

AR = B = dsing

dsing+ dsmnfi= nA
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2dsinfl = nA

;,'."HI‘T‘ﬂ”_\'

|2d sing,, = nA [Bragg's law

y h 4
where 0, 1s glancing angle for the n'"order maximum

Note
The small angle (Fmn) 1S given when n=1 and 1t's the first order maxima

Romay 0CCURS When Sind) =1 i
Example
1. A beam of x-rays of wavelength 0.15nm incident on the crystal. The smallest angle at which
there is strongly reflected beam is 15° Calculate the distance between the successive layers

between the crystal lattice.

Solution
A=0.156x10°m, d=? dz1xoasxio™?
. 25In1s
for smallest angle n=1, 6,,,=15 d=2 898x10"°m
from Bragg's low 2dsind,=n A
_ na
S

2. Abeam of x-rays of wavelength 8.42x10"'m is incident on a sedium chloride crystal of inter
planal separation 2.82x10"%m. Calculate the first order diffraction angle.

Solution

A=8.42x10 "m, d=2.82x10""m, B=? For first order diffraction n=l
using Bragg's law 2dsing,= n

.y f1xB42x107 11
Bymgjys [ZTE2R0
2x282x10-11

0,=8.59°
oy
3. Amonochromatic x-ray beam of wavelength 1x10 °m is incident on a set of planes it a crystal
of spacing 2.8x1C"%m, What is the maximum order possible in these x-rays.
Solution
Nyner 9CCUrs when sinf=1

2dsing, =n.q, A

_ 2x2Bx10720
Mmae = T2 5.6

Nymax = 6 sixth order diffraction



. 9 L . ” .
4 A monochromatic beam of x-rays of wavelength 2x10 m is incident on a set of cubic olane in a

sotassium chloride crystal, First order diffraction maxima are observed at a glancing angle of
18 5°. find the density of potassium chloride. TF 115 molecular weight 15 74 55,

Solution
Az2xi0 Oy, n=l, 0:=185° d=?
o 74559, m=74.55x10 *kg

nofe that molecular weight is measured
in grams unless given in kg
Using Bragg's law

2dsinG,=n A

_1x2x10 10

o= 2vsinl8 5

d=3.15x10%m

its set of cubic planes

volume of one atoms =d®

=(3.15x10'%)°

volume of one atoms =3.13x10-""m?

But one molecuie of K1 has two atoms
= volume of the one molecule of KCI

=2x3.13x10 %

= 6.26x10%m?
Mass of one molecule of K¢i =

. molecular weight
h
_74.55x1073
" 6.02x1023
=1.24x10%kg
Density of one molecule of
K Cl:mass of one molecitle
volume of 1 molecule
)_1‘24::10‘25

T 62610724

p=1.984x103kgm *

5 Calculate the atomic spacing of sodium chloride if the relative atomic mass of sodium is 23 and
that of chlorine is 35.5 [density of sodium chloride =2.18x10°kgm ]

Solution

Mass of one mole = 23+35.5

=58.5g
-3
Mass of one molecule of NaCl = _..__53'5;“’,_,
A
58 leoi
T6.02x10
=9 718x10

» 26k9

Density of one molecule of NaCl
_mass of one molecule of NaCi
woluwme of 1 molecule
k 9718x10 %"
2.18x10% - 210
volume of 1 molecule of Na(l

9 718x107%¢
volume of 1 m FNGEL BR i
eof olecule of NuCll =——=;

S

valume of 1 molecule of Na(l=4.458x10%m?
volume of 1 molecule of NaCl has two atoms of
Na and Cl

volume of 1 atomof either Na or Cl

_4.458x10722
- 2

=2.229x10%°m?
o d? = 2.229x10%m?
d = (2.229x107 23
d = 2.81x10"%m



EXCERCISKS
1 Caleulate the smal
N 9 1 Q 1 : - se 3 . - l
diffracted from a certan crystal which has inter-atomic separation of 15x10 “m. who i i

ghest dif fraction order that can be observed from this radiation.

lest glancing angle at which x-rays of wave length 0.7x10 m yii e

hi
An [13.50, ~4, fourth order diffraction]

2 A beam of x-rays of frequency 3 56x10'8 Hz 15 incident on potassium chloride (KCI) erystal and
the first order Bragg reflection occurs at 7.68° The density of KCl is 1.98x10%kgm™ and its
molecular mass 1s 74.5. Calculate the value of Avogadre’s number. An[6.02x10%mol™*]

2.3.6:CONDITION FOR X-RAY DIFRACTION TO OCCUR

% Wave length of x-rays must be of the same order as the interplanar spacing.
* Parallel beam of x-rays must be incident on planes
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3.3.7: DIFFEREN ES BETWEEN CATHOD RAYS AND X-RAYS

. Cathoderays 1 s ]

i

t

. ————— e —— e 1
! Aze fast movmg electrons Are electromagnetnc waves

They are negatively charged They have no charge

Can not be deflected by eleciric and|

l Can be deflected by electric and
1, magnetic fields
|

! magnetic flelds
Have a low penetrating power
=

Have a t‘lgh penetra’ung nower
lhey produce X-rays on striking matter They eject electrons from matter
L

| They, are relatively slower compared to x-rays ' Move very fast at a speed of ligh_t__j

. i
S IS S
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3.4.0: RUTHERFORD'S MODEL OF THE ATOM

An atom consists of a very small central core called the nucleus with strong electric charge
surrounded by glectrons of the opposite charge which fill the rest of the atom.

Rutherford's model states: that the positive charge of $he atom and nearly all its mass is
concentrated in a very small volume at the centre with electrons in motion in a circular orbit around

the nucleus.

3.4.1: RUTHERFORD'S ALPHA PARTICLE SCATTERING EXPERIMENT

Con
Fre

o,
b

<
*s

v,
X

Flouescent screen

- .

P S [_F— \5“: »:\_f(/tﬁ‘lcroscope
- ’:’\‘;.\ <) // \\
g g
By )
‘\j n\féaﬁicle { /‘
i i

P4

\/4\ “Goid toil_ =
Evacuated tWBE ™= ~mmmr =

Alpha particles from a radioactive source were allowed to strike a thin gold foil placed in the
cenire of an evacuated vessel and the scattering of alpha particles when they collide with the
gold foil was observed from a fluorescent screen mounted on a focal plane of a microscope.
Alpha particles produce tiny, but a visible flash of light when they strike a fluorescent screen.
Surprisingly, alpha particles rot only struck the screen at A but also at N and some were even
found to be back scattered to P.
The greatest flash was observed at position A,

clusion
7 the experiment, it was observed that;

<,
3

B

Most of the alpha particle went through the gold foil un deflected . This is because the atom
of the foil contains very tiny nuclei, most of the space of an atom ig an empty space

Few alpha particles were scattered through angles greater than 99°. This is because nucleus
occupies a very small volume of the atom. Therefore very few alpha particles are incident close

to the nucleus and alpha particles incident close to the nucleus are strongly repelled almost

packwards.

Question. Explain what is observed when a beam of cc-particles i1s incident on a gold foil

Y7



Note
The experiment was done in a vacuum tn order to avoid

. Deflection of «-particles by wind

, Absorption of «-particies by air which would iead 1o ionization of the air atoms.

structure of the atom
> T+ is electrically neutral

» The nucleus is et the centre of the atom and is positively charged
»~ The nucleus contains pretons and neutrons

v

Orb"fTring around the nucleus are electrons and are negatively charged
The atom is largely an empty spoce

The nuclear occupies only small volumes of the availabie space

X

AV

3 4.2: Failure of Rutherford's model of the atom

(1) An orbiting electron is constantly changing it's direction and therefore has an acceleration. In
classical physics charges undergoing acceleration emit electromagnetic radiation continuously
and therefore they would loose energy This implies that the electron would spiral tfowards the
nucleus and the atom would collapse and cease to exist withina shar‘r.ﬂme, yet the atom is a
stable structure. Therefore Rutherford's model can not explain the stability of the atom.

(2) Since electrons are continuously accelerating around the nucleus, confinuous emission spectra

should be emitted by the atom. However experimental observations reveal that it is atomic like
spectra which occur.

3.4.3: RUTHERFORD'S « ~PARTICLE SCATTERING FORMULA

—

- ~

-~ N
. / Qp = Ze N
a~g_a_rt_|f_3_le Z nucleus
G, =2e T ;{ i
" i\\ /

L l : oo E g /

]

by is distance of closest approach

. 1 o
Kiretic energy of alpha particle= imu2 where v 1s speed before collision
Electrostatic potentiai energy= e
(ze)(2e)

: I S T
At closest distance of appiroach S mu C I e
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Exanple
: A beam of 4 7MeV alpha particle is incident normally on a thin gold foil. What is the closest

distance of approach of the alpha particle to the gold nucleus.
(Atomic number of gold = 79). What is the significance of this result.

Selution
K.e = 4.7MeV :
Ke = 47 x 10° x 1.6 x 107 by = __Z_Z_Z?:”__Q;‘E‘_%_"ff_’)l_gw
K e N 752 x 10737 2x-;x8.8.‘>x10‘i2x7,52x10‘13
- by = 4 84 x 10™Mm
211510 The distance of closest approach is an estimate
bo = ‘;;Z:;,e of the radius of the nucleus. '

2 Inahead on collision between an alpha particle and a gold nucleus, the minimum ,di_sf_aﬂce o_f
approach is B x 10"%m. Calculate the energy of the alpha particle in (MeV) AT
{Atomic number of gold = 79) i

Sclution

ki Ce =7.274 x 10737
bo =5 = 10"
£0=885 x 107 o e
Ke = ze? &7 josx1.6x20 12

' 20 obo

K.e= -~ 2279,\"(]..6/‘\’.10-'19}2 . Koe= 455M5\f

2x -7—x8.85x10‘12x5x10—14
Exercise9

1. Analph ; ; o E
o (ii: icszar:cle w:ﬂ_1 kinetic energy of SMeV is in a head on caliision with an atom of a gold
efiected through 180°). If the atomic rumber of gold is 75, Calculate the distance of

f ' ]
closest approach of alpha particles to the nuclear centre of the atom
An (4.55 X 10°"m)




s 0:30HR'S THEORY OF HYDROGEN ATOM
3. IRe

Dcfmiﬂon
yboifur atom is one with a small central positive nucleus with electrons revolving around it in only
;g"‘ra!n allowed circular orbits and while in these orbits they do not emit radiations,

3 5.1:POSTULATES OF BOHR
nohr made the following assumption
(1) In gllowed circular orbits, the angular momentum is a multiple of %:;where k is Planck's constant.
(2) Wheh electrons are orbiting in this allowed orbits they do not emit radiations
(3) Electromagnetic radiation is emitted when the zlectron makes a transition between orbits
(

4) In those orbits where the angular momentum is a multiple of ;h; the energy is constant

35.2: EXPRESSION FOR TOTAL ENERGY

Momentum(mv)

i . h 1 . . .
From Bohr's assumption mur = : | Multiplying both sides by %
i a
- "_l_h ____________ [1] % 3 mtr?- _ ~E'
T 2w ; 2 BrELT ,
From circular motion | k.e = i .
~ [' 5 my? B f.i.__ ) l " Bargr
rorce on electron =— = ? | Also p.e Tx e
; ; 0 .
mye = o DB el 2 |  Totalenergy £ = K.e + P.e
Ly H 2 .
i G e . | _ e e
Put equation(l) into equaticn(2) | Sy e Uhe
TR ¢? i 4 ¢ a2
17 i - -—--—) R A ! sy
ouear 4ntof | =
g 1 .2 | 8aegr
PO T i Putting value of 1 in equation {3)
r = L= 3 ! B o e
il ame? - ) l ””m("?.:ff?d\'
e L et g - - o i L b
WS Aror equaticn (2) Y , |
AcEgl

4
e



P l en permiﬁivi fy of free space
K= e | M IS mass of the electron
Where nis quanfum number | o 1 gt of elortoas
h is Planck constant

Note

<,
g

Total energy of electron is negative because electrons are bound to the nucleus of the atom
and work must bz done to remove tire electrans from the atom. This work is dore against
nuclear a-traction bending electrons to the atoms.
& Tnereasing values of r are associated with increasing values of hand therefore with increasing
values of E (less negative).
3.5.3: EMMISSION L.INE SPECTRA
£ Whena gas at low pressureds heated to o very high femperature atoms are excited and jump

to high energy levels. When electrons fail back to lower energy levels and emit radiations of
defirite wavelength.

& Since the frequency is definite for a particular element, then it implies that the erergy levels
are discrete (quantized). The frequency of the line can also be used to uniquely identify the

. zlement. The line formed in the spectrum aprears bright against a dark background.
Question

1. Explain how line spectra can be used to account for the existence of discrete energy levelsin

an aiom,

Answer is all the sentences above

3.3.4: MAIN SPECTRAL TRANSITION OF ATOMIC HYDROGEN

p— : P
o 3 ot e o 7 B e = RS . 1 5
- | et M s o e
- S Soevesoneceue o iomye
el
N T Yo i = e =3
Paschen series

b
i

1)
O e
L’/t-’ian sSenes T E e SRS

. REREY K A e E e w L e EED
| T Zalmer series
li




3.5.5

L3

3
ot

Note

The spectrum of atomic hydrogen contains distinct groups of lines. The three most obvious
groups are the lyman series, the Baimer series and the paschen series. The wavelength of the
lines in the lyman series are in the ultraviolet and each is associated with a transition involving
the level with n = 1. The Balmer series involves transitions 1o the level with n= 2 and as a result
smaller energy differences are involved and the wavelergth are in the visible. The lines of the
paschen series are in the infrared.

: ENERGY LEVELS IN HYDROGEN ATOM

s Zerg-—-——: iy - = (030
BBF — n=5

-0.85 —— -

-1 51 . n=3

-3.39._ . —— ———— U o

TEnergy in eV

-13.6 4. — ey =

The lowest level with n = 1 is called the ground state. The electron will always occupy this
lowest level unless it absorbs energy. Ground state is also the lowest energy state for the
afom.

When the atom absorbs energy is some way, the electron may be promoted into one of the
higher energy levels, the atom becomes urstable and it is said to be in Excited state.

The top level with n = «is the iohization state. An electron raised to this level will be removed

from the atom.

All levels have negative energy values because the energy of an electron at rest outside the
atom is taken as zero {¢V) and work has jo be done 1o remove the electron to infinity.

Definition

/02

An electron volt (e¥) is the kinetic energy gatned by electron in beirg accelerated through a

potential difference of one voil.
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3.5.6: JIONISATION AND EXCITATION POTENTTAL

{1) Ienization energy of anatom is the minimum amen:

ht of energy required to remave 1t's m st
loosely bound electron when the atom is in it's

ground state.

Tonization energy of hydrogen & L= ~E,

0 - -1356

13.6eV
It Tollows from definition of aneV that 1362V i

being accelerated through q n.d of 13 6V

13}

3

s the kineiic energy gamed by an electren in

thus *he ionization potential of hydrogen is 13.6Y

(2) Excitation energy of an atom is the energy

required to an electron from an atom which is in
it's ground state to higher ener

gy level.
For example the first and second excitation energies of hydrogen are 10.2eV and 12 teV
respectively. The corresponding

excitation potentials are 10.2V and 12.1v,
Note

Lf the energy absorbed is more thar that for ioni

ization then the rest appears as kinetic energy of
the electrons from which it's velocity can be caleulated.

Examples
L Tf heat energy absorbed by a hydrogen atom is t.5eV. Calculate the energy of the excited

electron given that ionization energy of hydrogen is 13 6eV.

K.c of zlectron

= 15 - 13 6
I = L4eV
- [ AL g TS
PR B e 340
P I e~ 13 BaVv
Caleulate: 1) first iomzation energy
1) second iomizatior energy
iit) stale The corresponding excitation potentiais
’ Solution
1" ionizatian energy = -340 - 130G - ; 2™ ienization energy = -1.50 - 136
= 10.2eV }

=12 1eV
1™ and 2™ excitation poleniiais 10.2V and 10 4V




LE

The diagram shows energy levels of mercury
(i} What 1s the ionization energy and the corresponding ionization potential, if mercury
_« vapour atom is in the ground state.
(i1} If mercury vapour atom in aground state has collision with an electron of energy HeV.
How much energy might be retained by electrons in this case.
Salution
) Tomization energy = 0 — -104 Since 5eV is more than 4,9eV the electron
= 10.4eV | retains=5-49
it) first 1onization energy = -55- -10.4 = 0.leV
z 4 9eV

4. The energy levels in a mercury atom are -10.4eV, -5 5¢eV, -3.7eV and -1.6eV

(i) Find the ionization energy in Joules
(i) What is likely to happen if a mercury atom inan unexcited state 1s bombarded with an

clectron of energy 4.0eV, 6.7eV or 11.0e.V

Solution
ionization energy = 0 — -10.4
- 10.4eV
=104 x 1.6 x 1097
Tonization energy = 1664 x 107
1" ionization energy = ~5.5 - -104

=4 9eV
% Since 4 0eV s less than 4 92V, the atom remain unexcited

2™ omzation energy = 3 7 - 104
=6 7eV
2S¢ an ciecran of 6,72V excites tne

erergy ievel -3 7eV.
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w For a electron of 1leV, it will cause isnizaticn pecause 113 value 1§ greater than that at g~ound

state 1.e 10eV,

(@]

= e

e 213 BV

Caleulate the frequency and wavelength of radiations resutting from the following transitions

ayn=4ton=2

Solution

hf = E4 - Ez
hf = —-0.85 — -~3.39
hf = 2.54eV

254x 1.6x Lo
f o

¢ 6x10 3%

F = 6.16 x 10"Hz

_ 3108
T6.16x10%%

Az 487 x 107m

¢

s Anelectronofe
the afom i3 excited i
with a reduced velocity, T

onoton of wavelergth 1.216 x 10
08¢ h= 6.6 x 10747,

{e=16x:
. Solution
E = hf
E=ht
A

= 66210 txix10®

12163077

F=163x10%]

nergy 20eY comes (rifo colli
nto a state of higher state of internal

he atom subsequently re
7. Determine the velocity of the scattered electron

m = 9.1x10%ka, ¢ = 3 x10°ms™)

bjn=2ton=1 Th=66x 103F ¢ = 3 x 10%ms’]

(b)
hf = E. - E;
hf = ~3.39 -- —13.6

hf = 10.21eV
f AT 6.\_32_2

66X 1073

£=7248 x 10%Hz
A

2 48x10%7
A= 121 x10'm

sion with the hydrogen atom in it's ground stafe,

eneray and electrons is scatteres

surns o 1t's ground state with emissior of a

K.F of srattered electron = 20eV - 163 x 10 fis
w0 i 07 168 xR
= 1B w100

mv i o= 1.H7 x 1l 18
2 1h7 L=



v = [rmamaee | V = 186 x10°ms’
AU RE ST \

Exercise?
1. The ionization potential of the hydrogen atom is 13 6V. Use the data below to calculate
(a) The speed of an electron which could just ionize the hydrogen atom.
(b) The minimum wavelength which the hydrogen atom can emit
(charge onanelectran =16 x 10 M= 911x10%%g, h= 663 x 10%Js €= 3 x 10%ns™)
An (2.19 x 10°ms-1, 9.14 x

L

10 8m)

2. The figure below representing the lowest energy level of the eiectron in the hydrogen atom,
gives the principie quantum number n associated with each and the corresponding value of the
energy measured in Joules.

NS ~0.BX1010
5 T LR T S0 870
- S VRN IR T .S | L
3 ..‘._.Bl \ ..... l 242X 108
'AL l
oV Y. %W _-BA4BX107°
1 Ground siate -21 7x10718y
- Caleulate the wavelength of the lines arising from the transition marked A, B, C, D on the
figure.
i) The ievel n = 1is the ground state of the un excited hydrogen atom. Explain why hydrogen

in it's ground state is quite transparent o light emitted by the transitions A, B, C, D ana
also what happens when 217 x 10727 of energy is supphed to a hydrogen atom in it's ground
staie. : ‘

{rake the value of the speed of light in vacuum € to be 3 x 10°ms™ and that of the Planck
constant h to be 6.63 x 10%Js). An {661inm, 489nm, 436nm, 412rm)

3 The ienization energy for a hydrogen ctom 15 13 62V, 1f the atom is in11's ground state. Tt is
3 4eV if the giom is i the first exciied stete Explain he terms ionization energy and excited
state '
Calculate the wavelength of *he photon emitted when a hydregen atom returns to the ground
state from the first excited state Name the part of the electromagnetic specirum to whien
this wavelength belong (e = -1 6 x 1017¢ k= 6 63 x 10*J5, € = 3 x 10%ms )

PASIE



4 The energy levels of the hydregen atom are given by the expression
~2.16x10 "M

M T e

Where n is an integer.

(a) What is the ionization energy of the atom

(b) What 15 the wavelength of the Hew line which arises from transitton between n = 3 and n
= 2 level (h= 6.6 x 105, c= 3x107ms™)  An (2.16 x 10787 6.6 x 10 'm)

7T

5. The lowest energy level in a helium atom (the ground state) is -24.62V There are o number of
other energy levels, one of which is at -21.4eV k
(a) -Define ane
(b) - (i) Explain the significance of the negative sighs in the values quoted.
(it} What is the energy, in J, of a photon emitted when an electron return to
the ground state from the energy level at -21.4eV?
(ii)Caleulate the wavelength of the radiation emitted in this transition,
The electronic charge e = 1.6 x 10™C. The speed of electromagnetic radiation
¢ = 3 x 10%ms?. The Planck's constant h = 6.6 x10*'Js. An (5.1 x 10 By 3.9 x 10°

Tm)

& Some of the erergy levels of the hydrogen atom are shown (not to scale) in the diagram

Fnergy n ey 0 09

-0 85

I C L1 - (PR 1 18 [ & 4 1411 {
(a) Why are the energy levels labeled with negative energies
(b) State which srangition will result in the erission of radiation of wavelenglth 487rin
Justify your answer by calculation.
* () What s likely o happen 1¢ 2 beam of photons of energy (iY12.07eVv (i) H.25eV when
pessed through o vapeur of atomic hydrogen
7. The dingram be'ow represents the tawest energy lew;ls ol rhe electron in the hydrogen atoiy,
giving the prorcipal

of the erorgy

guantum number n associated with each level end The corresponding values
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The diagram shows energy levels of mercury

(i) What 1s the ionization energy and the corresponding ionization potential, 1f mercury
«. vapour atom is in the ground state.

(i) Tf mercury vapour atom in aground state has collision with an electron of energy beV
How much energy might be retained by electrons in this case.

Selution
() Tonization energy = 0 — -10.4 | Since BeV is more than 4.9eV the electron
= 10.4eV ] retains = 5- 49
it) first ionization energy = -55- -10.4 \ = 0.leV
= 4 %eV ‘ '

4 The energy leveis in a mercury atom are -10.4eV, -5 5eV, -37eV and -1.6eV.
(i) Find the ionization energy in Joules

(i) What is likely to happen if a mercury atom inan unexcited state 1s bombarded with an
electron of energy 4.0eV, 6.7eV or 11.0eV

Salution
ionization energy = 0 — —10.4
- 104eV
=104 x 1.6 x 1077
Lorization energy = 1.664 x e
U7 iorization energy = -5.5 - =104
= 4 9eV

* Since 4 02V s less than 4 92V, the atom remain unexcired

2" lomzation energy = 37 - -10.4
=6 7eV

20 on clecyrnn of 6 7eV excifes tne

alor such thal an zlectron jumps from the greund state fo
encrgy eyel -3 7eV,

FAST:]



< Foraelectron of eV, it will cavse ionization pecay

{3

B
|

se 15 valug 1§ greater than that a+ 2 ound
state t.e 10eV,

MV e ernin 2 sz m sz R —

|’]::G e s ¢ R W Sl i L 5L ......_.*(J 38
PR e B o oo s -0 54
e RO -0 85

) St T S P51

) o R - . = -3 29
N P

Calculate the frequency and wavelength of radiations resultin

g from the following transitisns
a)n=44ton=2

Bjn=2ton=1 [h=66x 1077, ¢ = 3 x 10%ms?]

Solution
{a) (b)
hf=E4- E, hf=zE,-E
nf = —085 - -339 Af = 339 - <136
hf = 2. 54ev hf = 10.21eV
L254x16x 40" f_'LOleL(n:l(J"g
T texio 3t T eexlo-s
f = 6.16 x 10"Hz f = 2.48 x 10Y%Hz
A € A <E
F v
3x10° . 3x10°
* Te.16x10% T2 48x10°7
A=487 x107m Az 1,21 x 10 "m

An electron of energy 20eV comes into collision with the hydrogen atom in it's ground state,
The atom is excited into a state of higher state of internal eneray and electrons is scattered
with a reduced velocity, the atom subsequently returns to it's ground state with emission of a
bhoton of wavelergth 1.216 x 10 7m. Determine the velecity of the scattered electron
fe=16x10"C h=66x10"7 m=91x10%kq,c = 3 x 10°ms™)

Solution

H r 18
& = Wf : K.E of scattered electron = 20eV - 163 x 10
-—h" ; =70 x 1.6 X101 - 163x 10
E= 2 i 7 18 ¢
= 1AT7T 10
TSm0t { mv e os ihr x0Ty

F=163x10%"]



(i) Why ore the energies quoted with negative values

n Energy n eV
- ISPy () 15 | -
5......“.,..,._,,.”._."- e e v ¥ 2 T _054
4-—-—-———-‘---.—~ e At s —n ——— 2 oy “0 85
3 —-=1.51
‘*A
7 SRR JORSNSPI . .-

s GGround state o 136

¢ Caiculate the wavelength of the line arising from the transition A, indicating in which
region of the electromagnetic spectrum this occurs.
(1ii)What happens when 13.6eV of energy is absorbed by a hydrogen afom in it's ground

state An (6.6 x 107'm)
UNER 2013 Q.9

(a) Figure shows some of the energy levels of a hydrogen atom

Principal quantum Energy, eV
611_u_r_nber. n —_-0.38
5 s e v e =i  —— ————— a— »_.0‘54
& i - -0.85
3 . -~1.51
o — e e =239
e et et e o o e o -13.60

(i) Why are the erergies for the different levels negative

(Olmarks)

(ii) Calculate the wavelength of the line arising from a transition from the third o the second
energy level An (6.6 x 10 "m)
(O3marks)

(ni)Calculate the icnization energy in joules of hydrogen — An (2.176x167'%)  (0Zmarks)
(b) Explain the physicai process in an X-ray tube that accounts for
(1) Cut off wavelength

(03marks) *

{11} Characterstic line
(O4marks)

() Caloudate the moximum frequency of radiation ermttcd by an X-ray tube using an accelerating
woitage of 33.0kV An (8x19"Hz) {03marks)

(d) Derive Bragg's iaw of X-ray diffractionin crysial {O4marks)

UNEB 2013 Q.10
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(a) A becwn of w - particles directed normally to ¢ thin medal foil Explain why

(i} Most of the o - particles passed sireight through the foil | (Ozmarks}
(i) Few a - particles are deflected through angles mere than vo° (O?.mc.rkg)
ib) Calculate the least distance of approach of a 3.58eV o~ partilkles to the nucieus of q gold
atom (atomic number ¢f gold = 79) An(6.495x107m) {O4marks)
UNER 2012 Q.8
(¢) State the laws of photo eleciric emission (O4marks)
td} Explain how line emission spectra are produced (03marks)
UNER 2011 Q.9
a) (i) Exploin how X-rays are produced in an X-ray tube
(i) Explain the emission of X-ray characteristic spectra (03marks)
(iii) Derive the Braga X-ray diffraction equation (Q4marks)
(iv) Under what conditions does X-ray diffraction occur {O2marks)

UNEB 2010 Q.10

) {i) show that when an alpha particle collides head o with an atom of atomic number. The
Ze*

TEEMY?

closest distance of approach to the nucleus, Z, is given by Zo =

Where e is the electronic charge £y is the permittivity of free space, m 1s the mass of the
a‘cha particle and V is the initial speed of the alpha particle (G4marks)

UNEE 2010 Q.9
{c) An X-ray of wavelength 10 s required for the study of it's diffraction in a crystal.
Find the least accelerating voltage to be applied to an X ray tube inorder to produce
these X-rays.
(D4marks) ;
(a) Sodium has a work function of 2.0eV and is illuminated by radiation of wavelength

150nm Calculate the maximum speed of the emitted electrons An(l.24 x 10%)

(D4marks)

(e] With aid of ¢ labeled diagram describe how stopping petential of metal can be measured.

UNER 2009 Q.9d

(d) Distinguish berween continuous and |ine specTra ir an X-ray tube

2154




UNEB 2009 Q.10

(a) (i) Explain the observations made in the Rutherford's alpha particle scattering experiment

{O6marks)
(i) Why is a vacuum necessary in this experiment (Olmark)
(b) Distinguish between excitation and ionization energies of an atom {02marks)

(¢) Draw a labeled diagram showing the main components of an X- ray tube. (03marks)
(d) AnX-ray tube is operated at 50kY and 20mA. If 1% of the total energy supplied is emitted as
X-radiation, calculate the;
(fi Maximum frequency of the emitted radiation  {3mk)

(ii) Rate at which heat must be removed from the target in order to keep it at a steady
temperature

(03marks)

{e) A beam of X-rays of wavelength 0.20nm is incident on a crystal at a glancing‘angie of 30°. IF
the inter planar separation is 0.20nm, find the order of diffraction.

(An (1.21 x 10Hz, 990W, n = 1 (first order
diffraction))

UNEB 2008 Q.8

{a) What is meant by a line spectrum (O2marks)
(b) Explain how line spectra accounts for the existence of discrete energy level in atoms (4mk)

(d) Describe with aid of a labeled diagram, the action of an X-ray tube

{e) An X-ray tube is operated at 20kV with an electron current of 16mA in the tube estimate
the;

(i) Number of electrons hitting the target per second (02marks)
(i) Rate of production of heat, assuming 99.5% of the kinetic energy of electronsis

converted to heat (e = 1.6 x 10'°C) An (1.0 x 10" eleciron per second, 318 4W)
02mks)

UNEB 2007 Q.10

(c) Explain X-ray diffraction by crystalsfand derive Bragg's law (Oémarks)
(d) The p.d between the cathode and the anode of ar X-ray tube 1s 5 x 10*V. If only 0.4% of

the kinetic energy of the electrons s converted into X-rays and the rest is dissipated as heat
in the iarget at a rate of 600W. Find the:

(1) Current that flows
(03marks)
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(ii) Spaed of the electrons striking the target

(03marks)
An(1.21 x 10°A, 1.33
10"ms™)
UNEB 2006 Q.8
(@) (i} What is photon (Olmarks)
(i) Explain, using quantum theory, the experimental observations on the photoelectric effect
(Obmarks)
(iii) When light of wavelength 450nm falls on a certain metal, electrons of maximum Kinetic
energy 0.76eV are emitted. Find the threshold frequency for the metal. (04marks)

An (483 x 10'Hz)

{b) Explain, using suitable sketch graphs, how X-ray spectra inan X-ray tube are formed (6mks)
{c} Abeam of x-rays of wavelength 8.42 x 10" 1s incident on a sodium chloride crystal of inter
planal separation 2.82 x 10", Caleulate the first order diffraction angle (03marks}

An (8
= 8.49
UMER 2005 Q.8
{@) (i) Draw a labeled diagram of an X-ray tube (02marks)
(if) Use the diagram in (a) (i) to describe how X-rays are produced. (O3marks)
{iil) State one industrial and one biologicai use of X-rays. {(Olmarks)

™) (1) Sketcha graph of
it's main features,

{i1) Calcul h i o
d;) Szk:;s ate the maximum frequency of X-rays emitted by an X-ray tube operating a veltage
o An (8.34 x 10% Hy) (03marks)

ntensity versus wavelength of X-rays from an X-ray tube and describe

UhED 2005 Q.9
(a) (iY5tate the laws of photo electric emission
(i) Write down Einstein's equation fop Photoeiectpe emissio (Odmarks)
{iir) Uitra-vieler light cf wavelength 3.3 x 0% < ihcides On : (02‘“‘1'"k3)
" onametal. Given that the work
Mmaximum velocityw . :
An (3.46 x 10%msty oGy of the liberated electron

function ef the metal is 3 5eV, caleulate the

(O3mar':cs)

UNEB 2004 Q.2
erin STORPING potential cre applied +4 photoel.

PN : he L g
(g} Explain in

2ITric effEC‘f‘_




(b) Explain how intensity and penetrating power of X-rays from an X-ray tube would be affected
by changing
(i) the filamenrt current (02marks)
(i1) the high tension potential difference across the tube (02marks)
(c) Whena p.d of 6Q0kV is applied across an X-ray tube a current of 30mA flows. The anode is
cooled by water flowing at a rate of 0 06kgs®. Tf 99% of the power supplied is converted into
heat at the anode, calculate the rate at which the temperature of the water rises.

(SH.C=4.2 x10°Tkg'k™") An (7.07K)
(05marks) ..,
(d) (i) Derive Bragg's law of X-ray diffraction (05marks)

UNEB 2003 Q.9
(b) (i) What features of an X-ray tube make it suitable for centinuous production of X-rays

(03marks)
(ii) Sketch a graph of intensity versus frequency of a radiation produced in an X-ray tube and
explains it's features ‘ (0Bmarks)

(c) A mono chromatic X-ray beam of wavelength 1 x 10"%m is incident on a set of planes ina crystal
of spacing 2.8 x 10"%m. What is the maximum order possible with these X-rays

An (6)
(G4marks)
UNEB 2003 Q.8
(a) (i) State Rutherford's model of the atom (02marks)
(it) Explain two main failures of Rutherford's medel of the atom (03marks)
UNER 2002 Q.8
() What is meant by
(i) Bohr atom {Olmarks)
{ii} Binding energy of a nucleus " (02marks)
(b) The total energy E of an electron in an afom may be expressed as
E = w_"‘_‘*'*_
T an?nteo?
(Y Toentify the quantities m. g, n ard h in this expression (02marks)
(11} Expiain the physical implication of the fact that £ s always negative (02marks)

(i) Drew an energy level ¢ agram for hydrogen 1o incicate emission of ultraviclet visible and

infra-red spectral lires (O3marks)

ay



(d) The atomic nucleus may be considered to be a sphere of pesitive charge with a diameter vary
much less than of the atom. Discuss the experiment evidence which supports this view.

{03marks)
UNEB 2002 Q.9
(b) (i) Describe a simple experiment to demonstrate photo electric emission {O4marks)
(i1) Explain why the wave theory of light falls to account for the photoelectric effect (bmk)
i) Describe an experiment to verify Einstein's equation for the photoelectric effect and
explain how plank's constant may be obtained from the experiment (O6marks)

UNEB 2001 Q.8
(a) (i) Write down the Einsfcin;phm‘oelectric equation
(i} Explain how the equation in (i) above accounts for the emission of electrons from metal

surface illuminated by radiation
{04marks)

e _P_[ -I Loq v

I _(ffl;)_M_ __..__.._..._..C_}) F’15._ Sinseea ]

P is a vacuum phote ceil with anode A end cathode K, made from the same metal of work
£

£.:nction 2eV. The cathode 1s iluminated by monockromatic fight of constant intensity and of

wavelergth 4.4 x 10'm.
'} Describe and explain ho
the potential divider Is moved from B8 to C.

w the curvent shown by the micro ammeter M will vary as the slider of
(03marks)

(ii) What will the reading of the high resistance volimeter V be when photo-glectric emission just

cecses?
(C3marks)
{c} With the slider set m

change if:
(1) Theintensity of the light was increased

id-way between B and €, describe and explain how the reading of M weuld

(03marks)
- - -7 ’ i
(i1) the wavelength of the light was changed 10 3.5 x 107m (Oomarks}
Solution

5 . ( & )
b)) As the slider moves from B to C, the cathode will became morz posttive Hence more of the

s 3 i e 7 o 5. 1
nhoto electrans thet ere emitted by the cathodz are aitracted by it This causesd reducion tr



the number of the photo electrons reading the anode and hence the photo electric current that
is measured by the micro-ammeter M reduces as the slider moves towards C.

1) When photo electric emission ceases, it gives stopping potential (Vs)

nf o= We 3 mvf 1 " éﬁf’;‘l";#’;"_”“q-"; “2x1.6x1071°
hf = Wa + eVs | = - 1.6£10- 9
Vez Mwe \ Vs = 08125V

e

|
c)(i) with the slider mid way between B and € the p.d V = 15 - 0.75V which is less than

2
the stopping potential of 0.8125V. Since increasing the intensity leads to an increase in the

number of photo electrons being emitted per second then it implies that the micro-ammeter
reading would increase with increasing intensity.

i)
Wo = h/y 1 _ 6621073 %3908
. C i 271 6x10729
V!’n = h‘ B -
Amax Amax = 619X10 m
3, X S
Amax ST

Since the wavelength of 5.5 x 10"'m is less than 1,4, which is the maximum wavelength of the
incident rediation that would cause photoelectric emission then it means that there will be
photo electric emission. But since the new wavelength less than that of the previous radiation
then the kinetic energy of the pnoto electrons will be tess than before. However if The intensity

1s mairtained, the rate of emission of the phetc electrons is the same and consequently the
reading of M is unaltered,

UNEB 2000 Q.8

(a) State the laws of photo electric emission

(O4marks)
(b} {:} Describe an experiment to determine Planck's corstant {OBmarks)
{ity Viclet ight of wavelength Q.4um1s incident on a metal surface of threshold wavetength
G 65um. Find the maximum speed of the emitted electrons {04marks)
(:ur) Explain why light whose frequency is fss than ihe threshold frequency can't cause photo
emission (02marks)
(c) (i) What are X-rays (Olmarks)
() Explain how intensity and penetrating pewer of Xorays produced by an X-ray tube can be

varied



CHAPTER4: NUCLEAR STRUCTURE
The nucleus is the central positively charged part of an atom.
Nuclei contain protons and neutrors which are collectively referred to as nucleons (nuclear

number).

A ATOMIC NUMBER Z, MASS NUMBER A AND ISOTOPES
Atomic rnumber Z of an element is the number of protons in the nucleus of an atom of the

zlement.

Mass number A of an atom is the number ¢f nucleens in1ts nucieus.

Lsotupes are atoms of the same element which have the same number of protons but different
number of reutrans ard therefore different mass numbers

Isotopy. It is the existence of atoms of the same element with the sume atomic number but

different mass numbers
Isotepes of an element whese chemien! symbol 18 represented by X can be distinguished by using

the symbol %X
Wherz A 12 mass number ard Z 18 atomic numbear




Exanmple of 1sotopes
Isotopes of Lithium JLi and §Li

Isofopes of uranium 235U  and 238y
Isotones are nuclei with the same number of neutrons

Isobars are nuclei with the same number of nucleons.

4.1.1: EINSTEIN'S MASS - ENERGY RELATION

Einst%:in showed from his theory of relativity that mass (m) and energy (€} can be changed from
one form to another.

The energy AE produced by a change of mass AM is given by the relation.
. AE = AMC? ]
Where C is the speed of light (C= 3 x 10%ms ")
Energy produced in change of mass of 1kg

AE = 1 x (3 x 1082

aAE = 9 x 107

4.1 2. UNIFIED ATOMIC MASS UNIT [U]

It 15 defined as 1/12 of the mass of carbon-12 atom.

The rumber of molecules in Imole of carbon 12 is 6.02 x 10%mel*
6.02 x 10% atoms has a mass of 12g of carbon -12

6.02 x 10 atoms = 12 x 107%kg

latom = il’fﬂf_
6.02X10%%

iatom = 1993355482 x 10%%kg

tunified atomic mass = /15 x 1.993355482 x 10%
21.661129568 x 10%'kg

U = 1.66x 10"*kg] »

From Einstein's tmass - energy relation

AF = MC?

C 2 2.998 x 10%mis

LTS 1661125568 x 10?7 x (2 998 x 10%°

W o= 149302392 % 10'°F

leV = 1602 x 1097
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149302392 » 107 1°
iU = LIM0IIRT eV
1602x10°1°

3V = 93197 x 10%V

4.1.3: MASS DEFECT AND BINDING ENERGY

a) MASS DEFELT

& Ttisdefined as the mass equivalence of the energy required fo split the rucleus into its
constituent particles.
The mass of a nucleus is always less than the total mass of is constituent nucleus.
The difference in mass i called the mass defect of the nucleus i.e

—— L .
{Mass defect = (mass of nucleons and elctrons) — (mass of amm)J

Note

The reduction in mass arises because the act of combining the nucleons To form the nucleus
causes some of their mass to be released as energy (in form of y-rays).
Any attempt to separate the rucieons would involve them being given this same emount of
energy; it is Therefore called the binding energy of the nucleus.

b) BINDING ENERGY (B.E)

% Rinding energy of the nucleus is the energy required to break up the nucleus mto it's
constituent nucleons

+ Bind energy per nucleon is the ratio of the energy needed to spliT a nucleus info it's constituent
nucleons to the mass number.

r - ——

35“’;

B. ¥ per nucleon =
P _Mass number!

Rinding energy per nucleon is very usefisi in measure of the stability of the nucleus. The higher

the binding energy per nucleen the mare steble the nucleus 1s
Binding energy (J) = mass defect (kg) x C°(ms Iy
Where 1U = 1.66 X 16%kg

oz

Binding energy (MeV) = mass defect {U) x 9.31 {(MeV)

Where 1U = 321 MeV

Exatnpie
1. &iven atomic mass of  “R3U = 238 Q3074Y
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2V

mass of neutron = 1.00867U

mass of proton = 1007280
mass of electron = 0.000550
U = 931MeV
Find: a) mass defect
Solution
a)

number of protons = 92
number of eiectrons = 92
number of neutrons = (238 - 92)

2146
146x1.00867
..|.
92x1.00728 |-
+
92x0.00055
= 239.98618 - 38.05076

Mass defect = (238.05076)

231]U

b) B.E per nucleon for #53

Mass defect = (mass of nucleons and electrons) - (mass of nucleus)

BE
Mass number

mass defect x 931 .

= 193542 x 931
= 1801.87602mev

Mass defect = 193542V
b) B.E per nucleon
‘ BE =
B.E per nucleon =
B.E per nucleon=
2. Given mass of proton 2 1.0080U
Mass of neutran z 1.0087U
Mass of alpha particle = 4.0026U
1y = 93iMeV
Find:
a) mass defect in (i) U (kg
b) Binding energy 1 (1) MeV (i d
¢) Binding energy per nucleon in (i) MeV (i) J
Solution

An alpha particle is a helium nuclei 3He

1801.87602

238

7.571MeV

a) Mass defect = (mass of nucleons) - (mass of a tom)

number of protons = 2



numbear nf nevtrons = 2

i) mass defect = (2 x 10080 + 2 x 1.0087) - 4.C0¢ !

= 0.0308U
ii) mass defect 1n kg
iy = 1.66 x 10 ¥'kg
Mass defect = 0.0308 x 1.65 x 10%kg
5.1128 x 10%%kg
b)(i) Binding energy (MeV’) = mass defect x 931MeY
= 0.00308 x 931
=28.6748MeV
ii) Binding energy (J) = 286748 x 10° x 1.6 x 107°F
= 459 1077
Or Binding energy {J}= mass defect (kg) xC*(ms™)?
- = 5.1128 x 10 x (3x10%)?
= 460x10M7

Bl

Mass number

c)(i) Binding energy per nucleon =

- _SGIQ‘BM v

z 7.17MeV

ii) Binding energy per nucieor = 7.17 x 10° x 1.6 x 10
| 115 x 107

4 1 41 VARIATION GCF B.E PER NUCLEON WITH MASS NUMBER

B e por#‘ -

’; ~.

nucleon /\I“‘ | ™~
|
1
L

Ay

/

5T U EE Mass aumber A

|
| /
. b~

Main features of the graph
2 Binding energy per nucleon for very small and large nuclides 18 smail
< A few peaks for low mass numbers are for lighter nuclei that are comparatively stable
% The binding erergy per nucleon increases sharply 10 a maximum at mass number b6

= For A 56 binding erergy per nuclech gradually decreases
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NOTE

The low binding energy per nucleon value for small and high mass number nuclide implies that

they are potential sources of nuclear energy because they easily undergo fusion and fission
respeci'ively_

1.5: Explanation of fusion and fission using the graph

2+ During nuclear fusion two light nuclei unite 1o form a heavier nucleus that has a higher binding
energy per nucleon. However the total mass of the heavier nucleus is less the sum of the two
light nuclei and the mass difference is accounted for by the energy released.

<,
<

During Nuclear fission, a heavy nucleus splits to form two lighter nuclei having greater binding
energy per nucleon. However the total mass of the two daughter nuclei is less than the mass of
the heavyt nucleus and the difference in mass is accounted for by the release of energy.

1.2.0: RADIO-ACTIVITY (RADIOACTIVE DECAY)

This is the spontaneous decay of a heavy nucleus te daughter nuclei with emission of «
particles, p-particle or y-rays.

Heavy nuclides are generally unstable hence this decay is in attempt to reach a stable state.
Radio-activity is said to be a random process because no-particular pattern is followed.

4.2.1: TYPES OF IONISING RADIATIONS
a) Alpha particles {o:)

They have a mass of 4times that of hydrogen atem and a charge of +2e where e is the numerical

charge oh an electron hence they are Helium nuclei
&
(zHe ]

Properties

# They have the least penetrating power among the ionizing radiations.

* They are positively charged hence can besdeflected by electric and magnetic field
They are the best ionizers of gases

Y

A

They have the shortest range in air among the ionizing radiations
When emitted, they are emitted with the same speed

iNote
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When @ nucleus ungergoes « - decay it loses four rucleans, two of which are protons, therefore

atomic number Z decreases by two.

4

Thus if a nucleus X becemes a nucleus Y s @ result of o« —decay then

AY e §TEY ot 3HE

{Parent) (Daughter) (x Particle)

E g Uranium - 238 decays by x —emission to thorium 234 according to
P —> T

b) Beta particie (P)

I+ is an eleciron which is moving at a high speed. Tt is represented as [ . iel

Properties

~ Tt has a higher penetrating power than «particle

» It is negatively charged hence deflected by electric and magnetic field.

, Tt isamoderate ionizer of gases

> It has a moderate range inair

~ P particles are emitted by nuclei with various speeds

~ Tt is lighter than « —particle

Note

g-particles are emitted by nuclei which have tao many neutrons to be stable. To gain @ stable
state one of its neutrons should change into a proton and an electron, when this happens the
eizctron is immediately emitted as a p-porticle.

Thus when a nucleus undergoes B-decay, it's moss number A does not change and it's afomic
rumber Z increases by ohe

X - 287 +_fe
(Parent) (Daughter) (b - Particle)
7.g Carbon-14 decays by p-emission fo nitrogen- 14 according fo
40 ., My £ Og
6 7 T -q€

c) amma rays (¥ )

They cre electromagnetic waves of very short wave length and they travel with a velecity of tight.

Properties
~ They have the highest penetfrating power

»  Theyore electrically neutral hence they can't be deflected by electric or magnetic fiela
~ They are the pocrest wan:zers of gases

+ They can be diffracted and refracted

i vy



Bt e

Note

amma ray decay involves the release of only energy without the change in atomic mass and atomic
number ¢. ¢
X BY oy

4.2.2: ENERGY OF DISINTEGRATION (Q-value)

Tt is necessary Yo investigate whether a given disintegration takes in energy (endothermic) or gives
out energy (Exathermic) by considering the total atomic mass of reactant and products when the total
mass of reactant is greater than the total mass of products then the reaction is exothermic.

b

Example
1: 2190 - 4He +235Pb
Atomic mass of “J5Ph =205.969U
Atomic mass of 3IHe =4.003U
Atomic mass of 2P0 = 209.983U
) State whether the disintegration is endothermic or exothermic and calculate the energy of
disintegration.
1) Calculate energy of the « —particle
Solution
Mass of reactant = 209.983U
Mass of product - 205.909U + 4.003U

209.972U _,
Since mass of reactant is greater than the total mass of products then its exothermic.
Therefore  2}iPo — 4He +235Pb+ Q
Energy of disintegration = mass defect x 931mev
= {209.983 - 209.972) x 931mev
= 0.011 x $31MeV
= 10.24MeV
Note Q-value appears as the kinetic energy of the products

.M -
K.oeqz ——@ where

i
m,1s the otomic mass of the a particle
M 1< atomic mass of daughter atom "
Ke, = L& 5y o
106+4

Ko, =1005MeV




2. Consider the equation  “$Ph+(Q - e  +%0iHg

Atomic mass of Hg = 201.971U
Atemic mass of He = 4. 003U

Atomic mass of Ph = 205.969
Calculate i) Q -value

ii) kinetic energy of the a-particle
Solution

1) Q = mass x 931MeV

Q= {(201.971+ 4.003) ~ 205.969) x 931mev
0.005 x 931MeV
Q-value = 4.66MeV

. i M
i) K.y prye ;
3

n2 4.66

20244

K.ey = 457 MeV

Ke =

Generally, A nucleus would tend to be unstable and emit an a-particle, if the sum of the atomic
masses of the products are together less than that of the nucleus and it would be stable if the sum of

the atomic masses of the possible reaction products are fogether greater than the atomic mass of
the nucleus.

EXERCISE 10

1. %3P0 decays to Pb-206 by emission of alpha - particle of single energy

(i Write down the symbolic equation for the reaction
(it} Cdlculate the energy in MeV released in each disintegration

(iit) Explain why this energy does not all appear as kinetic energy of the alpha particle
{iv) Calculate the kinetic energy of the alpha particle

210Py = 208.93673U
206PD = 205 929421
4He = 4.001504U
1u = 931MeV

An (5.40MeV, 5.3MeV)

2. Consider the decay process represented by
“ERa - iR +iHe
Caiculate the kinetic energy of the alpha particle
HeRa = 226 02544
LERA = 22201780
273



tHe = 4.0026U
An (4.93MeV)

4 2.3 ARTIFICIAL PISINTEGRATION (Nuclear reaction)
This 15 achieved by bombarding the nuclei with an energetic particle.
The bombarding particle acquires enough erergy by being accelerated in a reasonable speed by

use of electric fields except the neutron
L Eg 3N +3He - Yo +iH

Examples of nuelear reactions
1 Photo disintegration

This is a nuciear reaction in which absorption of y —ray results into decay of the absorbing nuclei.
e.g BNa +y- fiNa  +1H

2. Neutron radioactive capture
in this reaction the neutron 1s captured by the parent atom and a y-ray is emitted
AL+ gn - 1341 +v

This method is used for production of isotopes in nuclear reactions.

Beta particle as a bombarding particle
Advantage
» Tt can be accelerated at ¢ high speed using electric field.
Disadvantages
~ It experiences electrostatic repulsion with shell electrons
~ Itislight

Alpha particle as bombarding perticle
Advantages

- N 3
~ It can be accelerated o high speed using eleciric field
-~ Itis fai!"[y heavy
Disadvanmge

» I experiences electrostatic repulsion with positive nucieus

Neutron as a bombarding particle

/2



o

experiences electrostat

» However,

Energetic neutrons for nuclear reac

fusion.

4 ? 4: NUCLEAR FISSION

Nuclear fission is the disintegratfion of a heavy nu

release of energy..

Energy is released by the process bec

~hus is the best particle for study of nuc

lear reactions. Being electrically neutral it nether

ic repulsion in the shell electrons nor the nucleus.

i+ cannot be accelerated to high

speeds usirg eleciric fields,
tions are obtained from nuclear reactants by the process of

cleus into two lighter nuclei accompanied by

ause the average binding energy per nucieon of the fission

products is greater than that of the parent.

2 1 1
e.g “.3;';[; 4+ in- "%gLa

Example

Caiculate the energy released by lkg of %32
B30 + n > '{3La

82
Mass 23BU =
Mass of 148La =
Mass of ¢n =
Mass of 858r
Solution
Mass of reactants

Mass of products

Energy released

Fnergy released

L

{ kg contains

One atom released
2562 x 1024 atoms

ok

235.1U
148.0U

L

Qosy

+88r+ 34n + Q

350 under going fission according to
433 8r+ 3 in + Q

84.9U

2351+ 1.009

236.109U

(148.0 + 84.9 + (3 x 1.009))
235.927U

mass defect x 93tMeV

169.442eV

169.442 x 10° x 1.6 x 10T
271 x 107

This is the energy relecsed by ane ctom of uranium ~ 235

235 x 10’3kg contrains

1

X

= 6.02 x 16% atom

(02 x 1027

235 5107%

2 562 x 10°* atom

271 x 1071

2 71 x 10" x 2 562 x 10°47




) z 6.943 x 1087
Energy released by 1kg of uranium = 6.943 x 10°7

Exercise
1. Caleuiate the energy released when 10kg of 233U undergoes fission according to;
“BU +fn - MiBa +32Kr + 3 In

(mass of 235U = 235.04U, of 41Ba = 140.91U, of 92Kr = 91.91U of 1n = 1.01U and 1U = 931MeV, Ny =
6.02 x 10%mol™)  An {7.36 x 107 or 4.77 x 107 MeV)
Ay

2. Atypical fission reaction is as below;
BU +in-> BMo +RULa+2in +7 e

Calculate the total energy released by one gram of uranium - 235 undergoing fission, neglect the
masses of The electron

(mass of 1n = 1.009U, of 95Mo = 94.906U of 139L.a = 138.906U of 235U =
235.044U, tU = 931MeV). An (B8.51 x 10'°0)

Note
The neutrons released in fission can be slowed to a reasonable speed and made to bombard more

uranium targets, emission of more neutrons which can still bombard more target thus leading 1o chain
reaction, This is the basis of atomic bombs and nuclear reactants to produce energetic neutrons.

Application of fission
# Inthe production of neutrons
# Inproduction of atomic bombs

Condition Tor fission

# Tt requires an energetic particle like a neufron

4.2.5: NUCLEAR FUSION &
Nuclear fusion is the union of twe light nuclei to form a heavier nucleus accompanied by release
of energy.

Energy is released in the process.

An example is the fusion of two deuterium nuclei to produce helium -

H +2H - 3le Foit
Excmples
LiH +3H - 3He  +{n
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4'2.5: NUCLEAR FUSION

= 6.943 x 10°]
Erergy released by lkg of uranium = 6943 x 1087

Exercise

1 Calculate the energy released when 10kg of *331/ undergoes fission according to:

2830 + tn - WBa +2%Kr+ 3n
(mass of 235U = 235.04U, of 41Ba = 140.91U, of 92Kr = 91.91U of 1n = 1.01U and 1U = 931MeV, N, =
6.02 x 10%mol™)  An (7.36 x 10"J or 4.77 x 107" MeV)

e
ity

2. Atypical fission reaction is as below;
235

v 4]
U +in= BMo +32a+2Mn +7 e

Calculate the total energy released by one gram of uranium - 235 undergoing fission, neglect the
masses of the electron

{mass of 1n = 1.009U, of 95Mo = $4.906U of 139L.a = 138.906U of 235U =
235,044U, 1U = 931MeV). An (8.51 x 10*°])

Note

The neutrons released in fission can be slowed to a reasonable speed and made to bombard more
uranium targets, emission of more reutrons which can still bombard more target thus leading to chain

reaction. This is the basis of atomic bombs and nuclear reactants to produce energetic neutrons

Application of fission
~ Inthe production of neutrons
~ Inproduction of atomic bombs

Condition for fission

# 1t requires an energetic particle like a neutron

a

Nuclear fusion is the union of two light nucle: to form a heavier nucleus accompanied by release
of energy.

Energy is released in the process.
Anexample is the fusion of two deuterium ruclei to produce helium -
S+ H S 3l +on

Examples

Vil + 74 5 e tin

7214
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4.2.6: DETECTION OF IONISING RADIATIONS

Tn a detector energy transferred from the radiation to the atoms of the detector may cause

e Ionizationof a gas (as in ionization chamber, cloud chamber, 6.M tube)
o Fluorescence of a phosphor

« Exposure of a photographic emulsion

The following insfruments are used for detecting radiation from a radicactive source.
Tonization chambers

1
2 Sci’millaﬂon counter

3. Bubble chamber

4. Cloud chamber (Wilson and Diffusion)
5. Solid state detector

6. Photographic plates

7 Elac_fri"03cope

1. THE GEIGER - MULLER TUBE / (6M) TUBE

Gm tube is a very sensitive type of ionization chamber which can detect single ionizing events

Argon+Halogen
gas

- ‘ rﬁ_«v
i
/
Protective gauze l
- | ~ \ T o ampiifier

Thin mica(rindew / "L’ L—-—-—n

Cathode C

Than metal wire {Anode)

OCperation

X

Tonising radiations en’rer’ the G.M tube ﬂwough the thin mica window and ionise the argon gas

atoms, ion pairs are . formed

-
.,.

The electrons move very fast 1o the anode due To a high p.d between cathode and anede while
the positive ions drift to the cathode
¥ Fast moving electrons collide with ofher argor mo'ecules producing more ion pairs, an evalanche

of electrons is obtained.

222




& When electrons reach anode, pulse of current is obtained.
+ Voltage pulse is amplified and measure by scaler
& Positive ions move fo cathode.
% Quenching agent is used to aveid secondary emission of electrons by aksorbing kinetic energy

of positive ions

Note
» The comparatively heavy-positive ions move relatively slowly towards the cathodz and reaching
ofter the avalanche has occurred. Positive ions have appreciable energy and would cause
emission of electrons from the cathode by bombardment causing a second avalanche. This
would cause the discharge to persist for some time upsetting the recording of other ionizing

particies following the first.

%

To prevent a second avalanche due to positive ions, a halogen gas (e. g Bromine) is mixed with

the argen gas te form a quenching agent.

AY4

Bromine water acts as a quenching agent so as fo prevent secondary electrons to be emitted

from the cathode by the positive ions bombarding it.

A\

An avalariche is a large humber of moving ionised particles created as a result of secondary
ionisation due to collisions between ions and the gas atoms, when the ions are accelerated by a
high erough p.d where each ionisation leads fo the formation of mare ions pairs which
themselves cause further ionisation,

~ Titme taken by the positive ions to travel towards the cathode is called dead time,

7. 2 GM tube may be fitted to a variety of defectors for investigafing activity of radicactive sources.
1 5calar - simply records the total numbér of puises

an z :
2- Rate meter -~ records actual count-rate (-;L;)and the out put may be fed into a meter

3- Speaker -Amplifier - gives an audiblz single each time a particle is detected, The signal becomes a
continuous crackle when the acthvity 1 high,

G. A tube characteristic curve
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A

Gelger threshold
Count rate
S C

Note:

IPlateau region:

| f
1 |
A A d . ol
500 600 Applied voltage (V)

Threshold voltage

Up ig,the threshold voltage no counts are recorded at all since the amount of electron
amplification is nat enough to give pulses of sufficient magnitude to be detected.

Between A and B, the magnitude of pulse developed in the tube depends on the initial ionization
which in turn depends on the energy of the incident ionizing particle. Only some of the freed
electrons give pulses of sufficient magnitude to be recorded but their number increases with
applied voltage.

Between B and C (piateau region), the count rate is almost constant. A full avalanche is
obtained along the entire length of the ancde and all particles whatever their energy produce
detectable pulses.

Beyond C, the count rate increases rapidly with voltage due to incomplete quenching. One
incident ionizing particle may start a whole train of pulses.

GM tubes should be operated in the plateau region (500 - 600V) preferably in the middle of the
region. The sensitivity is then greatest and independent of supply voltage such that every
particle that produced ionization is detected.

2. THE IONISATION CHAMBER



fi\‘ & The radiations enter through the thinwire
Casatamopherc //Gause gauze and ionises the gas molecules.

asssue 1 Metalic cathode

‘-? A & The electrons move towards the anode and the

o positive ions towards the anode.
Metal can | \ i
fnodk | Deamplifier ¢ Current is detected by an electrometer.
(Anode) [7' fuise electroscope

42 % The pulse per second {* count rate) gives a

/ L j measure of the intensity of radiafion.
insufator '
L‘gﬁ—“l 1'-

Variation of the ionization current with p.d (x-tic curve for ionization chamber)

ionizationd
current

e = —

T ' P acrbss
chamber

> Between Oand A, the p.d is not large enough to draw all the electrons and positive ions to
their respective electrodes. As the p.d increases more ions reach the electrode increasing the

current.
their respective electrodes and there is no

(T5) and remains constant as the p.d

Between A and B, all the ions are attracted to
he current reaches it's saturation value (Is) a

recombination. 5o 7

changes.

~ Beyond B, the p.d is large enough to cause secondary ionization. A point is reached when there

is rapid muttiplication of the ions i the chamber (gas amplification) thereby causing

uncontroliable increase in the ionizing current.

Note:
. (1} The p.d af which an ionization is operated should be such tha

saturation value. Under such condition;
(i) The ionization current is independent of fluctuations in supply voltage

+ the ionization current has its



SN - Y- Ra———

() The ionization current is proportional to the rate at which ionization is being produced
ih the chamber.

(2) Saturation current [ is a measure of the rate of primary ionizotion

Us = ne)

Where e =16 1077 C, nis the number of primary ion pair produced per second

CLOUD CHAMBERS

In atloud chamber a gas is cooled to a temperature slightly below its condensation point. It is
said to be super cooled/super saturated. The gas molecules begin 1o condense on any icnized

molecules present in the chamber. When a radiation(ionizing) particle catering the chamber
passes through the saturated vapour /super ccoled gas, the ions produced serve as centers on
which tiny bubbles/ drop lets form (vapor condenses) a line of draplets/bubbles is formed

alorg the track of the particles. Light scatters more from these bubbles/droplets than from
the gas background when suitably illuminated. A photagraph of the chambers at the right

moment reveals the track of the particles. The length of the lines is proportional to particle
energy.

The cloud chamber is used to show fracks of the radioactive par‘ncles r'm“her' than to measure
the intensity of the cloud chambers are;

Expansion Wilson cloud chamber and Diffusion cloud chamber

3. DIFFUSION CLOUD CHAMBER

Perspe fid
r_m:;"_-t-_-»——%f_@ggg soaked in alcohol

Radioactive source T
1
|
1

|

=
’i - Mrunation
l

J

3

Metalic base.————%/ : :
Dry ice (sofid Cog)_._ ... %::'fg e

Structure and operation

* rrom the diagram above the base of the chamber i1s maintained at about -80°C and the top is
at room temperature so that there is a temperature gradient between the top and botfom

232



“ The air in the chamber 18 saturated with alcohol, where the vapour diffuses continuously froy,
the tep to the bottom and the air above the metal base becomes supersaturated.

+ Then the radioactive particles cause ionisation of the air molecules

: The saturated vapour condenses on the ion formed producing tracks which can be seen by

looking through the lid, hence radiation is detected.

+ 0: THE RADIOACTIVE -DECAY LAW [N=Nye ‘e
radioactive decay is the spontaneous disinfegration of unstable radicactive nuclei into more stable

suclel with emission of radiations.

The number of atoms delaying per second 52— «N

Where N is the number of un decayed atoms.
- AN

Where iis decay constant
== AN
di
A == —;LN
Where A is activity or count rate per second the S.I unit for activity (A) is Becquel (Bg)

seTinition
\ctivity is the number of decays per second. OR it is the number of radiations emitted per second.

secay constent is the fraction of radicactive atoms which decay per second.

siven +that No = number of radicactive atoms present at time 1 =0 (initially)
{ = number of un decayed atoms after time ¥

F AN 1A
From —-=-AN Iﬂ(m/ = At \
N dN _ gt y N o_ 2
ot = Jo2d rri i
i -3 ‘ [V = Noe ]

InN - InNO = -2t i

4.3.1:HALF LIFE [a]

Half life of o radioactive element is the time taken for half of the atoms to decay
I{ Ng is the number of original atoms
att=t, N=2 o

e AL oAl N <
From N = Nye | I

|
0



1 o (,-/“l,"x
= = ;
; “n(1/) m2
Taking lOL}S 1o base ¢ on both sides ,:.l'/;! e /l 2: = )L
.v'n(-:) l’m-‘m‘m/"- Fy; == {)6?—;
ta 2 /2 /1
_ 0.693)
_l\ R i /l tx -_R.-...
in5) =~ e, L %]

Note: Activity A at any one given time 1 is givenby 4 = 4,0~

Examples
1. A sample of a radicactive material contains 10'® atoms. The half life of the
material is 2. 0days. Calculate
() The fraction remaining after 5.0days
(ily  The activity of the sample after 5.0days

Solution iActivity £ = in
) £1/2 = 2days,t =5 days, i 0.693 :
= e —s
Ny = 18"%atoms g 2x24x60x60
Bur 1= 2993 A= 4.0104x107%85~1
’ leta dN
0.693 a =
= ——;“““dﬂ._')’_l n
2 But from 5. =0.1768
Bu.l_ N - NO e-ﬁ\’f 0 .
N twds N =0.1768N,
LA dN Bt e o
No = 4.0104x107%%0.1768x10"
\i ;
-;7— = 0.1768 = 7.09x10' Bg
B W activity after 5 duys = 7.09x10 g4
Fraction remaining after 5 days = 0.1768

2. Potassium (3K has half life of 20 minutes and decays to form 1iCa, a stable

isutope of calcium
) How many atoms would there be in 10mg sample of potassium -44
i) What would be the activity of the sampie?
i) Whdt would be the activity be after one hour
) What would the ratio of potassium atoms to calcium atoms be after one
hour [Ny = 6.0x10%°mol™]
Selution
i} 44g of potassium =6 x 10% atoms
1Ox10‘39 of potassium :fl’%)ixl Ox 1073y

= 1 364x10%%atoms
10mg of potassium - 44 has .364x10%atoms

I D! Az AN
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- gégga_:t_ v 13641020 Activity of the sample = 7.88x10"Bq
a '
A= 200 v 1364x10%°
20x60

A = 7.88x108q

i)  Whent = Lhour

t = 3600s But A = -AN
N = Noe™ A= 252 09 706x10%°
~069% 20x60
N = 1.364 x 10%%0zs0""" = 9.85x10”Bq
N = 1.706x10” atoms Activity after one hour = 9.85x10"°8q
Number of atoms remaining after thour =
1.706x10%atoms ’

iv) Let Ny = number of potassium atoms present after time ¥
N.= number of Calcium atoms present after time 1
‘Then Ny + Ne = Number of potassium atoms present initially
From N = Nye ™
Ng = (Ne + Noe™

Ni . —momgeasoe B 4
Ne + N, Ne 7
M 1 Ny *HNe =17
Ne+ N, 8 Ratio would be = 1:7
SN;{- = N;( +NC
TIV;( = N¢

3. An isctope of krypton §ZKr has a half-life of 78 minutes. Calculate the activity of
10pg OF Blfer [Na =6x10%mol™]

Soiution
87 of &1kr contains 6x10%%atoms But 5}1‘.} = AR
23
10x10%g of Ekr contains Z~x10x107° = 2236901016
2 7 ™ 78x60
=6.9x10'atoms ' ’ = 1022x10"Bq

4. A sainple of radioactive waste has a half-life of 80 years. How long will it take for
its activity to fall to 20% of its current vaiue

: 20 in2 o
Solution N 'ﬁﬁAO _ Aoe( ot
A=2L 4, but 4 = Age™
100 l In(0.2) = —t ('g‘—)
235




b it will take » 186 years

nd

t = —-80

3= 185.75 years

5 A sample of radicactive material has an activity 9x10'?Bq. The material has half
life of 80s. how long will it take for the activity fo fall to 2x10%Bq

Solution " : I“@ " ffgéiz
A, = 9x10"Bq A = 2x10 “Bg, T =2, ‘o T
112 = 80 T m2
oA = Age ™ t= 173594
2510 = 9x10%(5sY) Time taken = 174s
Z. g(%lﬁz'r)
9

6 A radioactive source contains 1.0ug of plutonium of mass number 239. If the
source emits 2300 alpha particles per second. Caleulate the half fife of plufonium,

assume [N = Noe ]

Solution
239g of plutonium contains= 6.02x10% A= -AN
1x10%g of plutonium contains= —ﬁﬁggf—xl()‘ﬁ 2300 = Ax2.19x10”
z 2 B 2300 = (?‘-—) x2.519x10"°
15 -
10~ atoms _ 251910%
Since it emits 2300 alpha particles per second, Y2 T 2300
then ‘ Gy, = 7.591x10"s
A=2300s"

7 What mass of radium -227 would have an activity of 1x10°Bq. The half life of

radium-227 is 4iminutes (Na=6X1C ol ™)
3 55x10%atoms will contain

Solution
ns - 227 . n 109
t1/2 = 41iminuies But A= -AN e x3.55x10
1x10° = (ﬂ.?..) N » = 1.34x10™g
~ \a1x60

N = 3.55x10%atoms
But 6x10%atoms contains 2279

s e o | £ F 12
8 A radicactive source has a half lite of 20s and an initial activity of 7x107Bq.
Calculate its activity after 508 have elapsed

A= Aoe—lt

Solution 3
ty = 20, 1= 50s Ao = 7x10” | A= 7x0%




A = 1.24x10%8Bq

9. The half-life of a parhculor radicactive material is 1Ominu1‘es, determine what

| will decay in 30 minufes.

Solution _N - 1

; 8
2 = 10mimn‘es 1= 30minutes No | .
The fraction remaining ==

The fraction that has decayed = 1—;—

fraction of a sample of the materia

using N = Nﬂe
ﬁ_: 6—;3“;30
Ng _7
T8

i0. Find the activity of 1g sample of radius 228Ra whose half -life is 1620years

Solution
2269 of “35Ra contains 6.02x10%atoms

6.02x10%%
1g of 3582 contains -——Z—:;- atoms = 2. 664x10%atams

But A = -AN
A= in2 ,A—mZN
0.593 fay,
2 21
Az k16207305x24x3e‘>00) 2.664x1U
A = 3.61x10'%"

Activity = 3 6x168g
11 A small volume of a solution which contains a radioactive isotope of sedium had an
activity of 12000 disintegration per minute when it was injected info @ blood
stream of a patient. After 30 hours, the activity of 1 Ocm? of the blood was found
+o be 0.50 disintegration per minute. If the half life of the sodium isofope is

taken as 15 hours, estimate the volume of bloed in a patient

Solution

At += 0, activity Ag= 12000min-'

T= 15 (half fife) A= 5000min’

T= 30 " A = 3000min’
Total activity in the blood strear = 3000min’

Llood in the blaod stream
Total volure of blood = ———=—=—=~=" s p—

activity in 1cm?
3000
© 05
= 6000cm?

. Therefore volume of biood in a patient = = Blitras




Calculation on ionization chamber

1 If 32eV is required to produce an ion-pair 1n air, calculate the current produced

when an alpha particle per second from a radium source is stopped inside an

iomzation chamber, the energy of alpha particles from a radium source is 4.8MeV

Solution

32eV produces one ion pair

4 8x10%V will produce = ;1‘2'1‘4.836106
= 1.5x10° ion pairs

i

But I = ne
T = 1.5x10°x1.6x10™"°
I=24x10™MA

2. A radioacttve source emits 2x10° alpha particles per second. The particles
produce a saturated current of 1.1x10°% in an ionization chamber. If the energy
required to produce an icn pair is 32eV. Determine the energy in MeV of an alpha

particle emitted by the source.
Solution
From I= ne
112168
Tex10-0 "
n= 6.875x10' ion pairs
Ore ion pair produces 32eV
6.875x10" ion pairs will produce
6.875x10'x32eV

= 2.2x10%V

icle = totatenergy
Energy of an alpha particle = SR s TR

1.1x10%?
=
= 1.1x107eV
_ 11x107

105

Energy of an a-particle = 1iMeV

MeV

3. A radicactive source produces alpha particles each of energy 60MeV. If 207% of

the alpha particles enter the ionization chamber, a current of 0.24A flows. Find
the activity of the alpha source, if the energy needed to make an ion pair in the

chamber is 32MeV.
Solution
I=hne
0.2x10°°
16x10 9
n = 1.25x10% ion pairs

n

one ion pair requires 32MeV
1.265x10% ion pairs will require
32x125x10%

= 4x10"MeV

= 2 ienergy
Energy of an al o, ctppobenerg)
2 Pha parhcle no of a- porticle

32x1.25x10%2
number of alpha particles
32x125x10%
60

Number of alpha particles =
= 6.667x10" alpha particles

If A is the activity then

. _ 20
Number of particles = — A
6.667x10" = =4

A = 3 33x10%s



Excmples on carbon dating

L Woad from a buried ship was forced ta have a specific activity of 1.2x10%3gkg
due 45 ¢ whereas a comparable living woed has a specific activity of 2x10°Bgkg '

What is the age of the ship? {half life of e 2 5 7x10%ears]

Solution ’
A, = 2x10°BqKg*, 18 - e-f;/:jt

A= 1.2x10°8gKg" . Ez e
il S =T
1.2x10% = 2x10% ‘1/7 t = 4.2x103years

2. Archeological wood was found to have an activity of 20 units due to **C. Recent
woced gave an activity of 47 8units, estimate the age of the wood
[half life of **¢C = 5600years]

t = 7 4x10%ears

Solution
As= 478, A= 20 1 P ..
Using 47.8 (5600}
Az Age™ \

|

50 = 47 e~ St

3. A rock containing®3§U. Decays to produce a stable isotope of 233Pb. Estimate the
age of the rock if the ratio of 235Pb. to “25U. Ts 0.6 "
[half life of 255U = 4.5x109years]
Solution

et N, = number of uranium atoms e Ny, 3 —tin2

Ny, + Npw’  45x10°

present at time t
Mo, = number of lead atoms present ot N, + N,
time t n(— J

(N, + Npg) = number of uranium atoms

!
{
JoeT
Nu 4.9x

Ny I

In<1 oY=y

E
Npnt *5x10°

presznt initially
' " m
in{1 +0.6) = -2

From Mz Nee" 43%10°
1m2 tz 3 1x10%ears
IGU =4 (N" 4 ?\J‘pb) £ seiost )4 2
5 ~in2? a
I zeviciod” |
Ny+Npy i

USES RABIOACTIVITY
2+ Treatment of deep-lying tumors
< Measuremert of thickness of metal sheet during manufacture

239




2 Used to determine the exact position of underground pipes and allows leaks to be
detected

& Radioactive phosphorous is used to asses the different abilities of plants to take up
-phosphorous from different 1ypes of phosphate fertilizer

& Used in radioactive dating

Health hazard
The cells of the body may under go dangerous physical and chemical changes as a result of
exposure to the radiation causing;

% Mutation (genetic changes)

& Cancer cells

Precautions
% Lead aprons should be worn when dealing with radiations
+ Avoid unnecessary exposure to the radiations
# Delicate parts should not be exposed to the radiations

EXERCISE12 ,
1. Acertain a —particle the frack ina cloud chamber has length of 37mm. Given
that the average energy required to produce an ion pair in air is 5.2x10"8J and
that a — particles in air produce on average 5x10° such airs per mm of track. Find
the initial energy of the a — particle . Express your answer in MeV [e=16x107°C]

An(6.0MeV)

2. A radioactive source has a half-life of 20days. Calculate the activity of the

source after 70days have elapsed if it's initial activity is 10'°8q An(8.8x10°Bg)

3. The radicactive isotope 235P, has a half life of 3minutes, emitting a — particles

according to the equation; 8
‘ 48P0 —» a+ 1Pb

(i) What are the values of xand y
(ii) If N atoms of 32P, emita — particles at a rate of 5.12x10s”, what will

be the rate of emission after 1/, hour. An(50s™)

4. Anisotope of the element radon hasa half life of 4days. A sample of radon
originally containg 10'° atoms.[Take 1day fo be 86x103s]
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Calculate;
(i) The number of radon atoms remaining after 16days
(ii) The radicactive decay constant for radon

(iii) The rate of decay of the radon sample after 16days

An(6.3x10%atoms, 2x10°%s!, 1.3x10°Bq)

5 The half life of 32Pis 2.5 minufes. Caleulate the mass of 3P which has an activity
of 10°Bq. (N = 6.0x10°mol"]
An{11pg]

6 The activity of a particular radioactive nuclide falls from 1x10"Bq to 2x10°Bq in
10 hours, calculate the half life of the nuclide [An
4 3hours] .

7 Caleulate the activity of 249 of §8Cu. [half life of $4Cu = 13hours,
Ny = 6.0x10%mol™] An
[2.8x10'Bq]

8. The radicactive isatope of iodine 131 has a half life of 8 days and is used asa
tracer in medicine, calculate;
(a) The number of atoms of 131] \which must be present in the patient when she
istested to give a disintegration rate of 6x10%s*
(b} The number of atoms of 1317 which must have been present ina dose
prepared 24 hours before. [An 6.0x10",
6.5x10"]

9. The activity of a mass of 140 is 5x10°Bq and the half life is 5570 years, Estimate
the number of *4C nuclet present In2 = 0.69] Tan 1.27x10°%

10. (¢) What is meant by the decay constant Aand the half life Ty, for a radioactive

isotope?. .
Show from first principles that ATy, = 0.6%

(b) At a certain titne, Two radicactive sources R and S contain the same number of

radioactive nuclei. The half life is Zhours for R and 1 hour for S, calculate
(i) The ratio of the rate of decay of R to that of S at this time
(i) The ratio of the rate of decay of R 1o that of S after 2 hours
(iii) The proportion of the radioactive nuclei in S which have decayed in 2 hours
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An [1:2, 1:1, 75%]

11. (a) The various isotopes of an element X gre distinguished by using the notation

4X. Explain the meaning of A, Z and of the term isotope
(b) Radioactive sources which might be used in schools are
B, and y-rays and sy whick emits p-rays only

(i) List three safety precautions which need to be taken into account
when using such sources.

226Ra which emits q,

(i) The half-life of the "5r is 28 years when its activity falls to 25% of

} its original value, it should be replaced. After how many vears should
" it be replaced? An
[96 years]

(c) (i) When 228Ra emits an a-particle, it decays to Radon (Rn). Write down a
balanced equation for this change .
(it} Radioactive isotopes have many applications merely by virtue of being
isotopes, describe and explain one such application

12. (@) In 420 days, the activity of a sample of poloniym Po, fell fo one - eighth of its
initial value. Caleulate the half life of polonium .
(¢) Give the numerical values of a, b, ¢, d, d, e, f, in the nuclear equation
sPo = Sa + 206pp 4 F% :

An[140days, g = 210, b =
84,c:4,d=2¢e=0,f:0]

13. A steel piston ring of mass 169 was irradiated with reutrons untii its activity due
to the formation of an isotope of iron was 10micre curie. Ten days later after the
irradiation, the ring was instalied in an engine and after 80 days of continuous
use, the crankcase oil was found to have a total activity of 1.65xi03
disintegrations per second. Determine the average mass of iron worn off the ring
per day, assuming that all the metal removed from the ring accumulated in the oil

- and that one curie is equivalent 15 3. 7x10'° disintegration per second.
Thalf life of the isotope of iron = 45days] An[4.Omg
per day]

14. A tube containing an isotope of radon, 22Rn is to be implanted in patient. The
radon has an initial activity of 1.6x10%8q, a half life of 4 days and it delays by a
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alpha emission. To provide the correct dose, the tube, containing a freshly for 8

days
(a) What are the protons and nucleon number of the daughter nucleus produced

by the daughter of the radon?
(b) Determine;
®  The decay constant for radon in s'
(ii) The initial number of radicactive radon atoms in the fube

An[2.0x10%s™, 8.0x10%1
15. At the start of an experiment a mixture of radioactive materials contain 2019 of
a radio isotope A, which has a half-life of 705 and 404 of radio isotopes p hasa
half life of 35s
(i) After what period of fime will the mixture contain equal masses of each
isotope. What is the mass of each isotope at this time?
(ii) Caleulate the rate at which the atoms of isotope A are delaying when the
masses are the same [molar mass of isotope A = 234g, Na = 6x10%mol”

An[70s, 10pg , 2.5x10%s™]

16. The isotope of bismuth of mass number 200 has a half life of 5.4x10%s. It emits
alpha particles with an energy of 8.2x107°J.
(a) State the meaning of the term half life
(b) Calculate for this isotope;
(i} Decay constant
(ii) The initial activity of 1x107° mole of the isotope
(iii) the initial power output of this quantity of the isotope
INa = 6x10%mol™]
[Hint, power = activity x Energy] [An 1.3x107%7,

7.7x10%3s, 63W]

17. The radioactive isotope $°¢o decays to ®°Ni which spontaneously decays to give
two gamma-ray photons, the half life of *°Co is 5.27years.
(i)  find the activity of 20g of °Co
(i)  estimate the power obtainable from 20g of *°Co

BB o il 60700 " pa—— . - =
{Mass of %°Co= 59.93381U, mass of ONi = 59.23079U] [An 8.35x10"s?, 3.76x10%7s7Y
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UNE® ?:)13 (3)1 What is a decay constant

(Olmcu*k) . N
(i) A sample from fresh wood of a certain species of tree has an activity of
16.0 counts per minute per grem. However, the activity of 5g of dead wood of
the same species of tree is 10.0 counts per minute. Calculate the age of the
dead wood (Assume half-life of 5730years) An(1.72x10%*years) (04
marks) ‘

UNEB 2012 Q%

a)(i) What is meant by the terms radioactive decay, half life and decay constant.
A _ L 0693

(ii)shmow that the half life 1), of a radio isotope is giver by t1/ = -*}*

Where A is the decay constant [assume the decay law N = Nye '] [03 marks]

(b) With the aid of a labeled diagram, describe the structure and action of a cloud
chamber

(05 marks)
(c). A radioactive isotope $3X decays by emission of a gamma ray. The half life of the
isotope is 360 minutes. What is the activity of Img of the isotope (06 marks)
[An

1.95x10"*Bq}

d. Explain the term avalanche as applied +o an ionization chamber (03 marks)

UNEB 2011 Q10

a)What is meant by unified atomic mass unit (1 mark)

(2 marks)
ii) State the condition necessary for each of the nuclear reactions in b(i) to occur

c)(i) With the aid of a labeled diagram, describe the operation of an ionization chamber

- b)(i) Distinguish between nuclear fission and nuclear fusion

(6 marks)
i)Sketch the curve of ionization current against applied p.d and explain its mair features
(A mmpmmbsa)
U MGrRS)

- d)A typical nuclear reaction is given by 23U + In -  BMo + lzjﬁ'a +2in+7 0%

Calculate the total energy released by ig gf uranium

mass of jn=1.00%U of _% = 0.00055U
B3Mo = 945060 of *2La = 138.906
35U = 2350440 iU = 1662107 kg

Ans [8.387x1019]]
UNEB 2010 Q 10

a)()) What is meant by mass defect? (1 mark)
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(ii) Sketch a graph showing how binding energy per nucleon varies with mass number and
explain its main features (3 marks)

iii)Find the binding energy per nucleon of 3¢Fe given that mass of lproton = 1.00%825U
Mass of Ineutron=1.008665U, [1U = 931MeV] [Ans 7.7Mev] e
b)With the aid of a diagram, explain how an ionization chamb;r works (6 marks) |

UNEB 2008 Q9 _

a)(i) Define the term binding energy : : (1 marR)

(ii) Sketch a graph showing the variation of binding energy per nucleon with mass number
(2 marks) BT -

(iii) Use the sketch graph you have drawn in a(ii) to explain how energy is released during

fission and fusion ‘ (3 marks) e .

b)Explai “,WW high temperature is required during fusion of nuclides - (1 mark)

¢)The isotope 35U emits an clpha particle and forms an isotope of thorium (Th) while the
isotope 233U when bombarded by a neutron, forms H4pa, 9Ky ‘and newtrons - ‘

92
i} Write the nuclear equations for the reactions of 233U and 203 (2 marks)
ii) How does the reaction of 235y differ from that of 238y . .. (3marks)

d)A steel pistonring contains 15g of radioactive iron, 53Fe. The acfiyify of 3¢Fe. Is 3.7x10°
disintegrations per second. After 100 days of confinuous use, the crank case oil was found
1o have a total activity of 1.23x10° disintegration per second. Find the; . L
i)Half life of 3¢Fe : © (5 marks)

i)Average mass of iron worn off the ring per day, assuming that all the metdl removed
from the ring accumulates in the oil. An[3.13x10"s, 4.9x107%g] Ly U

UNEB 2007 QF

¢)Explain the purpose of each of the following inda Geiger muller Tube

i) A thinmica window
ii) Argon gas af low pressure
iit)Haiogen gas mixed with argon gas

iv)An anode in the form of awire (4 marks)
d)(i) What is meant by binding energy per nucleon of a nucleus (1 mark)
leon against mass number for naturally

ii)Sketch o graph of binding energy’per nuc

occurring nuclides (1 mark)
iii)State one similarity between nuclear fusion and nuclear fission (1 mark)

e)(i) Ata certain time, an a-particle detector registers account rate of 325", Exactly 10

days later the count rafe dropped to 85 Find the decay constant. (4 marks)

[Ans O. 139 per dayl
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ii)state two industrial uses and two health hazards of radioactivity (2 marks)

UNEB 2006Q10

a)i) What 1s meant by half life of a radicactive material

(1 mark)
i) Given the radicactive law N; = Noe ™', obtain the relation between A and half fife Tisz

il) What are radio isotopes

(1 mark)
iv) The radio isotope 3357 decays by emission of p-particles. The half fife of the radio

isotope is 28.8years, determire the activity of 1g of the isotope (5 marks)
Anl5.1x10'%s7Y)

¢) i) With aid of a diagram, describe the structure and action of a Geiger Muller tube.
o (06 marks)

i) Sketch the count rafe -voltage characteristic of the Geiger muller tube and explain it's
main features

(3mk)

(i) I identify, giving reasons, the suitable range in (b)(ii) of operation of the
tube(2mk)

UNEB 2005 Q10
a)Define Binding energy of nuclide {1mk)

b)i) Sketch a graph showing how binding energy per nucleon varies with mass number (1mk)
(ii) Describe the main features of the araph in (b)(i) (3 marks)

c)Distinguish between nuclear fission and nuclear fusion: and account for the erergy
released.

(3 marks)
(1) With the aid of q lgbeled diagram, the working of the Geiger-Muller tube(5 marks)

{i) How would you use a Geiger-Muller tube to determine the half life of a radioactive
sample

{4 marks)

UNER 2004 Q10
b)Describe with the aid of a lebeled diagram the structure and action of diffusion cloud

chamber

{6 marks)
c)i) Define the terms radio activity and hdif life of radicactive substance (2 marks)

(11) A radioactive isotope of strontium of mass 519 has half-life of 28 years, find the mass
of the isotope left after 1l4years. Anf[3.54uq]

UNEB 2002 Q10
a)What is meant by the following terms
)Nuclear number

)Binding energy (2mk)
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b)Calculate the energy released during the decay of *32Rn nucleus into *1¢Pu and an alpha-

particle

Mass of *32Ra = 219.964176U ‘

Mass of 235Po = 215.955794V

Mass of *iPo = 4.001566U

(1U = 931MeV) Ans

{6.35MeV]

UNEB 2002 Q10
a)What is meant by

i)Half life of c radicactive eilement (1mik)
i)Nuclear fission’ (1mk)
iii)Nuclzar fusion : (1mk) 4

b)An atem of ***Ra emits an alpha-particle of energy 5.3MeV. Given that the half life of
*22Ra is 3.8 days, use the decay law to calculate the

i)Decay constant (3mk)

ii}Amount of energy released by 3.0x10%kq of “**Ra affer 3.8 days(5mk)

Ani2.11x107°57,2_16x10"°MeV]

UNEB 2001 Q9
a)What is meant by the following

1)An alpha particle {1mk)

ii)Radioactivity (1mk)

c)Describe the structure and actions of a cloud chamber (6
marks)

d)State four uses of radioactive isatopes {2 marks)
UNEB 2000 Q9

a)i) Define the term half life and decay constant as applied to radio activity (2 marks)
(i) State the relationship betweenhalf fife and delay constant {1 mark)
b)The radio isotope 8¢o decays by emission of q B-particles and y-rays. Tts hq]f-nf; is
5 3years

i)Find the activity of a source containing 0.1g of 0,

ii)In what ways do y-rays differ from B-particles? [Ans 4. 15x10'2
¢)i) What is meant by mass defect in nuclear physics

ii)Calculate the mass defect of 3iFe Given the following information
- 58.93488u )

s
(1 mark)

Mass of S2+e nucleus

L
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