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CHAPTER 11
A ?\. v HEAT

Up to the beginning of the nineteenth century.Heat considered a weightless and
invisible fluid called caloric which existed in every material body. Hot bodies were said to contain

- more caloric than the cold bodies. The caloric theory could explain satisfactorily much process
such as heat conduction and mixing of substance in a calorimeter. This concept of heat fluid was
refused by count Rumford.
efi mt:on of Heat:

- © Heatis the form of energy that is transferred from a hot body to a cold body

becauée dfdlfference in temperature between them. it is not the property of the body.
ternal ener;

" The intern sum of all microscopic kinetic and potential energies of the
molecules in thﬂ:ﬁl“
‘ULof heat and relation between them: '
4 Joule ( units of heat.
I Calori FuRe old unit of heat.
H1) British ther (B.T.U); it is the unit
s
= m & B.T.U=1055

The quanti inati degree ¢

(OR)
Temperature depends upon the average translationa
It is property that determines the direction of he
temperature to lower temperature. It is denoted by “T” and its S.I unit is “Kelvin”
_hermal Equilibrium:
When two bodies at different temperatures are brought in thermal contact with each

othér, the heat starts flowing from the hot body to the cold body till the temperature of both the

bod/'es becomes same, then they are said to be in Thermal Equilibrium.

Temperature is measured on three different scales;
1. Celsius(or Centigrade) Scale:

On centigrade scale the lower fixed point ( melting point of ice ) is taken as ‘O °C’, where
as the upper fixed point ( boiling point of water) is taken as ‘100 °C’, and the space between the
two points is divided into hundred equal parts, each part measures a temperature of ‘1 °C’,.
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\/a{trgnhelt Scale

F ‘On Fahrenheit scale the lower fixed point (melting point of ice) is taken as ‘32 °F whereas
the upper fixed point (boiling point of water) is taken as ‘212 °F. The space between the two
points is divided into 180 equal parts; each part measures a temperature of ‘1°F. Each division

centigrade scale is equal to “9/5” divisions on Fahrenhelt scale.
3 Kelvm or Absolute Scale:

= : OnKelvin scale the lower fixed point ( melting point of ice) is taken as ‘273K’, whereas the

upper fixed point ( boiling point of water) is taken as ‘373 K’. The Space between the two

points is divided into.100 equal parts, each parts measures a temperature of ‘1 K’.

Hence each division on centigrade scale in numerically equal to each division on the Kelvin

‘scales.
ersion Of Scales Of Temperature:
1. T, =18T. +32

- -2 OIN

3. Th=l,+273

Relation amon s Of Temperature:

SR °’C-0 _
100

8(
Thermo '
Prop changes unijfor

named thermometric property. For

. Thermometer:
/ It is a device used to measure the temperat
the thermometric properties.

Thermal Expansion:

7 Most of the bodies expand on heating. This expansion in size of a body on heating is calied
thermal expansion. Solids show increase in length, area or in volume whereas liquids and

gases expand in volume.

Reason for Thermal Expansion:
) When a body is heated the energy gained by the molecules increases their kinetic energy

due to which they vibrate more energetically and with greater amplitude, as a result of which
A@Q&hei pverall size increases or in other words thermal expansion take place.
/ ifear Expansion:
Expansion in length of solids on heating is called linear expansion.
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Mathematical Expression for Linear Expansion:

" Consider a rod of length “L,” of uniform area of cross-section. It is heated through a
certain temperature AT so that its new length becomes L’. It has been observed
experimentally that the increase in length AL of the rod is directly proportional to the initial
length Lo and to the rise in temperature AT .

i, L A (@)
ALl ——————— (i) V
By combmmg (i) and (ii) ' TO kl e ;I‘ALI
AL <L, AT ‘ lé——Lg——>|6>|
AL=al AT . ~ AT el

Where “a” is the constant of proportionality, it is known as “Coefficient of linear expansion”.

The above eq dnl N be written as:
o =——————
Coefficient of li ion may be defined as
‘ "The increase i per unit original lengt
[
‘I
“The fra r degree change rrﬁbt
Value OM :ﬂ I of the rod.
“o” r&!elsms (°CY) orlp
AL=L"-
Where L/ is the TIRATTEREth of the roE

But L-L,=

L' = L,(1+ aAT)

The above formula gives us final length L’ of the rod in the terms of its initial length Lo,
Coefficient of linear expansion “a” and the rise in temperature AT

“ II

» Cubical Expansion or Volume Expansion:

Expansion in volume of sohd liquid or gas on heatmg is called Cubical Expansion or
Volume Expansion. i '_
i
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F

Mathematical Expression of Cubical Expansion or Volume Expansion:

i

Consider a body of volume “V,” whose temperature is change through “AT” .
Experimentally it has been observed that the change in volume “AV” is directly proportional
to its initial volume “V,” and to the rise in temperature” AT ”

ig, AV & Y, ——sac (i)
AVoc AT ————— (i)
By combining (i) and (ii)
AV & V AT
AV = BV xAT

Where “ " is the constant of proportionality, known as “Coefficient of volume expansion”.

AV
Hence, ‘ =
Hence coefficien expansion may be de
' ”The increase in her unit original volume
: L
o
'Whe FracMmﬁﬁ L'W'{'r degree change
Value of” terial of the body. Th i d
omper degree Kelvin (K1) |
- . m— . h
Since AV -V, = g

Where V' is the final volume of the body.

[B]

AV = BV,AT
But V-V, = BV, AT
V'=V, + BV,AT

V' =v,(1+ gAan)|

The above formula gives us final volume V’ of the body in the terms of its initial volume Vo, its
coefficient of volume expansion “ #” and the rise in temperature“ AT ”.
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Relation between coefficient of linear and volumetric expansion
B=3a

Consider a rectangular box of initial length ‘15’, height ‘h,” and width ‘w’ at temperature “T1".
The volume ‘V,’ of the box will be.
FIG, Seeinclassleecture

" After heating the box it expends and its dimensions:becomes I',h’ and w’at temperature (T2).
The final volume of the box will be.

Accordmg to the definition of linear expansion, Final IengtH will be:
I'=1,(1+ aAT)

w = w,(1+ aAT)
Andh' = h ;

Where "a"the coefficient of linear expansion is put t

Funu) =>V' =Ilwh

Similarly,

Usin'g formmn BE r'bB
Because a aremand higher po
' V' =V,
+
U

sing equation:

B = coefficient of volume expansion.

Comparing above two equations:
V,(1+ BAT) = V,[1 + 3aAT]
1+ BAT =1 + 3aAT

p =3a

metallic Strip or Thermostat:

Definition:
A bimetallic strip is a device used to maintain a steady temperature. Bimetallic strips are

used in many devices, for example, thermostats, thermometers and fire alarms etc.
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-
e ————————
e e R -3

Principle;
Bimetallic strip is a piece of two different metals (or alloys) Length-wise firmly attached

together. Since thermal expansion of different materials is different, some expand more than the 2
others, therefore when a bimetallic strip is heated, it bends. The metal which has higher co-
efficient of expansion expands more and is on the outer side of the curve whereas the metal

which expands less is on the inner side of the curved strip.
Working:

" Inan electrical heatmg circuit, the bimetallic strip works as an electric contact breaker.

When temperature rises; the bimetallic strip bends and the contact is broken. The current stops
to flow. When the temperature falls, the strip contracts and the contact is restored. Hence
heatmg starts again. In this way, a desired temperature is maintained.

Gas Laws:

Boyle’s law”
Statement: d l u
For a given nd at constant temperg

the pressure

Mathematical ExpreFﬂR
If “v” denotes the valu " pressure
Then - =
M JA S(constan t)—-;;

temperature,

e Real gasses obey Boyle’s law at low pressure a
e Real gasses deviate from Boyle’s law at high pressure and low temperature.
Graphical Repetition: FIG See in class lecture
Graph between pressure and volume of a Gas at constant temperature is a hyperbolic
curve.Graph between “P” and 1/V of gas atConstant temperature is a straight lineRelation
between pressure, volume and mass of a gas constant temperature is;

AV, _ RV,
m, m,
Where; m;= initial mass of the gas
m2= final mass of the gas ~ =
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Charle’s law:
Statement:
For a given mass and at constant pressure, the volume of a gas is directly proportional to

the absolute temperature.
Mathematically: , :
- If”V” and “T” denote the volume and absolute temperature of a gas respectively then;
‘ VT '
V = (Constant) T

-Y = Constant
T

Graphical Repetition Of Charle’s Law:
" Graph between temperature and volume of a gas at Constant pressure is a straight line. At

very low temperaturemall get liquefied, hence Charles’ law not obeyed anymore and the
graph deviates frJ ﬂ{u
However, ¥ the“strai line is extrapolatedibs h i

line meets the axi perature at -273°C and th
be possible if the ed to -273°C without|cha
possible. This temper alled absolute zero.
gas Poetically becomes zero.{ -273°C = OK). Absoluts
which the eaul any substanc
General G s i of gas laws

Suppose for a given mass of a
=P, Temperature = T; and v

Now s
Parameters are:
Pressure =P, temperature =T1 and volume = Vx
Applying Boyle’s law we get;

RV, =RV,
PV,
Vy —_IPZ—] _____ (@)

Now keep the pressure constant and change the temperature such that the final parameters
become; ‘

Pressure=P,, temperature =T, and volume =V,

Applying charle’s law we get;
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Ve Vs
g T
V i
Vg R ii
. (i)
Comparing eq (i) and (ii) we get;
-‘ PV, 7T,
PZ TZ
LT (iii)
T, T, A
PV

JOIN

For different gases, value of the constant R ndepends UpoOr

For 1 mole of the nga:ﬂant has the same valtielfor 3
L
Thus for on o i
““WMOREN! -
—_—= [} _
EEE - d .
"] . h

ll »

moles;
(SN n (
T

v PV =nR
This is general gas equation “R” is moral gas constan
R=8.314 J/mol.

Kinetic Molecular Theory of Gases:
The properties of gas are described by a set of fundamental assumptions which are given as:

1. A gas consists of particles called molecules. Depending on the gas each molecule will consist
of an atom or group of atom. All the molecules of a gas in a stable state are considered

, identical.

2. Any finite volume of a gas consists of very large number of these molecules. This assumption
is justified by experiments. At standard conditions there are 3x10%> molecules in a cubic
meter.

3. The molecules are separated by large distance as compare to their own dimensions. The
diameter of a molecule considered as a sphere, is about 3x10"°m.
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| o
Molecules move in all directions and with various speeds and making elastic collisions with
one another and with the walls of a container can be considered perfectly smooth.

6. .

_'(& *ﬂb‘;' el Son o

+ the molecules have with the walls of the container. ' Figute 1

Length of eachsi ainer = |
Total number R

Molecules exert no forces on one another except during collisions. There for in between
collisions with other molecules or with the walls of the container and in the absence of the
external forces, they move freely in straight lines.

Newtoman,mechamcs is applicable to the motion of molecules.

Erpretation of the Pressure of Gas on the Basis of Kinetic Molecular Theory of Gases:
Pressure of the gases is due to those collisions which

Let us consider a container of cubical shape and calculate =
pressure of the gas on one of its walls which on the left

\
\

side of the con
Suppose,
Mass of each molecule of the gas =m

Velocnty of one of the molecules striking the wal

s HEN
Initial momentum along x-axis = m(-vy) = -mvy
entum after collision with the Vx
Chang -(-myf) =2mvy

along x-axis is 2! hence;

Now, the rate of change of momentum is,
AP 2mv,

Aty

v,

2
my,

Or the force exerted by one molecule =

Total force exerted by all the molecules is;
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Multiplying and dividing by “N”

or

“Hence, pressure on the wall is

Pp\

vI = Mean square of x-components of velocity

Now we may write the magnitude of average vel

R e e .
V= B B e

And according to KMT gas particles move at random therefore,

T
Ve B Y, =N

.Thereforeeq (ii) becomes:

cvi= f+v+v2
B AeD
vi=3v;
s
vi= =

3

Putting value of v‘ in eq (i):
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roportional to the absolute temperature of the gas .

Proof:
P.réssure of an ideal gas given by;

'

Where;
Y Avefagd&l“f molecules

P= density of the molecule

Mussofithe
F 0 H p ) '
%

Where; m=mass of one molecule
N=total No. of molecules
Re-arranging the equation we get;

Wi W=

But, PV=nRT; (General gas eq)

Therefore;

nRT = % N(K.E,)

Where;
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N=no. of moles of the gas
R= molar gas constant 4
T= absolute temperature

K.E= Average Translational K.E

_ Massof thegas
molecularmass

But;
_#mN N
mN N %

chte that molecular mass is the mass of one mole of the gas or the mass of Avogadro number of

molecules

Put the value of “n” i '
2 pr=2 Af(

N, .

ir=_(1<
N, 3

Where Na= Avogadro’s number = 6.02 x10%® molecules

: "F k = Boltzma
But
v EEN

Therefore;

K.E, =(Const:

Certification of Boyle’s Law And Charles’s Law:

The pressure of an ideal gas is given by; I

L =
P=—pv’

3
Where-
v’ = average square speed of molecules
P= density of the gas
P=Pressure of the gas

~——0 7
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[
_ Massof thegas
Volumeof the gas
— mN _ Massofthe gas
= vV Volumeof the gas
Therefore;:
' p= 1MV 5
3 F
PV = SN
3 p
Multiplying and dividing by 2 on R.H.S
pv="1Nln )
3
3

sut, K-Bu =SkT

Therefore; F 0 H
- EWE
3
Therefore; ' ' !
VS —

Where N —Mnﬂnfﬂ gi& .
’ K = Boltzmann’s constant
For Boyle's Law:

It is clear that for a given mass of a gas at constant t
PV=Constant

This is Boyle’s la

For Charle’s Law:
As proved in eq (i)
E PV=NkT
v _Nk
r P

It is clear that for given mass of a gas at constant pressure;

K = Constant
T

This is Charles’s Law

Root Mean Square Velocity:

It is square root of the average square speed of molecules of a gas.
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Z

ey, =4l Vv

rms

Relation between Root Mean Square Speed and Absolute Temperature Of a Gas:

Vs =
n_lu&fﬁi
_Botltzmann’s Constant (K):

itist ue of gas constant per mol

Heat CapacityiC):

Amount of heat required to raise the temperature of a body to unit degree is called “Heat

Relation BetweeJ

;3kT
m
as:

P= —pV?
3

A Q=Amount of heat absorbed by the body.

AT=Change (increase) in temperature

AQ < AT
AQ = CAT

Where, C is the constant of proportionality. It is known as”Heat Capacity”.

c-42
AT

Unit: it unit is JK? or j°C?
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v’\

A ‘RNK/

= 3
. %ciﬁc‘ Heat Capacity:
Amount of heat required to raise the temperature of a unit mass of a substance through

unit degree of temperature (1°C oriK), is called ”SpeC|f|c Heat”.
Formula:

A Q= Amount of heat absorbed by the body.

AT= Change (increase) in temperature.

‘M= Mass of substance

Then
A AT —— s s )
AQocm———————~— (ii)
Combiningeq (i) and (ii)
AQocm AT
AQ=cmAT

Where, “C” is the constan roportlonallty It is known as “Specific” heat Capacity” of a body.

Unit: its unit is JKg*K=! Or JKg1°C?
Molar Specific He

Amount of heat requir se the temperature of o
(or 1°C) of temperature, is called molar specific hea

Formula:
A'Q=Amou l/ body.
AT=Chan

n= number of moles of a substance

Thw“—

AQ o« nAT
AQ=C nAT
Where, “C” is the constant of Proportionality. It is know
substance.
o
nAT

Unit: its unit is ] mole 1K* Or Jmol1 °C?
Types of Molar Specific Heat Of Gases:
The moiar specific heat of a gas depends whether or not the gas allowed to expand

They are: .
i. Molar specific heat at constant pressure; (Ce).

i1

ii. Molar specific heat at constant pressure; (Cv)
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Relation Between Specific Heat (c) and Molar Specific Heat (C ).

Using definition
c= . S (i1)
. nAT

And
Where, n=no of moles
: - massin gass

m
M  Molecularmass

AQ

_MAQ

C=
mAT
&= AQ
Using eq (i)
. -

Molar sp
From above equatlon, olar pecn ic heat is defineo

_spPeeific heat capacity of a substanc molal s

of:

n=

So, eq (ii) - C=

?

Ly -]

Consider two isotherms (A graph between
isotherm) at temperatures “T1” and “T>” (T2>Ty) si
it changes when there isa change in temperature. Hence €
internal energy. If the gas is heated from T1 to T2 along path “a c¢” it’svolume will remain
constant, similarly if the same gas is heated along path “a b” from temperature Tito T2, it’s
pressure remains constant. Since change in internal energy is independent of path. Therefore,
change in internal energy of gas will be equal whatever path is followed between these two
ssotherms. We know that at constant volume (Isochoric process) no work is done therefore,

AW =0 ' [FIG See in class lecture]

Applying first law of thermudynamics we get
AQ, =AW + AU
AQ, =AU (sinceAW =0)
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Hence, heat is supplied at constant volume it is totally used to change the internal energy AU of
the system if “n” is the number of moles of the gas and Cv represents it’s molar specific heat at
constant volume then the amount of heat supplied to the system at constant volume is given by:

AQ, =nC,AT
butAQ, = AU
" AU=nC AT ————m e —— @)

When a gas} is heated under constant pressure (isobaric process) along path “a b”, there will be
some work done by the system. Work done by the system at constant pressure is given by:

Wheré,.v is the change in volume of the gas. In case heat supplied is partially used to raise the
temperature (or internal energy and partially to do work. Heat is supplied at constant pressure is
given by as.

l AQ, =nC AT === ===~ (iii)

According to firs ynamics

The change in inte n both cases will be’ 8q

from the tempera erefore, from equation
o =CA ﬂ

inal state (after he

The change in state of the gas is given by

PV, -
PV, -V J=nRT, =1,
or PAV = nRAT

Substituting this expression in equation (iv) we get.

4 nC,AT = nRAT +nC,AT
' nC,AT —nC,AT = nRAT

(C,-C)= 7

C,-C, =R - ;

The above relation shows that Cp>C and the difference between the two molar specific heatsof a

ooy
ea ey

.

gas is equal to universal gas constant R.
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Molalr Heat Capacities For a Mono-Atomic Gas:
C,=3/2R,C,=5/2Rand C, 5/3Cv

Proof: A
For this, consider “n” moles of a mono-atomic gas at constant volume. The amount of heat
supplied to the system is completely used to increase the internal energy of the gasi.e. to
increase the translational K.E of “nNA” number of molecules.

Mathematically;
‘ AQ. =AU

AQ, = N(AK.E ;)

AQ, =nN,(AK.E ;)

nC,AT =nN ,(3/ 2KAT)

J“IN ,—3/2(N K)

Substituting=8.313J/mol.k

Cv=

~ FOR -
Similarly,

Accotding Mrnlnrir' io and Cv” of ide

mEE Cp-Cv

Substituting R= 8.3 13 J/mol.k
C=5(8.313)/2
C=20.78 J/mole.k

Eql = C=3/2R
2/3C=R -—-ormm- (i)
Egi => C,=5/2R
' 2/5C =Rmmmmmmmmmm- (iV)

Comparing eq {iii) and {iv)

2/3Cv =2/5C,
iCo =5/3C35l Proved
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Thermodynamics:

"“The branch of physics deals with the temperature dependent properties of matter and
change of states is called thermodynamics”. The study of thermodynamics also gives an idea
about the transformation of heat energy and mechanical energy.

Law of Thermodynamics:

The basic principles and techniques concern with the transformation of heat energy into
mechanical energy or vice versa, are known as “Laws of thermodynamics”.
Thermodynamic Equilibrium:

f the thermodynamic co-ordinates (pressure, volume, temperature, internal energy and
entropy etc) of a syster doesnot change even for an infinite interval of time, the system is said to

(be in thermodynamic equilibrium.

First Law of Thermodynamics:
_ This law is based on the experimental research done by the “ROWLAND” and “MAYER” in
1842 and “JOULE” and “HELMHOLTZ” in 1847. This law basically explains the conservation of

energy in respe ion of heat energy and mechanical energy.
This is Law StateJuSIu

“When heat is mechanical energ i

remains constant”.

Explanation:
~ Suppose that t nt of heat "AQ"is adde

"AW™acc dynamics, the ch
thermody “as - -
EEE AQ =/

uation is commoniy called eq irst |2

interna S m is equal to the sup
Note: "AQ"is positive when heat enters the syste
"AW™ is positive when work is done by the system/a
Application of First Law of Thermodynamics:

Isobaric Process:
“A thermodynamic system, in which pressure is kept constant during the processing, is

A

called an Isobaric Process”.
Technique of the Process:
To achieve an isobaric process, a gas enclosed in a vessel having a movable plston at

upper end.
Explanation of the Process:
Consider a gas as working substance and enclosed within a vessel at volume “Vi” and

temperature “Ty”. |.1._
Let the Pressure on the piston of vessel is kept constant. When "AQ"amount of heat is supplied—> "':

ik
o

L [0

.

to the system, some part of it used in increasing the K.E of molecules and rest of heat is utilized in
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doing work. Thus with supply of heat, the gas will expand and its final parameters becomes “V,”
and “T," respectively.
During an isobaric process the gas will perform some useful work against the constant

Pressure
The magnitude of such a work is given by. [FIG See in Class Lecture|
AW = Fxd
AW = PAxd
AW = P(Ad)
AW = PAV
AW = P(V, - V,)

Application of first law of thermodynamics:

By the equa s of thermodynamics,
AQ =AU + AW

, AW =PV, -V,
Putting -

AQ = AU + P(
~ This expression e modified from of fits

“|sobaric process”.

P-V-Diagra '
The isobasiggprocess will de

Isochoric Process;

isochoric process
Technique of the process:

this we increase the external pressure on the piston
Explanation of the process:

Consider a gas as working substance and enclosed in a vessel in a pressure “P;” and temperature
“p

Let the volume of the gas is kept constant. When "AQ"heat is supplied to the system, it is

directly used in increasing the molecular kinetic energy of the gas and thus the molecular impact
with the surface of piston increases. To balance the increasing intermolecular forces we increase
the external pressure up to the limit so that volume of the gas remains constant. After this
process, the final parameters of the gas will become, “P,”and “T,”.

|FIG See in class lecture| -
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‘During an isochoric process, the displacement of the piston against the external pressure
remains zéro and thus no work is supposed to be done by gas against the external pressure i.e.
| AW =0
Application of first law of thermodynamics:
From the equation of first law f thermodynamics,

AQ =AU + AW
' AW =0
Putting )
" AQ =AU

i.e. in‘an isochoric procéss, whole supplied heat is utilized in increasing the internal energy of the
working substance.
P-V-Diagram of an isochoric Process:

" The P-V-Diagram of an isochoric process will describe a vertical straight line.

throughout the process, i

Technique of the ﬁhﬂ

© . To perfor

initial tem ﬂ HE1 ' '
ExglanatiolHI EEE

Consider a gas as working su

[FIG ,See in class lecture|

Condition of Process;
During an isothermal process, the initial and final internal energy of the gas equals the
other and thus, the change of internal energy of the system will remain zero.
. ie. AU =0
Application of first law of thermodynamics:
From the equation of first law of thermodynamics,

AQ = AU + AW
Putting AU =0
' AQ =AW
Page 23 of 198
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[NECR i NCR-CET College
Phvsic XII - Banklat 201814

The amount of heat entered into the system will be equal
auring isothermal expansion.
P-V-Diagram:

The P-V- -Diagram of an isothermal process will describe a curve, called isotherm curve.
This curve follows the statements of Boyle’s law. Hence, the equation of Boyle’s law, PV=constant
Holds true in case of an isothermal process.
Adiabatic Process:

*“A thermodynamic process, in which no heat will enter or reject out of the system, is

calied an adiabatic process’.
Technique of thgpmcess

To perform an adiabatic process, the working substance is filled into a vessel of insulated
walls and conductmg base. For processing this vessel is placed on a heat insulator.

Exglanatlon

Consider a gas as a working substance in a vessel of insulated walls and a conducting base.

For
Achieved an adia alu vessel is placed o

of the gas are P1 V; and

When the p issdecreased to "Pz" the ga
V5" while this adiatrg % :
To% .

Condition of the Process:
- Asno
system will r Z€50 i

tion of the Process:

Fromt tion of first law of ics,
AQ FAU + AU
AQ =0
0=AU + AW

AW = AU
OR
— AW = AU

This expresses the first law of thermodynamics in case of an adiabatic process. This shows
that the work done by the gas is equal to its own loss of internal energy. And work done on the
gas |s equal to gain internal energy,

P-V Dxagran

The P-V diagram for an adiabatic process will describe a steep curve, called adiabatic

curve. The equation PV= constant holds true for such a curve. Where, “y” is called adiabatic
constant and equal to the ratio of “C,” and C,”. k X
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The second law of thermodynamics is based on two fundamental principles formulated by
CLASUSIUS and LORD KELVIN to explain the processmg of a COLD ENGINE and HEAT ENGINE)
i. KELVIN'S STATEMENT:
In 1851, Lord Kelvin suggested a basic pnnc:ple about the working of a heat engine.

. According to the Lord Kelvin’s ideology, “It is impossible to operate a heat engine in a
cyclical process to cconvert heat entirely into work, with no other change taking place”.
This id'eology leads towards the operation of a perfect heat engine which states,
“It is impossible to construct a perfect heat engine which may convert all the supplied heat into

useful work”.
The Kelvin’s statement can be expressed can be expressed by the following schematic diagram.
[FIG, See in class lecture]

ii. CLAUSIUS S
in 1850, clausms expressed a basic principle (@

concluded that, “Itgi ible to cause heat to fl
°xpend|ture of en n

The clausius state expressed by the foli¢
frrs and Lz

of: EEN

an prove that both statements

e false. Suppos
one hundred percent efficiency, that
work. If we connect this perfect heat engine to a

and convert completely to work this work can be

heat from cpld body to hot body without expend g g f

; 543 ement. |FIG, See in class lectx ;

RNOT ENGINE: ]

In 1824, a French scientist, SADI CARNOT has proposed an ideology of heat engine whfch

is very close to an IDEAL HEAT ENGINE, as it has maximum theoretical efficiency than rest of all

the HEAT ENGINE, but never be 100% infect the heat engine designed b{/ the Carnot was free

from heat losses mainly appear due to FRICTION and CONDUCTION. [FIG, See in class lecture)|

Construction:

A Carnot engine consists of a CYLINDER and a PISTON. The walls of the cylinder and piston

are made of insulated material, but base of cylinder is kept conductor. An ideal gas is filled inta_=>
the cylinder as working substance.
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Working: (Cycle of Carnot Engine)
The operating cycle of Carnot’s engine consists of four steps, called carnot cycle.

|FIG, See in class lecture|

Process #1 (Isothermal Expansion):

It expresses an isothermal expansion. During this process, the pressure is decreased from
“Py” to.“P,” and thus ideal gas will expand from “V1” to the new volume “V,”. During process the
gas will cool down and hence some heat, say “Qi” will be entered into the system of gas to
maintain its temperature up to initial temperature,”T1"”.'Hence, P2<P1, V2>V1, T1 (final) =T; (initial)
Process #2 (Adiabatic Expansion): :

It expresses an adiabatic expansion. During this process, applied pressure is further
decreased from “P1”to “P,” to “P3”. So that ideal gas with further expand to “V3” from “V,”.

During adiabatic expansnon ideal gas cools down to a lower temperature of “T.”. Hence P3<Py,
V3>V; and T (final) i
Process #3 (Isoth

hence some heat, say~ e rejected out from the

“T2". Hence P4>P3, VgVl (fin@l) = To(initial)

Process #4 (Adiabatic Compression): -
ssion. During hh

" ltex lul;t
increased fr "P1”. The idez:

f"V1". Durmg adiabatic compressnon |deal as will

symbolized by “E”. Its magnitude is measured by ‘percentage (%) ;

Output

Efficiency = R

. EfFici _ Work done
o fivieny = Heat supplied from hot body

. AW
Efficiency = —

0, “AW =0,-0Q;
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[—ﬂ——_—m——_—
!
E= Ql _Qz
o,
50 0
o ¢
E= —% where,Q, > 0,

This expression represents theoretical efficiency of Carnot engine interm of heat of hot
reservoir and cold reservoir.

If “T1” and “T2”be the temperature related to “Qi:” and “Q.” heat respectively, then the
above expression interm of temperature can be written as.
: 7

_1__

I

Where, T1>T»>
Accordin n of theoretical effigi€

heats or ratio of temperatures, more efficiency heatleng

P-\( Diagram of CaFgﬂﬂ

Noted That:
i IfT1= 1'](]

i.  IfTo/T etical efficiend
ii. fTo/Ti=1o0r 1=1 then Y theoretical efficien
/T1=0 or Qz/Q1=0 then theoret
attain Q4

“Entropy is a measure of molecular disorder.”
Or
“Entropy is a measure of unavailability of energy.”
* Inany thermodynamic process, entropy either increases or remains constant.
If AQis the amount of heat supplied to a system or removed from a thermodynamic system at
constant absoluteTemperature “T” then the change in entropy AS'is given by;
AS =AQ/T
Change in entropy is positive when heat enters the system but if heat is removed from the—7
system then it is negative.The unit of entropy is J/K. :
|
l
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Séénd__Law of Thermodynamics In Terms Of Entropy;

Ent'ropyjin terms of second law of thermodynamics can be stated as;
“When an isolated system undergoes a thermodynamic change, the entropy of the system either
remains constant or increases.”

Entropy in a Reversible Process:
By using theorem we may write as,

s _x o
9 T,
2 _ %
. o T
o _9
I, T,
it means that the ra eat and their respective temperature always remains constant
during the whole Jg;“neral if “Q” be the amg oat 3 at 3 atu
of
“T” in going from th ic “A” to adiabatic “B” the v
f 0 Q/T = Qor
As, we. know thatt erm in an adiabatic p ﬂ.
thus;

1] '
This eq uatioM««uBE h\-fithermodvna

heregthat ""AQ"is positive when heat i nd neg

syStem.
The Change Of Entropy In Irreversible Process:
Consider a simple irreversible cycle in which *

and “Qy” heat is rejected at temperature “T>” then né

6.2
I Tz
Net change in entropy > 0 i.e. positive one. So we observe that in an irreversible cycle there is

, therefore , AS>0

always a net gain of entropy.

*  As we know that the net change in entropy is calied “Entropy change of universe”. So
from the above we conclude that in an irreversible process there is always increase in entropy of
universe. Thus the second law of thermodynamic expressed in term of “principle of increase of

entropy as”.

“The entropy of the universe increase during an irreversible process”. ~——7

Also, “The Entropy of the universe remains constant during reversible process”.
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Q.6

Ans.

CHAPTER 11
IMPORTANT SCIENTIFIC REASONS

Q.1 Why is the earth not in thermal equilibrium with the sun?

Ans:  The earth is notin thermal equilibrium with t_hé sun, because the earth is being warmed by the absorbed
radiant energy, it is also loosing heat in various ways. Moreover they are not in perfect thermal contact with
each other.

Q2 . Itis observed that when a mercury-in-glass thermometer is put in a flame, the column of mercury first
- descends and then rises. Explain?

Ans: -Whén a mercury-in-glass thermometer is put in a flame, the glass bulb expands first, so the column of
‘mercury descends. But no sooner the heat reaches the mercury in the bulb, it expands, this expansion is
_greater than that of the glass bulb. So, now the mercury rises in the column.

Q.3 ' Isitpossible y keeping the refrigerator door open?

(OR) What h. mperature of a room in which an air conditioner is left running on a table in
the middl ?

Ans. If the door of a refrigerator is left open (Or If an air ¢
temperature Of ! t be decreased or it cann@t coo
in front of th ator (Air conditioner) is dep@si

‘ unit. In this way t ature will increased a bitidue
of the refrigerator.

a4

Wh | i lllf hot coffee is s
a)t the coffe ) the internal e
EEE

a) The temperature of the coffee in

incre perature
the flask.)

When a block with a hole in it is heated, why does
and make it small?

Thermal expansion of homogeneous substances causes increase in all directions with the same linear
thermal expansion coefficient. This increase in all directions causes an effective magnification of an object.
So heating the block, it expands in all direction and causes a little change in shape of the hole, as see in the
experiments.

Why the efficiency of Carnot engine less than 100%?

I
it is clear fron: the formulia that if the cold reservoir is at absolute zero temperature {T,=0K) only
then the efficiency can be 100%. Since such reservoir is not available. So maximum efficiency is always less
than 100%. In most practical cases the cold Reservoir is near room temperature.
The greater is the difference between the temperatures of a hot body and cold body the enginewill =
be more efficient. However the ratio (T2 / T; ) cannot be zero so the engine become 100% efficient .Further

Formula for efficiency of Carnot engine is given by: Efficiency p = (] _E.]x 100
- T
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(Tz/ T1) is always something less than one but more than “0” so in practice there can be not be any engine
100% efficient.

Q.8 Why specific heat at constant pressure is greater than specific heat at constant volume (Cp>Cy)?

Ans.  When heat is supplied to a gas at constant volume it is used in increasing its translational Kinetic energy and

hence 'temperature, no internal work is done to expand the gas (i.e . A W=0). But when heat is supplied to a

i gas at constant pressure some Part of heat is used in doing internal work to raise the piston up. Some of the

. heat energy Used to increase internal energy and hence temperature. Therefore for equal rise in

temperature More heat is required at constant pressure than at constant volume .So molar specific at
.constant Pressure is greater than molar specific heat at constant volume (Cs> Cy).

MULTIPLE CHOICE QUESTIONS
From Past Papers
2001

Q1(a)(i)The pressure as molecules on the walls of a yessel increases if the:
* Temperat reases e e

* Velocity of the molecules of the gas

decreases
Qi(a){ii)The net chan f a system in a naturallpri
-* Positive egative *

Ql(a)(lu)Whlch ‘of the following statements is true:
'~ *Hea t ymtowork *
\”f Mﬂ“i\t!o vertible *
Q2(a)(|) The K.E of the molecules of an ideal gas at absolut
nfinite Zero
Q2(a)(ii)in an rgy of th
* Remains the same  * Increases *

Q2(a)(iii)Which of the following statements is true:

* High pressure and low temperature
* High pressure and high temperature

2002 (Pre Engineering)

- Q1(a)(i) Choose the correct Statement:

* The product of P and T is constant if the volume is constant

e ratio of P and V is constant if the temperature is constant

* The product of P and V is constant if the temperature is constant

* The product of V and T is constant if the pressure kept constant
Q1(a)(ii) The S.! unit of heat:

V%eule * Calorie * Centigrade * Fahrenheit
Ql('a)(iji/)}ero on the Celsius is equal to:
273K *32K * 100 K * 212K
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Q2(a)(i) The internal energy of a system depends on:
* Pressure *Volume *Temperature * Entropy

Q2(a)(ii) The entropy of the universe:
* Always remains constant * Always decreases
: * Either remains constant or increases Always increases
QZ(a)(iii)THe process during which no external work is performed as: _
* *Isothermal _ V'fochoric * Isobaric ' * Adiabatic

2002 (Pre Medical)
Q1(a)(i) The temperature on Fahrenheit scale corresponding the Absolute Zero is:
. *32°F * ~180°F ~460°F * 212°F

Q1(a)(ii) The pressure exert lumn of mercury 76cm high at 0°C is called:
* 1 liter cm? *1 atmosphere *1N/m?
Qi(a)(iii) S onstant per molecule r alled: ;

* Planck’s constant* Stefan’s Constant*Avagad
Q2(a)(i) Th eat required for per degre
C *H ation * Heat of fusion
Q2(a)(ii) The'P-v diagrar shown in the figure is far:

o * An Isothermal change [ |
EH] -
Q2(a)(iii) | r s the .ork done is equal to; g - .
' * Cv/nAT * Cp/nAT
[ |
2003 (Pre i . m
Q1(a)(i) According to Charles’ Law: =
V“{/T = constant

* PV = constant gonstants™* !/V = constant
Q1{a)iit) The temperature at which centigrade scale Fa*ca*
* 0"
Q1(a)(i) The quantity of heat required to raise the temperature of 1 gram of a substance through
1°Cis known as:
* Specific heat * Latent heat \*/Cglories * Joule
Q2(a)(i) The internal energy is an isothermal process: )
* Increase * decrease * becomes zero :  remains the
" same
Q2{a)(ii) The maximum efficiency of a heat engine is obtained by:
* increasing the temperature of hot and cold body simultaneously, keeping other factors
constant
* decreasing the temperature of the sink and increasing the temperature of the source, keeping =
other factors constant
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Ph

* decreasing the temperature simultaneously
* None of these

Q2(a)(iii)  The change of Entropy is given by: ’ '
* AS= AQ/T *T/ AQ * AQ= AQ/ AT  * AS= AU/T
2003 (Pre Medical)
Qi(a)(i) 273 Kelvin corresponds to:
. Cra73c \CB2F*0°C 2785

Qi(a)(ii) - One cubic meter is equal:

‘ * 105cm® * 10%cm? *10%cm® * 107%cm?
Ql(g)(iii-) " If the pressure of a gas is doubled, keeping the temperature constant, the volume of the

: gas is:
" * reduced to one-fourth * doubled
\*Auced to one-half of the original volume * increased four times

Q2(a)(i} Law:

the pressure is consta
=constant when the pressure is constan

* PV=gens n the temperature is cans
: ¥ NonF -
Q2(a)(ii) If the volume’o system remains constant dﬁin rQeeSSlit i :
* Isochoric * Isothermal m‘ i i
T

Q2(a)(ji) n t's'; I to:
A aw N,

2004
Q#1 (a During the Adiabatic chan ‘essure @an
=Cons * (P

Q#1 (a) (i) Centigrade and Fahrenheit scales can neve

Q#1 (a) (iii) The coefficient of linear expansion is

expansion.
Q#2 (a) (i) The unit of specific heat is:

* | Kg-loc-l \}/J Kg—l K—l * | Kg °C * ) Kg-l oC
Q#2 (a) (ii) If heat energy is removed from the system, the change in Entropy is positive.

(Falée)

Q#Z.(a) {iii) In an Isobaric process the work done is ; (PAV)
2005
Q#1 (a) (i) RMS velocity of a gas molecule at absolute zero temperature is:

* 9%x10°m/sec * 3x10°m/sec * 273 m/sec - #zero
Q#1 (a) (ii) The value of Boltzmann constant is:

* 3.85x1072 JK? * 2.185x10712 JK1* 1.62x10722 JK? *1.38x1072JK?
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-
Q#1(a)fiii)  The heat required to produce a unit change in the temperature of a unit mass of
' " substance is called;
* Heat capacity * Molar heat \% heat * Latent heat
Q#2 (a) (i) The difference of molar specific heats at constant pressure and at constant volume per
mole is called: . ;
*Molar Heat  * Heat constant - * Boltzmann constant \*/Gés constant

" Q#2 (a) (i) © A domestic pressure cooker is based on:
* Adiabatic process * |sothermal process  * Isobaric process \/"I'sochoric

process
Q#2 (‘é) (iii) The absoiute temperature corresponding to 212°F is:
. © % 485K \)’{7‘;K *161K * 100 K
2006
Q#1'(a) (i) " InCelsius scale 1°C in magnitude is equal to:

* 16°F * 0°F 1 8°F

* 32"
Q#1 (a) (i) - done can be measured in the process called.
* Isochoric SFma

Q#1 (a) (iii) The change in disorder of the systemis €
AQ
* s * i
AFﬂ « A5 - !
Q#2 {a) (i) One cubic metre volume is equal to:
10%cm?

Q#2 (a) (i) H
- . = 2.184)

Q#2 (a) (iii) The efficiency of a Carno

2007
Q#1 (a) (i) Fahrenheit and Celsius scales of temperatu
*0° * 273°
Q#1 (a) (ii) The volume of a given gas at constant pressure become zero at:
* 273K *273°C * 273K ¥ =273 °C

Q#l (a) (iii) According to the Kinetic Theory of gases the absolute temperature of a perfect gas is:
* Inversely proportional to the K.E. of the molecules
* Independent of the kinetic energy of the molecules

. * Equal to the kinetic energy of the molecules
\}'/Directly proportional to the average translational kinetic energy of the molecules.
Q#2 (a) (i) The area of a Carnot cycle represents: X i
* Useful work  * Energy loss due to leakage  * Heat rejected * Heat
absorbed
Q#2(a) (i) -~ Two ends ‘A’ & ‘B’ of a rod are at temperatures ~10°C and —30 °C. The heat will flow

from:
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\}(30°C to—-10°C * will not flow at all * -10°C to -30°C *None of the above
Q#2 (a) (i) - 273 Kis equal to: ,

R *0°F *_32°F *_273°F 52 °F
2008

Q#1 (a) (i) The kinetic energy per mole of a gas is:
. *3/2kT *2/3KkT /2 RT *nRT
Q#1 (a) (i) If the volume of a given mass of a gas is double without changing its temperature, the
' " pressure of the gas is: : A
&é:ced to % of the initial value * the same as the initial value
* reduced to % of the initial value * double of the initial value
Q#l_‘ (a) (iii) * A bimetallic thermostat works on the principle of:
* linear expansion * bulk expansion
oo Q‘/dffferential linear expansion * all the these
Q#2 (a) (i) The area bounded by an isothermal and an adiabatic curve in a PV diagram for a heat
engin S )
*h t rejected\/work do

Q#2 (a) (ii) Entropy has been called the degree of disd

N}Eﬁe r universe remains consta
* the enfr universe always incregse
* the entr universe always decrea

-* none of these

Q#2 (a) (iii)

0Mlj§ln which the chz
tem is maximum.
||

the wo

]
rk done on an?by the system is z

\ * the work done on the sys:e?aximu

2009

Q#1(a) (i) Heat energy cannot be measured in:
*) *BTU.  “HKelvin

Q#1 (a) (ii) Boyle’s Law holds good for an ideal gas in 2 ;
* |sobaric " * Isochoric sothermal * Adiabatic

Q#1 (a) (iii) According to the Second Law of Thermodynamics 100 percent conversion of heat energy
into work is:
* Possible * Not possible
* Possible when conditions are ideal

o * Possible when conditions are not ideal

Q#2 (a) (i) if no heat flows into or out of a system, the process is called:
* Isobaric * |sothermal * |sochoric * Adiabatic

Q#2 (a) (ii) The molar heat capacities of polyatomic gases as compared to the mono—atomic gases
are: ~ =

* Greater * Smaller * Equal * Infinite
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Q#2 (a)(iii) ~ Thermostat is a device used to keep the:

2010
(vi)

(;)ii) by

2011

{v) .

(viii)

2012
0

(i) |

| (ii)

i "‘36x10S *36x105] *746 Wa
"201& ?
{i) The su es of the gidlecules in i |

(i)

‘emperature constant * Entropy constant * Heat constant * Pressure constant

Two steam engines A and B have their sources at 600°C and their sinks at 300°C and
200°C respectively: A

* They are equally efficient * A is more efficient than B

* B is more efficient than A

* |f their sinks are interchanged, their efficiencies will not change

On Fahrenheit scale the temperature of 50°C will be:

*40°F * 10°F \LA72°F *105°F

* Kinetic energy per mole of an ideal gas is:

L *3/2kT *2/3kT vaﬁfRT * 2/3 RT

In an Adiabatic he mt:? energy of the gas:
* remain ecreases

The maxim is possible in this process

*isobaric t al *isochofic

w:s-nlpitoz

* heat energy * temperature * kinetic E
|

The kinetic energy per mole of a gas is

*3/2kT *nRT *2/
2014
{iv) In this process no heat enters or leaves the system:
*|sochoric *|sobaric \*Axdiabatic *|sothermal
. [xii) Heat energy cannot be measured in:
*Joule ~ *BTU *Kelvin *Calorie
(xvi)  The average internal energy of an ideal gas is called:

*Pressure *Volume %mperature
2015

*Heat

2] -
&
o

OEwa10
B

[m]
&

(i)

Kinetic energy per mole of an ideal gas is:
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Ph
* 3/2KT *2/3KT NIF/2RT *2/3RT
v) If the iemperature of a cold body is decreased the efficiency of Carnot engine will: o
* increase * decrease * remain constant * none of these

CHAPTER-11 NUMERICALS

From Past Papers

1986,
q2. (c) 10kg of water falls through a height 0f854m and all the energy is effective in heating the water.

To what temperature will the water be raised if it was initially at 20°C?

(21. 99°C)
Q.1. (c) The efficie ngine is 50%. If the t

the temperature of the hot reservoir.
(600K)

1990'
smk mnB "e'ngme7
At a Etb.\lrage kinetic energ

mass of the hydrogen molecule is 22ZKg. Fin
The temperature and

2x10°m/s)
- 1991
Q.1. {c) A cylinder contains an ideal gas below frictionless piston in it. If the gas in the cmm
3000) of heat and the piston rise by 0.35m, while the internal energy of the system increases by
400). Calculate the work done by the piston.

_ 2600J)
Q.2 (c) Qne-gram mole of a gas occupies a volume of 24.93m? at a pressure of 500N/m?’. Fmd the
" temperature of the gas in centigrade. (1226. 27°C)

1993
Q.1. (c} A tank contains 20.0 liters of air at 30°C and 5.01x10°> N/m? pressure. What is the mass of air and
what volume will it occupy at one atmospheric pressure at 0°C? The average molecular mass of
air is 28.8g mole™. (0.1145kg, 89.38 liters)
Q.2. (c) The molar specific heat of a monatomic gas at constant volume is 3/2 R. Find Its molar specific
heat at constant pressure. Also show that y = 1.66 for monatomic gases.
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1994
Q.2. (c) 1200 joules of heat energy are supplied to the system at constant pressure. The internal energy

"of the system is increased by 750 joules and the volume by 4.5 cubic meters; find the work done
against piston and the pressure on the piston. (450J, 100N/m?)

Clyl',(c) A meter bar of steel is correct at 0°C and another at —2.5°C what will be the difference between

_ their lengths at 30°C? (For steel a= 1.1 x 107 °C™). ' (2.75 x 10°m)
Q.2.{d) A heat engine performs work at the rate of 500 K.W. The efficiency of the engine is 30%.
- Calculate the loss of heat per hour. (4.2x10%)

1996

Q.1. (d) In an isobaric process when 2000) of heat energy is supplied to a gas in a cylinder, the piston
“moves through 0.1m under a constant pressure of 1.01 x 10° N/m?. If the area and the piston is
5 x 102 m?, calculate the work done and the increase in the internal energy of the system.

(505 J, 1495 J)
Q. 2\)4{nd ther nitrogen molecules at 27°C. Given the mass of nitrogen molecule to
be a4 /67 X x 1023J/K
1997,
Q1A A g|ass flas i he ‘mark’ with 60 cm?
‘ \‘*"'j_‘_ are heated much mercury will be 8b

for mercury= 1 1078/°C.
Q.2. (d) A Carnot engine whose low temperature reserv@ir i

'/l " many degrees
rvoir ains constant?

Q.2. (d) 540 calories of heat is required to vaporize
change involved in vaporizing 5 gm of water. (1 ¢a

1999
Q.1. (d) Show that for a monoatomic gas C, = 5/2 R,
meanings.
Q.2. (d) Find the Efficiency of a Carnot Engine working between 100°C and 50°C. (13.4%)

2000

Q‘l.\%iwlate the volume occupied by a gram mole of a gas at 10°C and pressure of one
atmospheric. (0.023m?3)

Q.2. (d) When 2000J of heat energy is supplied to a gas in a cylinder at constant pressure of 1.01 x 10°
N/m?, piston of area of cross section 2 x 10 m?, moves through 0.5 m, calculate work done and
increase in internal energy. (1010, 30))

2001
Q.1. (d) If one mole of mono-atomic gas is heated at constant pressure from -30°C to 20 C, fmd\t[\_e___a

change in its internal energy and the work done during the process.
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Cp=20.8 J/mole K,Cy = 12.5)/mole K (6251, 415))
Q.2. (d) An ideal heat engine operate in Carnot’s cycle between temperatures 227°C and 127°C and it
absorbs 600 joules of heat energy, find the:

i} Work done per cycle ii) Efficient of the engine (120 J, 20%)
2002{Pre Med. group)

QAL. (d) Find Vims of Hydrogen molecule at 100°C. Take mass of molecule 3.32 x 107%" kg. (2156.66 m/s)
Q.2. {d) When 2000} of heat energy is supplied to a gas in a cylinder at constant pressure of 1.01 x 10°
' N/m?, piston of area of cross section 2 x 10~ m?, moves through 0.5 m, calculate work done and
increase in internal energy. (1010J, 990 J)
2002 (Pre Efigg. group)

Q,1. {# A heat engine performs 1000 J of work and at the same time rejects 4000J of heat energy to
“cold reservoir. What is the efficiency of the engine if the difference in the temperature between

- sink and source of this engine is 75°C, find the temperature of its source. (20%,,375 K) \
Q.2. fd) A cylinder of diameter 1cm at 30°C is to be siid in to a hole in a steel plate. The hole has a - 1
diameter of 0 °C.To what temperature must the plate be heated. (57.28 °C)

2003 (Pre Med. gro
Q.1. (d) The low temperature reservoir of Carnot engin
desired to in iciency to 50%. By ho
reservoir be i
Q.Z wAn air storagelta volume is 110liters containg 2kg | : ;
~much air would have to force into the tank to i

© chan ' ' '
2003 (Pre En
Q 1. (d) 1200 ea energy are supaled to a system at

stem is mcreased by 750 joules

Q.2. (d) The low temperature reservoir of Carnot engin
desired to increase the efficiency to 50%. By ho
reservoir be increased?

2004 ;
Q.1 {d) Calculate the density of the hydrogen gas, considering it to be an ideal gas, when the Vims of its
molecule is 1850 m/s at 0°C and latm. (0.08853 kg/m?)
Q.2. (d) The low temperature reservoir of Carnot engine is at —3°C and has an efficiency of 40%. It is |
desired to increase the efficiency to 50%. By how much degree shouid the temperature of hot

reservoir be increased? \ (90 K)
2005
Q.L"(&) A brass ring of 20cm diameter is to be mounted on a metal rod of 20.02cm diameter at 20°C. To
what temperature should the rir:g be heated? (atgrass = 19 x 107%°C™.) (72.63 °C)

Q 2 (d) A 100gm copper block is heated in boiling water for 10min and then it is dropped into 150gm of
water at 30°C in a 200gm Calorimeter. If the temperature of water is raised to 33.6°Q.___’2
Determine the Specific heat of the material of the calorimeter. (Sc = 386 J/kg K). (409.77 J/kg °C)
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2006

Q.1. ) Find the change in volume of a brass sphere of 0.6m diameter when it is heated from 30°C to
'100°C? (a = 19 x 1076°C 1) ' (4.5x 107 m?)

Q. (d) A Celsius thermometer in a laboratory reads‘surrounding temperature as 30°C, what is the
temperature on Fahrenheit and Absolute scale? (86 °F, 303 K)

2007 '

Q.1.'(d) Calculate the density of the hydrogen gas, considering it to be an ideal gas, when the Vi of its
molecule is 1850 m/s at 0°C and latm. (0.08853 kg/m?)

QZ.‘(dI # heat engine performs work at the rate of 500KWatt the efficiency of the engine is 30%.
Calculate the loss of heat per hour? (4.2 x10%)

2008

Qxldna st‘eel bar is 10cm in length at —2.5°C. What will be the change in its length when it is at 25°C?
(Bfor steel = 3.3 x 10 K™) (3.025 x 10 m)

Q.2. (d) ATarnot Engin 000J of work and rejects 4000) of heat to the sink. If the difference
of tempeﬂﬂi“e source and the sink is 85°C, find the temperatures of the source
and the si K 25K

200

Q1. W scientist of a gas in a tank at 120(
. slight leaka ressure drops to 9503
L escaped.

Q.2. {d) in an'isobaric process 2000 J of heat energy is sup
2.0

ini

‘ 2. (l heat engine performmg 400J o] ach ¢
ycle2

2011
2.(vi) A 200gm piece of metal is heated to 150°C and
mass 500gm, containing 500gm of water initiallyjat

I \
‘ i dummum cdonmerof
of the system if the specific heat of metal is 128" goK;

J/kg-K, while the specific heat of water 4200 J/ kg-K. (26.243°C)

m-under a pressu

2012

Q2(x) A Carnot engine whose low temperature reservoir is 200K has an efficiency of 50%. It is desired
to increase this to 75%. By how many degrees must the temperature of low temperature

. reservoir be decreased if the temperature of high temperature reservoir remains same?

2013

‘Q2(x) The difference of températinre between a hot and a cold body is 120 °C.If the heat engine is 30%
efficient, find the temperature of the hot and cold body. .

2014, g

Q2(viif Calculate root mean square speed of Oxygen molecule at 800 K. Its molar mass is 32 g and__=>

ooy
ea ey

.

PRt ey

universal gas constant R = 8.31 J/mol.K

Page 39 0of 198

MNAcaster
Coccazinneceg CenrylEe=n

Add: Yaseen Square Block -F , Doll khata Soldier bazar, Karachl Contact #0321-2494633 & 0312-2340767



2015
Q2(vi) A heat engine performing 200} of work in each cycle has an efficiency of 30%. For each cycle of !
operation. (a) How much heat is absorbed? (b) how much heat is expelled? ’ .
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CHAPTER 12

ELECTROSTATICS

Electrostatics:

~ ltisthe branch of physics deals with the behaviors and characteristics showed by
electric charges at rest.

Electric Charge:
“The positive or Negative electrical behavior showed by an atom or a substance due to

-~ deficit or excess of conduction electrons, is often referred as Electric Charge”.
Quantization of Electric Charge:
. The minim e of electric charge appear; either on an atom or a substance
due to transfer tron (Conduction E : valu he equal to

A

+ (1.6x10*%) coulomb. It is symbolized by “e”.

Thus, if “n” numb ﬂlﬂtion electrons is transfe
magnitude of cha is given by:

N MnBeEl" o
where, n= ! 16X@0°C

Test Charge:

“A charge, whose distribution of charges shows no'a
Charge”. It is considered as a Positive Charge and mathematically expressed as;

Test charge = lirrtl) q
q—)

Where, “qo” represents a test charge.
L

Unit of Electric Charge:

In S.I systems, the magnitude of charge is measured by “Coulomb”. It is symbolized by |
“C”. It is defined as, “Charge on two bodies is said to be one coulomb each if they are one
meter apart and experience a force of 9 x 10°N.”
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Electrostatic Force:

In 1785, Sir Charles Augustine de Coulomb, generalized a force of attraction and
repulsion between two charged bodies by using torsion balance. “The force of attraction or
repulsion exists between two charged bodies is referred as Electrostatic Force”.

Coulomb’s Law:
Statement:

~ The force of attraction or repulsion between two static point charges is directly
proportional to the product of the magnitude of the charges and inversely proportional to the
square of the distance between them.

Mathematically: e

Consider two poi d g2 placed at a di
from each other. The electrostatic force (F) betwee

F I
F H“’“—— .
Combining equation (i) and (ii)

MﬂBE---
F:k%—zz
r

where nstant o ity 1ts valug de
between two charges.

1. For Space {Vacuum):
If the medium is free space (vacuum) between two
]
4re,
And its value is approximately is 9 x 10° Nm?/C?
Where “€,” is called “permittivity of free space”. Its value is 8.85 x 1012 C2/Nm? so equation {iii)
will be

o F - 1 ql ?2
. dre, r°
~ =
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And vector form is:
o = ] 5
F =——.—-—-q' ?2 r
4rne, r

4

'

“7" is the unit vector specifies the direction of force.

2. For Dielectric Medium:
If the medium between charges is not a free space (vacuum) then the value of “k” is given as:

1
k= ———————— j
4re, @

Where “g,” is the permittivity of the dielectric medium. Let “g,"” the relative permittivity of
the Medium it is given as: ‘

£
g, =i
gll
- £, =E,&,
s0, equation (i)

50, the equation i aV& the form

An electric Ti
electrostatic force.

(@) A single positive charge

Field Tines are close togethor v

strang. Jarther aparl Whore (i e e
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Electric Lines of Force:
The existence of electric field around a source charge can be examined by drawing
imaginary lines with the help of a test charge called, “Electric Lines of Force”.

Characteristics of Electric Lines Of Force:
Some essential characteristics of electric lines of force are given below:

1. The electric lines of force always direct away from the centre of a Positive Source
Charge. '

. The electric lines of force always direct towards the centre of a Negative Source
‘Charge.The electric lines of force never intersect each other.

. In case of variable electric field, the region of electric field will be stronger enough
where separation between electric lines of force is found less.

In case of &\&’l field, the region of electric field will be weaker enough where
separation |ectric lines of force is fa arge.

. The electric f between two opposite
" onto the pla d sheet, but remains pare

0 H E EEN
: experienced by a unit positi rge atia
point in an elec ectric fiéld intensity.

Suppose that a test charge is set inside an eleg
field of a source charge at point “p”. “The electrostat
force experienced by unit charge, is referred as Electri
intensity of the Field at that point”.
Mathematically,
E=F/qo
Unit
As; E=F/qo0
‘ E=F/qo
- E=Newton/Coulomb
E=N/C
Hence the unit of electric intensity is Newton per Coulomb.

Electric Intensity in Terms of Electric Lines of Force:
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Intensity of electric field at a point may also be defined as the number of electric lines of

force per unit area of a very small surface placed perpendicular to the electric lines at that
point.

General Expression For Electric Intensity at a Point:

~* For this, consider an electric field around a source charge of magnitude, “q”. let, a test
charge of magnitude “qo” is set at point “p” lies at a distance of “r” from the centre of source
charge: If “F” be the magnltude of electrostatic force on test charge “q0”, then electric intensity
of the field at point “p” is given by,

E=i; E=—[i
q, 9,
1 9 4 (2
E =

dzme F
]
This expre ' n! ensity of the f lw i
the centre itude “q” - |

BT

Electric Flux:

Suppose that an element area is set inside a uniform electric field in a manner that some
electrlc lines of force are said to be passed through the surface of element area. At this
condutuon one can say that Electric Flux is appeared through the element area. It is a Scalar
Quantity and depends on total number of electric lines of force that are appeared across the
surface of element area. It is symbolized by ¢.

Mathematical Explanation:
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Suppose that an element surface of area AA s set inside a uniform electric field of )
strength, in @ manner that its surface (area) vector makes an angle “0” with the direction of % l
electric field. The magnitude of electric flux through the surface directly depends on following

two factors:
1. The magnitude of electric intensity of the field.

2. The component of element area acts parallel to the direction of electric field
AD, = (AMoosl) ———————e——{ii)

By combining the two relations under a single expression we have,

AD, o (E)(AAcosh)
AD, = EAAcosf
AD, =E.AA
Mathematical DeﬁgE(' n
A(D =FE.AH¥
It meMﬂJHrEﬁ @f glectric intensity of

surface will describe electric flux thou
shows that electric flux.i

Special Cases of ele
Case#1: Maximum Electric Fqu Through Surface of Ele

maximum number of electric lines of force is appeared

through the surface of element area and thus Maximum « Eand A ate paralle] ithe anzwe berween |
. . . and A 15 & = O
Electric Flux is said to appear through the surface.- - The Ak By = Eod = £4,
Mathematical Justification:
According to the expression of electric flux, e g i
!
6 = 0(7 i
—— P |
E = .
A

SIS e D ||
A 1
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AD, =E.AA
A®D, =EAAcosf.
inthis casek ] | A;i,therefore,@ =0°
A®, =EA4cosO’
A®, = EAA(L)
AD, =EAM

Hence the 'magnitude of maximum flux will be equal to "EAA4"

Case#z: Minimum Electric Flux Through Surface of Element Area:
When surface of an element area is oriented normal to the direction of electric field then no

electric lines of for to appear across the surface of element area and thus
Minimum Electr ppear through the aonitude vhi

zero.

- Mathematical Justi
Accordmg tothee electric flux,

AD, = EAA

\ AD, =EAA cos9?

Hence the magnitude of minimum flux will remain “

Electric Flux through a Closed Spherical Surface:

Consider a closed sphere of radius, “r” enclosing a point
charge of magnitude, “q” at its centre. To determine
electric flux appearing at the surface of sphere, the entire
durface of the sphere is Sub-divided into ‘N” number of
element surfaces each of area, A so that the strength of
Electric field within surfaces each of element area remains
same, say . Thus, the electric flux through an element area
will be (F. L\A) and sum of (i. tA) from first component to
the Nth component of surface area will describe total
electric flux through the sphere. Mathematically,
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O, =AD, +AD,, +AD,; +....+ AD
@, =(EAA), +(EAA), +....+(EAA),

D, =§(E.A2),. A
i=] .

i=N
D, =) (EAdcosh),
i=l

P, Z(EAACOSO°)

JOIN 2=

|

i

|

i

|

|

I

i

|

\

\

|

|

Since, E‘ IAE.therqforgé =0° ‘ i
. g |
; : i \
\

\

\

\

|

|

|

i

|

I

@, EZ (Ad),
F 0 HCID E(Areaofsph
®, =E@4rnr’)-

Substituthgmﬂ E ' ' '
EEE

This expression represents total electric flux through the surface of a sphere, encloses a pomt
charge of magnitude “q” at the centre. According to this expression;
1. The magnitude of total electric flux through a sphere directly depends on magnitude of point

charge.ie. ©, a g

2. The magnitude of totai electric fiux through a sphere’is independent of size of sphere
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Electric Flux through an Arbitrary Closed Surface:

‘Suppose that an arbitrary closed surface, “S” is set
inside an electric field of a source charge. To
determine electric flux through surface, “S” let us
sub-divides the closed surface into “N” number of
element patches each of surface area, “A” so that
the strength of electric field within surface of each
element area remains constant, say E. Thus, the electric flux
through surface of each element area

qul be equal to (E AA)and hence, sum of electric flux thr0ugh

aH individual patches from first to Nth component will express
total electric flux through the closed arbitrary surface.
Mathematically,

Jol““’ ”@ MY o

EAA +(EAA)

F 0 = SYEnA,

This express;on represents total electric flux throughlan ‘)ﬁ‘.se

magnltude ﬂEl‘(fragmwde of
~ Gaussian JU!I l
‘ EEN

“A hypothetical closed surfac
Ga P ”
@auss’ Law:

Gaussian Surface is equal to the product of |/E0 and tota

surface”.

Proof:

To verify the statement of Gauss’ Law in electrostatics, let us consider a Gaussian Surface, ’fS"
enclosing a system of charges of magnitude, (q1, 92, 93, ..., Qn).

To determine the electric flux through Gaussian Surface due to system of charges, let us assume
charge of magnitude “q” by neglecting rest of others. Now, draw an imaginary sphere around
the charge, “q:’ by considering it as the centre of sphere. The electric flux through imaginary
sphere due to charge, “q:” will be “g1/€.”. As, the total number of electric lines of force
appearing through the imaginary sphere and Gaussian Surface “s” remains same, therefore, the
electric flux through the Gaussian Surface, “ ®,” due to charge, “a1” will be equal to “Qi/€0”. In
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|
1
the same fashion, the electric flux through the same Gaussian Surface due to charge of i

magnitude, (dz, g3, -.., Qn) Will be equal to 92 q3 q., ......... 4. respectively.

& 50 go €

Hence, the total flux through Gaussian Surface due to system of charges is given by;

Total electric flux through Gaussian Surface = @, +®, + D, +..+ D,

q)e=&+q_z+_€3_ gL
&, E>S &, €,

v

i .
d)e =_(q1 +q, +4; +t-"+qn)

€o

“2(%e)
JB‘INU’" of charges enclos€

&g

Consi in non-conducting sh
charges on its su . surface ché@rge density|o

intensity at point “p” lies at a distance of i from the
cross-sectional area, “A” through the sheet so that itfre

“"_n

sheet and contains point p at its one end at which ele

To Find TotalElectric Flux through Gaussian Cylinder:

The Gaussian cylinder contains three surfaces, two at the ends of same cross-sectional area, “A”
and the third is curved surface.

The electric flux through each end of cylinder will be “EA”, E LXA at tiie surface “S1” and “S2”,
lies at the ends. Similarly, the electric flux through curved surface of cylinder remains “zero”, as

E # at the surface “53”, lies curved portion of the cylinder. Hence, the total electric flux through____— fFa

the Gaussian cylinder is given by,
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D, =D,(5)+D,(5,)+D,(5;)
d, =(EA)+(EA)+(0)
@, =2EA

To Find Charges EnclosedBy The Gaussian Cylinder:

According to the definition of surface charge density,

AQ
A4

(& gt

AQ=0 A4
2(A9>-=a§(AA>,

O=0c A

Where, “A” is the ﬂx“tlﬂ“area of the Gaussian Cylinder.

hcatlon

For this, substltutmfeﬂﬂ “g” and “Q" in eq (i)
2EA)— — (o-A)

Eq(i)=> EEm
o

Where, 7 is a unit vector along the direction of Electr
directicn of position vector drawn from the plane of sheet to the point "p” at which eie
intensityisdetermined.

2:ELECARIC INTENSITY AT A POINT DUE TO A CHARGED SPHERICAL SHELL:

Cdfisider a non-conducting spherical shell of radius,” a” having uniform distribution of positive
charges on its surface. Let, surface charge density of charge shell is “o”. To determine electric
intensity at point “P” lies at a distance of r from the centre of charged spherical shell, assume a
concentric sphere around the charged shell of radius “r”. Now, by considering imaginary sphere
“s” as Gaussian Surface and apply Gauss’ Law which States,

~—_7 |
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To Find Total ElectricFlux Through Gaussian Sphere “S”:

For this the entire surface of Gaussian Sphere "S" is sub-divided into “n” number of element
patches each of surface area, “AA” so that the strength of electric field within each element
area remains same, say “E”. Thus, the electric flux through the surface of each an individual
element area will be equal to (E.L\A) and hence the electric flux through surface of entire
Gaussian Sphere “5” is given by; -

oS

J 0 I N e
F 0 H |A2, therefore;@ =0

(EAAC ;

MORE!!/ ;...
MM)

@, = E(Areaof €
@, =E(4rr?)

To Find Total Magnitude Of Charges Enclosed By The
Gaussian Sphere “S”:

According to the definition of surface charges
density,

[
A
AA
\-\
Gaussian™——7
sphere
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Gaussian
sphere

3(8Q), = o) (A),(AD), = 0D (Ad),
i=l i=| i=1
Q=oc(4r az)
For this, substituting the value of “@®_ ”and “Q” in equation

(i) .
Eq(i)=>. ‘ (b)

E@rr?) =—1—(0'47ra2)

‘S ses:
i. " i ce phere:

Thenr = a

E=2()

)

ii. if Point “P” Lies At The Centre Of Sphere:
Then g = 0 as, no electric charge exists at the centre. Thus, the intensity at point ‘Ip’

remains “zero”
. i.e[E = 0]
3,Electric Intensity Between Two oppositely C;harged Plates:

Consider two oppositely charged plates separated by a certain small distance “d” and held
parallel to each other. When there is air or vacuum between the two plates the field will be. =
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uniform. At any point “p” between the plates, electric intensity “ri” due to positive plate will be
directed'away from the plate and it’s magnitude is given by;

E =
2E,
Where “g” is the surface charge density. Electric intensity due to the negative plate is directed
towards the plate and its magnitude is given by:

o
E, =
265
Since, “£1” and E2 are in the same direction, therefore, the magnitude of net electric intensity

“E” will be,

E=E +E,

FOR

The sbove fowwﬁi w— -
separated b i i R
=

msulator (a dielectric medium)gi

Potential Difference:

The amount of work done in shifting a test charge against the direction of electric field
intensity expresses change of Potential Energy of test charge between the same two points. It is
symbolized by "AU".

Definition: .

“The change of potential energy per unit test charge will describe Potential Difference between
the two points, when test charge is shifted between same two points against the direction of
electric intensity of a source charge.”

It is a Scalar quantity and symbolized by "Al™.its magnitude is measured by “VOLT”
after the name of a scientist.
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Formula:
If "AU"be the change of P.E of a test charge “go” in displacing between two points against
electrostatic force of a source charge, then by definition Potential Difference between two
points is given by;

Change in potential energy

Pd AV =
Test charge

Ay =AY
90

Unit: (in S.| system of units)

According to the equation of P.D between two points,

_au
)
- joule
Coulomb
AV =VOLT

: ition Of “VOLT”:
“Ifa ive test charge of magni omb gains &lJou
between the-two , then Potential Difference o

same two points”
Mathematical Explanation:
Suppose that a test charge of magnitude “q0” is displa

against the direction of electric field formed by a Source Charge of magnitude ”q"
The amount of work done by the test charge in displacing between the two points is given by;

AW =F Ar
AW =(q,E)(Ar) ~E=Flq,
’ AW /g, =E .Ar hereAW = AU
AU/q,=E.Ar “ AV =AU /g,
AV =E . Ar 4
~—7 £
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| :

This expréssion represents Potential Difference between the two points.
Mathematical Definition:

As, AV=E . Ar
This equation implies, “The Dot Product of electric intensity of the field and element
displacement of a test charge between the two points will express Potential Difference
between the same two points.”
This fdeology-shows that potential difference between two points is infect a Scalar quantity.
Relation between Electric Intensity and Potential Difference:
According to the equation of potential difference between the two points,

AV=E . A
AV = EArcosf
Since, Ar remainsoppositeto E therefore 6 =180
J 0 I N AV = EArcos1 80
AV = EA

Here, -—*re I]r potential withir ﬁ
”GRADIENT H ‘nd symbolized
EEE l

i.e.E - math

\ / %r -
av _
dr
GradV
VV=-
O g pip L | BB
ox Oy oz |
By comparing coefficient of i,j and k we have; ¢ |
1. Along X-Axis: ; i
Eq(i |
L | |
Ox
oV
E S NP L
* ox
AV
FE=-—-————— a
e (a)
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Pl

2. Alorig Y-Axis:
Eq(i)
ov
E, =——
.oy
P S (b)
7 Ay
3. Along Z-Axis:
Eq(i) -
L
;)
E.=-
) 0z
IN%

respect to gives electric
electric po 111
EEE
‘RelMetween K.E And Potential@' ce:
ential erence =

AV =AW /q

AW =gAV
Hence, if charge “q” is accelerated through potential difference
energy and at the same time gain an equal amount of ICE, which is given by,

%mv =gAV

Electron Volt:

“Electron Volt” is the unit of energy used in atomic and nuclear physics.

4One electron volt (1e.v) is the amount of energy gained by electron when it is accelerated
through a potential difference of 1 volt”.

Hence, AV =Volt ,
g =e 1.6021x10™° coulomb O _ IE
%mv2 =gAV ' %
~__7 i :f‘.ii"’

.

%mvz =1.6021x107° x1
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o ﬁ")
X
;,«.\ \,\ _ %mv2 =1.6021x107"
% . 1ev =1.6021x107" Joules
“Capacitor:

Capacitor is a device used to store electric charge and energy.
A simplest capacitor consists of two similar metal plates held parallel to each other and
separated by a small distance. The space between the two metal plates is filled by an insulator
called a “Dielectric medium”. Charge “Q” stored on any one plate of the ca pacutor is directly
proportional to the potential difference “V” across the two plates.

. QaV
Q:CV

Capacitance of the capacntor may be defined as;

”The arge stored hen unit potential difference is applied across its plates”.
of Capacitance; :ﬂdI
nit of capacvtance acitance of the capdtitor.is.sai iRhi

giving one volt PD between the plates each plate store

1 Farad = 1 Coulo
1 Volt
‘Capacitance of AParalle apacitor:

or this, consider a parallel-plate capacitor with the fo

: hod
i5s lecture]
2. Dlstance between plates = d
3.P.D lied between plates = V
4. Amount

5. The strength of electric field between plates = E = €
: £,

6. Medium between plates is “AIR”.
ind P.D Between Plates:

According toeq of P.D, i.e. AV = EAr. Thus P.D between two charged plates of capacitor is
given by;

This eq represents capacitance of a parallel plate’s capacitor, when air is filled between the
plates.

According to this eq.

1. Capacitance is directly proportional to the Area of Plates i.e. “C o A” >

2. Capacitance is inversely proportional to the distance between Plates i.e. “C « 1/d

I \When A Dielectric Medium Is Set Between Plates:
dielectric medium of permittivity, “ €, "is filled in the space between two plates, then

capacity of parallel plate capacitor is given by;
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Ag,

C=Ceg,.
“where ¢, is called “Dielectric Constant”. Its value depends on the nature of material of insulated

medium.

“The ratio of capacitance of a parallel plate’s capacitor in presence of a Dielectric medium to
the capac:tance of same capacitor in presence of Air is known a Dielectric Constant”.

As C'=Ceg,

C'/C=¢,

Combinations o
Any two or more capacitors can be combined with

ways:
1. In Series F 0 n

2. In'Parallel

17Combin

if two or ed with the opp
that'

. e magnitude of charges on plat capagit i
b) Th 0ss the plates of a itor differs rom the

Then the capacitors are said to be connected in serjes
of capacitance “C1”, “C,” and “C3” is shown by the

following circuit diagram:
Derivation for The Equivalent Capacitance Of Series Combination Of Capacitors:

For this, let us assume that:
i. the magnitude of charges on plates of each one capacitor is “Q”
i. The P.D across the plates of capacitor of capacitance “C1”, “C,”,”C3"and ”Ce” is "Vat” “Vab',
“Vee" and “Vae”
respectively.
iii. The capacitance of equuvalent capacitor= Ce=?
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Accordmg to the characteristics of series combination of capacitors

If “n” number of capacitors are connected in series then reciprocal value of their equivalent
capac:ta nce is given by;

2. Combination Of :
If two or more capa nected with the opp
that:

b) The ' magni fany one capac
plates of an apacutors are sai
combination gapacitance “C1”,

circuit diagram: -

Derivation i an f Paralle
For this, let us assume that:
i. The P.D across the plates of each one capacitor is “
" ii. The magnitude of charges on plates of capacitor of ta
“Qb”, “Q2", “Q3"” and “Q” respectively.
iii. The capacitance of equivalent capacitor = Ce=?
According to the characteristics of parallel combination of capacitors,
Q= Qu+Q2+Qs
CeVab = C1Vap+C2aVap+C3Vap
CeVab= Vab (C1 +C2+C3)
. Ce= C1+Co+C3

If two or more capacitors are combined in parallel, then their equivalent capacitance will equal
to the sum of capacitance of individual capacitors that are connected in parallel.
Hence, if “n” numbers of capacitors are connected in parallevl then their equivalent
capacitance

is given by:
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m‘ﬁolmd. Capacitor:
compound capacitor is one where the space between the plates is partially filled with a

dielectric medium.
Consider a capacitor containing air and slab of dielectric medium between the plates.
Let

t = thickness of dielectric medium slab.

" d = distance between the plates.

do="thickness of air

.do=d —
This system serves s two capacitors in series as shown in fig. let “C” is the capacitor with
dielectric medium and “C” is the capacitance of capacitor with air and Cq is the capacitance of
the compound capacitor. ., '
Then

1

c Tote
Aso
Using relation F 0 H
M 0 H E EEE
Where®™Az= area of the plates

¢ = permittivity of the dielectric medium = £,¢,

'=C =

1 1 1
Ry Y
¢, ¢ C
R
€; ¢
o ccC
c+C
Ag, [éﬂ
U d, &
B
d, ! ~
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A’e,e
SR
¢ Aggt + Aed,
gef
P
“ Ale,t+ed,)
AEE
gl +&d,
_ Ag,(g,8,)

g =

gt +£,8,d,

2
Ag," €

_ g,(t+¢,d,)
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CHAPTER-12

2001
Q#3 (a) (i)

Q#3 (a) (i)

Q#3 (a) (iii)

2002 (Pre Engme
‘ Ie nsity between two si

d#3 (a) i) n E 'wl\lh a surface wi
is mE=
B ‘ * 900 * O (o]
Q#4 (a i angiot be the

Q#3 (a) (i)

MULTIPLE CHOICE QUESTIONS
From Past Papers

The Electric Flux through a closed surface depends on the:

* Magnitude of the charge enclosed by the surface

* Position of the charge enclosed by the surface

* The shape of the surface

* None of the above

When three capacitors are joined in series, the total capacitance,
* Less than the value of the minimum capacitance

" Equal to the sum of the capacitance

IBFE maximum capacitance
c intensity is:

*NC/m *Vm

*N/C *V/m
Q#5 (a) (i) Electron volt is a unit of:
* Energy * Force* Potential Di
Q#6 (a) (i)  One joule per coulomb is called:
* Ampere * Volt * Farad * Tesla
2002 (Pre Medical)
Q#3(a) (i)  The force per unit charge is known as:
* Electric Flux * Electric Field Intensity
. * Electric Potential * Electric Current ‘
Q#3 (a) (i) If 4uF and 2uF capacitors are connected in series, the equivalent capacitor is:
_ *0.76 uF *6 uF %2 BF *].33 4F
Q#6 (a) (iii)  With the introduction of a dielectric between the plates of a capacitor, its

capacitance:
*increases * decreases * remains constant * becomes zero
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2003 (Pre Medical)

Q#3 (a) (i)
Q#3 (a) (iii)

Q#6 (a) (i)

" If two capacitors of 5uF and 7uF are connected in parallel, their equivalent

capacitance will be: -

2012 uF * 12 uF *0.34 uF *2.9 uF

If a dielectric slab is introduced between the plates of a parallel plate capacitor,
kept at a constant potentials, the charge on the capacitor:

- *decrease Fincrease * remains unchanged  * becomes zero

One electron volt is equal to:
*1.6x10™Y E16x107% *16x10V ¥R x 107N

2003 (Pre Engineering)

Q#3 (a) (i)

Q#3 (a) (ii)

The presence of dielectric between the plates of a capacitor results in:

\}ﬁ:rease in the capacitance * decrease in the capacitance

no capacitance * none of these
The ¢ ﬁj ntial energy per unit charge between two points in an electric
fiel .

* electric intensity * Permittivity

~ potential
2004

Q#3 (a) (i)

_The magnitude of Electric Intensity bet

' ' PZEO
Q#3 (a) (ii) m B Eac!nloination of capaci

Q#3 (a) (i

Q#4 (a) (ii)

Q#5 (a) (i)
Q#6 (a) (iii)
2005

Q#3 (a) (i)

Q#3 (a) (i}

the greatest individual

One joule per coulomb is called:
* farad * gauss * ampere (:golt
can be expressed in terms of electron volts. (Fill in the Blank)

The minimum electrical charge possible in isolated form is:

£ Ex104% . - *LIx10%C “¥Ix10°%C * One Coulomb
The change in potential energy of a unit charge between two points in an
electrical field is called: ‘

* Intensity * Permittivity \"/Potential Difference * Flux
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-
Q#6 (a) (i)  Adielectric = 2 is inserted between the plates of a 20uF capacitor. Its
" | capacitance will become: ’
* 10 uF * 18 UF * 22 uF S A0pF
2006
Q#3 (a) (i) If 4uF and 2uF capacitors are cdnnected in series, the equivalent capacitor is:
" *1.33 uF *0.75 uF * 6 uF * 2 uF
Q#5 (a}(i)  The quantity A%S is called: '
* Electric potential * Electric Field Intensity
v"étcential Gradient * Electric Induction

Q#5 (a) (i) The concept of the electric lines of force was introduced by a famous scientist
’ called:

| XN instein * Coulomb *’Fﬁ'aday
2007

Q#3 (a) (i) Decreasing the separation of two po
forcgef, n to be changed by:
* % Eim 2times
d#4 (a) (i) Which of the following cannot be the ni“

deia unMﬁﬂeﬁm

Q#3(a introducti etweeh th opp
intepsity to:
tificrease  *decrease  * remai c
Q#3(a) (ii)  Two positive point charges repel eachio
placed at a distance of 1 meter. If the diSta W 3 ;

is not a scalar g
* Electr

the force of repulsion will be:

*1x 10N *8x 107N *2x 107N *4x 107N
Q#4 (a) (i) Electric flux through the surface of a sphere which contains a charge at its centre

depends on the: _ '
" * amount of charge outside the sphere. * surface area of the sphere.

\){o::t of charge inside the sphere  * radius of the sphere.

2009 3
Q#3 (a) (i) When a dielectric is placed in an electric field, it becomes:
\)*/Negatively charged only * Positively charged only
Polarized * Conductive
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Q#3 (a) (i)  The capacitance of a parallel plate capacitor does not depend on the:
" | *area of the plates ; * nature of the plates
* distance between the plates * medium between the plates
Q#4 (a) (i) The change in potential energy per unit charge between the two points in an

electric field is called: /
* Intensity ' * Flux Potential * Permittivity

Decreasing the separation of two positive charges by one-half will cause
- electrostatic force of repulsion to change by: .
4 time (b) 2times  (c) % time (d) % time

Twoc i u Fand 6 4 F are connected in series, their equivalent
éapJ Ti SuF (b)2uF ; ) ]

(a) Ele€tri tial (b) EMF

(x)

2011
(iv) If an electrostatic force between two e

Mﬁﬂf |e“en e
*¥/2
L l/

(xiii) The relation —AV/Ar represents:
' * Gauss’s law * el

2012

(ii).

*o/ & *0 / 2¢, *20/ &
Joule per coulomb is called: '
*Farad *Ampere *Volt *Henry

The number of electrons in one coulomb charge is
*6 % 10%° s " ®16x10% *6.25 x 10*® *9.1 x 10*°

Two capacitors of 3 uF and 6 pF are connected in series, their equivalent

capacitance is
*9 uF *2 uF *1/2uF *3 uF
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(xi) ~ Thisis not a scalar guantity
-+ *Electricflux %:tricintensity *EMF *Electric potential
(xv) Joule per coulomb is called:
*Farad *Henry *Ampere | Xolt
2015 .

(viy  Decreasing the separation between two identical charges by one-half causes the
repulsive force to become:

, * one-fourth * half * double %urfold
“(xiv) 1 MeV, is equal to:

‘ ‘"01 N FL6x1013  *1.6x108) *1.6x10%%)
M 0 H E HENE

(=] 2 =]

Ry [ E_
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CHAPTER-12 NUMERICALS

; ' PAST PAPER
1990
0.4. (c) An oil drop having a mass of 0.002kg and charge equal to 6 electron’s charge is
suspended stationary in a uniform electric field. Find the intensity of electric field.
(Charge of electron = 1.6 x 107%°C) (2.04 x 10'® V/m)

1991 _ , .

Q.4. (c) Calculate the potential difference between two plates when they are separated by a
distance of a 0.005m and are able to hold an electron motionless between them.
(Mass of electron = 9.1x1073' Kg) A (2.79x10723 volts)

1993
Q.3 (¢} Calculate the equivalent capacitance and charge on 5uF capacitor as show in the figure
C= 3|,1 F <2
Co=2uf it
1 O
C3=5uF —
Ca=4pF 3.0uF

V=10 volts F
10
1994

Q.4. (c) Two horizontal parallel metallic plates, separa
with a battery of 10 volts. Find:
1. The electric field intensity between the pla
2. The force on a proton placed between the plates. P 1

1995
Q.4. (¢) Two capacitors of capacitance 400uF and 600uF are charged to the potential difference
of 300volts & 400volts respectively. They are then connected in parallel. What will be

the resyltant potential difference and charge on each capacitor? (360V, 0.144C, 0.216C)

-~

1996
Q.3.,Kf A thin sheet of positive charge attracts a light charged sphere having a charge —5x107°C
with a force 1.69N. Calculate the surfac= charge density of the sheet.
(€, = 8.85x 10712 C?/Nm?) (5.98x1075coul/m?)
Q.4. (c) A particle of mass 0.5g and charge 4 x 107°C is held motionless between two oppositely -,
charged horizontal metal plates. If the distance between them is 5mm, find:
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(i) The electric intensity (i) The potential difference between the plates.
o (1225V/m, 6.125 V)

1997
Q.3. (c) A capacitor of 200 pF is charged to a P.D. of 100 volts. Its plates are then connected in

parallel to another capacitor and are found that the P.D. between the plates falls to 60
. volts. What is the capacitance of the second capacitor? (133.33pF)

1998 .
Q.3. (c) Calculate the force of repulsion on +2 x 1078 coulomb charge.If it is placed before a large

“vertical charged plate whose charge density is + 20 x 10~ coulombs/m?. (2.26 N)

1999 .
Q 3. (c) Two capacitors of 2.0 pF and 8.0uF capacitance are connected in series and a potential

difference of 200 volts is applied. Find the charge and the potential difference for each

charge density 2 x 108Coul/m?. Find the mag

capac&tor (3.2 x 10*Coul, 160V, 40V)
i Iln Iu
Q.3. (c) Acharge 7 uCis close to a positi t g

zooz‘

re Med. group)
Q.3.(d) Fi i nceff the givenici
(85 §
. 6.0uF

L]

chagged partic!

twull be the i

RMOREMT

(3pF, 30 uC, 10 uC, 20 uC)

Q4. (d)A/malI sphere of welght 5 x 103N is suspended by a silk thread 50mm long which is

attached to a point on a large charge insulating plane. When a charge of 6 x 108Cis
placed on the ball the thread makes an angle of 30° with the vertical; find the charge
density of the plane. (8.515 x 1077 C/m?%)__=
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2002 (Pre Engg. group)

Q.5. (d) A proton of mass 1.67 x 102 kg and a charge of 1.6 x 1072°C is to be held motionless
between two horizontal parallel plates 10cm apart: find the voltage required to be
applied between the plates. (1.0228 x 102 v)

2003 (Pre Med. group)

Q.5. _(d)‘A particle carrying a charge of 107°C starts from rest in a uniform electric field of

" intensity 50Vm-! Find the force on the particle and the kinetic energy it acquires when it

is moved 1m. (5x107°N, 5x107%)
2004 ‘
Q.3, (d) An eiectron has a speed of 106 m/s. Find its energy in electron volts. (2.8125eV)
2006 ‘

e3.4d) How many electrons should be removed from each of the two similar spheres, each of

10 gm, so thJeuls" repulsion is balanced by the gravitational force?
s 0 6 ole
2007 _
Q.3. (d) How many lectrons must be placed off e fithe t
. 3.0cm apart Fﬁrﬁf repulsion between the spheres

2008

.3, 4d) A capacitor of 12 uF is charged to a potential di
disco t' d are connecte
poteM BrE: ination comesido

. the second capacitance?

2009

Q.3 4gYA proton OfEeeTB7x 1077kg i charge 16

between two horizontal parallel plates 6¢cm ap
applied between the plates.

2010

2.(x) How many electrons should be removed from each of two similar spheres each of 10 gm
so that electrostatic repulsion may be balanced by gravitational force (e = 1.602 x 107%°
c)? (5.4 x 10° electrons)

2011 '

2. (\:ii) A proton of mass 1.67x107%” kg and charge 1.6 x1072°C is to be held motionless between
two parallel horizontal plates. Find the distance between the plates when the potential
difference of 6 x 107~° volts is applied across the plates. (5.86 cm)

2012

Q2(xiii) Two point charges of +2 x 10* Cand -2 x 10°“ C are placed at a distance of 40 cm from
each other. A charge of +5 x 10°° C is placed midway between them. What is the
magnitude and direction of force on it?
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2013

QZ(xi) The surface charge density on a vertical metal plate is 25x10°6 C/m2. find the force
experienced by a charge of 2 x 10"°C placed in front close to the sheet. (€0 =8.85x 10
126/Nm?) '

2014

Qz(vm) A 10uF capacitor is charged to a potentlal difference of 220V. It is then disconnected
from the battery. Its plates are connected in parallel to another capacitor and it is found
‘that the potential difference falls to 100V. What is the capacitance of the second

. capacitor?

A thin sheet of positive charge attracts a light charged sphere having a charge -5x 10°¢C
with a force 1.69N. Calculate the surface charge density of the sheet.

(€o = 8.85x (5.98x10 ¢coul/m?)
Q2(xiv)How ma uld be removed from imi ach ¢ g m
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CHAPTER 13
g 8 Current Electricity

CURRENT:
“Rate of flow of charges due to some potential differences is called current.”

Mathematically,

UNIT: The S.I Unit is Ampere (A).

___—_

DIRECTION OF CURRENT
ELECTRONIC CURREN

negative terminal

electronic current.

CONVENTIONAL CUR
negative terminal (lowipotenti

\‘ ﬁM S LAW:
STATEMENT:
”If physical s conductor remaii

the conductor is directly proportional to the otential dij

III ”

Consider a conductor in whicH current
applied across the conductor then according to the law

| xV

= KV@B

1
1(z)
Where K called conductance of a conductor and “1/ K=R” and “R” is called resistance of the conductor.

IR=V
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LIMITATION OF THE LAW:
The limitations of Ohm’s law are,

1) Dimensions of conductor must be same
2) Temperature of conductor must be same

3) It holds only for metallic conductor
RESISTANCE:
“The opposition in the flow of current is called resistance.”

- Resistance in a conductor is due to collisions of electron with the vibrating atoms of the
conductor. If the temperature of the conductor increases then the amplitude of vibration of atoms
increases which results in increase of resistance.

UNIT: The S.1 unit is ohm (©).

' pERISTIVITY/SPECIFIC RESISTANG
" “The resistan Wit clbie (@ne cubic meter) of a

Unit: S.| unit is “0Q-m”.
MATHEMATICAL F B s
‘. Consider a®on f length ‘L’ cross sedtion ‘A

experimentally proved that resistance of the conductor de

S ResistaMaHEel'rloportlonal to th

CF | —

“n “pam
Rl 1A o *'
-l
» Nature of the conductor u O ||

Comparing (1) and (2 ) we get, &

ThL

Ro L/A

R=pL/A

B=

Where, ‘p’ represents the resistivity of tiie conductor.

UNIT:

The S.1 unit of resistivity is “Q - m”
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EPEECT OF TEMPERATURE ON RESISTIVITY L
As we know that in solids the molecules are vibrating about their mean position. So whena

conductor-is heated, the K.E of its molecules increases and it causes increase in amplitude of vibration.
The number of collision suffered by free electrons decreases the drift velocity of these free electrons

and so increases the resistance of conductor.

Consider a conductor whose resistance at 0°C is Ro. If the temperature rises to T °C then

resistance increases to Ry,

It is experimentally proved that change in resistivity is directly proportional to the change in
temperature ¢

Similarly change in resistance is directly proportional to the initial resistance.

‘ J“INAROCRO -------- (2)

Combining (1)and (2)

F 0 B AR <ATR,

AR =a Ro AT

Where, a is 'canﬂaH E/}l'u'zf resistance or te
HENE

. But, AR

MGRD 4

Rr = Ro+ aRg

Rt = Ro ( 1+ oA
Since Resistance is directly proportional to Resistivity there we may derive as,

pr =po 1+ aAT)

JEMPERATURE COEFFICIENT OF RESISTIVITY

“Fractional change in resistivity per degree rise in temperature is called temperature coefficient of
resistivity.”

- or ap

o =
R, AT P KT

Mathematically, a=

UNIT: The S.l unitis K* or °C™.
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COMBINATION OF RESISTORS:

PARALLEL COMBINATON:
“When -the resistors have two terminals common and share the same potential difference then
combination is called parallel combination.”

EQUIVALENT RESISTANCE:
Consider “n” Resistors having resistance Ry, R, to R, are connected to a battery of potential

difference “V” in parallel combination.

Since all resistors are directly joint to the battery, therefore their voltage will be equal to the
voltage of the battery.

Vi=V2=Vs, e, Vo= Vo= (1)

Diffej'ent magnitude of current pass through each resistor according to its resistance and their sum gives
the total current ) g ET T C— . are the currents flowing through different resistors then we can

B J“IN
|—l1+|2+

RESULT:

This equation shows that reciprocal of equivalent resistance of parallel combination is equal to
sum of reciprocal of all resistance.

SERIPS COMBINATION

“When resistors have one terminal in common and share different potential difference. then
combination is called series combination.”

EQUIVALENT RESISTANCE:
Consider “n” resistors having resistance R, Ry --------- , R are connected to a battery of potential

difference V in series combination.

Since all resistors are joint in a row to the battery, therefore their current will be same.

1=l =13 = —--mmmmmee- =p =1 e (1)
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Different potential differences appear across each resistor according to its resistance and their
sum gives the total potential difference of the battery then we can write,

But V=IR h ! R R R
u .ence ‘\}W— '\}V\ 3

IR= I1R; + I2R; --=—-----=- + |nRn

Using equation (1) we have,v

Re=R

RESULT ThlS equation shows that equivalent resistance of series combination is the sum of all

resistance.
'RNAL RESISTA

#When current passes through a source of potential diff
some opposition withjmith this opposition in the flo

ELECTROMOTIVE FO
”It is the energy supphed to a unit charge to move

“It is Mvu ﬂ Ec!(ﬂp!ars across the t
MATHEMATICA

Let us considering a circuit with source E in w
current | flows through resistance R and internal resistanc

By using Ohm’s Law current | through the circuit ca

_ ¢
R+r

E=IR+Ir

= £ = Electromotive force (emf)

= JR = Voltage (Terminal Voltage) to derive the current |
through the external resistor.

© Ir =Voltage loss across internal resistance (r) of the battery to derive current across it
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E=V+Ir

TERMINAL VOLTAGE:
“The potential difference appears at the two terminal of a source in the presence of internal resistance

and a current is passing through it, is called terminal voltage.”

V=§-ir

PdWER DISSIPATION IN RESISTORS:
When a resistor conductor is connected to a battery its electrons acquire energy and Start to

move. During motion they collide with other electrons and the atoms of resistors. In this way Potential
Energy of electrons is converted into vibrational energy of the atoms.

According to Law of Conservation of energy, the energy lost by electrons is gained by the atoms
of conductor (resistor) in the form of heat. The energy lost is,

; Work
Power = — 4
Tifie
But work battery on charge “q”
therefore,
' 14
S p=1"
We know t| : EEE

This expression gives plied to an

Using ohm’s law (V =] R)we can write (i} as,

( vV
(Or) By Using ohm’s law LI = 73-) we can write (i) as

T AS— (iii)
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-
Equation (ii) and (jii) gives the Power Dissipated by electrical instrument or conductor.
CHAPTE‘R-13: MULTIPLE CHOICE QUESTIONS

From Past Pabers
2000

Q#4“ia) (i)  Resistors of 20hms, 3ohms and 4ohms are connected in series. If the current flowing
through one of tem is One ampere, what is the current through other resistors:
. {Fill in the Blank) {1 Ampere}

Q#4 (a) (ii) When 'V' volts battery is connected across the bulb and if current 'l' is passed through it
' then its power will be:

* V2 * V|2

S V)
Q#4 (a) (iii) RethﬂrIi“al of conductivity. (Tr
2001 m
Q#4 (a) (i) If the orm area of cross secti@n '

each part

M nanrf' \/‘(mam hk
Q#4 (a) (ii) mces ane connected inp
. and the neutral wire to ge?

* same potential difference

\%ent current and same potential di
* none of the above

Q#4 (a) (iii) The terminal potential difference of a battery is equal to its e.m.f when its internal
resistance is:

. \_*Zero * Very high * Very low * None of above
2002 (Pre Medical)
Q#4 (a) (i) The rate of transfer of charge through a circuit is called:
‘* Resistance "\Q(rrent * Potential difference * Energy

Q#4 (a) (ii) Kilowatt hour is unit of:

A
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* Power *Conductivity \)értrical energy *Receptivity

Q#4 (a) (iii} With the increase of temperature the resistance of semi-conductor:

* increases *u@:reases * remains constant

2003 (Pre Medical)

Q#4 (a) (ii) Total poiential difference across the combination of three cells becomes maximum
when:

\)/AII the three cells are connected in series.
* Albthegthr are connected in parallel.
. r nected in series and th i

* Two cells are connected in series and the n

Q#5 (a) (i)  OneKilg=Watt-Hour is equal to

*36x10°) \X36x10°) * 36 x 1

EEE

Q#3 (a) (i) A resistor carries a current |. The po
same resistor carries the

*p

Q#4 (a) (iii) Ohm's law is obeyed in:

*electron tube *semiconductor

2004

Q#4 (a) (i) The resistance of 30, 50 and 7Q are connected in parallel. If 0.3V be the potential
difference between the ends of 30Q resistor, the potential difference across other

resistors is:

*0.5V - *0.7V *12V 0.3V

Q#6 (a) The dimension of resistance is ML?7A™ (True or False) {True}

2005

Q#4 (a) (ii) The maximum resistance in an A.C circuit is offered by:
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* Capacitor * Solenoid * Electromagnet Wﬁectric Bulb

Q#6 (a) (i) The power dissipated in a resistance is gi\)en by:
* |V *V2/R . *|2R Qﬁof these
Q#6 {a) (iii) - The commercial unit of electrical energy is:

* joule * kilowatt \*/(watt hour * mega watt

2006

Qi3 (a) (i)b _ The rate of transfer of charge through a circuit is called:

* Resista rrent *potential difference  * All of the above
Q#4 (a) (i) Jﬁl in a resistance is giveas

*P=VR -VZ/R *p=|R2

Q#3 (a) (iii)  When a resistor carries a current

Mu HE!T' B |

One-Kilo-Watt-Hour is eq
*360x 10

~Q#5 (a) (iii)
each part will be:

* Halved * Doubled * Rémain the same * NOTA
2008
Q#5 (a) (ii) The resistance of 202, 50, 7Q and 90 are connected in parallel. If the potential difference

across the 50 resistance is 5V, the potential difference across 90 resistance will be:

# 7

*9V \vﬁ/v *2.5V *1.5V

Q#S (a) (iii) In a house circuit all the electrical appliances are connected in parallel with the phase
and the neutral to get:

* same current, and different potential difference
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ﬂfferent current but same potential difference
. * different current and different potential differences
* same current and same potential differences
2009

Q#é; (a) (iii) - The E.M.F. of three cells, each of 2 volts, in parallel will be:

rev AV xgV * Zero V

Q#6(a) (ii) = In the relation | = KV, K stands for:

, \}Cénductance * Resistivity
* Permeability
Q#6 (a) (iii) J ]Hy dissipated as heat ip i is gi

* IR * V2R
Q#1 (xi) . The commercial unit of electrical energy

OREH!

Q#1 (xiii) The electrical energy dissipated as heat

than R; the heating would be:

* morein Ry * same in R; and R;
%ore in Rz * all of these

A copper wire having resistivity p is stretched in such a way that its diameter reduces to

Q#1 (xvii)
* half of that of the original wire the new resistivity will be:

* halved * doubled Lﬂﬂ:same * four fold.

Resistors of 20, 3Q, 4Q and 50 are connected in series. If the current flowing through

20 resistor is 1 A, the current through the other resistors will be ~_ =
*4 A 1A *14 A *0.1A
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"2013 (xiv) Resistors of 302, 50 and 7Q are connected in parallel. If the potential difference
| : Across5Q resistors 6V, the botential difference across the other resistors is:
*4 volt \//6 volt * 8 volt *10 volt

' {v) A wire of uniform cross-sectional area is cut into three equal segments, then the
resistivity p of each segment will be

*%p ok %p x 3p v”’ééme as the hole wire
2014 |
(v)" ‘ Resistance of a wire does not depends on the:
' *’Terﬁperature *Length *Area Electric current

2015
(vii) Resistors ofducl uynnected in parallel. f the P.D. across S&resistor is 6 volts, the
/

P.D. across resistor will be:

* 3 volts volts * S ' m
viii) A batt'fﬂ has an internal resistance
_ its termiha i drop (V) is given by: =

V=E-Ir *V=E+Ir d

~ MORE!!!
— >
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CHAPTER-13 NUMERICALS
FROM PAST PAPERS

1995

Q3(c) A platinum wire of diameter 0.2mm is wound to make a resistor of 4 Q. How long a wire is
g needed for this purpose? {p =11x107%Qm) (1.1424m)

1996

Q.4(c) The, resistance of a copper wire is 1.27Q at 20°C. Find its resistance at 0°C and at 100°C. The
E temperature coefficient of resistivity of copper is a = 0.0039°C™ (1.178 Q, 1.637Q)

2000

Q.4(d) You are giv rs each of 2 ohms. How would you arrange these resistors to obtain
the equi tiresi of (i) 1.33 ohms {ii) b0him e the re
mathematically.

2001 B
Q.3(d) Find the €equi sistance and the cu ent

w through Ra& Ra Given R1 = ZOQ R, = 30Q Rs =
2002 (Pre -

2002 4Pre Engg. group)

Q.3(d) The resistance of a tungsten wire used in a fila
hot at a temperature of 2020°C, what would you estimate its resistance at 20°C? (The
temperature coefficient of tungsten a 0.0046/°C) {25.40Q)

2003 (Pre Med. group)

Q.3(d) Find the equivalent resistance in the given circuit, current |

x2
* and potential difference between ‘a’ and ‘b”: N
’ R3
R1=50 200
A
RZ = 20 6.00
—F
R3=3Q s
{1
&V
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Ra=6Q
V.= 6 volts (1A, 5V, 6Q)
2003 (Pre Engg. group)

Q.3. (d) A 50 ohm resistor is to be wound with platinum wire, 0.1 mm in diameter. How much wire is
‘needed (p =11 x 102 Qm)? (3.57 m)

2005

Q.6. (d) Two resistances of 100 and 50Q are connected in series with a 6 volt battery. Calculate:

i) The charges drawn from the battery per minute
u) - The power dissipated in 10Q resistance. (6C, 0.1W)

d) A 50 ohm resi from a copper wire, 0.2 mm in diameter. What is the length of the
wire neede 98.

i ista etween two of
HENn

(The resistivity for iron at room te

Q.84d) In the given diagram R; = R, = 4 Q and Rs = 6Q. Cal

2010,

Q.2. (xi) A water heater that will deliver 1 kg of water per minute is required. The water is supplied at
20°C and an output temperature of 80°C is desired. What should be the resistance of the
heating element in water if the line voltage is 220V? (Sp. Heat of water = 4200 J/kg K). (11.52Q)

2011

o
Q.2. (x) A rectangular bar of iron is 2 cm x 2 cm in cross —section and 20 cm long. What is the resistance
of e bar at 500°C if p = 11x1073Q-m and a = 0.0052K™'? (1.98 x 107°Q)

2012  You are given three resistors each of 2Q. How would you arrange these to obtain equivalent
resistance of: (a) 1.33Q (b) 3Q (c.) 6Q. Verify the results mathematically.
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2013 Two resistors of 5Qand 2Q are connected in parallel with a 9V battery. Calculate the current and
*power dissipated in each resistance.

rectangular bar of iron is 2 cm X 2cm in cross section an 20 cm long. What will be its resistance
_ at500°C? If a = 0.0052 K?and p=11x10®%Qm

2015

Q2(vi§)»'A 50 ohm resistor is to be wound with platinum wire, 0.1 mm in diameter. How much wire is
~ needed {p=11x10°0m)? (3.57 m)

[alR [E]
.'-.-"'
L | haplads
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Chapter 14
| Magnetism and Electromagnetism
Magnet:

It is a natural substance which attracts the things made up of iron, cobalt and nickel. If it is
suspended freely it always points towards geographical north and south.

Magnetic poles:

Every magnet has two poles, a North seeking pole and a South seeking pole on its opposite
ends. If a magnet is allowed to rotate freely it will come to a rest position with one end facing
geograpﬁical North and the other end facing geographical South. Like electric charges, opposite
poles attracts each other and same poles repel each other.

Magnetic Substances:

Those substances which are attracted by magnet or can be magnetized are called magnetic
substances. There are three magnetic substances.

1) Iron
i} Cobalt
iii) Nickel

Ferromagnetic Substances Or Ferro-magnets:
Those substances w like a magnet in the prese
called "Ferromagnefﬂﬁs" or “Ferro-magnets].
Soft Ferromggneti g

Those ferromagnetic substances whlch.retain their mag
magnetic field are called hard ferromaghe

Magnetic

The region around the magnet in which its effect can

Magnetic Force:
The force experienced by a magnetic substance due t¢

Magnetic Lines of Force:
In the magnetic field the effect of magnet is caused by special lines of force which are called
magnetic lines of force.

Properties of Magnetic Lines of Force:

i) The magnetic lines of force start from the north pole and end at south pole.

ii) Inside the magnet, these lines continue from the South Pole to the North Pole.

iii) Bhey do not intersect each other.

iv) They pass through iron more easily as compared to air.

Magnetic Field of a Straight Wire:

When a current is flowing in a straight wire, a magnetic field is produced around the wire. It consists of
concentric circular magnetic lines.

Experimental Proof:
A wire is passed vertically though a hole in a cardboard. The two ends of wire are connected to the
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-
terminals of a cell. Fine iron fillings are sprinkled on the cardboard. The current is switched on and the
cardboard is'tapped gently. The iron fillings set in a series of concentric circles about the wire as centre.
It is clear that the magnetic field is formed due to the current carrying wire in the form of circular lines
of force as shown in figure.

Note:

When electric charges are at rest they exert electrostatic force of attraction or repulsion on each other.
When the charges are in motion they still exert these electrostatic forces but, in addition, magnetic
forces appear because of motion. Isolated moving positive or negative charges create both electric and
magnetic fields but an electric current through a conductor produces only a magnetic field because the
electricfield of moving electron is neutralized by the field of fixed protons in the conductors.

Eorce On -A Moving Charge In A Magnetic Field: X (cross) => Directed Into paper
Let an isolated point charge “+q” moving with velocity “v” ¢ (dot)=>Directed out of paper

be projected across netic fueld of flux denitty ”B” It
has been obse lly that the charged_pa
experiences a for ndicular to velocity as_We

as magnetic field ”B".The magnitude of this force
proportional to the f “q”, “v”, “B” and S
“@” is the angle b t irections of magnetic|fi

velocity of the char,

In this case the constant o propoﬁlonallty is unit
F = (1)gvBSinG

F = quBsin8

Vector Form:

in vector form, above expression can be written as:

Equation (i) applies to a positive charge, for a negative charge particle, force will be given as:
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Direction of force:

Fl;

by,

Two right-hand rules for determining the direction of the magneuc force ¥ = ¢v x B
artng on' a p.u‘udc with charge ¢ moving with as cluc.u v in a magnetc field B. (a1 In this rule. vour
fingers point in the dlrccurm of v.with B coming out of vour palm, so that vou can curl vour fingers in
the direction of B. Fhe ‘v x B, and the force on a p(mu\( charge, 1s the direcuon in which
vour thumb points. thc vector ¥ 1& n the dire (uon of vour thumb and B in lh( dm cnmn
of vour fingers irec y
the parucle with

annot change the spee
Hence this fog
describes a cifi
Mlnlmum .

i.e. (9=0°or .
Then, - F -0. (No force experience by the charge part
ii. If the charge particle is moving at right angle (perpé
i.e.(=90°). - Sin90°
Then, F-qvB (Maximum force experience by the

particle). Helcal
Radius of The Circular Path Followed By The +¢ path

Moving Charge Particle In a Magnetic Field:

When a charged particle having “g” magnitude of
chatrge, “m” mass moving with a velocity “v” enters into
a magnetic field whose strength is “B”. If & be the angle P
between v and B then due to the component of vparallel
to B (i.e. v cos®) particle moves parallel to 8 and due t0 A TiVE FIGURE 29.8
the component of v perpendicular to B (i.e. v sin ) the . . X

. . . i . . A charged particle having avelodw  ~ =
particle experiences a magnetic force in a direction  .cior that has a component paralicl

perpendicular to both v and B which provides necessary  to a uniform magnetic ficld movesin
a helical path.
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centripetal force in this way it moves along a circular path.

Derivation for Radius:
F, = Fq,
. 2
qvVv Bsiné = m_g)_
¥
= Ln.v_sl_lﬁi mm———— ( I )
qB

" Due to the superposition of linear and circular motion of the charged particle its path is
found in a helical shape whose radius is described by equation (7).

Magnetic Inductign.
Consider a positi m is entered in a magnetic field perpendlcularly with velocity “v”
if the strength o i is “B”, then force of Y
= qu(l)
=qvB
HEp==1 F
Iqu lomb and v -Im/s ?
Then:

= Fm
(M)
B=F,

m

Hence;
“when a particle having 1coulomb charge on it and it enters perpendicularly in a magnetic field
with velocity Im/s, then magnetic force acts on this particle is called “Magnetic Induction”.
Unit of Magnetic Field of Induction:
Unit of “B” is Tesla (also Weber/m?).
Force on a charge particle in a magnetic field is:
F = qvBSind
F_.
qvSing

Hence
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1Newton
1Tesla =
1Coulombx1m/s
1 Newton »
17esla = ———— ;
el 1Coulomb !
——————x1m ;
s
Tesla = —Vewton
lamperex1m
17esla = ll

: . Am
Force On A Current Carrying Conductor In A Uniform Magnetic field:

In order to derive a formula for force experienced by a current carrying conductor, consider a
straight current carrying conductor of length “L” and area of cross-section “A” subjected to a

uniform magnetic fi i jon “B” such that the magnetic field makes a certain angle"&"
with the direction I

.. Volume of the conductor= Al -E “ -

Let “n” be the num Ectrons per unit volurpe
u

conductor causing ¢ n the total number
electrons flowmg th nductor will
Total number of freeelectrons

f“e” is the ¢ :'r' rn the total ¢
through the
EEE q=nAle

Forceygxperienced by charge “q” flowi h the go
in this ca experienced b ris give

If charge “q” takes “t” seconds to move from one end of conductor to the other thenits velocity
"V"is given by:

=1=7 (q =total charge passed)
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Where, “1” is the current flowing through the conductor.

F_') =1(Zx§j

As the magnitude of force changes with the inclination of theconductor with respect to the

magneticfield, therefore, L is taken as a vector, its magnitude is equal to length of the conductor and its
direction is same as the direction of conventional current.
The magmtude of force experienced by a straight current carrying conductor in a uniform magnetic field

is given by
F =ILBsin@

When conductor is perpendicular to the field O - 00, force experienced by the conductor will be
fnaximum and is given by:

F-ILB (Sin90° =1)
When the conductor is held parallel to the fleld 0-0° then;

(Sin0°=0)
“Force experienc rrying conductor in a magnetic field is always perpendicular to length
of the conductor netlc field and its diréction ca and rule”.
Whén current is pa ﬂ)ﬂa coil placed in a magneticfie
co1| A coil ”ABCD” is plac niform magnetic field B and‘

HengthOfM n H E EEN

b - breath of the coi
rent | passes through the coil, for ced oneach

F =BIL sin 90°
F=BIL (1)
F=BIL
Torque of couple is given by, 7 *
7 = Force x Couplarm ! ;
r=Fxb * L .‘_\“_iq..__: >
r=BILxb=BIA ?i . >
For coil of N turns; : . A -
8 r=BIAxN b
PN o R — ()
Eq(i) applies when the plane of the coil is parallel to the direction of magnetic field. When the plane of ]
coil makes an angle “a”with the direction of magnetic field then; "I',"
~——~+7
L

B, =

ooy
ea ey

.
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7 = Forcex Couple arm

7=BIL x b cosa

7 =BIA cosa (~A=Lb)
For N turns;

7 =BINA cosa

* Torque is‘ma_ximum when the plane of coil is parallel to the magnetic field i.e. when a=0.

» Torque is zero when the plane of the coil is perpendicular to the direction of magnetic field i.e. a= 90.
Magnetic Flux: X

The number of magnetic lines of force passing normally through the surface is called “Magnetic flux”.
Mathematical Definition:

Magnetic flux is equal to the dot product of magnetic field of induction " B" and the vector area "A A" of
the surface, provided the magnetic field of induction is uniform over the given area of the surface. It is
denoted by " 9" .

| Jol“ Ss=

AD = BAAcosf
The unit of magnetic flx i
Magnetic Flux Densit

Flux Density”

It is denoted bM 0 n E ' ' '
m WA= i

AA

The Uhit.of magnetic flux density is “W/m?* or

In 1897, Sir J.J Thomson derived an expression for ratio be
electron. For this he used a device which is shown in follo

form from the filament. These electrons passed through from a cylinder “A” to make them inform of a
line. A negative potential is applied across
the cylinder “A” to make electrons in a
line, then these electrons again passed
through to two plates which have narrow
hole on it. After passing through the
platgs, the electrons are in form of a
straight line.

A magnetic field " B"is applied
perpendicularly in the tube. J.J Thomson
assumed that, when electrons emit out
from plates “C” their velocity is zero, and
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K.E. is also zero. i.e. KE= 0. A voltage “V" is applied between plate “C” and cathode, after this the KE of
electrons will be “1/2mv?” and their velocity is “v".,
According to law of conservation of energy:

AKE = APE ’.'V:é-}-)—E
(%mv2 —-0]=Ve Vg =APE
1 5
—2-mv =Ve Ve =APE
o 2Ve

)2Ve ;
J I u .............. (l)
This eq shows the v ocoo electrons. When these electro

induction acts on these electrons. This force is given by;

Smce v_LB therefore: 6 = 90°

F =e(
F. =&

When electrons oveonac
provides a centripetal force.
i.e. Fm =
mv’
Putting Fn=evB and F, = evB =
#
eB= =
#
e v .5
T e e 1i
m, Br @iy
i 2Ve
Putting v=_[——
m
Page 93 of 198

MNAcaster
CCooccazinneg Cenrylber

Add: Yaseen Square Block -F , Doll khata Soldier bazar, Karachl Contact #0321-2494633 & 0312-2340767



Squaring ob both sides.

Particle Selector
J.J Thomson assumed
scientists rejected t

This field is set such a

Y
ie

rength is equal to the s
b =E,

E
This value of “

§|<b

& [ | gv|<

& |ty
X

%]~

S| 3o

Eq (iii) and Eq {iv) reoresent the ratio between charge and mass
of an electron.
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L

Determination For radius of circular path

If r is the radius of curvature of circular path, ‘a’ is the distance b/w ‘0’ and ‘0”, and ‘b’ is the
length of region of magnetic field and screen then by using the property of chord:

ADxOD = BDx DO
(2r - a)(a)=(b)(b)

2ra-a’=b’

Since ‘a’ is very small as compared to ‘2r’, so we neglect a2

‘/ &
Statement: F D

“The sum of the pfod tangential component
length ofan element of a closed curve taken in a mag

\'thls curve”.

B = py < 1.,

Proof:

Consider a straight current carrying conducto
Experimentally, it has been observed that the strehg

proportional to the distance “r” from the conductor.

Bl

Boc—l—

2
r

by combining both observations,

Boc!—
F

B= (constant)l
i

LB ol
po
o

Ok#10]

0

.

p=to 1

2 r
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-

5—“ Is the constant of proportionality, is known as permeability of free space. The value of " p,"
n

is 47 x107 Web/Amp-m

The above relation shows that the value of “B” at all the points on the circle will be the same if
a straight conductor is at the center of the circle. Hence the magnitude of magnetic field of
induction “B” at any point on the surface of a circular closed path can be calculated with the
help of equation (i) the above formula is valid only for a circular closed path surrounding the
conductor. .

In order 'to derive a general formula we will divide the circle into a large number of small
elements each of le 'wlhe tangential component of magnetic field of induction for an
element is"BCosﬁmc“product of tangential component of “B” and length of an

element "Al" is g
E nﬁ (BcosO)Al = BAI D
The sum of these pr | the elements is glve by: d
B Al
M%Eﬂ ’ eaCh s
path coincid ghdtic field.

in this case t

equation (i).
ZE.A7= Kol x2mr
2nr
S (BAL), = fipL v e v (if)

Equation (ii) is the general form of Ampere’s circular law. It is mdependent of the distance of elements

form the conductor; therefore, it is applicable to closed curve of any shape taken in the magnetic field.) J\J
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i 4

lication of Ampere’s Law: oW

With the help of Ampere’s law the magnetic field of induction B due to a current can be determined

provided ZB.A? for an imaginary closed curve around the conductor is known.

Determination of “B” Inside A Long Solenoid:

~ Astraight cy"linder covered by loops of insulated wire, is called “Solenoid”. When a strong current passes
through the loops a magnetic field is formed inside the “Core” of Solenoid. Outside the core, the field is
very weak so that the force of induction is negligible outside the core.
Considér rectangular amperian loop “abcda”, the length of its sides are/y, /2, Iz and la.

To Détermine The Line Integral of Magnetic Induction nzjg?_A}",

The line integral of magnetic induction on Amperian loop “abcda” is given by;
e e T e T

E':jﬂlml +B.1,+B.L,+B.l, ... (1)
Now,For i
ndl are parallel, th@re
F“Bl cos0’
M 0“5- EE

No .1,
since B and 1, are perpendic
B. l_; =B1, cos90°
B.l, =B 1,(0)
B.lL,=0
Now For B.1,
{
= since B and /, are anti- parallel, therefore (i.e. 6 = 180°)
-B.l:;.:él?’ COSOO I'H:IE
— e
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Since at /3 the field strength is zero (i.e. B=0)

¥

—
Now For B.1,

Since, B and /, are perpendicular, (i.e. 8 = 90°)

=B, cos90°

Amperian loop will be “n/y/”
Now; applyin

Z B. Al =,uo(jenc!osed )

Bl, = u,(nl 1)
B=punl

(or) B=£—"——]!£ ; (n:ﬁj

L

Whe're, “N” and “L” are the number of turns and length of solenoid respectively.

If a medium other than vacuum is present at the core of the solenoid the value of “B” is given by;
B=u, nl

where " "is the permeability of the medium.
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Bey npoteteNT

Toroid:

A toroid or a circular solenoid is a coil of insulated copper wire wound on a circular core with close turns.
If acurrent passes through the loops then a strong magnetic field formed inside the core of toroid, its
value outside the core is negligible.

Detérmmatnon of “B” Inside aToroid:

Consider a toroid closely packed turns and carry a current /. imagine a closed
circular Amperia r inside the coreof t6roid: y : 3

field at all points of the closed loop must have the sa : i

o the loopat all pE

To determme flux n Re the toroid apply A

) ————— =)

Here, Z Al represents the circumference of Amperian circular loop.

ie. ZAI = 27 r Substituting this in equation (if)
S BAI = BQnr)

To determine The Total Current Passes Through Amperian Loop:

Asthe number of turns enclosed byAmperian loop is “N” and current passes through one loop is “I”, then

total current enclosed the Amperian loop will be “N/”. ~ =
ie. Total current/enciosea=N/
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-

By substituting values of lenciosesand ZB-A/ in eq (i), we get

() = BQzr)= (NI

- Mo NI
2m

This equation shows the value of “B” inside a toroid.

Electrbmag'netic Induction:

Changing magnetic fl il oop produces an emf in it. This emf is called induced emf and the
phenomenon is kn r gnetic induction. Induced causes ¢

called inducedcurrent.

Farg,c_lafs Law: B

’ _Afcordmg to faraday s law of electromagnetic induction,

1 “An e

s =

At

Where “N” represents the number of turn of coil, Agis the change of magnetic flux in time A
negative sign is introduced according to Lenz’s Law, to indicate the direction of induced emf. " NA¢" is
called Flux Linkage.

The emf will be induced as long as there is a change of magnetic flux, no emf will be induced if flux
either becomes zero or becomes constant.

.
, LenZ's Law:

According to Lenz’s Law, “The direction of induced emf and hence the direction of induced current is
always such that it opposes the change which produces it”.
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. (\(\'.\“R &
- !5'66: d
ual Induction:

V4
“When turrént is changed in coil an emf is induce in a neighboring coil this phenomenon is KNQWN as
Mutual Induction”.

Consider two coils of insulated wire lying close to each other such that one of the coils is connected to a
battery though a rheostat. This coil is known as “primary coil”, the other coil is called a “secondary
coil”.When current in the primary coil is changed with the help of rheostat, the magnetic field produced
also changes resulting in a change in magnetic flux passing through the secondary coil. An emf is
therefore induce in the secondary coil due to which the galvanometer connected across it shows
deflection.The average emf induced in the secondary coil is directly proportional to the rate of change-of
current in theprimary coil.

Jolu £=-M2:
At

Where “M” is the constant of proportionality it is K

change in currenf ry in the time A7 T

induce emf in acc 2’s law, the phenome
role in the design of transformers and other heavy

Mutual InIMg'! H E ' ' '
EEE

”T ratio of emf induced in the sec
coil is utual Inductance”.

No. of turns of the two coils.
2. Distance between two coils.
3. Shape of the coil.
4. Cross-sectional area of coils.

5. Magnetic properties of medium present between coils.

Unit of Mutual inductance:

The unit of mutual inductance is “Henry”.

“Mutual inductance of a pair of coils is said to be 1Henry if an emf of one volt is induced in the g

secondary coil when current in the primary is changed at the rate of IAmpere per second”.
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Dehy*
self Induction:

If the current passes through a coil is suddenly changed then the magnetic flux linked with the
coil itself also changes as a result which an emf is induced in it. This phenomenon is known as
self induction. The emf induced in the coil also known as back emf because its direction is
always such that it opposes the cause of its induction (Len’s Law).
The magnitude of back emf or self inducedemf is directly proportional to the rate of change of
currént in the coil:

Self Inductance: J 0 I N

“The ratio of back emf to the rate of change of curre

The value of self inddiet

1. .The ng. urps i i
2. Area ﬁn thl !)1'
EEE
: he magnetic properties of the
Unit of Self Inductance:

The unit of self inductance is “Henry”.

“Self Inductance of a coil is said to be 1 Henry if a back emt of 1Volt is ind
current is changed at the rate of 1 ampere per second”.

Motional E.M.F:

When a conductor is moved across a magnetic field, a potential difference is established
between its ends. The potential difference is called motional emf.

Explanation: ,
When the conductor is moved with velocity i3, the free electrons in the conductor also move
alecng with it with same velocity. A force acts on each electron which is given bu |

F=e(§x;)
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This force pushes the free electrons from end “b” to end “a” of the wire. As a result upper end
becomies more and more positive and lower end negative. Transfer of electrons stops when
force F is balanced by the electrostatic attraction between ends “a” and “b”. Hence, under
given conditions, a certain value of emf is obtained.

Derivation of Formula:

Su'bpose; ,
q= Total charge transferred from end “b” to “a”.

B =Flux density of uniform magnetic field.

8 =Angle between vand B.

I=Length of the co r I
Force on charge n I N

F F =q(B xv)

F =gBv sind

“wn

Work done on the charge from “b” to “a

W E &y - g4Bvsind

" MB&tignal emfis;

Electromechanical Device:

An electromechanical device is that which converts electrical energy into mechanical energy or
mechanical energy into electrical energy.

Electric Motor: A motor is an electromechanical device which converts electrical energy into mechanical
energy:.

% Generator: A generator is a device which converts mechanical energy into electrical energy.

’ ! o7 C Generator:

Principle:
When a coil is rotated in a magnetic field an emf is induced in it. This emf is of alternating nature.
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Construction:

A simple A.C Generator consists of a coil of insulated wire which is wound on a soft iron cylinder. It is
known as “armature”. The ends of the coil are connected to two slip rings. The slip rings are in contact
with two separate carbon brushes. The contact with external circuit is made through these carbon
brushes. Armature can be rotated freely between poles of a permanent, strong horse shoe magnet.

Worldng.:

When the-coil is rotated in the magnetic field such that at a particular instant, its plane is perpendicular
to magnetic field, then its Ibnger side will move parallel to the field, at this instant no emf is induced in
it. As the coil continues the motion, component of linear velocity of longer side’s perpendicular

to the field increases and becomes maximum when plane of the coil is parallel to the field.

During this quarter revolution, emf increases from zero to maximum value. Maximum emf is induced

when plane of the rotating.coilis parallel to the field. During the next quarter revolution emf decreases
to zero when the planln& u“ain becomes perpendicular to the field. During the remaining half

revolution emf indu same manner but in

they add up whereas in the shorter sides isin
through the coil in op n hence the net emfi
of the coil one cycle of‘alterfiating emf is obtained. The nu
per second is calted “frequency of A.

fivation: f’i”‘ b o

3] |
et “L” be the length, “b” be the readtﬂn of the coil and “

upy»

2

longefide of the coil in the magnetic field o nsity

of wire is givi

& = Bvlsinf

. i+
|
[

T,

=
Rl

Hence the total emf induced at any instant in each turn of oIl W

& =2Bvlsin@
If the coil has “N” turns, then total emf induced in it given by:

& =2NBvlsinf ————— '

If “w” is the constant angular speed of the coil then:

”

V=iw

Putting r = %(b)
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7
0=wt vo=—
w it
On substituting the above values of v and & in equation (i), we get:
1 :
&= 2NB—2—b(oIsm6
_ & =BNwlb sinwt
But Lb-A
& = BNw A Sin@f——— = (i)

Similar’ty angular velocity “w” is related to frequency ”f” by the following relation:

w=2xf

Equations (i), (i) and (iii) give us the emf induced in the fo

- Expression For mf:
The emf induced inithe lFbe maximum when sin @t=

between v “and B is 90°, at this particular moment plz

o m S =NwAB

ion Between Instantaneou

The instanta

w=2af
In the rotating coil emf induced changes in magnitude and direction wit
alternating emf. The current caused by alternating emf will also change continuously in magnitude and
direction. Under the influence of alternating emf free electrons of the conductor will simply vibrate

about their mean position.
ansformer:

Transformer is an electric device which is used either to step up or step down an alternating en
(Voltage). It works on the principle of “Mutual Induction”.
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Construction & Working:

A transformer consists of two coils known as  “primary” and  “secondary”.
These coils of insulated copper wires are wound one on top of the other on a laminated soft iron core.
On one of the coils, known as the “primary coil”, an alternating emf (Voltage) is applied. Due to self
induction an emf (£, ) Is induced in the primary coil, given by;

A .
¢t’" and is the rate of change of flux through primary coil.

where “Np” is the no. of turns in primary coil

Since, the:secondary coil is wound on top of the primary coil; therefore the flux linked with the two coils

A
will be practically eqtu l"words the rate of change of flux ;f"’ for both coils is same.
Due to mutual indu emf d & inthe Timen econdary
winding
T

o = . Ngdurns
secondary coil is give

-N (i)

Where, “Ns’ i n Eclnla!/ coil.

Dividing eq. (ii) by eq. (i)

it

Efficiency of Transformer:

Efficiency may be defined as;
“The ratio of power cutput to power input”.

Power Output’= & I

Power Input=&, 7,
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¥

If the power loses in a transformer are neglected then,
' ‘ Power Output = Power Input

$s 1 =&pdp
¢s _1p
sp 1s

This relatiod shows that in a step up transformer for which (£, > &£,)."1," ” will greater than “Is”.
; s P P

Stég Up Transformer:

If Ns>Npthen" £, " also be greater than" £, ", A transformer in which (& >£&,) is known as “Step Up

Transformer”. It increases the applied voltage, whereas (/3 < 1,,).

Step Down Transformer:
A transformer in which Ns<Np, gives lower emf through the secondary coil i.e. ({5 < &) is known as

“Step down Transformer.. | ses the applied voltage whereas (I, < ).

Uses of Transf
2. Step down transf i to decrease the large vio
3. In electric bell thFB ansformer is used to sé
Power Loses In A Transformer:

e to resistanc

1. Power loges ififtr r :
2. To mini | thick copper w
current. EEE

3. Eddy current induced on the surface of iron core due

4. To mini i i n sheets of s

CHAPTER-14 MULTIPLE CHOIC

1999
Q.4. (a) (i) Which of the two charged particles of the same mass will be deflected most in a '
‘ magnetic field?

XfFast moving * Slow moving

Q5. (a)(i)  Henryis the unit of mutual inductance. "X u €

R (i)  Back e.m.fis the effect of self inductance in a coil when a alternaté current passes. -.‘ 5 AL

2000 .

Q.5. (a) (i) The device which converts mechanical energy into electrical is called Generator. {True}

2001 ' =

Q.5. (a) (i) The maximum magnetic force will act on a current carrying conductor in a magnetic field o
when it is placed: ~——7 Fil
* At 60° to field * Parallel to the field
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Ph
'/épendicular to the field * At an angle of 45° to the field
Q.5. (a) (ii) - The current produced by moving the loop of a wire across the magnetic field is called:
‘ * Electric current * A.C. current
*D.C. current * Jrrduced current

Q.5. (a) (i) The phenomenon of producing e.m.f. in the coil due to the change of the force
. experienced by a current-carrying conductor when it is placed in a magnetic field is:
, *F=|(VXB) w:jl"(ixs) *E=B(IXL) *NOTA
O..6... (a) (i) ~ The phenomenon of producing e.m.f. in the coil due to the change of current in the coil
itself is called: -
* Mutual induction *Self induction
L ' * Magnetic flux * None of the above
2002(Pre-Medical)
Q.3. (a) (i)  Asteady current passing through a conductor produces:
e An electric field only

A ield only
and magnetic fields
ric nor magnetic fiel

Q.5. (a) (i) If a straight conductor of length ‘L’ carrying

field ‘Bl t xperiénced by the conduc
*BIL IL cos©® -Ze

article enters a uniform

‘Q.5. (é) (i)  When a charge

C ir, ifeul * Parabol
2002(Pre-EngMﬁ E ' ' '
Q.4. (a) (ii) s anm m

* Ohms Law * Self ind ™
f

c

The deflecting torque carryifig coil a“niﬂti! fie
when’ etween magdnetic field and the coiliis:
\%& *90° ! o
ke i
2003(Pre-Engineering) "

Q.4. (a) (i) The force acting on a charged particle projected into a magnetic field of induction B is
maximum when the gp_gle between B and the velocity of the particle is:

* 0 woo * 60° * 450
Q.5. (a) (ii) A transformer is used to change:
* Capacitance * Frequency JVoltage * Power

2003(Pre-Medical)
Q.4. (a) (iii) One Tesla is equal to:

XX weber/meter? * 2 weber?/meter?
* weber/meter? * Newton/ampere

Q.5. (a) (ii) An electric current through a conductor produces around it:
* An electric field \}A/n;agnetic field

* An electric and a magnetic field
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Q6. (a) {ii) -

Q.6. (a) {iii)

2004

Q.4. (a)-{iii)
Q.5. (a) (i)
Q.5. (a) (iii) °
2005
Q.3. (a) (i)

Q.4. (a) (ii)

Q.4. (a) {iii)

2006
o) (ii)

Q.4. (a) (iii)

Q.5. (a) (i)

2007
Q.5. (a) (ii)

2008
Q.4. {a) (iii)

* Stiaightli Circular * Oval
Q.5.(a) (i) Slu nis: -
o * Tesla “Henry* Watt

Q.s. (a) (iii) -

EEE

* First a magnetic field and then an electric field.
When the north pole of a bar magnet approaches the face of a closed coil the face
becomes:

* South pole * First north pole and then south pole
_iNorth pole * No effect is observed

In step-down transformer:

NS Ne * Ns< Ny * Ns = Np

-

The unit of Magnetic Flux is Weber.
Ampere'é law can be used to find electric intensity. {False}
Henry is the unit of mutual inductance. 71+ 1 ¢ -

“Vrug -

The direction of induced current is given by:

* Ampere’s law * Faraday’s law*Tenz’s law * Snell’s law
. The tance in an A.C. circuit is offered by:
* olenoid * Electrom F |

The path of a neutron moving normal tofe

The force per unit length of a current car

Which is not a magnetic

* * Ni * Cobal
The Sl unit of magnetic fluxis:
* Tesla seber

The path of a neutron moving normal to's :
A straight path * A circular path
* An oval path * A sinusoidal path

A device which converts the electrical energy to r.n‘:C/Innical energy is called:
* Transformer * Capacitor * Galvanometer*Electric motor |

In a conventional transformer:
The current moves from primary to the secondary windings without any change.
* E.M.F. is induced in the secondary by the changing magnetic flux.
* The heat is transferred from primary to secondary
* None of the above
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Ph
Q.6. (a) (ii) A charged particle moving in the magnetic field B experiences a resultant force: “
: * proportional to the kinetic energy *In _the direction of the field : !

* In the direction perpendicular to its motion and field >one of these )
2009
Q.4. (a) (i) Which one is not a unit of magnetic flux density?

<% NAT * Wh/m? * Tesla * VA'lS
Q.4. (a) (iii) When an A.C. generator is converted into a D.C. generator, slip rings are replaced by:
.  *Adynamo  * Aspfitring * A field coil * An inductor
Q.6. {a) (i) The practical application of the phenomenon of mutual inductance is:
' * A.C. generator * Transformer * Rectifier ~ * Dynamo
2010 ,
Q.1. (xii) The motional e.m.f. induced in a coil is independent of:
¢ (a) Change of flux (b) Number of turns  (c) Time  (d) Resistance

Q.1. (xiv) Transformers are used in circuits containing: 8

(a) d. .c. alone c) Qc;tbq:t. and d.c.(d) non-inductive winding
2011
Q.1. (ii))T he core of a transformer is laminated to reg

* NA eating ¥ Eddy aur
Q.1. (ix) Two ;r ﬂ:lEres carrying current in the M&

® * do not a other

.%;;el each other

| .
Q.I(xiv) e r's 'lcoil is doubled its h
alved

2012 e

The practical application

Q.1(xiv) An electric current on passing through a c¢
* an electric field
* Both electric and magnetic field

2013
Q.1(xv) The practical application of phenomenon of mutual inductance is:
* A.C generator % transformer *rectifier * dynamo
Q. 1(xiii) The direction of induced current is given by
* Ohm's law Zlenz's law *Coulomb's law * Ampere's law
Q.1 (i) When an AC generator is converted into DC generator the alip ring are replaced by
* * An Inductor *A field coil A split ring * A dynamo
2014 '
(xiii) When A.C generator is converted inte D.C generator slip ring is replaced by:
*a dynamo *asplit ring *a field coil * an inductor
(xiv) ‘The path of neutron, moving perpendicularly through a magnetic field is:
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\%\ﬁight line *Circular *QOval *Sinusoidal
2015 .
(iii) ‘ If the number of turns in a coil is doubled, its self-inductance will become:
* halved *\dem:d ' * threefold * fourfold
{ix) When an electron moves in a magnetic field (B) with a velocity (V), the magnetic force
acting on it is perpendicular to: ~
*Vbutnoton B * B but notonV * neither V. nor B *455th V and B
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CHAPTER-14 NUMERICALS ¢
B From Past Papers

1985 L
Q.4. (c) A toroidal coil has 300 turns and its mean radius 12cm. Calculate the magnetic field of induction

B’ inside the coil when a current of 5 amperes passes through it. (2.5 x 10*Wb/m?)
Q.S Current of 2 amperes passes through an inductive circuit. What is the self-inductance of

the circuit if the current falls to zero in 0.1 seconds? The average value of induced e.m.f.

is 20 volts. ' (1.0 Henry)

1986 .
Q.5. (c) A train is moving directly towards south with a uniform speed of 10m/s, if the vertical
component of the earth’s magnetic field induction is 5.4x107° Tesla. Compute the e.m.f. induced

in the axle 1.2m long. (6.48x107* volts)
1987
Q.4. (c) An electron ha 1.6x10° m/s is moving along a circle of radius 1.82x10™m entering
perpendiculd:B{"nagnetlc field. Find the value of magnetic field. 5 Tesla
1988

Q.5. (c) A solenoid of diameter 5.0cm is 25cm long and
Q-« amperes, find ingicle the'solenoid.

. SOIEMMDOH
1992
|| ||
Q.. (c) A curr E.s-ghrough a solen@i i Sipe
length, find the value of B. .
QG {c sformer has 1000 turns i coil. ?ﬁ Han
volts, wha umber of wirns of the séco ain @n Qutput

)(1993 ¢
Q.s. 10eV electron is moving in a circular orbit in a uniform magne ic field of s reng!H !!I"

' weber/m?. Calculate the radius of the circular path. (0.107m)
Q.6. (c) A coil having an area of cross section 0.05m? and number of turns 100 is placed perpendicular to
" the magnetic field of induction 0.08 weber/m?2 How much e.m.f. will be induced in it if the field

is reduced to 0.02 weber/m? in 0.01 seconds? (30 volts)

1994
Q.6; (c) A solenoid 25cm long has a cross-section of 5 square cm with 250 numbers of turns on it. If a
current if 5 amperes is passed through it, find “B” in it. (6.28x107 web/m?)

1995 -
Q.4. (c) An electron is moving along a circle of radius 1.8 x_107m. Calculate the speed of the electron on
entering perpendicularly in a uniform magnetic filed of 5.0 Tesla. (15.81x10* m/s)

-
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1996
Q.4. (c) A cail of 100 turns and area (4cm x 2cm) is placed in a uniform magnetic field of 0.45 T. The coil

‘carries a current of 1.5 amperes. Calculate the torque on the coil when the plan is at 60° with B.
(0.0054 Nm)
Q.5. (c) An airplane is flying in a region where the vertical component of earth’s magnetic field is
3.2x107*T. If the wingspan of the airplane is 50m and its velocity is 360 km/hour, find the

; potential difference between the tips of the wing of airplane. (1.6V)
1997 \‘\o ‘ :
Q.. n o particles are accelerated from rest at a P.D. of 1 KV. They then enter a magnetic field
' B=0.2T perpendiéular to their direction. Calculate the radius. |
. = )en m=6.68x 107" kg & q = 2e. ; (0.032m) |

998 \\* \
.%:JA soieno:d 20 cm long has three layers of windings of 300 turns each. If a current of 3 amperes is

passed thﬁh E| find the value of the magnetic field of Induction. (0.016 web/m?)

‘g\a.

Q.5. (d) A 500 turn rator having an area of 1000 cm? rotates in a magnetic field of value

50 Tesla
your answer in terms of the number of revolutio

1999
Q.5. (d) A 10eV efu‘Bving in a circular orbitli
" . weber/m? éalcu adius of the circular pa

Q 6. (d) A transformer has 1000 turns in the primary coll.

GRE 'u' 'ofturns of thels

EEE
Q.6. (d) Al electron is accelerated by the potential differénge
magnetic field of induction B = 2.5, weber/m? afja

find the vaiue of the path described by the electrg

ate 220 volts maxim

2002 (Pre—Med)
Q.5. (d) A long solenoid is wound with 10 turns per cm and carries a current of 10 amperes; find the
magnetic flux density within it. (0.0125 web/m?)

2002 (Pre-Engg) Tf o1\
Q.5. (A e.m.f. of 45 milli-volts is induced in a coil of 500 turns, when the current in a neighboring coil
changes from 10 amperes to 14 amperes in 0.2 seconds.

a) Whatis the Mutual Inductance of the coils?
b) What is the rate of change of flux in the second coil? - (2.25mH, 9 x 107 web/sec)

2003 (Pre-Med)
Q.5. (d) The current in a coil of 325 turns is changed from zero to 6.32 amperes thereby producing a flux
of 8.46 x 10~ Webers. What is the self-inductance of the coil? (43.2mH—7
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2003 (Pre~Engg) .
Q.5. (d) Calculate the speed of an electron entering perpendicularly in a uniform magnetic field of 5.0 . 3
w/m? which moves along a circle of radius 1.8 x 10° m in the field. (1.58 x 10® m/sec) ’

Q.6. (d) A coil of 50 turns is wound on an ivory frame 3cm x 6 cm which rotates in a magnetic field of
induction B = 2 web/m?. What will be the torque acting on it if a current of 5 amp passes
through it and the plane of the coil makes an angle of 45° with the field. (0.6363 Nm)

2004,

Q.S.f(d) How fast must a proton of mass 1.67 x 1077 kg be moving if it is to follow a circular path of
radius 2.0 cm in a magnetic field of 0.7 Tesla? (1.34 x 10° m/sec)

Q.6. (d) The current in a coil of 500 turns is changed from zero to 5.43 amps. There by producing a

. magnetic flux of 8.52 x 10 Webers. What is the Self-Inductance of the coil? (78.45mH)

2005

Q.5. (d) A proton accelerated through 1000 volts is projected normal to a 0.25 Tesla magnetic field.
Calculate the following:

a) The Kineti proton on entering the magnetic field.
b) Therad path of the proton

Q.6. (d) A step-dow nsformer having 4000 turns in
. volts. The effi€i transformer is 90% and

Input power, [the of turns in the secondary

secondary coils?

rﬂiRsEv'ﬂ'3'tums in 10cm,
) EEm

ane is flying in a
3.2x107T. If the wingspan of the
potential difference between the tips of the wing

2008 X

Wp down transformer reduces 1100V to 22 : i and overall
efficiency of the transformer is 90%. The primary winding has 1000 turns. How many turns do
the secondary have? What is the power input? What is the current in each coil?

* , (200 turns, 13.8 x 10° Watt, 12.6A, 56.81A)

Q4. pair of adjacent coil has a mutual inductance of 850mH. If the current in the primary coil

changes from 0 to 20A in 0.1 sec; what is the change in the magnetic flux in the secondary coil of
800 turns? .- (2.12 x 10webers)
2010 ! .
Q.2. (x) Find the current required to produce a field of induction B = 2.512 x 10 T in a 50 cm long
solenoid having 4000 turns of wire.( uo, = 4r x 107Wb/A-m (0.785A)
~———7
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2011%

Q\z/bmn alternating current Generator operating at 50 Hz has a coil of 200 turns, while the coil has
an area of 120cm?. Calculate the magnetic fleld intensity applied to rotate the coil to produce
the maximum voltage of 240V. (0.31831T)

e inner ahd the outer diameters of the toroid are 22cm and 26¢m. If a current of 5.0 amp is
passed which produces 0.025 tesla flux density inside the core, find the approximate length of
the Wire wound on the toroid.( o = 41t x 107Wb/A-m). (226.2m)

2012

the cu&ent requnred to produce a field of induction B = 2.512 x 10 T in a 50 cm long

solenoid kaving 4000 turns of wire. (uo = 41 x 1077Wb/A-m).

n élternating current generator operates inat 79 Hz the area of coil is 500 cm?. Calculate the
number of turns in the coil when a magnetic field of induction 0.06 web/m? produces a

* maxpmum p I nce of 149 V.
' )
2014 ‘\]\
QWOH core of solenoid 500 turns has a cross s
- through pr of B=0.53 T. How largela
- offin0.1se the self inductance of
2015

Q 2(|x) An e.m.f. of 45 milli-volts i |s mduced in a coil of 500 diw

peres in 0.2 se€o

c of the coils?
& Bf fllix in the second coi

\2
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Chapter 15

ELECTRICAL MEASURING INSTRUMENTS .

Galvanometer:

It is an electromechanical instrument used for detecting or measuring a very small
amount of electrical current in a given circuit.

Moving Coil Galvanometer:

The primitive form of moving coil galvanometer was developed by the French scientist
D’Arsonval. Edward Weston improved upon D’Arsonvals original version (in which coil is
suspended between the concave pole pieces of magnet) and gave the modern moving coil

galvanometer (in an I Nted between the concave pole pieces of magnet).
Principle: —
~ Moving coil r works on the principle on.an !‘le.
through a coil placedin tic field it experience§a
' [

discussed below:

.(i)'.MM

Concave type pole pieces of powerful horse shoe
magnet are fixed to obtain strong magnetic field.
(ii). Soft iron Cylinder: -

A soft iron cylinder is set between pole pieces to
provide radial magnetic field o the rotating coil.
~ Radial field is a field in which the plane of rotating
coil is always parallel to the magnetic field. It is
plaged inside the coil, but could not move as the
coil is rotated, such that the coil can rotate freely
about the cylinder without touching it.

(iii). Rectangular Coil:

A number of turns of insulated copper wire are wound on a rectangular ivory frarn2
inform of a rectangular coil. The ends of copper wire are connected with meter
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movement and spiral spring separately. A thin bronze strip is connected with each end V of
wire, acted as input and output lead to the flowing current.

(iv). Meter Movement: S

It consists of a very light pointer and a dial. When rectangular coil is rotated in presence, of
couple of magnetic induction, the pointer rotates on dial and hence flow of current is detected.

{v). Sgiral Spring:

A soft hellcal spring is connected with the end of coil whnch is used to restore the pointer to its
mmal posutlon when the current is cut off.

Thedrv of Movirg Coil Galvanometer:

To study the. tfzﬂmucoﬂ galvanometer, let us consnder a rectangular coil inside a
radial field of in i mains parallel to thesplanesoficoilvAssume
i.  Thelength ‘
‘ii; The breathn n
iji. ‘
. JWOKE!!

The current passes through t

=1lb
L

The str ic field =

vii.  The magnitude of deflecting torque on coil d

vii.  The magnitude of restoring torque on coil due

Where “c” is the constant of proportionality, called “Couple per unit angular twist of the
suspension wire”.(As the coil rotates under the action of deflecting torque, the suspension wire
is twisted and an opposing torque is developed which is called restoring torque It depends upon
the deflecting angle of the coil.) :

In case of a balanced galvanometer, the deflecting torque must be equal to the restoring
torque on the coil. Mathematically:

Deflecting Torque= Restoring Torque
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BINA cosa = c¢6 ~
I . 0 -————@)
BAN cosa

-
In case of radial fieldthe angle between plane of coil and direction of B always zero, i.e.a=0"
cosa = 1, and B, A andNare constant. Therefore equation (i) reduces to

¢
BAN

Is

" '_ T @

This relation expresses theory of a moving coil Galvanometer which states, “The angular twist
(deflection) of a coilpis di llﬂwportional to the strength of current passes through the Turns
t

of coil, provided ants of coil and strength of magnetic field remains same”.
Sensitivity of Gal '

”DeflectlorFu Hrrent is known as Curre
Mathematlcally,
' -] =‘ &
BNA
EE

0 BNA

Current Sensitivip =

In practice, A sensitive Galvanometer is one in whid
angular deflection.

Ammeter:

It is an electromechanical instrument used for measuring large current. It is symbolized
by in electric circuits.

- =5 7)
Conversion of Moving Coil Galvanometer into an Ammeter: g
—Ten RN
To convert a galvanometer into an ammeter a suitable low
resistance called shunt is connected in parallel to it. %I
¢
—
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To Determine Resistance of Shunt:

For this, let us assume that:

i.  Therange of ammeter =/

ii. . The strength of current passes through the coil of galvanometer = /,
iié. The resistance of galvanometer = Ry
iv. - The PD across the galvanometer = V, = IR,

"'v. The strength of current passes through the low resistor (shunt)= I, =I1-1,

vi. 'The resistance of shunt=Rs=?

ThePDaJaIv“ V.=l R, =V =\l IR

vii.

This equatio
resistance of coil and current through the coil of ga
shunt can be determined.

Voltmeter:
It is an electromechanical instrument used for measuring the potential difference
between any two points in a given circuit through which a current is flowing.

Conversion of Moving Coil Galvanometer into a Voltmeter:

Ry '
Tp convert a galvanometer into a voltmeter a very high -

resistance is connected in series to it. I 1.
g g

To Determine Resistance of Series Resistor:

For this, let us assume that: ®
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The range of voltmeter = V

T'he st:rength of current passes though the coil of galvanometer = /g ‘ .
The resistance of galvanometer = Ry
The P.D across the galvanometer = V; = IgRg
The strength of current passes through the series resistor = I,
T-He resistance of series resistor = Ry= 7
viiz The P'.D across the series resistor = Vi = lgRx
Accor&ing to the characteristics of series combination of resistors,
JOIN ;25
V=IR,+1,

v-I,R, =1,

~ galvanometer are known, the series resistance can '@
Zdetermined,

"‘-1 s 5

4

Charles Wheatstone in 1843. The electric circuit used for
this purpose is often called, “Wheatstone Bridge”.

L

Construction:

The Wheatstone bridge consists of four wires of
resistance “Ri1”, “R2”, “Rs” and “R4” that are stretched on
a wooden bench inform of a quadrilateral loop,

ww.lnnmmen*@‘!‘oda y.com
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“ABCDA”. In this closed loop, the terminal “A” and terminal “C” are connected with a key (K1)
and battery of low P.D whereas; the terminal “B” and terminal “D” are connected with another

key (K2) and a Galvanometer.

Balanced Wheatstone Bridge: If electric potential at

terminal “B” andterminal “D” is set at the same value

i.e. Ve = Vp, then no current will be passedthrough the

coil of Galvanometer and thus pointer of Galvanometer shows null deflection. At this state, a
Wheatstone bridge is said to be “Balanced”.

Theo:_rv of \_Nheatétone Bridge:
At the state of balanced Wheatstone bridge, Vs = Vo, therefore;

=AV,,

VAB
JOI ol = =g 2

Similarly

L =l R e
EEm
l 12 3
£ 12
ﬁ _R
, R
This expression represents theory of a balanced™WHESTSto bridge. ording to

expression; if any three resistances of the bridge are known, then fourth unknown resistance
can be determined,

Meter Bridge:

Itis an electrical measuring instrument used to determine an unknown resistance after noting
down lengths of wire and known resistance at balanced state of the circuit.

Princigié:

It is based on Wheatstone bridge principle. ~——*3Z
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The apparatus has unknown resistance “X” between point A and B, a known resistance “R” from
resistance box between points B and C, a high resistance wire of uniform thickness and 1m long
between points A and C, a galvanometer between points B and D with a jockey K> and a cell
between point A and C with key Ki. '

Suppose no current passes through the galvanometer when key K: is at point D. then R; = X
R:=R, R3=p Ixi, Ra=p Ig;

Whére; p = resistance per unit length of wire
R o L

R =(constant)L
R—pL

JOIN ~

Ix=length of wire on nknown resistance

lg= length of wire on the side of known resistance R

—NOREH

Thus by measuring the length /x and /s the value of unknown resistance X can be calculated. /‘7><

IMPORTANT SCIENTIFIC REASONS

Why must an ammeter connected to a circuit in series and a voltmeter in paraliel?

An Ammeier is a device of low resistance and it must be connected in szries to measure

full scale deflection of the current passing through circuit. In this way we observe the

actual current passing through circuit, whether if we connect in paraliel it will act like a——=
shunt and we will not observe actual current through circuit.
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_ o n opposite, Voltmeter is always connected in parallel with the circuit or device
for which potential difference is required. If we connect the voltmeter in series (which
not so) then maximum potential drop will across its terminals due to high resistance and
we cannot observe potential drop of the circuit device. (Also draw circuits)

Q.2 . Which is the more accurate instrument a meter bridge or a P.O. Box?

Ans: A P.0. Box is more accurate instrument than a meter bridge, because the higher the
~ value of the ratio arm the greater the accuracy in the measurement of the unknown
resistance. '

CHAPTER-15
MULTIPLE CHOICE QUESTIONS
From Past Papers

1999 .
Q#5 (a) (iii) i uracy of a potentiome

* A uniform wire of a large length shoul

% if] ire of a small length shoul
' ¥ “r“ire should be used.
2001

a#6 (a) (i)

A galvanometer can be used to measure

a ]t S * High
| sistane arallel

2002 (Pre Engineering) e
AVO meter is used tom

Q#6 (a) (i) A meter bridge is used to measure:
*Voltage * Inductance
Q#6 (a) (iii) A galvanometer can be converted into d

* | ow resistance in series

* Low resistance in parallel * High resistance in parallel
2003 (Pre Medical) _
Q#4 (a) (i) Potentiometer is a device for measuring:

* potential difference between the two points of a circuit.
* Voltage between the two points of a circuit.

L]

* E.M.F. of the current source. * All the above

2003 (Pre Engineering)

Q#s (a) (i) A moving coil galvanometer can be converted into an ammeter by connecting a:
* Low resistance in series * High resistance in series
* Low resistance in parallel * High resistance in parallel

Q#5 (a) (iii) To increase the accuracy of a potentiometer
* A uniform wire of a large length should be used.
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* A uniform wire of a small length should be used.

 * Non uniform wire should be used. * Non of these
Q#6 (a) (ii) " The principle of post office box is based on:
* telegraph line * terminal potential difference
* multimeter * Wheatstone Bridge
2006 ,
Q#6 (a) (i) In a Wheatstone Bridge circuit we balance:
. ~ * Resistance * Current * Voltage * All of these
Q#6 (a) (ii) The unit of least count on a galvanometer scale represents:
5 * Division * Ohm * Volt . *Henry
Q#e (a) (i)  1=(C/BNA) 8 hence to increase the sensitivity of a galvanometer, we must decrease the
value of:
- *0 *N *B 5C
2007
Q#5 (a) (i) A mo meter is converted into an ammeter by connecting to it:

et £ ries *h

* High resistance in parallel

Q#5 (a) (ii) A devij ichigenverts electrical energy to
: * TrarF H * capacitor

2008 .

Q#6 (a) (i) -The sensitivity of a galvanometer can be i

2009

uiHIE "'r' of coil

Q#5 (a) (ii) e working princupFe i a.post office box i§:
- * Wheatstone Bridge  * eter

|| 2010

Q#5 (a) (ii) A single device containing ammeter, volt
*VIVM * CRO * Potentid

2011

Q#1 (i) If the length of the wire of potentiometer

of null point
* Increases

* remains the same ; * Decreases * becomes zero

2012

Q.1 (xvii). AVO meter is used to measure:
* Electric current *voltage *resistance : * all of these
2013
Q.1(vii) Meter Bridge is used to measure
* electric current * voltage * resistance * capacitance
2014
Q1. (xvii) This is a high resistance instrument: ~

*Voltmeter *Ammeter *Galvanometer
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2015

(x) ' Aninstrument which can measure and compare potentials without drawing any current from
the circuit is known as a/an:
* Ammeter * Voltmeter * Potentiometer * AVO-meter

CHAPTER-15 NUMERICALS
From Past Papers

1987
Q.3. () A moving coil galvanometer has a resistance of 50 ohms and it given a fuli-scale deflection for
_~ P.D of 150 mV. What should be the resistance of the shunt used with the galvanometer in order
~ touse it as an ammeter reading up to 4 amperes?
: (0.03750Q)

1989
Q4. (c)a A galvanometer of resistance of 50Q gives full-scale deflection with a current of 0.005 amperes.

How W|II an ammeter measuring maximum current of 1.0 ampere?(0.251 )
| om
Q4. (d) A galvano ce 600 given full-scale ecti i esistan
of 10940 Q_js connected in series with the coilita ; ifi .
4 voltmeter [ |
1997

Q 3. (d) A movmg coil galvanometer has a resistance of SQ‘d

to be converted h
nes resistor?
l

(d) A moving coil galvanometer ha
mV. If the galvano

2002 (Pre Engg. group)

produces a full-scale deflection in it. Compute:

a) The shunt required to convert it into an ammeter of 5 amperes range.
b) The series resistance required to convert it into a voltmeter of 300 volt range.
(0.00501, 5999500)

2003 (Pre Med. group)
Q.3. (d) An ammeter deflects full-scale with a current of 5 amperes and has a total resistance of 0.5
ohm. What shunt resistance must be connected to it to measure full scale current up to 30

L]

amperes? _ (0.1Q3)
2003 (Pre Engg. group) '
Q.6. (d) A 300 volts voltmeter has a total resistance of 20 kilo-ohms. What additional resistance is
required to convert it into a voltmeter, reading up to a maximum of 600 volts? (20000 Q)
, ~ >

Page 125 of 198

MNAcaster
Coccazinneceg CenrylEe=n

Add: Yaseen Square Block -F , Doll khata Soldier bazar, Karachl Contact #0321-2494633 & 0312-2340767



2004
Q.6. (d) A 250 volt voltmeter has a total resistance of 20,000Q. What additional series resistance must

be connected to it to increase its range to 400 volts? {12000Q2) 3

2005

Q.6. (d) A maximum 50 milli-ampere current can be allowed to flow through a 19.8ohm coil of a
galvanometer. The galvanometer is to be used to measure 5-ampere maximum current.
Calculate the length of a copper wire to be used as a shunt. The diameter of the wire is 4mm;

Xxe specific resistance (p) of copper is 1.6 x 108 ohm-m. (0.2, 157.1m)

2006 b
Q4. (d) M ammeter deflects full-scale with a voltage of 2.5 volts; and has a total resistance of 0.50.

What small resistance must be connected to measure 20A full-scale? (0.1660Q)
2007 :
Q.5 Molts voltmeter has a total resistance of 20 kilo-ohms. What additional resistance is
required to t mto a voltmeter, reading up to a maximum of 600 volts? (20000 Q)

convert i
200
Q.6. ( alvano nce of 100 ohms. A g

scale deflection. Calculate the shunt resistance t

series re5|starF|fu Hnometer is to be conv
2010 .

2. (ix) A galvanometer whose resistance is 5002 defle i .

" acros ca' l’fonverted into
2012

A galvanometer of resustance of 50 ohms gives f
unt of 0.05 ohm is connected in 0 conye

amm
2013
A voltmeter measuring up to 200 V has a total resjsta
resistance must be connected to it to increase its
2014
Q2.(i). A galvanometer having resistance 500, deflects full scale for a potential difference of 100 mV
across the terminals. What resistance should be connected in series to increase its range to 50V.
2015 '
Q2(viii) A galvanometer of resistance of 60Q gives deflects full-scale for a potential difference of 100
millivolts across its terminals. What shunt resistance must be connected to convert it into an

ammeter of 5 ampere range?
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Chapter#16

‘ ELECTROMAGNETIC WAVES AND ELECTRONICS
Electromagnetic Waves:

Faraday discovered the phenomenon of electromagnetic induction that a magnetic field,
which is ch;nging with time, causes an induced electric field. Maxwell showed that the opposite
is also true. A changing electric field causes an induced magnetic field. This symmetrical
relationship between changing electric and magnetic fieldscan take place through any region.
The electric and magnetic fields will propagate out of the region in the surrounding space. Such
moving electric and magnetic fields are known as electromagnetic waves. Another prediction of
tﬁe Maxwell theory is that “E” and “B” are mutually perpendicular to each other and they both
are perpendicular to the direction of
propagation of the wa

Speed of electromagnetic waves
depends upon the jper ‘u,’and
permittivity ‘E,” ofith through
which it travels. In vacuum speed of

HENE
€= ‘j 47 x 107

c=2.99x10%m/s

c=3x%x10%m/s

Antenna:

. “An antenna is a device, which can generate and receive electromagnetic waves.”The
one which can generate electromagnetic waves is called Transmitting Antenna and the one
which can receive electromagnetic wave is cailed Receiving Antenna.
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Carrier Waves or Radio Frequency:

The audio-frequency signal cannot be radiated out from the antenna directly. For this
purpose, oscillations of very high frequency are produced with the help of oscillators. These
electromagnetic waves so produced are of constant amplitude but of extremely high frequency
called carrier waves or radio frequency.

Modixlation: ;

The process by which audio frequency signal or information is impressed on the carrier
wave is known as modulation. There are two types of modulation.

1. Amplitude Modulation
'2." Frequency Modulation
Amplitude ti

- is maintaine
the modulat
.modulating signal, this outlineis called the

=MORE!I!

EEE
In frequency modulation the fre

i
signal but thfe ency of modulated carrier
c

amplitude of the modulating signal.

De-Modulation:

The process by which audio frequency signal or information is separated by the carrier
wave is known as de-modulation. '

Band Theory:

Every solid contains electrons. The important question for electrical conductivity is how
the electrons respond to an applied electric field? The band theory of solids provides the
answer of this question as follows.
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According to Bohr’s atomic model, the electrons in an atom can occupy only allowed
energy levels. The lowest energy level is called the ground state of atom where as the higher
energy levels are called excited states. In solids, atoms are very close to each other so that their
outer orbits overlap and spread out into energy bands. These bands are of two types.

1. Valence band
2 Conduction band
- 1. Valence Band:
“Valence band caqrresponds to the
ground state of the atom. in valence conthuetion busd

| ,band electrons do not gain energy 2
. “by applying electric filed. ? " I —
2. Conduction Band: ‘é ' ;
With the g rmal energy, i P condurtion band
atoms reachia igher state ; ;

called the conduction band. in

conduction ons gain

" energy by fﬂﬂ ric field.

Forbidden Gap (B ner, )

annot occup

Iles betweMﬂﬁE:' valence ban
Classificati tiofiBand Theo

- Acgording to band theory of solids, s

In an insulator valence band is cGmpletely fil
empty and the two bands are separated by alafg
condition, electrons cannot move freely fromv
current cannot be passed through these mat
The resistivity of insulators (rubber, wood, plastic, etc.) is high (~10*2m.). The
resistance remains high with the increase of temperature.

2. Conductors:

In conductors valence band overlaps the conduction band and the forbidden gap
practically does not exist. Conduction band is partially filled with electrons. Valence
band is completely filled with electrons. Under these conditions electrons can move

freely causing electric current.
The resistivity of conductors (metals) is low (~107802m.). However the resistance
increases with the rise of temperature.
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D 6[5/ rod= 7 -

.3, “Semi-conductors:
In semi-conductors there is a narrow forbidden gap (~1eV) between the two bands. A
few electrons can be easily transferred from the valance band (which is partially filled)
to the conduction band (which is empty). Thus slight electric conduction is possible.
With the rise in temperature, as more electrons are excited and transferred into the
conduction band, the conductivity increases rapidly.
Semi-conductors (e.g. silicon and germanium) have small resistivity (~10~12m). The
resistance decreases with the rise of temperature.

-

erence between Intrinsic and Extrinsic Semiconductors:

Intrinsic Semi-conductors Extrinsic Semi-conductors
Intrinsic semi-conductor is pure semi Extrinsic semi-conductor is an impure
conductor. Silicon a manium are the | semiconductor. N-type and p-type semi-
examples of intrinsi tor. conductors are the example of extrinsic semi-
conduc
Intrinsic semi-conductor does not contain Extrinsi€ s
excess electrons an electro
Intrinsic semi-cond t pass Extrinsi€ s
electricity.
Atomic  structure of intrinsic  semi- Atomic str

Doping:

The important property of semi-conducting materials is that their conductivity can be
considerably affected by temperature and by addition of small amount of impurities. This
addition of impurity in a semi-conductor is called doping. o

eg of Doping: There are two types of doping.

Donor Doping / N-Type Semi-conductor:
When an intrinsic semi-conductor Ge or Si is doped with elements of group V (arsenic,
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antimony or phosphorus), which have five electrons in their outer most orbit. Each Ge
" atorn has four electrons. Four of five electrons of antimony form bonds with four
electrons of Ge, while the fifth electron will remain as free. When an electric field is
applied, this free electron will be easily excited to conduction band. Thus addition of
antimony increase the number of free electrons and hence the conductivity of material.
In this case, antimony is called Donor Doping.
The donor doping makes an intrinsic semi-conductor n-type. In n-type material

_majority charge carriers are electrons.

cceptor Doping / P-Type Semi-conductor:
When an intrinsic semi-conductor Ge or Si is doped with the elements of group

11l {boron, aluminum or gallium), which have three electrons in the outer most orbit,
there is a deficiency of electrons in the crystal structure called hole. Due to this

deficiency es capable of accepting extra electrons and it is called
Acceptorﬁ ﬂ"
. ing makes an intringic semi-cond .

? X/ ﬁnatenai majority charge carriers are holes.

]
\ e onductor Diode ! Junction Diode):
.f{ .

e

one half of C'J !aif is n-type, is|c
diode P-ty eparated by a

* junction. This is a two terminal dewce called i
circUits,it is symbolically represented

Biasing:

Application of voltage across a semi-conduct
two types of biasing.

(i) /wm Biasing:
‘ If the external voltage is applied across p-n junction in such a way that it cancels the
potential barrier and helps current to flow then it is called forward biasing. When p-
n junction is forward biased, it offers low resistance to the flow of current. Forward
# biasing can be done by connecting positive terminal of the battery with p-type and

negative terminal of the battery with n-type material.

(ii) Reverse Biasing: ' g
‘ If the external voltage is applied across p-n junction in such a way that it offers a =

potential barrier and resists the current to flow then it is called reverse biasing. ~—__=>
When p-n junction is reverse biased, it offers high resistance to the flow of current.
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Reverse biasing can be done by connecting negative terminal of the battery with p-
" type and positive terminal of the battery with n-type material.

Rectification:

The process of converting alternating current or voltage into direct pulsating current or
voltage:is called rectification.

ctifier:

The device which converts alternating current or voltage into direct pulsating current or
voltage is called rectifier. A semi-conductor diode also known as crystal diode can be used for
rectification. There are two types of rectification.

(i) Half Wav
(i)  FullWav
(i) '/;lalf Wave
When a diode is connected to a transfa
~ During one h forward biased and d
. When forward b d it acts as a closed swi

pulse of half-sine “wave-form”.

' RECTIFIER
ANODE

~ MORE!
[bﬂvﬁ.

HALF - WAVE

During the next half cycle of the transfomm ge, anode
negative (reverse biased), and it acts as an open circuit. No current exists in the load
(resistance R). In this way, current flows in one direction and the output across the load
“pulsating D.C”. These pulsations in the output are further smoothed with the help of
“filter circuits”. '

yﬁll Wave Rectification:
In a full wave rectification current flows through the load in the same direction for both
half cycles of input A.C voltage. Two diodes D1 and D; can preduce fuii wave rectification -
using a center-tap transformer. A.C voltages of opposite polarity are applied
simultaneously to D1 and D2. This makes each diode forward biased alternately and the ~——7
other reverse biased. If in the first self-cycle D1 is forward biased and D2 is reverse
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biased: D1 conducts electric current and Dz does not. In the next half cycle D1 does not
‘conduct but D2 conducts. Hence, unidirectional voltage is obtained as output. 1

T,
To
Vems FILTER
LA'NCE — * o- VPEAK = 1.4 VRMS
% 2 \/ams Vave = °'9vVnus
VP‘V = 28 RMS
O i RIPPLE = 48%
FULL- WAVE

Note: A full wave rectification with four diodes can be produced by using a bridge circuit
/wit out using center-tapped secondary. It provides greater D.C output voltage/

sistor:.
n 1947, John Bardeen invented a three terminal semi-conductor device called transistor. It can
be defined as, “TrafsiStor type of very thin semi-conductor which is sandwiching
between relativ f other type of semi-

transistors.
(i) PN
(u) NPNTra

int i
Mﬁﬂim’tmiseml conductar la

NPN Transistor:

is type of transistor
between two pieces of n-type s

Essential parts of Transistors:

There three essential parts of transistors

Base: It is the central layer denoted by ‘b’.

Emitter: It is the outer layer denoted by ‘e’

Collector: It is the outer layer denoted by ‘c’
Principle of Transistor:

Transistor work on the principle that the base emitter junction always forward biased
whereas base collector junction is always reverse biased. 8
Working:

Consider any one tvpe of the transistor for example a pnp transistor. Let the two p- -end
are connected to two batteries as shown in figure. The forward biasing causes the holes in the
p-type emitter to flow toward the base which constituent current le. These holes cross into the
n-type base, they try to combine with electrons but the base is lightly doped and is very thin.\J
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P

Therefore, only few holes combine with electronsand the remaining holes cross into the
collector and generates collector current |.. In this way almost the entire emitter current flows
into the collector circuit. From the above description it is clear that:

I =1, + 1,

Thus there are two current paths through a capacitor. One is the base-emitter (input)
path and the other is collector-emitter (output) path.
Tranéistor as an Amplifier:

An amplifier is a device used to increase the amplitude of input signal (current or
voltage) without changing the shape of wave. Transistor increases the amplitude of electric
signals so it can be used as an amplifier and the process is called Amplification.

‘The ratio of collector current to emitter current is called “current gain” (B).

CHAPTER-16 J 0 I N

2003 (P.E)
" The speed o] electromagnetlc waves is given

V H,
in p-type semi- conductor maj ge carfi
* e -

Electrical conductors contain:

* only free electrons
* both free and bound electrons

2003 (P.M)
1 The elements of group IV like Ge and Si can be converted into P-type semi-conductor by:
* adding impurity of group V-A elements  * adding impurity of group llI-A elements
* adding impurity of both group V-A and IlI-A elements * none of these

A semi-conductor diode is used as:
* an amplifier * an oscillator * a rectifier * none of these

A semi-conductor diode is used as
* amplifier * rectifier * modulator * oscillator
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2006
1

2007

2)

2008

2009
1)

2010
(xvi)

(xvii)
band
2011

(xvii)

Ll

(xvi)

(xii)

~ 2) The potent

" A pn- junction can be used as,
* rectifier * amplifier * transformer * ohm-meter

The: speed of electromagnetic waves is given by:

' 1 ’ 0 6‘0
'* * ﬁ-— X [ * /‘uogo ; */[050

H 0 80 : EO /10

' A semi-conductor diode is used as

* an amplifier * an oscillator * arectifier *none

b

1) Inasemi-conductor,

* Holes uction band while th

* Electrons iIt onduction band while the holes move in the forbidden band.

* Holes m

barrier poténtia
* rever bﬁasﬂ * floriva'rd biases

A diode which gives oEvnsllb*e*lght when enefg
*LCD *photo-di

Donor impurities are:
*Ge and Si - *Inand Ga

In a semi-conductor, the energy gap between the valence band and the conduction
is:
* narrow * wide * not present * 400

Emitter Base junction is forward biased in: ‘
*PNP transistor *NPN transistor *both PNP and NPN transistor *Rectifier

PN- Junction diode works as an insulator if connected:
*to A.C source *in forward bias *in reverse bias *all of these

A photoelectric cell transforms light energy into
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Phy

* Heat energy * Electric energy * Magnetic energy  * Sound energy : L
2012 .
(xi) . With the increase of temperature the resistance of a semi-conductor: s
* increase * decrease * remains same * becomes zero
2013
Q1(xii) The speed of electromagnetic waves is given by:

1 : Hy &,
* *x | — X [— * Fod * &
I o T e

ng('ii) Adiode which gives of visible light when energized, is called

*LCD *photo-diode *LED *photo voltaic cell
2014
(i) Hole ina ﬂwﬂl“ is actually the;
*Electron ron *Heli
2015

(iv) Donor impu ]
" *GeandSi and Ga %
M 0 H E EEm
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Chapter#17

Advent of Modern Physics

Frame of Reference:

Any three dimensional co-ordinate system with respect to which physical measurements are
made is known as a frame of reference. It consists of three mutually perpendicular co-ordinate
axes. '

Internal Frame of Reference: .

An in_er"tial frame of reference is one in which Newton’s law of inertia is valid. Such a frame

moves with uniform velocity is a non-accelerating frame of reference.
Ail inertial frames of reference are equivalent from the point of view of making physical

measurement.
A physical quantity as measured by different observers moving with respect to each other with
different velocitie rent frames of reference may have different values, but the basic

physical laws g

bodies they may
momentum and e il
Non—lntemal Frame of Reference

A frame o
/f*r/ame the |

i. The laws of physics must be the same in all ifle

regardless of the velocity of the observer or the velocity of the source emitting the light.
Results (consequences) of special theory of relativity:
Einstein’s special theory of relativity gives the following results.
1. Mass Variation: :
I® “m,” is mass of a body at rest in observer’s frame of reference, then it’s mass “m” as
measured by an observer from another frame of reference moving with uniform velocity “v

o” "

with respect to the body’s frame is'given by:
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The above relation shows that mass “m” of the body appears to increase to an observer moving
with velocity “v” with respect to the body. Hence mass of a body depends upon whether the
body is-at rest or is in motion relative to the observer. This effect takes place only if the relative
veloﬁity between the object and the observer is comparable to the speed of light.
2. LengthContraction:

If “Lo’ is the length of a rod when it is at rest relative to an observer then its new length “L”
when it is 'in motion with velocity “v” relative to the same observer, is given by;

Hence length of the o reduce when there is relative motion between an observer
and the rod, prov velocity is comparg ofslighishhisse ic ke

as “Length Contraction”.

Length contraction nly along the directic
in length of the body perpendicular to the direction ¢

thelength is p; f ion.
3. Time Dila B E\' rr

weeniwo events at SO
obsesver at rest with respect to that p the t
tWOMM‘ -
t

Let “to” be t
t=—=t—

This effect is known as Time Dilation. “to” is called the proper time and “t” is called relativistic
time.

Above three effects take place only when the relative velocity “v” approaches the speed of light

in vacuum. The relative speed at which these effects become noticeable is called “relativist’
L4

speed”.

s .
v g 3 ¥ “ ” : ‘

Factor 1fl——, appears in these equations is called “Lorentz Factor”. For ordinary relative
c '

velocities this factor is practically unity. Hence relativistic effects cannot be detected at ordinary

velocities. These effects cannot be neglected if the relative speed is comparable to the speed of——7 i 2
e

light.
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4. Mass Energy Relation:

Mass and energy are inter-convertible. A mass “m” is equivalent to energy “mc?”, where “c” is
the speed of light.

If “mo” is the rest mass of a body then its energy equivalent is moc?>.When the body moves with
relativistic speed “v” its mass becomes “rn” which is equal to energy “mc?”. This energy is
greater than the rest mass energy by amount equal to KE of the body.
ie. mct=m,c’ +K.E

E=mc*+K.E

Whére,j E =relativistic energy, m.c?= rest mass energy and K.E = kinetic energy ) L o

A black body is rbs all the radiatic

absorption power of a black body is 100%. A hole

bod_y because an hich gets into this
cavity by multiple [fefl The surface of cavit

power.

The energy of a particular wavelength emitted per unit time per unit area of a surface is called
intensity or monochromatic emissive power. It is denoted by EA. Its unit is W/rn2.

How does intensity of black body radiation vary with wavelength: ‘

Graph shows the energy among different wavelengths. It is clear that intensity of short
wavelengths is low. As wavelength increases, intensity also increases until the intensity
becomes maximum for a certam ‘wavelength Amax. The dominant color in black body radiation is

due to

this wavelength. As wavelengthincreases beyond, then intensity begins to decrease:

Emissive Power:

Total energy of all wavelengths emitted per unit time’ per area of a surface at a certain =
temperature is called emissive power at that temperature. It is denoted by “E” and it is equal to

the area under the curve drawn between intensity and wavelength at a certain temperature.
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s'of Black Body Radiation:

Wien'’s Displacement Law:

This law states that the wavelength that emitted with maximum intensity from a black body is
inversely proportional to the absolute temperature of black body.
Hence;

)Lmax % =
T

1
A = (constant)—
) T

x T'= constant

/’{‘max

Value of Wien’s constant is 0.0029mK.
Stefan-Boltzmann’ Power Law:

The law states that the to

the surface of blac issi
absolute temperat ﬂck body.
Rayleigh-jean’s Eawe h- EEE

aw states that the intensity of a
te e is inversely pro

The law is obeyed by radigtion of longer wavelength but is a failed for shorter wavelength i.e.
for ultraviolet radiatio/

Plank’s Law:

In 1900, after the failure of Rayleigh Jean’s law, max plank has made some bold step to explain
the phenomenon of absorption or emission of radiation. He firmly believed that a new
mechanics should be introduced to explain such a phenomenon instead of applying classical
mechanics.

He thus proposed three fundamental postulates to explain the phenomenon of emission of
radiation, often called Plank’s Law for Radiations.
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1% Postulate:
The atoms of cavity behave like tiny harmonic oscillators and they are the origin of emission of
radiations from a cavity radiator.

2" postulate:

The emission or absorption of energy is not considered as a continuous phenomenon, but infact
it is Quantized.

3rdPostulate:

Only those harmonic oscillators emits energy in form of electromagnetic wave whose minimurn
energy must be equal to “hv” or integral multiple of “hv”.Thus, Quantization of energy for nth
harmonic oscillator can be written as; :

E =nhv

Where£ n=1234

h= Plank’s constMiﬂ g
v = Frequency O i ator.
Photoelectric Effect:

In 1887, Heinrich [He allwach found that

visible light. Ultraviolet light, x-rays incident on a m tal‘. 7

of the met I l '
“Th issign of particles
[ |

by light of suitable frequency i€ hown as “Pho

" paftigles are called “Photo Particles”. Tn ice, it
Cs etc ar iti i g ut som
sensitive to ultraviolet and x-rays only.
Later on, Lenard has made an attempt to defe

Electrons”.

Experimental Arrangement:
The Hallwach’s experiment an arrangement consists of two zinc plates are fixed inside X-Rays

an evacuated bulb. The plates are connected with the positive and negative terminal of

a battery of known P.D. A micro-Ammeter is connected in the circuit to observe phenomenon

of emissionof photo-electrons. When ultraviolet light of suitable frequencyincident on cathode
plate, a very feeblecurrent in few micro ampere flow in the circuit but, when the same radiation
incident on anodeplates no such current is found in the circuit concern.

Laws of Photoelectric Effect:

After the number of experiment performed by the scientists some fundamental laws were =
formulated about the emission of photoelectrons. These laws are;
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i) To every metal surface there must needed radiations in a particular frequency
range, below which no photoelectric emission takes place. The minimum frequency
" needed to emit photoelectrons from a metal surface, is referred as “Threshold n
Frequency”. It is symbolized by “v ,”. Its value depends on, nature of material of the
metal surface.
i) The strength of photoelectric current directly depends on intensity of radiation,
) provided v >v,.
iil) The velocity and hence kineticenergy of photoelectrons emitted out of metal surface
/’)( ' _ directly proportional to the frequency of incident radiations, provided v > vo.
%iv) The photoelectric emission is an instantaneous phenomenon. The time needed for

emission of a photo-electron from metal surface, is nomore longer than 3x10°
- second. ' '
Einstein’s, Quantum Theory of Light:
‘After the failure of classical mechanics, Albert Einstein proposed a new ideology about

the
nature of light basis of Plank’s Quantum Theory of Radiation.
According to him;

“A light ray of frequency “v ” is composed of {i
radiations of freque those photons exist
integfalmultiple of
Hence' for quantnzation of energy in photons

nhv
h= Plank's co SEE

‘v =&kequency of nght. :
Explanatic Photoelectric_Effe ,_‘mli( Basis
According to Einstein’s ideology;
When a ray of light of frequency “v ” is incident o

photon of radiations losses its energy completely into
i. Some parts of photon’s energy are utilized in doing work agains energy o
ii. The rest of photon’s energy is used in imparting kinetic energy to the liberated electron. The
energy of incident photon which is used to pull an electron out of the metal surface is referred
as Photoelectric Work Function. It is symbolized by “¢o”.
The magnitude of photoelectric work function directly depends on the threshold frequency
needed for metal surface.
Mathematically;

¢o o« VO

9, = hv,
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Einstein’s Equation For Photoelectric Effect:

Let us assume that;

i. The frequency of incident light v

ii. The energy of incident photon =h v

iii. The threshold frequency for metal surface = v,

iv. The photoelectric work function needed for the metal surface = (bo=hv )~
v. The K.E gained by the libratedelectron

KE,, =

2
—mv,,

Now, applying law of conservation of energy,
hv = ¢o+ K.Emax

hv=hvy, +lmv max
2
1
J“IN hv-hvo =
h(v-vy) ==
h(V——Vo)=

J1AE

W Vo is stopping potential (it

emitte i i

Photocell:

A photocell is a device used to produce photoelectric current.

Construction:

It consists of an evacuated glass fitted with two Glass Tube electrodes. Cathode plate is
made curved andcoated with a thin layer of some photosensitive metal such as “cesium” so
that visible light causes Lightphotoelectric emission. The anode is made of a thin rod so as not
to obstruct light falling oncathode. A source of light is installed at a fixed distance light from the

source falls on cathode and Anode the emitted :photoelectrons converge at the anode

to produce photoelectric current.
~ 7

EPEE

e

L [0

.
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Application or Uses of Photocell:

Photo cells work on the basis of photo electric effect. These are widely used in various devices.
Some use€s of'photo cells are:

i. To count vehicles passing a road or to count the number of articles running on a conveyer
belt.

ii. To automatically open doors.

iii. Ta operaté burglar.

iv. To automatically switch on and switch off street lights.

v. Small electric cars even small single sealer planes have been developed which make use of
solar panels consisting of a large number of photo cell, that convert solar energy into electrical

energy.
Momentum of Photon:
Rest mass of ho[in is zero. However photon has mass as well as momentum in motion.

Its, -
lyuight.Energy of a phgton ma

velocity is equal to
E = hv (Einstein’s Qua

And E=mc? (Theory ﬁnn

Therefore; : ' ' '
mc’=hv

EEE
“ MC B

But mc= p = momentum of photon

Therefore;

But c=vA

Therefore;
Pl 1%,
vA
Or P=£
A
The momentum of photon is directly proportional to the frequency “v” and inversely

proportional to the wavelength “ A ” of the radiation.

.
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" gmpton Effect:
"In 1922, A.H Compton has made a successful interaction of x-ray’s photon and free

Electron of material of low atomic number like “Carbon”. This Photoelectron interaction is
often called “Compton Effect”.
Mechanism:
| When an x-ray’s photon of every sharp frequency is incident on a carbon block, it gets
' successful collision with a free electron, transfers energy to electron and scatters with rest of
energy. In this interaction, the energy and frequency of scattered photon will be less than that
of incident photon and hence, the wavelength of scattered photon will be increased than that
of i incident A photon.
Iﬁe change in wavelengths of scattered photon and incident photon is called “Compton Shift”
in wavelength and symbolized by “AA”.

Derivation for Co i Wavelength:
The collisi on and electron is ela
conserved:

Conservation of E .
. tal initial energy = To
: ‘ lr'c2 =hv' +E
M 0 H h V/ +moc2 =1
. EE
hTV i

Vv

v = Frequency O
v ’= Frequency of scattered photon
moc?= Rest energy of electron

C = speed of light

E = Energy of electron after collision
Conservation of Momentum:

% original direction:
Total momentum before collision Total momentum after collision

ﬂ~1-()=h—vcos¢9 + Pcosg

c c
= hv = hv' cosf + Pc cosg

/ -} — —— — — 17
=hv — hv' cosf = Pc cos¢ (i1) _—
0 = Angle t which photon is scattered
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qb- Angle at which electron is scattered
pendlcular to original direction:
otal momentum before collision Total momentum after collision
. :
0+0=—sin@ - Psing

C
)

:E;— sin @ = P sing
C

> " = hv'sinf=Pcsing —————-— (iii)

Solving eduations (i), (ii) and (iii) simultaneously we get

J0I N o
Therefore eq. (iv)lgives;

: h

¢c ¢ myc

Multiply throughout by “c”

EEE o€

Where, AA = Compton Shift in wavelengtl>

Pair Production:

Under suitable conditions when a photon passes near a nucleus it disappears and
anelectronp3sitlon pair is produced. This phenomenon is known as “Pair Production”. Positron
is a positively charge particle its charge and mass are equal to the charge and mass of
electron, the only difference between the two particle is that positron is positive and electron is
a negative particle. Positron is the anti-particle of electron. According to Einstein’s mass energy
equation,the energy required to create an electron is(called rest mass energy of electron) when
“”, ” 5 5o & < & \-_.__—-‘-7

rno” is the rest mass of an electron. Hence the minimum energy required for pair production is

2moc?” which is;
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2met=2 (9.]x10"“)(3x]08)
, 1.638x10"J
A S
1.6021x10

2moc?=1.022 x10%.V
2moc? = 1.022 MeV

~ Pair production‘takes place only if the energy of the photon is equal or greater than
1,022 MeV. If the energy of the photon is greater than “2m0c2” then during the process “2m”
energy is used to create the electron=position pair whereas the remaining energy is carried
away by the two particles in the form of K.E. the two particles move in opposite direction
carrying equal amount of K.E.

' J 0' N S hv =2moec?+K.Eg

this process energ m and charge are all|¢o
“Materialization ofEn ‘

and destroy each other. This process is the reverse

 “Rmgpihilation of Matter”. During this pr 35
momen pasite directign.

(mac2 + KB )e_ + (mo

ié/"s Concept of Matter Waves:

In 197l.a French physicist Louis-de-Broglie has proposed a new ideology about the nature of
light called “Dual Nature of Light”.According to him, light has dual nature Le. it exhibits wave
nature and matter nature under appropriate conditions E.g. when light exhibits wave nature, it
produces phenomenon like Reflection, Refraction, Interference, Diffraction and Polarization etc.
Stmilarly, when light exhibits matter nature, it produces phenomenon like Photoelectric effect
and Corn Compton effect etc. He further added that “Matter” which consists of discrete dual
nature like radiations (Light). His ideology was based on three basic postulate ate given beiow.
1. Nature loves symmetry.

2. Strong Parallelism between mechanics and optics. ~_=
3. Integral Rules in atom and wave motion. '
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By the observations De-Broglie found that the momentum of an electron and

momentum of photon is equal.
' i.e Particle' s momentum = Photorl s momentum

h
my=—
A
izt

myv

Where; m = mass of matter particle like electron

v= vglocity of particle

A= wave length of matter wave.

This equation originally proposed for electrons are equally applicable to any other particle.
Hence wave length “A” assqci with any moving body can be calculated with the help of
above equation. V&ﬁf}ﬁd with the particles are known as De-Broglie’s waves.
Wavelength “A” as dinary bodies movirig r : < 2 3
very long and hence donot represent any appreciable

associated with a f light particle (such

electromagnetic specffu nnot he neglected.

Davison and Germer in 1927 experimentally proved e

associated w [:l] Experimentally .aﬁﬁ
associated wi t matched withi't
]
]

Brogue. Later on same wave BeRaVior was obse

neutr nd atoms etc.

GermerAnd i -
In this experiment electrons showed their p : th

filament pass through voltage “V” and gain K.E. These hig lectron thike 8 n

and reflect at different angles arid the intensity of reflec onh m*

moveable detectorD.it was found that the intensity of reflectedelectron beam was G

different angles. This behavior of electrons was explained by Davisson and Germer. When they

assumed that electrons were not particles but waves, the electrons were showing diffraction

and interference by making maxima and minima of intensity.

Wavelength of Electrons:

Thrdugh the voltage, electrons gain k.E i.e.
' K.E.=qAV

I-l.1— .

lmov2 =eV
2
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. Where “e” is the charge and “my” is

For a microscopic particle it is impossible
position simultaneously. The principle states thg
momentum of a particle at a certain instant and th

. . h
at the same instant is equal to or greater than .
_ T
Mathematically;

Where; Ap =Uncertainty in momentum

Ax =Uncertainty in position
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Ph
h=Plank’s constant "
Another form of uncertainty principle states that the product of uncertainty in the 3
measurement of energy and the time available for the measurement of energy is equal to
Plank’s constant.

AExAt=h
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CHAPTER-17 MULTIPLE CHOICE QUESTIONS
- From Past Papers

2001
Q.7.(a) (i) The relativistic changes in mass, length and time in daily life are not observed
because:
~ * The masses of objects are very large * The size of objects is very large

- * The velocity of objects is very small in comparison to the velocity of light
* None of the above

Q.7. (a) (ii): As the temperature of a black body is raised, the wavelength corresponding to the
maximum intensity:
- * Shift towards longer wavelength *  Shifts towards shorter

wavel
* GrJq IN and greater wavelength * None of the above

Q.7. (a) (i) In Compton Effect, the scattered photo

* Gre cy and smaller wavelén
* Smaller cy and greater waveleéng

* Greater frequency and greater wavelgn t‘

ooz(Pre-Mp H E! ! !

The fast movmg electro

* a particles * B-particles

upon:
* the frequency of incident light only * the wavelength of incident light only
* work function of the metal only * all of them
2002(Pre—Engineering)
Q7.(a) (i) Max Planck is well known because of his:
* energy quantization * energy conservation
* wave particle duality ' . ¥ momentum conservation

Q.7.(a) (i) A frame of reference is called inertial if it is:
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Ph

* rotatory * accelerated * moving with uniform velocity
vibratory

Q.7. (a) (iii) According to Uncertainty Principle:
* (Ax)(4t) = h *(&x)(bp)=h  *(AE)(8p)=h * (Ax)(AE)=h

Q.8.{a) (i) The Einstein photo electric equation is:

*Voe =hv+ % mv? *hv=mc2+V,

*Voe=hv—hv, *Voe = [h(1/A = 1/A0)]

Q.&?(a) (i) The absorption of the incident radiation by a perfect black body is:
A * 0% * 100% * 90% *50%

Q.8. (a) (iii) Pair pdﬂrli“ly possible when incident photon has the wavelength of the
order
*10m *10% m * Jofio ' T I
2003(Pre—-Medical) D
Q.7. (a)}(i) the reverse ﬂroduction is known as; |

* Fusion * annihila

OREN
in EEE

2003(Pre-Engin

]
Q.7. i) the formula for the mome hotoh i I
AMh

energy of photoelectron will be:
* increased by a factor 1/v2 * doubled
* increased by a factor less than 2 * increased by a factor greater than 2

Q.7.(a) (iii) Wein’s Law is given as:
* AmaxT = constant * QT =constant
. * AmaxV T = constant * AmaxT* = constant
2004 '
Q.7.(a) (i) The number of photoelectrons emitted from 2 meta! depends upon;
* the frequency of the incident light  * the wavelength of the incident light
* thecolour of the incident light * the intensity of the incident light
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Q.7.(a) (ii) In pair production we need photons of at least 1.02Mev energy. {True}

Q.7. (a) (iii) The energy of each quantum as proposed by Plank is given by E=hv.

Q.8.(a) (i) The disintegration of a photon into electron and positron near a heavy nucleus is

known as;
- * Annihilation * B decay * a decay * Pair Production

Q.8. (a) (iii) The ratio of the mass of proton to the mass of electron is 1:1836
2005
Q:7. (a}(i) One atomic mass unit is equal to;
- *1.6x10719) * 9.1x10727kg * 931x10%V * 9x10%V

Q.7. (a) (ii) Thedxﬂ\l/ “he incident radiation corresponding to the work function is
call
[
* Fundamental frequency prking fred@iénc
. * crit ' I.
Q.8.(3) (i) Ther a black body depends Up@

* Material of the body 5|ﬂ>f

M BEEI I
Q.8. (a) (iii) Asa resul

t% (5|Hsion between

* frequency of the photon i ased

* energy of the photon is increased

2006
Q.7.(a) (i) The formula for the momentum of pho .

*h/A * h/A *A/h C
Q.8.(a) (i) The emissive power of a black body radiation is proportional to:

* T * TZ * T4 * T—4
2007
Q7.(a)(i) Aframe of reference is called inertial if it is:

* rotatory ' * accelerated
-~ *vibratory . * moving with uniform velocity

Q.7.(a) (i) In Compton Effect, the scattered photon has: ~ =

* Greater frequency and smaller wavelength
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* Greater frequency and greater wavelength
* Smaller frequency and greater wavelength
* None of the above

Q.7. (a) (iii) The wavelength of a material particle of mass ‘m’ moving with a velocity V' is
given by:
hv m v - h

$ha— . Fje— ¥ e Ly
m hv hm mv

Q.S: (a) (i) The absorption of the incident radiation by a pevrf'ect black body is:
' * 0% *50% * 90% * 100%

Q.8. (a) (i) A Compton shift depends only on photon’s:
* Great smaller wavelength
* Gre greater wavelengt
* Smaller frequency, greater wavelength
, * None
2008
Q.7. (a)’ (i) Galilean transformations are applicable t

} MHBEHT o
Q.7. (a) (ii) ect'bl ..
' * is a perfect absorber of
\ s fici WO

Q.7. (a) (iii) The experimental evidence of Einstein’s
* Photoelectric and Compton effect
* pair production and annihilation of matte

Q.8. (a) (i) The expression Amax T = constant, represents:
* Stefan’s Law * Wein’s Displacement Law
* Rayleigh Jean’s Formula * Plank’s Law

2009

Q.7.(a) (i) The emissive power of a black body radiation is proportional to:
* T ) * T2 * T4 ) * T-4

Q.7.(a) (i) The photoelectric emission takes place if:
* hv<d, *hv>do * hvo<do
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Q.7. (a) (i)’ According to Uncertainty Principle:
' * (AE)/(At)=h * (AE)=(At) / h * (AE)(h) = At * (AE)(At) =h...

2010
Q.1. (i) The phenomenon of pair production takes place if the energy of photon is greater
than: ' .
- {a) 1.0MeV (b) 1.02MeV (c) 0.051MeV (d) None of these

Q.1. {xvii)  The emissive power of a black body is proportional to:

, @rT (b) T° (0T (d) T
2011
Q.1. {vi) As the temperature of the black body is raised, the wavelength corresponding to
the maxi intensity shifts towards
- *sh gth * longer wavelength
* I gth

Q.1. (x) Ap cell transform light ene
, 3 * H t r

* Magnetic energy

Qil. ‘(xi) MﬂﬁsE\lI'nlkh associated
4 =my

\ *A=h/mv :‘?

Q.1. (xii) The maximum energy required for a pa
* 1.02MeV * 102MeV

Q.1. (xv) In order to increase the kinetic energy of an ejected photo—e n,
should be an increase in
* frequency of radiation * wavelength of radiation
* intensity of radiation * both wavelength and intensity
A 2012
Q1lv. According to Einstein's special theory of relativity, the mass of a particle moving
with the speed of light wili become:
* zero * double * infinite * ten times = i E
Q.1.xii. The mathematical expression AmaxX T = constant, is called L
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Phy
* Stefan’s Law * Wien's displacement law
" * Rayleigh-Jean's law * Planck's law

Q.1.xiv. According to Uncertainty Principle:

* (Bx)(4t) = h *(Ax)(Ap) =h * (Ax)(AE) = h * (AE)(4p) = h
2013
Q.1.xvi - The rest mass of photon is

: *1 * zero * infinity *.q

Q.1.x

2014

*One F

(vii)

(viii)

- As the temperature of Black Body is raised, the wavelength corresponding to the
maximum intensity shifts towards:
*similar wavelength *shorter wavelength
*| elength *None of these

The energyJi nit area per unit

directly proportional to its absolute temperatufe

Q*H *Thre

de-Broglie wavelength'is:
*\ = ¢

MORBREIN
The m EB ired for a pair produ

*1.02 MeV *102 MeV *10.2

The mathematical expression Amax X T = constant Ji:
*Stefan's Law
*Wien’s displacement law

The rest mass of a photon is:
*-1 * zero gl | * infinite

In Compton’s scattering experiment, the scattered photon has a:
* frequency less than that of incident photon.

* frequency greater than that of incident photon.

* same frequency as that of incident photon.

* wavelength shorter than that of incident photon.

u] g [w]
'uEn'.._-.-E
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~ Q.7. (c) Find the relativistic speed at which the k

CHAPTER-17 NUMERICALS
o From Past Papers

1987

Q.7. (c) Find the cut off wavelength for a given metal whose work function is 4.14eV. (3002.7A°%)

1989 '

Q.7. (c) The work function of certain metal is 3.03eV. When this metal is illuminated by the
infrared light of 1.2x10'S Hz. Find the maximum kinetic energy of the emitted
-photoelectrons. ' (1.9725eV)

1991 ‘

Q.7. () A 50 m trailer is moving with relativistic speed. It passes over a bridge of length 40m. To
an observer at rest with respect to the bridge at one instant, the trailer seems to overlap
the bridge i.e. the ends of the trailer seem to coincide with the ends of bridge. Find the

speed of thegt (1.8x10%m/s)
1992 l u
Q.7. {c) The wor photo emissive suffacegis.d : i eloci
fastest phoF ﬂ onemltted from it by an/e
1994,

Q7. (c) The work functlon of metal is 2eV. The light

t' I'e"astest emitted
1996

comes doubles its rest ma . Give
1) Re
2) Kinetic energy
3) Total energy
1998
Q.7. (c) The range of visible light is 4000A° to 70004
copper surface of work function 4.4eV, when illuminated by visible light? Give the

mathematical proof of your answer.

2001 .

Q.7. (c) When the light of the wavelength 4000°A falls on a metal surface, stopping potential is

. 0.6 volt. Find the value of the work function of the metal. ' (2.5eV)

2002 (Pre Med. group)

Q.7. (d) Find the speed at which the mass of a particle will be doubled. (2.56 x 108 m/s)

2002 (Pre Engg. group) =

Q.8. {d) leen moc? = 0.511MeV. Find the total energy E and the kinetic energy K of an electron - I'r.i.
moving with a speed v = 0.85c. (0.979MeV, 0.459MeV) =
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2003 (Pre Med. group)
Q.7. (d) If a neutron is converted entirely into energy, how much energy is produced? Express

your answer in joule and electron - volt. (9.39 x 10%eV)
Q.8. (d) Sodium surface is shined with the light of wavelength 3 x 107m. If the work function of
Na=2.46eV, find the kinetic energy of the photoelectrons. (1.68eV)
2003 (Pre Engg. group)
Q.8. {d) A sodium surface is shined with the light of wavelength 3 x 10~"m, if the work function
" of sodium is 2.46 eV, find the kinetic energy of the photoelectron. (1.68eV)
2004 '
Q7 (d) What minimum energy is required in an X-ray tube in order to produce X-rays with a
‘wavelength of 0.1 x 107°m. (12.43 eV)

Q.8. (d) Compare the energy of a photon of wavelength 2 x 10®m with the energy of X-ray

photon of wa 0°m. (10%)
Q8 (d) Estimate ass and the wavel _ efectron i g

at 0.9c.

2
Q.7.; ‘An electfoixu Bin a region of 107

approximate kinetic energy.

Q8 (d) In CMV&Bvﬁpllslthe fractionallch
1% at thé"Wavelength of X & r

Q.7. (¢¥ Calculate the relativistic speed at which the
mass

2009 X

Q.7. (A sodium surface is shined with the light of wavelength 3 x 107’m, if the work function
of sodium is 2.46 eV, find the kinetic energy of the photoelectron and also cutoff
wavelength. (1.68eV, 5061A°)

2010

Q.2, (xiv) If the electron beam in a television picture tube is accelerated by 10,000 V what will
be the de Broglie’s wavelength? (h = 6.63 x 10* J.s,, m = 9.1 x 107 kg). (1.28 x 107** m)

201;%9\ ()

Q.2. (xfi)\What will be the relative velocity and momentum of a particle whose rest mass is mo

8 and kinetic energy is equal to twice of its rest mass energy. ~

(2_\3/_5_0, 2\/5/170 ¢)
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P

Q.2. (xv) If the electron beam in a television picture tube is accelerated by 10 kVolt. What will
'be the de Broglie wavelength of an electron? (h = 6.63 x 107*Js, m = 9.1 x 10 kg).

(1.28 x 10 m)

2012

Q.2 (w) Given moc?>=0.511 MeV. Find the total energy "E" and the kinetic energy K of an
electron moving with speed v=0.85c.mo= 9.1x 10" 3 kg, c=3 x 10° m/s.
Q.2 (xv) A sodium surface is shined with the light of wavelength 3 x 10° ’m, if the work function
“of sodium is 2.46 eV, find the kinetic energy of the photoelectron and also cutoff
'. wavelength h=6.63x103%J-s, c =3 x 10°m/s ‘

Pair annihilation occurred due to a head-on-collision of an electron and positron having
the same kinetic energy, produce pair of photons each having energy of 2.5 MeV. What
were their s before collision? Given moc?=0.511MeV.

2014

Q2. (iv)What will be the velocity and momentum of
energy is equ: of its rest mass energy
Q2. (ix)In a TV pictur n electron is accelefa
Determine de-Broglie wavelength.

Githo H»E'l'z r1.6x10 19¢,
HEBR
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Chapter # 18

THE ATOMIC SPECTRA

Bohr’s Atomic Model:
In 1913, after the failure of Rutherford’s atomic theory, Neil Bohr has suggested another
ideology about the structure of an atom, called Bohr’s atomic theory. This ideology was based
on three principles stated below.
1. Electrostatic (or) Stationary State Principle:
In ap atom, all electrons revolve around the nucleus in circular orbits under the action of
coulomb’s electrostatic force.
An electron while in circular motion never emits energy and hence principles of classical
mechanics cannot applied to the revolving electrons. The orbits of such electrons are called
“Bohr’s Stationary Orbits”.
2. Angular Momentum Principle:

An electron while rotation in a circular orbit has specific angular momentum. Infact, only

those electro r's stationary orbits whose angular momentum remains
h

equalto multiple of "—
27 .

Hence, the angular momentum of an electron

IH%J

If “Ei” and “
by the Frequency Rule Principle we may write as;
E-E=hv

Where; E>Erand v is the frequency of emitted radiations
Radius of nth Orbit of Hydrogen Atom:

Consider Bohr’s Hydrogen Atom in which an electron is revolved around nucleus in nth circular
orbit.

Assume that:

1. The magnitude of charge on electron = e.

2. Phe mass of electron = m.

3. The magnitude of charge on nucleus=Ze=(1l)e =e.

4. The tangential velocity of revolving electron = v.

5. The radius of nth orbit=r=?

When an electron revolves around the nucleus in circular orbits, the electrostatic pull provides

the necessary.centripetal force to the revolving electron. ~——7
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=
Mathematically:

Fe= Formm=ranam (i)
kqq, kee ke
o F =—22 =—
e r2 7"2 r2
A F = my
r

ke? i
r,=—g————— (i1)
‘o my
In this equation, “k”, “e and “m” are the known values. Thus if tangential velocity of revolving

electron is obtaine f nth stationary orbit can be determined.
To find velocity, r momentum principle.which

4r’m

SUW

2 2
An’ke’mr,
" n*h?

An’ke’* mr,

I
X
L5
T
S
E‘N
>
N~
3
NG i’
-4

A -_'r -
e ]

o i
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Hence, I
W (6.63x107%)? e
4r’ke’m  4x(3.142)°(9x10°)(1.6x1077)*(9.1x107") i
h* -10 2
——— =0.53x10"7"m=0.534
ke 4r~m
. - O
Now; | r, = n2(0.53 A ) |
I
| i
. ~ it

Thjg’expression represents radius of nth Bohr’s stationary orbit for hydrogen atom. — |
Pherfy of nth Orbit of Hydrogen Atom: '

r ppose that an elec ng in a circular orbit of radius, “rn”. The revolving electron ,
has some kinetic e tangential velocity and.some atiakenergy.dueto. |
the'elect ¢ .

which is done again atic force of attractio

- —e'-e['.F .

= A
dre, 1

I 4re, Tl
HENR

Because electron is revolving in a circular obit with the

equa ectrostatic force.
ie.
Fy =&,
F = mv® _
»
Now comparing eq (i} and eq (ii)
my’ 1 €

2 1 [+

my: = ——

4nE, r
‘ I » L 1 &
—my” =— —

2 24ne, r

2

Bt

8re, r
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P
Potential energy of electron is given by;
; PE=—qV
For electron, q = — e and electric potential due to nucleus at nt orbit
V= 1 1 =7 1 f
4rne, r 4dne, r
Now;
P ity
dre, r
2
Bl s 3
4re, r

kccordmg the law of conservation of energy, total energy of electron is given below;
E=KE+P.E

Now

4n’ke*m
_ 1 &(nke’m)

" 2e, n'h?

_ me'm =
" 280712’12 ’ "_. ’
~——0 7 .
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__em
! 8‘¢:¢,2h2
4
E, = Lz'_"_ _12_
8¢,°h* | n
5 1
E, =-(13.6 eV).n—2
5 E - 1 3;6eV
n
Wave Length of Ligh ydrogen Atom

According to Bohr’
energy but when it jumps from an outer to an inner o

energy between the its.is emitted in the form of
and “Ef” represent t the electron in its initial

energy states respective

mmmE-E,

. ¥ -
4
E =——o
Or
B =m ST and £ mS
8E 'n’h’ 8E,'n, h

By using the expressions of E; and Ef, equation (i) reduced to

4 4
(,-):w:l{ S b }

h| 8E’n’h 8E’n W
Lo 1 em _LJ,L] g
A h(8E’h?) n? n,r2 T2
B -
1 e‘m 1 1
= g | g T
A 8E,hc| n,S n ~7
Here;
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24}‘11
8E02h3c
“Ry’ is known as Rydberg constant
1 1 1
]
/.1' nf n;

Now;

This expression gives the wavelength of radiation emitted from Hydrogen atom when a
transition take place from nisorbit to nprorbit
where ni> ny.

=R, =1.097x10"m™

Spectral Series of Hydrogen Atom:

The experiméntdr&lﬂalues of wavelength
of light emitted®in r spectral series of
hydrogen can also be calculated by the wavelengt
formula obtained s of Bohr's theory o
atomic structure.Ei Be by giving differen
values to “nf” for €ach Spectral series.
1. Lyman Series:
| i'!jultraviolet reg
ser tions ¥ron¥ outer orbits €
wavelength of light o a.mgd.m this series ca
nl.

Where ni=2,3,4,5,6,7,8, .....,0
2. Balrner Series:
Balmer series lies in visible part of spectrum of hydrogen. In this series all the transition

from outer orbits end at the second orbit (i.e. nf= 2)
1 1 1
g e {5‘ - —]
Where i, -- 3, 4, 5,6,7,8,....,©
3. Paschen Series:

This series lies in infra red region of hydrogen spectrum, this series is obtained when the
electron jumps from outer orbits to the third orbit of hydrogen atom.

1 1 1
2 ] e
A HI:32 nj2:|
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4. Bracket Series:
This series fies in the far infra red region of hydrogen spectrum. Bracket series is
obtained when the electron jumps from outer orbits to the fourth orbit of hydrogen
: Where n1=5,6,7,8,.......,

atom.
1 1 1
S B .
A |:42 ni2 }
5. Pfund Series:

This series also lies in the far infra red region of hydrogen spectrum. This series is
obtained from the transition of electron from outer orbits to the fifth orbit of hydrogen
atom.

h il ;I!llll
Excitation Ener otential:

To move an electron from ground state to an excited

energy supplied is difference of energ
Amount of energy r ove an electron fromg
an excited state (n = 3) i1s called exatatnon energy of

An atom 0 ent methods
electric d:sc’::\mn ;v ||Ium|natmg
Usually ato ssing @n electric disc

electgons are accelerated by suitables
electrons in
Accelerating potentia
state is called excitation potential for the state.
Energy of the electron in the ground state of hydroge
orbit its energy is -3.4ev, hence to send the electron fre
(second orbit) of hydrogen atom energy needed will be -3 4-(-13.6) = 10.2ev. In other words
excitation energy for the second orbit of hydrogen atom is 10.2eV. The corresponding potential
- difference through which a free electron must be accelerated so that it transfers 10.2 e.V
energy to the electron in the ground state of hydrogen will be 10.2 Volt. In other words the
excitation potential for the second orbit with respect to the first orbit of hydrogen atom is
10.2volt.
lonization Energy And Ionlzatlon Potential:
When an electron is completely removed from an atom, it is said to be ionized. The amount of
energy required to ionize an atom is called ionization energy and the corresponding
accelerating potential is called ionization potential and denoted by I.P. Energy of electron in the
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ground state of hydrogen atom is -13.6 ev. If 13.6 ev energy is supplied to the electron it will
jump to chh an orbit for which n = and it will no longer be bound to the atom. Hence the
ionization energy for hydrogen atom is 13.6 ev and the ionization potential will be 13.6 volts.

P f

ASER:

| / Laser is an acronym of light

~ amplification by stimulated Aligarntes CEOntanenus SruesinT. Bty
emission of radiation. sl -

Principle of Laser:
. -Laser works on the P , il sl ,
principle of stimulated o gl
emission. The concept of

stimulated emission was first

introduced by Ein e, B Saliatig &2 5
Properties of La
A laser beam possesses the following specialic istics:

i. Itis monochromatic.i.e. it consists of a single wd
ii. . Itis.coherent i f beam are in phase.
iii. Itis highly collimatedyi.@ ali part travel in the sa

iv. Itis sharply focused.

IMPORTA 3 )
1, _STIM ' '
ol If is incident on a samplefof

absorb the photon and reach the exci state
ed absorption.
3./SPON

If an atom is in exciting state Ej, it will remai

3.-STIMULATED EMISSION:
Stimulated emission is a process in which an incoming photon of energy hv can simulate
_an atom in a high energy state E to jump a low energy state E1, where E, — E; = hv. The
photon resulting from this process has the same frequency as the stimulating photon and
travels in the same direction.
Production of Laser beam depends on stimulated emission.
M'OPULATION INVERSION:

Usually in a sample of atoms, the numbers of atoms in ground state are always greater
than the number of atoms excited. But artificially condition can be achieved where the
numbers of excited atoms are greater than in the ground state. This is termed as population
inversion.

5 ETASTABLE STATE: ~—72
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The mean life T for an ordinary excited state is of the order of 10® sec. However, there
are some states for which t are much longer i.e. of the order of 103 sec or more. Such long-
lived states are called metastable.) .}

THE LASER OPERATION:
For laser action or lasing (i.e. the production of an intense coherent beam of light), we
consider three energy level system of atoms as shown, where
‘ E1=ground state
E2= metastable state
, Es= short-lived state
From these three levels, laser light is obtained as follows:
1. *Atoms from ground state E; are pumped to an excited state E3, for example by the
absorption of light energy from an intense, continuous spectrum source. This is known as

optical pumping.
2. AsEjzisashort-li ; s decay rapidly to a state of energy E». Since Ez is a
metastable, th itable condition it b avily populated. Drovi

the required population inversion.

3. After populationji obtained, state E2 is €
hv = E, - El',:FB:BjndUCEd emission, re
< Inorder to main S lated emission events,

an assembly. The ends of this assembly

are fi i i iffor is
totall her is
parti lecting'for the laséribeam to

2 “be taken out.
| » L °

Ruby laser was the first type of laser
invented. Ruby is the name of a crystal of
Aluminium Oxide (Al203) in which a few (one in
every 3500) of Aluminium atoms are replaced
by Cr*** (chromium ion).

CONSTRUCTION:
A ruby laser consists of a synthetic ruby crystal having cylindrical shape, generally 5cm
* long and 1cm in diameter. A high intensity helical xenon flash lamp surrounds the crystal to
provide pumping light. The ends of the crystal rod are made optically flat and parallel. These
ends are silvered, with one end completely and other only partially.
WORKING: ‘

Ruby is a type of three-state laser. The pumping radiation, produced by xenon flash
lamp, raises the Cr atoms from ground state E: to short lived state Es. From there, they fail
spontaneously to metastable state E; where they remain for approximately 1073 sec. this
prolonged stay of atoms in Ez creates population inversion. A few Cr atoms make transitions
spontaneously from state E; to state E; and emit photons. These photons are reflected back
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i P
and forth between mirror ends of ruby rod. in this process, these photons stimulate other Cr

atoms'to fall to E; from E2 and after a few microseconds a large pulse of red coherent laser
(wavelength 694.3 nm) is given out from partially silvered end.

APPLICATION OF LASER:
Some of the important applications of laser

technology are as follows: ko o
1. ltisused as a surgical tool in “welding” detached

" retina. It is also used in removing tumors and - ./,—.'\o\ ey

* breaking stones in kidney. $r ”{{ z’?\? Y s=
2. Itis used for precision cutting, welding and drilling of 1 L 18/ ) ? i

tiny holes in various materials. ' \. '\,/"/./ .

3. Itis used in telephone communication along optical S~ T

fibre ta transmit both sound and picture at speed of
sound.

4. Itis used for precisi rement of length and :
_ surveying. M
5. ltisusedto ed music on CDs an# oy

retrieve data from computer disks. it is also used i
high-speed co printer.
6. Itisusedin thfﬂﬂof holograms (three
" dimensional images);c holography.

produced. Itravi ¥ &Ied X-rays.

Principle:
When eed electrons are , their K.
Apparatus:

The apparatus consists of an evacuated glass tube.
electrons. The emitted electrons pass through very

Spectrum ofX -Rays is contmuous It shows that X-Rays consist of all waveleng

range.
X-Rays of shortest wavelength and maximum frequency are produced by those electrons which
come to stop in one collision. For such electrons we have;
K.E of electron = Energy of photon
. eV=hv_

Page 169 of 198

MNAcaster
Coccazinneceg CenrylEe=n

Add: Yaseen Square Block -F , Doll khata Soldier bazar, Karachl Contact #0321-2494633 & 0312-2340767



Phy

This shows that the wavelength of X-Rays is mversely proportional to apphed P.D. The range of
wavelength of X-Rays is 1A° to 10A° or 0. | nm to mm.

Uses of X-Rays:
Some uses of X-Rays are given below:
*1. .In'medical science e.g. to check fracture of injured bones. ||

‘In Airports for checking and security purpose.

In industry e. the quality control in rubber tyre and tube manufacturing.
X-Rays are d
Scientific re

ck the quality of welded parts of a machine or tool.
CHAPTER-18 F 0 HMULTIPLE CHOICE QUESH u !

Q 8. (a) (i) when all the
MOREHL:

Q.8. (a) {ii) The laser is a device whuch can produce
* An intense beam of li

mos W

2002(Pre — Medical) |

Q.8. (a) (i) The fast moving electrons stopped by a e , i i
glass tube, give rise to the production af: :
* a particles * B-particles * X-rays * Protons

- 2003(Pre — Medical)

Q.8.(a) (i)  According to Bohr’s postulates, the electron revolving around the nucleus in a

fixed orbit radiates; . I

’ * energy ~ *noenergy * y-rays * a-rays
2003(Pre — Engineering) '
Q.8. (a) (i) In a hydrogen atom Balmer series lines are emitted as the electron falls to thie
orbit having:
* n=1 * n=2 *h=3 * n=4 ~—72

Q.8.(a) (iii)  The laser is a device which can produce:
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* an electron beam of light * a coherent beam of light
* 3 neutron beam of light * all of these

2006

Q.8.(a) (i)  The frequencies in spectral lines emitted in Lyman series are in the
region:

, * Visible * Infrared * X rays * Ultraviolet
2008

Q.8. (a) (iii)  Hydrogen atom spectrum consists of lines in:
X * Ultraviolet region  * Visible region  * Infrared region  * All of them
2010

d.l (i) Brackett series of hydrogen atom spectrum lies in:
~ *Ultraviolet region * Visible region

* Infrared regi * All of these
Q.1iv) - The gthlof X-ray is in the range:

A m

*0.1A°to 1m
Q 1. vii ~ LASER produces:
2013 e

' When an electron jump d orbit t

*Bracket *Lyman
2014
(iii). The life time of the electron is excited sta

*108 sec *108 sec *10° sec 0° sec
(ix) LASER produces:

*An electron beam *A neutron beam *A coherent beam of light *None of these
2015
(xii) In Laser, the life time of an electron in a metastable state is:
' * 1078 sec. * 107 sec. * 1073 sec. * 108 sec.

(xvii) Balmer series is obtained when the transitions of electrons terminate on:

* 1st orbit * 2nd orbit * 3rd orbit * 4th orbit
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. CHAPTER-18 NUMERICALS .
s FROM PAST PAPERS '

1990 :
Q.7. (c) A blood corpuscle has diameter about 9 x 107 m. In which excited orbit should a

hydrogen atom so that it is just about as big as the blood corpuscle. (291)

1993
Q.7. (c) The energy of the lowest level of hydrogen atom is —13.6 eV. Calculate the energy of

" the emitted photons in transitionfromn=4ton=2. (2.55eV)
1995 ‘ :
Q.7 (c) Find the wavelength of light which is capable of ionizing a hydrogen atom. (911.5A°)

1997
Q.7. (c) The energy of an electron in an excited hydrogen atom is ~3.4 eV. Caiculate the angular

momentum according to Bohr's Theory. (2.1 x 1073%s)
o e MU,
Q.7. (c) What is of the radiatio ismemit

undergoes a m the state n2 =3 to
2002 (Pre Med. groF nn
Q.8. (d) What is thelo velength of light capa

II ~.energy'in electron volt is needed to ionize it?
n 2002 (Pre En
Il Q.7. (d) Ap . ﬂ'

ll the atom to an excited state. W,

2003 (Pre Engg. gr

ground state {corresponding to n = 1) find the

2005
Q.7. (d) In a hydrogen atom an electron experiences transition from a state whose binding

energy is 0.54 eV to the state whose excitation energy is 10.2 eV.

a) The quantum numbers of the two states :

b) The wavelength of the photon emitted (5,2,4.342x 107 m)
2007

Q.7.(d) C

te the Binding Energy of a hydrogen atom. (-13.6 eV)

Calculate the longest and shortest wavelengths of emitted photons where Ry = 1.097

107 . (656.33 nm, 364.6nm) %
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2010
Q.2. (xii) Find the shortest wavelength of photon emitted in the Balmer series and determine its
‘energy in eV. (Ry = 1.097 x 107 m™). (3646A°, 3.41eV)

2011

Q.2. (xi) Calculate the energy of the longest wavelength radiation emitted in the Paschen series
in hydrogen atom spectra. (Ry = 1.0968 x 10’ m™, h=6.63 x 10734Js, m ¢ = 3 x 108 m/s).

' (1875.6 nm)
2012 - ‘
Qz(xi_)‘ Find the value of shortest and the longest wavelength of emitted photon in hydrogen
spectra in Balmer series. (Rydberg constant = 1.097 x10” m™?)
2013 ‘
Q2(v) :A hydrogen atom in the ground state gets excited by absorbing a photon of 12.15 eV.

Find the Q r of this state,
2014

Q2. (x) Determine the longest and shortest wavelen
(Ry=1.097

2015

en m™).

Q2(xi) Find the shortest wavelenith of photon emitte
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Chapter # 19

THE ATOMIC NUCLEUS

Charge Number of Nucleus:

The number of proton present in the nucleus of an atom is called “Charge Number”. Itis
denoted by “2".

Mass Number of Nucleus:

Total number of protons and neutrons present in the nucleus of an atom is called “mass
Number”; It is denoted by A”. Any Nucleus X is represented as zXA for example sodium nucleus
is 11N323 No. of neutrons in a nucleus is given by;

" N=A—Z
Nuclear Mass:
“Total mass of nucleons present inside the nucleus is called “Nuclear Mass”.
Or

“The sum of the ns and the mass of the protons is called nuclear mass. It is
denoted by M##

Isotopes:

All such nucl e charge number Z
" called Isotopes® E
For example hydrogeh hasithree isotopes;

i. Protium (1H?); Z=1, A=1, and N=0.

: z:::::"(.mg;ggm

Radioactivi *
The taneous emission of invisible thee
than 82 is ivi s are called 'fadio

which emit such rays are called radioactive elements.

In 1896 Henry Becquerel discovered that uraniun *mnt
cause blackening of photographic plates they can pengt er and
metal. The nuclei of such heavy elements are unstableja
Radioactive Rays:

Radioactive elements emit three types of rays;
(i)Alpha rays
(i) Beta rays
(iii) Gamma rays
Praperties of Alpha-Radiations:

Some essential properties related to the a-rays are discussed below:
i. The a-rays are composed of positively charged particles called, “a -Particles”. Each a-
particle carries two units of positive chargei.e. a= 3.2x10°*°C. 7
ii. Ana-particle is a helium nucleus consists of two protons and two neutrons. ~ 2 l:i '
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The mass of a a-particle is four times greater than that of a proton i.e. mass of a-particle m=
6.68x10"7kg.
The speed of a-particles was found from 1.4x10” m/s to 1.7x10’m/s.
A-particles produces intense ionization phenomenon when they are passed through the
gases.Their ionizing power is about 100 times greater than that of B-rays and about 10,000
times greater thanthat of y-rays.
' a-particles shows very low penetration power. They hardly penetrate 7.0 cm through the
" air. : !
" The ratio of charge and mass (elm) of a —particle is calculated to be one-half of the (e/m)
of aproton.
A-particles produce fluorescence when they are incident on zinc sulphide and
» BariumPlatinocyanide. ‘
a-particle produces heating effects when they are incident on a metal surface.
a-particle affect a photographic plate, but their effects on plate are very feeble.

i. a-particle can f under the action of an electric field and magnetic field. This
characteristi articles are infact, charged particles.
Properties of :

Some essential properties related to the fl-rays are dis
i. f-rays ar of negatively charggd
o particlecarries of negative charge i.€
The mass of B-Particleis equal to mass of an

jii. . Thegatio of charge
vel fi8-Pa ?
iv. Th wa

B-Particle shows low ionizati

vi.

sheet.
vii.  fB-Particle produces fluorescence when
bariumplatinocyanide.
vii. [ -Particle affects a photographic plate more
plate isfound more prominent than that of a-Particles.
ix.  f-Particle can be detected under the action of an electric field and magnetic field. The
direction ofits deflection shows that it is negatively charged particles.
X. The magnitude of charge and mass of S -Particles shows that g -Particles are identical
. with“Electrons”. "o
Properties of y-Rays:
Some essential characteristics related to the y-rays are discussed below;
i.  The y-rays are composed of packets of very high energy called, “y-Photons”.
ii. y-rays are the radiations of very shorter wavelength range from 0.005A° to 0.5A°.
iii.  y-rays does not show any deflection under the action of either electric field or magnetic =
field.This properties verify that y-rays are electromagnetic radiations.
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iv. y-rays can travel in space with the speed of light, 3x108m/s

v.  y-rays shows very poor ionization phenomenon when they are passed through the
gases, theirionization power is about 10,000 times less than that of cc-particles.

vi.  y-rays shows very high penetration power. They can penetrate through an iron plate of f
30cmthickness.

vii.  y-rays produces fluorescence when they are incident on cadmium tungstate, zinc
' sulphide and barium platinocyanide.
viii. * y-rays-effects a photographic plate.

ix. . y-rays are diffracted by crystals and obey Bragg’s Equation for diffraction.
x. y-rays shows line spectrum consists of sharp spectral lines these lines indicates
existence of a number of energy levels in the nucleus '
Law of Radioactivity:
In the process of radioactive disintegration the original radio-atom (parent atom) disintegrates
into a new radio-atom (daughter atom) with the emission of nuclear radiation. In 1913, Soddy

and Fajan formul sic principles to explain the radioactive changes called,
“Displacement La les are given below;

i. In all know radioactive series either an alphg

simply mean re than one of eachfp
~ the same instant

ii. When Ipha particle is emitted from a
daug a ber is less b

two
.e. 5("

(Parent Nucleus)(

When a
daughterwhose mass number remains same

unit.

zXA - z+1YA+ i ﬂ e

90Th?* —> g,Pa?**+ 1 B (Protactinium)

When a positive beta particle is emitted from a radio-atom, it disintegrates into a new
» daughter atom whose mass number remains same but atomic number is decreased by
one unit.
i.e. XA z1YA+, 80
90Th?34 — ggAc?3*+,; 89 (Actinium)
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When a gamma photon is emitted from a radio atom, it returns to the ground state with
' same mass number and atomic number.

(ZXA)* - X +

(Excited State) (Ground State)

Law of Radioactive Decay or Disintegration: |
“Soddy and Rutherford analyzed that the rate of which a radio element disintegrates was ﬂ

indehendent of any physical or chemical change, but depends on the total number of radio
atoms contained by the radioactive sample at the time of disintegration.
According to them,

“The rate of decay of radioactive atoms at any instant is directly proportional to the total
s f radio atoms that exist at that instant”.

If “N” be er of radio atoms th

rate of radio atoms that have decayed can be expre I

EO(B joc
Here negatlve sign shows number of radio atoms da -'
N) _ ﬁ

dt
Where, ”A'M nﬂ Erﬁmrﬁonallty, called{fRa

. in ctnvnty" of the radlo element ltsv ends o

According to

According to this equation, “The ratio of rate of radio atoms that have decayed to the
total number of radio atoms that exist at the time of decay, is called Radioactive decay

constant.
Unit of Radioactive Decay Constant:
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. Hence, the radioactive decay constant is measured by “per second”.
Activity: -
The number of disintegraiions per second is called activity “A” and is taken as a positive
number. Hence, the activity at any time “t” may be expressed as;

. A=AN
Relative Activity:
The ratio N/No is called relative activity. Where No is the number of parent nuclei at time t=0

whereas N is the nu nuclei at any instant.
Relative activity d t passes.

Exponential Law of i ecay:

A gréph is plotted between t and relativeactivity

N/No. At the start the value o is N/No equal to
1. Graph shoM&nigiﬁlficay is fast in
the beginnin i g, mit shows down.
This @is exponential behavior.The ntial
beha\ww

N=N,e™”
Where, e =2.7 18 and A = decay constant. -
No/8
Half Life of Radioactive Element: Nd 6 I 1 |
Half life of a radioactive element is the time in 0| Ty 2Ty 3Tp 4T

which half of the existing parent nuclei decay into The number of nuclei in a sample of a radioactive
element as a function of time. The sample’s activity
has an exponential decay curve with the same shape.

daughter nuclei. It is denoted by T, .
2

Determination of Half Life of A Radioactive Element:

Suppose that we have radioactive sample of a radio element which contains “No’ number of
radio atoms at t=0. If “N” be the total number of radio atoms that exist after any instant of “t”,
then according to the law of exponential disintegration we may write as;
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. very short range of half lives.
: orce.
in order to howa i and neu

|

IfN=N° 2thent=Tl
2 9

=AT

NO
Eq(1)=_>—é— =N,xe™" 1

1/ — ,-AT1
27€ 3

2 = e/’lTl

2

Taking “In” both sides,

In(2) = A7),

0.693= ZT

‘ 0693
Ty == i

half life of that ele determined.

Note:

Noted thatys ent range of
about 4.9x alf life of abo
10 second ments have very hj

very strong force exists between them. This force is Kn
the repulsive coulomb force between the positively gh
range and is independent of charge on the particle.
very short distance (its range is of the order of size of the
nucleon is attracted by the other irrespective of its charge with a very strong short range
nuclear force.

Mass Defect:

Mass of a stable nucleus is less than the combined mass of its const|tuent particles in Free -
State. This difference in mass is called mass defect. :

Ekample: A deuterium nucleus (deuteron) is made up of one proton and one neutron.
Combined mass of one proton and one neutron in Free State is greater than the mass of

deuteron. s |
Calculation of Mass Defect: 1 {E
F -27 it
Miss of one proton 1.6724X10“’kg - |8 Tr_"ﬁ},l?
Mass of one neutron 1.6748X10 kg [ | palaas

combined mass of proton and neutron = 3.3472X10%g
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Mass of deuteron = 3.343X10"%kg

Mass defect = 3.3472X10%-3.343X10%7

Am=0.0042X10"kg

Binding Energy:

The amount of energy released during the formation of a nucleus is called binding energy of
atnucleus. It is the energy equivalent of mass defect. If Am is mass defect then binding “energy

is Amc2.

Example mass defect of deuterium nucleus is;
‘ Am=0.0042X10 27kg
Therefore binding energy of deuteron is;
B.E= Amc?
B.E =(0.004&2X10’27)(3X108)2

J 0 I N B.E = 3.69X103 )

.E =2.3 Mev

Umf ed mass: Mass Enu ﬁpresen ted in atomic

= 931.5

Packing Frati J ' pl
’ : r nucleon is ca

P.F =-2—2-?i =1.5Mev

Nuclear Reaction:
The nuclear reaction means, “Transmutation of a stable nucleus into another stable nucleus by

interaction with a particle or proton”.

Bohr's Scheme For Nuclear Réaction:
After successful completion of some nuclear reactions, Neil Bohr suggested a general scheme

for huclear reaction. According to him,
“When a projectile (A) hits a target nucleus (B), it combines to form a new unstable nucleus,
called compound nucleus (C). The unstable nucleus spontaneously disintegrates into a stable

nucleus (D) and outgoing particle (P )-_or a pl iton

Reaction:
—_— —
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Symbolic Form:

B(A,P)D

The nuclear reaction is often denoted by two symbols inside a parentheses, (A,P); first symbol
represents the projectile and second expresses an outgoing particle. E.g. (oc,P) nuclear reaction
shows that projectile is an “cc particle” and outgoing particle is a “proton”.

In a rluclear reaction, projectile may be neutral or charge particle or photon. Neutron is the
mbst effective one, as it can easily enter into a nucleus without experiencing any repulsion.
Whereas; proton, deuteron and cc particle etc, has to be accelerated before they are able to
overcome then repulsion of target nucleus.

__ypes of Nuclear Reactions:

Some essential types of nuclear reactions are discussed below

1. Elastlc Elastic Scattering:
In this type, the pro ectlle{ts elastic collision with the target nucleus and leaves the target

gy. Anyhow, the direction of motion of projectile may change.
clear reaction is the
70AUY7+ 2He* — 7

nucleus without a
An interesting e

Here, projectile an eus remains unchange
2, lneiastic scatte

its energyl excited targetn
stable nucl Eﬂ ;' rgy in form of
proton from i§ giv&h by;

3.Radioactive Capture:

nucleus by emitting one or more photons of y rays.
A radioactive capture of proton by carbon nucleus is given by;

6C12+1H1—) 7N13"=

7N13* - 7N13+ Y
4.Disintegration:
In this type, projectile is absorbed by the target nucleus and disintegrate into new stable
nucleus by emitting a particle of different nature. An interesting example is the disintegration
of beryllium by oc particle. It produces carbon nucleus and a neutron.

aBe%+:He* — ¢C244n?

5.Photo-Disintegration: o
In this type, a photon is absorbed by the target nucleus and it gets excited state. The target

nucleus decay into a new stable nucleus by emitting a particle different from incident projectite =
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w

(Photons).
An mterestmg example of photon disintegration is given below;

1H2+y—) 1H2*

1|_|2=l= - 1H1+on1
Note: The photo disintegration of “deuteron” takes place when photon of y rays has energy
equal to 2.225Mev.
Q-Value of Nuclear Reaction:
In general a nuclear reaction is expressed by the following scheme;

X+a— Y+b+Q
Where “3” is the incident projectile. “X” is the target nucleus. “Y” is the product nucleus. ‘b” is
the outgoing particle. “0” is the energy either released or absorbed during nuclear reaction,
called “Q-Value of the nuclear reaction”. The Q-Value may bé positive or negative, depends on
the condition whether energy is evolved out of the nuclear reaction or absorbed into the
nuclear reaction.
i. If K.E of the pro eaction is greater than the K.E of the reactants, then energy
is evolved out of tﬂﬂ]ﬂon and thus it is referred as “Exothermic” or “Exoergic”
nuclear reaction. | lue of nuclear reac e,
ii. If K.E of the reactants of nuclear reaction is less tha
energy must be nee “e the nuclear reactio

or “Endoergic” nuclearr In this case, Q-Value
' ’; ictear Fission Reaction®

“The process of splitting a nucleus into smaller nuclei

nuclear fissi

Ma nga' l/leutron krypto
produced alo Jns"aft large amounto

During the fi
92Us5+on? —>36K

36Kr® an 144 are called fissi

—'

In general fission reaction may be writtenas;
on+92U235 — (92U36)* — X + V+Y+ neutfo

(2U%36)* is exited or compound nucleus of uranium fo

whereas X and V are the fission fragments. Fission frag

decay in number of ways into stable nuclei.

Due to mass defect between Uranium and fission fragments the total mass of fission fragments

is less than the mass of uranium nucleus. This loss of mass (mass defect) is converted into
pergy according to Einstein’s mass energy relation. In the above reaction about 200 Mev

energy perfission is released.

1y

| on Chain Reaction:
I Durmg each fission reaction some neutrons are also emitted. These neutrons are of high

energy, hence if they are slowed d,own then on colliding with other uranium nuclei they will
produce further fission. This continuous fission process in known as nuclear “Chain Reaction”.
Material used for slowing down fast moving neutrons is known as a Moderator. Graphite or
ordinary water are commonly used as moderators, while heavy water is the best moderator.
Number of neutrons available for fission reaction will keep on increasing. In this manner a chain
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| ' 1

P

reaction is established. Chain reaction is, therefore, a self sustaining reaction. The rate of
reaction or'in other words, the speed with which chain reaction proceeds can be controlled by
controlling the number of neutrons available. This can be done by using suitable neutron
absorbing rods. '

The minimum quantity of fissionable material required to sustain nuclear fission at a uniform
rate is knoYvn as Critical Mass. Chain reaction will die if mass of Uranium is less than the critical
mass, similarly it proceeds at a faster rate and releases more energy if mass of uranium is more

than its critical mass.

Nuclear Reactor:

In a nuclear reactor energy released during nuclear fission is converted into useful electrical
énergy. During fission reaction energy released is in the form of heat. The rate of fission
reaction is controlled by using suitable neutron absorbing boron or cadmium rods, so that heat

is obtained at a st t e quantity of heat released is removed with the help of a
coolant. The choj aterial depends upon type of reactor. Usually ordinary water,
heavy water, m ium etc, are used as

then used to operate turbines to produce electricit
the rate of reactio llgehcontrol rods.

Fission of (92U%3) fﬂ ith slow neutrons, he
fission reaction arefto lowed down before they
material, such as heavy water, used for slowing do

Moderato Il l
Nuclear re ‘ neutron and ga
dangerous .Hen fAdS &f shielding is regui

* shielding. Biological shield is require
eight ick concrete layer ¢
rays. Thermal shie

| : . .
The atomic bomb: W-n ' =
. B ki %*

An atom bomb the rate of fission reaction is left unc . This l ine by -C

uranium more than its critical mass. Under these conditions fission reaction proceeds at such a
rapid uncontrolled rate that the large amount of energy released produces an explosion. The
atomic bomb explosion can easily destroy a small city.

Strong shock waves produced during atom bomb explosion destroys buildings etc. whereas
large quantities of storing nuclear radiations (Gamma rays) emitted are extremely harmful for

life.

Nuclear Fusion:

“The process of combining two or more light nuclei to form a heavier nucleus with the release

of energy is called nuclear fusion”.

heavier nucleus formed after combining lighter nuclei has more mass defect in other words

mass of the heavier nucleus is less than the sum of masses of the lighter nuclei. Mass lost

during this process is converted into energy according to Einstein’s mass energy relation. During—~
a nuclear fusion more energy per nucleon is released as compared with the energy released
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Phy

during fission reaction.
Consider the fusion reaction between a deuterium and a tritium nucleus,

c 1H24+1H3 — ;He? + on' + energy
During the above fusion reactions a helium nucleus is produced along with a release of about
17.6 Mev energy.
Fusion reaction can therefore produce abundant energy using deuteron as raw material. Itis a
very difficult to produce fusion reaction because the positively charged smaller nuclei repel
each ‘other before they can fussed and the repulsive force increases as they are brought close
to each other.
Fusion reaction takes place at a very high temperature (more than a million degrees
centigrade). Hydrogen bomb utilizes fusion reaction, releases more energy, therefore, it has
more destructive power than an atom bomb. Scientists have not been able to control fusion
reattion as yet, hence the enormous amount of energy released could not be converted into

electricity.

Fusion Reaction In § t

The enormous am rgy produced by the sun aiid other stars is due to fusion reaction.
Temperature on th e sun and other stars'is i

centigrade). Under these conditions fusion reaction ca

reaction taking plac nd other stars protofi-

each such cycle energy r s estimated to be abc

Another cyclic fusion process, called carbon cycle, ass

the sun was : Irl:!s‘ycle energy relez
The reaction siplace in sun utilizes four hyd
) . EEN
in the following manner.

i. 1H1-‘i-1H1 - 1H2+1 ﬂ °+V (neutri

ii. 1H'+1
iii. 1H+;He? — ;He+, g0+
Carbon cycle:
Bethe proposed solar fusion to occur in the following
i 6c12+1H1-—-)7N13+
i INB 2 6Cl+ g0+
iii. 6CB3+1H > sN¥+ y
iv. eN4+1H! > g0+
y.  sONS— N+ g0+
vi. INB+H = 6C24,He?

In this cycle carbon acts as catalyst.
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IMPORTANT SCIENTIFIC REASONS

Q.1 ZItis more difficult to start a fusion reaction than fission. Why?

Ans: Fission is caused by the capture of neutrons by heavy nuclei. Neutron, being electrically
neutral, is highly penetrating particle for nuclei. But in fusion of two light nuclei, the
positively charged nuclei are repelled by the Coulomb repulsive forces. So work has to
be done against the repulsive forces of the two nuclei.

Q.2 : Why do most moderators, used in nuclear reactors, are light atoms like H1, H2, C12 to
' 'slow down the neutrons instead of using heavier atoms?
Ans:  Fast moving neutrons can be stopped when they make elastic collision with stationary
‘particle of the same mass.

Q3 Whyare stable?
Ans: The stability of nucleus depends upon bindi
number fo i the binding energy pe
_ lying at thef Mi ion of the periodic tabl
value of B.Epe n they are unstable.
R In
Q4 A :M ﬂBEmsm-re ionization i
: lonization may be (i) due to di ision of 't

ions or repulsion i
particles losses its energy durin
ionization is less penetrating because it losse

penetrate more. It is less penetrating for exa icleii ionizing
penetrating while B is less ionizing but more penetrating.

Q.5 Do a, B and y-rays come from the same element. Why do we find all three in many
radioactive samples? ‘

Aps: A radioactive element either emits a-particles or B-particles, but never both. Gamma
radiations generally accompany B-emission and in some cases with a-emission. A
radioactive element (or sample) is a mixture of various nuclides of different relative
abundances and with different modes of disintegration. Hence we can find all the three
activities in a radioactive sample at the same time. For example, Ra-226 is an & - ~ >
emitter, but Ra-225 is a B-emitter.
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Why is heavy water more efficient moderator than ordinary water?

Heavy water (D20) has much lower probability of capturing neutrons but it can slow
down neutrons. In fact, heavy water is 1600 times more efficient as moderator than
ordinary water (H20).
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CHAPTER-19 MULTIPLE CHOICE QUESTIONS

From Past Papers

2001
Q.8.(a) (iii)  The nuclei having the same mass number but different atomic numbers are

called:
* Isotopes * Isobars * |sotones * Isomers
2002(Pre ‘Medical)
Q.8.(a) (i)  Breeder reactor is used to convert:
; * 9,U235 into 92U23 * 5,U8 into gsPu?3?
* ,UB5 into g2U%7 * 5,U235 into s6Bal?* and 3gKr®®
Q8. ;(a) (i)  The process in which heavier nucleus is formed from the combination of lighter
‘ nuclei is called:

2003(Pre - Medlcal)

Q.7.(a) (i) The -particle emission fra
* mls a e number

Q 8. (a) (i) m Qﬁvis'l'iing of a heav
ﬁ Emm

(Pre — Engineering)

Q.8. (a) (iii)  the ratio of the mass of proton to the
2005
Q.7.(a) (i) One atomic mass unit is equal to:
*1.6x107%°) *9.1x107%"kg * 931x10%V * 9x10%V
Q.7. (a) (i)  the energy equivalent to the mass reduced in the formation of a nucleus is
called: '
* Nuclear Energy * Binding Energy
* Fusion Energy . * Potential Energy

Q.8.(a) (i)  The atomic number of an element is increased as a result of;
* A-radiation * B-radiation
* Pair production * photoelectric effect

Page 187 of 198

MNAcaster
Coccazinneceg CenrylEe=n

Add: Yaseen Square Block -F , Doll khata Soldier bazar, Karachl Contact #0321-2494633 & 0312-2340767



Phy
2006 s
Q.7.(a) (i)  The atomic number of a radioactive element is increased as a result of:
* A-radiation * y-radiation * B-radiation * pair production -

the missing particle is:

Q.7.(a) (i) In the nuclear reaction 7N** + ;He*->s0"" +

" ¥ Proton * Neutron * Electron * a-particle
2007¢ :
Q.8.{a) (iii)  in radioactive decay law, N = No e™, A represents:
* Wave Length * Half Life
. * Mass Radioactive Sample * Decay Constant
2008 |

Q.8. (a) (i}  therate of decay of a radioactive substance:

* Incr reasing time
¥ remiﬂ with increasing time
ntially with the incnéa

* None of these

2009
Q.8. (a)(ii)  The half-l jum is 1600 years. Afte
' surviving radium would be its:

Mo H E1 ' ' -
Q8 (a) (iii) en a nucleus emits a Beta Particle, ifs

* Increases

|
V
“
\:
2010 }
Q.1. (iii) The radioactive decay law is:
N :
a —= gt b
(@) N ( 1
§
N |
(c) ° = gt (d) N,=AN, e} )
N ‘J
2012 ‘
Q.1.vi. After alpha-decay, the nucleus has its: ) \
* * charge number decreased by four * charge number increased by four |
* mass number decreased by four * mass number increased by four i
2013
Q.1.xiii. In radioactive decay law N = N e **, Arepresents
*wavelength *half life *decay constant *None of these
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Q.1.vi.

2015
(xiii)

P

This was the first experimental verification of Einstein's Mass-Energy relation
*Deuteron-induced reaction *Proton-induced reaction
*Gamma-induced reaction *none of these

The product of decay constant A and half life T1/, of a radioactive source

*0.369 *0.396 *0.693 _ *0.963
(xv) A small quantity of radioactive lodine s31*°? is taken in food, most
of itis deposited in the: A
* Thyroid glands * Bones * Brain * Stomach
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CHAPTER-19 - NUMERICALS
From Past Papers

1994
Q.8. (c) Find the binding energy of s;Te'?® in MeV if the mass of a proton = 1.0078U, mass of a
neutron = 1.0086U, mass of a Te atoms = 125.9033U. (1061 MeV)

2001 , .

Q.8. {d) Find the binding e-nergy of 5,Te!?® in MeV if the mass of a proton is 1.0078U, mass of a
neutron is 1.0086U, mass of a Te atoms = 125.9033U. (1061 MeV)

2006 ‘

Q.8,"(d) The half-period of 10aP0?'? is 140 days. By what percent does its activity decrease per
week? (3.465 % per week)

2007

Q.7. (d) Calculate th gy of hydrogen atom.
Given that: 31Kg

€, = 8.854 x 107*2Coul?/Nm?

8., "Ifthe numb 0 er gram of gsRa?3® is 2.

neutron is 1.0086U, mass of a Te atoms = 125.8033€

The number of atoms per gram of gsRa?%6is 2.666x10%! and it decays with a half life of
1622 years. Find the activity and decay constant of the sample.
(1.35 x 101! sec™?, 3.61 x 10 disintegration /sec)
2014
Q2(¢) Find the binding energy of s2Te?® in MeV if the mass of a proton is 1.0078U, mass of a
neutron is 1.0086U, mass of a Te atoms = 125.9033U. (1061 MeV)
2015
Q2(v) Find the binding energy and packing fraction (B.E per neucleon) of s,Te'?°. oy
Given that:  m,=1.0078U m,=1.0086U mre=125.9033U 1U=931.5MeV___= [l
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CHAPTER 20

NUCLEAR RADIATION

“Physics in itself is not a factor of material progress but also an element in the spiritual evolution
of man.” '

Biological and Medical Uses of Radiation:

the application of radiations to human beings and other organisms may be divided into two
categories:“tracer techniques” and ‘medical diagnostics and radiation therapy’

frac'er Techniques:-The location and concentration of radioactive isotope can be detected easily
by measuring the radiations emitted radioactive isotope thus acts as a tracer that makes it

possible to follo“ﬂxi“a chemical and biological process. The following radio nuclei are
used

—
I.  Radioactive carbon (C-14): It has made it pgss dersta <lnI| 3§ O

. photosynthési radiography by placing
4. . 1-131: Wheh takes' in feod deposits in the thyroid
Ca-45: When taken orally or by injection, ne I

H 0,
yo i ly 40% In the ivi
Na ate of flow of the

Fe-59: It is used as a traced in mechanical

VL.
Detectors:

The devices which are used to detect nuclear radiation
are three main devices that are studies at intermediate level. They are

- * Wilson Cloud Chamber
e Geiger Muller Counter

.\*, Solid state detector
P g d
/' yitSon Cloud Chamber:

In 1911, C.T.R Wilson developed a condensation chamber for detection and measurement
of moving charged particles.

Page 191 of 198

MNAcaster
Coccazinneceg CenrylEe=n

Add: Yaseen Square Block -F , Doll khata Soldier bazar, Karachl Contact #0321-2494633 & 0312-2340767




e mme o RN

Principle: @

A charber contains super cooled vapors in a dust-free atmosphere. When radiations pass
through the chamber, ions are formed, which serve as nucleation centres. The supersaturated
vapors get condensed on them, so the path shoes up as a fog trail. In this way, the instrument is
used to visualize the tracks of charged particles.

~

-

Snstruction:

W'ilson cloud chamber is a funnel shaped transparent vessel. The components of this
device are depicted in the figure. '

A chamber: A closed (air tight) chamber that
contains a moveable piston at its bottom

and a glass top. It al tai indows for  _igr Beam i G Mg
light and nuclear pﬂcﬂml side. The S T Biaps Pm =
chamber is well instifated® T - S

Liquid: A mixture low boiling
point) and water vap@rs

Camera: A camera is used to take

photograph OM’BSH’E*'I*

]
A [ ‘ [
“Working: e n ; §
7 -
is fi i holMand “ﬁ—ir.cha
i 3 V3 1 O
% _l'|I |
O
- a )
e alrea

1
igrpdee | |
the piston downwards, the adiabatic expansion cause§,cooling. saturated vapors now {

become super saturated, because the air now contains more vapors than is necessary for 1
saturated at this temperature. l

Tameta

If an ionizing particle enters into the chamber immediately after the expansion, the ions left in its
path act as condensation nuclei. Hence a close array of fine droplets (or track) is formed. The
track is the path taken by a particle. It appears like a white line on a black bac.kground. The tracks
can be photographed. The length of the track is a measure of ionizing power of the incident

radiation.
] 1 [w]
Different particles produce different type of marks: l L 1\.;.
—
e

¢ The a-particles produce short, broad (dense) and continuous tracks.
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e The B-particles produce thin, 1tortuous (zigzag) and discontinuous tracks.
' The y particles produce no ionization, but when y particles pass through the chamber,
‘they produce photoelectrons. These particles produce irregular and beaded paths.

e . For measuring the range and energy of the particles

‘e Todetermine the sign of the charge
¢ For studying about the collisions between particles.
e For studying disintegration and nuclear reaction
. Todistinguish particles by determining its specific ionization.

DraWB_q‘ cks:

e Ithasarel | covering time
e ltisnotc sitive
Importance:

e Cloud chanEarﬂs B:ed to discover many

/Ns@eiger Muller Counter:

Mo\ §
DoV RE L
G-M count@riissa l : nt device for counting

|
radiation (a,,v ays).ltwas ¢ netlcted by Geiger &

3
Con

(1) A metal Tube: of aluminum or copper (it isH
end of the tube is closed by an insulator. The
It serves as an entrance for particles.

(2) A thin wire tungsten: it lies along the axis of metal cylinder (tube). It passes through the

‘ insulated end, it serves as anode.

(3) A mixture: Of argon(90%) and alcohol gas at 10% is filled at low pressure (5-10cm of Hg)

(4) Potential difference: Of 600V to 1000V is applied across the metal cylinder and -anode

wire. :
* (5) A high resistor: Of the order of 10° Q is connected in series with a battery and anode wire.
{6) Amplifier: It amplifies small pulses of current.
(7) Recorder: It is a scalar/rate meter/counter/loudspeaker to register particles.
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Principle: | g

1‘

Geiger Mud artu‘ a special type of_ionizing chambe is_base

phenomenon of production s by the incident iati : ons th

reaches the anode produ rrent pulse which is ré .
Wor n : ﬁ n

When an jonizi icle rticle) enters
gaseous mixtMﬁ ;i nians are produce
through the r eleetredes. The accele

molecules. They produce further ionizati
the gas, bers of ions are i
respective electrodes. They collide with
pairs produced. This gives rise to a sudden discharge i
conducting. The resulting current pulse is passed
(~10uV).This pulse is implied (up to 50V0) and is fed to*

| ]

1. To a loudspeaker to produce a loud click; or

2. To a scalar which gives record of the total number of pulses received; or

3. To a rate meter which indicates the number of counts per second received(i.e. it measures
the rate of the incident radiations)

Advantages:

It is sensitive for counting of electrons and for y rays.
Disadvantages: ~_=

e |t cannot distinguish amongst the particles
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It is not suitable for fast counting.
o It cannot measure the energies of the incident particles.

‘e Itis used for the detection of radioactivity
“e It helps in measurement of intensity of radiation
‘e It has been used to investigate cosmic-ray.

Solid _-State Detector: -

It-is a device that makes use of solid state semi-conductor diode to detect nuclear particles.

Principle: v

When an e ng-particle passes through a reverse biased PN junction, reverse
current pulse pa junction. This can besdetecte

Construction:

) (1) A semi-condu e: The back of theld

SRIRET

A high resistor (MQ): It is con

electron-holespairs ~ Thin Aulayer
, P

s Schottky junction

v + N doped Silicon

YA
detector current l‘Z"
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Working:

Whena PN junction is reversed biased, the thickness of the depletion layer (which has
high resistance) increases. When ionizing particle falls in the N-type side, it is absorbed in the
depletion region (charge free region). Thus more electron-hole pairs are created. These charge
carriers move under the influence of biasing potential. The electrons move towards the positive
side of the battery and the holes are swept towards the negative side of the battery. The arrivals
of these charges at two layers produce a potential drop across the Junctlon This results in a
current pulse of small magnitude and extremely short duration (of the order of a nanosecond).
The current pulse is fed to an amplifier. The amplifier pulse is applied to a counter to register the
parnde

Advantags:

It is more acc ient than the G.M counter
It is suitabl

The size and cost of the detector is very much fe

No high voItaF uenence no precaution ¢
Disddvantages:

¢ ltcan Mo\n E/i'g'r'rgy of only f
EEE
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CHAPTER 20
IMPORTANT SCIENTIFIC REASONS

Q.1 Ina cloud chamber photograph, the path of an « -particle is a thick and continuous line
whereas that of a J -particle is a thin and broken line. Why?

Ans: An a -particle is highly ionizing than a f -particle.

Q.2  In what way does a neutron produce ionization of an atom?

Ans: A neutron collides with a substance containing a large number of hydrogen atoms and

- knocks out a proton. In this way, it causes ionization. .

Q.3 = Why do gamma rays not give a line track in the cloud chamber photograph?

Aﬁs: - Gamma rays do not produce ionization directly. They interact with atoms to eject

electrons. These electrons like B-particles, produce irregular cloud tracks of their own

which bran e direction of gamma rays.
Q4 Inhowma nf -rays produce ionization of the atoms?
Ans: Gamma an atom by collisign. Being high

ionization in three ways:
(1) it may | rgy in a single collisig
effect);
(i) It.may lose onIy a part of its energy in a callisj

., (m 1'1 a heavy nugle
)
Q.5 WthhO a,

e
and y -rays would you advise
ncer of flesh just under skin (i

(i) Fo in can

(iii) For the treatment of deep infection in the
are highly penetrating.

— e
>
@
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CHAPTER-20 MULTIPLE CHOICE QUESTIONS : -
: From Past Papers ¥
2003 >
In treating a localized cancerous tumor a narrow beam of
* Alpha-rays from Cobalt-60 * beta-rays from Cobalt-60
* * Electrons from Cobalt-60 * gamma-rays from Cobalt-60
If a small quantity of radioactive iodine s3 /*3%is taken in food most of it is deposited
in: . '
. * Kidneys * Brain * Thyroid glands * All glands
2004
" The track formed in Wilson cloud chamber due to gamma rays is a thick and
continuous line
*TRU *FALSE
—]]
*Intreating a localized cancerous tumor|e
* Alp romi cobalt.
1 % G‘asz;us cobalt.
2009 |
i ) i ontains: L
BHENT '
ms EEE 4
2012

Q.1.xiii. is narrow b
* Alpha rays * Beta rays

Q. 1.xvii. The rate of flow of blood in the body ca
*Zoca45 *11Na.7.4 *1H3 *6C12
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