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Temperature:

Temperature a measure of the average translational kinetic energy of the Molecules of body.

Scales of Temperature:
There are three scales of temperature

(i) Centigrade or Celsius scale
(ii) Fahrenheit scale
(iii)  Kelvin or absolute scale are commonly used these days

B]I”m’ oigt of
Freezing ToINt o

Absolute zero 0K

MUHE--- Figure &
TW

The vapor, liquid, and solid states of water can ¢
specific pressure and temperature.

Kelvin Scale Celsius Scale Fahrenheit Scale

ater 33K 100 °C i

er 213K

The triple point of water occurs at a specific temperature and pressure, where all three
phases are in thermodynamic equilibrium. This means that at the triple point, ice, liquid
water, and water vapor can exist together without any phase changing to another.

Thermometer

Dewar well

vessel
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Figure 153 A triple point of water

Figure 15.2
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Gas Laws
Boyle’s Law

Boyle’s law states that “Volume V of given mass of a gas Is inversely proportional to the
pressure P, provided the Temperature T of the gas remains constant.”

Boyle’s law can be written as

1 ’
V a7 (at constant temperature) (N/r) 5 *
corresponds to the end 2 \— p P %
JE! IREae o 2 ¢
PV= constant ' : J/
- — 0—f >
Boyle’s law can written as 0 V, V, 0 % "

Vim'y
P1Vi= Psz=Cc:330 (a) (b)
Charles's La I N
This law states thai "dhep@lume V of a given mass D is
absolute tempe onstant pressure P"

B
Charles law can be written as

v

EEE
Or —=constant

Charle i§represe

v, W

I, "1

Avogadro's Law:

Avogadro’s law which states that "equal volume of all gases contains the same number of
molecules at the same temperature and pressure".

V a n (at constant temperature and pressure)
General Gas Law:

In order to derive general gas law, we make use of Boyle's law, Charles's law and Avog@cﬁsﬁ
law. An interrelation among the physical quantities

According to Boyle's law:

Va % (when n number of mole and temperature T are kept constant)
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According to Charles’s law:

Va T (when n and pressure P are kept constant)
According to Avogadro's law:

V a n (when T and P are kept constant)

Consider for a moment that none of the variable are to be kept constant, then all the above
three relationships can be joined together.

nt
Va P
nt
V = constant >

_ Rnt

V=

Where R is constant of proportionally and is called General gas constant or universal gas
constant and dﬂ ﬁ}ﬁd on the quantity of gas in the sample.

If P is measure

T in Kelvin
then the i Ir1 ';mstant is R=8.
PV = nRT LHP EEE

— Kin: tic theo

Basic Postulates of Kinetic Theory of Gase

The basic postulates of Kinetic Theory of gases are

1) A gas contains a very large number of particles called molecules. Depending on the
gases each molecule consists of an atom or a group of atoms.

2) A finite volume of a gas consists of very large number of molecules. This assumption
is justified by experiments. At standard conditions there are 3 x 10% molecules per
cubic meter.

3) The size of the molecules is much smaller than separation between molecules; it is
about 3 x 10°m.

4) The molecules move in all directions with various speeds collide elastically with one
another and with the walls of the container.

5) The molecules exert no forces on one another except during collisions. In the
absence of the external forces, they move freely in straight lines.

6) Laws of mechanics are assumed to be applicable to the motion of molecules.
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Pressure of Gas:

The pressure exerted by a gas is merely the momentum transferred to the walls of the
container per second per unit area due to the continuous collisions of molecules of the gas.

In order to calculate the pressure of an ideal gas from Kinetic Theory.

Let us consider a cube having side length L whose walls are perfectly elastic contains N
number of molecules each of mass m as shown in figure.

Consider a single molecule of mass m moving with v
velocity V1 parallel to x-axis. It moves ack and forth, _ P _ —
colliding at regular intervals with the ends of the box e ! R
and thereby contributing to the pressure of the gas. -

A molecule which has a velocity Vi can be resolved /L .
into three rectangular components Viy, Viy and Vi, o . &
parallel to three go-gkdi axis x, y and z. 2| o ,

A molecule wh siwith the face ABCDA g

such that x-com e velocity Vix, is reve
the Viy and Viz E ected Therefore, the

momentum bef

momentm aHEJ ln"l —(-mVs) =

Change in momentum=2mVix

Changei

collisions with face ABCDA is:

But

A\
NZ=INBONIM-D>Z 5N
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Similarly, the forces due to all other molecules can be determined. Thus, the total X- directed
F due to N number of molecules of the gas moving with velocities V1, V2, V3,..... Vn, is:

F = Fi+Fa+ Fa+ .......+Fp,
my2 mv2 mv2z my2
[ e e e + =
L L L L
= 2 2 2 2
F - I (V]_)( + VZK + V3x st an )
Multiply and divide by N
P - mN (V12x+ VE2+ VEA . + V,%x)
L N
Vi2 = VEc+ VEA+ VEA e + ViZy
k N
F= mNVx?
TL
J P =—andi¥®

oo
- REL!!
ut.p= m(\=wolume of ga

Since V2 = V,2 + V,2 + V;? on the average. Vi’= V
motion.

Substituting this value into the above equation, we find that:

172 - sz + sz g sz

The relation between Kinetic Energy of Molecules and Temperature:

The relation between molecular Kinetic Energy and temperature can be derived by using
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w2
P= 3pV
But, p = ':—;V
p=lm¥
3V
3PV = mNV?2
Here, PV = nRT
3nRT = mNV?2
N
But,n= Ni
N
3—RT = mNV2
Ny
327 =mp2

i =B,
Since, K = .
3KT =
Multiply %2 on bE nn

R
MORBEY!

As we kn aﬂ.Bz ]
MEM’:

The mean translational Kinetic energy of a mole
Absolute temperature.

Hence, mean translational Kinetic energy of a mo

MZ=INPONImM-dpZ S
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EXERCISE iMcc

Section (A): Multiple Choice Questions (MCQs)

Choose the correct answer:

1. The relationship between temperature and average kinetic energy of particles in a gas is:
(a) temperature is inversely proportional to average kinetic energy

(b) temperature is directly proportional to average kinetic energy

(c) temperature is independent of average kinetic energy

(d) temperature is proportional to the square of average kinetic energy

2. Standard conditions of temperature and pressure (STP) refer to a gas at:

(a) 0°C and | atm (b) 20°C and 1 atm

(c) 25°Cand 1 0 I d) 30°C and 101.3 kPa (1 atm)

3. If the temperature is kept constant and the valu

gas is:
(a) Reduced to >'E uﬂnal value.

(c) Redu:Mo HEg !\llue

EEE
4.JIhe Avogadro's number is the f mol@c
(a) Onem

(c) One m' of a gas m
5. Mean translational K.E. per molecule of an idé€al a emera!u# —

(a) kT (b) > kT (c)2kT (d) kT4

6. The normal human body temperature is:

MZ=IMN>ONImMm-nd>

(a) 98.6°F (37°C) (b) 99.6°F (37.4°C)  (c) 100.4°F (38°C) (d) 101°F (38.3°C)

7. The pressure P, the density e and the average speed of molecules of an ideal gas are
related by the equation.

(a) P==mL2 (b) P== mL? (c) P=3 pV2 (d) P=2 12
3 3 3 3
8. In air at S.T.P, the average speed of the:

(a) Oxygen molecules is greater than Nitrogen molecules

(b) Nitrogen molecules is greater than Oxygen molecules

(c) Oxygen molecules is approximately equal to Nitrogen molecules

IM-ZmN AZ=IN>ON IM-DZ FN
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(d) Helium atoms is greater than both Oxygen and Nitrogen molecules

9. If the absolute temperature of a gas is increased 3 times, the rms velocity of the
molecules will be:

(a) 3 times (b) 9 times (c) V3 times (d) times

10. A gas is enclosed in an isolated container which is placed on a fast-moving train
uniformly. The temperature of the gas:

(a) Increases due to the motion of the train
(b) Decreases due to the motion of the train
(c) Remains constant,

(d) Fluctuates, depending on the train's speed and direction

S ) cros tshort pnswere

1. Why the earth is not in thermal equilibrium wi

The Earth and tfﬂﬂot in thermal equilibri
system.

The heat emitted in allidi i

ThereforM rﬂ:ﬂilllt' reaching the face is

intensity Ii "By¥tfe Sun. Additia pgheat ba ﬂ
which helps to maintain its ture & j : ing 0t,8r tqb

cu -

2. Describe the relationship between temperatfir D <

(notes)

3. It is observed that when mercury in glass thermometer is put in a flame, the column of
mercury first descends and then rises. Explain.

Explanation: When a mercury-in-glass thermometer is placed in a flame, the mercury
column initially descends before rising. This phenomenon is due to the following reasons:

1. Glass Expansion: The glass bulb of the thermometer expands more rapidly than the
mercury inside it when exposed to heat. This initial expansion causes the mercury
level to drop slightly.

2. Mercury Expansion: As the heat continues to transfer to the mercury, it expands-ata—7
faster rate than the glass. This rapid expansion of the mercury pushes the column
upwards, creating the observed rise in the mercury level.

4. What is standard temperature, pressure?
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Definition: Standard Temperature and Pressure (STP) is a set of reference conditions used in
scientific calculations, particularly in chemistry and physics. It is defined as:

e Temperature: 273.15 Kelvin (0 degrees Celsius)

e Pressure: 1 atmosphere (atm) or 101.325 kilopascals (kPa)
5. A thermometer is placed in direct sun light. What will it read the temperature?
Thermometer in Direct Sunlight

Reading: A thermometer placed in direct sunlight will likely read a higher temperature than
the ambient air temperature. This is because the thermometer is directly absorbing solar
radiation, which increases its temperature. The amount of temperature increase will depend
on factors such as the intensity of sunlight, the color of the thermometer, and the specific
design of the thermometer.

6. The pressure in a gas cylinder containing hydrogen will leak more quickly than if it is

containing oxygeh. “
Explanation: H ill leak more quickl

same conditions. This is primarily due to the smalle i ‘ dito
oxygen. Smaller I@siean diffuse more easily
leading to a high@r akage. Additionally,
than oxygen gas, which further contributes to the

=5
e SRRt e L
i

Wha
-
"y
cause f

When a sealed thermos bottle rulrof coffee is s

. erature Increase: g moti
and the inner walls of the thérmos, leadi

e Mixing: The agitation from shaking can
affecting its taste or consistency.

e Pressure Increase: If the thermos is not completely airtight, shaking can cause air
trapped inside to compress, slightly increasing the internal pressure. However, if the
thermos is tightly sealed, the pressure will remain relatively constant.

8. How does the Kinetic theory account for the following observed facts:
(a) A gas exerts pressure

(b) The pressure of a gas depends upon its temperature.

constant random motion. When these molecules collide with the walls of a container, they
exert a force on the walls. This force, distributed over the area of the container, is perceived
as pressure.

b) Pressure of a Gas Depends on Temperature As the temperature of a gas increases, the
average kinetic energy of its molecules also increases. This means the molecules are moving

a) Gas Exerts Pressure According to the kinetic theory of gases, gas molecules are in  ~———7 """::'
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faster and colliding with the container walls more frequently and with greater force. This
increased rate and force of collisions result in a higher pressure.

9 Calculate the average speed of an air molecule at room temperature (20°C) and compare
it to the speed of sound in air (330 m/s).

Section (C): ERQs (Long Answered Questions):
1. What is temperature? Explain the scales of temperature in detail.

Temperature is a physical quantity that measures the average kinetic energy of the particles
(atoms or molecules) in a substance. In simpler terms, it is @ measure of how hot or cold
something is.

Scales of Temperature

There are three pui s used to measure temperature:
1. Ceisiuan \[“
» Thisis the ly used scale in every@
» The freezm’r ﬁter is 0°C, and the hoi
» The Celsius i inihe work of Swe
- JAURELT

This scale is primarily used in ifed St

» Thefr i ris3 ,andthe"

» The Fahrenheit scale was developed by Ge
3. Kelvin (K):

This scale is used in scientific measurements, particularly in thermodynamics.

It is an absolute scale, meaning there is no negative temperature on the Kelvin scale.

MZ=-INPONIM-BZ KN

>
>
» Zero Kelvin (0 K) is known as absolute zero, the lowest possible temperature.
>

The freezing point of water is 273.15 K, and the boiling point of water is 373.15 K.

2. Define and explain Boyle's law, Charles's and Avogadro's law.
Notes
3. Derive general gas law by making use of gas laws.

Notes

IM=-IZMmA OZ=-IN>ON IM- DT FN
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4. Describe the molecular movement causes the pressure exerted by gas, derive pressure
equation.

Notes

5. Interpret mathematically that temperature is a measure of average translational K.E of
the molecules of a gas.

Notes

Section (D): Numerical:

15.1. The freezing point of mercury is -39°C.Convert it into °F and the comfort level
temperature of 20° into Kelvin. (Ans: -38.2°F, 293K)

15.2. The boiling point of liquid nitrogen is -321°F. Change it into equivalent Kelvin
temperature. (Ans: 77K

15.3. CalculateJ Ncupied by a gram-mele g 0°C.an < e 0
atmosphere. (Ans: 22.4 Titers/mole)

15.4. An air stor. ose volume is 112 life

atmospheres. H would have to be forces
15.5.Ab 4'1') ir at a pressufe
required &te 6,025 m at con

1%, The molar mass of nitrogen 28g
(a) the number - (Ans: (a) 3.87 mole)

(b) the volume occupied at room temperature (20 a. (ARs: (8)
0.086m or 86dm’) Idlam 'I"'

15.7. A sample of a gas contains 3.0 x 10?* atoms. Calculate the volume of the gas at a
temperature of 300K and a pressure of 120K Pa. (Ans: 0.104m?3)

15.8. Calculate the root mean square speed of hydrogen molecules at 0°C and 1.0 atm
pressure. Assuming hydrogen to be an ideal gas. The density of hydrogen is 8.99 x 102 kg/m.
(Ans: 1835.86ms™)

MZ=-INPONIM-BZ KN

15.9. Calculate the root mean square speed of hydrogen molecule at 500K (mass of proton
=1.67 x 10 kg and K = 1.38 x 1034 J/molecule .K) (Ans: 2489.49ms-1)

(=17
iz
[=]

15.10. (a) Determine the average value of the Kinetic energy of the particles of an idealtgas =
at 10°C and at 40°C. (Ans: 5.86x1021J, 6.48x10%1))

(b) What is the Kinetic energy per mole of an ideal gas at these temperatures? N
(Ans: 3526.57J, 3901)) T
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Thermal Energy and Work: }Mcc

Internal Energy and Heat (Q): In thermodynamics, thermal energy is associated with the
internal energy of a system. Heat (Q) is the transfer of thermal energy between systems due
to a temperature difference.

Heat Flow:

It flows spontaneously from a region of higher temperature to one of lower temperature.
The rate at which heat is transferred can be quantified using the equation:

Q= mcAT

Where Q is the heat transferred, m is the mass of the substance, c is the specific heat
capacity of the substance, and AT is the temperature change.

Internal Enerﬂ:ﬂ]u
"The sum of th ibution of kinetic 3

molecules.”

The symbol for |Frﬂ ﬂgy is U and its Sl un

Internal Energy & Temperature:

rEic'i'intrinsically re

T
When a gas in a container is Heated, the gas mole

The inter

However, ideal gas molecules are assumed to have no intermolecular forces, meaning they
only possess kinetic energy and no potential energy. The (change in) internal energy of an
ideal gas is equal to:

MZ=IMN>ONImMm-nd>

AU=ZKAT
Therefore, the change in internal energy is proportional to the change in temperature
AU a AT

Where: AU= change in internal energy (J)

AT = change in temperature (K)

"As the container is heated up, the gas molecules move faster with higher kinetic energy

Define thermodynamics and various terms associated with it.
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fna
Thermodynamic terms and basic concepts: Mc c

The study of the flow of heat or any other form of energy into or out of a system as t
undergoes a physical or chemical transformation is called thermodynamics.

Boundary: Surroundings
The boundary is the physical or imaginary separation between
the system and its surroundings.

Boundary

Surroundings:

The surroundings refer to everything outside the boundaries
of the system.

Thermodynamic Systems:

1. Open Systda I N

In an open system, both heat and matter can beje

instance, steam FU)H escape from the co
air.

Example: A cup of hot coffee.

EEE
In a closed system, only heat can ged
this le, heat can still tran h the
inside the po escape.

Example: A pot with a lid.

3. Isolated System:

In an isolated system, neither heat nor matter can be exchanged with the surroundings. A
thermos flask is designed to prevent heat transfer, keeping the contents inside hot or cold
for a long period without any exchange with the Environment.

MZ=IMN>ONImMm-nd>

Example: A thermos flask.

Open System Closed System Isolated System

Exchange of heat and matter Exchange only heat No exchange
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Work Done by a Gas:

When a gas expands, it does work on its surroundings by exerting pressure on the walls of
the container it’s in. This is important, for example, in a steam engine where expanding
steam pushes a piston to turn the engine. The work done when a volume of gas changes at
constant pressure is defined as:

W = PAV

Where:

W= work done (J)

P= external pressure (Pa)
V=volume of gas (m)

For a gas inside a cylinder enclosed by a moveable piston, the force exerted by the gas

Pushes the pistaoﬂvI“Therefore, the gas does work on the piston

ol pla V-

e
FOR =
v
Gas with -

0 I I I ‘ |

Cross sectiona
expansigh pushes

Figure 165 W

Derivation:

The volume of gas is at constant pressure. This means the force F exerted by the gas on the
piston is equal to:

F=PXA
The definition of work done is:
W=FxS

The displacement of the gas d multiplied by the cross-sectional area A is the increase in
volume AV of the gas:

S~— 7

W=PxAxS
Since, AS = AV
W= PAV

Where: AV= increase in the volume of the gas in the piston when expanding (m?3)

MZ=INPONImM-dpZ S
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The first law of thermodynamics, internal energy and the heating of the System& iMc c
conservation of energy:

First law of thermodynamics:
The first law of thermodynamics states that,

"The change in internal energy of a system equals the net heat transfer into the system
minus the net work done by system"

In equation form, Q

Heat

AU = AQ_ W ¢ Transfer

AU =>change in internal energy of the system : \_"
Work

AQ - net heat transferred into the system

State 1 State 2
W - net work done by the system AU=AQ-W

. . Figure 16.6 states of system
Applications of& 0|Ia“vermodynamlc5:
"The three ffﬂ ﬂrgv: internal energy; hes
v The processes In w |ch any one of the thiree t&rr

(a) Isoc orn

“The namics ich the
called isochoric process”.

rocess: Constant volu

the gas. The gas is then heated at constant volume. The pressure of the gas increases from
P1to P> while its temperature increases from T to Ta.

Since the system neither expands nor contracts, work ( ‘0“:('.:?;;':':'!“?

neither done by system nor on the system i.e

>
=]
=
o
)
o=
o
oo
w
o
="
=h
=
W
—
)
3
(@]
ool
~+
=
m
=
3
o
o
~<
3
jo1]
=
0
wv
f1]
=
m

AW = 0.

using the first law of thermodynamics equation
We have:

AQ =AU + AW

AQ =AU :
Inmitial Final
This means that in an isochoric process the entire amount ~ “mperaturef, - Temperature T,

of heat supplied to the gas is converted the internal energy of the gas.
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(b) Isobaric Process:

“The thermodynamics process during which the pressure is kept constant is called an
isobaric process”

Isobaric expansion of a system is often used to convert heat into work. Practically all heat
engines depend on the transformation of heat into work. Consider a gas contained in a
cylinder having a conducting base and non-conducting walls and frictionless piston of cross-
sectional area (A)

After

When the gas is heated, a certain amount of Heat
energy is transferred into the system.

The gas expands and moves the piston outward.

Temperature changes from T; to T and Volume

changes from :Jn l“l
If the displace on is kept very sm

the pressure of the gas will not change much an
can be consider

The work done hich expands at con

AW = P(

AW = PA\M“ H E EEN
Us e first law of thermodyna ation

AQ = AU + AW

AQ = AU + PAV

The work performed by the expanding or contra

» Heat supplied to the gas and
» the internal energy of the gas

NZ=IN>ONIM-0dDZ S

. . . e 4, Isothermal Isothermal
The graph of isobaric process is called an “isobar”, expansion compression
which is a straight line, parallel to The volume axis. Q>0,W>0  Q<H,W<0

(c) Isothermal Process: T

“The thermodynamics process which is carried out in
such a way that a system undergoes changes but its
temperature remains constant is called an isothermal
process”.

During isothermal expansion some work is done by the
gas in pushing up the piston in the cylinder. Since the ﬁ
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temperature remains constant, there is no change in the internal energy of the gas, that is,
AU =0

AQ = AU + AW
AQ=0+AW
AQ = AW

This shows that:

If the gas expands and does external work, an equal amount of heat has be supplied in order
to maintain its temperature constant.

(d) Adiabatic Process:

No heat exchange between
“The thermodynamics process during which no heat enters or fyviem and sxrromnding

leaves a system is called an adiabatic process”. ‘ ¢
For every adiaba Q =0, A truly adiabatic process is B L
an ideal one w realized. Howevergthe

flow of heat ma ted either by surrounic
with a thick laye ﬂﬂinsuiaﬁng material §
asbestos, or by perfammiagithe process very quigkly. [he
any process performed quickly Enough will be pfa

process o ) e't'etas to be cont@i
a movabl .
HW

as heat capacity

Insulator

AQ = cAT

c” is Heat capacity

Specific Heat:

NZ=IN>ONIM-0dDZ S

Amount of heat required to raise the temperature of unit mass a substance through 1°C or
1K is known as heat capacity

AQ = mCAT

“c” is Specific heat capacity ~—~72
Molar Specific Heat:

Amount of heat required to raise the temperature of unit mole a substance through 1°C or
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AQ = nCnAT

“Cm” is molar Specific heat

The relationship between Cr and Cy for an Ideal Gas:
Relation between Specific Heat at Constant Pressure and Specific Heat at Constant Volume:

Consider a gas in a container if we heat the gas so that gas is allowed to expand and pressure
of the gas remain constant all the heat energy will be used to increase the internal energy of
the gas and to do work than according to first law of thermodynamics.

AQ =AU + AW
Since

Above equation will become

an=aU+Padﬂ|N

Using general gas law

Hence

Putting i etm =
Q(NU + nRAT ?

Since

AQp =nCpAT

Above equation will become
nCpAT = AU + nRAT-- (a)

Consider a gas in a container if we heat the gas so that gas is not allowed to expand so that
volume of the gas remain constant and all the heat

energy will be used to increase the internal energy of the

gas than according to first law of thermodynamics.

AQ =AU + AW ; *
v L'}
Since work done is Zero i } - H
ﬂQv =AU
Since,
t Isc
ﬁQv =nCvAT

Above equation will become
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AU =nCyAT --b

Putting equation (a) in equation (b) we get
nCpAT = nCuAT + nRAT

Or

nCpAT = nAT(Cv + R)

Or

Cp=Cv+R

Or

Cp-Cv=R

JOIN
FOR
MORE!!!

AZ=-INdONIm-und>Z 5

@ Soldier Bazar # 1, Mezzanine floor Opposite Bagdadi Pulau, Karachi, Pakistan @@ mastercoachingcenter
@ www.youtube.com/@MasterCoachingCenter =1 mcc.mastercoachingcenter@gmail.com
&> www.mastercoachingcenter.com &G 0312 2340767, 0312 265108 & 0331 3884805




IM-ZmN AZ=IN>ON IM-DZ FN

Prepared by Salman Arif Tabani | Physics XII | 2024-25 | pg: 22

EXERCISE iMcc

Section (A): Multiple Choice Questions (MCQs)

Choose the correct answer:

1. What type of process occurs when a system exchanges both heat and work with its
surroundings, and there is no change in internal energy?

(a) Isothermal process (b) Adiabatic process

(c) Isobaric process (d) Isochoric process

2. During an isobaric process, what remains constant?

(a) Temperature (b) Pressure (c) Volume (d) Internal energy

3. In which thermodynamic process does a system exchange heat with its surroundings but
undergoes no ch i erature?
(a) Isothermal J:DFI‘“

(c) Isobaric process m
4. What is the c?-FaBi“ of an adiabatic prodess?

(a) Constant pressure

(c) No he

(c) Constant volume
6. What is internal energy in a thermodynamic
(a) The energy associated with motion

(b) The energy associated with the system’s position

(c) The sum of kinetic and potential energy

MZ=IMN>ONImMm-nd>

(d) The total energy contained within the system
7. How is the change in internal energy (AU) defined in terms of heat (A Q and work (A W)
(a) AU =AQ+AW (b) AU= AQ -AW (c) AU= AQ times W (d) AU= AQ/AW

8. What is the internal energy of an ideal gas related to? ~—7

(a) Temperature only (b) Pressure only N
(c) Volume only (d) Temperature, pressure, and volume
9. During an adiabatic process, what happens to the internal energy of the system? I
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(a) Increases (b) Decreases
(c) Remains constant (d) Depends on the specific heat
10. What is the equation for the internal energy change of a system in an isochoric process?

(a) AU =AQ+AW (b) AU= AQ —AW (c) AU= AQtimes W (d) AU= AQ/AW

Section (B): CRQS (Short Answered Questions):

1. Explain the concept of the first law of thermodynamics in your own words.

The first law of thermodynamics is essentially a statement of energy conservation. It says
that energy cannot be created or destroyed, only transferred or transformed from one form
to another. In simpler terms, the total amount of energy in a system and its surroundings
remains constant.

2. How does thdﬁ uhermodynamics relate to the conservation of energy?
The first law of ther ics is a direct applitatiemefithe pringi ;

energy. It states
isolated system
3. Distinguish betw

is always conserved a
t

t

een the work done by a syste
surroundingssi first law.
Work: Thm HEr or from a syste
For example, when a gas expands 3gai pistd
Heat: i rgy tr a syste

temperature difference. For example, heat flows f

4. Give an example daily life that illustrates the
thermodynamics.

Consider a car engine. The chemical energy stored in gasoline is converted into heat energy
through combustion. This heat energy is then transformed into mechanical energy to propel
the car. The total energy remains constant, although it changes form.

MZ=-INPONIM-BZ KN

5. Explain the role of the system and its surroundings in the context of the first law of
thermodynamics.

System: This is the part of the universe that we are focusing on. It could be a gasin a
container, a living organism, or even the entire Earth.

Surroundings: Everything outside of the system. The system and its surroundings together—~
form an isolated system.

6. How does heat capacity relate to the amount of energy required to change the
temperature of a substance?

IM=ZmN AZ=IN>0NImM- > 5N
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Heat capacity: This is a property of a substance that measures how much heat is required to iMcc
raise its temperature by a certain amount.

Energy change: The amount of energy needed to change the temperature of a substance
depends on its heat capacity and the desired temperature change. A substance with a higher
heat capacity requires more energy to raise its temperature compared to a substance with a
lower heat capacity.

Section (C) ERQS (Long Answered Questions):

1. Provide the mathematical expression of the first law of thermodynamics and explain each
term.

Notes

2. Describe what ha ens to the internal energy of a system in an adiabatic process, and
why.

Notes

3. What is mean rnal energy of a syste
thermodynamic

Notes
!h' 'and negative wWo Heb

the gasis p!e!s!g

5. Explain the concept of heat capacity and its significance
heat capacity relates to the ability of a substancg t sﬁ i

implications for temperature changes.

Notes

Section (D) Numerical:

1. A gas undergoes isothermal expansion at a constant temperature of 300 K. If the gas
absorbs 500 J of heat during the process, calculate the work done by the gas. (500 J)

MZ=IMN>ONImMm-nd>

2. A piston compresses a gas adiabatically. If the initial volume is 0.02 m3 and the final
volume is 0.01 ms, and the initial pressure is 200 kPa, determine the final pressure. Assume
the gas behaves ideally. (400 kPa)

3. A system undergoes an isobaric process where the pressure is kept constant at 150 kPa. If
the volume increases from 0.05 m to 0.08 calculate the heat added to the system. (600 J)

4. During an isochoric process, the internal energy of a gas increases by 300 J. If no work is
done, determine the heat added to the system. (300 J)
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5. A gas undergoes a cyclic process, starting at point A with a volume of 0.02 ms, going to B
(isochoric heating), then to C (isothermal expansion), and finally back to A. If the heat added
during isothermal expansion is 1000 J and the heat rejected during isochoric heating is 500 J,
calculate the net work done by the system. (500 J)

6. A gas expands from 0.03 m3 to 0.06 m? against a constant pressure of 100 kPa. Calculate
the work done in both a reversible and an irreversible process, and compare the results.
(300 J and 600 )

7. A 50 g piece of copper at 100°C is placed in 200 g of water at 20°C. If the final temperature
of the system is 30°C, calculate the specific heat capacity of copper. (Specific heat capacity of
water = 4.18 J/gC) (0.39 J/g°C)

8. How much heat is required to raise the temperature of 1 kg of lead from 25°C to 100°C?
(Specific heat capacity of lead = 0.128 J/g°C). (0240)).

JOIN
FOR
MORE!!!
~—__ 7
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Unit 17
J%m:ond Law of

MORE!!!
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Introduction:

The first law of thermodynamics is a particular form of the law of conservation of energy.
However, there are some limitations regarding the transformation of heat energy into
mechanical energy, which are covered by the 2nd law of thermodynamics.

Second law of thermodynamics:

Lord Kelvin and Rudolf Clausius formulated the second law of thermodynamics. It consists of
two statements.

Kelvin Statement:

According to this statement It is impossible to construct an
engine, operating continuously in a cycle that can take heat
from a source and coverts completely into work".

OR

In other wordsJﬂ;lﬂ"e device an engine ik
have an efficiency o o, even though the firsg |
thermodynamlcrllﬁ Hsﬁed

Clausius eme

Accordi El!n'ent
is impossible to cause heat to a col

body expen /

Efficiency of heat engine:

"The thermal efficiency "" of a cycle heat engine is defined to the
ratio of the network W' done by the engine in each cycle to the

NZ=IN>ONIM-0dDZ S

heat absorbed Q; in each cycle". & f
. . _ output
Efﬁuency ( n) - input " e
n o 2ad
Q1—-0Q2
n= Q1
~—7
n=1 g—

Reversible Process:

"A reversible process is one which can be retraced in exactly reverse order, without
producing any change in the surroundings":
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Irreversible Processes

"The process which cannot be retraced in the backward direction by reversing the
controlling factors is known as irreversible process"

Petrol Engine:

Petrol engine is an internal combustion engine designed to run on volatile fuel such as petrol
(gasoline), which has spark-ignition. In these engines air and fuel are generally mixed post-
compression.

It works on the Otto cycle and the name comes from the German Engineer Nikolaus Otto
(1876), who made the first working prototype. Although different engines may differ in their
construction technology but they are based on the principle of Carnot cycle. A typical four
stroke petrol engine also undergoes four successive processes in each cycle.

Intake valve Fuel injector Exhaust valve

pressure.

2. On the compression stroke, the inlet valve is closed and the mixture is compressed
adiabatically by inward movement of the piston.

3. On the power stroke, a spark fires the mixture causing a rapid increase in pressure and
temperature. The burning mixture expands adiabatically and forces the piston to move
outward. This is the stroke which delivers power to crankshaft to drive the flywheels.

4. On the exhaust stroke, the outlet valves open. The residual gases are expelled and piston
moves inward. The cycle then begins again. Most motorbikes have one cylinder engine but
cars usually have four cylinders on the same crankshaft. The cylinders are timed to fire turn
by turn in succession for a smooth running of the car. The actual efficiency of properly tuned
engine is usually not more than 25% to 30% because of friction and other heat losses.
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Diesel Engine:

The diesel engine named after Rudolf Diesel (German inventor and Mechanical Engineer), is
an internal combustion engine. He patented his original design in 1892. When the fuel
comes into contact with high temperature, it ignites, creating energy that drives the piston
down transferring energy to the crankshaft. There are two classes of diesel engine: two
strokes and four strokes. Most diesel engines generally use the four-stroke cycle.

A Burning fuel forces A
piston down, compressing Buriiid Sl
Fuel is compressed fuel mixture in crankcase, is pushed out
and ignited Transfer port is 5] by compressed

uncovered and . fuel mixture.

fuel mixture
forced into
cvlinder

Fuel mixture
is drawn into

JU
(4
fuel mixtuse igni i'1 air in the cylin
efﬁciencyM R:E[o’u 35% to 40%.
EEE
Mam

Carnot Engine:

Introduction:

Carnot engine is an ideal heat engine which converts heat energy into mechanical energy. It
is an imaginary heat engine free from friction & heat losses due to radiations or conduction.

Construction:

MZ=INPONImM-dpZ S

It consists of an ideal gas cylinder having conducting base, non-conducting walls and
nonconducting movable frictionless piston.

Carnot Cycle:

A Carnot engine converts heat energy into mechanical energy using a cyclic process 7
consisting of two isothermal and two adiabatic reversible processes called Carnot Cycle.

Working:

Working of Carnot engine consist of steps as follows
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Step#1: (Isothermal Expansion).

Gas in cylinder is initially at pressure P1, volume V1 and temperature T1. The cylinder is than

placed at a heat reservoir and absorbs heat energy(Q1)and gas can expand isothermally, and

physical variables changes to P2, V2, T1.
Step#2: (Adiahati sion).

The cylinder is an insulator and exs
adiabatically, and physical variables changes to B3

Step#3: (Isotm Epression).
The cylinder is than placed at a cold reservoir angl ejgt
to compr

i ical variables
Step#4:m E !on).
cylinder is than placed at an and exte -
j j phySical varidbleS chahg
Graphical Representation of Carngt :

P Vi
% - H\__En:::panslnn
2 —— b (P, Vs Ty)
=
= adiabatic
e expansion
(P T,) ——
isothermal ¢ (P3. V3,T,)
compression

» V

Carnot cycle

Efficiency of Carnot Engine:

Since throughout the Carnot Cycle net change in internal energy is zero there for firth IW

thermodynamics will be written as
AQ =AW
AQ=0Q1-Q2
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Efficiency of the Carnot engine can be written as iMcc

_ Output

input
w

TI=Q—1

Q1 Q2
Q1

Q

n=1_@1

show that the efficiency of the engine increases as the ratio decreases. It can also be proved
that the heat transferred to or from a Carnot engine is directly proportional to the
temperature of the hot or cold body.

&1

Q1

Thus, the efficie 01 engine can be written as
n=1-= “

Refrigerator: eE nﬂ

According to th the thermodynamid

spontaneousl from hot to cold body, and neve

A refriger 'l:lv'rom cold to

cools the H&Htor.
In

a engine, the direction o
reservoir to oir, whic

heat engine is to process the energy from the hg
useful work.

For example, houses in summer are cooled using refrigera s 3
conditioners. The air conditioner transfers energy from the cool room in
the home to the warm air outside.

In Practice,

MZ=IMN>ONImMm-nd>

A refrigerator includes a circulating fluid that gases through two sets of metal coils that can
exchange energy with the surroundings.

The fluid is cold and at low pressure when it is in the coils located in a cool environment,
where it absorbs energy by heat.

The resulting warm fluid is then compressed and enters the other coils as a hot, high-
pressure fluid.

There it releases its stored energy to the warm surroundings.

IM-ZmN AZ=IN>ON IM-DZ FN
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In an air conditioner, energy is absorbed into the fluid in coils located in a building's interior;
after the fluid is compressed, energy leaves the fluid through coil. In a refrigerator, the
external coils are behind or underneath the unit the internal coils are in the walls of the
refrigerator and absorb energy from the food.

Efficiency of a Refrigerator: Low .
Pressure Capillary [” I

The effectiveness of a refrigerator is described in Liga tube Dryer ° o
‘apor e— oy

terms of a number called the coefficient of

performance (COP). s ) &
- 9
B s
COP of refrigerator = heat o §‘ B
work - =
€3] ~
= k="2¢
COP =K= "
Qrh=Qc+w
Low ?rt'\surr A 1 High Pressure
W= Qu-Qs 0 I N Vapor  Compressor Vapor
— k= _Nc¢
COP =K= TR,
We know that fanﬁle QioaTiand Q2 a2
COP=K= =

Tcis the cMrﬂeBiu'e'a hich the hez
Thisthet ratur A Bh&heat is reject
can be large the iency of he

A good refrigerator should have a high COP, typiga
Entropy:
"The measure of a system 's thermal energy per unit temperature that is unavailable for
doing useful work".

= AQ

AST
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The S.I unit of entropy is JK™. If heat is removed from a system, the change in entropy
written as negative.

Increase in Entropy Means Degradation of Energy: .
i
[=]

Suppose a quantity of heat Q in a reservoir at temperature Ti. Let the temperature of the =
coldest available reservoir be To. A Carnot engine working between the temperatures T1 and
To can absorb heat Q at temperature T; and do useful work Wi given by: N

Wi=Q-06;

The efficiency of Carnot engine is
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et
n——Q . Ty

W1—Q(1—— ----- 1

Equation gives maximum available energy which can be converted into useful work, when
heat Q is stored in the reservoir at temperature T;.

Consider an irreversible process, in which heat Q flows from the reservoir at temperature Ti.
to another reservoir at a lower temperature T,. A Carnot engine working between the
temperatures T2. and To can now take heat Q from the reservoir at temperature T2. and do
useful work W; given by:

M. & B
T Q . T

Wi=Ql=2) 0 e 2
T

Equation 2 gives i available energy which can be converted into useful work.
When heat Qi mu:eservoir at lower t As T,<

equation 1 an ss than Wy, i.e. avall

entropy during ar ﬁ Hle process.

Since all natural processes are irreversible, we c@n dﬁ
continuo

Mﬂﬂﬁ/’llb for useful war é}?.gk
From the -

1- = —__

=122
Wi- W, = To(],.2 Tl)
Now %decrease in entropy of the reservoir at te
1
the reservoir at temperature T.

Thus {%,f—z) is increase in entropy of the universe. Also (W1 — W) is the amount of energy

which has been degraded or made available for useful work.

MZ=IMN>ONImMm-nd>

Hence equation shows that the increase of unavailable energy is equal to the increase in
entropy of the universe multiplied by the temperature of the coldest available reservoir.

Using eq an entropy increases, so unavailable energy also increases, so the useful energy
decreases. It is called degradation of energy.

~——~+7
Energy is Degraded During All-Natural Processes:

It is believed that the temperature of the universe is increasing gradually and its entropy is
also increasing. The mode of increase of entropy indicates that after a very long time, the
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entropy of the universe will be maximum and all the objects will be at the same
temperature. At that time, no useful energy will be available and life will cease to exist,
which is known as the "Heat Death" of the universe, which may not occur in near future.

Systems Tends to Become Less Orderly Over Time:

The disorder of the system increases during any natural process, a stage will reach when
universe will approach a stage of maximum disorder. At this stage, matter will become a
uniform mixture i.e. whole universe will be at uniform temperature. No work can then be
done and heat flow will cease.

In all the processes going on in practical life, the entropy always increases with time and
disorder is produced more and more. Hence this increase of entropy is identification for the

time passage.
M 0 H E EEE

MZ=INPONImM-dpZ S

@ Soldier Bazar # 1, Mezzanine floor Opposite Bagdadi Pulau, Karachi, Pakistan @@ mastercoachingcenter

@ www.youtube.com/@MasterCoachingCenter =1 mcc.mastercoachingcenter@gmail.com
&> www.mastercoachingcenter.com &4 0312 2340767, 0312 265108 & 0331 3884805




IM=-ZmN AZ=-IN>ON ImM=-{>Z 5N

Prepared by Salman Arif Tabani | Physics XII | 2024-25 | pg: 35

EXERCISE
Section (A): Multiple Choice Questions (MCQS)

Choose the correct answer:

1. A frictionless heat engine can be 100% efficient only if its exhaust temperature is:
(a) 0°C (b) Equal to its input temperature

(c)OK (d) half of its input temperature

2. A refrigerator, with its door open. The temperature of the room will

(a) Rise (b) Fall

(c) Remains the same (d) Rise or fall depending on the area of the room
3. Which device is not used in a diesel engine

(a) Outlet Valv n (c) Sparking Plug d) Injector
(a) Slow comprefoﬁlasﬁc spring

(b) Slow evaporation bstance in an isolate
(d) A chemi EEE

5 ding to 2nd law of thermo , 1008
is:
(a) Possible (b) Po D hﬂ

(c) Not possible (d) Rossible, |

6 The change in entropy is given by

(a) AS =§ (b) AS=AQ. T (c) AS =% (d) As=%

NZ=IN>ONIM-0dDZ S

The net change in entropy as a system in a natural process is
(a) Positive (b) Negative (c) Zero (d) Infinite
8 The efficiency of diesel engine is

(a) Greater than petrol engine (b) Less than petrol engine

(c) Equal to petrol engine (d) both have efficiency 1

9. Second law of thermodynamics states that:

(c) Heat flows from cold to hot. (d) Entropy increases over time
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10. The process violates the 2nd law of thermodynamics is:
(a) Refrigerator cooling. (b) Heat engine working.

(c) Gases mixing. (d) Heat flowing from cold to hot.

Section (B): CRQs (Short Answered Questions):
1. What are some factors that affect the efficiency of automobile engines?
Factors Affecting Automobile Engine Efficiency

1. Compression Ratio: A higher compression ratio can improve efficiency by extracting
more energy from the fuel.

2. Fuel Quality: Higher octane fuels can allow for higher compression ratios, improving
efficien

cy,
Engine Ja INes like direct injectig

can enhance efficiency.

4. Drivingfﬂn‘acmrs like traffic, deiv
fuel constim
5. Mai intenance, suc
“KEBREWNTL-
EEE

2. Wha ur a roo!
on table in the middle of the room?

When an air conditioner is left running on a tablg i
of the room will decrease over time. The air conditiene

expels it outside, causing the room to cool down. However, if the air conditioner is not
properly vented or if the room is poorly insulated, the cooling effect may be limited.

3. Under what conditions can heat be added to a system without changing its
temperature?

MZ=-INPONIM-BZ KN

Conditions for Adding Heat Without Changing Temperature
Heat can be added to a system without changing its temperature under certain conditions:

¢ Phase Transition: When a substance undergoes a phase change (e.g., from solid to

liquid or liquid to gas), heat can be added without changing the temperature. The
added heat is used to overcome the intermolecular forces holding the substance
together in its current phase.
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« Adiabatic Process: An adiabatic process is one in which no heat is transferred
between the system and its surroundings. In this case, the temperature of the system
can change due to work being done on or by the system.

4. Is it possible to cool a room by keeping the refrigerator door open?
Cooling a Room with a Refrigerator Door Open

No, it is not possible to cool a room by keeping the refrigerator door open. The refrigerator
actually removes heat from the inside of the appliance and releases it into the room. Leaving
the door open will simply cause the refrigerator to work harder to cool its interior, and the
net effect will be to heat the room.

5. When does the entropy of a system decrease?
When Entropy Decreases

Entropy is a measure of disorder or randomness in a system. It generally increases over time

due to the secon modynamics. However, there are situations where the entropy
of a system ca

[ 9
o Isolated Systems: In an isolated system, the eftropy d.;l Vver,
the entr icular part of the sy

another gart es by a greater amodnt.

« O ems, entrop
em and its su
VeFoFentropy by ca

6. it ible, according to th ther
free from thermal pollution?

Thermal Pollution and the Second Law

According to the second law of thermodynamics,itsi
that is completely free from thermal pollution. Any heat engine that converts heat into work
must also release some waste heat to the surroundings. This is because the efficiency of any
heat engine is always less than 100%, and the remaining energy must be expelled as waste
heat.

7. Can heat be completely converted to work?

Converting Heat to Work

Heat can be converted to work, but not completely. The maximum efficiency of a heat
cold reservoirs. In practice, real-world heat engines always have efficiencies lower than the
Carnot efficiency due to various factors such as friction and heat losses.

8. Define that why entropy has often been called as "time arrow".

engine is given by the Carnot efficiency, which depends on the temperatures of the hot-and—~
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Entropy has often been called the "arrow of time" because it provides a directionality to
time. The second law of thermodynamics states that the entropy of an isolated system
always increases over time. This means that

events tend to proceed from a state of lower entropy (greater order) to a state of higher
entropy (greater disorder). This directionality is often used to distinguish between past and
future, as the past is generally characterized by a lower entropy state than the future.

Section (C): ERQs (Long Answered Questions):

1. Give the two statements of the second law of the thermodynamics. Elaborate the concept
of entropy and state the second law of thermodynamics in terms of this concept.

2. Explain the working principle of heat engine and also derive the formula for its efficiency.

3. Describe the concept of reversible and irreversible process.

4. What is Car avl’ue the operation of
of even this en 100%.

5. Describe that Féfri is @ heat engine opéra
engine and find ’

6. Explain that change in entropy is positive whe

7. Explain @Fmeans degradati

Section (D):

1. A Carnot engine takes 2000J of heat from a re
discards some heat to a reservoir at 350K. How : _
does the engine do, and what is the efficiency? (Ans: 1400J, 600J, 30%)

2. One kilogram of ice at 0°C is melted and converted to water at 0°C. Compute its change in
entropy. (Ans: 1220 J.K-1)

MZ=-INPONIM-BZ KN

3. In a high-pressure steam turbine engine, the steam is heated to 600°C and exhausted at
about 90°C. What is the highest possible efficiency of any engine that operates between
these two temperatures? (Ans: 58.4 %)

oF:..

(raz

lt...'

4. Temperature difference between the surface water and bottom water Manchester Lake
might be 5°C.Assuming the surface water to be at 20°C. What highest efficiency a steam——+7
engine could have if it operates between these two temperatures? (Ans: 1.71%)

5. A heat engine works at the rate of 500kW. The efficiency of the engine is 30%. Calculate N
the loss of heat per hour. (Ans: 4.2 x 10°J)
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6. A heat engine performs work of 0.4166 watts in one hour and rejects 4500J of heat to the
sink. What is the efficiency of engine? (Ans: 24.9%)

7. A Carnot engine operates between the temperatures 850K and 300K. the engine performs
12001 of work in each cycle, which takes 0.25 sec

(a) What is the efficiency of this engine?

(b) What is the average power of this engine?

(c) How much energy is extracted as heat from the high temperature reservoir?

(d) How much energy is delivered as heat to the low temperature reservoir?

(Ans (a) 65% (b) 4.8KW (c) 1855J (d) 655)J)

8. A Carnot engine absorbs 52kJ as heat and exhaust 36kl as heat in each cycle. Calculate:

(a) The engine efficiency

(b) The work d(d ﬂiﬂ kilojoules. [Ans (a) 30.76% (b) 16KJ]
n
MORE!!

MZ=INPONImM-dpZ S
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Unit 18

MZ=INPONImM-dpZ S
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|
Introduction: Mc c

A magnetic field is a fundamental concept in physics that describes the region around a
magnet or a current-carrying conductor where magnetic forces are exerted on other
magnets, conductors, or charged particles.

Permanent magnets, such as iron magnets, have their own intrinsic magnetic fields due to
the alignment of their magnetic domains.

Magnetic fields have numerous practical applications, including:

» Electric motors

Transformers

MRI machines (Magnetic Resonance Imaging)
Magnetic levitation trains

Magnetic compasses

> Magnetic data storage (hard disk drives)
Magnetic Fi 0iﬁ

Magnetic field can be defined as "An area aroung :
conductor, wherm rate a magnetic forc
Magnetic fields Can rated through two pri

ﬁ - "
| t ng'conductors, also kio
EE

electromagnets

ng corfdutor el mpc | I:I; -
e

Y VV VY Y

7 Fr
» Fr

Switch

magnetic field gives rise to external force, denoted as F,
acting on the conductor, as illustrated in figure.

Factors on which the force acting on current carrying
conductor in a magnetic field:

MZ=IMN>ONImMm-nd>

The force acting on a current-carrying conductor depends
on several factors, such as, length, current, and the
strength of the external magnetic field

The force (F) is directly proportional to the length of the
conductor (L) that lies within the magnetic field

Fal

Figure 18.2 Magnetic Force on a
The force is also directly proportional to the current (1) current carrying conductor
passing through the conductor.

IM-ZmN AZ=IN>ON IM-DZ FN
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Mee

Similarly, the force is directly proportional to the strength of the external magnetic field (B).

FaB
Combining these factors, we will obtain the following relationship:
F a BIL
Here, “k” is the proportionality constant, and in the Sl unit system, its value is equal to 1.
Therefore, we can express the force as:
F = BIL
If the magnetic field is not perpendicular to the wire, Above equation can be modified to:

F=I(Lx B)
where '’ demﬂ\uj ross product.
The magnitude'of't c“) is determined by
F= BILS
Where, 0 represEtneﬂle between the dire

external magnetic field (B).

~~HBREL

EEE
The deflecting force reaches its maxi when
COWME =9
constant.

Minimum Force:

Conversely, the deflecting force is minimized when
field and conductor are aligned.

Since magnetic force is a vector quantity, its direction can be determined using Fleming's
lefthand rule, which provides a straight forward way to establish the direction of the force in
relation to the current and magnetic field.

MZ=IMN>ONImMm-nd>

Theust or
Motion

Magnetic Field

Thrust or Fleming's left-hand rule: Motion

Fleming's left-hand rule is used to determine the direction of
force acting on a current carrying wire placed in a magnetic
field, also to identify the direction of the forces in an electric
motor in order to apply Fleming's left-hand rule, follow these
steps: Extends our fore finger, thumb, and Middle finger such  pigure 18. 3 Fleming's lefi-hand rule
that they are mutually perpendicular as shown in figure.

Current
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Magnetic Flux:

Magnetic flux is defined as the number of magnetic lines of force passing through an area

held perpendicular to it.

It is calculated by taking the dot product between the /

magnetic field and area vector.
@: = B.A
or @s = BACosO

Where B is uniform magnetic field

A is an area vector whose magnitude is equal to the surface element and directed

perpendicular to the given surface element.

Maximum Magnetic Flux:

The magnetic J\ﬂb! utlmum when the ang
magnetic field or A is zero,

i.e. 0 =0°surfac@Wi pendicular to the mag U
case is shown in fig

lr'area vector afd

m tic flux will be minimum as s figure.

Minimum Magnetic Flux

Similarly

Unit of Magnetic Flux:
The Sl unit of magnetic flux is Weber (Wb) =

Magnetic Flux Density:

The magnetic flux density at a specific point in space is the force experienced per unit length
by along straight conductor carrying unit current, placed perpendicular to the field at that

particular location.

F
B=—
IL

Unit of Magnetic Flux Density:

The Sl unit of magnetic flux density is Tesla (T), named after the Serbian-American inventor -, I':'L.,

Nikola Tesla.

B

|

|
-
v

Figure 18.4 Magnetic Flux

-I_‘:F

Minimum Magnetic Flux

NZ=IN>ONIM-0dDZ S
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One Tesla: is defined as follows, If a conductor having length 1 m and carries a current of 1A
placed perpendicularly the magnetic field experience a force of one Newton then magnetic
flux density will be 1Tesla.

In essence, the Tesla provides a standardized measure of the strength of a magnetic field,
with larger values indicating stronger magnetic fields and smaller values representing
weaker fields.

Amperes Law:

It is known that an electric current flowing through a wire creates a magnetic field in its
vicinity. When we envision a closed circular path with the wire

positioned at its center, the Magnetic flux density (B) within this 47
circular region changes, depending on both the current (I) and '

the distance (r) from the wire as shown in figure S —

e« JOIN ' -

OrB 0‘. - |

Combing (i) and F,ua
21
o
M 0 H E EEE
re Lo is permeability of free s x 107
Now consi op in f of a clo§e

shown in figure 18.7. For any path element AL

B. AL =pol
Since angle between B and L is zero so B. AL = BAL = Lol
Now adding up over whole closed path

SB.AL = ol

Hence Ampere's law can be defined as the integral of the magnetic field (B) around a closed
loop is directly proportional to the total electric current (I) passing through the loop.

Application of Ampere's Law: ~—7

(i) Solenoid:

A solenoid is along, tightly wound coil of wire, and often used to generate a uniform
magnetic field within the coil's interior. It consists of many closely spaced turns of wire, and
when an electric current flow through it, it creates a magnetic field that is similar to the field
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l P
Mcc produced by a bar magnet. To determine the magnitude of B of a solenoid let us Consider an

TM=ZmNn OZ=IN>OoONImMm-nNd>I

Amperian loop abcd with lengths lab, lbc, lca @and lsa Shown in figure.

[pointsout _e——h—s|
[X] points in : i

: DOO0DON000n DOODOO0O0O0Ononon ale

>— > | W -
-

b

@}
i
®

s = = ] £ T

Figure 18.8 Amperian loop Solenoid

Then from Ampere's law
B. Al = ol

The left hand side of equation is
Y B.Al=-B.Lap +ﬂ jINBIda
As the element al lengths along bc and da are pg
B.loc and B.lga =
&
Moreover, the magnetic intensity outside © so!&ntﬁ.
]
Hence th lenoid is give .
-
>B.AlI=B EEN

]
F umber of turns on the solen I:I. —
YB.Al = B.lap =po .

The number of turns per unit length is given by

g3

B= ponl

Hence it is shown that B is independent of the position within the solenoid which shows that
the field is uniform with in a solenoid.

(i) Toroid:

A toroid can be considered as a solenoid that is bent into the shape of a circle. It also
generates a magnetic field within its interior. The magnetic field lines inside a toroid are

generally circular and concentrated within the coil. ~

Suppose a toroid consist of N closely packed turns of copper wire and carry a current | as
shown.

Imagine a hollow circular ring wound with N number of turns of current-carrying wire. In this
case, within the toroid, point P is our point of interest, and we will denote the magnetic field

NZ=IN>ONIM-0dDZ S
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at this location as B. Inside the toroid, we construct an Amperian loop forming a circle that
passes through point P., This arrangement gives rise to concentric circles within the toroid.

Because of the symmetrical nature of the magnetic field, the
magnitude of the field at all points along the circle is uniform,
and the field direction is tangential to the circle.

Therefore,
2.B. Al = Y BAI Cos(0) = BXAl = (2rr)

Now, we can apply Ampere's law:

27r = poNI Figure 18.9 A toroid
B N1
2ar

This is the expression for the magnetic field strength inside a toroid. It is inversely

proportional to t s d directly proportional to the number of turns per unit length
N and the currentl| rough the turns.

Forceona chﬁan'icle in a uniform

When a charged particle moves through a unifo

known as’M:ﬂaﬁEer'ilphenomeno

which ca / -
\ms-mvm'ﬂa |

Charge to ectros:

"involves applying both a magnetic field and an electric ficld to a beam of electrons. Here's a
step-by-step method to measure the e/m of an electron:

Apparatus and Materials:

1) Cathode Ray Tube (CRT): This is a vacuum tube that produces a beam of electrons. It
consists of an electron gun, focus in, deflection plates, and a fluorescent screen
2) Magnetic Field Source: We'll need a strong and uniform magnetic field source, such

as a Helmholtz coil or a solenoid. ~>

3) Voltage Source: A variable voltage source to create an electric field.

4) Fluorescent Screen: A screen coated with a phosphorescent material to visualize the
electron beam. C

5) Rulers and Measurement Devices: To measure the radius of the electron beam's
circular path and he electric potential applied.
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Experimental Procedure:

1. Setup:

Set up the CRT in a vacuum chamber to
ensure the electron beam doesn't interact
with air molecules.

l-'hmt'lmml screen
Position the Helmholtz coil (or solenoid) Magnet

around the CRT, providing a uniform Figure 18.10 Cathode Ray Tube (CRT)
magnetic field parallel to the beam path.

Connect the voltage source to the focusing and deflection plates to create an electric field
perpendicular to the magnetic field.

Calibrate the l“y measuring its strength he

We can do this using a magnetic field strength

2. Calibration:

3. Electron Be ction:

Apply a high voltdge acr he cathode and anage (ﬁ

electrons the catho (ijtxn gun).

Use the fi ctionplates to controfjan
EEE

4..0Observe the Electron Bea

Turn off t i elec ield to ab

path on the fluorescent screen.

5. Apply the Magnetic Field:

Turn on the magnetic field, which causes the electron beam to bend in a circular path due to
the Lorentz force (the interaction between the magnetic field and the moving electrons).

6. Measure the Radius(r):

Measure the radius of the circular path formed by the electron beam on the screen. Ensure
the screen is marked with a scale for accurate measurement.

7. Apply the Electric Field:

Apply a known electric potential (voltage) across the focusing and deflection plates . - r.t.,
perpendicular to the magnetic field. This will introduce an electric force on the electrons. -

8. Adjust the Voltage:

path.
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9. Measure the Electric Potential (V):

Measure the voltage applied across the plates.

Calculations:

An electron is released from cathode and it gains speed while passing through the potential
difference V, hence gaining kinetic energy of 1eV. This electron kinetic energy is calculated

by:

% mv? = Ve

The magnetic field produced by Helmholtz coils is perpendicular to this velocity, and
produces a magnetic force which is transverse to both v and B: this provides the centripetal
force makes an electron move along the circular trajectory; the radius of this trajectory r can
be found from

el
apparatu eve ry smal
as those on the order of a few micro amperes.

ic currents. It is a highly sensi tro

Principle:

It works based on the principle of electromagnetic induction.
When a coil carrying an electric current is positioned within an
external magnetic field, it undergoes magnetic torque. The
degree of deflection observed in the coil, caused by this G
magnetic torque, is directly proportional to the current’s SRR

Figure 18.11 Galvanometer

MZ=-INPONIM-BZ KN

magnitude flowing through the coil. -

Sprng
Construction:

7T
1. Coil: The key component of a Galvano meter is a coil of wire _ f‘l! &
(usually wound around as oft iron core) suspended within a mg ?m"'“' 5
magnetic field. The coil is mounted on a spindle so that it can > XN

rotate freely. '
Figure 18,12 schematic
diagram of Galvanometer
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2. Magnet: A permanent magnet or an electromagnet is placed around the coil. The iMcc
magnetic field lines from magnet pass through the coil.

3. Spring: A delicate torsion spring is attached to the coil, providing a restoring torque when
the coil is deflected.

4. Pointer: A thin pointer or needle is attached to the coil, allowing for the measurement of
the deflection.

Working:

Consider a rectangular coil consisting of N turns, each with a current oz
| flowing through them and across-sectional area A. When this coil is A B' B
situated within a uniform radial magnetic field B, it undergoes a -
torque as shown in figure Y ,Z.

Let's examine a single turn ABCD of the rectangular coil,
characterized b d breadth b as shown in figure. This F
turn is suspen sﬁi gnetic field with strength of B,
arranged so th ne is parallel to thg ma 1 -

lines. As sides AB and DC are aligned parallel to the eticfield

they do not exp iscernible force dué t ofg -
field. However, siéle BC, which are perpgnt
field's direction, encounter an effective force de oﬁ

MORE!H-

"
By employing Fleming's le hand rule, We can re i
fo acting on sides AD and BC ar ed injoppos
eaMsﬂef rGe

to as a couple, act on the coil, they generate a tdrg S as a defle the
coil.

v

MZ=IMN>ONImMm-nd>

v

The torque(t) is calculated as the product of the
between these forces:

t=Fxb
Substituting the known value of F, we have:
Torque(t) acting on a single-loop ABCD of the coil

t=BILxb

Where L X b represents the area (A) of the coil. Consequently, the torque acting on a coil
with n turns is given by ~

t=NIAB

This magnetic torque causes the coil to rotate, leading to the twisting of the phosphor
bronze strip. Simultaneously, the spring (S) attached to the coil exerts a counter-torque,
known as there storing torque (k0), resulting in a stable angular deflection.

oam-Zmn mz-:n:bon om-ln>Z 5N
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Under equilibrium conditions, we find :
kO = NIAB

Here, k is termed the torsional constant of the spring, representing the restoring couple per

unit twist. The deflection or twist (0) is quantified as the reading displayed on a scale by a
pointer connected to the suspension wire.

9={$)|

Oal

Therefore

The quantity (%)) is a constant for a given galvanometer.

Therefore, it is evident that the deflection observed in the
galvanometer is directly proportional to the current flowing

through it. J 0 I N
Conversion of, eter to Ammeter:
To convert a galvan t to an ammeter, a Id

parallel with the galvanometer.

The selechﬂ\ﬂrEi*#llmt is based o

EEN
Fro ircuit as shown in fi

Rg represents the resistance of the galvanometer.
G denotes the Galvanometer coil.

| stand for the total current flowing through the circuit.

Ig represents the total current passing through the galvanometer, g ]

which corresponds to the full-scale reading. m'»\{.'.

Rs represent the value of the shunt resistance. Ammeses
Figure 18. 14

When the current Ig lows through the Galvanometer, the current Ammeter and its

passing through the shunt is determined by schematic diagram

Is=|_lg

The voltages across both the galvanometer and shunt are Rs equal due to their parallel
connection.

Hence, we can establish the following equation:

Rglg=(|_|g)xR5
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Rgl
Rs =—22
-1,

Conversion of Galvanometer to Voltmeter

A galvanometer is converted into a voltmeter by connecting it in series with high resistance
as shown in figure. A suitable high resistance is chosen depending on the range of the
voltmeter.

Rg stands for the resistance of the galvanometer.
R« represents a high resistance component called series resistance.
G denotes the galvanometer coil.

l is the total current flowing through the circuit.

lg signifies the total current passing through the galvanometer, corresponding to a full scale
deflection.

V represents ﬂdﬂl" across the series connection of the galvanometer and the high
resistance. n
m

When the curre rough the series co
resistance R, thelyol p across the branchja
S— irMﬂﬂElrlnlam

rv
I

ed

R, _V _lgRg
Ig g
v

Rx =_—Rg
Ig

This equation can be used to determine the value of Rx.
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Section (A): Multiple Choice Questions (MCQs) ih'cc

Choose the correct answer:

1. If were verse the direction of electric current, then the direction of magnetic field will be:
(a) Same (b) reversed (c) tangent (d) normal

2. The application of magnetic field is:

(a) microwave oven (b) magnetic levitation trains

(c) electrolysis (d) plant photosynthesis

3. The equation F=BIL can only be used, if the magnetic field, length of conductor, and
electric current are:

(a) At right angles to each other (b) in same direction

(c) Anti-parallel t (d) anti-perpendicular to each other
4. The charge :J I oubled, and its velBETtyTera g same, How the
magnetic force on the particle will be:

(a) doubled F oaﬂlved (c)
5. Strength of magnetic field of solenoid can be crﬁ

MRHE!!!

sing the current throu noid

(a) Increa

(b) decre

(d) inserting a ferromagnetic core (e.g., iron) int@ t
6. The magnetic field inside along solenoid is:
(a) equal to zero (b) o

(c) decreases as we go away from the center to surface

(d) increases as we go to wards the surface

MZ=IMN>ONImMm-nd>

7. The force between two current carrying conductor arises due to

(a) Magnetic effect of current (b) Polarization

(c) Electromagnetic induction (d) Electrostatic interaction

8. To measure a higher voltage, what should you do with the voltmeter's internal resistance? - g: :
(a) Increase it (b) Decrease it

(c) Keep it the same (d) It doesn't affect the measurement N
9. A proton moves perpendicular to a uniform magnetic field. What is the direction of the T
force experienced by the proton?
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(a) Parallel to the magnetic field (b) In the direction of the proton's velocity
(c) Perpendicular to the magnetic field and the proton's velocity
(d) Opposite to the direction of the proton's velocity

10. An electron moves parallel to a uniform magnetic field. What is the magnitude of the
force experienced by the electron?

(a) Maximum, since the electron is moving in the same direction as the field
(b) Minimum, since the electron is moving perpendicular to the field
(c) Zero, since the electron is moving parallel to the field

(d) Depends on the speed of the electron

: CRQs (Short Answered Questions):
1. Charge pa i n vacuum tube hit @ fIOTESCE hE S\to

know whether they positive or negative?
Yes, it is posmblf &nne whether the charge ;
positive or nega n their deﬂectlon infa magnet ﬁﬁl

deflected

2. What i WdBes it differ frd

or why not?

No, a solenoid cannot generate a magnetic field without any current flowing through it. The
magnetic field is produced by the movement of electric charges, which in this case is the
current flowing through the wire.

4. Explain why a toroid is often preferred over a straight solenoid when designing certain
types of electrical components.

A toroid is a solenoid that has been bent into a circular shape to form a donut-like structure.
It is often preferred over a straight solenoid in certain applications because:

* Confined Magnetic Field: The magnetic field produced by a toroid is confined within
the toroidal core, minimizing external interference and reducing magnetic field
leakage.

¢ Uniform Field: The magnetic field inside a toroid is more uniform than that of a
straight solenoid, especially near the ends.
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¢ Reduced Inductance: Toroids generally have lower inductance compared to straight
solenoids, which can be beneficial in some circuits.

5. What role does the Ampere's circuital law play in understanding them agnetic field
inside a toroid?

Ampére's circuital law is a fundamental law of electromagnetism that relates the magnetic
field around a closed loop to the electric current passing through the loop.

In the case of a toroid, Ampere's law can be used to calculate the magnetic field inside the
toroid. By choosing an appropriate Amperian loop that encloses the toroid's core, we can
determine the magnetic field strength at any point within the toroid.

6. What is a galvanometer, and what is its primary function in an electrical circuit?

A galvanometer is an electromechanical instrument used to measure electric current. It
consists of a coil nded between the poles of a permanent magnet When a
current flows t , it experiences a tg

with the magnetic field, causing the coil to rotatg.
indicate the ma direction of the currg

1. Can a galvanometer measu-re.bgth DC and AC
h ith AC measurements.

Notes

2. Why should an ammeter ideally have a very I¢
measuring?

Notes

3. What is the potential risk of using a voltmeter with a high internal resistance in a circuit?
How can this risk be mitigated?

MZ=-INPONIM-BZ KN

Notes

4. Describe the basic working principle of a voltmeter. How does it measure voltage across a
component in a circuit?

Notes

Section (D): Numerical:

Im-ZmA @Z-IN>0N IM-U>S =\
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A
Mcc a. When the window is closed the magnetic flux density is 1.8 x10* A Tisnormal to window.

b. Calculate the magnetic flux through the window. (9.18x10°Wb)

Aluminum —9
Frame

85 ¢m

JOIN

2. The poles of agher; magnet measures 8
between the ma s 80mT. Outside of

Calculate the magn

3. A wire ‘ r l r entof 13.0A%
magnetic OT. Calculate
EEE

solenoid has length L= 1.23

6. Compute the magnitude of the magnetic field of a long, straight wire carrying a current of
1A at distance of 1m from it. Compare it with Earth's magnetic field. (Ans:2x107 and
100times than earth field)

7. Find the current in a long straight wire that would produce a magnetic field twice the
strength of the Earth's at a distance of 5.0cm from the wire. (Magnetic field of Earth =5.0x10
5T). (Ans:25A).

8. What is flux density at a distance of 0.1m in air from along straight conductor carrying a
current of 6.5 A. calculate the force per on a similar parallel conductor at a distance of 0.1m
from the first and carrying a current of 3A. (Ans: 13x10°°® Weber/m? 39x10°°N).
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Unit 19

MORE!!!
~__ =
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|
Induced Electromotive force EMF Mcc

Induced electromotive force (emf) can be generated in two primary ways: by relative
movement and by changing a magnetic field.

(i) By Relative Movement (The Generator Effect):

This method is based on Faraday's Law of Electromagnetic Induction, which states that an
emf is induced in a conductor when it experiences a change in magnetic flux. The generator
effect, also known as motional emf, occurs when there is a relative motion between a
conductor and a magnetic field.

Example:

In a simple electrical generator, a coil of wire rotates within a magnetic field. This induced
emf drives an electric current through an external circuit.

(ii) By Changing a M tic Field (The Transformer Effect):
This method alJa rﬁ‘aday's Law but invg hanging the strength ientation of

a magnetic field around a stationary conductor.

Example: E ﬂﬂ
In a transformerfan ing current in the p

This is the basis for how transformers transfer elg
voltages.

Generat ect: =
Indu due to relative i eena do
Transformer Effect:

Induced emf due to a changing magnetic field aro

Both effects are fundamental principles in electromagnetism and are widely utilized in
various electrical devices and systems.

Faraday's law of electromagnetic induction:

MZ=IMN>ONImMm-nd>

It can be stated as follows:

Coil
The electromotive force (emf) induced in a
closed circuit is directly proportional to the (
rate of change of magnetic flux passing S S PO ‘
through the circuit. 4 I o
Ammeter

nnnnnnnnnn

Mathematically, Faraday's law is often
expressed as:

—
|
I
[
]
| —
11

X ]

11111
it

vvvvvvvvv

NAD Current through
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Where £ represents the induced electromotive force (emf) measured in volts (V).

i—f At Represents the rate of change of magnetic flux with respect to time, it is measured in

weber per second (Wb/s V), and N indicates number of turns of the coil: Negative sign is
introduced because the induced emf opposes the change in flux. It will be explained in
Lenz's law.

Factors affecting the magnitude of the induced emf:
The factors include

1. Magnetic Flux Change

2. Number of Turns in the Caoil

3. Area of the Coil

4. Angle between Magnetic Field and Coil

5. External Fac

Lenz's law and principle of conservation [t

After the introdUc# aday's law of electrg

formulated a rul ining the direction @f 4

Accordin

“The di rn BE !1' l a circuit is al
roduces

LeMM

current. Hence lenz's law is in accordance with the law of
conservation of energy.

Eddy currents and their magnetic and heating
effects:

Eddy currents are circulating currents induced in a

conductor when it is exposed to a changing magnetic field. They are a common
phenomenon in electromagnetic systems. These currents can have both magnetic and
heating effects. Now let's discuss about the production of eddy currents and their effects:

Production of Eddy Currents:

Eddy currents are produced according to Faraday's law of electromagnetic induction, which
state that a changing magnetic field induces an electromotive force (emf) in a conductor.
When a conductor, such as a metal plate or a coil of wire, is subjected to a changing
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magnetic field, the magnetic flux through the conductor changes, leading to the induction of
eddy currents. As shown in figure.

Magnetic Effects of Eddy Currents:
Counteracting Magnetic Field:

Eddy currents generate their own magnetic fields, and the direction of these fields opposes
the original magnetic field that induced them as a result, eddy currents create a magnetic
field that counteracts the original magnetic field's change, thereby reducing the net
magnetic field.

Magnetic Damping:

In applications like electromagnetic brakes and magnetic dampers, eddy currents are
intentionally induced to create a magnetic resistance that opposes motion. This magnetic
damping effect is useful for controlling the movement of objects and slowing them down.

Heating Eﬁeﬂcﬂiﬂ“urrents:

Joule Heating:
Eddy currents efﬁﬁ:istance as they flow t
results in the corve lectrical energy intg
cookwarmn ﬂs'fd for practical a
Reducti s:-

In lectrical systems, edd eprese
especially in and electri€ motors.

used in transformers to break up the conductingip
currents.

Enhanced Efficiency:

By reducing the losses associated with eddy currents, laminated cores improve the overall
efficiency of electric motors, generators, and transformers. Less energy is wasted as heat,
allowing these devices to operate more efficiently and with less energy consumption.

Mitigation of Vibration and Noise:

Eddy currents generated in a solid iron core can lead to vibrations and noise, which can be
undesirable in many applications. Laminated cores help reduce these vibrations and noise
levels, making the devices quieter and more mechanically stable.

Better Cooling and Thermal Management:

Since laminated cores result in reduced heat generation due to decreased eddy current
losses, they often allow for more efficient cooling and thermal management in these
devices.
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This can lead to longer operational lifetimes and improved reliability.
Self Induction:

When an electric current pass through a coil, it creates a magnetic field around it. If the
current in the coil changes, either increasing or decreasing, the magnetic flux within the coil
also changes accordingly. As a result of the change in magnetic flux, an induced emf is
generated in the same coil. This process, where a changing current in the coil induces an emf
in the coil itself, is known as self-induction.

curterd

Figure 19.6 Self
Consider the cmF uRn Figure. which com

battery and a rheostat. When the rheostat is ad

||
through tMME!TTgES in the m: .h; EF
These var icsiwX fesult in the in

within the coil.

If we de i ou single
flux passing through the N turns of the coil wou
because the magnetic flux, directly proportional
proportionate to the current (1) flowing through

N@ = LI |

Where L= N}—g is constant of proportionality called the self inductance of coil. It depends on

NZ=IN>ONIM-0dDZ S

factors such as the coil's number of turns, its cross-sectional area, and the material used for
the core. Hence inductance of coil made up of soft iron is greater than the air core coil.

By the Faradays law of electromagnetic induction
£=-NT ot ~
Substitute equation (1) in Equation (2), we get

Al
g=-1—
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Above equation (19.4) shows that the self-induced electromotive force (emf) within a coil is
directly proportional to the rate of change of current within the coil.

Unit of Inductance:

The unit of self-inductance is the Henry (H), named after the American physicist Joseph
Henry.

One Henry (1 H) is defined as the amount of self-inductance in a circuit when a change in
current of 1 ampere per second (1 A/s) induces an electromotive force (emf) of 1 volt (1 V)
within the same circuit. Mathematically, this relationship can be expressed as:

1Volt
1 Ampere per Second

1 Henry =

Energy Stored in an Inductor:

An inductor is a passive electrical component that stores energy in the form of a magnetic

field when an el flow through it.
The ability of aJnl“ore electric potenti@

principle of electromagnetic induction.

Here's a simple flﬂrnof how an inductor

Current Flow:

When an M;ﬂrﬂtEu't'r'ugh a coil of
field arou I o = -
etic Field Buildup:
[
As the current increases, the strengtfi of the magn ases.

This process takes a short amount of time, as th i f’tl

it grows with the rate of change of the current. | - _..."
Energy Storage:

The energy is stored in the magnetic field. The inductor stores electric potential energy in
this magnetic field. The more current that flows through the inductor or the faster the
current changes, the stronger the magnetic field, and thus, the more energy is stored.

Magnetic Field Collapse:

When the current decreases or stops (like when you turn off the power), the magnetic field
starts to collapse. As it collapses, it induces an electromotive force (EMF) or voltage in the

Released Energy:

This induced voltage represents the stored energy being released. The inductor converts the
stored magnetic energy back into electric energy. This energy can be used to sustain the
current for a short period or can be transferred to other parts of the circuit.

coil. -~ =
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Energy produced in Self Induction:
An inductor stores energy in its magnetic field when it carries a direct current (DC).

This energy remains stored as long as the inductor continues to carry the current. When the
current in the inductor increases, the stored energy also increases, and conversely, it
decreases when the current is reduced.

r“ gure 19.7 Energy produced in Self Induction
Consider an mzdlncl ed to a DC power sbuyrce

Figure. When the switch is closed, the current i |
its maximum vaIE ﬂﬂ as |. This changing €
in the magnetic he coil, causing an ii uw
establish | ently, an ind
works to ris ii* uced by the Ba
As a result, the battery mus perform work on the
wm's mathematically expressed :as ? :

W = AYA

As the induced emf is produced in the inductor $o

relation above equation can be written as

E=2L 1Al

At
On solving we get
Since,

E =112
2

Where:
E is the energy stored in joules (J). ~—7

Lis the self-inductance of the inductor in Henries (H).

| is the current flowing through the inductor in amperes (A).
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Mcc Mutual Inductance: }Mcc

Figure 19.8 Mutual Inductance

"A phenomenon where a changing current in one coil induces an electromotive force
(EMF) in another coil is known as mutual induction”.

JOIN

Transformer:

A transformer is aﬂi device used to transf
electrical energ o or more coils of Wi
through e ' loi
Constru ’ﬁrﬁ sf

transformer consists of follo compo
as sh igure

Core:

M = -

&)

Transformers consist of two coils of wire, know
wound around a common magnetic core.

The core is typically made of materials with high magnetic permeability, such as laminated
iron or ferrite, to enhance the efficiency of the transformer.

Primary Coil:

MZ=IMN>ONImMm-nd>

Transformer Construction The primary coil is connected to the input voltage V; source. It
consists of a specific number of turns of wire wound around one section of the core denoted
as Np.

Secondary Coil:

The secondary coil is connected to the load or the device that needs the transformed
voltage. It has a different number of turns of wire wound around another section of the core
denoted by Ns.

Insulation: I
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Both the primary and secondary coils are insulated from each other to prevent electrical }Mcc
contact and ensure electrical isolation.

Working of a Transformer:

Imagine we have an alternating electromotive force (emf) applied to the primary coil. If, at a
certain moment (t), the magnetic flux within the primary coil is changing at a rate of %this

change in flux will induce a counteracting electromotive force (emf) in the primary coil,
opposing the applied voltage. We can express the instantaneous value of this self-induced

emf as follows:
Self-induced emf = -Np %z

If the coil's resistance can be considered negligible, then the opposing emf in the primary

coil is equal in magnitu t opposite in direction to the applied voltage. This relationship
can be represeﬁﬂ
Vp —_'Np_ L
il
Here, Np repres 0 ﬁwber of turns in the pri
. ' sHihe®

Now, let's assume that t ux passing through ghe pifi

seconda c‘ u e two coils a
change o E ndary coil wi

induced emf across the secondary coil can be ex

Where Ns is number of turns in secondary

When we divide equation (1) by equation (2), w

MZ=IMN>ONImMm-nd>

Step-Up or Step-Down Transformers:

The ratio of the number of turns in the primary coil (Np) to the number of turns in the
secondary coil (Ns) determines whether the transformer is a step-up or step-down
transformer.

If Ns > Np than it's a step-up transformer and it increases the voltage.

Conversely, if Np > Ns it is a step-down transformer and it decreases the voltage.
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Step up transformer: T
Step-up transformers are designed to increase the voltage of electricity.
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They have more turns in the secondary coil than in the primary coil, resulting in a higher
secondary voltage compared to the primary voltage.

» Reduced Current
» Efficient Long-Distance Transmission

Step-Down Transformers:

» Voltage Reduction
» Balanced Current

Transmission of Electricity:

Step-down and step-up transformers are used for the electric supply from power station to
houses and electric appliances. Here's how they are used in the electric supply process a
shown in figure

-
fPower Plant

LI

Step - up
Transformer

Figure 19.10 Transmission of Electricity

1. Power Generation at the Station:
Electricity is generated at power stations, often using generators powered by various sources
2. Step-Up Transformers at the Power Station:

To raise the voltage to levels suitable for long-distance transmission, step-up transformers
are employed at the power station.

3. Transmission and Substations: ~

The high-voltage electricity is transmitted over transmission lines to substations located at
various points in the electricity distribution network.

4. Step-Down Transformers in Substations:

MZ=INPONImM-dpZ S
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Step-down transformers reduce the high-voltage electricity to lower, safer voltage levels, iMcc
suitable for local distribution. This lower voltage is then distributed to houses through
distribution lines.

Motional emf:

Motional electromotive force (emf) is a phenomenon that arises when a conductor moves
through a magnetic field, inducing an electromotive force within the conductor.

This concept is based on Faraday's law of electromagnetic induction and is a fundamental
aspect of electromagnetism.

AC Generator

An AC generator, also known as an alternator, is a device that converts mechanical energy
into electrical energy in the form of alternating current (AC). It's based on the principle of

electromagnetld ruhich was first described by Michael Faraday.
Construction nerator:

An AC generatorFaulnnsists of the followiflg
(i) Armature

(ii) Slip-r

i
(ii) Field M\ﬂ H E '
W

Armature:

The armature or rotor is a rectangular coil : -
. : y ~hrushes (fixed) ’

) P b
mounted on a rotait'lng sbaft Itis the ' Y r - —
component that spins within a magnetic
field to induce electrical current.

Figure 19,12 AC gencrator

MZ=IMN>ONImMm-nd>

Permanent magnet:

The permanent magnet or stator is a stationary part of the generator that produces a
magnetic field. It is typically made up of a set of magnets or electromagnets arranged in a
circular or cylindrical configuration around the rotor.

Slip Rings and Brushes: ~

The ends of the rotor coil are connected to slip rings, which are conductive rings that rotate
with the rotor. Brushes, typically made of graphite, press against the slip rings to collect the
generated electrical current.

Shaft and Bearings:
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The rotor is mounted on a shaft that allows it to rotate freely. Bearings are used to reduce
friction and enable smooth rotation.

Working of an AC Generator:
The working of an AC generator involves several steps:
Rotation of the Armature coil:

The coil or rotor is mechanically rotated using an external source of power, such as an
engine, a turbine, or any other energy source.

Generation of a Changing Magnetic Field:

As the rotor spins within the stator's magnetic field, the magnetic field within the rotor coil
changes. This changing magnetic field induces an electromotive force (emf) or voltage in the
coil,

Generation oflur‘"f Current:
The induced v electric current t
magnetic field's direction is changing, the curre

means the direc urrent constantly swit
output.

CollectiM nt 3 H
| -
The alter HEQ!! -in the rotor caqil i

The brushes maintain contact with ringsia
be n from the generator.

Induced EMF of an AC generator:

Suppose the armature coil AHCD rotates counte
linked with it changes, inducing a current in the €gi vn in fig icectionsof
the induced current follows Fleming's right-hand rule.

When the armature in the vertical position and rotates counterclockwise, wire AH moves
downward, while DC moves upward. This causes the induced electromotive force (emf) to
flow from H to A and from D to C, within the coil, forming a current path of DCHA.

In the external circuit, the current flows along BRB2. This current direction remains
consistent during the first half-turn of the armature.

However, during the second half-revolution, wire AH moves upward, and wires CD move
In the external circuit, the direction changes to B2RB1. Therefore, the direction of the

induced emf and the current alternates after every half revolution in the external circuit as
well. Consequently, the current produced switches direction in each cycle.

When the coil is rotated, a motional electromotive force (emf) is generated in each of its
sides, but these emfs have opposite directions because the two sides are moving in opposite

downward, leading to a reversal in the direction of induced current within the coil to AHCD. =
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directions relative to the magnetic field. However, the other two sides of the coil are moving
in the same direction with respect to the field.

° (=4 1=TR 1=37/4 =T

2)
W
s

t=2 r=4 —>

Figure 19.13(a) armature coil AHCD

Consequently, e]&lwued in these sides in the same direction, leading to a mutual
cancellation e .As’a , the total emf indf@ice
£= 2vBNISinmt
v = linear velocit
EEN
N = Number of turns,
L M

and o = angular velocity.

Since each particle of the sides AH and CD rotatgs
the coil b.

v=b/2 ®
€=2b/2 m Bsinot
€ =ANB o sinmt

Where g0 =ANB® is the maximum or peak value of the emf which depends on the area and
number of the coil, intensity of the field and speed of rotation.

In terms of the frequency "f” i.e number of turns per second.
€ =g Sin2nft
A.C Motor:

An AC (Alternating Current) motor is a device designed to convert electrical energy into
mechanical energy by using alternating current. There are various types of AC motors, but
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the main features and components are generally consistent across different designs. The
primary components as shown in figure and their roles in an AC motor are as follows:

Stator:

The stator is the stationary part of the motor and contains the primary windings. Its main
role is to produce a rotating magnetic field when AC voltage is applied. The rotating
magnetic field interacts with the rotor to induce motion.

Rotor:

The rotor is the rotating part of the motor. It can be of different types, such as squirrel- cage
or wound rotor, depending on the motor design. When the stator produces a rotating
magnetic field, the rotor experiences a torque due to the interaction with the field. This
torque causes the rotor to rotate and generate mechanical output.

Bearings: ' n
Bearings are e nents that support@nd allow the rotor to ro

stator. They reduce friction, enabling smooth an@ effcl t

Shaft:

The shaft is connected to the rotor and extends

mechanic t 'i'e'vorld, allowi
connecte | : F
EEE

Cooling System:

Many i n ems, such
generated during operation. Efficient cooling is i
prolong the motor's lifespan.

The main features and components work toget
When AC voltage is applied to the stator windings, a rotating magnetic field is created, which
exerts a torque on the rotor. The rotor's rotation results in mechanical work being
performed by the motor, and the motor can be used to drive various mechanical devices,
such as fans, pumps, conveyor belts, and more.

MZ=-INPONIM-BZ KN

The efficiency and performance of an AC motor depend on the design and quality of its
components, the load it drives, and its operating conditions. Proper maintenance and
control mechanisms, such as speed control, are often used to optimize the motor's
performance in different applications.
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EXERCISE iMcc

Section (A): Multiple Choice Questions (MCQs)

Choose the correct answer:

1. Electricity production by magnetism involves

(a) the conversion of chemical energy to electrical energy.
(b) the use of static electricity for power generation.

(c) the movement of conductors within magnetic fields.
(d) the absorption of solar energy by photovoltaic cells.

2. Induced e.m.f can be generated by relative movement, known as the generator effect, and
by changing magnetic fields, known as the transformer effect.

(a) True in transﬂuiu (b) False in all cases.
(c) Applicable 0 ] (d) ¥r i
3. The magnitudgpefd e.m.f. increases wi
(a) the decreaseftum of the conductor's
(b) the d eint the magneticffi
(c) the inﬁ 0ﬁﬁinrns in the coll.
EEE
(dhthe reduction in the area of theseoi
A.Mon st

(a) that current in a circuit always opposes the ¢

a = r
o the rate 0! #c ange OF.m.a -n.etllc :Fulx.

(b) that the induced e.m.f. is directly proportion
(c) that a changing electric field produces a magnetic field.
(d) that magnetic fields can only be produced by electric currents.

5. Lenz's law predicts the direction of an induced current

MZ=IMN>ONImMm-nd>

(a) to conserve electric charge.

(b) by stating that the induced current will oppose the change causing it.
(c) by following the direction of the applied magnetic field.

(d) based on the magnitude of the electric field.

6. Eddy currents produce:

(a) static electricity in conductive materials.

(b) alternating magnetic fields with no heating effects.

IM-ZmN AZ=IN>ON IM-DZ FN
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(c) magnetic fields that oppose the inducing field and cause heating in conductors.
(d) uniform electric fields that have no impact on power generation.

7. Laminated iron cores are used in electric motors and transformers to

(a) reduce the weight of the device.

(b) enhance the mechanical strength.

(c) minimize eddy current losses and reduce heating.

(d) increase the magnetic permeability of the core.

8. Self-induction is the phenomenon where

(a) a changing electric field induces a magnetic field.

(b) a changing magnetic field within a coil induces an emf in the same coil.

(c) a constant m ‘ nduces a constant emf.

(d) two coils ianINch other through

9. An inductor s ic potential energy i

(a) the electric ﬁFﬁR:t.

(b) the magnetic field within its coil.
WOREL

EEE

(d) the heat generated by its re

(c) the ca

Sis
10. Tran Ciplefof

(a) converting direct current (DC) to alternating

(b) electromagnetic induction between primary
(c) generating electricity through chemical reactions.

(d) using permanent magnets to maintain a constant voltage.

Section (B): CRQS (Short Answered Questions):

1. Explain Faraday's law of electromagnetic induction.

Faraday's law states that when a magnetic field changes through a surface, it induces an
electromotive force (EMF) in the loop bounding that surface. In simpler terms, a changing—
magnetic field can create an electric current in a conductor.

2. State Lenz's law and discuss its significance in the context of electromagnetic induction.

Lenz's Law
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Lenz's law states that the direction of the induced current in a conductor is such as to
oppose the change in magnetic flux that produced it. This means that the induced current
will create a magnetic field that opposes the change in the original magnetic field.

Significance: Lenz's law is crucial in understanding the direction of the induced current and
the resulting magnetic field. It ensures that the induced current always acts to counteract
the change that caused it, maintaining a balance in the system.

3. How does a step-up transformer differ from a step-down transformer?
Step-Up vs. Step-Down Transformers

o Step-up transformer: A step-up transformer increases the voltage of an alternating
current (AC) while reducing the current. This is achieved by having a larger number of

turns n:JﬂjN coil than in the primary coil.
e Step-d er: A step-down tr: gLdecregses theyoltage
while in Si current. This is achi@ve ng l:ig
the secorFﬁ:: an in the primary cail. -
g B
T
n
4. Desri ﬂﬂiﬂf of an ac Je g mn
m
Principle erati AcGeénerator & . b
n
An erator, also known as tor, ope ased
electromagn . It consist¢’of a rotatifig :

field. As the coil rotates, the magnetic flux throug
This EMF generates an alternating current.

5. Define self-induction and explain how it occurs in a coil.

Self-Induction

MZ=-INPONIM-BZ KN

Self-induction occurs when a changing current in a coil induces an EMF in the same coil. This
happens because the changing current creates a changing magnetic field, which in turn
induces an EMF in the coil itself. The magnitude of the induced EMF depends on the rate of
change of the current and the inductance of the coil.

6. Define mutual induction and provide an example of a system exhibiting mutual
induction.

IM=-IZMmA OZ=-IN>ON IM- DT FN
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Mutual induction occurs when a change in current in one coil induces an EMF in a nearby
coil. This phenomenon is due to the magnetic field produced by the changing current in one
coil interacting with the other coil.

Example: A transformer is a common example of mutual induction. It consists of two coils
wound around a common iron core. When an alternating current flows through the primary
coil, it produces a changing magnetic field. This changing magnetic field induces an EMF in
the secondary coil, which can be used to step up or step down the voltage.

7. How does the arrangement of coils influence the degree of mutual induction between
them?

Arrangement of Coils and Mutual Induction

The arrangement of coils can significantly influence the degree of mutual induction between
them. Some factors that affect mutual induction include:

e Proximity: C t are closer together have a higher degree of mutual induction
due to tﬂsﬁw agnetic field coupling.

e Orientation: The relative orientation of

the coils parallel to each othé
than if t endicular.
« Core Material: The material used for the i
EEE 1 n - _J
8. otional electromoti mf)
Motional EMF is the EMF induced in a conducto oﬁ hr ﬂ%: .
due to the interaction between the magnetic field @néithe in e -Jnd T
magnitude of the motional EMF depends on thelvelGei{y 6
e field.

the magnetic field, and the length of the conductor wi

9. Differentiate between motional emf and electromagnetic induction in terms of their
fundamental principles.

Motional EMF: This is induced due to the motion of a conductor in a magnetic field. The key
factor is the relative motion between the conductor and the magnetic field.

Electromagnetic Induction: This is induced due to a changing magnetic field through a
stationary conductor. The key factor is the change in magnetic flux through the conductor.

10. Differentiate between AC (alternating current) and DC (direct current) in the context of >

long-distance power transmission.

e AC (Alternating Current): AC is preferred for long-distance power transmission due
to its ability to be easily stepped up or stepped down using transformers. This allows
for efficient transmission of power over long distances at high voltages, reducing
power losses.
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« DC (Direct Current): DC was once used for long-distance transmission, but it has
several drawbacks. DC transmission requires more complex and expensive
equipment, and it is difficult to step up or step down the voltage efficiently.
Additionally, DC transmission can cause problems with ground currents and
electromagnetic interference.

Section (C): ERQs (Long Answered Questions):

1. How does the strength of the magnetic field affect the induced electromotive force (emf)
in a coil according to Faraday's law? b. Explain the relationship between the magnetic field
strength and the magnitude of the induced emf.

Notes

2. In Faraday's law, why is the area of the coil an important factor in determining the induced
- JOIN
Notes
3. How does chapgi ientation of a coil c
induced emf? Al the role of the numBefg i
induced emf. HoW d easing the number ¢ tu;' c-mI
why?
EEE

4. ccordmg to Faraday's law, whysi te of gh

how the spee change in

Notes

5. How does the resistance of the conductor impae ow of induced cu A C
In what situations might the resistance of the conductor become a significant factor in
induced emf?

Notes

MZ=-INPONIM-BZ KN

6. Explain the relationship between the frequency of the changing magnetic field and the
induced emf. How does the frequency of the AC source affect the generation of induced emf
in a coil?

Notes

7. Discuss how the material properties of a coil, such as its conductivity, can influence
induced emf. In what ways might the type of material used in a coil affect its response to
changing magnetic fields?

Notes T
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8. Why is the presence of a core material significant in transformers concerning induced
emf? Explain how the type and properties of the core material can impact the efficiency of a
transformer.

Notes

9. Why are slip rings used in AC generators, and how do they differ from commutator used in
DC generators.

Notes

10. Why a commutator is necessary in DC motors, and how does it facilitate the continuous
rotation of the motor?

Notes

11. What are the common applications of DC motors in everyday devices?

JOIN

1. Two coils are plac ent to each other, and
an emf of 0.5 V in the second coil. If the mutual

change of; i st ‘.S'Z.SAIS)
2. A coil Mu ! .-H experiencesar,
V

Calculate the induced EMF in the coi

Notes

Section (D)

4. A transformer has 200 turns in the primary co
primary voltage is 120V, calculate the secondar

5. An inductor with an inductance of 0.02H has a current flowing through it of 2 A. Calculate
the energy stored in the inductor. (0.04J)

6. A coil stores energy in form of electric potential energy of0.2) when it carries a current of
2A. Calculate the inductance of coil. (0.1H)

MZ=-INPONIM-BZ KN

7. An AC generator produces an alternating current with a maximum voltage of 240 V. If the
frequency of the generated AC is 50 Hz, calculate the peak value of the voltage. (339V)

8. A transformer has 1000 turns in its primary coil and 200 turns in its secondary coil. If the
primary voltage is 120 V, calculate the secondary voltage for a step-down transformer. (24v}—~

9. A conductor of length 0.4 m moves at a velocity of 5 m's perpendicular to a magnetic field
of 0.3 T. Calculate the motional EMF induced in the conductor. (0.6V)
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Unit 20

JOHAC Circuit_s
foR [ImlhE
MORE!! colle,
N—L_ —7
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|
Introduction: Mc c

Alternating current is the back bone of electrical engineering and physics. In addition, we
will explore the dynamic nature of AC current, which is quite different when comparing with
its counterpart, Direct Current (DC).

Cycle:

One complete set of both positive and negative values of an alternating quantity is known as
a cycle.

Time Period (T):

The time period of an alternating current (AC) or voltage wave is the duration it takes to
complete one full cycle.

Frequency (f):

It refers to the M[leete cycles of the current waveform that occur in one second.
Instantaneo e:

The instantaneo e refers the maxim
voltage at any speci in time.

For a sine wave, this is the highest positive or neg

usually dM B:E'r'r' or Vpeak for v( I

Root M FValte: m
e value of voltage or not usg

bemg that the nsists of p@Sitive and ne

Zero.

However, there exists a mathematical relation bét
voltage and a direct current (d.c) voltage that yields an equivalent average electrical power.
This constant d.c. voltage is referred to as the root-mean-square (r.m.s)

value of the alternating voltage Vims- The d.c voltage is approximately 70% of Vpeak as shown
in figure.

MZ=IMN>ONImMm-nd>

For a sinusoidal wave, the rms value is approximately 0.707 times the peak value.
Mathematically,

Vims = 0.707 x Vpeak for voltage

and lrms= 0.707 X lpeak for current.

oam-Zmn mz-:n:bon om-ln>Z 5N
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Figure 20.3 Cycle of ac current

Mcc
A V, | represent the instantaneous value of the volfe

Alternating Current OR voltage equation:

Alternating Current (AC) or Voltage refers the type of electrical flow or potential difference
that periodically changes direction and magnitude over time.

The fundamenta i scribing AC voltage or current in a sinusoidal waveform is:
]1]|, P
I = 1oSi
Where, F 0 n

Vou s thMﬂﬂE Hb o, which
voltage a :

SAt¥eSpectively

o
=
=

®i ngular frequency, give f
Phase of AC:

The phase difference between two waves carrie
The phase describes the relative positions of these

Hence in alternating current (A.C.) circuits, the concept of phase refers to the relationship
between different waveforms as time passes.

Now we discuss different states of phase within AC circuit.

NZ=IN>ONIM-0dDZ S

In-phase:

When two waveforms have the same frequency and reach their peak values or zero values \
the same time, they are said to be in phase

Phase Lag: —

If one waveform reaches its peak or zero value after the other, there is a phase difference,
and the second waveform is said to lag the first.
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Phase Lead:

Conversely, if one waveform reaches its peak or zero value before the other, the second
waveform is said to lead the first.

The representation of phase lead and lag between two alternating quantities is effectively
demonstrated by showing the two AC quantities as vectors also known as "Phasor".

P | Lagging

Leading q-d—b I
Figure 24°
The two waves are 9
AC through a Fan

X deplCtM uBE ' ' '

The alter eesmoscillatory motign
cogstituting the alternating curre give
resis inals is expre

V= Vas
governed by Ohm's law:
Or

| = [oSinmt

The current achieves its maximum value when Sinmt = 1.

MZ=INPONImM-dpZ S
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Phasor diagram of Resistive circuit

The current I flowing through a resistor R is in phase with the voltage Vg across the resistor.
This alignment can be visually represented on a phasor diagram by depicting a vector (Ig)
that coincides with the voltage (Vr)

The power loss in a resistor in an AC circuit is a result of the conversion of electrical energy
into heat due to the resistance of the resistor. The instantaneous power in the resistance is
can be expressed using the formula

P=I2R

P= Vimslrms

A.C through c it
Now consider Jnlr“nected to the AC

source as shown in figure. During the positive half

cycle of alterna the electrons flow ffo
upper capacitor source leaving it as
positively charged +Q and source supplies equal

number leetranstenthes ewergplate making if a
negaﬁveMﬂ»B “irrﬁgure 20.9.
During th |&@of dternating volt
the direction of motion of electro
ed in th i
capacitor charges and discharges. In

capacitor.

of capacitor is given by

—1

= CV = CVoSinot

From above equation it is clear that q and V are in phase. Due to the applied current flows
through the capacitor as given by

1=
T At

s

Substitute equation (1) in (2), we get

_ CVpASinat
- At

OR I =CV,wCoswt -3

Multiply and divide right side of equation (3) by wc
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| = V,Sinat

1
we
I= loSin(ot +-) sl

Equation (4) shows that in pure capacitive circuit the current exhibits sinusoidal variation
and it leads the voltage by 90 degrees

| V’.:'.Jz Vmsmtat) |

|

Iy = Insin{at + 00°) |

Bt

Reactance OJnIN

In a purely capadiiivessireuit, capacitive reactande

current flow. Si rﬂ* tance, reactance is

symbol Xc to différerf#ate it from purely resistive valﬁs
EEN | =

Simi s law the term.i atoro

of current; in this case it is called
reactance of capacitor.

Hence,

Dielectric

Xe= 2xfc

The capacitive reactance shows an inverse relationship with the frequency of the applied
alternating voltage.

Consequently, for lower frequencies, the reactance of capacitor increases, while at high
frequencies, the reactance decreases.

A.C through inductor:

An inductor is a passive electrical component which can be formed by wounding a
conducting wire over an insulating object, such as pencil. The primary purpose of an
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inductor is to oppose changes in current. It resists the flow of alternating current (AC) and
stores energy in its magnetic field during the on time of the AC cycle and releases it during
the off-time. Solenoid is an example of inductor.

Consider an inductor in form of solenoid connected with A.C source

When the switch is closed current start to flow through the inductor, notice that the
magnitude and direction of current is changing hence associated magnetic field also varies
due to which an induced emf is set up in the inductor so as to oppose the change in
accordance with the Lenz law. The magnitude of induced emf is given by

Al
E=l—
At

Therefore, to sustain the current, the applied voltage must match the back electromotive
force (EMF). Thus, the magnitude of voltage supplied to the coil is expressed as

v=LZL
At

The alternaﬁndle Ir“ces a sinusoidal current

= IQSI

Hence above equ“:Hmes
Ipsinot

Vi=iE Or
At

EEN ﬁ
Cos
u

V=V, Sinfo

ojven b

Choke coil:

A choke coil, commonly known as choke, is an inductor used in electronic circuits. It is used
to block high frequencies above a certain frequency, while allowing the
direct current to pass through.

NZ=IN>ONIM-0dDZ S

Inductive Reactance:

The term inductive reactance refers to the opposition that an inductor
offers to the flow of alternating current. It is denoted by X.. It is
measured in ohms. The inductive reactance can be calculated by
following the method.

The formula for inductive reactance is given by:

XL-"-WL

Or X, = 2xfL
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where:

XL is the inductive reactance,

F is the frequency of the AC signal,
L is the inductance of the inductor.

RLC Circuits:

An RLC circuit is an electrical circuit consisting of a resistor (R), inductor (L), and capacitor
(C), connected in series or parallel.

RLC circuits are fundamental in electronics for filtering signals, tuning circuits, and resonant
applications due to their ability to manipulate frequencies and impedance.

Impedance triangle:

A circuit containing resistor, inductor and capacitor offer opposition to flow of current due to
all these circuit n as impedance. It is denoted by Z. The impedance triangle.

Where F 0 H

Z = impedance

R = Resist ' ' '
X*r= SU”MBB E EEE

R (
|
) |~— |
1 A
179
& I
\

The phasor diagram is drawn taking current as reference direction.

From the phasor diagram, using Pythagoras theorem
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V=Vi+ VE

Substituting voltage across resistor = IR and across capacitor = IXc in above equation

V=R + (IX,)?

V= LIZRZ + 12x.°
V=] {RZ + X2

Comparing equation (V=1 #Rz + X.%)and (Z=+/R? + X?), we find that qauntity V

represents the impedance of Z series circuit.

Phase angle between current and voltage as shown in figure 20.19 is calculated by

Ve el

JOIN_~
OR
FOR tm

Next in OMEHEHIImdance of RL sgri
inductor and resistor connected i i ith a i
volta ss resistor and indug and Vifrespecti

AC thro

AWWN——— T

v v

Y

A v,

When an inductor is connected with alternating voltage then due to generation of back EMF
current lag the voltage by 90, it is represented by line perpendicular to the reference phasor
i-e current / as shown in figure. Also as discussed in section 20.31 in resistor the currentand—~
voltage are in phase. In phasor diagram it is Vr line.

To calculate the impedance of RL circuit, apply Pythagoras theorem on phasor

V=] fR2+ L7
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and Z=,/R? + L% represents the impedance of the RL circuit.

Phase angle between current and voltage as shown in figure is calculated by Figure 20.20
tang =— OR o= tan'i(%)
RLC Series AC Circuit:

An RLC series circuit consists of a resistor (R), inductor (L), and capacitor (C) connected in
series to an AC voltage source as shown. In such circuit, the electrical components influence
the behaviour of the current flowing through the circuit.

Power in A.C Circuits:

Power dissipation in AC circuit is expressed as follows

P = VICosO

Where cos0 redsns Izur factor.

Resonant Fre

For a certain freEnaapacitive and inducti

calculate Mﬂﬂff’,‘;se the fact that
EEE

Parallel RL Circuit:

In some respects, the circuit of figure is similar to the purely inductive parallel circuit.

For instance, applied voltage V is still the quantity which is common to both components
and is therefore plotted in standard position in the phasor diagram. Also the magnitude of
the individual branch currents is determined by the opposition (reactance) of the individual
branches. The figure shows a composite diagram of waveforms and phasors.

Since the phasor diagram shows that the two branch currents are not in phase, it will be

necessary to use phasor addition in order to determine the total current. ~
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I

e

Vv R lIR L lIL B

Fi 0.24 P v el . "
Figure 20.24 Parallel RL Circuit Figure 20.25 Waveforms and phasors

Parallel RC circuits

Parallel RC circuits may be resolved in much the same way as are parallel RL circuits.

The figure illustrates a parallel RC circuit.

The figure shows a composite diagram of waveforms and phasors as per circuit conditions.
The current phas@r I€ are out of phase; therefore, phasor addition must be used to
determine tot olving of an RC circuiisfe he method previ pplie

to LR circuits.

Figure 20.26 Parallel RC Circuit

Parallel RLC AC Circuit:

A Parallel RLC AC Circuit one where the resistor, inductor, and capacitor are connected in
parallel to each other and the AC source. In this

configuration, the voltage across each component is ;

the same, but the currents through them differ. The
parallel arrangement affects the overall impedance and v. |+
current distribution in the circuit, making it distinct (’\D

voltage V (RMS) across each of the three elements
remains the same. Hence, for convenience, the voltage
may be taken as a reference phasor.

A
+ [p ]l t
R | (
from its series counterpart. In a parallel circuit, the L n

MZ=INPONImM-dpZ S
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In the parallel RLC circuit, the supply voltage Vs is common to all three components, while
the supply current Is consisting of three parts: the current through the resistor (R), the
current through the inductor (I1), and the current through the capacitor (Ic). The current
flowing through each branch, and therefore through each component, will differ from one
another and from the supply current Is.

The total current drawn from the supply is not simply the arithmetic sum of the three
individual branch currents but their vector sum.

Similar to the series RLC circuit, we can solve this circuit using the phasor or vector method.
However, in this case, the vector diagram will use the voltage as its reference, with the three
current vectors plotted relative to this reference voltage.

The phasor diagram for an AC RLC parallel circuit is created by combining the individual
phasors for each component and adding the currents vectorially.

Since the voltage across the circuit is common to all three circuit elements, we can use it as

the reference ve three current vectors drawn relative to this reference at their
corresponding @ngl ‘ ulting vector currentlsis.obtained.by.fi dding.the.vectors I
And lg and then'adding m to the vector Ig

Resonance ofErﬂeﬂLC AC Circuit:
A parallel t i jI!ance, R,ani
produce I called anti-reSon
through the parallel com ination 1s in phase wit

b rge circulating current betwe
the osci

A parallel resonant circuit stores the circuit ene

between the inductor and the capacitor which re
from the supply.

In the solution of AC parallel resonance circuits, we know that the supply voltage is common
for all branches, so this can be taken as our reference vector. Each parallel branch must be
treated separately as with series circuits so that the total supply current taken by the parallel
circuit is the vector addition of the individual branch currents.

i
R™R
. N
YT x, T 2L ~

Therefore, It = vector sum of (Ir + Ii+Ic)

= IF+ (I, + Ic)?

At resonance, currents IL and IC are equal and cancelling giving a net reactive current equal
to zero. Then at resonance the above equation becomes.
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Current

Therefore, the circuit current at this frequency will
be at its minimum value of V/R and the graph of
current against frequency for a parallel resonance

circuit is shown in figure.
G-

The frequency response curve of a parallel
resonance circuit shows that the magnitude of the ( fr) Frequency. f
current is function of frequency and plotting this Parallel Resonance

onto a graph shows us that the response starts at I o

its maximum value, reaches its minimum value at the resonance frequency

\J

when IMIN = IR inGEeases again to maximum as f becomes infinite.

The result of t agnitude of the c
the capacitor, C tank circuit can become many ti

resonance but a ual and at oppositign
cancel each oth H

As a parallel resonance circuit only functions onjfe

also kno ilgl[rlecause atres nﬁ, B
. - ]
r@ssi ejecting the qurr
]

maximu
mmm :
resonant frequency. The effect of resonance in aip

re nce'.

Maximum Power Transfer Theorem:

According to this theorem, maximum power is tra
impedance of the source matches with the impedance of the load.

Mathematically, suppose R, denotes the resistance of load and R, is source resistance.
Metal Detectors:

The oscillator circuit is used in metal detectors. Metal detectors used for security checks
operate on the principle of electromagnetic induction. A simplified explanation of working of
metal detector is described below:

1. Generating an Electromagnetic Field: ~—=

The metal detector contains a coil of wire through which an electric current flow, creating a
magnetic field around the coil. This coil is often housed in a special arrangement, such as a
loop or wand.

2. Interaction with Metals:

IM=ZmN AZ=IN>0NImM- > 5N
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When a conductive metal object is brought into the vicinity of the electromagnetic field, it iMcc
disturbs the field. This disturbance induces a secondary magnetic field in the metal object.

3. Eddy Currents:

The changing magnetic field induces circulating electric currents within the metal object,
known as eddy currents. These eddy currents, in turn, generate their own magnetic fields.

4. Detection of Changes:

The metal detector has a receiver coil or coils that are in close proximity to the transmitter
coil. The receiver coil(s) detect changes in the magnetic field caused by the presence of the
metal.

5. Alert Mechanism:

When the metal detector senses a significant change in the magnetic field, indicating the

presence of a metal object, it triggers an alert. This alert can be in the form of an audible

sound, a visual Mitﬂ, depending on the design of the metal detector.

The Electroca n

The electrocardiograph (ECG) is a medical diagn stit“) ed t

activity of r i f time. u
EEE

Osgillator Circuit ?

An oscillato . ronic cif€uit that gén

specific frequency.

Resonance in Tuning circuit of Radio:

In radio tuning circuits resonance is a important phenomenon that enables the selective
reception of a desired radio frequency while rejecting others.

MZ=IMN>ONImMm-nd>

Importance of Broadcasting:

Broadcasting remains a powerful medium with far-reaching impacts on society. It informs,
educates, entertains, and connects people, playing a crucial role in cultural preservation,
economic development, and social cohesion. Its ability to reach a wide audience makes it an
indispensable tool for communication in the modern world. ~—7~7
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EXERCISE iMcc

Section (A): Multiple Choice Questions (MCQs)

Choose the correct answer:

1. In alternating current, the flow of electric charge periodically reverses direction. The term
for this specific phenomenon is:

(a) Alternation (b) Oscillation (c) Cycle (d) Resistance
2. The frequency of standard household alternating current in Pakistan is:
(a) 50 Hz (b) 60 Hz (c) 100 Hz (d) 120 Hz

3. The parameter for measuring the rate of change of alternating current or voltage with
respect to time is:

(a) Amplitude (j “uencv (c) Phase angle (d) Peak Voltage

4. In AC circuit
resistive circuit?

5. A device used re the root mean squg

is:

(a) Volth 0 BEs:lulslape (b)
EEE

6 lp an AC circuit. The term "react _ rese

(a) Ohmi (b)

(c) Capacitive and inductive opposition to curre

hase difference befs

(d) Total impedance, including resistance and phiase ang
7 A type of a circuit characterized by equal values of resistance and reactance is:
(a) Resistive (b) Inductive (c) Capacitive (d) Resonant

8 In an AC sine wave, the peak-to-peak voltage is:

MZ=IMN>ONImMm-nd>

(a) Double the peak voltage

(b) The difference between the peak voltage and zero

(c) The sum of the peak voltage and zero

(d) The difference between the positive and negative peak voltages

9 What is the power factor of a purely resistive circuit?

(@)o (b)0.5 (c)1 (d)-1

10. The purpose of a transformer in an AC power distribution system.

IM-ZmN AZ=IN>ON IM-DZ FN
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(a) To convert AC to DC (b) To step up or step down voltage

(c) To store electrical energy (d) To regulate current flow
Section (B):
CRQs (Short Answered Questions):

1. Define RMS voltage and explain its significance in AC circuits.

RMS (Root Mean Square) voltage is a type of effective voltage that measures the equivalent
DC voltage that would produce the same amount of heat in a resistor. It is calculated by
taking the square root of the average of the squared instantaneous voltages over one cycle.

Significance:

+ Power calculation: RMS voltage is used to calculate the power dissipated in an AC
circuit, as it gives a true measure of the effective voltage.

e« AC medﬂj ost AC voltmeters mea
represefitah | f the AC signal's pawe

circuits.

Peak voltM Pﬂwﬂi'ﬂllﬂtaneous voltag
EEE

RMS voltage: As defined above, t jve VO

vol

wave, the average voltage is zero.
3. Define alternating current (AC) and explain

e Alternating current (AC): A current that periodically reverses its direction. It is
typically represented by a sinusoidal waveform.

o Direct current (DC): A current that flows in one direction only. It is typically
represented by a constant value.

Key differences:
o Direction: AC changes direction, while DC flows in one direction.

« Transmission: AC is more efficient for long-distance transmission due to its abilityto—~
be easily stepped up or down in voltage using transformers.

« Applications: AC is used for most household and industrial applications, while DC is
used in batteries, electronic devices, and specific industrial processes.
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4. Define reactance in AC circuits and differentiate between capacitive and inductive
reactance.

Reactance: The opposition to the flow of alternating current in a circuit. It is measured in
ohms.

Capacitive reactance (Xc): The opposition to the flow of AC current offered by a capacitor. It
decreases as frequency increases.

Inductive reactance (XI): The opposition to the flow of AC current offered by an inductor. It
increases as frequency increases.

5. Describe the behaviour of capacitors and inductors in AC circuits.

Capacitor: Stores energy in an electric field. In an AC circuit, a capacitor acts as an open
circuit at low frequencies and a short circuit at high frequencies.

Inductor: Stores energy in a magnetic field. In an AC circuit, an inductor acts as a short

circuit at low fre n] rNﬁan open circuit at high frequencies.
6. Explain the hip between voltage and curre

AC loads.

Capacitive load: tledds voltage by 90 deg

Inductive load: Voltage leads current by 90 degre
Wi Mﬁﬂﬁ fbf7oiscuss s ollMarsi
Resonan A€ Ercuit where the .
nce are equal, resulting in a m cur
CoMa capaci

Applications: Resonance is used in tuning circuifs i
communication devices.

8. Discuss the role of transformers in AC circuits and explain how they work.
Transformers: Devices that change the voltage of an AC signal without affecting its power.

How they work: Transformers operate on the principle of electromagnetic induction. A
changing magnetic field in the primary winding induces a voltage in the secondary winding.
The ratio of the number of turns in the primary and secondary windings determines the
voltage ratio.

9. Explain the behavior of an RLC series circuit in terms of impedance, resonance, and

phase angle. ~

Impedance: The total opposition to the flow of current in an RLC series circuit, which is the
combination of resistance, capacitive reactance, and inductive reactance.

Resonance: The frequency at which the impedance of the RLC series circuit is minimum,
resulting in maximum current flow.
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Phase angle: The phase difference between the voltage and current in an RLC series circuit.
It depends on the relative magnitudes of the resistance, capacitive reactance, and inductive
reactance.

MCC

i
A
S
T
E
R
-
O
A
-
H
]
Rl
G

10. Describe the operation and applications of a transformer in AC circuits.

Operation: As explained above, transformers operate on the principle of electromagnetic
induction.

Applications: Transformers are used in a wide range of applications, including:
+ Power transmission and distribution
e Electrical appliances
» Electronics

e Medical equipment

SO

WK) ERQS (Long

1. Explain the coficept of pHasor in the context g
representsinusoidal yolt i

Notes m ﬁ ' '

EEE

escribe the concept of 1mped circ@li

resis d what are th dancey

Notes

3. How does the reactance of an inductor and a ga
circuit? Provide an explanation based on the funde

Notes

4. Discuss the concept of resonance in RLC circuits. What conditions lead to resonance, and
how does it affect the behaviour of the circuit?

Notes

5. Compare and contrast series and parallel resonance in RLC circuits. What are the key
differences between the two resonance configurations?

Notes T

6. Explain the transient response of an RLC circuit when initially connected to an AC source.
What happens to the currents and voltages in the circuit?

Notes

7. Why alternating current (AC) is commonly used for long-distance power transmission?
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ina
Notes Mcc

8. Describe the purpose and function of a choke coil in AC circuits.

Notes

Section (D): Numerical:

1. A resistor (R) of 20 ohms is connected in series with a capacitor (C) of 10 uF in an AC
circuit with a frequency of 50 Hz. Calculate the total impedance? (Ans. 3182 ohms)

2. For an inductor with an inductance (L) of 0.5 H and a frequency of 100 Hz, calculate the
inductive reactance? (Ans. 314.16 ohms)

3. In an RL circuit, the resistance (R) is 30 ohms, and the inductance (L) is 0.2 H. Calculate the
total impedance at a frequency of 60 Hz? (Ans. 81.1o0hms)

4. In an RC circui ce (R) is 50 ohms, and the capacitance (C) is 20 pF. Calculate
the capacitive s. 31.83 ohms)
5. An AC circuit has a resistance of 40 ohms, an ‘
capacitive react?ﬂﬂhms Draw the impelia
impedance? (An§i 4

L
6. In a ser, ce (R)is250
Calculate MPH‘“% dance at a frg

EEE ,

7. In a parallel RC circuit, the resistan
Ca

MZ=IMN>ONImMm-nd>
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Unit 21
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Classification of Solids: iMcc

Solids are usually crystalline substances their molecules are arranged in a definite pattern
and in fixed positions. The way in which a solid behaves depends on its internal structure
and there are three types of solid.

(i) Crystalline solids (i) Amorphous solids (iii) Polymeric solids

Deformation:

In material science, deformations refer to -
modifications of the shape or size of an object
due to applied forces or a change in temperature.

Tension

!

=

Deformation is usually caused by forces such as —b Compression
tensile (pulling) or Compressive (pushing) {< =

Deformation in one dimension (1D):
-
Stress: Jo " —

It is usually defined as force applied to a materia
per unit arca. St ntity which defines
the magnitude ofifof€&'that cause deformation.

Strain is aMﬂcﬂ:E‘r!! !material defarm

is applied to it.

It MMngth )

Mechanical Properties of Solids

Strain:

Mechanical properties of solids refer to the char@ terial
responds to applied forces or deformation.

Some important mechanical properties of solid are Elasticity, Ductility, Brittleness, and
Hardness etc.

MZ=IMN>ONImMm-nd>

Young's Modulus (modulus of elasticity)

It is a mechanical property of solids that measures the stiffness or elasticity of a solid
material and it computes how much a material will deform (stretch or compress) under a
given force. T

Force

Area

It is denoted by the symbol Y and has (Pascal, pas, N/m?)

Modulus is defined as the ratio of stress to strain.

IM-ZmN AZ=IN>ON IM-DZ FN
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ar modulus, also known as th
shear deformation when a force is =

applied perpendicular to the
material's surface.

It is denoted by the symbol G or S L
and has units of force per unit area,
typically expressed in Pascal (Pa) or
Giga Pascal (GPa).

NZ=IN>ONIM-0dDZ S

F
% X L Figure 21.4: shear modulus
G =
AX

oF:..

(a1

I,‘L.,.'

Bulk Modulus: Compressibility

Bulk modulus, also known as the modulus of compressibility, is a mechanical property that—7
describes the resistance of a material to compression under uniform external pressure. It is
denoted by the symbol K and has units of pressure (usually expressed in Pascal, Pa or Giga
Pascal (GPa).
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Bulk modulus is defined as the ratio of the change in pressure applied to a material to the iMcc
resulting fractional change in volume that occurs in the material. Mathematically, it is
expressed as:

AP
Vv B
AP
=
I

where B is the bulk modulus

AP is the change in pressure applied to the material
AV is the resulting change in volume,

V is the original volume of the material.
Electrical Pro lids:

The electrical Jnmod conductor dep
without boiling, melting, or changing its compositi

Resistivity: F 0 H

The resistance per unit length and cross-section

material ﬂ.ﬂir‘"hm-meter (2
Condu : R

It asure of a material's abili duct
availability a arge cagfiers withi

Temperature Coefficient of resistivity:

The temperature coefficient of resistance is defifegd he change in electri

a substance with respect to per degree rise in temperature. When the temperature
increases, the process of electron collision becomes rapid and faster. As a result, the
resistance will increase with the rise in temperature of the conductor.

The quantity of charge carriers' n, the number of chare carriers per unit volume, can be
found from measurement of the Hall Effect. Its SI unit is m3.

MZ=IMN>ONImMm-nd>

Energy Bands in Solids:

g
(=]

When isolated atoms comes together to form a solid, interactions between neighbouring
atoms cause the electron energy levels to split and overlap, creating continuous energy—7
bands.

Valence Band: N
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The valence band is the range of energy levels occupied by electrons that are bound to
atoms and participate in chemical bonding. It is the highest energy band that contains
electrons under normal conditions.

Forbidden Band (Energy Gap):

The forbidden band, or energy gap, is the range of energy levels between the valence band
and the conduction band where no electron states exist. This gap influences material's
electrical properties; a larger gap typically means the material is less conductive.

Conduction Band:

The conduction band is the range of energy levels where electrons are free to move
throughout the material, allowing electrical conduction. Electrons in the conduction band
are not bound to any particular atom and can carry electric current through the solid.

Classification of Solids:

Depending on th tHc nductivity solids are classified into three main categories:
conductors, se nd insulators.

Valence Ba

#-g-e-c-e-e-e e

Insulators

There are two types of semiconductors:

a) Intrinsic semiconductor: . .
i Empty conduction band
When energy is provided to intrinsic semiconductors l

=== <— Donor level
like silicon and germanium, electrons leave their ! Acceptor level —p =—

positions, creating positive holes. Under an electric

field, electrons and holes move in opposite directions, S vad Al
enabling electrical conductivity. Group IV elements are a-type p-type
considered as an intrinsic semiconductors Doped semiconductor

MZ=-INPONIM-BZ KN

~——+7
b) Extrinsic semiconductor:

Silicon and germanium have low

conductivity at room temperature. Adding small amounts of group Il or group V impurities,
a process called doping, increases their conductivity, resulting in extrinsic semiconductors.
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Superconductor:

A superconductor is a material that can conduct electricity without resistance when it is

cooled below a certain critical temperature, typically
near absolute zero.

Curie Point:

Curie point is also known as Curie temperature.
Some magnetic materials lose their magnetic
properties as the temperature rises above the Curie
temperature. The Curie temperature weakens the
magnetic properties of the material.

Curie's Law:

The Curie law states that in a paramagnetic material,

=
But when it is hEE nxﬂlaﬁon is reversed, i.8.
magnetiz u:ﬂ‘lE'Trroportional t
Mathemafically, a8Sm m

Hard ferromagnetic:

Materials like neodymium, samarium cobalt, and alnico are permanent magnets with high

!
1

my
1
|

Normal

[l

f
Il

I

\\1 Y
ﬁ\

Superconducting

coercivity, suitable for stable magnetic fields in applications like speakers and generators.

Soft ferromagnetic:

Including iron, nickel, and cobalt, these materials have low coercivity, making them easy to

magnetize and demagnetize.

They are used in devices like transformers inductors that require rapidly changing magnetic

fields.
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EXERCISE iMcc

Section (A): Multiple Choice Questions (MCQs)

Choose the correct answer:

1. The property of a body by virtue of which it tends to regain its original size and shape
when the applied force is removed is called

(a) Elasticity (b) Plasticity (c) Rigidity (d) Compressibility
Substances which can be stretched to cause large strains are called
(a) Brittle (b) Ductile (c) Plastic (d) Elastomer

3 If the load is increased beyond the point, the strain increases rapidly for even a small
change in the stress.

(a) Elastic point point (c) Plastic point (d) Fracture point
4 The reciproc 0 odulus is called

(a) Compressibilit (bﬁ!ume stress

5 Which of the f tements is/are wrong?

ii. Recip NB 'o'e'asticity is called
ii. It is difficult to twist along Tod as compared td

(a) Nl (b)1o

(a) Covalent (b) lonic
7 For a metallic crystal, delocalized electrons occupied band is:
(a) Conduction band (b) Valence band

(c) Conduction and valence bands (d) there are no delocalized electrons

MZ=IMN>ONImMm-nd>

8 The semiconductors have resistivity

(a) Between conductor and insulator (b) More than insulators

oF:..

(a1

I."i—._.'

(c) Less than conductors (d) Depending upon the semiconductor material property.

9 A ferromagnetic substance becomes a permanent magnet when it is placed in a magnetie—
field because

(a) All the domains get oriented in the direction of the magnetic field.

field.
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(b) All the domains get oriented in the direction opposite to the direction of the magnetic T
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(c) Domains get oriented randomly.

(d) Domains are not affected by the magnetic field.

10. Identify methods to demagnetize a ferromagnet.

(a) By cooling, heating, or submerging water

(b) By heating, hammering, and spinning it in an external magnetic field
(c) By hammering, heating, and rubbing with cloth

(d) By cooling, submerging in water, or rubbing with cloth

Section (B): CRQs (Short Answered Questions):

1. Why are the springs made of steel and not of copper?

Steel is preferre for making springs due to its higher elastu:lty and strength.
This means it c d under stress and#€ BiarsHape W

breaking. Copper, while ductile, is not as strong @r
applications reanB:ce and durability.

2. The breaking for ire is F. What will be
of the same size?
If two pa;Mvag&Ealwl ’ze are connected

double t Fhis 1§ because the gog
wiggs is twice that of a single wire eansthe
breaki

3. Distinguish between intrinsic and extrinsic s¢

Intrinsic semiconductor: A pure semiconductor
electrons and holes.

Extrinsic semiconductor: A semiconductor material that has been doped with impurities
(either donor or acceptor atoms) to increase its conductivity.

4. A wire is replaced by another wire of same length and material but of twice the
diameter. What will be the effect on the:

MZ=-INPONIM-BZ KN

(a) Increase in its length under a given load? (b) Maximum load which it can bear?

(a) Increase in length under a given load: Doubling the diameter of a wire will decrease its roH
b

length under a given load. This is because the cross-sectional area of the wire increases, -, |&::

making it more resistant to deformation. (=T

(b) Maximum load which it can bear: Doubling the diameter of a wire will increase the
maximum load it can bear. This is because the larger cross-sectional area provides more

material to resist stress before breaking. T
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5. Sand does not possess any definite shape and volume, still it is solid. Give reason.

Sand is considered a solid because it has a definite shape and volume when it is contained
in a container. Although the individual grains of sand can move and flow, the overall shape
and volume of the sand within the container remain constant.

6. Specify the importance of stress-strain curve.

Elastic limit: The point beyond which a material will not return to its original shape.

Yield strength: The point at which a material begins to deform plastically.

Ultimate tensile strength: The maximum stress a material can withstand before breaking.
Ductility: The ability of a material to be drawn into a wire.

Toughness: The ability of a material to absorb energy before breaking.

7. Why liquids don't possess rigidity?

Liquids do not dsﬂ because their molecules are not fixed in position and can slide
past each othe 1l uids to flow and tg@ke on € :

8. Give applicati Cukie point.
The Curie point F1 Erature at which a fefr

has applications in:

st a@shaid drives.
\ Magnetic sensors: Curie pon: ?ors C3
¢ Magnetic separation: Curie point separato

materials from non-magnetic materials.

9. What are amorphous materials and what areithei

Amorphous materials are materials that lack a crystalline structure. They have a random
arrangement of atoms or molecules. Some examples of amorphous materials include glass,
plastics, and rubber.

Uses of amorphous materials:
* Glass: Windows, lenses, containers

o Plastics: Packaging, toys, furniture

¢ Rubber: Tires, gaskets, seals ~=Z

« Amorphous silicon: Solar cells, thin-film transistors

Section (C): ERQS (Long Answered Questions):
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1. Explain Force-Extension graph.

Notes

2. Derive relation for Young's Modulus and Shear Modulus.

Notes

3. Distinguish between structure of crystalline, glassy, amorphous, and polymeric solids.
Notes

4. Describe the energy bands in solids.

Notes

5. Describe superconductivity and its applications.

Notes

6. Discuss the aﬂi01“superconductors for MRI, Maglev's, and supercomputers.
Notes
[ 9
7. Describe hysteggsi
Notes I

8. Synthesize hysteresis IE for relahonshlp bet

magnethgﬂ

9. Discuss th&"tlassification. Ex

mmetic materials. ?
Notes

Section (D):

1. The lead' in pencils is a graphite composition with a Young's modulus of 1.0 x 10° N/m?.
Calculate the change in length of the lead in an automatic pencil if you tap it straight into the
pencil with a force of 4.0 N. The lead is 0.50 mm in diameter and 60 mm long. (Ans. 1.0mm)

2. A wire of 2.2 m long and 2.25 mm in diameter, when stretched by a weight of 8.8 kg, its
length has been increased by 0.25 mm. Find the stress, strain, and Young's modulus of the
material of the wire. Given g = 9.8 ms™2. (Ans. 2.2 x 10” N/m, 1.14 x 10", 2 x 10 N/m?)

3. A farmer making juice fills a glass bottle to the brim and caps it tightly. The juice expands
more than the glass when it warms up, in such a way that the volume increases by 0.2% (ies; ~

v _ . -
3— =2 x 1073) relative to the space available. Calculate the normal force exerted by the juice
o

per square centimetre, if its bulk modulus is 1.8 x 10° N/m?2. Assuming that the bottle does
not break. (Ans. 432 N/cm?)
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4. The elastic limit of copper is 1.5 x 10® N/m?. It is to be stretched by a load of 10 kg. Find
the diameter of the wire if the elastic limit is not to be exceeded. (Ans. 0.912 mm)

5. What would be the greatest length of a steel wire which is fixed at one end, and can it be
changed freely without breaking? The breaking stress of steel is 7.8 x 108 N/m?, and the
density of steel is 7800 kg/m?3. (Ans. 1.02 x 10 m)

6. A mild steel wire of radius 0.55 mm and length 3.5 m is stretched by a force of 52 N.
Calculate: (a) Longitudinal stress, (b) Longitudinal strain, and (c) Elongation produced in the
wire if Young's modulus is 2.1 x 10t N/m?. (Ans. 5.47 x 107 N/m?, 2.6 x 10, 0.91 mm)

7. Calculate the change in volume of a lead block of volume 1.3 m? subjected to a pressure
of 12 atm. Also, calculate the compressibility of lead. Given the bulk modulus as B = 80x10°
N/mZ2. (1.97 x 10° m?3, 1.25 x 10'** N/m)

8. The thickness of a metal plate is 0.35 inches. It's drilled to have a hole of radius 0.08
inches on the plate. If the shear strength is 4 x 10 Ibs/in?, determine the force needed to

make that hoIeJr“JI?"Z, 7 x 10%Ibs)
M 0 H E EEm

NZ=IN>ONIM-0dDZ S
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Unit 22

Jmﬁolid Stat(_e

Fﬂllectr
MORE!! :
~__ =
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Solid-state electronics is a branch of electronics that deals with the flow of electric current
through solid materials, such as semiconductors, insulators, and conductors.

It involves the design, development, and application of electronic devices and circuits that
use these materials to control and manipulate electrical energy.

Solid-state electronics has revolutionized the field of electronics, enabling the creation of

smaller, faster, and more efficient devices, such as transistors, diodes, integrated circuits, and

microprocessors, which are essential components in modern computers, smart phones, and
other electronic devices.

The field is constantly evolving, with advancements in materials science, nanotechnology,
and quantum mechanics.

Intrinsic (Pure) and Extrinsic (Doped) Semiconductors:
uctors:

Intrinsic (Purﬂﬂw'“

Intrinsic semiconductors are materials that are ¢
contain any signifi nt of impurity atoms.
The two most ¢ \Ed intrinsic semicon@u
These materials have a crystalline structure, and
oy the ar B"Ep“oftheu ol
Extrinsic ( ) ohdudctors:

Dope iconductors are ¢ roducifig
impurity atoms into the intrinsic senficonductor
material. This process is known as doping, and i
significantly alters the electrical properties of th
semiconductor.

Production of P-Type and N -Type
Semiconductors:

The intentional addition of impurities alters the conductivity and electrical properties of the
semiconductor, allowing for the controlled operation of charge carriers.

MZ=-INPONIM-BZ KN

N-type Semiconductors: electron : ;* 88 88 X
+ N
ot~ >

It is characterized by an excess of positively charged  Anode|. + : EBI®® = _-_|cathode
carriers, known as "holes," or majority Positive o + +9@ G)@: - O
charge carriers. +++ L0100 -

- oReT
P-type Semiconductors: rs =i
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It is characterized by an excess of negatively charged carriers, namely electrons, or majority
negative charge carriers.

P-N Junction:

The P-N junction is formed when the p-type and n-type semiconductors are joined, is called

as P-N junction
PN .!uncliondiujf’\/

—l—

Anode Cathode
N
1

P-N Junction as Diode:

A diode is a semiconductor device that is formed through P-N
junction and used in allowing the flow of electric current in
one direction and blocking in the opposite.

Properties of Diode:

Below are some of the common properties of a diode:
1. Diode has the ify electric current.
2.ltcan createJﬂ[n:ier and make usefoT Its capaci ang properties.
3. Diode creates pari linear current-voltage
characteristics. F“H
Diode Biasing:
11

=i RE

EEE
When the P-type is connected to th itive
to the nega ed Forgfard bias.

Reverse Bias:

When the P-type is connected to the P-type N-
negative terminal of the battery and the N- type is

NZ=IN>ONIM-0dDZ S

connected to the positive side is called Reverse E!egl; 2 Wide depletion region
‘ou 1L i
. ae . Fre
I-V Characteristics of p-n Junction: oo B ilicinens
P-type ———— N-type
The relationship between the voltage across the o, eeeess 5 o
junction and current through the circuit is known ¢ ; 5
= ) ) 0 o 999 sss °
as the (V-1) characteristics of a P-N junction or . -9
: ) 0 9 eeeeed g
semiconductor diode. Q9 i ®
PFITIEETY 9
The V-I characteristics of the P-N junction can be \ega[i\'efinn Pestiive lon
explained in three cases:
> Zero bias or unbiased ':i I+

» Forward bias
» Reverse bias
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electrons —» <— holes

(a)

(c)  Reverse bias Forward bias
v
1
0.7V
N-type P-type
(b) (not pointing) (pointing) Breakdown
Cathode Anode

Rectification:

Rectification is the process of converting an alternating current (AC) waveform into a direct
current (DC) waveform, ie, creating a new waveform that has only a single polarity.

J 0 IM Recti
Iternating
F Hrrcm(&( )
Rectificati vr'ypes according
(i) half-w
Half Wave tion:

positive cycle of AC voltage passes through the diode, the diode is forward biased and as
a closed circuit there is current through the resistor R.

(a) (h) (c)

1|rne ] |

Applications of a Half-wave Rectifier:

—>

AC input
voltage

DC output
voltage
v

Low power simple battery charger circuit.

» Fire Alarm circuits.
» Soldering Iron circuit.

AZ=-INdONIm-und>Z 5
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» Amplitude Modulation (AM) Radio circuits as a Detector.

Full-Wave Rectification:

Full-wave rectification uses two diodes. During the positive half cycle of input AC signal, this
makes the diode D, forward biased (acts as closed switch) and diode D, reverse biased (acts
as open switch). Therefore, current flows through the load resistor R.

During the negative half cycle of input AC signal, this makes the diode D; forward biased and
the diode Dj reverse biased. Therefore, the current will flow through diode D, through, load
resistor R and lower half of the secondary winding.

(b)
(a) Diode 1 (¢)

AC input

Applications of a Full-wave Rectification

> M’Mﬁwﬂﬁals'c'arger circuits
> U rupti eF Supbly (UPS) circ
> .

Function and uses of light emitting diode

cell: Emitted photonsor emitted light

1. Light Emitting Diode (LED): Holesv— / J [/ ~—* Free
— *@ @ elfcirlms

A light-emitting diode (LED) is a special type of i,@ @_ .’ : o®f K

junction in which current flows, when it is e 9 vo 6. '“"“_' .

activated in a forward direction e ¢ b}:.pm;.m region e

2. Photodiode: =

photodiode is a type of light detector that
converts light into current or voltage. It includes
optical filters, built-in lenses, and surface areas.

Metal contacts

coating

N-doped
" silicon
3. Photo Voltaic Cells: oMl

p-doped
silicon

Metal backing
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Solar cell or photovoltaic cell is heavily doped P-N junction diodes used to convert sunlight
into electric energy.

Uses of Photodiodes:

Camera: Light meters, Automatic Shutter Control, Photographic Flash Control
Medical: CAT Scanners, X-Ray Detection, Pulse Oximeters, Blood Particle Analysis
Automotive: Headlight Dimmer, Twilight Detectors

Communication: Fiber Optic Link, Optical Remote Control

Industry: Bar Code Scanners, Light Pen, Encoders, Surveying Instruments, Copiers- Density of
Toner.

Transistors ad aiI“racteristics:

A transistor is a semicond uctor device that amp

controlling the fl nt between its thredlla
a gatekeeper, all cking the flow of culre
based on the vo age applied to the base.

Both N- P-Mi ﬂ H‘Es'a"an be made.
EEE

E - Emitter

‘"—:':—B -Base Base Base

C - collector

Figure 22.16 (a) Transistor
Emitter Emitter

There are three main characteristics listed below:
1. Input Characteristics

2. Output Characteristics

3. Constant-Current Characteristics.

Transistors current equation:

It is a three-terminal device, with three possible ways to connect it within an electronic
circuit with one terminal being common to both the input and output signals.
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Bipolar Junction Transistor Configurations:

Each method of connection responding differently to its input signal within a circuit as the
static characteristics of the transistor varies with each circuit arrangement.

The Common Emitter Amplifier Circuit Je

In this circuit shown in Figure 22.19, the current
leaving the transistor must be equal the currents
entering it because the emitter current (Ig) is the,
sum of the collector current (Ic) and the base
current (lg). ——

The common emitter transistor configuration has a I‘i

substantial curre se the load resistance 2l I
(RL) is connect h the collector. The
current gain is represented by Beta (B),which is

le= I+l
where th as Alpha (o).If' 5
less thanm
- m -

lc =ale +Pls

ol w B
Asa = ﬁﬂandB -

le=lct+lg
Where:
Ic is the current flowing into the collector terminal
lg is the current flowing into the base terminal ~ >

le is the current flowing out of the emitter terminal.

Operation Principles and -V Characteristics and Methods of Transistor Biasing:
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Bipolar Junction Transistor (BJT):
Operation Principles:

1. Emitter, Base, and Collector:

» The three layers of a BJT are called the emitter (E), base (B), and collector (C).
» The flow of current in an N-P-N transistor is from the emitter to the collector, and in a
P-N-P transistor, it's from the collector to the emitter.

2. Transistor Action:

The operation of a BJT involves the injection of minority carriers (electrons in N-P-N or holes
in P-N-P) from the emitter into the base region. This controls the majority carrier flow from
the collector to the emitter.

Biasing Methods:
Biasing is the pﬂﬁtuing external voltages to a transistor to establish a desired
operating pointifor plification or switdhing.
There are severaldbiasi thods for transistor:
Bipolar JunctIE Urtor (BJT) Biasing
1. Fixed Bi se:Bias):

» C (DRE!!E!H the base a

voltage at the base.

imple but not very sta

2. Emitter Bias (Emitter Stabilized Bias):

point.
» More stable than fixed bias.

3. Collector Feedback Bias:

» Combines features of fixed bias and emitter bias for improved stability.
» Uses a resistor network to provide feedback.

4. Voltage Divider Bias:

» Utilizes a resistor divider network to bias the base and provide stability.
» More stable than fixed bias but less stable than emitter bias.

The transistors as a switch:
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A transistor can be used as a switch in electronic circuits, where it functions to either allow
or block the flow of current.

There are two main configurations for using a transistor as a switch: the NPN (negative-
positive-negative) and PNP (positive-negative-positive) configurations.

NPN Transistor as a Switch:

Lamp
v»

I

Collector
N

P e =!
N Power circuit B,

Emitter

3V —

Here are key ;Flﬂﬂote:

1. Off State:

HEBER

2. Forward Voltage:

Normally,
circuit.

The amount of output current is controlled by the
current.

» The input control circuit determines base current.

The output current is collector current for the power circuit.

Qi is an NPN transistor, needing a positive VBE for forward voltage.
The emitter is common to both input control and power circuits.

YV V VYV Y

Common-emitter (CE) circuit is the most common transistor arrangement.
When switch S; is open:

» No current flows the base-emitter or control circuit because no forward voltage is
applied.

» Resistance from emitter to collector of the transistor is very high.

» No current flows in the power circuit, and the lamp doesn't light up.

When switch S: is closed:

@ Soldier Bazar # 1, Mezzanine floor Opposite Bagdadi Pulau, Karachi, Pakistan @@ mastercoachingcenter
@ www.youtube.com/@MasterCoachingCenter
€2 www.mastercoachingcenter.com &G 0312 2340767, 0312 265108 & 0331 3884805

-1 mcc.mastercoachingcenter@gmail.com

NZ=IN>ONIM-0dDZ S




IM=-IZMmA OZ=-IN>ON IM- DT FN

Prepared by Salman Arif Tabani | Physics XII | 2024-25 | pg: 115

A small current flows in the control circuit.

R1 limits current in the base circuit.

Resistance from emitter to collector of Q1 decreases.

A large current flows in the power circuit, lighting up the lamp.

VV VY

Opening switch in the control circuit turns off the lamp in the power circuit because
resistance from emitter to collector of Q1 increases again, almost to infinity.

Common Collector (CC) Circuit:

Advantages:

CC amplifiers offer high current gain and low input impedance, making them suitable for
applications where a high-resistance input needs to drive a low-resistance output load.

Applications: n
Commonly useJ I‘M matching and sigiic

characteristics.

Operational bmﬂ

An operational-amplifier is a direct coupled highig

with AC a j | Amplifier, al§
circuit, w f@rm various ling
EEE

operations

Effects of negative feedback on the gain pbf

Negative Feedback:

Negative feedback occurs when a portion of the output signal, like voltage or current, is
feedback into the input in a way that opposes or subtracts from the input signal.

Advantages:

MZ=-INPONIM-BZ KN

1. Reduced Gain: Negative feedback decreases the overall gain of the system.

2. Decreased Distortion and Noise: It minimizes distortion and noise, leading to a cleaner
output signal.

3. Improved Stability: The gain becomes more stable and less sensitive to external changg&_’?
such as temperature.

4. Increased Bandwidth: Enhances the system's bandwidth.

5. Better Impedance: Lowers the output impedance and raises the input impedance.
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EXERCISE
Section (A): Multiple Choice Questions (MCQs)

Choose the correct answer:

1. A semiconductor is an element with a valence electron

(a) Four (b) Eight (c) Two (d) One
2. A pure semiconductor is known as

(a) Extrinsic (b) Intrinsic (c) Transistor (d) Diode
3. An acceptor atom is also called

(a) Penta-valent atom (b) Trivalent atom

(c) Minority carrier (d) Majority carrier

4. With which ,ﬂ 0;' Nwing elements silicon should be doped so as to give p-type of
semiconductor® -

(a) Germanlum enic (c)

5.Fora full-wa e output frequenc

o
mnh EITTMY ol M
EEE '

6.4ED construction needs a semi y material
(a) Silicon niu (c) Gali

(a) Equals

(c) Equals

)
. . -
7. The frequency of a half-wave signal is - -
(a) Twice the line frequency (b) Equal'to the I|enc

(c) One-half of the line frequency (d) One-fourth the line frequency
8. The voltage gain of an emitter follower circuit is
(a) High (b) Low (c) Very high (d) Moderate

9. What is also called as the conventional amplifier?

(a) Common-collector circuit (b) Emitter follower circuit
(c) Common base circuit (d) Common emitter circuit
~7F
10. An op-amp with negative feedback provides output parameter.
(a) Gain (b) Bandwidth
(c) Input-output impedance (d) Amplified
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Section (B): CRQS (Short Answered Questions):

1. Describe a p-n junction (diode) and how holes and electrons are produced in
semiconductor?

A p-n junction is formed when a p-type semiconductor (doped with acceptor atoms) is
joined with an n-type semiconductor (doped with donor atoms).

¢ Holes: In a p-type semiconductor, the majority charge carriers are holes, which are
essentially the absence of an electron.

¢ Electrons: In an n-type semiconductor, the majority charge carriers are electrons.

When a p-n junction is formed, electrons from the n-side diffuse into the p-side, and holes
from the p-side diffuse into the n-side. This results in a region near the junction called the
depletion region where there are no free charge carriers.

2. Define and dlul “ween p-n-p & n-p-n

* p-n-p transistor: A transistor with three &

e n-p-n traFa “ansistor with three [&

The main difference between the two is the typ

through t '1«' 'ansistor, hole
flow.

Common-collector configuration: In this configuration, the collector terminal is common to
both the input and output. It is characterized by low input impedance and high output
impedance.

4. Describe the operations of transistors.

MZ=-INPONIM-BZ KN

Transistors can be used as switches or amplifiers.

e Switch: When a transistor is in saturation mode (with a high base current), it acts as a
closed switch, allowing current to flow between the collector and emitter. When the

base current is low, the transistor is in cutoff mode, acting as an open switch. -, |#::

e Amplifier: In the common-emitter configuration, a transistor can be used as a small-
signal amplifier. A small change in base current can produce a large change in
collector current, resulting in amplification.
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5. Explain the use of transistors as a switch and an amplifier (common-emitter).

Switch: As mentioned above, a transistor can be used as a switch to control the flow of
current. This is a fundamental application in digital circuits.

Amplifier: In the common-emitter configuration, a transistor can amplify small AC signals.
This is used in audio amplifiers, radio receivers, and other electronic devices.

6. How would you understand the effects of negative feedback on the gain of an
operational amplifier?

Negative feedback is a technique where a portion of the output signal is fed back to the
input in a way that opposes the original input signal. This has several effects on the
amplifier:

« Reduces gain: Negative feedback reduces the overall gain of the amplifier.

¢ Increases stability: It makes the amplifier less sensitive to variations in component
values ﬂm:Nre.

¢ ReduceSdis helps to reduce ndhlinea

¢ Improve : It can increase thela
a wider rahg uencies.

The amount of gain reduction due to negative fee

which is t BHE a'lioltage to theo
EEE

7. nd briefly describe the ci agra

inverting am e signal ifiput?

8. Derive an expression for the gain of inverting|a
approximation.

9. Describe the properties of an ideal operational amplifier.

Infinite Open-Loop Gain: This means that the op-amp can produce an arbitrarily large
output voltage in response to an infinitesimally small input voltage.

MZ=-INPONIM-BZ KN

Infinite Input Impedance: The op-amp has an extremely high input impedance, which
means that it draws negligible current from the input signal source.

Zero Output Impedance: The op-amp has a very low output impedance, which means that it
can deliver a large current to a load without experiencing a significant voltage drop.

Infinite Bandwidth: The op-amp can amplify signals of any frequency without atten uation.—

Zero Input Offset Voltage: The op-amp produces zero output voltage when there are no
input signals applied.

no input currents flowing.
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Section (C) ERQS (Long Answered Questions):

1. Define Intrinsic (pure) and doped semiconductors. And How the N-type and P-type
semiconductors are produced

2. Describe a P-N junction (diode) discus its forward and reverse biasing.
3. Describe the I-V characteristic curves of P-N junction.
4. Define rectification and describe the use of diodes for half and full wave rectifications.

5. Describe the function and use of LED, Photodiode and Photo voltaic cell Describe the
function and use of LED, Photodiode and Photo voltaic cell.

6. Explain the use of transistors as a switch and an amplifier (common-emitter).

7. Describe the properties of an ideal operational amplified.

J 0 I N Section (D)) Numeri

1. A Ge diode has a voltage drop of 04 V when 1 % it : is
E
onia gh of 1.

used, what battfmﬂs needed? (6.04 V)
2. A semiconductor ser has a peak emiss
E ) ) [
3; CalculaM aﬂ: L'z'i 2 resistor in
diodes to stfico rd resistance offe iOden

gap ineV. (0.8 eV)
L 39 |

0V

11} L)

4. Find the voltage Va in the circuit shown in Fig.(i). Use simplified model. (19.7 V)

NZ=IN>ONIM-0dDZ S

20V 0V
si Y Y Ge - 03V
43 V, 1 ¥, ~—+7
=3k 3:}5 1k
I;I "(:r'l
5.1n a common base connection, I; = ImA, lc=0.95mA. Calculate the value of I1B. (0.05 mA)
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6. Find the value of f if (i) a= 0.9 (ii) ®=0.98 (iii) o =0.99. (9,49, 99)
7. Calculate le in a transistor for which B= 50 and Ip 20 pA. (1.02 mA)

8. Find the a rating of the transistor shown in Fig. Hence determine the value of Ic using
both o and P rating of the transistor. (0.98, 11.76)

 p=49

v

v/lp=12mA

AZ=-INdONIm-und>Z 5

@ Soldier Bazar # 1, Mezzanine floor Opposite Bagdadi Pulau, Karachi, Pakistan @@ mastercoachingcenter
@ www.youtube.com/@MasterCoachingCenter =1 mcc.mastercoachingcenter@gmail.com
&> www.mastercoachingcenter.com &G 0312 2340767, 0312 265108 & 0331 3884805




IM=-ZmN AZ=-IN>ON ImM=-{>Z 5N

Prepared by Salman Arif Tabani | Physics XII | 2024-25 | pg: 121

Unit 23

MORE!!!
~__ =
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Introduction:

Digital electronics is a branch of electronics that deals with the manipulation of digital
signals, represented as binary digits (Os and 1s).

Digital signal levels:

In digital electronics, signal levels are represented in various ways. Here are common digital
signal levels:

1. Low Level (0): KNOW

» This represents the binary digit 0. Noise immunity is a
» In terms of voltage, it is associated with a lower voltage measure of how well a level.
» Often referred to as "low" or "logic 0."

2. High Level (1): electrical signals or noise

» Thisrep ary digit 1. without reactlng to them.
» Interm is associated with @highe age 1eve

» Often referred to as "high" or "logic 1."

3. Threshold I.FMOU

» The threshold level is the voltage level tHg

> Simni1s'ar are interprefe
1. EEE

» The threshold level helps nois
iaterpretation.

4. Logic Levels: HIGH or LOW can be

» Depending on the technology and the sy
» logic levels might be used.

5. Swing or Voltage Range:

» The difference in voltage levels between low and high states is often referred to as
the swing or voltage range. For example, voltage varies from -5V to +5V will have a
swing or voltage range of 10V.

MZ=-INPONIM-BZ KN

» A larger voltage swing can enhance noise immunity and signal reliability.

Understanding Digital Signal Levels:

In digital electronics, the 'high' and 'low' states are often symbolically represented as 'I' and
'0,' respectively. This binary notation helps describe the states of open and closed circuits.
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High State (1): When a digital signal is in a high' state, it is typically associated with a closed
circuit or a voltage level close to the maximum specified value. The symbolic representation
for this state is "I. It signifies the 'on’ or 'active’ state in many digital systems.

Low State ('0): Conversely, the 'low' state is linked to an open circuit or a voltage level close
to the minimum specified value. It is symbolically represented as 0". This state signifies the
'off or 'inactive’ state in digital systems.

Pulse
High Voltage
'.‘ J . Low Voltage
Logic gates:

Logic gates are ti switches that enable decision- makmg in com puters and other
devices. They form logical operationspplayingascruciakrolesininformation

processing.

Types of Logifﬁﬂ"

Logic gates are t ponents of the digifa

one input
MORE!L.....

while NAND and NOR are the uni :

EW

1. AND Gate:

AND, OR,

The AND gate produces a ‘high' output only whel,g

A — y
Input

Figure 23, 2 AND gate

NZ=IN>ONIM-0dDZ S

2. OR Gate:

An OR gate generates a 'high' output if any of its inputs are 'high. ~ =
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Figure 23. 3 OR gate

3. NOT Gate:
It is used to perform the inversion operation in digital circuits,

For example, the output of a NOT gate attains state 1 if and only if the input does not attain
state 1.

i )
Input Output
l 0 I N Figure 23. 4 : NOT gate

4. NAND Gate:

Similarly, a NANFﬂsnAND gate followed b\
of an AND gate.

Figure 21.5 NARD &%

5. NOR Gate:

A NOR gate is an OR gate followed by a NOT gate, providing the opposite result of an OR
gate.

Figure 23. 6
NOR gate and its equivalent diagram

6. XOR Gate (Exclusive-OR Gate):

AZ=-INdONIm-und>Z 5

@ Soldier Bazar # 1, Mezzanine floor Opposite Bagdadi Pulau, Karachi, Pakistan @@ mastercoachingcenter

@ www.youtube.com/@MasterCoachingCenter =1 mcc.mastercoachingcenter@gmail.com
&> www.mastercoachingcenter.com &4 0312 2340767, 0312 265108 & 0331 3884805




Im=ZmN OZ=IN>ONImM-NpPI 5

Prepared by Salman Arif Tabani | Physics XII | 2024-25 | pg: 125

The XOR gate outputs a 'high' signal if the number of "high' inputs is odd.

In other words, the Input Output output of a two-input XOR gate attains state 1 if one B adds
only input and attains state 1.

Input

Output

B
7. XNOR Gate JIB:II“( Gate):
both 1. F 0 n
M 0 H E HE

AZ=-INdONIm-und>Z 5
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EXERCISE
Section (A): Multiple Choice Questions (MCQS)

Choose the correct answer:

1. The voltage level, typically associated with a 'low' state in digital electronic is:

(a) -5 volts (b) O volts (c) +5 volts (d) +10 volts

2. In binary representation, the correspond of 0' in digital electronics is:

(a) Low state (b) High state (c) Open circuit (d) Closed circuit
3. The primary purpose of a truth table in digital electronics is to:

(a) Determine input voltage

(b) Measure circuit resistance

(c) Analyze outd ai t“d on input combinations

(d) Calculate circuit power

4. Which logic gfﬂlﬁﬁon produces an oufp

(a) AND (c) R‘
5.Inacir i T’1e, the status ¢
(a) OFF Mu BE- EE (c) Bli
6. ehavior of 2 input AND gat bothfs
(a) OFF 15y oN E (c) Bli

7.1n a 3-input OR gate, if all inputs are '0'sothe ¢

(@)1 (b) O (c)
8. If the input is '1', The output of a NOT gate will be:

(a) 1 (b)0O (c) Undefined (d) Both Aand B
9 In a 2-input XOR gate, when both inputs are '1' than the output will be

(a)1 (b) O (c) Undefined (d) Both Aand B
10. Which combination of logic gates is equivalent to an XOR gate?

(a) AND +OR (b) NOT+ NOR (c) OR + NAND (d) AND+ NAND

Section (B): CRQs (Short Answered Questions):

1. Explain the significance of signal levels in digital electronics and how they are
represented in terms of voltage.
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Signal levels are essential in digital electronics as they represent the fundamental units of }Mcc
information, '0' and '1'. These levels are typically defined in terms of voltage ranges.

« High Level: This corresponds to a voltage above a certain threshold, often denoted as
'V<sub>H</sub>". It represents the logical '1' state.

+ Low Level: This corresponds to a voltage below a certain threshold, often denoted as
'V<sub>L</sub>'. It represents the logical '0' state.

The specific voltage thresholds for high and low levels depend on the technology used (e.g.,
TTL, CMOS). However, the key point is that there must be a clear distinction between the
two levels to ensure reliable data transmission and processing.

2. Describe the binary representation used in digital electronics. How is this representation
related to the 'high' and 'low' states?

Binary represﬂroilﬂystem used to represent data in digital electronics. It uses only

two digits, '0" ' sent different valugs™Fs . alled a bit.

The relationship between binary representationjg
e '1'in binF ﬁ nds to the high signg
e '0"in binary corresponds to the low signal

For examM&Mw'e' "01' represent
a high leve!, i &%l Fnd the seconc

3. Choose any three logic gate symbols and expia

Here are three common logic gate symbols and

« AND Gate:
o Symbol: A

o Output is high only when both inputs are high.

MZ=IMN>ONImMm-nd>

* OR Gate:
o Symbol: Vv
o Output is high when at least one input is high.

« NOT Gate: —
o Symbol: -

o Output is the inverse of the input (high if input is low, and vice versa).
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4. Create a combination of logic gates that mimics the behavior of an XOR gate.

An XOR (exclusive OR) gate produces a high output only when the inputs are different. We
can create an XOR gate using AND, OR, and NOT gates as follows:

1. Create two AND gates: Connect one input of each AND gate to each input of the XOR
gate.

2. Invert the outputs of the AND gates: Use two NOT gates to invert the outputs of the
AND gates.

3. Create an OR gate: Connect the outputs of the inverted AND gates to the inputs of
an OR gate.

The output of the OR gate will now mimic the behavior of an XOR gate.

S nln ERQs (Long Answered Questions):
1. Design a simd g a 2-input AND gate itch 8
how the circuit operates and the conditions undéer Wwhi - i i
2. Construct a trﬁ gln a 3-input OR gate.
relationship between input combinations and the
11
MORE!!
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b
Frame of References Mcc

A rigid framework (usually x, y and z- axes) relative to which the position and motion of an
object can be measured is called frame of references.

Figure 24. |
Cartesian Co-ordinate System

Relative Mano I N
Relative motion | t that describes the mob
observer or fraWFﬂnce. This viewpoint rgcog
depends on the @bs oint of view.

Types o f'Ts:

There are es of reference, Inerfial

mes of reference.
CMGFUEH r m

Acceleration: Inertial frames are not accelerating,

Newton's Laws: Newton's laws of motion apply @i S'H'!Hm

frames, additional forces (called fictitious or pseudo-forces) must be introduced to explain
the observed motion.

Examples:

o Inertial frame: A car moving at a constant speed on a straight highway.

MZ=IMN>ONImMm-nd>

+ Non-inertial frame: A car accelerating or turning a corner, a rotating merry-go-round.

Special Theory of Relativity:
CIE
Special theory of relativity explains how to interpret motion between different inertial . -, I'r."rm-

frames of reference. Cl;

In other words, it deals with the problems in which one frame of reference moves with a
constant linear velocity relative to another frame of reference.
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The special theory of relativity is based on two essential assumptions, commonly known as
postulates.

Postulate 1 (Principle of Relativity):
The laws of Physics have the same form in all inertial frames of reference.
Postulate 2 (Constancy of the speed of light):

The speed of light in vacuum has the same value, c=3 x 10® m/s in all inertial reference
frames, regardless of the velocity of the observer or the velocity of the source emitting the
light.

Space and Time are Relative:

When the speed of light is constant, the time and space become relative concepts and are
no longer absolu ing to Newton.

Consequencmﬂ Theory of Relatj
In Relativity, there is h thing as an absolutg |
Here are some ch“:Rmportant consequence

Relativity of Slmultanelt
clrln one refere

ﬁ&the first.

example to illustrate t:

Two even
a second

Imagine two observers, Boy A and B, standing o
the center of the platform. At the exact momen
platform, lightning strikes both ends of the train

From boy A's perspective:
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Boy A sees the lightning strikes happen the same time because he is stationary relative to
the platform. Since light travels at a finite speed, the light from both lightning strikes reaches
boy A simultaneously.

From boy B's perspective:

Boy B, however, is sitting on the moving train. Because the train is moving toward the
lightning strike at the front of the train and away from the lightning strike at the back of the
train, light takes longer to reach him from the back of the train than from the front. As a
result, Boy b perceives the lightning strike at the front of the train before the lightning strike
at the back of the train. Thus, for boy B, the lightning strikes are not simultaneous.

This example demonstrates how the perception of simultaneity can differ between
observers depending on their relative motion. In this case, what appears simultaneous to
boy A (the lightning strikes) does not appear simultaneous to boy B due to his motion
relative to the events.

Time Dilatiod 0 I N
The time interva wo events occurring a
appears to be lo bserver in the statign

dilation.

MORE!!L
~—_ T

Let At, be the proper time measured by a clock {
in another frame of reference is given by

-

NZ=IN>ONIM-0dDZ S

Length Contraction:

Let L, be the length of a rod when the rod is stationary. If there is relative motion at speed v
between an observer at rest and the rod along the length of the rod, then observer will______>
calculate a relativistic length L given by

vz
L=Lo|1-—

i
]
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v=087¢ v=0995¢  v=10999% v=ec(?)

Mass Variation:

Let m, be the rest mass of an object. If the object is moving at speed v then its relativistic
mass m will be given by

Mass Energy Relationship:

For an object tJaB*I“

According to Einstein's special theory of relativit

object's mass m Fﬁ"ivalent energy E, ar
Eo =N

If the objMvurHtEs!!j!ional energy
energy E is the sum of its mass ener. d its kifle '
d-‘- o ol

where vy is the Lorentz factor for the object's mofi

E is the total relativistic energy of the object.
From above equations, relative kinetic energy can be calculated as:
K=E-Eo=E—mc2=ymc?2—mc2
K= mc? (y—1)
Maximum Velocity of A Particle:

A basic result of the special theory of relativity is that the speed of an object cannot equal or
exceed the speed of light. That the speed of light is a natural speed limit in the universé-ean—7
be seen from above equations of mass variation, length contraction, time dilation and mass-
energy relationship. If an object is accelerated to greater speeds, its mass becomes larger

and larger. Indeed, if v were equals to c, the denominator in the equation would be zero and
the mass would become infinite. To accelerate an object up to y=c would thus require

infinite energy, and so it is not possible.

MZ=INPONImM-dpZ S
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Time Dilation:

Special relativity also predicts time dilation, meaning that as an object approaches the speed
of light, time appears to slow down for the object relative to an observer at rest. This effect
becomes more pronounced as the object's velocity approaches c. Consequently, from the
perspective an observer, it would take an infinite amount of time for a massive object to
reach the speed of light.

Length Contraction:

Another consequence of special relativity is length contraction, where objects moving at
relativistic speeds appear shorter in the direction of motion when observed from a
stationary frame. This effect prevents objects from achieving relativistic velocities within a
finite distance because, as the object's velocity increases, its length contracts in the direction
of motion, making it increasingly difficult to accelerate further.

Relativistic Effects in Space Travel:
The im plicatio Rase, time dilation, 3
profound and have consequences forfo

relativistic spee w each of these effé
Mass Increas “
» The.implication f avel is that asis
R RETE
th r Mg EnNBrmous amou

Overcoming the mass incr mes

i sg€urrent
rockets, would become impractical at rel
requirements.

D LELENEEE- )

Time Dilation:

» For space travelers moving at relativistic speeds, time dilation means that their N
perception of time differs from that of stationary observers. A journey that may take
several years according to Earth-based observers could be experienced as much G

shorter by the travelers due to time dilation.
» Time dilation has implications for interstellar travel, where long-duration missions
could be undertaken without experiencing the full effects of time passing, as
perceived by Earth-based observers. However, it also presents challenges for
communication and synchronization with mission control on Earth.

Length Contraction:

» For space travelers, length contraction means that distances along their direction of N
motion appear shorter. This has implications for navigation and spacecraft design, as T

IM=ZmN AZ=IN>0NImM- > 5N
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distances may be perceived differently by travelers moving at relativistic speeds iMcc
compared to stationary observers.

» Additionally, length contraction affects the perception of space travel distances.
What may appear as a vast distance to stationary observers could be contracted from
the perspective of travelers moving at relativistic speeds.

Navigation Satellite Timing and Ranging (NAVSTAR) SYSTEM):

It is the official name for the Global Positioning System (GPS). It's a network of 24 satellites
orbiting Earth that allows us to determine our location on the planet with incredible
accuracy.

Satellite Segment o

R

rt Einstein's general theory 0 i
According 2 alls cusVe becaus

According to Einstein, tossed balls and light don
curve because of any force, but because the spa
time in which they travel is curved.

General relativity describes how gravity is caused by
the curvature of space-time.

The general theory of relativity is based the following
two postulates.

MZ=IMN>ONImMm-nd>

Postulate I:

The laws of physics may be expressed in equations ;
having the same form in all frames of reference, Figure 24. 14 ~_ |k
regardless of their states of motion. Spacetime wrapping near heavy objects :

Thus, the general theory covers uniform as well as accelerated motion. Hence it is able to
describe gravitational phenomena.
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There is no way to spot the difference between gravity and acceleration for an observer in a *Mcc
closed laboratory

General relativity has a number of consequences:

» Einstein's general theory of relativity states that time is a fourth dimension adding to
the three dimensions of space. Einstein called this four-dimensional geometry as
space-time.

» The general theory of relativity also predicted light coming from a strong
gravitational field would have its wavelength shifted toward longer wavelengths,
called a red-shift.

» The theory also predicted that when gravity becomes great enough, it would produce
objects called black holes. Black holes are objects whose gravity is so massive that
light cannot escape from the surface at all. Since no light can escape, such objects

would ap C

Light is i s through curved §pa

appear distorted or magnified. Gravitatidha
galaxies jects.

» The expaﬁnnuniverse: General

expanding. This has been confirmed by a

v )

According to General Theory of Relativity, when
geo of space- time.

According to this theory, gravity is not just a forde
Newtonian physics, but rather a manifestation of ¢
mass and energy.

Here's a breakdown of what this concept entails:

Space and time Continuum

i
A
S
T
E
R
-
O
A
-
H
]
Rl
G

Space and time are unified into a single, four- dimensional
entity known as space-time. In the absence of gravity or
significant mass, space time is flat.
However, the presence of mass and energy warps or
Figure 24, 15
curves the fabric of space-time. This curvature is Heavier object bends the geometry of

Curvature of Space-time:

spacetime more than lighter object
what we perceive as the force of gravity. N
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» Massive objects, such as stars, planets, and galaxies, curve the space-time around
them. The greater the mass or energy density, the greater the curvature of space-
time.

» Objects move along paths dictated by the curvature of space-time, which we
perceive as being influenced by gravity. For example, Earth orbits the Sun because
the Sun's mass curves the space-time around it, causing Earth to follow a curved
path.

Effects of Gravity

» In the presence of gravity, objects follow the shortest possible paths, known as
geodesics, through the curved space-time. These paths are not necessarily straight.
direction

» Lines in the traditional sense but are instead curved trajectories determined by the
gravitational field.

» The stren ifily is determined by the curvature of space-time. The steeper the
curvat t ‘ r the gravitational feree-experiencec Oy nearby objec

Physical Interpretation:

Gravity is thus i s the result of obje
created by mass and energy. Massive objects "

other obj i to this curvatlir
This conc ﬂREiIiI!Ianation for &

of objects in space, incorporating b

Section (A): Multiple Chc
Choose the correct answer:
1. The General Theory of Relativity was a new way of understanding of
(a) The speed of light (b) gravity (c) mass (d) force

2. An object at rest has a mass of 1 kg. What is its mass when it is moving at a speed of 0.9c?

MZ=-INPONIM-BZ KN

(a) Infinite (b) 1.2 kg (c) 2.3 kg (d) 1 kg
3. The equivalence of principle in general relativity is:

(a) The equivalence of inertial and gravitational mass

(b) The equivalence of electric and magnetic fields

(c) The equivalence of space and time

(d) The equivalence of matter and energy

4. Which of the following phenomena is NOT predicted by special relativity?
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(a) Time dilation (b) Length contraction iMcc

(c) Gravitational waves (d) Relativistic mass increase

5. What does the equivalence principle state about acceleration and gravity?

(a) They are completely different forces (b) They are indistinguishable for an observer
(c) Gravity is stronger than acceleration (d) Acceleration cancels out gravity

6. Light passing near a massive object like a star will bend due to:

(a) Gravitational lensing (b) refraction

(c) reflection (d) diffraction

7. What is the main reason astronomers cannot directly observe black holes?

(a) They are too small (b) They deflect light

(c) They are too (d) their immense gravity traps light
8. Objects canrJeﬂ] Nspeed of light becalise:

(a) Their mass b (b) ¥h
(c) Time slows dFruR (d)

9. Why is the Galilean transformation not valid 3

(a) It can ng ffames
EEE

b) It violates the constancy of th f light
(c) Iton

(d) It neglects time dilation effects
10. The example of inertial frame in our everyda :
(a) A car accelerating on a highway

(b) A train moving smoothly at constant speed

(c) A person standing on a spinning platform

MZ=IMN>ONImMm-nd>

(d) an airplane encountering turbulence

Section (B): CRQs (Short Answered Questions):

1. Show that for values of v << ¢, Lorentz transformation reduces to the Galilean
transformation.

The Lorentz transformation equations are:
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A basic result of the special theory of relativity is that the speed of an object cannot equal or
exceed the speed of light. That the speed of light is a natural speed limit in the universe can
be seen from above equations of mass variation, length contraction, time dilation and mass-
energy relationship. If an object is accelerated to greater speeds, its mass becomes larger
and larger. Indeed, if v were equals to c, the denominator in the equation would be zero and
the mass would become infinite. To accelerate an object up to y=c would thus require
infinite energy, and so it is not possible.

M

-

So,v<<c
2. If a particle could move with the velocity of light, how much K.E. would it possess?
The relativistic kinetic energy of a particle is given by:

=(y-1)mc?

As v approaches c, y approaches infinity. Thus, the kinetic energy of a particle moving at the

speed of light ite. This is why it's impossible for a particle with mass to reach
the speed of |Iﬂ r

g Jv
3. Explain the d’iFynﬁween Special and Gene ati I! E

Special Relativi he physics of obje

introduces concepts like tim dlla on, length cofitf@act

Generalm 1

grawtyas and
derstanding phenomena lik les apd th

4. Differentiate between Inertial Frames of Re
Reference.

Inertial frames of reference are those in which an object at rest remains at rest, and an
object in motion continues to move in a straight line at a constant speed unless acted upon
by an external force.

Non-inertial frames of reference are those that are accelerating or rotating. In these frames,
the laws of motion do not hold true in their original form.

MZ=IMN>ONImMm-nd>

5. Why can't any object move at the speed of light?

As shown in the answer to question 2, the kinetic energy of a particle moving at the speed of
light would be infinite. This is impossible as it would require an infinite amount of energy.

6. What is the limitation in the Galilean Transformation Equation, and how did Lorentz
solve it?

Im-Zmn @Z-IN>0nN Im= > 5N
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The Galilean transformation breaks down at high speeds, especially near the speed of light. iMcc
It predicts different results for the speed of light measured in different reference frames,
which contradicts experimental observations.

7. Calculate the value of y (Lorentz factor) if the object is moving at the speed of light.

As v approaches ¢, y approaches infinity. Therefore, the Lorentz factor for an object moving
at the speed of light is infinite.

Section (C) ERQS (Long Answered Questions):

1. State and explain the basic postulates of Einstein's special theory of relativity. Discuss
length-contraction, mass variation and time-dilation.

Notes

2. Explain the co s-energy equivalence. Derive Einstein's mass-energy relation
and demonstrd "ic mass unit (u) is equivale :

Notes

3. Discuss the irrEr:ﬂ;:Bclusions derived fron €
experimental ob n favour of these cofic
Notes

4. How dMﬂiﬂE@!L!\f differ from
Nates
5-Wure infg

visualize the effects of gravity.

Notes

6. Derive the basic equations of the Galilean transformation and explain how they relate the
positions and velocities of objects in different inertial frames.

Notes

MZ=IMN>ONImMm-nd>

7. Discuss the Lorentz transformation equations in special relativity and how they describe
the relationship between space and time coordinates in different inertial frames. Give
examples to illustrate their application.

Notes

Section (D): Numerical:

1. Arod 1 meter long is moving along its length with a velocity 0.6c¢. Calculate its length
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as it appears to an observer (a) on the earth (b) moving with the rod itself. |Ans: (a) 0.8m,
(b) 1 m]

2. How fast would a rocket have to go relative to an observer for its length to be contracted
to 99% of its length at rest? (Ans: 42.45 x 10°m/s)

3. A particle with a proper lifetime of | us moves through the laboratory at 2.7 x 10® m/s. (a)
What is its lifetime, as measured by observers in the laboratory? (b) What will be the
distance traversed by it before disintegrating? (Ans: (a) 2.3 x 10°®s, (b) 620m)

4. At what speed is a particle moving if the mass is equal to three times its rest mass?

{Ans:z‘5

EL

5. If 4 kg of a substance is fully converted into energy, how much energy is produced?

(Ans: 3.6 x 10Y))

6. Calculate the rest en f an electron in joules and in electron volts. (Ans: 8.2x 104},
0.511MeV] 0 ig"
7. Calculate the K.E. of an electron moving with ' v

il

in the laborator nnns: 3.3x107%3)]

At what velocit:E E. of a particle equalits ﬁ r
]

9. A parti r maves with speed

(a) How much time would elapse on a clock as
(Ans: (a) 3.22 years)

(b) How long does the trip take according to Earth observers? (Ans: (b) 5.38 years)
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Unit 25

FOR Phy
MORE!!!
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) fn s
Introduction: Mc c

Quantum physics is the study of matter and energy at atomic and sub-atomic level.

It aims to discover the properties and behaviours of the very building blocks of nature.

Quantum Theory of Radiation:

It was introduced by Max Planck and Albert Einstein It explains how energy is emitted and
absorbed in discrete packets (quanta), the key points of Quantum theory of radiation are:

» Energy is quantized (small packets, not continuous)

» Frequency (not amplitude) determines energy of radiation all tmdﬁ&mm
s a
» Radiation has both wave and particle properties (duality) YSSJ

This theory revolutionized our understanding of light and radiation g

Black Body Radiation:

A black body is alfli bject which absorbs 2
and also emits i ous spectrum of colo

temperature

CIassicaMﬂﬂwE 'I'c' body significanteh
EEE o

Rayleigh-Jeans Law:

This La ru olume pe
is inversely proportional to the fourth power of the
to the square of the wavelength.

The law is given by the formula:

MZ=IMN>ONImMm-nd>

£, T) = 255
i
Mathematically expressed as:
E(A, T)= Cﬂn:famwhere:

E(A, T) is the spectral radiance Intensity

A is the wavelength

Wien's Displacement Law:

This law breaks down completely at low frequencies.

Wien's displacement law states that the wavelength at which the intensity of blackbody
radiation is maximum is inversely proportional the temperature of the blackbody.
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As the temperature increases, the peak of the blackbody radiation curve shifts to shorter iMcc
wavelengths. This relationship is mathematically expressed as:
Amax T=Constant

Constant
T

lmax -

Where Amaxis the wavelength at which a blackbody radiates at a given temperature I.

Stefan's Law:
The experimental relation is known as Stefan Boltzmann's law;

It states that the total energy radiated per unit surface area of a black body is proportional
to the fourth power of its temperature.

Mathematically, it i d as:
J nTﬁ =

Stefan's-Boltzm .

c=5.67x10%

where: E, is the energy of the oscillator is an integ
the frequency of the oscillator.

Photoelectric Effect:

When electromagnetic radiation like light is shined on certain metallic materials; electrons
are emitted due to absorption of light by the electrons on the surface of material.

Photoelectric Effect Phenomenon:

The photoelectric phenomenon is shown in figure in which an evacuated tube containing
two electrodes cathode and anode; connected with a variable source voltage V. A
monochromatic light source is shined onto cathode through a quartz window and anode
(collecting electrode) is connected either positive or negative potential with respect to the
cathode. An ammeter is connected with circuit to record the current due to photo-electrons. T
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Following observations were made during this experiment:

1. For a constant potential difference between the cathode and anode, the number of
electrons emitted from cathode increases with increasing intensity of radiation.

2 For a constant intensity and frequency of incident radiation the photoelectric current
varies with the potential difference V between the cathode and anode and reaches a
constant value beyond which further increase of potential difference does not affect the
photoelectric current, instead, if the anode is made more and more negative with respect of
the photo-cathode surface the current decreases. This negative potential (with respect to
cathode) of the plate is called retarding potential.

For a particular value of retarding potential, photoelectric current becomes zero.

This potential is called cut-off or stopping potential IVo and is measure of maximum kinetic
energy of photo-electrons and we can write

K. Emax = €Vo

3. The stoppin ' hence the maximus
is independent of the intensity of incident radiafio

radiation.
4. For each su bﬁﬂwn exists a characteris

frequency below the photo-electrons are not ejé

called themu H:E"r' the correspa
waveleng R .

5 time lag between the inciden diatign
very small, i S.

Explanation of photo-electric effect on C

Einstein proposed that radiation energy is not continuously distributed over the wave-front,
but the light energy consists of discrete quanta of energy hv, which penetrates the surface of
the cathode, all of its energy is transformed to an electron; it's depicted in figure 25.6. The
photon's energy would be associated with its frequency v, through a proportionality
constant known as Planck's constant h, or alternately, using the wavelength . and the speed
of light c:

KE=hy=2

g
A

i

p:‘

When a photon is incident on the surface of a material, some of its energy is spent in making
the electron free and the rest appears as kinetic energy of the electron. The electrons at the
surface of the material are most loosely bound and require minimum energy for their

or the momentum equation: ~—~7
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liberation. This energy is called the work function ¢ of the material. The maximum kinetic
energy of photo electrons ejected from the surface is given by

K.Emax =% mv2=hv—¢

So, work function the minimum energy that must be supplied to the electron for it to leave
the Metal surface.

Consequently there exists a minimum frequency that is independent of the intensity of light,
below which electrons cannot be ejected from the metal. This proposal was proved by
Millikan when in 1914 he published his results of the voltage required to stop
photoelectrons ejecting from a metal surface.

Photoelectric effect in solar cells and photocells:

Photovoltaic cells are made up of p-type and n-type silicon semiconductors. When light falls
on the junctio dﬁ pe and n-type semiconductors, electrons are emitted according
to the photoel ese electrons are ¢ . pproad

electric current.

> PhotoceIF ﬂﬁrat uses the photoele

» Photovol d photoconductive cells are &

» Solar cell, a device that converts electroragnetic &

b g Mﬂﬂ El{ o power a wide
@ryathat stores thg p

n
He observed that the scattered light had a slightlj : A than i ﬁ#

light, and therefore a slightly lower frequency
indicating a loss of energy.

He explained this result based on the photon theory X-ray F-lt‘cltrtm —_
as incident photons colliding with electrons. PR Scattersd

-1 [\ ' — electron
Compton Effect Qualitatively: I D

Inelastic = A P
Compton's Effect, as illustrated in Figure 25.8, can be collision Scattered [ .
qualitatively explained as follows: X-ray photon
Initial Interaction:
~—Z

A photon, which is a packet of electromagnetic energy, interacts with an electron in a
material, typically a target like a metal or graphite.

Scattering Process:
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During the interaction, the photon transfers some of its energy and momentum to the iMcc
electron. This transfer causes the photon to change its direction and wavelength (or
equivalently, its frequency).

Change in Photon Energy:

The scattered photon emerges with less energy (longer wavelength) than the initial incident
photon. The amount of energy lost by the photon is directly related to the energy and
momentum gained by the electron.

Quantum Nature:

Compton's Effect cannot be explained using classical wave theory alone. Classical wave
theory predicts that light should scatter uniformly without a change in wavelength.

However, Compton's observations demonstrated that the scattered light has a shifted
wavelength, indicating a particle-like interaction.

Experimentaﬂnﬂl“:n:
Compton condieted*€x nts where X-rays

X-rays were obs B\ﬁ?asuring the scatteripg@
I

confirmed that t ere consistent with th

Wavelength Shift: o
The wave S| ompton scatt rhﬂi
Compton | ds on the mass h
This relationship provides crucial eyi for the

3 |
The Co ' as er: ‘T

A2-21 =§(1 — Cosé@) = ﬁ(l — Cos0) #.-l -
Idem salllan

h

MpC

Al =

(1—Cosb)

This equation describes the phenomenon known as Compton Effect.

MZ=IMN>ONImMm-nd>

Pair Production:

Pair production is a phenomenon in quantum mechanics that occurs when a photon with
sufficient energy interacts with matter and spontaneously transforms into a particle-

IM-ZmN AZ=IN>ON IM-DZ FN
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antiparticle pair i.e., an electron and a positron, as shown in figure 25.9. }Mcc

Figure 25.9 Pair production
- K

Conservation laws of Pair-Production:

Facts of pair production process are:

1. The pair prod ‘ s obeys law of conservation of energy, momentum and electric
charge respec

2. During collision the antiparticle of an electrof i €., i a h
properties as eI t its charge, as bothih !5
sum of charges e zero which is equg| to"pRoton Be i i

electric charge is conserved

3.The Ia ﬂﬂi*'&&y is antiparti ehfb :
(a) hf= (K.E)e- + (K-E)es EEE

(b) hf= 2 4+ (K.E)e + (K.

Annihilation of Matter:

Electron-positron annihilation occurs when an ¢
the collision is the conversion of the electron and PG
photons.

Conservation laws of annihilation of matter:

MZ=IMN>ONImMm-nd>

e"+etDy+y
Each photon has an energy equal to the rest mass of electrons 0.51 MeV.

Pair production and Annihilation of matter supports that energy and mass are inter
convertible i.e. E=mc2.

Wave Nature of Particles:

The wave nature of particles implies that particles can behave like waves, displaying
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characteristics. In essence, this duality suggests that matter and radiation can co-exist both

particle and wave attributes.

Examples of particles that exhibit this dual nature include:

X-rays.
Photons.

$= W bl

Electromagnetic radiation.

De Broglie wave:

Matter particles, such as electrons, protons, and neutrons.

De Broglie's idea suggested that both matter and energy could exhibit both particle and
wave properties. This unified description was a departure from the classical distinction
between particles and waves, providing a more comprehensive understanding of the

behavior of particles at the quantum level.

De Broglie J Il
Accordmg tod hesis, all matter pdrticles lik

waves. The mo hoton of frequency fisg

The waveM&HE "a'ns of its mo
EEN

Accordi i e ion is c@mpletel

This wavelength of the matter waves is known as de Broglie wavelength.

Davisson - Germer Experiment:

They demonstrated that electron beams are diffracted
when they fall on crystalline solids. Since crystal can act
as a three- dimensional diffraction grating for matter
waves, the electron waves incident on crystals are
diffracted off in certain specific directions. shows a
schematic representation of the apparatus for the
experiment.

The experimental parts are given as under:

Vacuum

chamber

Heated
filament

-5

NZ=INPONIM-DZ S

Moveable

detectora -*
% Diffracted

’
!

LT

.eleuron beam

“_(' Nickle

i} -Q Electron target
beam

\ccelerallng

anode
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1. An electron gun emits electrons via thermionic emission produced by the tungsten
filament used in it, ie., when heated to a specific temperature.

2. Two opposite charged plates known as Electrostatic Particle Accelerator, which accelerates

the electrons at a certain potential.

3. The accelerator is enclosed within a cylinder called Collimator which a narrow passage for

the electrons along its axis.
4. The target is a Nickel crystal on which the electron beam is fired normally.

5. When the electrons are scattered from Ni crystal, these are captured by the semicircular
movable detector.

Davisson Germer Experiment and de Broglie Relation:

Let us consider a mass (mo), charge (e) accelerated from rest through a
potential V. Thd| nergy K. E of the electron equals to the work done (eV) on it
by the electric
F 0 n K. = |
Now, K. E = =
Then, the oglie terigth 5t electron is give

By using

i\

h=6.626x 1034 J-s,
mo =9.11 x 103! kg,
e=1.6x10"°C
we get

_ 1.227

k—wnm

Where V is the magnitude of accelerating potential (wavelength of electron in volts.

Electron Microscope:

De Broglie hypothesis are used in the field of electron optics. In the electron microscope
design, the wave properties of electrons have been utilized with higher resolution, which is
giving a great improvement in visualization.
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A special type of microscope that uses an electron beam with its wavelike properties to
illuminate a specimen able to magnify objects in high resolution (nanometers), which are
formed by controlled use of electrons in a vacuum captured on a phosphorescent screen.
Ernst Ruska (1906-1988), a German engineer and academic professor, built the first Electron
Microscope (EM) in 1931, and the same principles behind his prototype still govern modern
EMs.

De Broglie hypothesis of electron have wave paved

the way for the development of the electron Electron gun

microscope (EM), which can produce images of

much greater magnification than an optical Electron beam—_§ Anode

microscope. There are two types of electron < 2

microscopes which are transmission electron

microscope (TEM), which produces a two- Magnetic <

dimensional image, and the scanning electron lens

Backscattered Secondary

electron
-detector

microscope (SEM), whi duces images with a e
three-dimension ] N detector \6 _

Working: F Eo ﬂm

In both types i.ef the objective and
eyepiece tu: fields tha
exert forc Pﬁl r g themto a
focus. Th by earefully desig

Applications:

That of visible light photons, Electron microscopes are used to investigate the ultra-
structure of a wide range of biological and inorganic specimens including microorganisms,
cells, large molecules, biopsy samples, metals, and crystals. Industrially, electron
microscopes are often used for quality control and failure analysis.

MZ=-INPONIM-BZ KN

Modern electron microscopes produce electron micrographs using specialized digital
cameras and frame grabbers to capture the images.

The advancement of microbiology is significantly indebted to the electron microscope, which
has revolutionized our understanding of microorganisms such as bacteria, viruses, and other—~
pathogens, thereby greatly enhancing the effectiveness of disease treatments.

Role of Electron Microscope:
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1. Higher Resolution: Electron microscope offers significantly higher resolution compared to
optical microscopes, allowing observation at the nanometer scale due to the shorter
wavelength of electrons.

2. Trans mission Electron Microscope (TEM):

TEMs study internal structures of thin specimens, producing detailed images of cells,
organelles, and crystalline structures.

Valuable in biology, materials science, and nanotechnology.
3. Scanning Electron Microscope (SEM):

SEMs provide 3D surface images by scanning specimens and detecting emitted secondary
electrons. Widely used in biology, geology, and materials science for surface analysis.

4. Energy- Dispersive X-ray Spectroscopy (EDS): With EDS detectors, electron Viruses
attacking a cell of bacterium microscopes analyze elemental composition (< 50000) by TEM
by detecting X;ﬂs uil:auhen high-energy electrons interact with the sample.

5. Materials Scienc or studying the migrostructure o

understanding of relationships between microstfu

and polymers. uﬂ
6. Nanotechnology: | for imaging and cha izi j ibuting to

the development of new materials and devices
manipula f ('(i'g' cell of bacte

(<35000) =
7.%Advancements in Medicine: Co to
the stru i S an lular orgapell

and therapeutic development.

8. Quality Control in Industry: Used across indu
helping identify defects, analyse material composition
microscopic level.

Uncertainty Principle:

The uncertainty principle mainly applied to experiments in physics labs, however some real-
world effects are given.

Heisenberg Uncertainty Principle: ~—~7

It states that it is impossible to measure simultaneously, certain pairs of properties of a
subatomic particle, such as its position and momentum, with absolute certainty.

h
AXAp = ;r
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EXERCISE

Section (A): Multiple Choice Questions (MCQs)
Choose the correct answer:
1. If h is the Planck constant, then h is:
(a) 2mh (b) 2h (c)h/2 (d) h/2m
2. In a photoelectric effect experiment the stopping potential is:
(a) the energy required to remove an electron from the sample
(b) the kinetic energy of the most energetic electron ejected

(c) the potential energy of the most energetic electron ejected

(d) the electric dﬂtﬂf uses the electron current to vanish
3. The work fu ain sample is 2.3 ¢ i
ejected from th 7.0 x 10**Hz electro iationi
(a)o EF“»#O Vv (c) 2.

4. In Compton scattering from stationary particlés

(a) highe i (B)Yower frequen

massive particles (d) les

5. Of the following, Compton scattering from elé
(a) infrared light (b) visible light (c)

6. the Compton scattering from stationary electro
when the photon is scattered through

(a).0° (b) 45° (c) 90° (d) 180°

7. A free electron has a momentum of 5.0 x 10%% kg ms™. The wavelength of its wave
function is:

(a) 1.3x10®m (b) 1.3 x 10%m (€) 2.1 x 10 'm (d)2.1x10%3 m

8. In Photoelectric Effect, when light fall on the surface of metal, the material should emit
(a) Electrons (b) Protons (c) Positrons (d) Neutrons

9. Threshold frequency is defined as the frequency of incident light which can cause photo
electric emission

(a) Maximum (b) Minimum (c) Average (d) highest
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10. The amount of energy which is necessary to start photo electric emission is called:

(a) Maximum (b) Average (c) Minimum (d) Littlest

Section (B):
CRQS (Short Answered Questions):

1. Differentiate between wave and particle.

Wave: A wave is a disturbance that propagates through a medium, transferring energy
without transferring matter. Waves exhibit properties like wavelength, frequency, and
amplitude.

Particle: A particle is a discrete unit of matter that has a specific mass and location. Particles
can interact with other particles.

2. Is it possible for the de Broglie wavelength ofl ajpa

Yes, it is possibl le to have a de Broglie
hypothesis, eve s a wave-like nature, 3

proportional to its momentum.

: mM Em oo i
The de Broglie wavelengt

m
\F a crEket ball on thi

ible. This is because the mass pCricket
relatwely

4. Differentiate between the continuous and di

Continuous emission: Radiation is emitted over @
typical of incandescent objects.

Discrete emission: Radiation is emitted at specific, discrete wavelengths. This is
characteristic of excited atoms or molecules.

5. What is threshold frequency?

The threshold frequency is the minimum frequency of light required to eject electrons from
a metal surface in the photoelectric effect. It depends on the metal used.

6. How has the photoelectric effect been applied in real-world technologies or devices,

and what are its practical implications? ~——7

The photoelectric effect is used in various technologies, including:
o Solar cells: Convert sunlight into electricity.

+ Photodiodes: Detect light and convert it into an electrical signal.
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« Image sensors: In cameras and scanners.

¢ Smoke detectors: Detect smoke particles.

7. What are the advantages of an electron microscope over an optical microscope?

Higher resolution: Electron microscopes can achieve much higher resolutions than optical
microscopes, allowing for the observation of smaller structures.

Greater magnification: Electron microscopes can magnify objects to much larger extents.

Ability to image non-visible materials: Electron microscopes can image materials that are
not visible to the human eye.

8. Is it possible to create only an electron through matter and photon interaction?

Yes, it is possible to create an electron through matter-photon interaction. This process is

known as pair p i ere a high-energy photon is converted into an electron-
positron pair.
| 9
9. Give construction of electron microscope? l.l
An electron michB nsists of the following c¢ i
¢ Electron gun: Emits a beam of electrons "

o EIMﬂ.H Es's'F'cus and cont
EE N

¢ Specimen stage: Holds the sample to be

10. Elaborate the particle nature of electromag

The particle nature of electromagnetic radiatio
photoelectric effect, where light behaves as a colle
Each photon has a specific energy and momentum. This particle-like behavior is particularly
apparent at high frequencies and energies.

MZ=-INPONIM-BZ KN

Section (C) ERQS (Long Answered Questions):

1. Describe how energy is distributed over the wavelength range for different temperatures.

2. Explain the particle model of light in terms of photons with particular energy and
frequency. ~

3. Describe conservation laws in pair production and annihilation of matter.

4. Describe Compton's effect qualitatively.
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5. Explain how the very short wavelength of electrons, and the ability to use electrons and
magnetic fields to focus them, allows electron microscope to achieve very high resolution.

6. Describe the impact of de Broglie proposal that any kind of particle has both wave and
particle properties.

7. Describe the confirmation of de Broglie proposal by Davisson and Germer experiment in
which the diffraction of electrons by the surface layers of a crystal lattice was observed.

Section (D): Numerical:

1. The Sun's surface temperature is 5700 K.
(i) How much power is radiated by the Sun?

(ii) Given that the distance to Earth is about 200 Sun radii, what is the maximum power

possible from ﬁ meter solar energy installation?

(iii) What is the'Wa maximum intensity efse adi

(5.98 x 107 W/mFﬂﬂWaﬁs, 5.1x 107 m)

2. The temperatdre kin is approximately 3

peak occurs in the radiation emitted from your skig

3.AnF Mﬁﬂﬁl'*wer output ¢

MHz, Ho Fs&cond does the tfe
4. source of wavelength ill a mefal'a

maximum .OeV. cond lig

ejects photoelectrons with a maximum kinetic ef
function of the metal. (2 eV)

5. A 430 nm violet light is an incident on a calciu :
2.71 eV. Find the energy of the incident photons and the maximum kinetic energy of ejected
electrons. (2,88 eV, 0.17 eV)

6. Cut-off frequency for the photoelectric effect in some materials is 8x 10** Hz. When the
incident light has a frequency of 1.2x 104 Hz, the stopping potential is measured as —0.16 V.
Estimate a value of Planck’s constant from these data and determine the percentage error of
your estimation. (5.17 eV, 1.30 V)

7. The work function of some metals is 1listed below. The number of metals which will

show photoelectric effect when light of 300 nm wavelength falls on the metal is: ~

Metal Li Na K Mg | Cu Ag Fe Pt W
¢ ineV 24 | 23 | 22 | 37 | 48 | 43 | 47 | 63 | 475

(4 Metals)
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8. X-rays with an energy of 300 keV undergo Compton scattering with a target. If the
scattered X-rays are detected at 30° relative to the incident X-rays, determine the Compton
shift at this angle, the energy of the scattered X-rays, and the energy of the recoiling
electron. (0.35 pm, 278keV, 22keV)

9. A photon with a wavelength of 6.0x 10I? m collides with an electron. After the collision
the photon wavelength is found to have been changed by exactly one (Compton Wavelength
is 2.43x 102 m).

(i) What is the photon's wavelength after collision?

(ii) Through what angle has been deflected in this collision?
(if) What is the angle for the electron after the collision?

(iv) What is the electron's kinetic energy, in eV, after collision?
(8.4x 102 m, 90°, < 90°, 5.9x 10* eV)

10. Find the deﬂuo avelength of an electron in the ground state of hydrogen. (3.324°A)
em

11. Determine nimum uncertainties in the p

speeds are kno i cision of 1.0x10°m/s: (&
mass 6.0 kg. (5.‘¥' w
M 0 H E EEE
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Unit 26

JOIN Atomic

FOR physigshis::
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a2
Atomic Spectra: Mcc

Atomic spectra deal with the spectrum of frequencies of electromagnetic radiation emitted
or absorbed by an electron during transitions between different levels of energy within an
atom.

Optical Spectra:

An optical spectrum is obtained, when light passes through a prism or a diffraction- grating.
This spectrum can be obtained from the intensity and wavelength of the radiation.

(i) Continuous spectra: These are emitted by solids, liquids and dense opaque gases at high
temperatures. The spectrum of the sun, or of a black body, is a continuous spectrum. Gases
at low pressures emit line spectra.

(ii) Band spectra: These are associated with similar changes in the molecules under high

pressure. Emisﬂﬂin

(iil) Line spectra® e heir origin in the &

atoms of a gas. F 0 H

Spectral lines:

A line of i r velength em
EEE

The four visible lines occur at the w.
e set of lines is called the
Between

1 1

1
1. Lyman series~ = R —-—)
yman series - = Ru( - —

1 1 1
2. Balmer Series —=R ———)
almer Series 2 Rz

T 1 : | p £
3. Paschen Series = RH(— ——)

32 p?

¢ 1 1 : |
4. Lyman Series S Ry 4—2-5)

MZ=IMN>ONImMm-nd>

F 1  § i 3

5. Brackett Series w RH(S_z‘n_z)
g 1 1 1 3

6. P Fund Series - = RH(G_z__)

n2

Identification of Elements by Uniqueness of Spectra:

Each element has its own unique line spectrum which is referred as the "fingerprint"” of a
particular element.
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Bohr's Model and its Postulates:

In 1913, Niels Bohr introduced atomic model in order to give quantitative determination of
frequency emitted during de-excitation of an electron in Hydrogen atom.

The discovery of the electron in the late 19th century marked the beginning of a new era in
scientific research, helping physicists understand the structure and nature of atoms

Niels Bohr had a remarkable idea that explained the atom of hydrogen-consist of a proton
and an electron revolving around the nucleus.

The following are the postulates of Bohr

Postulates I:

The electron in a hydrogen atom orbits the nucleus,

2

Fe="—
.r.?.
Postulates II:
The magnitude r momentum L of the

2
EEN
where h is called Plank's constant j iti
Postula

emits radiation (photon) when the electron makes a transition
from a higher energy state (E) to the lower energy state (Ep).

hv = En - Ep

MZ=-INPONIM-BZ KN

where v is the frequency of emitted photon.

Bohr's radius:

g

The electron revolving around the nucleus is in uniform circular motion and thus
experiences a centripetal force. Here centripetal force is provided by electrostatic force—__=
between electron and proton.

2
e 1

af
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force (Fe=k ‘hqz)between the electron (g1 = —e) and the proton (g2 = +e) separated by the
r2

orbital radius r is given as.

2
Fooke -

1"2
where k = 9.0 x 10° Nm?C?is called Coulomb's constant.

The electron can only move in a particular orbit if the above two forces are balanced each
other.

Comparing equation (1) and (2)

Ke?
= e st

=
From Bohr's postul )
N mr = 4
V=
270
F 0 n ni

2
V2=
472

L
= m-
M B

Ke” =
Since, K = =
1 , n’h?
4rg,  4n*mr
_ gn’h?
"~ zame?
Where,

h=6.63 x 103%s
m=9.1x 103 ka
£0=8.85 x 10'12c2/Nm?
£= foh?

where ro = 5.29 x 101%-m = 0.53A° is called Bohr's first orbit.

MZ=INPONImM-dpZ S
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Orbital Energy of hydrogen atom:

The allowed energy levels and quantitative values of the emission wavelengths of the
hydrogen atom can be calculated from the postulate (3) suggests the qualitative existence of
a characteristic discrete emission spectrum and corresponding absorption spectrum for

hydrogen. The electron has kinetic energy (K = %mvz) and electric potential energy (U = -

qu;q"'), The total energy will be
E=K+U
1 . Ke?
E :EmV ———

2
Putting the value of mv? = KTE in above

Excitation & lonization Energy:
Excitation:

The process of transferring energy to an atom or molecule, raising it to a higher energy state,
often resulting in the emission of photons as it returns to its ground state.

lonization Energy:

The minimum energy required to remove an electron from an atom or molecule, resulting in
the formation of an ion.

The spectrum of Hydrogen atom:

The electron in a hydrogen atom can jump between quantized energy levels by emitting or
absorbing Photon for some different values of wavelengths. Any such wavelength is often
called a line spectrum which can be absorption or emission lines. The lines for hydrogen are
said to be grouped into series, according to the level at which upward jumps start and
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downward jumps end. The formula for these series corresponding to the different
wavelengths can be obtained from equation

me*

 8n2a2h?
The frequency of the photon emitted when the electron makes a transition from an orbit to
an inner orbit as stated in postulate -lIl.

_ En-Ep

" h

me*

T 8n2&h?

me*

p _81728(2})‘12

me? )
nzszhz 8p2£§h2
me?* [

agzn3

1_ me*

i 8c2h?

where Ry s0—=—== ﬁ Elir' 'IS called Rydhe
mmm i RH 1

p?

X-

These are powerful electromagnetic rays of highk
objects, including the body.

Most of them have a wavelength ranging from 0'@
frequencies 3 x 10%° Hz to 3x10%® Hz.

X-rays are used to generate images of tissues and structures inside the body.

LASER :Light Amplification by Stimulated Emission of Radiation:

Lasers are designed to produce and amplify this stimulated form of light into intense and
focused beams. Compared to conventional sources of ordinary light, the light from a laser is

quite intense, monochromatic, and emitted in a unidirectional beam limited by diffraction. _,

Stimulated or Induced Absorption:

When an atom induced by the photon (energy packet and do transition to one of its allowed
states (excited state) called Stimulated Or induced absorption.

Spontaneous Emission:
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The process of photon emission by an excited atom with no external influences is called
spontaneous emission.

Stimulated Emission:

Radiation, which occurs as a result of external exposure, is called induced or stimulated. In
the stimulated emission two photons are involved: the primary photon, causing the emission
of radiation by an excited atom and the secondary photon emitted by the atom.

Population Inversion:
Population inversion is a key to produce laser light.

The process of achieving a greater population in a In addition to induced higher energy state
compared to a lower energy state.

Population inversion cannot be achieved in a two energy level system, at normal conditions;
the number of electrons in the lower energy state (E1) is always greater as compared to the

number of eleﬂrg vaher energy state (Ez).
Metastable States:

Consider a syste;Fuﬁ of three energy le
energy level of E¥lis E; and Es, the energ

Es, and the energy level of Es isireater than E; 3

referred t ing a life timg

Ground State E1 Ground State E1

He- Ne Gas Laser:
The helium-neon laser was the first continuous wave (CW) laser ever constructed.
It was built in 1961 by Ali Javan, Bennett, and Herriott at Bell Telephone Laboratories.

He-Ne lasers are commonly used in school laboratories and in older barcode readers. The
schematic diagram of He-Ne laser is shown below
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Anode

Helium-neon gas reservoir l

Output > High
coupler Glass envelope reflector
Figure 26.15 Schematie diagram of He-Ne laser

Helium-neon laser construction:
The helium-neon laser consists of three essential components:
Pump Source (high voltage power supply):

The pump energy of the laser is provided by an electrical discharge of several hundred Volts
between an anode and cathode at each end of the glass tube. A current of 5 to 100mA is
typical for laser operation.

Gain Medium r tube or discharge glass tube):

Figure shows a ube contains a lo
between 5:1 and 20:1 bound in a glass tube. Thg

whereas that of Rmbar

Resonating C ﬂ

The glass ini e of helium 3

mirrors. B E red or optic

The left si i I silvered and is kn
mirror is fully silvered and is the Hig

fully s irror will e whergas

most part of the light but allows some part of the

Laser Operation:

This electrical excitation raises the helium atom into a meta-stable state with energy

eV above the ground state. Neon has a meta-stable state with energy 20.66 eV above its
ground state. Collision of the excited helium atoms with the ground-state neon atoms results
in transfer of energy to the neon atoms, exciting neon electrons. The difference between the
energy states of the two atoms is in the order of 0.05eV, which is supplied by kinetic energy.

MZ=-INPONIM-BZ KN

The number of neon atoms in the excited states builds up as further collisions between
helium and neon atoms occur, causing a population inversion. Spontaneous and stimulated
emission results in emission of 632.82 nm wavelength light.

Properties and Uses of Lasers: ~—7

Properties of Laser: N

The properties of laser light are very strange as compared to conventional light. The factors
that make laser light prominent are: Monochromatic, Highly Intense or Brightness
Coherence and Directionality
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1. Monochromatic:

A single color or wavelength light is called monochromatic. The light emitted from ordinary
light sources has different wavelengths, or colors. However, laser light has a single
wavelength or color.

2. Highly Intense or Brightness:

The characteristics of coherence and directionality of the laser makes laser light highly
intense as compared to conventional light. It is the power emitted per unit surface area per

unit solid angle. A one milli watt He-Ne laser is more
intense than the sun intensity. W

3. Coherence:

Two or more waves of same frequency are said to be
coherent in nature if they have constant phase difference. A —~ _ .

- ”~ .\\ ://_H_ \ / );' f
amplitude and phase at any ; 7a\Y/a\Y/a\"

predictable corr

one point withJﬂrlﬂis called coherence
light the property of Co ce occurs betweeng
more light Cohergac . Where as in conve
light, the propeffﬁﬁe exhibits between
and its virtual solirc

The light serpi

rce travels in all directions. For.

t travels in a 8i

Uses of Lasers:
Lasers are widely used in many fields some of the
1. Tools:

» Cutting tools are typically precise, and also simple to automate. They do not require
sharpening, unlike that of knives.

MZ=-INPONIM-BZ KN

» Robot-guided lasers are widely used for the cutting of pieces of cloth.
» Laser tools are used in corneal surgery, restoring a detached retina of eye, and
removing kidney stones.

2. Communication: N

» Lasers are used in Barcode scanners to convert a printed barcode into a number.

» A semiconductor laser beam helps to convert the printed pattern of data into
numbers in a CD/DVD.

» In Photonics, lasers are used in fiber optic cables.
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3. Defence: iMcc

» In defence field, the military employs laser-guided guns and missiles.

» Laser range-finders use high-resolution scanning to find the distance and speed from
an object that is located beyond the point-blank range.

4, Medicine:

» In medicine, the laser beam is used as part of phototherapy for many procedures.
» The development of laser technology in recent decades has enabled the creation of a
new field of medicine laser surgery.
» Lasers have uses in dermatology, ophthalmology, urology, rheumatology and
dentistry.
5. Holography:

» Holography is a true three-dimensional image recording on film by asers. Holograms

Safe HandlingE UR
» Only traified Satithiofized personnel may @perate

from the authorized laser user and the L

MBREHT

Keep beam paths below or:

s other peo
» Do not damage laser protective housings
housings.

A%

Eliminate all reflective material from the i
Never use viewing instruments to look directly into a laser beam.
install an appropriate filter into the optical element assembly.

A%

IS IS necessary,

A%

Keep ambient light levels as high as operations will permit.
Do not work alone when performing high power laser operations.

Y

MZ=IMN>ONImMm-nd>

EXERCISE

Section (A): Multiple Choice Questions (MCQs)
Choose the correct answer: ~—
1. Atomic spectra are also known as:
(a) Discrete spectra (b) Line spectra

(c) Emission spectrum (d) Continuous spectra

m-ZmN OZ=INPON IM-D>Z FN
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2. The ratio of kinetic energy to total energy for an electron in a Bohr orbit is:
(a)1:1 (b) 2:3 (c)1:2 (d)2:1

3. The Bohr radius increases as the principal quantum number:

(a) increases (b) decreases (c) remains constant (d) oscillates
4. Laser beams consist of:

(a) Highly coherent electrons (b) Highly coherent photons

(c) Highly coherent phonons (d) Highly coherent neutrons

5. The ruby laser is an example of:

(a) Optical pumping (b) Electrical pumping

(c) Chemical pumping (d) Thermal pumping
6. Laser action r ‘ ium with at least:
(a) Three enerﬂnl “ (b)
(c) Two energy lengl (d) Fi
7. Population inantBrs in:

(a) Active medium (b)

(c) GaseoMalﬂ E ' ' ' (d)
EEE

8. X-rays transfer to metals.

(aW (c)

9. X-rays are deflected by:

(a) Magnetic fields  (b) Electric fields (c)

10. Doubling the voltage of an X-ray tube:
(a) Halves the intensity (b) Keeps the intensity unchanged

(c) Doubles the intensity (d) Quadruples the intensity

Section (B): CRQs (Short Answered Questions):

1. Why do different elements have different spectra?

Different elements have unique spectra because they have different arrangements of
electrons.

Each element has a specific number of protons and electrons, which determines the energy
levels available to the electrons. When electrons transition between these energy levels,
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they emit or absorb light of specific wavelengths, creating a characteristic spectrum for that
element.

2. In the Bohr model, how many times larger is the radius of the fifth Bohr orbit compared
to that of the first Bohr orbit?

In the Bohr model, the radius of the fifth Bohr orbit is 25 times larger than the radius of
the first Bohr orbit. This is because the radius of a Bohr orbit is proportional to the square of
the principal quantum number (n). For the first orbit, n = 1, and for the fifth orbit, n = 5. So,

5.!
3. What is the difference between X-Rays and Gamma Rays?

Both X-rays and gamma rays are types of electromagnetic radiation, but they differ primarily
in their origin.

e X-rays are produced when high-energy electrons collide with a target material,

typically I“collision causes the electrons to decelerate, emitting X-rays.

¢ Gamm ed from the nucleds of an 3 i i e deca
nuclear reactions. They are often associa : DI :
nuclear supernovae.

4. Sate tMEEﬂ 'hich makes i
X-rays ar B @&Fa€ks in bones dde
but y den€er materials

« Differential absorption: Bones absorb m

contrast that allows doctors to visualize

o Short wavelength: The short wavelength of X-rays makes them suitable for high-
resolution imaging.

5. What is the energy of a photon that, when absorbed by a hydrogen atom, could cause
an electronic transition from (a) them n=3 state to the n=5 state and (b) the n=5 state to
the n=8 state?

6. What are the (a) wavelength range and (b) frequency range of the Lyman series and the

Balmer series? ~—7

Lyman Series:
¢ Wavelength range: 91.2 nm to 121.6 nm

« Frequency range: 3.28 x 10715 Hz to 2.47 x 10715 Hz
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Balmer Series:
¢ Wavelength range: 364.6 nm to 656.3 nm

 Frequency range: 8.20 x 10714 Hz to 4.57 x 10714 Hz

7. Distinguish between spontaneous and stimulated emission.

Spontaneous emission: An excited atom emits a photon randomly, without external
influence.

Stimulated emission: An excited atom emits a photon when it interacts with a photon of the
same energy, resulting in two identical photons.

8. Explain why population inversion is necessary in a laser?

Population inversion is necessary in a laser to achieve lasing. It occurs when there are more
atoms in a highe than in a lower energy state This condmon allows for

stimulated em ate over absorptiop
the production of a coherent laser beam.

9. In an opticall ser, the light that ca
wavelength tha eam. Explain
The pum ped laser must fia

beam. Thﬁﬁrﬂt}iiht must provig

hlgher en mplight had a long
rgy to cause the necessary ex

10. A hy isin i exgifed state

the electron, (b) the potential energy of the
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Section (C): ERQs (Long Answered Questions):

1. What are the postulates of Bohr's Model of hydrogen atom? Discuss the importance of
this model to explain various series of line spectra in hydrogen atom. Do any of the
assumptions of the Bohr's theory of hydrogen atom contradict with the classical Physics?

Derive the expression for total energy of electron in nth Bohr orbit and show that- E, a niz

2. How X-rays are produced? State the purpose of cooling fins in the X-ray tube.

3. Explain why X-rays are appropriate in study of crystalline structure material? Write some
main properties of X-rays.

4. What is Laser? Write the characteristics of Laser light. Can a two-level system be used for
the production of Laser? Why?

5. What is pumping? What are the different methods of pumping? Explain optical pumping.

6. What is the priaci fhkaser? Write the construction and working of Helium-neon laser.
7. Give some EJ :I rties of lasers. AlsQuwri uses of iz i jeld o

medicine, defence and communication.

8. What is wave Fﬂrﬁrive the expression

9. Derive the expression for Bohr's radius and dé

“MOREI!
\___).ao):

1. Calculate the energy of an electron in the n =

the Bohr model. (Ans. -5.447 x 10 j)

2. Calculate the speed of the electron if it orbits in(a) the smallest allowed orbit and (b) the
second smallest orbit? (c)If the electron moves larger orbits, does its speed increase,
decrease, or stay the same? (Ans. (a) 2.19x 10°m/s (b) 1.09 x 10°m/s (c) the speed of the
electron will decrease)

3. What are the (a) energy, (b) magnitude of the momentum, and (c) wavelength of the
photon emitted when a hydrogen atom undergoes a transition from a state withn-3to a
state with n=1? (Ans. (a) 12.1 eV (b) 6.45 X 10?7 N.s (c) 102 nm)

4. What is the energy of the photon emitted by hydrogen atom when the hydrogen atom
changes directly from the n=5 state to the n=2 state? (Ans. 2.85 eV)

5. How much work must be done to pull apart the electron and the proton that make up the
hydrogen atom if the atom is initially in (a) its ground state and (b) the state with n =3? (Ans.
(a) 13.6 eV (b) 1.51 eV)
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6. (a) What is the wavelength of light for the least energetic photon emitted in the Balmer
series of the hydrogen atom spectrum lines? (b) What is the wavelength of the series limit?
(a) 659 nm (b) 366 nm)

7. A laser emits light with a wavelength of 632.8 nm and has a power output of 55 mW.
Calculate the energy of one photon emitted by this laser. (Ans. 3.14 X 10° ))

8. Calculate the wavelength of X-rays if the energy of one photon emitted by the X-ray
machine is 1.9878x 10° joules. (Ans. 0.1 nm)

JOIN
FOR
MORE!!!
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Chemical
Mass number (A)  symbol

.,3!.‘.‘.‘,:,4H
D = e

Atomic number (A)

Isotopes:

Two or more forms of the same element that contain equal numbers of protons but different

numbers of neutrons in their nuclei, and hence they differ in relative atomic mass but not in
chemical properties.

Isotopes are Jn m:
Stable isotope how any radioactiy

?le-

Radioactive |5Fﬂﬂ

They are unstable and show radioactivity. Some

Every ele ie tabie naturally ocgu
opic forms, although some m e preva

Foru : have the same

Oxygen: About 99.76% of oxygen in nature is Oxyg

Oxygen-17 and Oxygen 18 are also found in mug

Uranium: The naturally occurring isotopes of uranium are Uranium-238 (99.3%) and
Uranium-235 (0.7%). Uranium has 35 known isotopes. The most stable isotope of uranium is
uranium-238, which has 146 neutrons.

Hydrogen: Hydrogen has only three isotopes: protium, deuterium, and tritium. Protium has
no neutrons, deuterium has one neutron, and tritium has two neutrons.

Mass Spectrograph:

A mass spectrograph is a device that can be used to separate isotopes of an element based
on their mass and it works by accelerating charged particles through a magnetic field. The
particles are then deflected by the magnetic field, and the amount of deflection is
determined by the mass of the particle.
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Bainbridge mass spectrograph is a type of mass spectrometer that uses a combination of
electric and magnetic fields to separate lons according to their charge-to-mass ratio. It is
named after its inventor, Kenneth T. Bainbridge, who developed it in 1933.

Principle:

The fundamental principle behind the Bainbridge Mass Spectrograph is the application of
magnetic and electric fields to separate and measure the masses of charged particles,
typically lons. This separation is based on the principles of magnetic deflection and kinetic
energy.

The Bainbridge mass spectrograph consists of three main components: an ion source, a
velocity selector, and a magnetic analyzer.

The ion source is where the lons are produced. The lons are typically produced by
bombarding a sample with electrons, which knocks electrons out of the atoms, creating
positively charged lons.

The velocity sele ﬂ }N' o select lons of a particular velocity. The lons are passed
through a regnd d magnetic fields,fwr 3 ylonsofa

certain velocity can pass through.

The magnetic arfzﬂ d to separate the lohs'@ .
The lons are pas a region of magnetic fi

determined by their charge-to-mass ratio.

The lons lmagnetic angd
as a phot I g futer.

AscC tic diagram showing t ction ¢
in Figure, bea ons prodéted in a difc

beam by the two slits S1 and Sz. After emerging
velocity selector.

—1— 5
The velocity selector consists of two plates E and ——
B1, between which a steady electric field is 3 : 3 E] f e \B.
maintained in a direction at right angles the ion B SE ol f
beam. M Wy My <=

The electric field and the magnetic field of the
velocity selector are so adjusted that the
deflection produced by one is exactly equal and
opposite to the deflection produced by the other
so that there is no net deflection for lons having a
particular

Xe = Biev
X
v = —
B,
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The lons were accelerated to a known kinetic energy, ensuring that all lons of different
masses had the same kinetic energy. Positive ions entering the evacuated chamber are
subjected to a perpendicular electromagnetic field of intensity B, causing them to follow
curved paths. The curvature depends on their charge-to-mass ratio (e/m), with heavier ions
curving less than lighter ones. This method is very accurate due to the linear mass scale.
When a charged particle with mass m and charge e is accelerated through a potential
difference v, it gains a velocity v, given by

—mv?i=eVorv=

2eV
2 m

When this charged particle moving with a velocity v enters a magnetic field B in a direction
perpendicular to the field, the force acting on it due to the field is Bev acting in a direction at
right angles to the direction of motion of the charged particle and that of the magnetic field.
The particle, therefore, moves along a circular path of radius r given by

JOIN ==
Ber =
Putting v in aboFﬂ n
"' Ber
MORE!!! -

NZ=IN>ONIM-0dDZ S

m = Be
By squaring we get
2,.2..2
2 Bce“r
2eV
_ BZer?
m="y

The mass of each ion reaching the detector depends on the value of B2.

By changing B and keeping other variables constant, ions of different masses can be directed
into the detector. ~

This allows us to create a graph of detector readings versus B, identifying the masses and
quantities of the ions present. Multiple peaks in the mass spectrum indicate different
isotopes of the same element.

Radioactive Decay:
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Radioactivity is the process by which an unstable atomic nucleus loses energy by radiation. A *Mcc
material containing unstable nuclei is considered radioactive.

There are two types of radioactivity:
1. Natural Radioactivity:

Natural radioactivity is the radioactivity that occurs naturally in the environment. is caused
by the decay of unstable isotopes of elements that are found in the Earth's crust, such as
uranium, thorium, and potassium-40.

2. Induced Radioactivity:

Induced radioactivity is the radioactivity that is created by bombarding a stable material with
radiation, such as neutrons or protons. This can be done in a nuclear reactor or particle
accelerator.

The main difference between natural and induced radioactivity is the source of the radiation.

In natural rad udw“ l“diaﬁon comes from the
themselves.

In induced radio8éti radiation comes fro
destabilize their

Radioactive Decay Process:

The natu l \Ll was specific to

greater t H'E 2 560 identified typ

]
ing they change into other oms B 1! I!
energy e ay of deta

Alpha Decay:

All atomic nuclei with a proton number (Z) greater than 83 and a mass number (A) greater
than 209 undergo spontaneous transformation into lighter nuclei by emitting one or more
alpha particles, which are equivalent to helium-4 nuclei.

i
A
S
T
E
R
-
O
A
-
H
]
Rl
G

Ax 4ty ape+
where X is parent nuclei, Y is daughter nuclei and He is alpha particle.
Examples of alpha decays are:

238U ; 234Th g 4He

Beta Decay:

The beta-decay is a spontaneous process in which mass number of the nucleus remains
unchanged, but the atomic number changes by unity (AZ = +1).

Im=-lZmn l.'lz-:l:n:Don Im-n>2 5N
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The change in atomic number due to emission of an electron, emission of positron or by
capture of an orbital electron (K-capture).

If the daughter nucleus doesn't have the right ratio of neutrons and protons to stay stable, it
can change through beta decay to become more stable.

There are three types of B-decay processes depending upon their mode of decay:

» - decay (electron emission),
» P+ decay (positron emission) and
» electron capture.

B-Decay (Electron Emission):
General equation of electron emission is:

A A 0
e e e +

Whenever, the n refmeutron is more than the number of proton then negative beta
decay happensgl [IzN;, a neutron is transformed into 3 :
Here is an examf 0 n

14
This equaMsﬁE '1':1( of carbon-14|(

issi ‘ u
emission B . . = ; -
B+sDecay (Positron Emission): l-l.
Also known : ecay.
|

r
= “pp

—

General equation of positron emission is: #. -
A O
gy ——3Y

Whenever, the number of proton is more than the number of neutron then positive beta
decay happens. In this process, a proton is transformed into a neutron:
1Ip————n+ e
Here is an example:
e——> e+ %

This equation represents the decay of carbon-11 (¢C*!) into boron-11 (sB*!) with the
emission of a positron (e”).

Electron Capture:

In this process an electron from K-shell of the atom is captured by the nucleus to form a new
nucleus and a photon is emitted:
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In this process, atomic number Z is decreased by one but mass number A remains the same.
In this case a proton in the nucleus is converted into a neutron by capture of an orbital
electron:

I+ e ———— In+hv

An example of electron capture is the decay of Krypton-81 into Bromine-81:

56K + _je ————— 53Br

In this reaction, the atomic number drops from 36 to 35, while the mass number stays at 81.
Gamma Decay:

During gamma decay, there is no change in mass number A or atomic number Z. An excited
nucleus is denoted by an asterisk (*) after or over its usual symbol. Thus 35587 refers to 33S%’
in an excited state. The general equation for gamma decay is:

72X ————dKg

Here is an exar&&lf“-decay:

$9Co*

This equation reFﬂﬂ decay of an excited
state of cobalt-60!(5 th the emission of a amjaﬁ
' i .

rarticle Symbols

B~ (-te)
beta
B (Je) positron

gamma Y Photon 0 energy loss

MZ=-INPONIM-BZ KN

Law of Radioactive Decay:

The law of radioactive decay states that the rate of decay of a radioactive sample at any
instant is directly proportional to the number of atoms present at that instant.

The Spontaneous and Random Nature of Radioactive Decay:

Radioactive decay is both spontaneous and random.

Spontaneous process:
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(i) Temperature

(ii) Pressure

(iii) Chemical conditions
Random process:

It is a process in which the exact time of decay of a nucleus cannot be predicted The random
nature of radioactive decay can be demonstrated by observing the count rate of a Geiger-
Muller (GM) tube.

(i) When a GM tube is placed near a radioactive source, the counts are found to be irregular
and cannot be predicted.

(ii) Each count represents a decay of an unstable nucleus.

(ii) These fluctuations in count rate on the GM tube provide evidence for the randomness of
radioactive deca

The nucleus h obability, ie. the sag
Therefore, with large numbers of nuclei, it is possi

the entire groupF 0 n

Activity

Sometim ﬂvﬂ Eega!qi in the decayjra
Th ivity A of a radioactive samj

unit of time®

Ifa radioactive sample contains N atoms at any

where negative sign shows that activity decreases with time. According to law of radioactive
decay

AN
—=—JN
At
Therefore,
A=AN
Since, N = Noe™, so ~
A = ANe™

Putting A, = AN, in above equation, we get

A= Aje™
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The equation A = AN and A = A.e™ are alternative forms of the law of radioactive decay.

Exponential Nature of Radioactivity:

Radioactive decay follows an exponential decay pattern. This means that the rate of decay
proportionally decreases with the remaining amount of radioactive material and it can be
visualized graphically by decay curve.

» The key features of the exponential nature of radioactive decay include:

» The rate at which radioactive atoms decay is proportional to the quantity of the
substance present.

» When plotted on a graph, the decay curve is a smooth, continuous curve that
approaches but never reaches zero.

» The curve demonstrates a steeper decline at the beginning (short times) and a

gradual d S ime progresses.
» While n i when a specific atom will decay, we can predict the
probab ithin a certain timg|fr

Half-Life (T1):
2

The half-life of a radioactive substance is the timg i ial@mdbat’of the

substanc imto another el

atom and BRI :J!e' its radioacti
HEBR

Decay Constant (A):

TMe at Which

Formula:

The half-life formula is:

Where:

T is the half-life
2

In(2) is the natural logarithm of 2 (approximately 0.693)
A is the half-life constant (decay constant)

This shows that the half-life is inversely proportional to the decay constant. A higher decay
constant means a shorter half-life, and vice versa.

Mass Defect and Binding Energy:
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When examining the nucleus of an atom, we find that its mass is actually less than the
combined mass of its protons and neutrons. This discrepancy is due to the strong nuclear

forces holding the nucleus together. To better understand this phenomenon, we need to
learn some important terms.

Mass Defect and Binding Energy or the Hidden Energy within Atoms:
Mass Defect:

Mass Defect refers to the difference between the total mass of individual protons, neutrons,
and electrons in an atom and the actual mass of the atom.

Binding Energy:

Binding Energy is the energy required to break apart the nucleus of an atom into its
constituent protons and neutrons. Exploring the Connection.

JOIN,

energy

NuclearMﬂ»B E EEE
cess that involves a chan ucleus

Mathematically,

X+x—=2Y

Where,

X is the target

x are the projectiles

y are the ejectiles

Y is called the residual(product) nucleus.

Rutherford produced the

Energy Released from Nuclear Reactions: ~ >

The energy is either absorbed or emitted which is called Q value and it is equal to the mass
defect. The Q value can also be defined as the difference between the rest energies of X and
x and the rest energies of Y and y:

Q= (mx + my—my — my)c?
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Conservation of Atomic and Mass Numbers:

Whenever there is a nuclear decay, there is always some physical quantities need to be
conserved or remain constant.

The following are rules for any nuclear reaction:

1. The total of the atomic numbers (Z) on the left is the same as the total on the right of the
given equation because charge must be conserved.

2. The total of the mass numbers (A) on the left is the same as the total on the right of
equation because nucleon number must be conserved.

Nuclear Fission and Fusion:
Nuclear Fission:

The splitting of a heavy nucleus (A > 230) into two medium-mass nuclei in a nuclear reaction
with the release I"rl“nt of energy due to mass defect is called nuclear fission.

For example, nucleus (U-235) isftbombarded by a slow moving neutron
(called thermal neutron), the U-235 nucleus splifs i

release of huge F:ﬂ nnergy.

Neutron

(Unstable)

Nuclear Fusion:

The process of combining two light nuclei to form a heavy nucleus with the release of huge
amount of energy due to mass defect is known as nuclear fusion.

H He'

tritium helium

3
l,l neutron

deuterium
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Fission Chain Reaction:

The nuclear fission which once started continues till all the atoms of the fissionable material
are disintegrated is called chain reaction. How chain reaction is initiated in uranium by a
single neutron. When a single neutron initially causes the fission of ,02U%% nucleus, 3
neutrons are released along with huge amount of energy. These 3 neutrons in turn cause
three more nuclei to split, thereby liberating a total of 9 neutrons and so on. The process
proceeds very quickly and in a very short time the whole of the uranium undergoes fission.

.ggm
@
P

By — @
&
b

‘®

v 250

\
¢
i
HEE

For the fission to be self-sustaining, the number of emitted fission neutrons should be more
than the incident ones. Under such conditions, the fission neutrons keep on increasing, thus
maintaining the chain reaction. A very common term, called neutron multiplication factor
(or reproduction factor), is often used in chain reaction. It is represented by k:

MZ=-INPONIM-BZ KN

rate of production of neutrons

rate of loss of neutrons

g
(=]

Obviously, for chain reaction to be self-sustaining, the value of k must be greater than 1-Fhe~
value of k > 1 means that neutrons increase or multiply with time.

There are two types of fission chain reactions (according to neutron multiplication factor k):

1. Controlled chain reaction: T
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A controlled chain reaction is a chain reaction in which the number of neutrons produced
can be controlled.

This allows for a sustained release of energy, which can be The atomic bombs dropped
2. Uncontrolled chain reaction:

An uncontrolled chain reaction is a chain reaction in which the number of neutrons
produced cannot be controlled. This results in a sudden and rapid release of energy, which
can be destructive. For example, atomic bomb.

Nuclear Reactor:

A nuclear reactor is a device in which controlled fission chain reaction takes place. A nuclear
reactor is also known as nuclear pile or atomic pile.

Such a system was first achieved with uranium as the fuel in 1942 by Enrico Fermi. He used
uranium-235 isotope that releases energy through nuclear fission. The schematic diagram of

nuclear reactor. l 0 I N
fanment

Con

The following are the main components of the nu
Fissionable Substance:

Nuclear reactors use fuel, typically enriched uranium or plutonium, to sustain the fission
chain reaction. The U-235 is fissionable, but uranium from ore typically contains only about
0.7 percent of U-235, with the remaining 99.3 percent being the U-238 isotope. Because
uranium-238 tends to absorb neutrons, reactor fuels must be processed to increase the
proportion of U-235 so that the reaction can sustain itself. This process is called enrichment.

Moderator: .

The function of the moderator is to slow down the highly energetic neutrons produced in
the process of fission of U-235 to thermal energies. Heavy water (D20), graphite, beryllium,
etc., are used as moderators. Ideally, moderators have low atomic weight and low
absorption cross-section for neutrons.
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Control Rods:

Control rods are made of materials like boron or cadmium that absorb neutrons, regulating
the rate of the fission chain reaction. By adjusting the position of control rods within the
reactor core, operators can control the power output and maintain stability.

Coolant:

Coolant circulates through the reactor core to transfer heat away from the fuel and other
reactor components. Common coolants include water, heavy water, or gases like helium or
carbon dioxide. The heated coolant then transfers its thermal energy to a secondary loop
containing water, which turns into steam. This steam drives turbines connected to
generators, producing electricity.

Protective Shield:

In @ nuclear reactor, there are many types of harmful radiations emitted which are

dangerous for all ifigs. In order to protect from these radiations, the reactor is
surrounded by gical shield.

Nuclear Radiation Exposure and its Biological Effecgs:
Exposure is deﬁrF Pﬂmount of ionization
standard pressure (S™P), tsfunit is | roentgen = |
There are iation exposure
1. Extern r[ rs when a pe
outside the body, such as an X-ray, ine or a

2. Inter iati rs when a pefson In

which can then accumulate in the body and emig r

Radiation exposure can also be measured in other
(mSv), and microsieverts (uSv).

Biological Effects of Radiation:

When radiation is absorbed by matter, especially living tissue, it can induce significant
changes. The biological effects of radiation are diverse and depend on several factors,
including:

MZ=-INPONIM-BZ KN

Type of radiation: Each type interacts differently. Alpha particles, while unable to

penetrate deeply, cause disorder within cells they reach. Beta particles travel farther but
deposit less energy, while gamma rays can pierce through tissues, potentially affecting
multiple organs. ~—~72

Dose absorbed: This quantifies the energy deposited per unit mass of tissue. Higher
doses generally translate to more pronounced effects.
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Duration of exposure: Acute (short-term) exposure like an X-ray differs from chronic
(long-term) exposure from environmental sources or occupational hazards. Individual
sensitivity: Age, health status, and genetic predispositions can influence susceptibility.

The biological effects of radiation include:

Acute radiation syndrome (ARS): High-dose exposure can trigger ARS, a complex

condition affecting multiple organ systems with symptoms like nausea, vomiting, hair loss,
and bone marrow suppression.

Cancer risk: Chronic low-dose or high-dose exposures can increase the risk of various
cancers, depending on the affected tissue.

Genetic effects: Germ cell mutations can lead to congenital disabilities in offspring.

Reproductive issues: Fertility can be impaired, and miscarriage risk may increase.

Development arly exposure in uterus can affect fetal development, causing
physical and ¢ ents.

Dosimetry: F 0 H

Dosimetry is the science of measuring and quanfifyi

that deal :1 'f'adiation with
exposure
HEBR
Components of Dosimet
1. Absor mount offfadiation e

material. Measured in Grav (Gy), it is @ pivotal
tissues.

2. Equivalent Dose: Not all radiation types have the same biological impact, even if their
absorbed doses are identical. To account for this, radiation weighting factors are introduced
to derive the equivalent dose. Measured in Sievert (Sv), it provides a more biologically
relevant dose metric.

3. Effective Dose: Considering that different tissues have varying sensitivities to radiation,

tissue weighting factors are used. The effective dose, also in Sieverts (Sv), offers a measure
that summarizes the potential overall harm to the whole organism.

4. Operational Dose Quantities: These are practical quantities used for routine
monitoring in radiological protection. They are designed to estimate effective dose or
equivalent dose to a particular tissue. Examples include ambient dose equivalent and
personal dose equivalent.
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Dosimetry is performed using devices known as dosimeters, which can be worn by people
working with or around radioactive materials to monitor their exposure levels. These devices
can measure and record the dose of radiation over time.

Medical Uses of Nuclear Radiation:
Medical use of nuclear radiation is quite common today's hospitals and clinics.

It contains various diagnostic and therapeutic applications that control the properties of
ionizing radiation to diagnose and treat diseases.

Some examples include:
Imaging:

X-rays: The workhorse of medical imaging, X-rays utilize electromagnetic radiation to reveal
fractures, bone structures, and internal injuries.

CT scans: Com nultiple X-ray images, CT scans provide detailed cross-sectional views
of organs and ingin diagnosing tumoys; Trfe : errar pleeding:
PET scans: Posi ission tomography (PE i .
metabolic activi W body, uncovering ca@n
disorders.
Nuclear i "T .

[ =
Bone sc EEm [ -J

et

u
Ra ive tracers identify bone di like o Hn%w fh
|
m

Thyroid scans: .

Radioactive iodine helps diagnose and treat thy
Lung scans:

Technetium-99m helps assess lung function and detect blood clots.
Treatment:

Radiotherapy:

Harnessing the destructive power of radiation, targeted beams are used to shrink and
destroy cancerous tumors with remarkable precision. This non-invasive therapy plays a
crucial role treating various cancers, often in conjunction with surgery and chemotherapy.

Brachy therapy:

Radioactive implants placed directly within tumors deliver high doses of radiation locally,
minimizing damage to surrounding tissue. This approach is particularly effective for treating
prostate, cervical, and head and neck cancers.
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Radioisotope therapy:

Radioactive isotopes are used to treat specific conditions like hyperthyroidism (radioactive
iodine) and blood disorders (radioactive phosphorus).

Other Applications:
Pain management:

Radiofrequency ablation utilizes radio waves to heat and destroy nerve tissue, offering pain
relief for chronic conditions like back pain and arthritis.

Sterilization:

Medical instruments and equipment are sterilized using gamma radiation, ensuring sterility
and preventing infections.

Exposure of radiation:

This process cr&ﬁiﬂ particles (lons) and free ra
structures and esses. Examples oflionizi
X-rays: Electrom jation produced by higl
rays are commo edical imaging, secur
Gamma rays: High-energy electromagnetic radi i
processe OREIII-I'm radioactive |
Gammar &l aging (gamme
stegilization processes.

Alpha paws are aitted dur

ingested.

Beta particles: Beta particles can penetrate deepé 3pe
less damaging. They are used in medical imaging (positron emission tomography) and
radiation therapy.

Neutrons: Neutrons can induce nuclear reactions and are used in neutron activation
analysis, neutron radiography, and certain types of cancer therapy.

Cosmic rays: High-energy particles from outer space continuously bombard Earth's
atmosphere, generating secondary radiation that reaches the surface.

Industrial applications: Gauges, sterilization processes, and smoke detectors often
employ ionizing radiation for various industrial purposes.

These forms of ionizing radiation have various applications in medicine, industry, research,
and other fields but require careful handling and monitoring to minimize risks to human
health and the environment.
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Uses of Radioactive Tracers:

One of the most important uses of nuclear radiation is the location and study o diseased
tissue. This can be done by radioactive tracers.

Radioactive tracers are radioactive substances that are used to track the movement and
behavior of specific molecules or compounds in various systems. These tracers emit
radiation that can be detected through biochemical reactions, metabolic pathways, fluid
flow, and environmental transport.

Some examples of the uses of radioactive tracers include:
Medical Imaging:
Positron Emission Tomography (PET):

Radiotracers labeled with positron- emitting isotopes (e.g., fluorine-18, carbon-11) are
injected into the ko, ed to visualize metabolic activity, blood flow, and receptor
binding in tiss 1 g is valuable for diagnosing and monitoring diseases such as

cancer, heartd rological disorder

Industrial Profnl
Flow Visualizatiol: ers are injected intg

detect leaks or blockages in industrial pipelines,

techniqu Ml1 'J"I as petroche
Process a .

Ra ers are used to monit mize ¢
material trans : rial proce8Ses. By tra

can identify bottlenecks, improve efficiency, andiens

Soil Fertility and Nutrient Uptake:

Radioactive isotopes like phosphorus-32 (P) are used to study nutrient uptake in plants. By
tagging fertilizers with these tracers, scientists can track how nutrients move through the soil
and are absorbed by plants. This information helps in optimizing fertilizer application,
ensuring that crops receive the right amount of nutrients.

MZ=-INPONIM-BZ KN

Environmental Impact Assessments:

Radioactive tracers help in studying the environmental impact of agricultural practices. For
instance, they can be used to trace the movement of pollutants or contaminants from
agricultural fields to water bodies, enabling better management practices to protectthe -,
environment.

s
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T

Section (A): Multiple Choice Questions (MCQs)
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Choose the correct answer: iMcc

1. Identify particle x in the following nuclear reaction 3Be + ;He — '2C + x

(a) Electron (b) proton (c) neutron (d) photon

2. In the equation?}Al + 3He — 32P + X,The correct symbol for X is:

(a)~oe (b)1H (c) zHe (d) on

3. Beta rays emitted by a radioactive material are:

(a) Electromagnetic radiations (b) The electrons orbiting around the nucleus
(c) Charged particles emitted by the nucleus (d) Neutral particles

4. The number of a and R particles emitted in the following radioactive decay is:
ZO[IX - 163Y + ?X

(a)8and 6 ( d8 (c)8and 8 (d)6and 6

5. If radium ha | ears. Thus for a nu
of decay in ten years is:

(a) 50% E QB (c) $009

6. Emission of B an element affects ifs m35ﬁ.
(a) Increa e' s byl (¢

7. As the Men B)E\iniamucleus increds
{aNEeases continuously with masi?er
(b) Decreases continuously with mas§ number

(c) remains constant with mass number

(d) First increases and then decreases with increa
8. Moderator in a nuclear reactor slows down the neutrons to:

(a) Decrease the probability of escape (b) Increase the probability of nuclear fission

MZ=IMN>ONImMm-nd>

(c) Decrease the probability of absorption  (d) all of the above
9. Emission of 3 particles by an element affects its atomic number Z in the following way:
(a) Increases by 1 (b) decreases by 1 (c) Increases by 2 (d) remains the samn

10. The half life period of a radioactive element is 100 days. After 400 days, 16 g of the
element will be reduced to

(a) 8g (b) 4g (c) 2g (d) lg

IM-ZmN AZ=IN>ON IM-DZ FN

@ Soldier Bazar # 1, Mezzanine floor Opposite Bagdadi Pulau, Karachi, Pakistan @@ mastercoachingcenter
& www.youtube.com/@MasterCoachingCenter =1 mcc.mastercoachingcenter@gmail.com R
&> www.mastercoachingcenter.com &g 0312 2340767, 0312 265108 & 0331 3884805



Prepared by Salman Arif Tabani | Physics XII | 2024-25 | pg: 192

Section (B): CRQs (Short Answered Questions): iMc c
1. Why are protons and neutrons necessary for the stability of an atomic nucleus?
2. How do isotopes of an element differ and why are these differences significant?
3. Name the two methods of controlling a chain reaction.
4. Why is nuclear decay described as spontaneous and random?
5. Explain what happens during the nuclear fusion process.
6. How are activity and decay constant related in radioactive materials?
7. What is meant by binding energy and binding energy per nucleon?
. Why is the concept of half-life important in studying radioactive substances?

. Explain the process of positron emission.

J ucltuC) ERQS (Long 4 n
1. What is radio e the law of radioacti
decay is exponenfia e.

2. Explain the main differences between alpha,

3.A ﬁssioMGHLE'r!rly to drive a gén
produced® EEE

4. Défige Q-value of a nuclear reacti its sign¥figa cl.l.

5. Describe the construction and working of GM

6. Discus nuclear reactions induced by neutrons referr
particles?

7. What is a nuclear reaction? Explain nuclear fission and fusion.

8. How do the Sun and stars produce energy? What is the proton-proton cycle? Explain with
details.

MZ=IMN>ONImMm-nd>

Section (D): Numerical:

1. In 9.0 days the number of radioactive nuclei decreases to one-eighth the number present
initially. What is the half-life (in days) of the material? (Ans: 3 days]

oF:..

(raz

2. The 2P isotope of phosphorus has a half-life of 14.28 days. What is its decay constant.in = '-"'u'
units of s? (Ans: 5.62x107s™)

3. Find the binding energy (in MeV) for lithium ZLi (atomic mass =7.016 003 u). (Ans: 39.2 N
MeV]
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4. The binding energy of a nucleus is 225.0 MeV. What is the mass defect of the nucleus in
atomic mass units? |Ans: 0.2415 ul

5. A copper penny has a mass of 3.0 g. Determine the energy (in MeV) that would be
required to break all the copper nuclei into their constituent protons and neutrons. Ignore
the energy that binds the electrons to the nucleus and the energy that binds one atom to
another in the structure of the metal. For simplicity, assume that all the copper nuclei are
S3Cu (atomic mass = 62.939 598 u). |Ans: 1.51249x10*MeV

6. Write the 8 decay process for each of the following nuclei with their proper chemical
symbols including Z and A for each daughter nucleus: (a) '3F (b) 130. (Ans: (a), (b))

7. A device used in radiation therapy for cancer contains 0.50 g of cobalt §9Co (59.933 819
u). The half-life of $9Co is 5.27 years. Determine the activity of the radioactive material.
(Ans: 2.10x10* decays/second (Bq))

JOIN
FOR
MORE!!!
~—__ 7
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Unit 28
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Standard Model iMcc

Particle physics is the branch of modern Physics which deal with the study and search of
the ultimate constitute of matter and their interactions

The standard model classified all known )
elementary particles into two main classes. ‘

Fermions:

These are the matter particles, which make
up everything in the universe.

Bosons:
These are the fo i articles, which
mediate the in een fermions.
The Standard Mqdel is a very successful
theory. It has be ﬂ Hredict the
) |
n

existence of ma cles, and it has been|confirmed bx

However, t ig net perfect. It do
fundame 'T
EEE

It also does not explain dark matter

According to the Standard Model, bosons are often considered field particles because they
are linked to force fields.

For example, the photon is a field particle associated with the electromagnetic field.

MZ=IMN>ONImMm-nd>

Scientists have grouped all fundamental forces into four basic types. In order of increasing
strength, these forces and their associated field particles are described as:

1. Gravitational Force:

It is the force that attracts two masses towards each other. It is the weakest of the four
fundamental forces but acts over long distances.

Field Particle: The hypothetical particle associated with gravity is the graviton, although it
has not been observed yet. The Standard Model doesn't explain gravity.

2. Weak Nuclear Force: I
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The weak force is responsible for radioactive decay, where unstable atomic nuclei break
down into smaller, more stable nuclei. It's responsible for processes like beta decay and
neutrino emission. This force is weaker than electromagnetic and strong nuclear forces but
stronger than gravitational force.

Field Particle: There are three field particles associates with weak nuclear force. These are
W+, W- and Z bosons. These short-lived bosons carry the force over very small distances,
explaining the limited range of the weak force.

3. Electromagnetic Force:

This force is responsible for the interactions between charged particles, such as electrons
and protons. It includes both electric and magnetic forces. The electromagnetic force is
stronger than both gravitational and weak nuclear forces. It is also a long-range force, similar
to the gravitational force.

Field Particle: The field particle of electromagnetic force is photon. It is mass less and
chargeless particle. r charged particles interact, they exchange photons, causing
the attractive i es we observe.

4. Strong Nuclear Force:

The strong force s together to form
nuclei together. [T is the strongest force among 3

Field PaanﬂvﬁEe'i'e')arﬁcles that
EEN

Pa 200:

One way of studying elementary particles is to clas
on certain behaviours and then to look for similariti ( isti the
classifications.

We know that the Standard Model has classified all elementary particles and their
interactions into two main groups according to their spins:

Particles that carry force, called boson shaving spin in integer values such as 0,land 2.

MZ=-INPONIM-BZ KN

Particles that make up all matter, called fermions having spin in odd half integer values such
as %. 3/2 etc.

Bosons:

The arrangement of all elementary particles in the Standard Model constitutes a particle
Z00.

All bosons can be classified into two types:

Elementary Boson and Composite Boson.
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Composite bosons consist of quark and anti-quark combinations while elementary bosons iMcc
are not made up of other elementary particles.

Elementary Bosons:
Elementary bosons are the carriers of the fundamental forces in nature. For examples:

» Gluon

W*, W-and Z° Bosons

Photon

Higgs Boson- gives mass to all particles.
Graviton

Y V YV VY

The properties of elementary bosons are given in the table.

The properties of elementary bosons

Force Boson Spin Strength | Mass
Gluon 1 1 | Massless
t ic | Photon
Weak W, Z
Gr Gravitation

Composi

Composit E!;!o!an even numper
xamples, mesons are compo

annqu

Mesons are intermediate mass particles that megdi
such as protons and neutrons.

Fermions:

All material particles are made up of fermions. We can further divide fermions in to two sub-
classes:

» Elementary fermions
» Composite fermions.

MZ=IMN>ONImMm-nd>

Elementary Fermions:

Elementary fermions are building blocks of all material particles. There are not made of any
other particles. The fermions come in two types: leptons and quarks.

(a) Leptons:

Leptons are a group of elementary particles that do not experience the strong nuclear force.
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Electron: Negatively charged; commonly found in atoms. iMcc
Muon and Tau: Heavier counter parts of the electron.

Neutrinos: Electrically neutral; they interact very weakly with matter.

Leptons interact via weak and electromagnetic forces but not through the strong
force.

Leptons are stable particles and do not undergo decay under normal circumstances.

VV VY

Y V¥V

Leptons exist alone and do not form groups.

Quarks:

Quarks are elementary particles that experience all three fundamental forces: strong nuclear
force, weak nuclear force, and electromagnetic force.

Properties of Quarks:

They carry fracﬂ harges, either +2/3 or -1/3.

Quarks interac the strong nuclear{foseeamhi

are never found icles in nature; theyfar : i i S

called hadrons. f

Hadrons are pa cles made up of quarks held tog ceflExamples

of hadron trons.

Quarks c EE! c!;ns, leading

mteractlons can change one type of guark into 2 ‘
into an up quark through ay préc l.l.‘_ u

Composite Fermions:

Composite subatomic particles such as protons,
of two or more elementary particles.

All composite particles are massive.

The composite particles that are made of quarks are called hadrons. The two main
categories of hadrons are baryons and mesons.

MZ=IMN>ONImMm-nd>

(a) Baryons:

Baryons are a class of hadrons that consist of three quarks. For example, protons and
neutrons are the most well-known baryons, each composed of three quarks:

Proton:

quark has -1/3charge.

It consists of two up and one down quarks (Gdd). Up (u) quark has +2/3 charge and down N
Therefore, net charge on proton has +1 charge: T
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Neutron:

It consists of three quarks: one up and two down quarks (udd). The net charge on neutron is
zero:

(b) Mesons:

Mesons are another class of hadrons, but they consist of one quark and one anti quark. For
example, pions (n) are common mesons. They carry the strong nuclear force, binding
protons and neutrons together.

Quarks and Beta Decay:

B -decay is a type of radioactive decay process in which a neutron in an atomic nucleus is
transformed into a proton. When a B-decay occurs, a down quark emits a field particle called
a W-boson (a weak force carrying particle) and transforms into an up quark.

The W-boson qjkﬁria“p into an electron and an antineutrino. The process is shown
— | .

Electric charge is conserved during beta decay
antineutrino.

B+ decay is a type of radioactive decay process iR 3 : T
neutron. In B* decay, an up quark emits a field particle called a W* boson and transforms into
a down quark. The W* boson quickly breaks up into an anti-electron (positron) and a
neutrino. The process is shown

NZ=IN>ONIM-0dDZ S

Proton Neutron

0 o
® ———— oo

Figure28.5 Quarks and '~ beta decay

@ Soldier Bazar # 1, Mezzanine floor Opposite Bagdadi Pulau, Karachi, Pakistan @@ mastercoachingcenter
& www.youtube.com/@MasterCoachingCenter =1 mcc.mastercoachingcenter@gmail.com R
€2 www.mastercoachingcenter.com &G 0312 2340767, 0312 265108 & 0331 3884805



Im-Zmn @Z=-IN>0NIm- >3 =\

Prepared by Salman Arif Tabani | Physics XII | 2024-25 | pg: 200

Radiations Detectors:

Radiations Detectors or Particle Detectors are devices that detect, track, and identify ionizing
particles produced by nuclear decay, cosmic radiation, or particle accelerator reactions.

Wilson cloud chambers:

A Wilson cloud chamber is a type of tracking detector which works on the principle of
ionization.

Working Principle:

The Wilson Cloud Chamber consists of a sealed container filled with a supersaturated vapor,
typically water or ethanol. When a particle passes through the chamber, it ionizes the vapor,
creating a trail of droplets that condense around the ionized path. This creates a visible

cloud-like track that ca otographed and analyzed.
Constructio 0

The schematic diagram of Wilson cloud chambef is's
cylindrical cham alls and a ceiling
saturated with te P is a piston workm |

piston is Tolatated vessel F
opened, t shes into th
plston to drop suddenly. e'wooden blocks

the air space inside the pisto er at
bottom 0 satysdtion in the
chamber. The expansion ratio can be adjusted b
altering the height of the piston.

As soon as the gas in the expansion chamber is r W ‘

subjected to sudden expansion, the ionizing EEVE A
particles are shot into the chamber through a side
window. A large number of extremely fine droplets P —

MZ=-INPONIM-BZ KN

v I
are formed on all the ions produced by the ionizing '
particles. These droplets form a track of the moving
ionizing particles. At this stage, the expansion T | To pump

oF:..

(raz

lt...'

chamber is profusely illuminated by a powerful Yo gauge

beam of light L and two cameras CC are used to photograph the tracks as shown in figure—=
28.10. The process of expansion, shooting of the ionizing particles into the expansion

chamber, illuminating the chamber and clicking the camera must all be carried out in rapid
succession in order to get satisfactory results.

particles, being relatively massive, travel in straight, thick, and clearly defined paths. Beta
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particles, being lighter, are easily deflected and create thin, curved paths. The cloud
chamber has been instrumental in discovering many elementary particles, such as the
positron and meson.

Use of Wilson Cloud Chambers:

Particle Identification:

Wilson cloud chambers were historically instrumental in the identification and study of
subatomic particles. By observing the curvature of particle tracks a magnetic field and the
nature of the tracks themselves, scientists could identify and classify various particles.

Nuclear Physics Research:

Cloud chambers have been used to study the behavior of particles in nuclear reactions and
to investigate the structure of atomic nuclei.

Cosmic Ray Studies:

Wilson cloud ¢ so used in cosmicr
space.

Education ancEneBn:
Cloud ch S S ducational t@o
museum Iﬁ E h‘egeneral publ
particles EEE

Ge uller counter:

A Geiger-Muller counter (GM counter) is a type 8f ga
ionizing radiation.

It is a portable and versatile device commonly employed for detecting the presence and
intensity of various types of ionizing radiation, including alpha particles, beta particles, and
gamma rays.

MZ=-INPONIM-BZ KN

The Geiger-Muller (GM) counter was invented by two German scientists, Hans Geiger and
Walther Muller, in 1928.

Construction:

The GM counter consists of a hollow metallic chamber as shown in the figure acts as a
cathode.

A thin wire anode is also placed along its axis.

The chamber has a sealed window, through which the radiation enters the chamber.
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There is a counter connected to this system to measure the radiation. iMcc
Working:

The chamber is filled with an inert gas (helium, neon, or argon) at low pressure. A high
voltage is applied to this chamber. The metallic chamber will conduct electricity. When
radiation enters the chamber through the window, the photons in the radiation will ionize
the inert gas inside the chamber. This will make the gas conductive. The electrons produced
due to ionization are accelerated due to the potential that we applied and these electrons
cause even more ionization. The ionized electrons travel towards the anode. The anode is
connected to a counter. The counter counts the electrons reaching the anode. This is how
we measure radiation.

Use of GM Counter:

Geiger-Muller counters have a wide range of applications, including:

Radiation Mol Iu

They are com | adiation monitoring in n

environment." f'vu B

Environment itofing:

GM coun ‘ 'Jironmental ra

radiation ormal increa
EEE

Health Physics:

Health phy ers tggMmonitor ragli

radioactive materials or in radiation-prone envi

Education:

Health physicists use GM counters to monitor radiation exposure of individuals working with
radioactive materials or in radiation-prone environments.

Radiological Emergencies:

MZ=IMN>ONImMm-nd>

In the event of radiological emergencies or accidents involving radioactive materials, GM
counters can be used to assess radiation contamination levels.
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EXERCISE

Section (A): Multiple Choice Questions (MCQS)
Choose the correct answer:
1. The Standard Model classifies elementary particles into two main groups:
(a) Baryons and Leptons (b) Fermions and Bosons
(c) Quarks and Gluons (d) Hadrons and Mesons
2. The following is NOT a flavor of quark:
(a) Up (b) Down (c) Electron (d) Top
3. The charge of an up quark is:

(a) +1/2e (b)-1/2 e (c) +2/3e (d) -2/3e
4. The concep rd ﬂr!:u;nement" implies that:
(a) Quarks can particles outside of hadsen
(b) Quarks are aIFnR in pairs with opposite
(c) Quarks have &ist nity for gluons. =
2T
(d) Quark ilding blocks fpﬂa
[
]

5. The pnM EI son in the Stand -

ediating electromagnetic int (b) Pr
(c) Transmi ig nuclear fafCe

6. According to the Standard Model, the term "dbl B
(a) Visible light spectrum b) Charg

(c) Mass of particles (d) Spin of particles
7. A particle made up of a quark and an antiquark is called:
(a) Lepton (b) Baryon (c) Meson (d) Neutrino

8. An elementary particle that feels all three fundamental forces (electromagnetic, weak,
and strong nuclear forces) is:

10. In a Geiger-Miiller counter, the gas commonly used to detect ionizing radiation is:

(a) Lepton (b) Quark (c) Electron (d) Neutrino

9. The primary function of a Geiger-Miiller counter in particle physics is to: —
(a) Measure the velocity of particles (b) Detect and count ionizing radiation

(c) Create antimatter particles (d) Generate magnetic fields
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(a) Oxygen (b) Neon (c) Argon (d) Helium

Section (B) CRQs (Short Answered Questions):

1. Explain the difference between bosons and fermions and their roles in mediating
fundamental forces.

Bosons and fermions are two fundamental types of particles that differ in their statistical
behavior.

« Bosons can occupy the same quantum state simultaneously. This property allows
them to mediate forces. Examples of bosons include photons (mediating the
electromagnetic force), gluons (mediating the strong nuclear force), W and Z bosons
(mediating the weak nuclear force), and the Higgs boson.

e Fermion uli exclusion principle, which states that no two identical
fermiorJ he same quantum state, Thi erty is crucia ability
of matter'E fermions include qu ;

2. Compare andEnﬂsBe properties of qua

fermions in the Standard Model.

EEE
Bqth quarks and leptons are fermi they ha
N i oc proton§ a

atomic nuclei. They interact through all fi

electromagnetic, weak, and gravitationa
down, charm, strange, top, and bottom.

* Leptons are elementary particles that do not interact through the strong nuclear
force. They are divided into three generations: electron, muon, tau; and their
corresponding neutrinos. Leptons interact through the electromagnetic, weak, and
gravitational forces.

3. Define the term "lepton" and provide examples of leptons. Explain their fundamental
properties and role in the Standard Model of particle physics.

Leptons

Leptons are a class of elementary particles that do not experience the strong nuclear force.
They are divided into three generations:

« First generation: Electrons and electron neutrinos
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¢ Second generation: Muons and muon neutrinos
« Third generation: Tau particles and tau neutrinos
Leptons have the following fundamental properties:
e Spin: They have a spin of 1/2, which means they are fermions.

« Charge: Electrons, muons, and tau particles have a negative electric charge, while
neutrinos are electrically neutral.

* Mass: The electron is the lightest lepton, followed by the muon and tau particle.
Neutrinos have very small masses.

4. Explain the concept of color charge in quarks and its significance in the strong nuclear
force. How does the combination of quarks contribute to the color-neutral nature of

protons and neuln?sl N
Color Charge i

Color charge is roperty unigue to qlia
it comes in thre$‘ “green, and blue. Quark
colors.
The stron d by gluons,
charge. G i rks through the
form protons and neutrons.
ThMeutr

the overall color charge of the combination mus

composed of two up quarks and one down qua
add up to zero to form a color-neutral proton.

5. Describe the structure of a proton and neutron in terms of its quark composition. How
do quarks combine to form a proton and a neutron, and what are the specific types of
quarks involved?

Structure of Protons and Neutrons

Protons and neutrons are made up of three quarks.

of one up quark and two down quarks.

The quarks within a proton or neutron are held together by the strong nuclear force. This
force is mediated by gluons, which interact with the color charges of the quarks. The
combination of quarks in a proton or neutron must be color-neutral, as explained above.

A proton is composed of two up quarks and one down quark, while a neutron is composed =
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Section (C) ERQS (Long Answered Questions):

1. Explain the structure of the Standard Model, including the different types of particles and
their relationships. How does the model classify fundamental forces?

Notes

2. Describe in detail all fundamental forces and their associated field particles. What is a
boson, and why are bosons referred to as field particles?

Notes

3. Describe the operating principle of a Geiger-Miiller counter. How does it detect and
quantify ionizing radiation, and what are its limitations in terms of measurement range and
types of radiation detected?

Notes
4. Discuss the J n I/Nn cloud chamber i

visualize charged particle tracks, and what factofs
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Mcq’s Answers

Chapter # 15

(b) temperature is directly proportional to average kinetic energy

(a) 0°C and 1 atm

(a) Reduced to ¥ of the original value

(a) One mole of a substance

(a) kT

(a) 98.6°F (37°C)

(b) P =3 pv?

(d) Helium atoms is greater than both Oxygen and Nitrogen molecules
(c) V3 times

10. (c) Remains constant

009 Sl Gyl ke L B bR

Chapter # 16

(a) Isothe
(b) Pres
(a) Isotherma process

(c) No he ith the surroundings
(c) Const;FI

(d) The to ntained within the sys em

(a) AU = AQ + AW

© PNV A®WN R

 SHFORE:!

(c)OK

(a) Rise

(c) Sparking Plug

(d) A chemical explosion

(c) Not possible

(a)AS=AQ/T

(a) Positive

(a) Greater than petrol engine
(d) Entropy increases over time

10 (d) Heat flowing from cold to hot

© RN YA WN R

Chapter # 18

(b) reversed

(b) magnetic levitation trains

(a) At right angles to each other

(a) doubled

(a) Increasing number of turns and (c) increasing the current through the solenoid
(b) uniform

(a) Magnetic effect of current

(a) Increase it
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9. (c) Perpendicular to the magnetic field and the proton's velocity
10. (c) Zero, since the electron is moving parallel to the field

Chapter # 19

=

(c) the movement of conductors within magnetic fields.

(c) Applicable to both cases.

(c) the increase in the number of turns in the coil.

(b) that the induced e.m.f. is directly proportional to the rate of change of magnetic flux.
(b) by stating that the induced current will oppose the change causing it.

(c) magnetic fields that oppose the inducing field and cause heating in conductors.

(c) minimize eddy current losses and reduce heating.

(b) a changing magnetic field within a coil induces an emf in the same coil.

(b) the magnetic field within its coil.

10 (b) electromagnetic induction between primary and secondary coils.

© o NV A WN

Chapter # 20

1. (c)Cycle
7 (a}SOHd o I N
3. (b) Freq

4. (a)o°

5. (d) AvO
6. (c) Capacifive ctive opposition to c

7. (d) Resonant

8. Mn B:E'e' 'e positive and
10. (b Wi woltage
wr #21 ?
1. (a) Elasticity

2. (b) Ductile

3. (b) Yield point

4. (a) Compressibility

5. (d)landll

6. (c) Metallic

7. (c) Conduction and valence bands

8. (a) Between conductor and insulator
9. (a) All the domains get oriented in the direction of the magnetic field.
10. (b) By heating, hammering, and spinning it in an external magnetic field

Chapter # 22

(a) Four

(b) Intrinsic

(b) Trivalent atom

(d) Boron

(b) Equals the line frequency

(d) Gallium arsenide

(c) One-half of the line frequency
(b) Low
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9. (d) Common emitter circuit
10. (d) Amplified

Chapter # 23

=

(b) 0 volts

(a) Low state

(c) Analyze output states based on input combinations
(b) OR

(b) ON

(b) ON

(b)0

(b)0

(b)O

10 (c) OR + NAND

© o NV A WN

Chapter # 24

1. (b)gravity|
- “”“lul lu
3. (a) The n ertial and gravitatiopa

4. (c) Gravitational waves
5. (b) They ifiglishable for an observe
6. (a) Gravitatio g

7. (d) their immense gravity traps light

: M Hﬁ(E':‘/‘ the speed of lig

10. (b ethily mt constant speéd

wr #25 ?
1. (d)h/2p

2. (d) the electric potential that causes the electr:
3. (b)0.60V

4. (a) higher frequency radiation
5. (d) X-rays

6. (d)180°

7. (€)2.1x10"m

8. (a) Electrons

9. (b) Minimum

10. (c) Minimum

Chapter # 26

(b) Line spectra

(c) 1:2

(a) increases

(b) Highly coherent photons
(a) Optical pumping

(a) Three energy levels

(a) Active medium

(a) Energy
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9. (b) Electric fields
10. (d) Quadruples the intensity

Chapter # 27

=

(c) neutron

(d) gn

(c) Charged particles emitted by the nucleus

(a)8and6

(b) 75%

(d) remains the same

(d) First increases and then decreases with increase of mass number
(d) all of the above

. (@) Increases by 1

10. (c) 2g

©o NV AW

Chapter # 28

(b) Fermidhs S
(c) Electﬂ U m
(c) +2/3

(a) Quarks cannot exist as free particles outsidé
(b) Provid stoother particles
(b) Chargelpr quarks

(c) Meson

©R NGV A WN PR
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