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Chapter 1: Mechanics - The Complete Foundation of
Motion and Forces

Introduction

Mechanics is the branch of physics that deals with the motion of objects and the forces that affect that
motion. It is the most fundamental and historically the first developed area of physics, forming the
foundation upon which our understanding of the physical world is built. From the motion of planets
across the night sky to the trajectory of a thrown ball, from the forces that hold buildings together to the
principles that enable rockets to reach space, mechanics provides the essential framework for describing
and predicting the behaviour of physical systems.

The word "mechanics" comes from the Greek word "mechane," meaning "machine" or "device,"
reflecting its practical origins in understanding simple machines and tools. The systematic study of
mechanics began in earnest with Galileo Galilei in the 16th and 17th centuries, who combined careful
experiments with mathematical analysis. This work culminated in Isaac Newton's

monumental Philosophice Naturalis Principia Mathematica (1687), where he presented his three laws of
motion and the law of universal gravitation.

Today, mechanics is broadly divided into two main branches: kinematics, which describes Zow objects
move without considering the causes of motion, and dynamics, which relates motion to the forces that
produce it—the why of motion. Together, these branches provide a complete description of how objects
move and interact.

This comprehensive chapter systematically develops the principles of mechanics, beginning with the
fundamental concepts of physical quantities and measurements, progressing through the mathematical
description of motion (kinematics), the analysis of forces and their effects (dynamics), the powerful
concepts of work and energy, and concluding with the mechanical properties of matter and rotational
motion. Each concept is developed with mathematical rigour and physical insight, ensuring a deep
understanding suitable for advanced study and teaching.

FOUNDATIONS OF PHYSICAL QUANTITIES AND MEASUREMENT

The Nature of Physical Quantities

Physics is an experimental science, and its progress depends critically on our ability to measure physical
quantities accurately and precisely. A physical quantity is a property of a phenomenon, body, or
substance that can be quantified by measurement. Every physical quantity consists of two essential parts:
a numerical value and a unit. Without a unit, a measurement is meaningless—stating that an object has
length "10" conveys no information unless we know whether that means 10 metres, 10 centimetres, or 10
kilometres.

Physical quantities are broadly classified into two categories: base quantities and derived quantities.
Base quantities are those that are defined independently of other physical quantities. They form the
foundation upon which the entire system of measurement is built. The international scientific community
has selected seven base quantities, which together constitute the International System of Units (SI) .
Table: SI Base Quantities and Units

Physical Quantity | SI Unit Symbol
Length metre m

Mass kilogram kg
Time second s
Electric Current ampere A
Temperature kelvin K
Amount of Substance mole mol
Luminous Intensity candela cd
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Derived quantities are those that can be expressed in terms of one or more base quantities. For example,
speed is a derived quantity defined as distance divided by time, giving units of metres per second (m/s).
Force, one of the most important concepts in mechanics, is a derived quantity defined through Newton's
second law as mass times acceleration, yielding the unit newton (N), which in base units is kg-m/s2.
Table: Common Derived Quantities in Mechanics

Physical Quantity Definition SI Unit In Base Units
Area length x width square metre (m?) m?

Volume length x width x height | cubic metre (m?) m?

Velocity displacement / time metre per second (m/s) m's™!
Acceleration velocity change / time | metre per second squared (m/s?) m-s?

Force mass X acceleration newton (N) kg-m-s2
Work/Energy force x distance joule (J) kg-m?-s2
Power work / time watt (W) kg-m?-s3
Pressure force / area pascal (Pa) kg-m!-s72
Momentum mass x velocity kilogram-metre per second (kg-m/s) | kg'm-s™

The International System of Units (SI)

The International System of Units, universally abbreviated as SI (from the French "Systéme International
d'Unités"), was established in 1960 by the General Conference on Weights and Measures. It provides a
coherent and universally accepted framework for scientific measurement, enabling scientists worldwide to
share and compare their observations and results without confusion.

SI Prefixes

Physical phenomena span an enormous range of scales—from the subatomic to the cosmic. To express
quantities conveniently across this vast range, SI uses a system of prefixes that denote powers of ten.
These prefixes are attached to the base unit to indicate multiplication or division by a specific factor.
Table: SI Prefixes

Prefix \ Symbol \ Factor Example
exa E 1018 1 Em=10"¥m
peta P 101° 1 Pm=10"m
tera T 1012 1 Tm=102m
giga G 10° 1Gm=10°m
mega | M 106 1 Mm = 10° m
kilo k 10° 1km=10°m
hecto | h 102 1 hm=10°m
deca da 10! I dam=10'm
deci d 107! l1dm=10"m
centi c 1072 lcm=102m
milli m 1073 Imm=103m
micro | p 10°¢ l pm=10"%m
nano | n 107° Inm=10°"m
pico p 10712 Ipm=10"m
femto | f 10715 l1fm=10"%m
atto a 1018 lam=10"%m

Scientific Notation
Scientific notation is a method of writing numbers that accommodates values too large or too small to be
conveniently written in decimal form. In scientific notation, numbers are written in the form:

ax10m
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Sources of Error <®> CORRECT VIEW: Eye Level with Meniscus
Experimental errors can be classified into e
three main categories:
1. Human Errors (Personal Errors) : Eye Level @V €

w
S

Meniscus

]
-]

Correct Reading
. .. . with Meniscus ightli
These arise from the limitations of the {Gomea) Hlphire

Graduated Scale

experimenter. Examples include parallax
error in reading a scale, reaction time in
starting or stopping a stopwatch, and <®> INCORRECT VIEWS: Resulting in Parallax Error

. o . OBSERVER'S EVE TOO HIGH OBSERVER'S EVE TOO LOW
incorrect estimation of the last digit on a e - ,

scale. @'

Incorrect

2. Systematic Errors: These are errors sightline & Solting (Reading
s . led d K

that affect all measurements in a consistent PRREEEEAS angled up

way. They arise from faulty calibration of e Incorrect =

1 : too LOW Reading appears

Iinstruments, zZero errors, incorrect 100 HIGH

experimental technique, or environmental
factors. Systematic errors cannot be reduced by repeating measurements.
3. Random Errors: These are unpredictable variations that occur even when all known sources of error
are controlled. They arise from fluctuations in experimental conditions, limitations in instrument
precision, and other unpredictable factors.
Uncertainty in Measurements
The absolute uncertainty of a measurement is the P
range within which the true value is expected to lie. Estimated Digit (eg. 005)
For an analogue instrument, the absolute uncertainty

Iil

MEASUREMENT
UNCERTAINTY.
255cm
Length = 2.55 £ 0.05 cm.

The last digit (5) is an es-
timate, indicating uncert

is typically taken as half the smallest scale division.

Fractional uncertainty (relative uncertainty) is the :

ratio of absolute uncertainty to the measured value: HL”””I“' ”””]”U ””P

Absolute uncertainty ocM1 2 37 ity n he meaeurmnt.
Measured value )

Percentage uncertainty is the fractional uncertainty SR e T

expressed as a percentage:

—_—
. B

[4

Fractional uncertainty =

. Absolute uncertainty
Percentage uncertainty = e W W X 100%
ured valu

Propagation of Uncertainties
When calculations are performed using measured quantities, the uncertainties propagate to the final result:
Addition and Subtraction: Absolute uncertainties add.

IfZ=X+4+YorZ=X-Y,thenAZ = AX + AY
Multiplication and Division: Percentage uncertainties add.

IfZ—XXYorZ—{ then az _Ax + d

Y’ [Z1 11X Y|

Powers: The percentage uncertainty is multiplied by the power.

If Z = X™, then nd =ln| ax
| Z | | X |

Significant Figures
Significant figures are the digits in a measurement that are known with certainty plus the first digit that is
uncertain. They reflect the precision of the measuring instrument.
Rules for Determining Significant Figures:
1. All non-zero digits are significant: 123.45 has 5 significant figures.
2. Zeros between non-zero digits are significant: 1007 has 4 significant figures.
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Velocity-Time Graphs

KINEMATICS: ANALYZING MOTION THROUGH GRAPHS
Position-Time (x-t) Graph Velocity-Time (v-t) Graph

A | — REST ACCELERATION ~ Area under a v-t
CONSTANT VELOCITY - ] CONSTANT graph represents
&> ACCELERATION o e—— ACCELERATION | DISPLACEMENT

DECELERATION

CONSTANT
VELOCITY CONSTANT

VELOCITY

Position

Displa_cément

Time
Figure 5.2 Velocity-Time (v-t) Graph

Figure 5.1 Position-Time (x-t) Graph

A velocity-time graph shows how the velocity of an object varies with time.

Interpretation of Veloci

-Time Graphs:

Shape of Graph \ Interpretation
Horizontal line Constant velocity (acceleration = 0)
Straight line upward Uniform acceleration

Straight line downward

Uniform deceleration

Curved line

Non-uniform acceleration

The gradient (slope) of a velocity-time graph equals the acceleration:
v
Sl = —_—=
ope = - =a

The area under a velocity-time graph equals the displacement:
Area = v X t = displacement (for constant velocity)

1
Area = 5 X v X t = displacement (for uniformly changing velocity)

Sample Problem: Graphical Representation of Car Motion
A car increases its speed from zero to 30

m/s in 20 s. It moves with uniform speed

for the next 30 seconds, and then the 151
driver applies brakes and the speed
decreases uniformly to zero in 10 s. Use
the speed-time graph to calculate:

(a) Acceleration in each phase

(b) Total distance covered 5]
(c) Average speed

Solution:

(a) Acceleration in each phase: 0 L R R T R
From the slope of the graph: t(s)

Figure 6.1: Velocity-time graph
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Direction:6 = tan ~! (%) = 128° (second quadrant)

Projectile Motion
Projectile motion is the two-dimensional motion of an object launched into the air under the influence of
gravity. Examples include a thrown ball, a fired cannonball, or an athlete performing a long jump.
The key to analysing projectile motion is to treat the horizontal and vertical components independently,
using the principle that these motions are perpendicular and do not affect each other.
Assumptions for Ideal Projectile Motion
1. Air resistance is neglected
2. Acceleration due to gravity is

Maximum Height H

M constant and directed downward
3. The Earth‘s guwature and ’ ;-"‘ ;F\;’n‘ \“’x
K rotation are ignored 42 ; & 7% BN
4. The projectile is a point particle "' Vx S5
Vo Sl

Analysis of Projectile Motion
Consider a projectile launched from
ground level with initial velocity vo at an
angle \theta above the horizontal.
Initial Velocity Components:

Vox = Vpcos 0

Voy = VgSin 60
Horizontal Motion (constant velocity,

=0):

Maximum ™
Height H |\
Vox = VpCOS @
Voy = Vp sin 6 Lﬂ
dae aame 1 v [ ad4 ‘,P
Equal Time Intervals

|« Range R

Y

Uy = Vgyx = VpCOS O
x = vyt = (vgcos )t
Vertical Motion (constant acceleration downward, a, = -g):
vy = Vgy — gt = vgsin 6 — gt

1, _ 19
Y = vyt —Egt = (vpsin 0)t —Egt

Key Parameters of Projectile Motion
Time of Flight (T): The total time the projectile remains in the air.
At the end of the flight, y = 0:

1
0 = (vosin O)T — EgT2

1
T (vysin 8 — EgT) =0

The non-zero solution gives:
2vysin 6
g
Maximum Height (H): The highest point reached by the projectile.
At maximum height, vy = 0:

nZOoO——-=2»XpvmXo

0 = vgsin 6 — gtycax
vysin 6

g

tpeak =
Substituting into the vertical displacement equation:

) vpsin 6 1 /vysin 6 z
H = (vysin 9)( 7 ) ( )
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Example: Conical Pendulum

A bob of mass m swings in a horizontal
circle at constant speed, with string of length
L at angle \beta from vertical. Find tension
and period.

Solution:

YE,=Tcos p—mg=0=>T=

2
YE, =Tsin f =m—

R
But R = Lsin £, so

Conical Pendulum Geometry

mg
cosf

T, =TcosB

Centripetal

Force

2 . T sinB
1

v

Lsin B
Combining with T = mg/\cos\beta:

Tsin f =m

~ L

Lsin
2mR 2nLsin B .
T TSy Banked Curve Cross-Section
4m®L*sin? . 4m®Lsin f
T2Lsin B T2
Lcos 8

g

Example: Banked Curve
A curve of radius R is banked at angle \beta so that a car Banked Curve Cross-Section
can make the turn even with no friction. Find \beta for
given speed v.

Solution:

Only forces: weight mg down, normal force n
perpendicular to road.

gtan B =

T =2m

2

v
YE, =nsin § = m?
mg Banked Curve Cross-Section
E, = —_— =0 =
XE, =ncos f —mg n cosf

Top position

ute: M sin B = mZ atan g = 7 _7
Substitute: Cosﬁsm[)’—ngtanB— = =>tan,8—gR

Example: Vertical Circular Loop

A bicycle rider goes around a vertical loop of radius R =
2.7 m. What minimum speed at the top keeps him in
contact?

At the top, forces: Fy down from loop, mg down.
Newton's second law:

Bottom ||
position

nZOoO——-=2»XpvmXo

2 Vertical Loop Forces
—Fy—mg = m( _F>
At minimum speed, Fy; = 0 (on verge of losing contact):
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Archimedes'
principle states that
when a body is wholly Buoyant Force (F,)
or partially immersed in 1
a fluid, it experiences an
upward buoyant force
equal to the weight of

777777777

_____

the fluid displaced. Weight (W) Weight of Displaced Fluid
Fy, = pﬂuistubmergedg A\, v/ \ : Waipacen i) )/
Floatation W: Weight of the actual block W oo nuie: Weight of the fluid that was displaced
M An Obj ect floats if its F,: Upward force from surrounding fluid 4‘—»
1 L] . The buoyant force is equal to the
Welght equals the ARCH|MEDES PR'NG'PLE. . ) . weight of the fluid displaced by
K buoyant force: F, (Buoyant Force on Block) = W, 1.4 (Weight of Displaced Fluid) | the submerged object.

pobjectVObjectg = pﬂuistubmergedg
Vsubmerged _ pobject

Vobject Prluid

Applications:

e Ships: Hollow construction increases volume, displacing more water

e Submarines: Adjust buoyancy by taking in or expelling water

e Hot air balloons: Heated air has lower density

e Hydrometers: Measure density of liquids
Fluid Dynamics
Types of Flow
Streamline (laminar) flow: Fluid particles move along smooth paths, with no mixing between layers.
Turbulent flow: Irregular flow with eddies and mixing.
Equation of Continuity
For an incompressible fluid in steady flow:

Ajv; = Ay,

where A is cross-sectional area and v is flow velocity.
This equation expresses conservation of mass: the mass flowing into a section equals the mass flowing
out.
Application: When you squeeze a hose, the velocity increases because the cross-sectional area decreases.
Bernoulli's Equation
For an ideal fluid (incompressible, non-viscous, steady flow):

1 :
P+ Epv2 + pgh = constant HStLI% Fore
. . £ Low-Pressure
This equation expresses Lower Region
. . . Pressure

conservation of energy in fluid ; =~ .
flow — Al Tl I T .22

. ——— "o"::
Special Cases: — Airflow

nZOoO——-=2»XpvmXo

T Constriction Atomized

e Horizontal
) spray
flow (h constant):P + \ Atmospheric
—_— Pressure — Draw tube

1
5 pv? = constant

(pressure decreases \
yvhere velocity Liquid ——
increases) Higher Pressure Higher Pressure
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. Kinematics describes #ow objects move without considering the causes of motion.
. Dynamics relates motion to the forces that produce it—the why of motion.

. A physical quantity consists of a numerical value and a unit.

. There are seven SI base quantities.

. The SI unit of mass is the kilogram (kg).

. The SI unit of time is the second (s).

. Force is a derived quantity; its SI unit, the newton (N), is equivalent to kg-m/s2.

Mechanics: One-Liners

. Mechanics is the branch of physics that deals with the motion of objects and the forces that affect

that motion.

The SI system was established in 1960 by the General Conference on Weights and Measures.

The prefix 'micro’ (1) denotes a factor of 107,

Scientific notation expresses numbers in the form a x 10", where 1 <a < 10.

Unit conversion is performed by multiplying by unit multipliers (ratios equal to 1).

. The dimension of a physical quantity describes its fundamental nature in terms of base quantities.
The principle of homogeneity states that an equation is dimensionally correct only if the
dimensions on both sides are identical.

Dimensional analysis can check the correctness of an equation and derive relationships between
quantities.

The period of a simple pendulum, derived via dimensional analysis, is T = 2nV(I/g).

No measurement is perfect; every measurement has an associated uncertainty.

Systematic errors affect all measurements in a consistent way and cannot be reduced by
repetition.

Random errors are unpredictable variations that can be reduced by taking multiple measurements
and averaging.

For an analogue instrument, the absolute uncertainty is typically taken as half the smallest scale
division.

For addition and subtraction, absolute uncertainties add.

For multiplication and division, percentage uncertainties add.

Significant figures reflect the precision of a measuring instrument.

Trailing zeros after a decimal point are significant (e.g., 45.00 has 4 significant figures).
Precision refers to the degree of agreement among repeated measurements (small random error).
Accuracy refers to how close a measured value is to the true or accepted value (small systematic
error).

Scalars are described by magnitude alone (e.g., mass, speed, energy).

Vectors require both magnitude and direction (e.g., displacement, velocity, force).

The triangle law and parallelogram law are graphical methods for vector addition.

Vector addition is commutative and associative.

The magnitude of the resultant of two vectors A and B is R = V(A2 + B2 + 2AB cos 6).

The maximum resultant of two vectors occurs when they are parallel (6 =0°), R=A + B.

The minimum resultant of two vectors occurs when they are antiparallel (6 = 180°), R = |A - B|.
Resolution of a vector yields its components along specified directions.

Unit vectors have magnitude 1 and indicate direction (i, j, 12)

Any vector can be expressed as A=A 1+ Aj + Ask.

The scalar (dot) product A-B = AB cos .

The dot product is commutative and distributive.

Perpendicular vectors have a dot product of zero.

The vector (cross) product A x B = (AB sin @)n.
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135. Moment of inertia (I) is the rotational analogue of mass.

136. For a system of particles, [=Xm ir i%

137. The parallel-axis theorem: I =1 com + Mh?.

138. Torque () is the rotational analogue of force: t=r x F.

139. Newton's Second Law for rotation: T net=1 a.

140. Angular momentum (L) for a particle is L =1 x p.

141. For a rigid body, L = lo.

142. If no external torque acts, total angular momentum is conserved (L _i=1L _f).
143. For a rolling object without slipping, v_com = @R.

144. The kinetic energy of a rolling object is K="1 com w*+ 2 M v_com?.

145. For a body in equilibrium, both ¥F = 0 and Xt = 0.

146. Stable equilibrium: a displaced object returns to its original position.

147. Unstable equilibrium: a displaced object moves further away.

148. Neutral equilibrium: a displaced object stays in its new position.

149. Hooke's Law: Within the elastic limit, F = kx.

150. Stress (o) is force per unit area (c = F/A).

151. Strain () is the ratio of change in dimension to original dimension.

152. Young's modulus (Y) is the ratio of tensile stress to tensile strain: Y = FL/AAL.
153. The elastic limit is the maximum stress without permanent deformation.

154. Pressure in a fluid at depth h is P = pgh.

155. Pascal's Law: Pressure applied to an enclosed fluid is transmitted undiminished.
156. Archimedes' Principle: The buoyant force equals the weight of the fluid displaced.
157. An object floats if its weight equals the buoyant force.

158. The equation of continuity for an incompressible fluid: Aivi = Azva.

159. Bernoulli's Equation: P + Y2pv? + pgh = constant.

160. For horizontal flow, pressure decreases where velocity increases.

161. Viscosity is a fluid's resistance to flow.

162. Stokes' law gives the drag force on a sphere in a viscous fluid: F = 6anrv.

163. Terminal velocity for a sphere in a fluid is found by balancing weight, drag, and buoyancy.
164. A superfluid has zero viscosity.

165. Renewable energy sources are naturally replenished on a human timescale (solar, wind, hydro).
166. Non-renewable energy sources are finite (fossil fuels, nuclear fuels).

167. All energy transformations result in some energy being dissipated as heat.

~ L
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Practice MCQs
1. Mechanics is the branch of physics that D) Pressure
deals with: Answer: C
A) The structure of atoms 3. The SI unit of time is:
B) The motion of objects and forces A) Minute
affecting it B) Hour
C) The behavior of electric circuits C) Second
D) The properties of light D) Millisecond
Answer: B Answer: C
2. Which of the following is a base quantity 4. The SI unit of force, the newton, can be
in the SI system? expressed in base units as:
A) Force A) kg'm/s
B) Energy B) kg-m?/s?
C) Mass C) kg'm/s?
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Chapter 2: Heat and Thermodynamics

Introduction
Thermal physics, thermodynamics, and nuclear physics represent three interconnected pillars of our
understanding of energy and matter. Thermal physics explores how energy manifests as heat and
temperature at the macroscopic and microscopic levels, explaining everything from why ice melts to how
thermometers work. Thermodynamics extends this understanding to encompass the fundamental laws
governing energy transformations, establishing why heat engines operate as they do and why some
processes are irreversible. Nuclear physics delves into the heart of the atom, revealing the immense
energy stored within atomic nuclei and the processes of radioactivity, fission, and fusion that power stars
and nuclear reactors.
This master chapter integrates these three domains into a coherent framework, beginning with the
microscopic description of matter through the kinetic molecular theory, progressing through the
macroscopic laws of thermodynamics, and culminating in the nuclear realm where matter and energy
interconvert according to Einstein's famous equation $E = mc”2$. The structure is designed to build
conceptual understanding systematically, allowing the reader to appreciate how these fields connect to
form a unified picture of energy in the physical world.
The questions that often begin such studies—why train tracks have gaps, why a cold bottle sweats, why
coastal areas enjoy moderate climates, why metal feels colder than wood, and how stars produce
energy—all find their answers in the principles developed throughout this chapter.
FUNDAMENTAL CONCEPTS—TEMPERATURE, HEAT, AND INTERNAL ENERGY
Before delving into the complexities of thermal phenomena, we must establish clear definitions of three
fundamental concepts that are often confused in everyday language: temperature, heat, and internal
energy.
Temperature: Definition and Physical Meaning
Temperature is a measure of the degree of hotness or coldness of a body. From the perspective of kinetic
molecular theory, temperature is more precisely defined as the average kinetic energy of the molecules
of a body.
Consider a gas composed of molecules in constant random motion. These molecules possess kinetic
energy due to their motion. The temperature of this gas is directly proportional to the average kinetic
energy of its molecules:

T « (KE)
where (KE') represents the average kinetic energy of the molecules.
This relationship explains why temperature increases when we heat a substance—the added energy
increases the average kinetic energy of the molecules. It also explains why different objects at the same
temperature can feel different to the touch: our perception of hot and cold depends on the rate of heat
transfer, not just the temperature itself.
Important Distinction: Temperature is not the same as internal energy. Temperature measures average
kinetic energy per particle, while internal energy is the total energy (kinetic plus potential) of all particles
in a system.
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V Tor% = constant
i 1
T, Ty
Physical Interpretation: Increasing temperature increases particle speeds; to maintain constant pressure,
volume must increase to reduce collision frequency.
Gay-Lussac's Law (Constant Volume)
For a fixed mass of gas at constant volume, pressure is directly proportional to absolute temperature:

P
P x TorF = constant
PP
T, T,
Physical Interpretation: Increasing temperature increases particle speeds and collision frequency,

~ L

increasing pressure.
Diagram: Graphical Representation of Gas Laws
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BOYLE’S LAW CHARLES’S LAW GAY-LUSSAC’S LAW
P Vv P
)

/P PV = Constant fl\ T ‘<

£ % (at Constant T) 2 g 3

&J """""" - § _ | V/T = Constant &’ P/T = Constant 5
e (at Constant P) (at Constant V)
| o] -
‘ v e T ; T N
Volume —> Temperature, T[K] Temperature, T[K] ]

I r R Q @ :
- 03050 fx /—\ ﬁ ﬂ
o0 o] < |[go0ecs < -

d é

T J/ Heat Heat Cool Heat Heat Cool

Molecular Basis of Pressure

The pressure exerted by a gas arises from collisions of molecules with the container walls.

Consider N molecules, each of mass m, in a cubical box of side L. The force exerted on a wall is due to
the change in momentum of molecules colliding with it.

For a molecule with velocity component v, perpendicular to the wall, each collision changes its
momentum by 2mv,. The number of collisions per unit time with a given wall is proportional to v, and

nZOoO——-=2»XpvmXo

the number density.
The resulting pressure is:
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Thermal Expansion in Liquids
Liquids generally expand more than solids. Water exhibits anomalous expansion between 0°C and 4°C,
contracting as temperature increases in this range—a critical property for aquatic life.
When heating a liquid in a container, both the liquid and the container expand. This leads to two types of
volume expansion:
Real Volume Expansion: The actual increase in volume of the liquid when heated directly, independent
of container effects.
Apparent Volume Expansion: The observed increase in volume when heating a liquid in a container, not
accounting for container expansion.
The relationship between real and apparent expansion is:

Real expansion = Apparent expansion + Container expansion
In terms of coefficients:

Yr = Ya T Yeontainer

Applications and Consequences of Thermal Expansion
Diagram: Applications of Thermal Expansion

A. Railway Tracks B. Bimetallic Strip . C. Expansion Joints in Bridges
. Room Temp: Heated: | Pavement
Rail Gap  Rail ; — | = , | e
/ . Brass |
(alarge) =
Heat
Applied
Bridge ‘ Bridge
Section  |f Section
| N Interlocking
Steel Brass expands Joint
(a small) more = bends

toward steel

Applications:

e Railway tracks: Gaps allow expansion in summer, preventing buckling

e Bimetallic strips: Different expansion coefficients cause bending—used in thermostats and fire
alarms

e Expansion joints: Bridges and railways incorporate gaps to prevent buckling

e Thermometers: Liquid-in-glass thermometers rely on uniform expansion

e Tight jar lids: Holding under hot water causes metal lid to expand more than glass, making it
easier to open

¢ Shrink-fitting: Cooling a metal axle shrinks it to fit into a gear wheel; upon warming, it expands
to create a tight fit
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The Phase Change Graph
Diagram: Temperature vs. Time Graph for Heating Ice

HEATING CURVE FOR WATER (H:0)

Y =
e AT CONSTANT PRESSURE 3 F
G G
D Heating
1e0°c{_ Steam

O (Boiling Point) (Gas)
. Temperature remains constant Sta_r! of End. of Boiling

o dre il B il

5 intern?glecular bonds. L VapOI’IZEd)

=]

E ﬂ [/ Heati VAPORIZATION Temperazure_ rem:ins
@ ﬁ ﬁgt':rg (Phase Change: changes, bfci}%gg fﬁ%
= J B = S LiquidtoGas) | pesyssidiobres
o M e e
L Start of End of Melting

Melting (Solid fully melted)
Hee?  MELTING L R
5 . th i d to break
20°Cqf/ (o) (Phase Change: L i

Heat E

“Added” » X
Continuously Time (minutes, arbitrary)

Regions:

e A—B: Ice heating (temperature increases)
¢ B—C: Melting (constant temperature, latent heat of fusion)
e C—D: Water heating (temperature increases)
¢ D—E: Boiling (constant temperature, latent heat of vaporization)
e E—F: Steam heating (temperature increases)
Latent Heat of Fusion

Latent heat of fusion Ly is the amount of heat energy required to convert a given mass of a substance

from solid to liquid without change in temperature.
For a mass $m$:

The specific latent heat of fusion is the heat required to convert unit mass (1 kg) of solid to liquid at its

melting point.
Table: Latent Heats of Fusion

Substance Melting Point (°C) L (x105J kg™
Water (ice) 0 3.33

Lead 327 0.245

Aluminum 660 3.97

Copper 1083 1.34

Silver 961 0.882

Gold 1063 0.644
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Steel 80
Lead 35
Glass 0.8
Water 0.6
Wood 0.1-0.2
Air 0.024

Good conductors (metals) allow heat to flow easily due to free electrons.
Bad conductors (insulators) resist heat flow; they often contain trapped air pockets.
Convection
Convection is the transfer of heat by the bulk movement of fluids (liquids and gases) due to density
differences caused by temperature variations.
Mechanism:
1. Fluid near heat source expands, becomes less dense

~ L

2. Less dense fluid rises
3. Cooler, denser fluid sinks to replace it
4

N
L
0
3
-+
)
=
Q
-
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(]
“
3
o
Q

P Continuous circulation (convection current) e oalor tenser AUl SIS

transfers heat Uy_v“r
R Natural vs. Forced Convection: — e —
E e Natural Convection: Driven by buoyancy forces 178 ;’i I\ | W

alone (e.g., rising hot air from a radiator) C‘&& I% "'%T J&Pj (less dense) <
P e Forced Convection: Fluid movement is induced by ﬁ\ . @] e o - |

external means (e.g., fans, pumps) s Q
A Applications of Convection: &2 t 5

A. Sea and Land Breezes et a
R ) — n
r <——— Sea breeze <——
Cool air from sea Warm air
T @ ‘M‘ g moves toward land__ toward land rises
I — Land (hot)
O Night (Land Breeze)
N ' : . Land breeze —»
Warm air from sea Cool air
S rises moves toward sea
e — e
Land (cool) Sea (warm) B. Other
Applications:
o Heating water: Convection currents circulate heat throughout
o Refrigerators: Freezer at top allows cold air to sink naturally
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Diagram: P-V Diagrams for Thermodynamic Processes

ISOTHERMAL ADIABATIC ISOBARIC
P A
P = constant
[}
i State 1 State 2
: P .
| [} )
: : :
3 W= P V)|
: : i i
1 1 ) 1 1 )
Vi Vo v Vi Vo v
ISOTHERMAL ADIABATIC ISOBARIC
Heat Capacities of an Ideal Gas
From the first law, we can derive the relationship between Cp and Cy:
Cp T CV = R
For monatomic gases (e.g., He, Ne, Ar):
Cr=oRCr=2Ry=L=2~167
V_ZIP_Z ly_CV_3~ -
For diatomic gases at moderate temperatures (rotation but no vibration):
5 7 7
=_ =_ ===140
CV 2 Rr CP 2 Rr Y 5
For polyatomic gases, more degrees of freedom contribute, giving higher heat capacities.
Heat Engines and the Second Law
Heat Engine Operation
A heat engine converts thermal energy into mechanical work through a cyclic process:
1. Absorbs heat Q; from a high-temperature reservoir at T;
2. Does work W on the surroundings
3. Rejects waste heat @, to a low-temperature reservoir at T,
4. Returns to initial state (cyclic process)
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Diagram: Alpha, Beta, and Gamma Penetration

PENETRATING POWER OF RADIATION
PAPER | ALUMINUM | LEAD/CONCRETE

! I R
ol X

N

()

)

M Stopp|ed by paper/sklin =+
2 : Y

K [B > 3
‘ Q

1A 3

=)

; ¢’)

Reduced by thick Pb/concrete -51

[ Penetration:a<B<y ] [ lonization:a>B >y ] (o]

Q

Radioactive Decay Equations §
Alpha Decay: a

4X > 473v + %He + Energy 5

92238U—90234Th+24He 2

Beta Decay: a

4x > 4,.Y+ %e+7,+Energy
(A neutron converts to a proton: n > p + e~ + V)
Example:

Lo Ny Qo4
Gamma Decay:
X' > 4X+y
The nucleus de-excites from an excited state to a lower energy state, emitting a gamma photon.
Half-Life and Radioactive Decay
Definition:
Half-life T} , is the time required for half of the radioactive nuclei in a sample to decay.
Decay Law:
The number $N$ of remaining nuclei after time $t$:

1 n 1 t/Tl/Z
N=%G)=%G)

where $N_08 is initial number, $n$ is number of half-lives.
Activity:
Activity $AS is the decay rate (number of decays per second):

nZOoO——-=2»XpvmXo
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Heat and Thermodynamics: One Liners

Temperature: A measure of the average kinetic energy of the molecules of a body.

Heat: The transfer of energy between objects due to a temperature difference.

Internal Energy: The sum of all kinetic and potential energies of molecules within a system.
Zeroth Law of Thermodynamics: If two systems are each in thermal equilibrium with a third,
they are in thermal equilibrium with each other.

Thermal Equilibrium: A state where there is no net heat flow between objects in contact.
Absolute Zero: The theoretical temperature at which molecular motion ceases; it is —273.15°C.
Thermometric Property: A physical property that changes uniformly with temperature (e.g.,
volume, pressure, resistance).

Celsius Scale: Defined by ice point (0°C) and steam point (100°C).

Kelvin Scale: The SI unit of temperature; interval same as Celsius; Ty = T, + 273.

Mercury in Thermometers: Advantages: opaque, uniform expansion, wide range

(—39°C to 357°C); Disadvantages: toxic, freezes at —39°C.

Alcohol in Thermometers: Advantages: lower freezing point (—112°C), high expansivity;
Disadvantages: wets glass, lower boiling point (78°C).

Thermocouple Thermometer: Works on the Seebeck effect; measures temperature via
thermoelectric EMF.

Kinetic Molecular Theory Assumptions: Particles are in constant random motion; collisions are
elastic; particle volume is negligible; no intermolecular forces (for ideal gas).

Brownian Motion: The erratic motion of smoke/pollen grains due to bombardment by invisible
fluid molecules; provides evidence for KMT.

Ideal Gas Equation: PV = nRT = NkgT.

Boyle’s Law: At constant temperature, PV = constant (Isothermal process).

Charles’s Law: At constant pressure, V /T = constant.

Gay-Lussac’s Law: At constant volume, P/T = constant.

2
Pressure from KMT: P = %NmTM

Average Translational KE per molecule: %m(vz) = %kB T. (Depends only on temperature).

Root Mean Square Speed: v, = %.
Maxwell-Boltzmann Distribution: Shows the distribution of speeds of gas molecules; affected
by temperature and mass.

Mean Free Path: The average distance a molecule travels between collisions.

Thermal Expansion: Gases expand most, then liquids, then solids.

Linear Expansion Formula: AL = aL,AT.

Volumetric Expansion Formula: AV = SV,AT.

Relation between a and B: For isotropic solids, § = 3a.

Anomalous Expansion of Water: Water contracts from 0°C to 4°C, then expands.

Specific Heat Capacity: Heat required to raise the temperature of 1 kg of a substance by 1 K.
Water’s High Specific Heat: Causes moderate coastal climates; acts as a good coolant.
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Practice MCQs

(Q1) Which of the following is a measure of the
average kinetic energy of the molecules of a
body?

A. Heat

B. Internal Energy

C. Temperature

D. Work

Answer: C

(Q2) The Zeroth Law of Thermodynamics is
essential for the concept of:

A. Energy conservation

B. Temperature measurement

C. Entropy

D. Heat engines

Answer: B

(Q3) The SI unit of heat is the same as that of:
A. Power

B. Work

C. Force

D. Temperature

Answer: B

(Q4) For an ideal gas, the internal energy
depends solely on:

A. Pressure

B. Volume

C. Temperature

D. Number of moles

Answer: C

(Q5) A thermometer with a narrow capillary
bore is more sensitive because:

A. The bulb expands more

B. A small volume change produces a large
length change

C. The liquid has a high specific heat

D. It has a wide temperature range

Answer: B

(Q6) Which of the following thermometers is
best suited for measuring rapidly varying
temperatures?

A. Mercury thermometer

B. Alcohol thermometer

C. Thermocouple

D. Bimetallic strip

Answer: C

(Q7) The temperature of a gas is increased from
27°C to 327°C. The average kinetic energy of its
molecules becomes:

A. Half

B. Double

C. Four times

D. One-fourth

Answer: B (KE « T in Kelvin; 300K to 600K is
double)

(Q8) Which gas law is represented by PV =
constant?

A. Charles’s Law

B. Gay-Lussac’s Law

C. Boyle’s Law

D. Avogadro’s Law

Answer: C

(Q9) At constant pressure, the volume of a gas is
directly proportional to its absolute temperature.
This is:

A. Boyle’s Law

B. Charles’s Law

C. Ideal Gas Law

D. Graham’s Law

Answer: B

(Q10) The root mean square speed of gas
molecules is given by:

3RT
A [—
M
8RT
B. |—
™
2RT
C. [—
M
3RT
D.—
M
Answer: A

(Q11) Which of the following speeds is the
highest for a gas at a given temperature?
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Chapter 3: Waves And Optics

Introduction

The universe communicates through waves. From the gentle rhythm of a swinging pendulum to the
violent crescendo of a collapsing star, from the colours of a rainbow to the whispers of gravitational
ripples crossing cosmic distances, waves are the fundamental messengers of energy, information, and
change. This chapter presents a unified, comprehensive treatment of wave physics—integrating the
mechanics of oscillations, the propagation of mechanical waves, the nature of sound, the behaviour of
light, and the frontier of modern wave phenomena.

A wave, at its essence, is a disturbance that travels through space and time, transferring energy from one
location to another without the permanent transport of matter. When a violinist draws a bow across a
string, she initiates a cascade of wave phenomena: the string oscillates, generating standing waves that
determine the pitch; these vibrations couple to the surrounding air, producing sound waves that propagate
outward; and ultimately, these pressure variations reach our ears, where they are transduced into electrical
signals interpreted by the brain as music. Understanding this sequence requires mastery of three
interconnected domains: the fundamental nature of oscillatory motion, the properties of waves that carry
energy across space, and the specific characteristics of sound and light that make them essential to human
experience and technological innovation.

This chapter is structured to build understanding progressively, from the simplest periodic motions to the
most sophisticated wave phenomena. We begin with Simple Harmonic Motion (SHM)—the
foundational oscillatory behaviour that underlies all wave generation. We then explore how these

w
5
<
M
“
)
=]
Q
O
g
=
A
“

oscillations propagate as mechanical waves, examining the parameters that describe waves, the wave
equation, and the distinction between transverse and longitudinal waves. Building on this foundation, we
delve into the rich phenomena of wave interactions: superposition, interference, standing waves, beats,
and the Doppler effect. We then apply these principles to understand sound waves in detail—their
production, propagation, intensity, and applications in music, medicine, and technology. The latter half of
the chapter addresses optics, treating light as a wave that exhibits reflection, refraction, total internal
reflection, interference, diffraction, and polarization. We examine optical instruments—the human eye,
microscopes, telescopes—and conclude with modern developments including gravitational waves,
which represent the newest frontier of wave physics.

Throughout this chapter, we emphasise conceptual clarity, mathematical rigour, and physical
interpretation. Every equation is derived where appropriate, every variable is defined, and every
phenomenon is explained in terms of underlying physical principles. By the end, you will possess a
coherent framework for understanding waves in all their manifestations—a framework essential for
advanced studies in physics and for success in examinations such as the FPSC Lecturer Physics.
OSCILLATIONS — THE RHYTHM OF NATURE

The Ubiquity of Oscillatory Motion

Our world is filled with oscillations—repetitive back-and-forth motions that occur whenever a system is
displaced from a stable equilibrium and a restoring force acts to return it. From the gentle sway of a
building in the wind to the rapid vibration of a quartz crystal in a wristwatch, from the beating of a human
heart to the electromagnetic oscillations that power radio transmissions, oscillatory behaviour is universal.
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Interpretation: When displacement is maximum (positive), velocity is zero, and acceleration is
maximum (negative). When displacement is zero, velocity is maximum, and acceleration is zero.
Energy in Simple Harmonic Motion

A body executing SHM possesses both kinetic energy and potential energy. The total mechanical energy
remains constant in the absence of dissipative forces.

Kinetic Energy:

1 1 1
K= Emv,? = Emszzsin 2(wt+¢) = Ek(AZ —x?)

Potential Energy:
1 1
U= Ekx2 = EkAzcos 2(wt + @)
Total Mechanical Energy:

1 1
E=K+U= EkAZ = EmeAz = constant

Energy Variation in SHM

Key Observations: N Energy 4 — Potential Energy (U)
e At the mean position (x = 0): — Kinetic Energy (K)

Kinetic energy is maximum

'

Total E tant
(%2kA?), potential energy is OSBRIy (constant)

1kA?

minimum (zero).

e At the extreme positions (X =
+A): Kinetic energy is zero,
potential energy is maximum
(Y2kA?).

e Energy oscillates between
kinetic and potential forms, A 0 +A
but the total remains constant.

e The energy is proportional to the square of the amplitude—doubling the amplitude quadruples the
energy.

Simple Harmonic Motion and Uniform Circular Motion

A profound connection exists between SHM and uniform circular motion. Consider a particle moving in a
circle of radius A with constant angular speed w. The projection of this particle onto the x-axis executes
simple harmonic motion with amplitude 4 and angular frequency w.

The Reference Circle

» X

This relationship provides a powerful visualisation tool: YA
e The displacement is the projection of the radius vector: x {ietRialnapiut SHiCRE S
= A cos(ot + @) Q

e The velocity is the projection of the tangential velocity

vector: v = -mA sin(ot + @) 0

e The acceleration is the projection of the centripetal

acceleration vector: a = -@*A cos(ot + @) = -w’x (projection on x-axis)
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where $\omega' = \sqrt{\frac{k} {m} - \frac{b"2} {4m"2}}$ is the angular frequency of the damped
oscillation. The amplitude decays exponentially with time constant t = 2m/b.

2. Critically Damped: b = 2V(km)

The system returns to equilibrium in the shortest possible time without oscillating. This is the desired
condition for many practical applications, such as automobile shock absorbers.

3. Overdamped (Heavy Damping): b > 2V(km)

The system returns to equilibrium slowly without oscillating. The time to reach equilibrium is longer than
for critical damping.

Figure: Types of Damping

Application: Automobile Suspension Damped Harmonic Oscillator Response

Systems Displacement

Modern vehicles use shock absorbers

. .. . Underdamped (oscillates)
to provide critical damping. When a e g

car hits a bump, the suspension springs
would otherwise cause the car to +
oscillate up and down. The shock
absorbers introduce damping forces Sl
that bring the car back to equilibrium

quickly and smoothly, ensuring

N Critical damping (fastest return)
L S OISO e U e A L ISR S &

Time

passenger comfort and vehicle control.
Forced Oscillations and Resonance
When an external periodic force is applied to an oscillating system, the system responds with forced
oscillations at the driving frequency o d. The amplitude of the response depends dramatically on how
close ®_d is to the natural frequency wo = V(k/m).
When ©_d = mo, the amplitude becomes very large—a phenomenon called resonance. The maximum
amplitude occurs when:
wgq = wy(resonance condition)

Figure: Resonance Curves for Different Damping Levels
Practical Examples of Resonance:
Useful Resonance:

¢ Tuning a Radio: When the

natural frequency of the

Damped Harmonic Oscillator Amplitude Response vs. Frequency

Low damping (sharp peak)

radio's electrical circuit
matches the transmission
frequency of a station,
resonance occurs, and the

Amplitude

High damping (broad peak)
signal is received clearly.

e Microwave L - SR TTERE—
T wo Driving frequency

Ovens: Microwaves are tuned

to the natural frequency of water molecules (approximately 2.45 GHz). When food containing
water is placed in the oven, resonance causes the water molecules to absorb energy and heat the
food.
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e The effect depends only on relative motion, not absolute motion.
Shock Waves and Sonic Booms
When a source moves faster than the speed of sound (supersonic speed, v_S > v), the Doppler formula

breaks down, and a shock wave forms. The wavefronts bunch together along a cone with half-angle:

) v 1
sin 6 = 17_5 =N
where M =v_S/v is the Mach number. The shock wave produces a sonic boom—a sudden pressure
change that is heard as a loud explosion.

Figure: Shock Wave Cone

Source at t =0 g_with half-angle 6

~ L

Shock wave front
(Mach cone)
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LIGHT AS A WAVE

The Nature of Light

Light is an electromagnetic wave—a transverse wave consisting of oscillating electric and magnetic
fields perpendicular to each other and to the direction of propagation. It exhibits all the characteristic
properties of waves: reflection, refraction, interference, diffraction, and polarization.

Speed of Light in Vacuum:

c =3.00 x 108 m/s
In a medium, the speed of light is reduced:

c
‘T
where n is the refractive index of the medium.
Reflection of Light
Reflection is the change in direction of a wavefront when it encounters a boundary between two different
media or a rigid barrier, causing the wave to return into the medium from which it originated.
Laws of Reflection:
1. The incident ray, the reflected ray, and the normal to the reflecting surface all lie in the same
plane.
2. The angle of incidence equals the angle of reflection:
0; =0,

nZOoO——-=2»XpvmXo
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Figure: Structure of an Optical Fibre

Jacket (protective outer coating)

Light ray Cladding (n,, lower refractive index)

ny, bonaridy

s

normal line

> | > | —>
(n, higherrefractive index)

Light ray entering Light travels along core by
at angle > 6, successive total intnal reflections

Components:
e Core: Central region with higher refractive index (n1)
¢ Cladding: Surrounding layer with lower refractive index (n-)
o Jacket: Protective outer coating
Advantages of Optical Fibres over Copper Wires:
1. Higher bandwidth (greater data transmission capacity)
2. Faster data transmission (speed of light)
3. Immune to electromagnetic interference
4. Lower signal loss over long distances
5. Lighter and more flexible
Applications:
e Telecommunications (internet, telephone)
e Medical endoscopy and surgery
e Industrial inspection
e Military and aerospace systems
Dispersion of Light
White light is composed of a spectrum of colours. When passing through a prism, different colours refract
by different amounts because the refractive index varies with wavelength (this is called dispersion).
e Violet light (shortest wavelength, ~400 nm) is refracted most (highest n)
e Red light (longest wavelength, ~700 nm) is refracted least (lowest n)
Rainbow Formation: Sunlight refracts, reflects, and disperses within water droplets, producing a circular
spectrum in the sky.
SPHERICAL MIRRORS AND LENSES
Spherical Mirrors
A spherical mirror is a reflecting surface that forms a section of a sphere.
Types:
¢ Concave Mirror: Reflecting surface is the inner curved surface (like a cave). Converges light.
e Convex Mirror: Reflecting surface is the outer curved surface. Diverges light.
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Figure: Structure of the Human Eye

Accommodation: The ability of the eye to change the focal
length of its lens to focus on objects at different distances.
Near Point: The closest distance at which the eye can focus

clearly (typically 25 cm for young adults).

Far Point: The farthest distance at which the eye can focus

clearly (infinity for a normal eye).

Defects of Vision

1
Lens

Defect Cause Effect Correction

Myopia (Short- Eyeball too long or lens | Distant objects appear | Diverging

sightedness) too strong blurry (concave) lens

Hypermetropia (Long- Eyeball too short or Near objects appear Converging

sightedness) lens too weak blurry (convex) lens

Presbyopia Loss of lens flexibility | Difficulty focusing on | Bifocal lenses
with age near objects

Figure: Correction of Vision Defects

Myopia

Hyperopia

Simple Optical Instruments
Magnifying Glass (Simple Microscope)

A simple magnifying glass is a converging lens used to produce an enlarged, virtual image of a small

object placed inside the focal point.

Angular Magnification:

¢ Image at near point: M = % +1

e Image at infinity: M = ?

where N is the near point distance (usually 25 cm) and f is the focal length.

Compound Microscope

Astigmatism

A compound microscope uses two converging lenses: the objective (short focal length) and
the eyepiece (longer focal length).
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Figure: Compound Microscope

Eyepiece Lens

Objective Lens
fD’ LO
Object
h -~
Optical ° C, Fy I F,
Axis 0 F, .
. I.|i2
Intermediate
Image, |,
— U, v, —— M, —]
(Tube Length L= v, +f,) Final Image, |,
|« D »
(Least Distance of
Distinct Vision ~25cm)
Total Magnification:
u L N
= —— X —
fo fe

where L is the tube length (distance between lenses), f o is the objective focal length, f* e is the eyepiece
focal length, and N is the near point distance.

Astronomical Telescope

A telescope uses an objective lens (long focal length) to form a real image of a distant object, which is
then magnified by the eyepiece.

Figure: Astronomical Telescope

Incoming parallel rays
from distant object

P

Eyepiece Lens

F, \ g
F, " } F. lb

e

Intermediate
Image —f,—
(Real, Inverted) p
e
e f04>| Final Image

Objective Eyepiece (Virtual, Inverted,
Lens Lens at Infinity)

A 4

Angular Magnification:

The negative sign indicates the image is inverted.
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Waves and Optics: One Liners

1. A wave is a disturbance that travels through space and time, transferring energy without the

permanent transport of matter.

2. Simple Harmonic Motion (SHM) occurs when the restoring force is directly proportional to the
displacement and acts in the opposite direction.

3. The condition for SHM is described by Hooke's Law: F = —kx.

4. The hallmark of SHM is that acceleration is always proportional to the displacement and opposite

in sign: a,, = —w?x.

. The general solution for displacement in SHM is x(t) = Acos (wt + ¢).

. In SHM, velocity leads displacement by a phase of /2 (90°).

. In SHM, acceleration leads displacement by a phase of m (180°).

. The maximum speed in SHM, v+, is wA and occurs at the equilibrium position (x=0).

~ L

O 0 3 &N W

. The maximum acceleration in SHM, a,,,,,, is w24 and occurs at the extreme positions (x = £A).
. . . 1 .
10. The total mechanical energy in SHM is E = 3 kA? and is constant.

11. The energy in SHM is proportional to the square of the amplitude; doubling the amplitude
quadruples the energy.
12. The projection of uniform circular motion onto a diameter is SHM.
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13. The time period of a mass-spring system is T = 2m,/m/k and is independent of amplitude.

14. For a simple pendulum, the time period is T = 2m,/L/g and is independent of the mass of the bob
for small oscillations.
15. For a physical pendulum, the time period is T = 2m./I/mgd.

16. For a torsion pendulum, the restoring torque is T = —k6 and the period is T = 2m,/I /K.

17. In underdamped oscillations, the amplitude decays exponentially as Ae ~2¢/2™,

18. Critical damping returns the system to equilibrium in the shortest possible time without
oscillating.

19. Resonance occurs when the driving frequency (w4) equals the natural frequency (wq) of the
system.

20. Mechanical waves require a medium for propagation; electromagnetic waves do not.

21. In transverse waves, particles vibrate perpendicular to the direction of wave propagation.

22. In longitudinal waves, particles vibrate parallel to the direction of wave propagation.

23. Light waves are transverse waves and can be polarized; sound waves are longitudinal and cannot
be polarized.

24. The fundamental wave equation is v = fA.

nZOoO——-=2»XpvmXo

25. The speed of a wave on a stretched string is v = \/F_/u, where F is tension and y is linear mass
density.

26. The speed of sound in a gas is given by Laplace's correction: v = \/m .

27. The intensity of a wave is proportional to the square of its amplitude: I o< A2,

28. The principle of superposition states that the total displacement is the algebraic sum of individual
displacements.
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A.A/2

B. AA2

C. AV3/2

D. A/4

Answer: C

Q2. The total energy of a particle executing
SHM is E. If its amplitude is doubled, the new
total energy will be:

A.E

B.2E

C.4E

D.E2

Answer: C

Q3. The phase difference between the
displacement and the velocity in SHM is:
A.0

B. /2

C.rn

D.2n

Answer: B

Q4. The time period of a simple pendulum of
length L on the surface of the Earth is T. What
will be its time period on a planet where the
acceleration due to gravity is 4g?

A. T2

B. T/4

C.2T

D. 4T

Answer: A

Q5. Which of the following is an example of
angular SHM?

A. A simple pendulum

B. A mass-spring system

C. A torsion pendulum

D. A physical pendulum

Answer: C

Q6. In a damped harmonic oscillator, the
amplitude decays exponentially. This is
characteristic of:

A. Overdamping

B. Critical damping

C. Underdamping

D. No damping

Answer: C

Q7. The condition for resonance in a forced
harmonic oscillator is:

A. Driving frequency = 2 x natural frequency
B. Natural frequency = 2 x driving frequency
C. Driving frequency = natural frequency

D. Damping constant = 0

Answer: C

Q8. A wave transfers:

A. Matter

B. Energy

C. Both matter and energy

D. Neither matter nor energy

Answer: B

Q9. Which of the following waves cannot be
polarized?

A. Light waves

B. Sound waves

C. Radio waves

D. X-rays

Answer: B

Q10. The speed of a transverse wave on a

stretched string is v. If the tension in the string is

doubled, the new wave speed becomes:

A.v

B.vA2

C.\2v

D.2v

Answer: C

Q11. The wavelength of a wave is the distance
between:

A. Two consecutive crests

B. Two consecutive troughs

C. Two consecutive points in the same phase
D. All of the above

Answer: D

Q12. Two waves of amplitudes A and 2A
interfere constructively. The amplitude of the
resultant wave will be:

A A

B.2A
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Chapter 4: Electrostatics

Introduction

Electrostatics is the branch of physics that deals with the study of electric charges at rest and the forces,

fields, and potentials associated with them. This fundamental subject forms the bedrock of our

understanding of electricity, explaining phenomena ranging from the simple attraction of a charged comb

to small pieces of paper to the complex behavior of electronic circuits and the very structure of matter

itself.

The story of electrostatics began with ancient observations, such as the Greek discovery that amber

(elektron), when rubbed, could attract lightweight objects. This seemingly simple phenomenon eventually

led to the systematic experiments of Benjamin Franklin, Charles-Augustin de Coulomb, and Michael

Faraday, who developed the foundational principles we use today. From the batteries powering our

devices to the lightning that illuminates the sky, a deep understanding of electrostatics reveals the elegant

and powerful principles that govern these phenomena.

In this chapter, we will build a complete picture of electrostatics, moving logically from the fundamental

property of electric charge, to the forces it creates, the concept of the electric field as the mediator of

these forces, the scalar quantity of electric potential that simplifies energy calculations, and finally, to the

practical application of these ideas in capacitors—devices that store electric potential energy. This

integrated approach will provide a comprehensive and coherent understanding of electrostatics, preparing

you for advanced studies and applications in physics and engineering.

FUNDAMENTAL CONCEPTS: ELECTRIC CHARGE

The Nature of Electric Charge

All ordinary matter is composed of atoms, which themselves consist of positively charged protons,

negatively charged electrons, and neutral neutrons. The magnitude of the charge of a single proton or

electron is the elementary charge, denoted by e:

e=1602x10"17C

The coulomb (C) is the SI unit of charge. It is a large unit; typical charges encountered in electrostatics

are in the microcoulomb (uC = 10~° C) or nanocoulomb (nC = 107° C) range.

In a neutral atom, the number of protons equals the number of electrons, resulting in a net charge of zero.

An object becomes electrified—acquires a net charge—through the transfer of electrons, the most mobile

charge carriers. Adding electrons to a neutral object makes it negatively charged; removing electrons

makes it positively charged.

Key Principles of Electric Charge:

1. Quantization of Charge: Electric charge is quantized, meaning it exists only in discrete integer

multiples of the elementary charge e. The net charge q of any object can be written as q = ne, where n is a

positive or negative integer.

2. Conservation of Charge: The total electric charge in an isolated system is conserved. Charge cannot

be created or destroyed; it can only be transferred from one object to another. When a glass rod is rubbed

with silk, electrons move from the glass to the silk, leaving the glass with a net positive charge and the

silk with an equal net negative charge. The total charge remains zero.

3. Two Types of Charge: There are exactly two types of electric charge, which we

call positive and negative. Like charges (both positive or both negative) repel each other, while unlike
Page 1] 37
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Figure: Charging by Induction
Negatively Charged Rod Stage 1: Induction with Touching Spheres
i / ELECTRON MOVEMENT

a’é Electrons are repelled to the
. /“ "

far side of Sphere B.
Stage 2: Separate Spheres While Rod is Present

C_ [SPHERE B] ()

NEGATIVELY CHARGED ROD
e
—>
B

Stage 3: Remove Rod
[SPHERE A] (+)

D. Polarization

A charged object can also attract a neutral insulator. This happens because the electric field of the charged
object causes a slight shift of charge within the molecules of the insulator, a process called polarization.
The side of the insulator closer to the charged object develops an induced charge opposite in sign to that
of the object, leading to a net attractive force.

COULOMB'S LAW: THE FORCE BETWEEN CHARGES

Statement of the Law

The fundamental law governing the electrostatic force between two point charges was established by
Charles Coulomb in 1784. Coulomb's Law states:

The magnitude of the electrostatic force between two point charges is directly proportional to the product
of the magnitudes of the charges and inversely proportional to the square of the distance between them.
The force acts along the line joining the charges.

For two point charges q; and g, separated by a distance 7, the magnitude of the force is:

fars i I
where k is Coulomb's constant. In SI units, k is expressed in terms of the permittivity of free space €;:
1
- 41e

The experimentally determined value of €, is 8.85 x 10~*2 C%/N - m?. Thus, Coulomb's constant is:

1 9 2 /2
k= =899 x 10°N-m“/C
41e

Vector Form
The force is a vector quantity. To express it in vector form, we introduce a unit vector. Let F;, be a unit
vector pointing from g, to g,. Then the force exerted by g, on g, is:

1 q1qz

=———F
127 Yre, 12 12
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For a closed surface, we use a circle on the integral sign ¢ and define dA to point outward.
Statement of Gauss's Law
Gauss's law relates the net electric flux through a

closed surface to the total charge enclosed by that _ Qonici
surface. It states: G3 ussian k d,i
The net electric flux through any closed surface SU rface . (D 4
is equal to 1/€, times the net charge enclosed ,,\;f - dA E
by the surface. - / @ \
by = FE - dA = 2ne ( !
E — ’ = \

60 \ \I
The closed surface used in the calculation is called \@q ®q1 /
2

a Gaussian surface. This law is one of Maxwell's
equations and is a fundamental law of
electromagnetism, equivalent to Coulomb's law
but more powerful for problems with symmetry.
Applications of Gauss's Law
Gauss's law is most useful for calculating the electric field when the charge distribution has spherical,
cylindrical, or planar symmetry. The choice of Gaussian surface is critical; it should be chosen so that E is
constant in magnitude and either parallel or perpendicular to the surface.
A. Field Due to a Spherical Shell of Charge
For a thin spherical shell of radius $R$ with total charge $Q$:

e Outside the shell (r > R): The field is the same as that of a point charge Q at the center:

1 Q
T Ameyr?

e Inside the shell (r < R): The field is zero:E = 0.

This result explains why the interior of a charged conductor is field-free; any excess charge resides on the

outer surface.
B. Field Due to a Solid Insulating Sphere
For a uniformly charged solid sphere of radius $R$ with total charge $QS:

« Outside (r > R;:E = —— 2
0
Inside (r < R):E = 47116 %
0

C. Field Due to an Infinite Line of Charge

For an infinite line with uniform linear charge density A, the field at a perpendicular distance r is:
1 2
2meyr

The field decreases as 1/7, not 1/r2.

D. Field Due to an Infinite Sheet of Charge

For an infinite sheet with uniform surface charge density $\sigma$, the field is uniform and perpendicular
to the sheet:
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Dielectrics and Polarization
The increase in capacitance when a dielectric is inserted is due to a phenomenon called polarization. In a
dielectric, the molecules are neutral but can be polarized—their positive and negative charges can be
slightly displaced in opposite directions by an external electric field.

Figure: Polarization of a Dielectric

This polarization creates an internal electric Without Field With Field

field opposite to the applied field, reducing + + + + +

+ + +
. _ &)%w%é}% 6+5+5+:5+B+6+:5+M5+
the net field be.twef:n the plates. Since V %309 %d)cf’ %%CP 3 8 3 : 8 3 g : g g g
Ed, the potential difference decreases for the 8 i i N e el o . S o
same charge, and thus C = Q/V increases. Ooo% CP‘B% f@o% Bg ég 58 i ég ag 58 E Eg Eg 58
When a dielectric is inserted into a capacitor: +0° cf:% f+% & S 2 aria— > 5—_5.5— !
e If the battery remains connected Lol DL P B e L o B st
(V constant), the charge Q increases. Qg) & %CPQO Oocbf 58 g g i g g g E g g g
o Ifthe battery is disconnected b o i ey P o ol
Neutral molecules Induced dipoles align

(Q constant), the potential
difference V decreases.

The dielectric constant €, (or k) quantifies this effect:
. c A A
=KkCy = KEg— = €
0 0y d

Gauss's Law in Dielectrics
To account for dielectrics, Gauss's law is modified to include the dielectric constant:
eree
€o
where Qy.. 1s the free charge (the charge on the capacitor plates) enclosed by the Gaussian surface. This

¢ kE - dA =

version automatically accounts for the bound charges induced in the dielectric.
Combinations of Capacitors

Capacitors are often combined in circuits to achieve desired capacitance values.
A. Capacitors in Series

When capacitors are connected end-to-end (one after

another), they are in series. —I lF —I lF —I lF
Figure: Capacitors in Series C1 c2 C3
In a series combination:

e The charge on each capacitor is the same: @Q; = @, = Q3 = Q.

e The total voltage is the sum of the individual voltages: V =V, + V, + V5.
Using V = Q/C, the equivalent capacitance C.q satisfies:

1 1 N 1 N 1

Ceq Cl CZ C3
The equivalent capacitance is always less than the smallest individual capacitance. Series combinations
are useful for increasing the voltage rating.

Page 11| 37
MK PREPARATIONS: Let’s Make It Happen

+92 333 2605045, +92 342 4470091

o
m
y')
(o]
-+
1
o
“
-+
V)
o
(9]
“




L MK PREPARATIONS) . -

~ L

nZO—~Hp AP UvmAT

discharge) intercepts the lightning strike and safely conducts the current to the ground, preventing damage
to the structure.
Capacitors in Modern Technology
Capacitors are ubiquitous in modern electronics:
e Energy storage: Camera flashes, power supplies, defibrillators
¢ Filtering: Smoothing voltage fluctuations in power supplies
¢ Timing circuits: RC circuits for oscillators and delays
e Tuning circuits: Variable capacitors in radios
¢ Signal coupling: Blocking DC while allowing AC signals to pass

Key Relationships
Symbol | Definition | Relationship
Electric Force F F = qE
F
Electric Field E E= q_ E=-VV
0
: > — gV U = L0192
Electric Potential Energy U U=qV;U = ameg 1
: : u 1 q
Electric Potential %4 V=— = —
qo 4megr
Capacitance C C = % C= % (parallel plate)
1 Q?
Stored Energy U U= > cV? = o
CONCEPTUAL SUMMARY
Concept Definition/Formula Key Points
Electric Inherent property of mgtter; exists in Transfer of electrons causes charging. Like
two types (+, -). Quantized (q = R
Charge charges repel; unlike charges attract.
ne), conserved.
Coulomb's 1 q19; Force between point charges. Inverse-
Law " 4me, 12 square law.
— _r Force per unit positive test charge. Vector
Electric Field E= 90 quantity. Units: N/C or V/m.
Measure of field "flow" through a surface.
Electric Flux ®; =$E-dA Relates to enclosed charge via Gauss's
Law.
0 Relates flux through a closed surface to
Gauss's Law $E-dA = —= enclosed charge. Useful for symmetric
€o charge distributions.
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Electrostatics: One-liners

1. Electrostatics is the branch of physics that deals with electric charges at rest.
2. The name "electricity" comes from the Greek word for amber, elektron.
3. The elementary charge e is 1.602 x 1071°C. D
4. The SI unit of charge is the coulomb (C). "
5. Charge is quantized: g = ne, where n is an integer. m
6. Charge is conserved: the total charge in an isolated system remains constant. f-b-
7. Like charges repel; unlike charges attract. (o)
M 8. In a neutral atom, the number of protons equals the number of electrons. =
9. An object becomes positively charged by losing electrons. (o]
K 10. An object becomes negatively charged by gaining electrons. )
11. Conductors have free electrons that move easily. s
12. In a conductor in electrostatic equilibrium, the electric field inside is zero. l:‘.
13. Excess charge on a conductor resides entirely on its outer surface. a

—_
.l;

. Insulators (dielectrics) have tightly bound electrons.

—_
9,

. Semiconductors have conductivity between conductors and insulators.

—_
[o)}

. Charging by friction involves electron transfer due to the triboelectric effect.

—_
3

. When a glass rod is rubbed with silk, the glass loses electrons and becomes positively charged.

—_
o)

. When a plastic rod is rubbed with fur, the rod gains electrons and becomes negatively charged.

—_
Nl

. Charging by contact (conduction) results in the same sign of charge as the charging object.

[\*]
(=)

. Charging by induction does not require direct contact and results in opposite charge.

\S]
—

. Polarization is the slight shift of charge in a neutral insulator due to an external electric field.

N
[\

. A charged object can attract a neutral insulator due to polarization.
. Coulomb’s Law describes the force between two point charges.

. Coulomb’s Law is an inverse-square law: F o 1/72.

. Coulomb’s constant k = 8.99 x 10°Nm?/C?2.

. The permittivity of free space €; = 8.85 x 10712C? /Nm?2.
1
T 4mey
. The force between two charges in a dielectric medium is less than in vacuum.
. The dielectric constant €, (or k) is a dimensionless number > 1.

[NCTEN NI\
AN W A~

)
~

W NN
S O 0

. For water, €, = 80.
. The force in a medium is F,,0q = F,4c/€r.

W
—

nZOoO——-=2»XpvmXo

32. The superposition principle states the net force on a charge is the vector sum of individual forces.
33. The electric field E is defined as force per unit positive test charge: E = F/q,.

34. The SI unit of electric field is N/C or V/m.

35. The electric field due to a point charge is E = 4:60 % r.

36. Electric field lines originate from positive charges and terminate on negative charges.

37. The density of electric field lines is proportional to the field strength.

(9%
oo

. Electric field lines never cross.

W
\O

. For a conductor, electric field lines are perpendicular to the surface.
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A) Always positive

B) Always negative

C) Opposite in sign to the inducing charge

D) Same in sign as the inducing charge
Answer: C

6. A charged rod is brought near a neutral
insulator. The insulator is attracted to the
rod. This is due to:

A) Conduction

B) Induction

C) Polarization

D) Friction

Answer: C

7. In a conductor in electrostatic equilibrium,
the electric field inside is zero. This is
because:

A) The conductor has no free charges.

B) The free charges redistribute to cancel any
internal field.

C) The conductor is an insulator.

D) The potential inside is zero.

Answer: B

8. Coulomb's constant k can be expressed in
terms of the permittivity of free space ¢, as:

A) k = 4me,
1

B)k =
4TE
— S
O k= pom
D) k = 4me}
Answer: B

9. If the distance between two point charges is
tripled, the electrostatic force between them
becomes:

A) One-third

B) One-ninth

C) Three times

D) Nine times

Answer: B

10. The dielectric constant of a material is
defined as the ratio of:

A) Permittivity of free space to permittivity of
the material

B) Permittivity of the material to permittivity of
free space

C) Force in vacuum to force in the material

D) Both Band C

Answer: D

11. A dielectric material is placed between the
plates of a capacitor. The electric field
between the plates will:

A) Increase

B) Decrease

C) Remain the same

D) Become zero

Answer: B

12. The principle of superposition in
electrostatics states that:

A) The total charge is the sum of individual
charges.

B) The total force on a charge is the vector sum
of forces due to other charges.

C) The total energy is the sum of individual
energies.

D) The total flux is the sum of individual fluxes.
Answer: B

13. The SI unit of the electric field is:
A)N/C

B) V/im

) J/c

D) Both A and B

Answer: D

14. The electric field due to a point

charge g at a distance 7 is proportional to:
A)q/r

B) q/r?

C) q*/r

D) q/r?

Answer: B

15. Which of the following statements about
electric field lines is FALSE?

A) They originate from positive charges.

B) They terminate on negative charges.

C) They can cross each other.
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Chapter 5: Electricity and Magnetism

Introduction
The profound connection between electricity and magnetism represents one of the most elegant and far-
reaching discoveries in the history of physics. What began as a simple observation by Hans Christian
Oersted in 1820—that a compass needle deflects when placed near a current-carrying wire—has evolved
into a comprehensive theoretical framework that underpins virtually every aspect of modern technology.
From the generation of electrical power that illuminates our cities to the intricate electronic circuits that
process information in our computers, the principles of electromagnetism are woven into the fabric of
contemporary life.
The phenomena of electricity and magnetism are not isolated curiosities of nature; they are two facets of a
single, deeper physical reality: electromagnetism. This master chapter presents a unified treatment of
these interconnected subjects, providing a comprehensive foundation for understanding the physical
principles that underpin modern technology. Our journey will progress from the flow of charge in
conductors to the magnetic fields produced by that flow, then to the dynamic interplay where changing
magnetic fields generate electric currents—the principle of electromagnetic induction. Finally, we will
explore the behavior of circuits under alternating currents and conclude with the grand synthesis of
Maxwell’s equations.
Throughout this journey, we will maintain a rigorous yet accessible approach, emphasizing conceptual
clarity alongside mathematical precision, preparing the reader for the depth required in the FPSC Lecturer
Physics examination.
FOUNDATIONS OF CURRENT ELECTRICITY
Definition and Nature of Electric Current
Electric current is fundamentally the rate of flow of electric charge through a specified cross-section of a
conductor. If a net charge dQ passes through a cross-section in time dt, the current [ is defined as:

dQ
T dt
The SI unit of current is the ampere (A), defined such that one ampere corresponds to the flow of one
coulomb of charge per second:

I

1A=1C-s.
The Microscopic Picture: Conduction in Metals
In metallic conductors, the charge carriers are free electrons—valence electrons that are not bound to
individual atoms but can move throughout the crystal lattice. Under normal conditions, these electrons
move randomly with thermal speeds on the order of 10° m - s~1, but their motion is isotropic, resulting in
no net current.
When an electric field is applied across the conductor (by connecting it to a battery, for example), each
free electron experiences a force F = —eE. While the electrons accelerate between collisions with the
lattice ions, these collisions are so frequent (occurring approximately every 1071% seconds) that the net
effect is a small average drift velocity superimposed on the random thermal motion.
This drift velocity v, is typically on the order of 10™* m - s™!—remarkably small compared to thermal
velocities. Yet this slow drift of a vast number of charge carriers (~ 1028 electrons per cubic meter in
copper) produces measurable currents.
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RESISTOR COMBINATIONS AND CIRCUIT ANALYSIS
Resistors in Series
When resistors are connected end-to-end, the same current

flows through each. The total potential difference is the sum of
individual voltage drops: L/v\/\,i/\/v\/il\/\/\,_
Viotal = V1 + V,+ Vs = IR, +. IRy, + 1IR3 =I(Ry + R, + R3) V1 V2 V3
Thus the equivalent resistance is:
Reqq=R; + Ry +R;
Resistors in Parallel
When resistors are connected side-by-side, the same potential

~ L

difference appears across each, and the total current divides
among them: I-| I2 13
v vV vV 1 1 1
Lo =11 + 1, + 13 _R_1+R_2+R_3_ V(R—1+R—2+R—3)
The equivalent resistance satisfies:

L _1,1.1
Req Rl RZ R3

For two resistors in parallel, this simplifies to:

_ RRy
" R, +R,

Kirchhoff's Laws

Complex circuits that cannot be reduced by series-parallel
combinations are analyzed using Kirchhoff's laws.

Kirchhoff's Current Law (KCL): The algebraic sum of currents
entering any junction is zero. This is a statement of conservation of
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charge:
Zlin = Zlout
Kirchhoff's Voltage Law (KVL): The algebraic sum of potential differences around any closed loop is
zero. This is a statement of conservation of energy:
TAV = 0 3 ’\/I%\,_
When applying KVL, the sign convention is: Vi
e Traversing a source from negative to positive: +& + i
o Traversing a source from positive to negative: —& ?"_ V2 § Ry
e Traversing a resistor in the direction of current: —IR Rs -
e Traversing a resistor opposite to current: +IR _’\(f\/\, m
R3

Potential Divider Circuits
A potential divider (voltage divider) uses two resistors in series to produce a fraction of the input voltage:
R;

Vout = Vin XRl +R2

where V,, is taken across R,.
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Right-Hand Grip Rule: Grasp the wire with the right hand,
thumb pointing in the direction of conventional current. The
curled fingers indicate the direction of the magnetic field.
Field Due to a Solenoid

A solenoid (long coil of wire) produces a uniform magnetic (CC:

field inside, similar to that of a bar magnet. The field strength

CurrentT

Direction

Fingers:
Magnetic Field

Direction

1S

B = pgnl
where $n$ is the number of turns per unit length. @

Magnetic
@ Field

Right-Hand Rule for Solenoids: Curl the fingers of the right
hand in the direction of current; the thumb points toward
the north pole.
The magnetic field lines inside a solenoid are parallel and
equally spaced, indicating a uniform field. Outside, the
field is weak and resembles that of a bar magnet. S;ﬂﬂih
Ampere's Law
For situations with high symmetry, Ampere's law provides
a powerful alternative to the Biot-Savart law:

fﬁ B-dl = polen
where the line integral is taken around any closed path
(an Amperian loop), and I, is the net current passing
through the surface bounded by that path. The sign of
the current is determined by the right-hand rule: curl
fingers in the direction of integration, and the thumb

Current /

Amperian
loop

points in the direction of positive current.
For a long, straight wire, choosing a circular Amperian

Uniform magnetic

Magnetic Field (B)

T Since B is constant along

field inside

North |Fingers curl '@J
Pole | indirection =
cfuurlen, Boints
toward
North Pole
Tl
i -
t ®
Right-Hand Rule

fﬁ'di =tiglene

the loop and parallel to df,
_zfé-d.": dei: B(27r)
B(2mr) =g I

P

dé

loop of radius $r$ yields:

fé'cﬁ:-uo"enc

Magnetic

Uol field
B(2 =gl > B =—
(2nr) = po 5y

For a cylindrical conductor of radius R carrying a
uniformly distributed current I, the field inside is:
Mol
~ 2mR?
and outside it matches the infinite wire result.

r(r <R)

Since B is constant along
the loop and parallel to di,

fﬁ-di: de? =B(2xr)

B(2nr) = gl

For a long solenoid, applying Ampére's law to a rectangular loop with one side inside and one outside

yields
B = pgnli,

where n is the number of turns per unit length.
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Force Between Parallel Conductors
Two long, parallel current-carrying conductors exert forces on each other due to their magnetic fields. The
force per unit length is:

F uohl

L 2nd
where d is the separation between conductors. Parallel currents attract; antiparallel currents repel.
This principle defines the ampere: one ampere is the current that, when flowing in two parallel conductors
1 meter apart, produces a force of 2 X 10~7 N per meter.
Torque on a Current-Carrying Coil and Magnetic Dipoles
A rectangular coil in a uniform magnetic field experiences a torque that tends to rotate it. For a coil of N
turns, area A, carrying current I, at angle a between the field and the plane of the coil:

T = NBIAcos «

If the field is perpendicular to the coil plane (a=0), the torque is maximum. This principle is the basis of
electric motors and moving-coil galvanometers.
The magnetic dipole moment /i is defined as:

~ L

fi=NIA
where 4 is the area vector perpendicular to the loop, with direction given by the right-hand rule. The
torque is:

Z=ixB
with magnitude T = uBsin 6, where 0 is the angle between fi and B. The potential energy of a magnetic
dipole in a magnetic field is:

U=—fi-B=—uBcos 6
THE PRINCIPLE OF ELECTROMAGNETIC INDUCTION
Faraday's Discovery
Michael Faraday discovered in 1831 that a changing magnetic field produces an electric current—the
phenomenon of electromagnetic induction. Key observations:
e Moving a magnet

4
m
)
(9]
=k
=
0,
(5 o
<
Y
=
a
S
3y
Q
S
0
=
2]
3

toward or away from a (a) Magnet moving toward  (b) Magnet moving away (c) No relative motion
coil — needle deflects — opposite deflection — no deflection

coil induces a current

e The induced current
lasts only while relative
motion occurs

e Faster motion produces
larger currents

e A stronger magnet

nZOoO——-=2»XpvmXo

produces larger currents
e A coil with more turns

produces larger currents
Magnetic Flux Faster motion — larger deflection
To quantify induction, we introduce magnetic flux:
@&z =B-A = BAcos 6
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A rectangular coil placed in a uniform magnetic field experiences forces on its sides. The forces on the
two sides perpendicular to the field are equal in magnitude but opposite in direction, forming a couple that
produces a torque. The magnitude of the torque is:
T = NBIAsin 6

where N is the number of turns, [/ is the current, A is the area of the coil, and 6 is the angle between the
coil's normal and the field.
To ensure continuous rotation, the DC motor uses a split-ring commutator. As the coil rotates, the
commutator reverses the direction of the current through the coil every half-turn, so that the torque always
acts in the same direction.
The AC Generator
An electric generator converts mechanical energy into electrical energy. It operates on the principle of
electromagnetic induction.
A simple AC generator consists of a coil rotated in a uniform magnetic field. As the coil rotates, the
magnetic flux through it changes sinusoidally with time. According to Faraday's law, this induces a
sinusoidal emf:

€ = NwABsin (wt) = &ysin (wt)
where £; = NwAB = 2nf NAB is the peak emf.
The output is taken from the coil via slip rings and brushes, allowing continuous contact without
reversing the connection. This results in an alternating current.

CONSTRUCTION OF AN AC GENERATOR GRAPH: INDUCED EMF vs. TIME

Magnetic Field (B) Sinusoidal Waveform
(Armature) 4 i
Rotation (c) ! S = 3
------ Peak emf SIS
.......... £5= NBAw[ 90%e=¢,
(coil parallel to field)
g ik i (R ib
= ! 180%e=0 360%¢e=0
go =5
S |0%e=0 Time (t)
2 |(coil perpen- / Coil
........ > dicular to field) Position
T
\ Slip Rings
(complete circular rings)
o Brushes > &
Output o (Stationary) | One revolution
Terminals

Transformers

A transformer is a static device that changes the voltage level of an alternating current. It works on the
principle of mutual induction.

A transformer consists of a primary coil, a secondary coil, and a common laminated iron core that
provides a low-reluctance path for the magnetic flux.

The alternating current in the primary coil creates a changing magnetic flux. This flux is coupled through
the core to the secondary coil, where it induces an alternating emf. For an ideal transformer (100%
efficient):
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e pand s denote primary and secondary

e N is the number of turns .01
e A step-up transformer has N; > N,,, increasing voltage

e A step-down transformer has Ny < N,,, decreasing voltage E

k Step-Up Transf N,> N, (9]

M Transformer construction g ik °rme i =h
Laminated ’ :-

/ iron core (@)

K P B =

coi L

P i Secondary erer more rns, H

ncrgﬁry coil tums, N;) &5 Iargerf Ny) <

: = Q

AC BD) N § g EE: N, =

source turns § turns  tyrns tuns  |Load Step-Down Transformer (N, < N,) n

: S

. . . H
Power is conserved in an ideal transformer: a'

Vol = Vils 3

The transformer also transforms impedance. For a load resistance $RS$ connected to the secondary, the
equivalent resistance seen by the primary is:
Ny 2
Req = <V§) R

This property is used for impedance matching to maximize power transfer.
Real transformers have losses due to:

¢ Eddy currents (minimized by laminating the core)

o Hysteresis (using soft magnetic materials)

e Copper losses (resistance of windings)
High-Voltage Transmission: Electrical power is transmitted over long distances at very high voltages
(and correspondingly low currents). This minimizes power loss in the transmission lines, which is given
by P,.s = I?R. Transformers make this possible by stepping up the voltage at the generating station for
transmission and stepping it down for safe distribution and use.
MAXWELL'S EQUATIONS AND ELECTROMAGNETIC WAVES
Gauss's Law for Magnetism
Magnetic field lines form closed loops; there are no magnetic monopoles. This is expressed by Gauss's

nZOoO——-=2»XpvmXo

law for magnetism:
$B-dA=0
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Conceptual Summary

Principle Equation Application
Ohm's Law V =1IR Circuit analysis
Resistivity R =pL/A Conductor design
Kirchhoff's Current Law M = Junction analysis ) |
Kirchhoff's Voltage Law YAV = Loop analysis .
Faraday's L =— d—q) Inducti m
y's Law E N i nduction —
Lenz's Law Induced current opposes change Direction of induced current 2
M Ampeére's Law $B-dl = pyl Field from currents ok
Lorentz Force F=q(E+VvXB) Force on charged particles :.
K Transformer Equation E = & Voltage transformation QI
V, N =k
1 . <
LC Frequency w = \/? Oscillations a
Impedance 7 = \/ R%Z + (X, — X.)? AC circuit analysis =
AC Power Pive = VimslmsCOS @ Power calculation Q
Important Distinctions g
e Conventional current vs. electron flow: Opposite directions )
e EMF vs. terminal voltage: EMF is maximum possible; terminal voltage is EMF minus internal (e
drop - |
¢ Resistance vs. resistivity: Resistance depends on geometry; resistivity is material property 0
¢ Reactance vs. resistance: Reactance is frequency-dependent; resistance is not :I'.
¢ Self-inductance vs. mutual inductance: Self-inductance involves one coil; mutual involves two \
e AC generator vs. DC generator: AC uses slip rings; DC uses split-ring commutator 5

Practical Applications

Device Principle

Electric motor Force on current-carrying conductor in magnetic field
Generator Electromagnetic induction

Transformer Mutual induction

Galvanometer Torque on current-carrying coil in magnetic field
Loudspeaker Force on current-carrying coil in magnetic field
Relay Electromagnet controlling switch

Circuit breaker Electromagnet opening contacts on overload

CRO Electron beam deflection by electric fields

nZO—~Hp AP UvmAT
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Electricity and Magnetism: One Liners
. Electric current is the rate of flow of electric charge: I = dQ/dt.
. The SI unit of current is the ampere (A), where 1 A = 1 C/s.
. In metallic conductors, charge carriers are free electrons.
. Drift velocity v, is the average velocity of charge carriers under an applied electric field.

. Drift velocity is typically of the order 10~* m/s, much smaller than thermal velocities.
. Current density ] = nqvy = I /A, a vector quantity.

. Conventional current flows from higher to lower potential (positive to negative).

. Electronic current (electron flow) is opposite to conventional current.

O 0 3 O i B W N —

. Direct current (DC) flows in one direction only.

. Alternating current (AC) reverses direction periodically: I(t) = Iysin (wt + ¢).
. The root mean square (RMS) value of AC is I,,s = Io/V/2.

. Electromotive force (emf, £) is the energy supplied per unit charge by a source.
. Emf is not a force; it is measured in volts.

—_
o = O

—_—
NOW

. Potential difference (p.d., V) is the work done per unit charge across a component.

—
93]

. Terminal voltage of a real source: V = £ — Ir (discharging) or V = £ + Ir (charging).
. Internal resistance 7 is the resistance within a voltage source.

. For identical cells in series: €y = NE, g = NI

. For identical cells in parallel: &y, = &, Tiota = 7/1.

—_
O 0 0 N

. Ohm's Law: VV = IR, valid for ohmic materials at constant temperature.

[\
=)

. L . S
. Resistance R = p - where p is resistivity.

[\
—

. Resistivity p is a material property independent of geometry.
. Conductivity ¢ = 1/p.
. For metals, resistance increases with temperature: R; = Ry(1 + at).
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. For semiconductors, resistance decreases with temperature (negative temperature coefficient).
. Resistors in series: Rgq = Ry + Ry + Rg + -+
- Resistors in parallel: 1/Req = 1/Ry + 1/R; + 1/R3 + ---.
R1R;
Ri+R,
. Kirchhoff's Current Law (KCL): The algebraic sum of currents at a junction is zero.

[\
9]

]
(@)

[\
~

. For two resistors in parallel: R.q =

[\
o0

29. Kirchhoff's Voltage Law (KVL): The algebraic sum of potential differences around a closed loop
is zero.
30. Potential divider: V,, = V;, X B2

Ri+Ry
31. An ammeter is connected in series and has very low resistance.

nZOoO——-=2»XpvmXo

32. A voltmeter is connected in parallel and has very high resistance.

33. A moving coil galvanometer converts current into angular deflection: T = NBIA = c6.
34. To convert a galvanometer to an ammeter, connect a low shunt resistance in parallel.
35. To convert a galvanometer to a voltmeter, connect a high series resistance.

36. Electric power: P = VI = I?R = V?/R.

37. Energy consumed: E = Pt = VIt.
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Practice MCQs

1. Electric current is defined as the:
A) Rate of flow of charge

B) Total charge flowing

C) Energy per unit charge
D) Force on a charge
Answer: A

2. The SI unit of current is:
A) Coulomb

B) Volt

C) Ampere

D) Ohm

Answer: C

3. In metallic conductors, the charge carriers

are:

A) Protons

B) Electrons

C) lons

D) Holes

Answer: B

4. The drift velocity of electrons in a
conductor is typically:

A) 10° m/s

B) 10~* m/s

C) 3 x 108 m/s

D) 1071%m/s

Answer: B

5. Current density ] is defined as:

A) Current per unit length

B) Current per unit area

C) Current per unit volume

D) Charge per unit area

Answer: B

6. Conventional current flows from:
A) Lower potential to higher potential
B) Higher potential to lower potential
C) Negative terminal to positive terminal
D) Always in the direction of electron flow
Answer: B

7. The direction of electronic current
(electron flow) is:

A) Same as conventional current
B) Opposite to conventional current
C) From positive to negative

D) Always zero

Answer: B

8. Alternating current (AC) is characterized

by:

A) Constant magnitude

B) Unidirectional flow

C) Periodic reversal of direction
D) Zero average value only
Answer: C

9. The RMS value of an AC
current /ysin wt is:

A) I

B) Io/N2

C) V21,

D) I,/2

Answer: B

10. Electromotive force (emf) is defined as:

A) Force on a charge

B) Energy supplied per unit charge

C) Power per unit current

D) Electric field strength

Answer: B

11. The terminal voltage of a real battery
when supplying current / is:

AV =E+Ir
ByV=EE-Ir
oOv=E
D)V =1Ir
Answer: B

12. When a battery is being charged, the
terminal voltage is:

AV =E-Ir
By V=E+1Ir
OVv=E
D)V =Ir
Answer: B
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Chapter 6: Modern and Quantum Physics

Introduction

At the dawn of the 20th century, physics stood at a crossroads. The classical framework established by
Isaac Newton and James Clerk Maxwell had achieved remarkable success in describing the macroscopic
world—from the motion of planets to the propagation of light. For centuries, the Newtonian worldview
had provided a seemingly complete description of the natural world: a universe governed by deterministic
laws where particles moved along predictable trajectories and time flowed uniformly for all observers. Yet
this seemingly complete edifice began to show cracks when confronted with phenomena at extreme
scales: the behavior of objects moving at speeds approaching that of light, the interaction of light with
matter at the atomic level, and the structure of the atom itself.

The Michelson-Morley experiment of 1887 had failed to detect the hypothetical luminiferous ether, and
the observed spectrum of blackbody radiation defied explanation by classical physics. In a single
remarkable year, 1905, Albert Einstein published four papers that would forever alter our conception of
reality. One introduced the special theory of relativity, demonstrating that space and time are not absolute
but depend on the motion of the observer. Another proposed that light, long understood as a wave, also
behaves as a stream of particle-like quanta called photons—a revolutionary idea that explained the
photoelectric effect and laid the foundation for quantum theory.

Two revolutionary theories emerged that would fundamentally reshape our understanding of the

universe. Albert Einstein's Theory of Relativity revealed that space and time are not absolute but are
relative to the observer's state of motion, leading to counterintuitive consequences such as time dilation,
length contraction, and the equivalence of mass and energy. Simultaneously, Quantum Theory,
pioneered by Max Planck and developed by Einstein, Niels Bohr, and others, demonstrated that energy
and matter exist in discrete, quantized units—a concept that shattered the classical notion of continuous
energy flow.

These two pillars of modern physics—relativity and quantum mechanics—challenge our everyday
intuitions. Relativity reveals that moving clocks run slow, lengths contract, and mass and energy are
equivalent. Quantum mechanics reveals that particles behave as waves, that energy comes in discrete
packets, and that nature is fundamentally probabilistic. Together, they not only resolved the paradoxes
that plagued classical physics but also laid the foundation for virtually all modern technological
advances—from nuclear power and lasers to GPS systems and electron microscopes. Moreover, they gave
birth to particle physics, revealing that the seemingly fundamental particles like protons and neutrons are
themselves composed of even more fundamental entities called quarks, held together by forces mediated
by exchange particles.

In this master chapter, we embark on a journey through these revolutionary ideas. We begin with
Einstein's special theory of relativity, which provides the framework for understanding high-speed
phenomena. We then explore the quantum nature of light—photons and their interactions with matter
through the photoelectric effect, Compton scattering, and pair production. This leads naturally to the wave
nature of matter, epitomized by de Broglie's hypothesis and the experimental confirmation of electron
diffraction. We then delve into the structure of atoms: Rutherford's nuclear model, Bohr's quantized orbits,
and the hydrogen spectrum. We introduce the Schrédinger equation, the fundamental equation of quantum
mechanics, and apply it to several model systems that reveal the essential features of quantum behavior.
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Finally, we explore the subatomic realm, investigating nuclear structure, radioactivity, fundamental
particles, quarks, and the forces that govern them within the framework of the Standard Model.
THE SPECIAL THEORY OF RELATIVITY
Frames of Reference
Before we can understand relativity, we must establish the concept of a frame of reference—a coordinate
system relative to which positions and velocities of objects are measured. All measurements of motion are
made relative to some frame of reference, and different frames can move relative to one another.
Consider two persons seated in a bus moving with velocity v. To a passenger inside the bus, the other
passenger appears at rest. However, to a person standing on the roadside, both passengers appear to move
with velocity v. Thus, before specifying a velocity, we must specify the frame of reference.
Inertial Frames of Reference
An inertial frame of reference is one in which Newton's first law holds true: an object at rest remains at
rest, and an object in motion remains in motion with constant velocity along a straight line, unless acted
upon by an external force. In other words, an inertial frame does not accelerate.

e A frame at rest or moving with uniform velocity along a straight line is inertial.

e Any reference frame moving with constant velocity relative to an inertial frame is itself inertial.

e For many experiments, the Earth can be considered an inertial frame, though strictly speaking, its

rotation and revolution introduce small accelerations.

Examples: the interior of a stationary house, a car moving at constant velocity on a straight road.
Non-Inertial Frames of Reference
A non-inertial frame of reference is one that accelerates relative to an inertial frame. In such frames,
objects appear to experience acceleration even in the absence of applied forces. Newton's laws do not
hold in their simple form in non-inertial frames.
Examples: an accelerating car, a rotating merry-go-round.

Panel (a) - Inertial Frame:

Inertial Frame: Stationary observer
Newton's first law holds. v = constant sees a parabolic path
No acceleration e

stra|ght down

Panel (b) - Non-Inertial Frame: Passenger feels Cup slides backward
Non-Inertial Frame: Apparent forces pressed back on dashboard
arise from acceleration. S

Apparent

vincreasing

The Postulates of Special Relativity

In 1905, Albert Einstein published his special theory of relativity, which applies to physical phenomena in
the absence of gravity. Prior to this, physicists believed that light waves propagated through a
hypothetical medium called the luminiferous ether. The Michelson-Morley experiment's failure to detect
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the Earth's motion through this ether—the famous "null result"—posed a serious problem for classical
physics. Einstein's genius lay not in conducting experiments but in rethinking fundamental assumptions.
He proposed that the ether was unnecessary and that Maxwell's equations, which describe
electromagnetism, are valid in all inertial reference frames. From this insight, he formulated two
fundamental postulates:
Postulate 1: The Principle of Relativity
The laws of physics are the same for all observers in any inertial frames of reference.
This means that experiments performed in stationary and moving inertial frames yield identical results. It
is impossible to determine experimentally whether an inertial reference frame is stationary or moving
without observing it from an external frame. For example, if two trains—one stationary and one moving
at constant velocity—are windowless, passengers in either train cannot determine whether their train is
moving or at rest.
Consider two individuals: one standing in a stationary train and the other in a train moving at constant
velocity. Both observe a ball falling vertically under gravity. Both observers are in inertial frames, and
Newton's laws apply equally for both. They will observe identical behavior.
Postulate 2: The Principle of the Constancy of the Speed of Light
The speed of light in vacuum is always constant for all observers, regardless of the relative velocity
between the source of light and the observer measuring it.
No matter how fast an observer or the light source is moving, the measured speed of light ¢ always yields
the same value:

¢ =299,792,458 m/s = 3 x 108 m/s
This postulate contradicts Newtonian mechanics profoundly. In classical physics, if you travel at 0.5c in
the same direction as a light beam, you would expect to measure the light's speed as 0.5¢c. However,
according to special relativity, you would still measure the speed of light as c.

POSTULATE 1 (Principle of Relativity) POSTULATE 2 (Constancy of Light Speed)

MOVING AT
CONSTANT VELOCITY

STATIONARY

= 8
STATIONARY MOVING AT Speed = ¢ (3 x 10° m/s)
CONSTANT VELOCITY
‘Laws of physics are identical ‘Speed of light is constant
in all inertial frames’ for all observers’
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Length Contraction

Length is not absolute; objects appear shorter in the direction of motion when observed from a moving
frame.

Proper Length (L or €¢): The length of an object measured in its rest frame.

Contracted Length (L or £): The length measured by an observer in relative motion with respect to the
object.

The relationship is:

Since /1 — v2/c? < 1, it follows that L < L,. Length contraction occurs only along the direction of
motion; lengths perpendicular to the motion are unaffected.

Example: A spaceship measured to be 100 m long at rest flies past an observer at $0.99c$. What length
does the observer measure?

L=100m x4/1—(0.99)2 =100 X v0.0199 = 14.1m

Panel (a) - Proper Length (Rest Frame) Panel (b) - Contracted Length (Moving Frame)

*» Spaceship at rest . " + Same spaceship moving at high speed v (= 0.9¢)

Length L, measured by a,\@-— =0 Observer watching from stationary frame
observer on the ship
Spaceship appears shortened in direction of motion

*Note: Perpendicular dimensions
unaffected (height remains same)*

(Proper length)

* Spaceship at rest

l * Length Ly measured by
observer on the ship

(Length contraction)
Panel (a) - Proper Length (Rest Frame) i Panel (b) - Contracted Length (Moving Frame)

The Lorentz Transformations

The Galilean transformations x’ = x — vt, t' = tcorrectly describe the relationship between coordinates

in different frames at low speeds but fail at high speeds because they assume absolute time. The correct

transformations, which preserve the speed of light and satisfy the postulates of relativity, are the Lorentz

transformations:

(x —vt)

< R

"=y
"=y
"=z
=y (-3)

These equations show that space and time are entangled: the spatial coordinate in one frame depends on

~ N
Il

both the spatial coordinate and time in the other frame, and vice versa. This entanglement reflects the
fundamental unity of spacetime.
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For a pair of events, the Lorentz transformations can be written in difference form:
Ax" = y(Ax — vAt)

at' =y (at— "CA—Z")

From these, we can recover time dilation (when Ax = 0) and length contraction (when At = 0).
Relativistic Velocity Addition
If an object moves with velocity u'in frame S’, and S'moves with velocity vrelative to S, the object's
velocity in Sis given by:

u' +v

This formula ensures that if u’ = ¢, then u = cregardless of v. No physical object with mass can reach or
exceed the speed of light, as this would require infinite energy.

Relativistic Mass and Momentum

The mass of an object is not constant but increases with its speed.

Rest Mass (my): The mass of an object measured in its rest frame.

Relativistic Mass (m): The mass measured when the object moves with speed v.

The relationship is:

As v approaches c, the denominator approaches zero, and m approaches infinity. This explains why no
material object can reach the speed of light—an infinite force would be required to accelerate an infinite
mass.
Speed Limit: For all material objects, v < c. Only massless particles (such as photons) can travel at the
speed of light.
To maintain conservation of momentum in all inertial frames, the definition of momentum must be
modified:

P =ymov
Mass-Energy Equivalence
Perhaps the most famous
consequence of special relativity is

~ NUCLEAR REACTION: ]
MALL MASS CHANGE Q’_’ m

(Uranium Atom Splitting)
o @

the equivalence of mass and energy.
Einstein showed that mass and
energy are interconvertible, related

by: T @B o == D
E = mc? 4 netros : i

where E is total energy, $mS$ is @

relativistic mass, and c is the speed of m;%ﬂg E

light. ) .
Rest Mass Energy: The energy ‘ o B e

equivalent of an object's rest mass:
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led to a formula that exactly matched experimental observations. This marked the birth of quantum
theory.

The Photoelectric Effect

Experimental Observations

When light of sufficiently high frequency strikes a metal surface, electrons are emitted. This phenomenon, P
discovered by Heinrich Hertz in 1887, is called the photoelectric effect, and the emitted electrons are
called photoelectrons. g
[ INSET GRAPH ] o
M o E“’:S%u%%% Stopping Potential V; vs. i=requency f Q
Catrlwclie Aﬂode 4 Q
e Metal Plat Collect a5
K Monochromatic Light ( Ate) l ( ) = :
(Frequency f, Wavelength A) -y
. L
“ 5 ( EE § m
o—p oty —_ gv i :
o—p °—> = Intercept on f-axis =
o— = " Threshold Frequency f, n
Monochromatic & fy 4
Light Source ) - ™ Frequency f (10 Hz) ) o
Feominate — KV\ " g
+ -
Ammeter
T Voltmeter (A)

(Measures Potential Difference V b (Measurss Phoiocument. ) a

or Stopping Potential V) l :

©) @ —- 3

@) @ .
Polarity Reversal
: Switch 1
Variable DC Power Supply :

A typical experimental setup consists of an evacuated glass tube containing two electrodes. The cathode
(negative) is made of the metal under study, and the anode (positive) collects emitted electrons. When
light falls on the cathode, a current flows through the circuit.

Key experimental observations:

<
“
L
A
“

1. Effect of Frequency: For each metal, there exists a threshold frequency f, below which no
electrons are emitted, no matter how intense the light. Above this threshold, electrons are emitted
instantaneously.

2. Effect of Intensity: The number of photoelectrons emitted per second (the photocurrent) is
proportional to the intensity of incident light. However, the maximum Kinetic energy of the
photoelectrons is independent of intensity.

3. Effect of Frequency on Energy: The maximum kinetic energy of photoelectrons increases
linearly with the frequency of incident light.

nZOoO——-=2»XpvmXo

4. Instantaneous Emission: Electrons are emitted as soon as light strikes the metal, with no
measurable time delay.
Classical Physics Cannot Explain the Photoelectric Effect
Classical wave theory treats light as a continuous wave. It would predict:
e Electrons should eventually be ejected at any frequency if the light is intense enough
(contradicting threshold frequency).
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e The kinetic energy of electrons should increase with intensity (contradicting observation).

e  There should be a time delay as energy accumulates (contradicting instantaneous emission).
Einstein's Explanation (Photon Theory)
In 1905, Einstein extended Planck's quantum hypothesis to explain the photoelectric effect. He proposed
that light consists of discrete packets of energy called photons, ecach with energy:
E = hf
When a photon strikes a metal surface, it transfers its entire energy to a single electron. The electron uses
part of this energy to overcome the binding force holding it to the metal—the work function $\Phi$—and
the remainder appears as kinetic energy:
hf =@+ K.E..x

~ L

)
3
Photon-Electron Interaction on Metal Surface hf = (D + K-Emax LV}
Elected E f Incident Photon = Work F =]
. hotoelectron . nergy o 'I"IC1V en oton S OrK Func-
Incident Photon eoP KE.) tion + Max Kinetic Energy of Ejected Electron n
E=h : .
( g o Energy Bar Diagram o
Kinetic Energy (K.Epay) :
O OOO o O OOOO P':'_'ottal - Remaining Energy m
oton
Ener :
Photon 10 gL b © _ Atomic (hf)gy Work Function () - =
(wave packet) & Q S Q Q Q@O @ nuclei Energy to Escape Metal =k
- c
Comparison of Different Metals 5
(as same incident photon energy (hf)
__Fermi K.E.maxl (C) "~
= Level K.E. x| (B)
Eéﬁt;tr;oyn KE ) max :
Levels Filled o . htll <
Filled Electron States Electron o S (7
States D, a.
Metal A Metal B Metal C
MEtal Surface (e.g., Sodium) (e.g., Aluminum) (e.g., Platinum) %]

Work Function (®): The minimum energy required to remove an electron from a metal surface. It varies

for different metals (typically 2-5 eV).
Threshold Frequency: When K. E.,,, = 0, we have:
)
hfo =@ = fo = n

Stopping Potential: The maximum kinetic energy can be measured by applying a retarding potential V,
that just stops the most energetic electrons:

nZOoO——-=2»XpvmXo

K.E.nax = €V
Thus, Einstein's photoelectric equation becomes:
eVO = hf —-®

A plot of V, versus f yields a straight line with slope $h/e$, allowing Planck's constant to be determined.
Example: A metal with work function 2.46 eV is illuminated with light of wavelength 300 nm. Find (a)
the maximum kinetic energy of photoelectrons and (b) the cutoff wavelength.

Solution:
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this duality should be symmetric: if waves can behave like particles, then particles should behave like
waves.
De Broglie postulated that a moving particle with momentum p = mv has an associated wavelength A

E=hf 7 Einstein’s equation

de Broglie’s equation c
energy E = hf h wavelength A = -
A=p f

given by:

PR &
p mv
This de Broglie wavelength is significant only for very small particles (like electrons) moving at modest g
speeds. (o]
Q
Particle behavior Wave behavior Q
(photoelectric effect, Compton effect) (diffraction, interference) =
electron momentum electron g
=mv .
op_> Wave-Particle Q
Dualit

’ wavelength A = L o
p =
Q
photon CN&Ldy light =
=k
§
1
=1

Example: For an electron accelerated through 50 V:
K.E.=50eV=8.0x10"18]J

2K.E._ [2x80x10718
= = = 5 X
¢ m 911 x 10-31 \

6.63 X 10734
A= o1 x 10731)(4.2 x 109)
This wavelength is comparable to the spacing between atoms in a crystal, making diffraction experiments
possible.
Experimental Confirmation: Davisson-Germer Experiment
In 1927, Clinton Davisson and Lester Germer provided the first experimental confirmation of de Broglie's

<
“
L
A
“

=174x10"1%m

hypothesis. They directed a beam of electrons at a nickel crystal and observed the scattering pattern. The
electrons produced a diffraction pattern exactly analogous to that produced by X-rays.
Using the Bragg diffraction condition:

2dsin 6 = nl
and the de Broglie wavelength calculated from the accelerating voltage, they found perfect agreement
between theory and experiment.
The accelerating voltage V determines the electron's kinetic energy K = eV, and hence:
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L] BRAGG DIFFRACTION (BRAGG’S LAW)

2d sin@ = nA

n = order of diffraction (1,2, 3...)
A = electron wavelength

(A=h/2meV)

Collimating
slits ~ Anode

Electron I | |I

Heated | | | Intensity
filament (Current)
(cathode)
I 2nd order peak
\v/ (n=2) p
Accelerating 2rd order peak
voltage 0 (n=1)

1st order
(n=1)

Intensity

TARGET
Single nickel crystal Angle (Degrees)

Significance: This experiment confirmed the wave nature of electrons and, by extension, of all matter. De
Broglie received the Nobel Prize in 1929; Davisson and Thomson (who independently observed electron
diffraction) shared the Nobel Prize in 1937.
The Electron Microscope
The wave nature of electrons has practical applications in the electron microscope. Since the de Broglie
wavelength of electrons can be made much smaller than the wavelength of visible light (by accelerating
them to high energies), electron microscopes achieve far greater resolution than optical microscopes.

e  Optical microscope resolution: ~200 nm (limited by light wavelength)

e Electron microscope resolution: ~0.1 nm (1000 times better)
In an electron microscope, magnetic coils act as lenses to focus a beam of accelerated electrons onto the
specimen. The transmitted electrons form an image that can be magnified up to 10 million times, allowing
visualization of viruses, molecules, and atomic structures.
Heisenberg's Uncertainty Principle
The wave-particle duality leads to a fundamental limitation on measurement: it is impossible to
simultaneously measure both the position and momentum of a particle with arbitrary precision.
This Heisenberg uncertainty principle is expressed as:

Ax - Ap, = % =h

where Axis the uncertainty in position, Ap,is the uncertainty in momentum, and 2 = %

A similar relationship holds for energy and time:

AE At>h
T2
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e Continuous Spectrum: Produced by hot, dense objects (like the Sun's interior)—all wavelengths
are present.

e Emission Line Spectrum: Produced by excited gases—bright lines at specific wavelengths on a
dark background.

e Absorption Line Spectrum: Produced when white light passes through a cool gas—dark lines at
specific wavelengths on a continuous background.

Here Ry = 1.0974 x 107 m™1is the Rydberg constant for hydrogen.

Rutherford's Nuclear Model

Ernest Rutherford's gold foil experiment (1911) showed that a small fraction of alpha particles were
scattered through large angles—a result impossible if the atom's positive charge were distributed
throughout the atom as J.J. Thomson's "plum pudding" model proposed. Rutherford concluded that the
atom consists of a tiny, dense, positively charged nucleus (diameter ~ 10~* m) containing most of the

o
| |
The Hydrogen Spectrum g
Hydrogen, the simplest atom, produces the simplest line spectrum. Several series of lines have been (o]
N identifed Q
Series Region Formula g
Lyman Ultraviolet 1 1 1 _
K =Ry (fz-72) =234 :
Balmer Visible 1 1 1
Z_RH(ﬁ_F)’n_E’A-'S' :
Paschen Infrared 1_ a (i_ i) — 456 Q
/1 — H 32 nz In - 71,9,9, o
1
Brackett Infrared Z=R, ( iz i iz ) n=567, S
A 4 n 4
Pfund Infrared 1 1 1 _
E_RH(?_F)’YL_&%S' a
§
1
=)

atom's mass, surrounded by electrons at distances ~ 10710 m.

<
“
L
A
“

Radioactive Movable
source detector

Lead shield

Tiny nucleus

Lead Nuclear Model

shield

Nucleus (tiny,
dense, positive)

\ Electrons
Electrons [

nZOoO——-=2»XpvmXo

Most of atom is
empty space

Zinc sulfide
screen Nuclear Model of the Atom
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Bohr's Model of the Hydrogen Atom

In 1913, Niels Bohr proposed a model of the hydrogen atom that successfully explained its line spectrum.
The model combines classical physics with Planck's quantum hypothesis.

Bohr's Postulates

Postulate 1 (Stationary States): The electron moves in circular orbits around the nucleus without
radiating energy. Only certain discrete orbits (stationary states) are allowed.

Postulate 2 (Quantization of Angular Momentum): The angular momentum of the electron in a

. . . . h
stationary orbit is an integer multiple of A = py

nh
mvr =nh=—,n=123,..

2
Postulate 3 (Emission and Absorption): When an electron jumps from a higher energy state E, to a
lower energy state E,, a photon is emitted with energy:

hf =E, - E,

Conversely, absorption occurs when an electron jumps from lower to higher energy by absorbing a photon
of the appropriate energy.

n==6
n=...
n=3
Paschen
series, IR
Y n=2
Balmer series,
visible
Lyman
series, g __13.6 .
uv n n2
Y ~136eV
Derivation of Energy Levels
For the electron in a circular orbit, the centripetal force is provided by the Coulomb attraction:
mv?  ke* 1
r  r2’" 4me,
From the angular momentum quantization:
nh
vV=—
mr
Substituting and solving for r;,:
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where g = % = 5.788 x 107° eV/Tis the Bohr magneton.

The Pauli Exclusion Principle
Wolfgang Pauli proposed that no two electrons in an atom can have the same set of four quantum
numbers (1’ £» mp mg). This exclusion principle explains the periodic table: electrons fill the lowest
available energy states, with each state accommodating at most two electrons (one spin up, one spin
down). The number of electrons in a shell is 2n%:

e K shell (n=1): 2 electrons

e L shell (n=2): 8 electrons

e M shell (n=3): 18 electrons, etc.
The periodic repetition of chemical properties arises from the structure of electron shells.
X-Rays
Production of X-Rays
X-rays are produced when high-energy electrons strike a metal target in an X-ray tube. The electrons are
accelerated by a high voltage (typically 30-150 kV) and are suddenly decelerated upon impact with the
target, producing X-rays.

[ MAIN DIAGRAM - X-RAY TUBE SPECTRUM GRAPH: INTENSITY vs. WAVELENGTH
?(-ffillvcsl_Em{fﬂed Metal Target A K
. in all directions (Anode) a .
Heated Filament ically Tunasten Characteristic Peaks
(Cathﬂdpor Coppen )
/F TARA\Y Cooling Kﬂ
(. . 4 [ ater =
Il 2
L 5
\ =
4 | ‘I ) Sharp Cutoff
Evacuated Glass \Cv?lgltg!‘-l Continuous at Ay
(Vacuum)  gyacuated Glass f Giretlating' ] Bremsstrahlung
Tube (Vacuum)  Cooling Spectrum
f\"\ Water =
I \s
High Voltage (V) - Amin = he/eV
High Tension Supply Wavelength (A)

The X-ray spectrum consists of two components:

1. Continuous X-rays (Bremsstrahlung): Produced when electrons are decelerated by the electric
field of nuclei. The minimum wavelength (maximum energy) occurs when an electron loses all its
kinetic energy in a single collision:

_ hc
Amin - W
where V is the accelerating voltage.

2. Characteristic X-rays: Produced when an incident electron knocks out an inner-shell electron
from a target atom. Electrons from outer shells then jump in to fill the vacancy, emitting X-ray

photons with energies characteristic of the target element.
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Fundamental Forces
Four fundamental forces govern all interactions in nature:

Force Relative Strength \ Range Mediator

Strong nuclear 1 <107®m Gluons

Electromagnetic 102 0 Photons

Weak nuclear 10718 <107 m wtw-,z°
Gravity 10736 0o Gravitons (hypothetical)

Strong Nuclear Force: Attracts protons and neutrons together, overcoming electromagnetic repulsion
between protons. It is short-ranged but extremely strong at nuclear distances.

Weak Nuclear Force: Responsible for beta decay and other processes involving neutrino interactions.
Radioactivity

Radioactivity is the spontaneous emission of radiation from unstable nuclei. Three types of radiation are
emitted:

(a) Alpha Decay (b) Beta Decay (c) Gamma Decay
Emitting alpha particle Emitting electron ()
Parent nucleus (He nucleus: 2p + 2n) and antineutrino Excited nucleus
(Z,A) Neutron @ (shown with *)  Emitting gamma
7 photon (y)

Ve
Proton /

Emitting electron

and antineutrino Nucleus returns
to ground state

Daughter nucleus

(Z-2, A-4)

o decay: 238U —» 233Th+3He B~ decay:n—>p+e +7, y decay: SINi* — S9Ni +y
Type Nature Charge Mass Penetrating Power Ionizing Power
o Helium nucleus (Hey) | +2 4u Low (stopped by paper) High
B Electron -1 ~0 Medium (stopped by aluminum) | Medium
p* Positron +1 ~0 Medium Medium
Y High-energy photon 0 0 High (stopped by lead) Low

Alpha Decay
In o-decay, the nucleus emits an a-particle, reducing $A$ by 4 and $Z$ by 2:
4X > 473V +  iHe
Example: Radium-228 decaying to radon-222:
228Ra > 2Z2Rn+ %He
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2. Spontaneous Emission: An excited atom decays to a lower state, emitting a photon in a random

direction and phase.
3. Stimulated Emission: An incoming photon of energy hf = E, — E;induces an excited atom to
decay, emitting a photon identical to the incoming one—same direction, phase, and frequency.

Panel (a) - Absorption: Panel (b) - Spontaneous Emission:
. Atom absorbs photon and : ; g
Photon with g A Atom in excited Photon emitted in
energy (R cod erd e e state (E;) random direction
e S ————— = —— E, —@— = random phase
approaches
WW, Photon Atom decays to
disappears ground state (E)
M Photon with energy spontaneously
hf=E,-E, Photon emitted in
ground state ——O—— E, —— E; {O— random direction
I< and random phase

Panel (c) - Stimulated Emission:
Atom in excited state (E,)  Atom decays, emitting

E E a photon identical to
2 2 Incommg one
state (E,) hf
e

Incomlng photon with

energy hf=E; - E;
passes by TWO photons: same

E—o— —o— E, T
Light Amplification

T

Population Inversion and Laser Action
For stimulated emission to dominate, more atoms must be in the excited state than in the ground state—a
condition called population inversion. This is achieved by pumping (supplying energy to the system).
In a typical laser:
1. A medium (gas, solid, or liquid) with atoms having a metastable state (long-lived excited state)
is used.
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2. Pumping excites atoms to a higher state, from which they quickly decay to the metastable state. '
3. Atoms accumulate in the metastable state, creating population inversion.
4. A photon of the appropriate energy triggers stimulated emission.
5. Mirrors at the ends of the laser cavity reflect photons back and forth, amplifying the beam.
Laser cavity
BT ) Energy Level Diagram
3 {re g el Flash lamp or either Laser
(100% reﬂe\c‘;tlwty) electrical discicharge electrodes level
Fast decay
____ Metastable
/ state
Pumping
fransition Lasing transition
Populationf Amplification by
inversion || stimulated emission
Fully reflecting / - S[ra?gnd

mirror (100%

100% ctivity) \
Pumping source »\ aser beanm
(electrical discharge .
electrodes) Partially

reflecting mirror
(output coupler)
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6. One mirror is partially transparent, allowing the laser beam to escape.
Helium-Neon Laser
The He-Ne laser is a common gas laser:

e Gas mixture: 85% helium, 15% neon

e Pumping: Electrical discharge excites helium atoms to a metastable state (20.61 eV) P
¢ Energy transfer: Collisions between excited helium atoms and neon atoms transfer energy to
neon, raising it to a metastable state (20.66 eV) g
¢ Lasing transition: Neon atoms decay from 20.66 eV to 18.70 eV, emitting photons with: (o]
_ _ hc _ 1240eVnm _ . Q
M AE =196eV=> 1= AT 1osev 632.8 nm (red light) o)
. . =]
K Energy Level Diagram for Helium-Neon (He-Ne) Laser =
A Helium Metastable State Neon Metastable State Y
(1s2s) at 20.61 eV (3s) at 20.66 eV =
21 ” . > Q
18 Collision Energy
. Transfer
Photon Energy: O
16 - {Resonang | AE=20666€V-18.70 eV g
14 Lasing Transition =1.96eV , a9
> . (Stimulated Emission) AN X = 632.8 nm =
o 12 1 Pumping: (Red Light) =3
& 0 Electrical Discharge Y (-
= Excitation Neon Lower Lasing Level (2p*3p)
w gd (Electron Colliisions) at 18.70 eV 5
6 - Decay from Lower Lasing K
4 Level to Ground State =)
(Fast, Non-Radiative) <K
g,
0- v n
Helium Ground State (1s?) Neon Ground State (2p°®) “

Applications of Lasers

Application Description

Medicine Eye surgery, tumor removal, dermatology

Industry Cutting, welding, drilling, barcodes

Communications Fiber optics, internet data transmission

Science Holography, spectroscopy, interferometry

Consumer CD/DVD/Blu-ray players, laser printers

Military Range finding, targeting, weapons
SUMMARY OF KEY EQUATIONS

Concept Equation

nZO—~Hp AP UvmAT

1
Lorentz factor Y= ——
J1—v?/c?
Time dilation t =yt
L
Length contraction = 70
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29.
30.
31.
32.
33.
34.
35.
36.
37.

. Length contraction occurs only in the direction of motion.
. Proper length is the length of an object measured in its rest frame.

. The Lorentz factor: y =

. The Lorentz transformations show the entanglement of space and time.
. Relativistic velocity addition prevents speeds from exceeding c.

. Relativistic mass: m = ym,.

. The speed of light is the ultimate speed limit for material objects.

. Mass—energy equivalence: £ = mc~.
. A change in energy AE corresponds to a change in mass Am = AE /c?.

. Relativistic energy—momentum relation: £2 = (pc)? + (myc?)2.

. For a photon: E = pc.

. The transverse Doppler effect is a consequence of time dilation.

. Gravity is the curvature of spacetime.

. The bending of starlight during a solar eclipse confirmed general relativity.

. Gravitational waves are ripples in spacetime.

. A blackbody is an ideal absorber and emitter of radiation.

. Wien's displacement law: 1,,,,T = constant (2.9 X 1073 m - K).

. Stefan—Boltzmann law: total power radiated E = oT*.

. The ultraviolet catastrophe was a failure of classical physics to explain blackbody radiation at

Modern and Quantum Physics: One Liners

The Michelson-Morley experiment's null result disproved the existence of the luminiferous ether.
The two postulates of special relativity are the principle of relativity and the constancy of the
speed of light.

An inertial frame is one where Newton's first law holds true.

Non-inertial frames are accelerating frames.

The speed of light in a vacuum is a universal constant ¢ &~ 3 X 108 m/s.

Simultaneity is relative, not absolute.

Time dilation: t = yt,.

Proper time is measured in the frame where events occur at the same spatial position.

A moving clock runs slower than a stationary clock.

1
J1-v2/c?’

2
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short wavelengths.

Max Planck proposed that energy is quantized in discrete packets (quanta).

Planck's constant: h = 6.626 X 1073%J - s,

Planck's quantum hypothesis: E = hf.

The photoelectric effect is the emission of electrons when light strikes a metal surface.
Threshold frequency: minimum frequency needed to eject an electron.

Work function ®: minimum energy required to remove an electron from a metal.
Einstein explained the photoelectric effect by proposing light consists of photons.
Stopping potential is the retarding potential that stops the most energetic photoelectrons.
The photoelectric effect demonstrates the particle nature of light.
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113. The universe's matter—antimatter asymmetry is an unsolved mystery.

114. LASER stands for Light Amplification by Stimulated Emission of Radiation.
115. Laser light is monochromatic, coherent, and highly directional.

116. Stimulated emission produces a photon identical to the incident photon.

117. Population inversion: more atoms are in an excited state than the ground state.

118. Pumping is the process of achieving population inversion.

119. A metastable state is a long-lived excited state necessary for population inversion.

120. The He-Ne laser operates at 632.8 nm (red light).

Practice MCQs

Q1. The Michelson-Morley experiment's
primary purpose was to:

A) Measure the speed of light

B) Detect the Earth's motion through the
luminiferous ether

C) Prove the existence of photons

D) Measure the charge of an electron
Answer: B

Q2. Which of the following is a direct
consequence of Einstein's second
postulate of special relativity?

A) Time is absolute for all observers.

B) The speed of light depends on the
source's velocity.

C) The speed of light is constant for all
inertial observers.

D) Length is absolute for all observers.
Answer: C

Q3. A frame of reference that is
accelerating relative to an inertial frame
is called:

A) A rest frame

B) A non-inertial frame

C) A Galilean frame

D) A proper frame

Answer: B

Q4. If a person in a moving train shines a
flashlight towards the front, the speed of
light measured by a person on the ground
will be:

A) ¢ + v (train's speed)

Byc—v

Oc

D) Dependent on the medium inside the
train

Answer: C

QS. The Lorentz factor (y) is defined as:
A)J1—1v2%/c?

B) _r

J1-vZ/c?
C)1—v?/c?
D)1+ v?/c?
Answer: B
Q6. According to special relativity, two
events that are simultaneous for one
observer:
A) Are simultaneous for all observers.
B) Are never simultaneous for any other
observer.
C) May not be simultaneous for another
observer in relative motion.
D) Are only simultaneous in their proper
frame.
Answer: C
Q7. Time dilation means that a moving
clock:
A) Ticks faster than a stationary clock.
B) Ticks slower than a stationary clock.
C) Ticks at the same rate as a stationary
clock.
D) Does not tick at all.
Answer: B
Q8. The proper time interval (At) is
measured in a frame where:
A) The two events occur at different
positions.
B) The two events occur at the same spatial
position.
C) The observer is moving.
D) The speed of light is not constant.
Answer: B
Q9. A spaceship passes Earth at 0.8c.
According to an observer on Earth, the
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Chapter 7: The Atomic and Nuclear Physics

Introduction

The quest to understand the fundamental structure of matter represents one of the most profound
intellectual journeys in human history. From the ancient Greek concept of the atom as an indivisible
particle to the modern quantum mechanical picture, our understanding of the atom has evolved through a
series of groundbreaking experiments and theoretical insights. At the heart of every atom lies the
nucleus—an incredibly dense region that contains over 99.9% of the atom's mass yet occupies a
minuscule fraction of its volume—approximately 10~° of the atom's total volume. This chapter embarks
on a comprehensive exploration of the atomic nucleus, the forces that bind it, the phenomena of
radioactivity, and the transformative nuclear reactions that power both destruction and creation in our
universe.

The discovery of the nucleus in 1911 by Ernest Rutherford marked a watershed moment in physics. It
revealed that atoms are not solid, indivisible spheres but rather consist mostly of empty space, with a tiny
central nucleus surrounded by orbiting electrons. This discovery opened the door to understanding nuclear
structure, the forces that hold nuclei together, and the processes by which unstable nuclei transform into
other elements—processes that power stars, generate electricity in nuclear reactors, and find applications
in medicine, industry, and archaeology.

In this chapter, we will explore the fundamental properties of atomic nuclei, the strong nuclear force that
overcomes electrostatic repulsion, the phenomenon of radioactivity, the laws governing radioactive decay,
and the energy released when nuclei undergo fission or fusion. By the end of this chapter, you will have a
comprehensive understanding of the physics that governs the atomic nucleus and its applications in the
modern world.

The Structure of the Atom

Historical Background: From Democritus to Thomson

The notion that matter consists of tiny, indivisible particles dates back to ancient Greece. The philosopher
Democritus (c. 460-370 BCE) proposed that all matter is composed of atomos—particles that cannot be
further divided. This idea, while philosophically appealing, remained speculative for over two millennia
without experimental verification.

The modern study of atomic structure began in earnest with J. J. Thomson's discovery of the electron in
1896. Through experiments on cathode rays, Thomson demonstrated that these rays consisted of
negatively charged particles much lighter than atoms, which he called corpuscles (later renamed
electrons). This discovery showed that atoms were not indivisible but contained smaller components.
Following his discovery of the electron, Thomson proposed a model of atomic structure in which the
atom consisted of a sphere of uniformly distributed positive charge, with negatively charged electrons
embedded within it like "plums in a pudding." This plum pudding model suggested that the positive
charge was spread throughout the entire volume of the atom, providing a neutral electrical balance.
Rutherford's Alpha Particle Scattering Experiment

In 1909, Ernest Rutherford, along with his colleagues Hans Geiger and Ernest Marsden, conducted a
landmark experiment that would revolutionize our understanding of atomic structure. They directed a
beam of alpha particles—helium nuclei consisting of two protons and two neutrons, emitted from
radioactive decay—at a thin gold foil and measured the angles through which the particles were deflected.
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Experimental Setup
Rutherford's Alpha Particle Scattering Experiment

EVACUATED CHAMBER SCATTERING ANGLE (6) MOVABLE ZINC SULFIDE (ZnS)
0° to 180 SCREEN & MICROSCOPE ASSEMBLY

——— i ————— o ——— i ————

3. AFEW PARTICLES

I
! '-'féoDLf_?MN;‘T“g%R BOUNCE BACK | SCINTILLATION >|
| THIN GOLD FOIL (Flash of Light)
: -
! ALPHA (approx. 0.00004 cm thick) MICROSCOPE q
I PARTICLES 2. AIPHA (for observation) -y
: PARTICLES
] = % 1. MOST PARTICLES m
M : an / > PASS THROUGH >
4 COLLIMATED 2. SOME
! BEAM PARTICLES | PARTICLES COUNTING S
K : BOUNCE BACK > \D‘EF"ECTED e ALPHA )
! RADIOACTIVE . # 2 PARTICLES 5
. SOURCE EVACUATED ! - —
1 (eg. Radium) CHAMBER i Sg (o)
e ote s e _ e N pera— ATOMS £3
I ¢ I aE V)
VACUUM e POSITIVE E %
PUMP o NUCLEUS - ;n =
ALPHA Neecrrons]l 2 o0 180° Q
Scattering Angle (8)
ATOMIC MODEL INTERPRETATION TYPICAL COUNT DISTRIBUTION z
Observations c
The results were astonishing: 2
1. Most alpha particles (approximately 99.9%) passed straight through the foil with little or no (]
deflection. a
2. A small fraction (about 1 in 8,000) were deflected through moderate angles (10°-90°). -3
Approximately 1 in 8,000 alpha particles were deflected through angles greater than 90°, with -

some even bouncing back in the direction from which they came—a phenomenon Rutherford
called backscattering.

Rutherford later described this as "the most incredible event that ever happened to me in my life. It was
almost as incredible as if you fired a 15-inch shell at a piece of tissue paper and it came back and hit you."
Interpretation and Conclusions

Rutherford realized that these results could not be explained by the plum pudding model. If the positive
charge were spread throughout the atom, the maximum deflecting force on an alpha particle would be far

<
%)
L
A
“

too small to produce large-angle scattering. Instead, he proposed a new model of the atom with the
following characteristics:

1. A Very Small, Dense Nucleus: The atom consists of a tiny, massive core called the nucleus. This
nucleus occupies only about 10™12 of the atom's volume. The observation that most alpha
particles passed through undeflected indicates that the atom is mostly empty space. The few
particles that were deflected at large angles experienced a strong repulsive force, which could

nZOoO——-=2»XpvmXo

only occur if they approached very close to a concentrated positive charge.
2. The Nucleus Contains Most of the Atom's Mass: The alpha particles that bounced back nearly
180° had encountered something of comparable or greater mass. Since alpha particles are about
7,300 times more massive than electrons, the scattering could not be explained by collisions with
electrons. The nucleus must therefore contain nearly all of the atom's mass.
Page 2|45
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Figure: Segré Chart of Stable Nuclides
Neutron-Proton (N-Z) Stability Chart: Stable Nuclides and the 'Valley of Stability'

0 [ [ [
1900 [ @ stable Nucices Loo
120 |- Region of stable o
110 1 + unstable nuclides o’
= o® b \
= 100 " J
é \.,o‘. Region of heavy nuclei
o ~
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c o3
g \ .83'” Deviation from N=Z
g 50 ..: |
z ..o‘ I
o e Stable Nuclides
’..l" Region of nuclide
o’ N=Z (unstable nuclides
N=olL* | \ |

0 10 20 30 40 50 60 70 80 90 100
Proton number Z

Key observations:

e For light nuclei (A4 < 20), stable nuclides have N = Z

¢ As A increases, the neutron-to-proton ratio N /Z increases, reaching about 1.6 for heavy nuclei

e No stable nuclides exist with Z > 83 (bismuth)

o There are only four stable odd-odd nuclides:  $H, $Li, £°B,and 3*N
The magic numbers—2, 8, 20, 28, 50, 82, 126—correspond to particularly stable configurations (filled
nuclear shells). Nuclei with magic numbers of protons or neutrons have higher binding energies than their
neighbors.
Radioisotopes
Among the approximately 3,000 known nuclides, only 257 are stable. The remaining are radioisotopes—
unstable nuclides that spontaneously decay, emitting radiation to achieve a more stable configuration.
Radioisotopes can occur naturally or be produced artificially in nuclear reactors and particle accelerators.
Radioactivity
Discovery
In 1896, French physicist Henri Becquerel made a serendipitous discovery that would earn him a Nobel
Prize. He found that uranium salt crystals emitted invisible radiation that could darken photographic
plates even when wrapped in black paper. Initially, Becquerel thought the radiation was related to
phosphorescence, but further investigation revealed it was a spontaneous property of uranium atoms.
Marie Curie and her husband Pierre Curie conducted the most significant investigations of this
phenomenon. They discovered two new radioactive elements:

e Polonium: Named after Marie's native Poland

¢ Radium: From the Latin 7adius meaning "ray"
Marie Curie coined the term radioactivity to describe the spontaneous emission of radiation by certain
elements.
Nature of Radioactivity
Radioactivity is the process by which unstable atomic nuclei spontaneously decay into more stable
configurations, emitting radiation in the form of particles or electromagnetic waves. Key characteristics:
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1. Spontaneous: The process occurs without any external trigger or influence. Neither physical
factors (temperature, pressure) nor chemical reactions affect the rate of decay.
2. Random: The exact moment of decay for any individual nucleus cannot be predicted. However,
the behavior of a large population of nuclei follows predictable statistical laws.
3. Nuclear Phenomenon: Radioactivity originates in the nucleus, not in the electron cloud. This
explains why chemical and physical conditions do not affect decay rates.
Types of Nuclear Radiation
When radioactive emissions are passed through electric or magnetic fields, they split into three distinct
components:
Figure: Deflection of Nuclear Radiations in a Magnetic Field

Lead Shield — Al Radioactive Source

&S

Magnetic Field (B)
x x x x* directedinto page

Gamma (y) Rays
(no charge, high-energy
X X K photons)

&—x—x— Beta (p) Particles
5 (negative charge,
high-energy electrons)

X
Photographic Plate —, —f 1 3 \_‘ _
o position Y position B position

X X X X

(positive charge,
Helium nuclei)

Alpha (a) Particles
Property Description
Composition Helium nucleus: 2 protons + 2 neutrons
Symbol aor 3He
Charge +2e (+3.2x 10719 Q)
Mass 4.0026 u
Speed 0.05-0.1c (approximately 1.5 X 107 m/s)
Ionizing Power Very high (due to large mass and charge)
Penetrating Power Very low—stopped by a sheet of paper or a few cm of air
Deflection in E/M Fields Slightly deflected in opposite direction to beta
Beta () Particles
Composition High-speed electrons (87) or positrons (8F)
Symbol B~ (electron) or B+ (positron)
Charge —eor +e
Mass 0.0005486 u (approximately 9.11 x 10731 kg)
Speed 0.5-0.99¢
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Figure: Gamma Decay Process
Sources of Nuclear Excitation:
¢ Following alpha or beta decay,

GAMMA RAY EMISSION FROM AN EXCITED NUCLEUS

EXCITED NUCLEUS STABLE NUCLEUS
(Higher Energy State) (Lower Energy State)

Electromagnetic Radiation
(y = hv, where v is frequency) Lower Energy

GAMMA RAY

DECAY
_ TRANSITION PHOTON y)

D

DECAY
/, TRANSITION GAMMA RAY

the daughter nucleus may be left High Energy
&)

in an excited state
e Neutron capture can leave the High
nucleus in an excited state &

e Bombardment with high-energy PHOTON (y)
M particles
Summary Of Decay Processes o Protons An excited nucleus transitions from a higher energy level to a lower energy
. level, emitting excess energy as a high-energy gamma ray photon. The
K O ucl stable with the same number of protons and neutrons.

Decay Type Change in Z Change in A Emitted Particle Example
Alpha Decreases by 2 | Decreases by 4 | Helium-4 nucleus 238y »  23Th4 ¢
Beta-minus | Increases by 1 | No change Electron + antineutrino MCo UN+B +7,
Beta-plus | Decreases by 1 | No change Positron + neutrino BF > B0+t +v,
Gamma No change No change Photon 6ONi* » ©ONi+y
The Law of Radioactive Decay
The Decay Constant

The rate of radioactive decay is proportional to the number of undecayed nuclei present. This observation
leads to the fundamental law of radioactive decay.
If N is the number of undecayed nuclei at time t, the decay rate is:
aN
T —AN
Where:
e listhe decay constant (probability of decay per unit time)

e The negative sign indicates that N decreases with time
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The decay constant A is a characteristic property of each radioactive nuclide, with units of s™1.
Exponential Decay Law

soIsh

Solving the differential equation Z—IZ = —AN yields the exponential decay law:

N(t) = Nye M
Where:
e Ny is the initial number of nuclei (at t = 0)
e N(t) is the number remaining after time ¢

nZOoO——-=2»XpvmXo
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4. Conservation of momentum
5. Conservation of angular momentum
Q-Value of a Nuclear Reaction
The energy released or absorbed in a nuclear reaction is called the Q-value:
Q = (Minial = Mina)¢* = YK Efina — 2K Einitial
A positive Q-value indicates an exoergic reaction (energy released); a negative Q-value indicates an
endoergic reaction (energy absorbed).
Nuclear Fission
Definition
Nuclear fission is the process in which a heavy nucleus splits into two or more lighter nuclei,
accompanied by the release of neutrons and a large amount of energy.
Discovery
Otto Hahn and Fritz Strassmann discovered nuclear fission in 1938. Lise Meitner and Otto Frisch
provided the theoretical explanation.
Typical Fission Reaction
5°U+ n- 33°U" - 'Ba+ 2Kr+3 n+Q
The energy released in a single fission event is approximately 200 MeV, which is about 10 million times
greater than the energy released in a typical chemical reaction.
Figure: Nuclear Fission Process
Energy Release in Fission

: Uranium-236
Uranium-235
Compound Nucleus (U-236)
Nucleus (U-235) Brief, Excned State [-10( 45)
ks gggmgg ] b Krypton-92
| Fragment
n@ =P (Kr-92)
FAST
Free FISSION NEUTRONS
Neutron ﬁ;: ﬁg\ 0
Uranium-235 Uranium-236 ) 7/ ,- °
Nucleus Compound Nucleus g.u Huge it i 1N
(U-235) (U-236) - Energy / n)
Rel
@ Proton *‘p;:fgt,%@s
@ Neutron B:g":"‘::t" \ IN
o Neutron ® g 141) KINETIC [ KINETIC ENERGY |
GAMMA RAYS (v

The energy released in fission comes from the increase in binding energy per nucleon. For U-235:
e Binding energy per nucleon = 7.6 MeV

Fission products (A = 90—-140) have binding energy per nucleon = 8.5 MeV

Difference = 0.9 MeV per nucleon
e Total energy: 235 X 0.9 = 200 MeV

This energy appears as:
¢ Kinetic energy of the fission fragments (about 170 MeV)
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e r-process (rapid neutron capture) in supernova explosions
This cosmic nucleosynthesis explains the abundance of elements in the universe and the origin of the
atoms in our bodies—as Carl Sagan said, "We are stardust."
Comparison of Fission and Fusion

Feature Fission Fusion

Process Heavy nucleus splits Light nuclei combine
Fuel U-235, Pu-239 H isotopes, He-3
Products Radioactive fission products Helium, neutrons
Energy per nucleon ~0.9 MeV ~3.5-6.4 MeV
Waste Long-lived radioactive waste Minimal (He is inert)
Reactor Status Commercial Experimental (ITER)
Weapon Type Atomic bomb Hydrogen bomb

Nuclear Reactors

Principle of Operation

A nuclear reactor is a device designed to maintain a controlled nuclear fission chain reaction. The heat
generated from fission is used to produce steam, which drives turbines to generate electricity.

Main Components

Control Rods

Reactor
Pressure
vessel

Moderator
(Slowing down
neutrons)

Fuel Rods
= A (Uranium Fuel)

Thick steel

Primary
Coolant

1. Fuel Rods

Control Rod
Drive Mechanism
Insertion/Withdrawal
(Adjusts reactor power)

Steam Generator\

(Heat Exchanger)

Thick Concrete Shielding /
Containment Building

Steam to
Turbine

) Hot Coolant

to Steam
Primary |
coolalrl‘t'

Steam Generator
l Turbine (Produces Electricity)

y Electricity
|| —> to Grid

Primary
Reactor Coolant
Vessel Pump

= => Cooling
Water

Feed Water Condenser
P Pump
\ Thick Concrete Shielding

/ Gontainment Building

e Contain the fissile material (typically enriched U-235 or Pu-239)

e Arranged in a regular lattice within the core

e Encased in corrosion-resistant cladding

2. Moderator

e Slows down fast neutrons to thermal energies (= 0.025 eV)
e Increases probability of fission in U-235
e Common moderators: ordinary water (H20), heavy water (D20), graphite
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Technetium-99m is ideal for medical imaging because:
e 6-hour half-life: long enough for procedures, short enough to minimize radiation dose
Emits 140 keV gamma rays that escape the body and are easily detected
Versatile chemistry allows attachment to various biological molecules
¢ Conveniently available from molybdenum-99 generators

Therapy
Isotope Application
Cobalt-60 External beam radiotherapy for cancer

Iodine-131 Thyroid cancer treatment
Strontium-90 Skin cancer treatment
Yttrium-90 Liver cancer treatment
Positron Emission Tomography (PET)

PET scanning utilizes positron-emitting isotopes to create detailed three-dimensional images of metabolic

activity.
Figure: PET Scan Principle

Injection & Tracer Distribution Gamma Positron Emission & Annihilation

Detectors
e

Radioactive Tracer
(e.g., F-18 FDG)

Positron

(e") , Positron Range
/wﬁ“‘w.
Electron Vi
(&)

Unstable
Nucleus

Radioactive
Activity

Annihilation
Event

\Gamma Rays
(511 keV photons)

Image Reconstruction

-

Localized
Annihilation Events

Simultaneous
Detection

Line of Response
(LOR)

Resulting PET Image

Annihilation Reaction:
et+e " -sy+y

Each gamma ray has energy of 0.511 MeV (the rest mass energy of an electron/positron). The two gamma
rays travel in opposite directions to conserve momentum.
Industrial Applications

Application
Thickness gauging

Isotope
Beta emitters

Principle
Absorption depends on material thickness

Smoke detectors

Americium-241

Alpha particles ionize air; smoke disrupts current

Food irradiation Cobalt-60 Gamma rays kill bacteria, extend shelf life
Sterilization Cobalt-60 Gamma rays kill microorganisms on medical equipment
Radiography Iridium-192 Gamma rays reveal internal flaws in materials

Well logging Neutron sources | Neutrons interact differently with oil, water, gas

Page 22|45

MK PREPARATIONS: Let’s Make It Happen
+92 333 2605045, +92 342 4470091

N
-]
=)
0
>
=
(°)
3
A
)
=
Q
2
<
o]
0
)
1
1
=3

soIshk




L MK PREPARATIONS) . -

~ L

nZOoO——-=2»XpvmXo

Carbon Dating
Figure: Carbon Dating Principle

\ [ FORMATION IN THE ATMOSPHERE ]
Cosmic Rays
N-14 converted to C-14 (6p, 8n)

. ,
Cosmi & m E?: ' Upper Atmosphere

Atmosphere
Nitrogen-1 Atn\m\ Carbon-14 Atom

/ Radioactive COQ\

Atmosphere g Ecosystem

PHOTOSYNTHESIS: / ) INGESTION: C-14
i | C-14 absorbed by 2” | absorbed by animals
plants

BIOSPHERE
ABSORPTION
b Living organisms have
VN constant C-14/C-12 ratio.

EXPONENTIAL DECAY CURVE
100

Determining age
based on
50% | remaining C-14

DEATH 3 ' =2 ,- ’
& DECAY off© DEAD ORGANISMS
Existing C-14 decays * o C-14
[ back to N-14 ] °o EXPONENTIAL © ® S0~

i i ; ?
life = o © RADIOACTIVEDECAY © ¢ e 0 5730 11,460 17,190
Half-life = 5,730 years A =\ ¢ N-14 o

How Carbon Dating Works:
1. Carbon-14 Formation: Cosmic rays interact with atmospheric nitrogen:
LN+ lno oy I
Biological Uptake: Living organisms maintain equilibrium with atmospheric C-14 through CO:
exchange.
2. Decay After Death: When an organism dies, C-14 uptake stops. The remaining C-14 decays with
a half-life of 5730 years:

EN25%

C-14 CONTENT (%)
."_‘; o
o o

12.5%

§'C—> FN+B +7,
Age Determination: The age is calculated from the remaining C-14 activity:

1 Ay Ti/2 Ay
=3 () =05 (3)
27 \a) 0693 \ 4
Example: Radiocarbon Dating

A sample of charcoal from an archaeological site has an activity of 0.100 Bq per gram of carbon. Fresh

carbon has an activity of 0.255 Bg/g. What is the age of the charcoal?
_ 5730y (0.255) 5730

In2 0.100/ ~ 0.693

In (2.55) = 8260 X 0.936 = 7740 y

Limitations:
e Maximum reliable age: about 50,000—60,000 years
e Requires uncontaminated samples
e Assumes constant atmospheric C-14 levels (requires calibration with tree rings)
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o Gamma: lead or concrete

o Neutrons: water, paraffin, concrete

Figure: Radiation Symbols
1. THE INTERNATIONAL TREFOIL SYMBOL

Indicates Presence of lonizing Radiation

A

Standard
Warning

A
a

1

packages,

sources

Background Radiation

Sources of Natural Background Radiation:

General lonizing
Radiation Level

Often found on

doorways, and

Trefoil
Symbol

¢ Cosmic radiation: 10-15% of natural exposure

e Terrestrial radiation: Uranium, thorium, and their decay products in soil and rocks

DANGER—
STAY AWAY

2. SUPPLEMENTARY IAEA
"DANGER—STAY AWAY" SYMBOL

Indicates High-Level Radiation / Severe Hazard

e Radon gas: The largest contributor (= 50% of natural exposure)
e Internal radiation: K-40 and C-14 in the body

Artificial Sources:

e Medical procedures (X-rays, CT scans, nuclear medicine)

e Nuclear fallout (from weapons testing and accidents)

¢ Industrial and consumer products

Typical annual background dose: 2—3 mSv (varies with location)

Fundamental Particles and Forces
The Four Fundamental Forces

2

Skull and
Crosshones:
Indicates

severe danger
of injury or death

L Running Figure:
Instruction to
immediately leave
the area
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Force Relative Strength Range Mediator Acts on
Strong 1 10~ m | Gluons Quarks, hadrons
Electromagnetic 1072 Infinite Photons Charged particles
Weak 10-° 1078 m | WH, W, Z° Quarks, leptons
Gravitational 10738 Infinite Graviton All particles
Elementary Particles
Quarks
Six flavors: up (u), down (d), strange (s), charm (c), bottom (b), top (t)
Quark Symbol Charge Mass (MeV/c?)
Up u +2/3 ~2.3
Down d -1/3 ~4.8
Strange | s -1/3 ~95
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o Gamma (y): High-energy photons—Ilow ionization, high penetration

5. Radioactive Decay follows an exponential law: N = Nye ~*t. The half-life T; s2 = 0.693/41is the
time for half of the nuclei to decay.

6. Mass Defect and Binding Energy: The mass of a nucleus is less than the sum of its constituent
masses. The missing mass is converted to binding energy according to E = Amc?. The binding
energy per nucleon peaks at A = 56 (iron), making these nuclei the most stable.

7. Nuclear Fission splits heavy nuclei into lighter ones, releasing energy and neutrons. A chain
reaction occurs when neutrons from one fission cause additional fissions.

8. Nuclear Fusion combines light nuclei into heavier ones, releasing energy. Fusion powers stars,
including the Sun, through the proton-proton chain.

9. Nuclear Reactors control fission chain reactions to produce power. Key components include fuel
rods, moderator, control rods, coolant, heat exchanger, and shielding.

10. Radiation Applications include medical imaging and therapy (PET, radiotherapy), industrial
gauging, food preservation, sterilization, and carbon dating.

11. Biological Effects of radiation depend on dose and type. Safety principles: minimize time,
maximize distance, use appropriate shielding.

12. Fundamental Forces governing the universe include the strong nuclear force, electromagnetic
force, weak nuclear force, and gravitational force.

13. Elementary Particles are quarks (six flavors) and leptons (six particles). Hadrons (baryons and
mesons) are composed of quarks.

Key Equations

Equation Description

N=A4A-7 Number of neutrons

R =RyAY3, Ry =1.2fm Nuclear radius

N(t) = Nge™ Exponential decay law
0.693 Half-life and decay constant
Ty = —
A=AN Activity
Am=[Zmy+ (A—-Z2)m,| — Mym Mass defect

Ep = Am - ¢? Binding energy

Eg(MeV) = Am(u) x 931.5

Energy equivalence

1u=1.66x 10727 kg = 931.5 MeV/c?

Atomic mass unit

1 ZyZ,e?
_4'11'60 Ki

Distance of closest approach

Q = (Mipgia) — M) c?

Q-value of nuclear reaction
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The Atomic and Nuclear Physics: One Liners

1. Democritus proposed the concept of atomes, indivisible particles.

2. J.J. Thomson discovered the electron in 1896 through cathode ray experiments.

3. Thomson's model of the atom was called the "plum pudding" model.

4. Rutherford's gold foil experiment was conducted in 1909 by Geiger and Marsden.

5. Approximately 99.9% of alpha particles passed straight through the gold foil.

6. About 1 in 8,000 alpha particles were deflected through angles greater than 90° in Rutherford's
experiment.

7. Rutherford concluded that the atom has a tiny, dense, positively charged nucleus.

8. The nucleus occupies only about 107** of the atom's volume.

9. The distance of closest approach in alpha scattering is calculated using conservation of energy.
10. Classical physics predicted that orbiting electrons would spiral into the nucleus.

11. The modern quantum model describes electrons in orbitals (probability clouds), not fixed paths.
12. The Heisenberg uncertainty principle prevents knowing both position and momentum of an
electron precisely.

13. An atom's radius is about 107'® m, while a nucleus's radius is about 1075 m.

14. The nucleus is about 10,000 times smaller than the atom.

15. Nucleons are the particles that make up the nucleus: protons and neutrons.

16. Proton mass: 1.6726 x 10727 kg or 1.007276 u.

17. Neutron mass: 1.6749 X 10727 kg or 1.008665 u.

18. Neutrons are slightly more massive than protons.

~ L

19. The only stable nucleus without a neutron is ordinary hydrogen (protium).
20. Nuclear notation: %X, where Z = atomic number, A = mass number.

21. The number of neutrons N = A — Z.

22. A nuclide is a specific nuclear species characterized by Z and A.
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23. The empirical formula for nuclear radius is R = RyA'/3, with Ry ~ 1.2 fm.

soIshk

24. Nuclear density is approximately constant for all nuclei, around 2.3 x 107 kg/rn3.
25. This density is about 2 X 101* times the density of water.
26. The strong nuclear force binds nucleons together, overcoming proton-proton repulsion.

27. The strong force has a very short range, about 10~*5 m (1 fm).

28. The strong force is charge-independent (p-p, n-n, p-n forces are similar).

29. At nuclear distances, the strong force is about 100 times stronger than the electromagnetic force.
30. The strong force is mediated by particles called gluons.

31. The weak nuclear force is responsible for beta decay.

33. Isotopes are atoms of the same element (same Z) with different numbers of neutrons (different A).
34. Isotopes have identical chemical properties but different nuclear properties.

35. Protium: 1H, Deuterium: 2H, Tritium: 3$H.

36. Carbon-14 ( L*C) is radioactive and used in carbon dating.

37. Isobars are nuclides with the same mass number A but different Z.

nZOoO——-=2»XpvmXo

38. Isotones are nuclides with the same number of neutrons N.
39. For light nuclei (A < 20), stable nuclides have N = Z.
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110. Leptons (e, p, T, and their neutrinos) do not experience the strong force.

111. Mesons are hadrons composed of a quark and an antiquark.

112. Every particle has a corresponding antiparticle with the same mass but opposite charge.
113. Matter-antimatter annihilation converts mass entirely into energy.

114. The universe's matter-antimatter asymmetry is an unsolved problem.

Practice MCQs

Q1. Who first proposed the concept of
atomos?

A) J.J. Thomson

B) Ernest Rutherford

C) Democritus

D) Niels Bohr

Answer: C

Q2. The discovery of the electron is credited
to:

A) Ernest Rutherford

B) J.J. Thomson

C) James Chadwick

D) Henri Becquerel

Answer: B

Q3. J.J. Thomson's model of the atom is often
called the:

A) Planetary model

B) Quantum model

C) Plum pudding model

D) Nuclear model

Answer: C

Q4. The majority of alpha particles in
Rutherford's experiment passed through the
gold foil because:

A) The gold foil was very thin.

B) Alpha particles are very small.

C) The atom is mostly empty space.

D) The nucleus is negatively charged.
Answer: C

QS. The observation that about 1 in 8,000
alpha particles were deflected through large
angles led Rutherford to conclude that:

A) The atom has a small, dense, positively
charged nucleus.

B) The atom is a uniform sphere of positive

charge.

C) Electrons are embedded in a positive matrix.
D) The atom is indivisible.

Answer: A

Q6. The distance of closest approach for an
alpha particle to a nucleus depends on:

A) The mass of the alpha particle only.

B) The initial kinetic energy of the alpha
particle.

C) The atomic number of the target nucleus
only.

D) Both B and C.

Answer: D

Q7. According to classical physics, an orbiting
electron should:

A) Remain in a stable orbit.

B) Emit radiation and spiral into the nucleus.
C) Only exist in discrete energy states.

D) Have wave-like properties.

Answer: B

Q8. In the quantum mechanical model, an
atomic orbital represents:

A) The exact path of an electron.

B) A region of high probability for finding an
electron.

C) The energy level of an electron.

D) The spin of an electron.

Answer: B

Q9. The approximate ratio of the radius of an
atom to the radius of its nucleus is:

A) 10:1

B) 100:1

C) 1,000:1

D) 10,000:1

Answer: D
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Chapter 8: Basic Solid State Physics

Introduction

The modern world is fundamentally shaped by our ability to control the flow of electrons in materials.
From the simplest light-emitting diode to the most sophisticated microprocessor, the principles of
electronics govern the technology that surrounds us. Electronics—the branch of physics and technology
that deals with the behavior and movement of electrons in semiconductors, conductors, vacuum, and
gases—has revolutionized modern civilization, giving rise to computers, mobile phones, medical
diagnostic equipment, and countless other devices that form the backbone of contemporary society.

The foundation of modern electronics lies in our understanding of materials—specifically, how the atomic
and molecular structure of substances determines their electrical, magnetic, and mechanical properties.
This chapter presents a comprehensive, unified treatment of the physics that underlies electronic devices,
drawing together the concepts of solid-state physics, semiconductor physics, and digital electronics into a
coherent whole.

We begin by examining the fundamental nature of solids—how atoms arrange themselves and bond
together to form the crystalline structures that make electronic devices possible. Understanding these
structures leads us to the energy band theory, which explains why some materials conduct electricity
while others insulate, and why semiconductors occupy a unique middle ground.

The semiconductor diode represents the simplest electronic device built from these principles. We will
explore its operation in detail, understanding how a p-n junction can control current flow in one direction
only. Building upon this foundation, we will examine specialized devices such as light-emitting diodes
and photodiodes, which convert between electrical energy and light.

The transistor, perhaps the most important invention of the twentieth century, represents the next level of
complexity. We will understand how this three-terminal device can amplify weak signals and act as an
electronic switch—the fundamental building block of all digital logic.

Finally, we will explore how these components are combined to create digital systems. Boolean logic and
logic gates provide the mathematical framework for digital computation, while practical circuits
demonstrate how these abstract concepts become working devices.

This chapter is designed to be self-contained and self-explanatory. Each concept is developed step by
step, with careful attention to definitions, mathematical formulations, and physical interpretations. The
goal is to provide a deep understanding that will serve as a foundation for further study in electronics and
solid-state physics.

The Physics of Solids

Classification of Solids

Solids can be classified based on the arrangement of their constituent atoms, ions, or molecules. This

arrangement fundamentally determines the mechanical, electrical, and magnetic properties of the material.

Matter in the solid state exhibits a wide range of behaviors depending on the ordering of its constituent
particles.

Crystalline Solids

A crystalline solid is characterized by a definite geometric pattern in which particles are arranged in a
three-dimensional network with long-range order. This means that the arrangement repeats periodically
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Body-Centered Cubic (BCC) Lattice: In addition to the corner points, there is a lattice point at the
center of the cube. Each atom in a BCC structure has eight nearest neighbors. The alkali metals (lithium,
sodium, potassium) crystallize in this structure.

Face-Centered Cubic (FCC) Lattice: Lattice points exist at each corner and at the center of each face.
Each atom in an FCC structure has twelve nearest neighbors, making it a close-packed arrangement.
Many metals (aluminum, copper, silver, gold) crystallize in this structure.

Hexagonal Close-Packed (HCP) Lattice: Layers of atoms arranged in hexagonal patterns, with
alternating layers shifted to achieve maximum packing density. This structure also gives twelve nearest
neighbors per atom.

Basis and Crystal Structure

A complete description of a crystal structure requires both the lattice and the basis—the atom or group of
atoms associated with each lattice point. The crystal structure is the combination of the lattice and the
basis.

Sodium Chloride (NaCl) Structure: This can be described as an FCC lattice with a basis consisting of
one chloride ion (Cl) at each lattice point and one sodium ion (Na*) displaced half a cube length along
the cube edge. Alternatively, it can be viewed as two interpenetrating FCC lattices—one of Na* ions and
one of CI™ ions.

Diamond Structure: The crystal structure of carbon (diamond), silicon, and germanium is also based on
an FCC lattice. The basis consists of two identical atoms: one at each lattice point and another displaced
by one-quarter of the cube diagonal. Each atom in this structure has four nearest neighbors arranged at the
corners of a regular tetrahedron—a consequence of covalent bonding.

IMPORTANT CRYSTAL STRUCTURES

Panel (a) - Diamond Structure (Silicon/Germanium) Panel (b) - Sodium Chloride (NaCl) Structure

Tetrahedral bonding
arrangement

Rock Salt

Alternating Na*
and CI" ions

Diamond lattice
(e.g., Si, Ge)

Cubic unit cell
(FCC with base) interpenetrating

FCC Lattices X

Four nearest neighbors
around each central atom

Two interpenetrating FCC lattices

of identical atoms shifted All lattices of all CI- Al lattices of all Na*

Bonding in Solids
The forces that hold solids together are the same as those that form molecules, with the addition of one
special type—the metallic bond.
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lonic Bonding (b) Covalent Bonding

Shared
electron pair

Electrostatic attraction Shared electron pair

(c) Metallic Bonding (d) Van der Waals Bonding
B Deloursed

@\ @\ @\ @ . electrons
\@ EREIC)
Q y, @%@ @ ‘\Delocallzed m%ﬁelgﬂ?és o o

. electron cloud

Weak attraction
Positive ion cores  (“sea of electrons”) due to induced dipoles

Ionic Bonding

In ionic crystals, such as sodium chloride (NaCl), atoms are held together by the Coulomb attraction
between oppositely charged ions. Sodium (Na) loses its outermost electron to become Na*, while chlorine
(Cl) gains an electron to become CI". The resulting ions arrange themselves in an alternating pattern to
maximize attractive interactions and minimize repulsive ones.

The potential energy of an ionic crystal can be calculated by summing the Coulomb interactions between
all pairs of ions. For a pair of ions with charges +e and —e separated by distance r, the electric potential

energy is:
U 1 e?
M Mae
In a three-dimensional crystal, the total potential energy per ion pair is:
2
U ae
total AT o

where o is the Madelung constant, which depends on the crystal structure (o~ 1.75 for NaCl). At very
small separations, the Pauli exclusion principle creates a repulsive force that prevents the ions from
collapsing together. The equilibrium separation results from a balance between attractive Coulomb forces
and this quantum-mechanical repulsion.
Covalent Bonding
In covalent crystals, atoms share electrons to form directed bonds. The diamond structure of silicon and
germanium is a prime example. Each atom has four valence electrons and forms four covalent bonds with
its four nearest neighbors, arranged tetrahedrally.
The energy of a covalent bond is typically 1-5 eV. In silicon, the tetrahedral arrangement minimizes the
overlap of electron wave functions from different bonds, thereby minimizing repulsive interactions
between electron pairs.
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Modulus Definition Formula Physical Meaning
Young's Ratio of tensile stress to _ M Resistance to

Modulus (Y) tensile strain ~ AL/L stretching/compression
Shear Ratio of shear stress to g = F/A Resistance to shearing
Modulus (S) shear strain Ax/y

Bulk Ratio of volume stress AP Resistance to uniform
Modulus (B) to volumetric strain —AV/V compression

Typical Values of Elastic Moduli:
Material Young's Modulus (x10' Pa) | Bulk Modulus (x10' Pa) \ Shear Modulus (x10' Pa)

M [ Steel 20.0 16.0 7.5
Copper 11.0 14.0 4.4
K [ Aluminum | 7.0 75 25
Lead 1.6 4.1 0.6

Stress-Strain Curve
The stress-strain curve is a graphical representation of how a material responds to increasing applied
stress.

ff Ductile vs. Brittle Material
Comparison

Ductile Material

C (Ultimate Tensile Strength)
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Stress o (Pa)

1 Brittle Material

‘w1 A (Proportional Strain € <
& Limit) w
= | # B (Yield Point) ; al
w A

g1 e L D (Fracture Point) 7
n

Elastic :
- Region ... Plastic Region

Strain € (dimensionless)
The curve reveals several important regions and points:

Region/Point Description

nZO—~Hp AP UvmAT

OtoA Linear region; Hooke's law is obeyed; elastic behavior

AtoB Non-linear but still elastic; material returns to original shape when load
removed

B (Yield Point) Elastic limit; beyond this point, permanent deformation occurs

Bto C Plastic region; strain increases rapidly with little increase in stress

C (Ultimate Tensile Maximum stress material can withstand

Strength)

D (Fracture Point) Material breaks

Ductile materials (e.g., copper, lead) undergo significant plastic deformation before breaking,

while brittle materials (e.g., glass, high-carbon steel) break soon after the elastic limit is reached.
Strain Energy

When a material is deformed elastically, the work done by the applied force is stored as strain energy—
potential energy associated with the displacement of atoms from their equilibrium positions.
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Two bands are particularly important for electrical conductivity:
1. Valence Band: The highest energy band that is normally occupied by electrons. Electrons in this
band are bound to atoms and do not contribute to electrical conduction.
2. Conduction Band: The next higher energy band. Electrons in this band are free to move
throughout the material and contribute to electrical conduction.
3. Forbidden Energy Gap (Band Gap): The energy region between the valence and conduction

bands where no electron states exist. The width of this gap determines the electrical properties of

the material.
Classification of Materials Based on Band Structure

Material Type | Band Gap (E;) Conduction Band Electrical Behavior
Insulator Large (~5-15 Empty at 0 K No conduction at room
eV) temperature
Semiconductor | Moderate (~0.5- | Empty at 0 K; partially filled at Conductivity increases with
2¢eV) room temperature temperature
Conductor Zero (bands Partially filled High conductivity
overlap)
Figure: Energy Band Diagrams
INSULATOR SEMICONDUCTOR CONDUCTOR

Conduction Band

T Large

E, = 5-15 eV Energy

l Gap

Valence Band

ENERGY (E)

Intrinsic Semiconductors
Definition and Structure

An intrinsic semiconductor is a pure
semiconductor crystal containing no
impurities. Silicon (Si) and germanium
(Ge) are the most common intrinsic
semiconductors, belonging to Group IV-A
of the periodic table with four valence
electrons.

In a silicon crystal, each atom forms four
covalent bonds with its four nearest

A

ENERGY (E)

y
r Overlapping Bands '!‘

Conduction Band
Conduction Band

e o . !l}’ @
4 Small 5 h
E,1eV Energy
¥ Gap ¥ ra
° e O = —
e Valence Band
Valence Band Valence Band

(Partially filled)

Crystal Structure: Silicon Lattice with Covalent Bonds
'si) Free Electron

Covalent bond

A

Band Diagram: Energy State View

Conduction Band (CB) Electron in

[y @ conducton band
5 I? Electron excitation from
g Band Gap (E Energy lnputf valence to conduction band
& O Hole in
. .
Valenoe Band (VB) . 0 ® ‘ valence band
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3. As electrons leave the N-side, they leave behind positively charged donor ions
4. As holes leave the P-side, they leave behind negatively charged acceptor ions

This creates a region near the junction called the depletion region (or space charge layer) that is:
e Depleted of mobile charge carriers

e Contains fixed, immobile ions
e Creates an internal electric field from the N-side to the P-side
The internal electric field creates a potential barrier that opposes further diffusion of majority carriers:
e For silicon: approximately 0.7 V
e For germanium: approximately 0.3 V

Figure: Formation of the Depletion Region
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Formation Of a PN Junction FORMATION OF p-n JUNCTION: ENERGY BAND DIAGRAM
p-type (holes) n-type (electrons)  INSTANT OF CONTACT AT EQUILIERIUM
Before Contact: _le 5 o & @H. T e e (Befare Equilibrium) (After Depletion Formation)
O5CH20 e Toc[gee e e
e o o o o oo ee 0 oo 0% %% oo eee o o SoC[mEEIEE
p-type ® ace —E ® e ®0 o o o nN-type Fixed aceeptorions (4 Fixed donar ons (D) wﬁ:é@g e
® & o o0 o 060 ® .. E ss s e e F Depletion
(holes) ® ¢ o o oo ©o?® of electrons) - e
8L 0L 0-10. .0 R ) Ol EEF:[ & 4 ewe EEERE owe |
E GeEeTeservys ol Mo ] Gl
After Contact: Depletion Region LT O oggiten
® o 0 o0 ® o 0 o =
Ptype |,%°,%, [T+ +|+++lesge 00 ntype o I | ooy T
(holes) 0% 6 |mm | = =|% 0% ® (electrons) E“[ ¢ ; i
oo ® o e o0 o — E
© © © © © Ev v~ 86 coo En
{’ k\ AT EQUILIBRIUM Reglar et )
FiXed negative iOnS FiXed positive ions ® Electrons A" Fixed Acceptor lons E, Conduction Band E; Bandgap Vi, Built-in
© Holes D* Fixed Donor lons E, Valence Band Eg Fermi Level Potential

Forward Bias
A PN junction is forward biased when:
e Positive terminal of the battery connects to the P-side (anode)

soIsh

e Negative terminal connects to the N-side (cathode)
Effects:

e The external voltage opposes the internal barrier potential

e The depletion region narrows

e The potential barrier decreases

e  Majority carriers can cross the junction

e Forward current flows (milliamperes range)
Forward current equation:

Ir = Is(e?V/*T — 1)

where:

e [ =forward current

e [¢ =reverse saturation current

e g =electron charge (1.6 x 1071° C)

e V =applied voltage

e k= Boltzmann's constant (1.38 X 10723 J/K)

e T = absolute temperature
Knee voltage: The voltage at which forward current begins to increase rapidly (0.3 V for Ge, 0.7 V for
Si)

nZOoO——-=2»XpvmXo
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Applications of PN Junction Diodes
Rectification
Rectification is the process of converting alternating current (AC) to direct current (DC). Diodes are used
as rectifiers because they conduct current in only one direction.
Half-Wave Rectifier
In a half-wave rectifier:
e Asingle diode conducts only during the positive half-cycle of the AC input
e During the negative half-cycle, the diode is reverse-biased and no current flows
e  Only half of the input waveform appears across the load
Output voltage (average):

V
Vdcz?m

where V,,, is the peak input voltage.
Full-Wave Rectifier (Center-Tap)
A full-wave rectifier uses:
e A transformer with a center-tapped secondary winding
e Two diodes connected to the ends of the secondary winding
Operation:
e During the positive half-cycle, one diode conducts
e During the negative half-cycle, the other diode conducts
e  Current flows through the load in the same direction during both half-cycles
Output voltage (average):
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Full-Wave Bridge Rectifier
A bridge rectifier uses four diodes to rectify both halves of the AC cycle:
e During the positive half-cycle: two diodes conduct, sending current through the load in one
direction
e During the negative half-cycle: the other two diodes conduct, sending current through the load in
the same direction
The output is a pulsating DC with twice the input frequency, which is easier to smooth into steady DC
using filters.
Figure : Full-Wave Bridge Rectifier Circuit

DIODE BRIDGE RECTIFIER
FULL-WAVE)

TRANSFORMER B DIODES
(STEP-DOWN) I SZNWW)
Y]

i

'SECONDARY
+ WINDING | 4
1 Vs, 12VAC) |
i

AC INPUT
(Vi, 120V RMS
60Hz)

—

PRIMARY
WINDING

& A

+ +
>
| \/ \/ D1 D2 D3 D3 D3 D4 D4

INPUT VOLTAGE (Vs) RECTIFIED DC QUTPUT (Vo)
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e They require current-limiting resistors to prevent damage
I-V Characteristic:
Like a regular diode, an LED conducts only in forward bias. However, the threshold voltage is higher
(typically 1.5-4 'V, depending on color). Below the threshold, very little current flows; above threshold,
the current increases rapidly with voltage, and light is emitted.
Applications:
e Decorative lighting
e Display devices (seven-segment displays, digital clocks)
e Optical communication
e Indicators and warning lights
Photodiode
A photodiode is a PN junction designed to detect light. It is operated in reverse bias.
Operating Principle:

. . (a) Photodiode (b) Solar Cell
When light (photons) with energy greater . e
. . . ncident )
than the band gap strikes the junction: Light \%\%ﬁv Swilight cunent(y W
. Electtrons field raus —>
e Photons are absorbed, creating 3“2’:::'1;”.90':‘ i (—> o l
i > Collection
electron-hole pairs \e @_,,e T e
e The electric field in the depletion = “Q:,?{;‘,V_‘ E'e“"’a'}r““'e + P = =
. . ; Generatlon
region separates the carriers h ko E- fold. : /
. - '
e Electrons are swept to the n-side, F'-‘l;pe : | N-type ; el
hOleS to the p-S]de TPEaI;CG":r?erHa?IIgn Depletion Region Phu(l'ucur;ent l N TESIC;:(;%” SE%aarrr;iron -
. photo. Qutput
e This creates a photocurrent «— [y A Full Metal Power Delivery
. b 5 . = I' + S Contact (Eg Eo‘;ag”
proportional to the light intensity Reverse Bias Voltage (Vi) NO EXTERNAL BIAS

The photocurrent adds to the reverse
saturation current:
Liotal = Is + Lignt
Applications:
e Optical communications (fiber optics)
e Light sensors
e Smoke detectors
e Medical imaging devices
Photovoltaic Cell (Solar Cell)
A solar cell (photovoltaic cell) is a PN junction that converts light energy directly into electrical energy. It
is essentially a large-area p-n junction operated with no external bias.
Operating Principle:
When light strikes the junction:
e Photons create electron-hole pairs
e The built-in electric field separates the carriers
e Electrons accumulate on the n-side, holes on the p-side
e This creates a voltage (typically 0.5-0.6 V for silicon cells)
e  When connected to a load, current flows
The efficiency of solar cells is determined by:
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e The band gap (optimal is about 1.4 eV for terrestrial applications)

e The quality of the semiconductor (few defects, long carrier lifetime)

e The cell design (surface texture, anti-reflection coating)
Transistors
Introduction to Transistors
A transistor is a three-terminal semiconductor device that can both conduct and insulate, allowing it to
function as a switch or amplifier. The name "transistor" combines "trans" from transmitter and "sistor"
from resistor, reflecting its ability to transfer signals from a low-resistance circuit to a high-resistance
circuit.
Historical Significance
The transistor was invented in 1948 at Bell Laboratories by Walter Brattain, John Bardeen, and William
Shockley, who were awarded the 1956 Nobel Prize in Physics. This invention revolutionized electronics
by replacing bulky, power-hungry vacuum tubes and laid the foundation for integrated circuits and
modern computers.
Basic Structure

A transistor consists of three regions: Panel (a) - NPN Transistor Panel (b) - PNP Transistor
1. Emitter: Heavily doped region that
: : o o
emits cha.rge .carrlers ._i_. e ._i_. o)
2. Base: Thin, lightly doped central Emitter (N*) E Emitter (P*) E T
region I5 (in) I, (out)
& Base (P) = P Base (N) = N
3. Collector: Moderately doped, larger B B
region that collects charge carriers Collector (N) c iotow| | Gollctor ) c et
Two PN junctions are formed: ¢ o
¢ Emitter-Base junction: Forward | |

biased in normal operation Panel (a) - NPN Transistor Panel (b) - PNP Transistor
e Collector-Base junction: Reverse biased in normal operation
Types of Transistors
Bipolar Junction Transistors (BJTs)
Bipolar junction transistors are called "bipolar" because both electrons and holes participate in the
conduction process. Two types exist:

Type Structure Majority Symbol Arrow
Carriers
NPN | P-type base sandwiched between two N-type Electrons Pointing out from
regions base
PNP | N-type base sandwiched between two P-type Holes Pointing in toward
regions base

P 17 | 50
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OR Gate from Switches: Two switches connected in parallel. The lamp lights when either switch is
closed (at least one input = 1).

NOT Gate from Switch: A single switch connected to invert the output: when the switch is open (input =
0), the lamp lights (output = 1); when the switch is closed (input = 1), the lamp is off (output = 0).

SWITCH IMPLEMENTATIONS OF BASIC LOGIC GATES

(a) AND Gate (Series Switches) (b) OR Gate (Parallel Switches) (c) NOT Gate (Inverter)
A B Vee Ve
Mechanical Mechanical . , R
M Switches  Switches Mechanical B Mechanical
+ Switches Switches
—— Battery Y
= Ve
- Mechanical
H A i
K O Closed = 1 © Closed =1 Y Switches

A O Open=0 O Open=0 :D_ E _T_

Closed = 1 D —_— Closed = 1 —_— p

Open =0 | A Open =0 [ | & Closaa =1 N‘%r:;;

A | B | Output (Y) L_O/ A | B |Output(Y)| —o— © Open =0 o_lamp

0|0 0 = 0|0 OFF = " 7 2 A

1o o |[ | 1o on | | ——o— '

B B 0 | Open | 1 CLOSED

01 1 —oc 01 ON —C 1 | Closed | 0 Current shorted

101 1 | 11 ON J by switch
Condition: Lamp ON only when :D_ Condition: Lamp ON when either :D_ Condition: Lamp state is opposite of switch
both A AND B are closed. A ORB (or both) are closed. A state. (Current flows when switch is open)
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Applications of Logic Gates
Burglar Alarm (AND Gate Application)
A burglar alarm can be constructed using an AND gate with two inputs:
e Input 1: Person sensor (HIGH when movement detected)
e Input 2: Alarm switch (HIGH when system armed)
The alarm activates (output HIGH) only when both conditions are true—a person is detected AND the
system is armed.
Fire Alarm System
A fire alarm circuit using a NAND gate includes:
e A thermistor that changes resistance with temperature
e Areset switch
e A buzzer for output
When the thermistor warms (fire detected), the input voltage drops to LOW, causing the NAND output to
become HIGH, sounding the buzzer. The circuit latches until manually reset.
MAGNETIC PROPERTIES OF MATERIALS
Theory of Magnetism
Origin of Magnetism
According to modern atomic theory, magnetic properties arise from two types of electron motion:
1. Orbital motion: Electrons revolving around the nucleus create magnetic moments

soIsh
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2. Spin motion: Electrons spinning on their own axes contribute to magnetic moments
Each atom behaves as a tiny magnetic dipole due to these motions.
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Magnetic Domains

In ferromagnetic materials, atoms form regions called magnetic domains (=10'2 to 10'¢ atoms per
domain) where magnetic moments are aligned in the same direction. In an unmagnetized material,
domains are randomly oriented; when magnetized, domains align with the applied field.
Classification of Magnetic Materials

Type Magnetic Moment Behavior in External  Examples
Field
Diamagnetic No net moment (paired electrons) Weakly repelled Copper, zinc,
bismuth
Paramagnetic | Small net moment from unpaired Weakly attracted Aluminum,
electrons antimony
Ferromagnetic | Strong net moment due to domain Strongly attracted Iron, nickel, cobalt
alignment

Curie Temperature
The Curie temperature (or Curie point) is the temperature at which a ferromagnetic material loses its
ferromagnetic properties and becomes paramagnetic. For iron, the Curie temperature is approximately
770°C.

Magnetic Hysteresis

Magnetic hysteresis is the
phenomenon where the magnetic
flux density B lags behind the
magnetizing force $SH$ when a
magnetic material is subjected to a

B-H Hysteresis Loop for a Ferromagnetic Material

h
Inset: Comparison of Hysteresis Loops
+Bsal

Saturation

L i T N
Coercity oy | 4 B induction
T,

Hysteresis
Loss Area

Hysteresis
Loss Area

Soft Magnetic Material Hard Magnetic Material
(e-g., Soft Iron) (e.g., Alnico, Hard Steel)

- HC

cycle of magnetization.

Hysteresis Loop

The hysteresis loop (B-H curve)
shows the relationship between flux

+H, H (A/m or Oerstedg)

Magnetic Flux Density (B, T)

Hysteresis loss

density and magnetizing field SMifEOminDcion

strength throughout a complete
cycle of magnetization. Magnetic Field Strength H (A/m)
Key Parameters:

Parameter Definition

Retentivity Remaining flux density when magnetizing force is removed

Coercive Force | Reverse field required to reduce flux density to zero

Hysteresis Loss | Energy dissipated as heat during one magnetization cycle (proportional to loop area)
Soft vs. Hard Magnetic Materials

Type Hysteresis Characteristics Applications
Loop
Soft Narrow Easy to magnetize and demagnetize; Transformer cores, relays,
Magnetic low coercivity solenoids
Hard Fat Difficult to demagnetize; high Permanent magnets (alnico,
Magnetic retentivity ferrites)
Page 26|50
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Vibrational Energy Levels

In a more realistic model, the atoms in a diatomic molecule can vibrate about their equilibrium separation.

Treating the interatomic bond as a spring with force constant k', the vibrational energy levels are:

_ 1 _ 1y, [k _
En = (n+ 7) hw = (TH' 7) h m—r(n = 0,1,2, )
The spacing between adjacent vibrational levels is constant: AE=Aw. These energies typically correspond
to photons in the infrared region.
Combined Rotation-Vibration Spectra

When both rotation and vibration are considered, the energy levels are:
2

E, = (n+%) ho + 1(L+ 1)%

The selection rules are An = +1 and Al = £1.. The resulting spectrum consists of bands, each
corresponding to a particular vibrational transition, with individual lines corresponding to rotational
transitions within that band.
Cathode Ray Oscilloscope (CRO)
Thermionic Emission
Thermionic emission is the emission of electrons from a metal surface due to thermal energy. When a
metal is heated:

e Free electrons gain kinetic energy

e Some electrons acquire sufficient energy to overcome the work function (the minimum energy

required to escape the metal surface)

e Electrons are emitted into the surrounding space
In practice, thermionic emission is achieved by passing electric current through a tungsten filament,
heating it to incandescence.

DIAGRAM OF THE INTERNAL STRUCTURE OF
A CATHODE-RAY OSCILLOSCOPE (CRO)

Inset showing electron gun details

Filament Focusing Anode
(Heater) Accelerates and
" . focus. the electrons.
Electron gun Vertical deflection Cathode SaetIngecTon
assembly

Control Grid \
Controls 5
brightness Focusing Accelerating
Anode Anode
Accelerates and
focuses the electrons
Glass encuum into a tight beam.

envelope

J/

Vertical
deflection plates

Vertical Deflection:
Deflects electron
beam up and down.

Electron beam path

\— Fluorescent Screen

(Phosphor Coated)

Horizontal
deflection plates

Horizontal Deflection:
Sweeps electron beam
left to right.
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Electron Gun
An electron gun is a device that produces a focused, accelerated beam of electrons. It consists of:

Component Function

Indirectly Heated Cathode Emits electrons when heated by filament

Control Grid Controls beam intensity (negative bias reduces electron flow)
Accelerating Anode High positive potential accelerates electrons

Focusing Anode Focuses electrons into a narrow beam

Cathode Ray Oscilloscope (CRO)
The Cathode Ray Oscilloscope is an electronic test instrument that displays electrical signals as
waveforms on a screen.
Main Components
1. Electron Gun: Produces the electron beam
2. Deflection System:
o Vertical deflection plates (Y-plates) control vertical position
o Horizontal deflection plates (X-plates) control horizontal position
3. Fluorescent Screen: Coated with phosphor that emits light when struck by electrons
Deflection of Electron Beam
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e Displaying waveforms of electrical signals
e Measuring potential difference (as a voltmeter)
e Measuring short time intervals

R Panel (a) Electrostatic Deflection Panel (b) Electromagnetic Deflection
+V North Pole (N)
E F"g’g&?ﬁnt Fluorescent
o R 3
ate n
P ‘ i3 9
\‘EI t : l ) \ Magnstic Deflection (@
| Electron | Field (B)
A e || road RN “
\\ Electron l |_Electric \ Electron &l J
R | Beam YYVVYVY Field (E) | Baam Electron B%‘
/ ——— / ¥ Vv v Yy Velocity (v)
= edatie o o
A Plate or oton/ ) Weanerc
Fluorescent e Fluorescent
RY; Screen cﬁe’m Screen
T Laal-:lr::l‘igleuls South Pole (S)
Panel (a) Electrostatic Deflection Panel (b) Electromagnetic Deflection
I Field Type Effect
Electric Electron beam is attracted toward positive plate, repelled from negative plate
Field
O Magnetic Beam deflected perpendicular to both field direction and beam direction (Fleming's
Field left-hand rule)
N Applications of CRO

e Troubleshooting electronic circuits
e "Seeing" sound waves (using a microphone to convert sound to electrical signals)
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e Zero resistance: Below critical temperature

e BCS theory: Cooper pairs mediated by phonons
e Applications: MRI, maglev trains, particle accelerators
Important Formulas

Formula Description

h
Ei =11+ 1)o7

_F/A Y ' dul
= AL/L oung's modulus
_f/4 Sh dul
= Axy ear modulus
M __A4ap Bulk modul
K = ZAvV ulk modulus
2

Rotational energy levels

E, = (n+ %) hw

Vibrational energy levels
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P I=1Ig(e?/k—1) Diode current
Ig=Ig+ 1, Transistor current relation
I
R p = I_C Current gain (CE)
B
E I¢ .
a=— Current gain (CB)
| E <
a . . w
P B = 1 Relation between gains ="
Vin Half-wave rectifier average a
A Vac=—~ output
T pu
V. = 2V Full-wave rectifier average
R de = o output
R, : .
A G=—— Inverting op-amp gain
R,
R, . : .
T G=1+ R Non-inverting op-amp gain
1
32/374/352 N\ 2/3 .
Ep=—(— Fermi energy
I l 2m (V)
O f(E) = CEED T Fermi-Dirac distribution
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Basics of Solid State Physis: One Liners

Crystal Structure & Bonding
. A space lattice is an infinite array of points where each point has identical surroundings.

. The basis is the atom or group of atoms attached to each lattice point.

. Crystal structure = Lattice + Basis.

. The lattice constant is the distance between consecutive neighboring lattice sites.

. Simple Cubic (SC) has coordination number 6 and is inefficiently packed.

. Body-Centered Cubic (BCC) has coordination number 8.

. Face-Centered Cubic (FCC) has coordination number 12 (close-packed).

. Hexagonal Close-Packed (HCP) also has coordination number 12.

9. Packing fraction: SC = 52%, BCC = 68%, FCC/HCP = 74%.

10. The diamond structure has coordination number 4 (tetrahedral bonding).

11. In ionic crystals, the Madelung constant o accounts for all Coulomb interactions.
12. The Pauli exclusion principle gives rise to the repulsive force at short interatomic distances.
13. Covalent bonds are directional and saturated.

14. Metallic bonds are non-directional and unsaturated.

15. Hydrogen bonding is a special type of dipole—dipole interaction involving H atom.
16. Van der Waals forces arise from fluctuating dipoles (London forces).

Mechanical Properties

17. The elastic limit is the maximum stress without permanent deformation.

18. The proportional limit is the maximum stress where Hooke's law is obeyed.

19. The yield strength is the stress at which a material begins to deform plastically.
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20. Ultimate tensile strength (UTS) is the maximum stress on the stress—strain curve.

21. Breaking strength (fracture point) is the stress at which the material fails.

22. Resilience is the ability to absorb energy within the elastic region.

23. Toughness is the ability to absorb energy up to fracture (area under entire curve).
24. Ductility can be measured by percent elongation or percent reduction in area.

25. Poisson's ratio v = — (lateral strain)/(axial strain). For most metals, v = 0.3.

26. Relationship: -4
Y 3B 3§
27. For isotropic material: Y = 2S(1 +v) and Y = 3B(1 — 2v).
Energy Band Theory
28. The Kronig—Penney model is a one-dimensional periodic potential model explaining energy bands.

29. The Fermi level (Er) is the energy at which the probability of occupationis 1/2 at T > 0 K.

30. Fermi-Dirac distribution: f(E) = ——smr—.

nZOoO——-=2»XpvmXo

31. Density of states g(E) is the number of states per unit energy per unit volume. For free
electrons, g(E) « E'/2

32. Effective mass m* accounts for the effect of the periodic crystal potential on electron dynamics.
33. Holes have positive effective mass and positive charge.

34. In an intrinsic semiconductor, the Fermi level is near the middle of the band gap.

35. In an N-type semiconductor, the Fermi level is near the conduction band edge.
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D) 12

Answer: D

Q2. The packing fraction (percentage of
volume occupied by atoms) in a Body-
Centered Cubic (BCC) structure is
approximately:

A) 52%

B) 68%

C) 74%

D) 86%

Answer: B

Q3. The crystal structure of silicon (Si) and
germanium (Ge) is:

A) FCC

B) BCC

C) Diamond cubic

D) HCP

Answer: C

Q4. The Madelung constant in ionic crystals
accounts for:

A) The kinetic energy of ions

B) The sum of Coulomb interactions with all
other ions

C) The electron spin interactions

D) The covalent bond energy

Answer: B

QS. Which of the following is a characteristic
of covalent bonding?

A) Non-directional and unsaturated

B) Directional and saturated

C) Weak and long-range

D) Arises from electron sea

Answer: B

Q6. Hydrogen bonding is primarily
responsible for:

A) The high melting point of metals

B) The unique properties of water

C) The conductivity of semiconductors

D) The structure of diamond

Answer: B

Q7. The maximum stress a material can
withstand before plastic deformation begins is

called:

A) Ultimate tensile strength

B) Yield strength

C) Fracture strength

D) Proportional limit

Answer: B

Q8. The ratio of lateral strain to axial strain
is called:

A) Young's modulus

B) Shear modulus

C) Poisson's ratio

D) Bulk modulus

Answer: C

Q9. The relationship Y = 25(1 + v) connects
Young's modulus (Y), Shear modulus (S), and
Poisson's ratio (v). This holds for:

A) Anisotropic materials only

B) Isotropic materials

C) Crystalline materials only

D) Amorphous materials only

Answer: B

Q10. In the Kronig—Penney model, energy
bands arise because:

A) Electrons are free

B) The periodic potential creates forbidden gaps
C) The atoms are stationary

D) There is no potential

Answer: B

Q11. The Fermi—Dirac distribution f(F) =
m gives the probability that:

A) A state at energy E is empty

B) A state at energy E is occupied by an electron
C) An electron has energy E

D) A hole exists at energy E

Answer: B

Q12. At T = 0 K, the Fermi level is:

A) The top of the valence band

B) The highest occupied energy level

C) The bottom of the conduction band

D) At the center of the band gap

Answer: B
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Chapter 1

The Noun

Definition of Noun

A noun is a word that functions as the name of a:

Person: child, woman, Ali, teacher

Place: city, Lahore, park

Thing: table, car, money

Animal: dog, elephant, bird

Idea, Quality, or State: happiness, bravery, knowledge, poverty

Action: (Gerunds) swimming, reading, driving

In simple terms, a noun is a naming word. The name of everything is a noun.

Types of Nouns
Nouns can be categorized into eight primary types for a clearer understanding of their usage.
1. Proper Noun
A proper noun is the specific name of a particular person, place, or thing.

e Rule 1: It always begins with a capital letter.

e Rule 2: It can not be changed into a plural form (e.g., There are two Ali's in my class).

2. Common Noun
A common noun is a general name that is common to all persons, places, or things of the same kind.

It denotes no particular entity.
Proper Noun Common Noun

Ali boy
Lahore city
Badshahi Mosque mosque

3. Material Noun
A material noun is the name of a substance or matter from which things are made. These often exist in
different states of matter: solid, liquid, gas, and plasma. Things in a solid state are sometimes called
concrete nouns.

o Examples: wood, gold, water, air, plastic, cement.

4. Abstract Noun
An abstract noun is the name of an idea, quality, state, or feeling that does not exist in a physical or
material form.

Examples: love, honesty, anger, childhood, poverty, wisdom.

Material Noun Abstract Noun

Water Honesty
Iron Strength
Milk Whiteness

5. Countable Noun
Countable nouns refer to objects or items that can be counted. They have both singular and plural forms.
o Examples: an egg, three oranges, many chairs, several ideas.

6. Uncountable Noun
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Uncountable nouns (or mass nouns) refer to substances, concepts, or masses that cannot be counted as
separate items. They are generally treated as singular.
Examples: sugar, milk, flour, advice, information, furniture, luggage.

Countable Noun Uncountable Noun

an egg sugar
three chairs some flour
several problems important information

7. Collective Noun

A collective noun is a single word that denotes a group or collection of similar individuals, considered
as one complete whole. It shows a collective identity.

Examples: team, committee, class, herd, fleet, crowd, jury.

UNON 9yl ‘1

8. Compound Noun
A compound noun is formed by joining two or more words together to create a single noun with a new
meaning.
Examples:
= One word: toothpaste, bedroom, haircut
= Hyphenated: mother-in-law, check-in, well-being
= Separate words: swimming pool, post office, driving license

Noun Correction Rules

Rule 1: Countable Nouns and Articles

Countable nouns can be used in both singular and plural forms. When used in the singular, they
typically require an article (a, an, the) or another determiner (like 'this' or 'my").

He is a good man. They are good men.

She is a kind lady. They are kind ladies.

Rule 2: The Basic Rule for Uncountable Nouns

Uncountable nouns have no plural form. They take a singular verb, a singular pronoun, and generally
no indefinite article (a/an).

Her hair is black and it looks beautiful.

Jealousy is a destructive emotion.

Music entertains people.

Rule 3: Using "The" with Specified Uncountable Nouns

Uncountable nouns may take the definite article "the" when they are specified or defined in a particular
context.

The jealousy of people can check our progress.

The water in the jug is not drinkable.

The air in the room is not fresh.

Rule 4: Using "A/An" with Specified Abstract Nouns

Some uncountable nouns, especially abstract ones like experience, honour, knowledge, and fear, can
take the indefinite article "a/an" when they are used in a particular sense to mean "a kind of" or "an
instance of."

Experience comes with time. (General sense)

I had a bitter experience yesterday. (Particular instance)

We prefer honour to everything else. (General sense)
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Rule 13: Subject-Verb Agreement with "Number of" vs. '"A Number of"

The phrases "the number of" and "a number of" are followed by different verb forms.

The number of students is increasing. (Refers to the number itself, which is singular)

A number of students are absent today. (Means "several," referring to the students, which is plural)

Rule 14: Nouns Ending in "-ics" (Academic Subjects)
-ics" are generally singular. However, when they refer to

n

Names of academic subjects ending in

specific activities, qualities, or practical applications, they can be plural.

Mathematics is easy for her. (As a field of study)

Her mathematics are weak. (Referring to her mathematical skills/calculations)

Rule 15: Agreement with Paired Nouns

When two or more singular nouns are connected by "and" and refer to the same person or thing, they
take a singular verb. Otherwise, they take a plural verb.

Bread and butter is my favorite breakfast. (Treated as a single item)
The principal and secretary has arrived. (One person holding both positions)
The principal and the secretary have arrived. (Two different persons)

Practice MCQ

1. Identify the type of noun for the word
"team" in the sentence: ""The team won
the championship."

A. Common Noun

B. Collective Noun

C. Abstract Noun

D. Compound Noun

Answer: B

2. Which of the following is an abstract
noun?

A. Water

B. Honesty

C. Lahore

D. Chair

Answer: B

3. Choose the correct sentence according
to noun rules.

A. The scissor is on the table.

B. The scissors is on the table.

C. The scissors are on the table.

D. A scissor are on the table.

Answer: C

4. The noun "poultry" in the sentence
"The poultry are being fed" is an
example of a noun that:

A. Is always singular

B. Appears singular but takes a plural verb
C. Is a material noun

D. Is uncountable

Answer: B

MK PREPARATIONS: Let’s Make It Happen
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5. Which of the following nouns is always

plural in form and takes a plural verb?

A. News

B. Economics

C. Trousers

D. Politics

Answer: C

6. Identify the compound noun.

A. Beautifully

B. Swimming pool

C. Quickly

D. Happiness

Answer: B

7. Select the sentence where an

uncountable noun is used correctly.

A. She gave me some good advices.

B. The furnitures in this room are new.

C. Her hair are long and black.

D. The information provided was incorrect.

Answer: D

8. The word "people" in "Many people

attend the fair" is a noun that:

A. Is singular

B. Appears singular but takes a plural verb

C. Is a collective noun

D. Is a proper noun

Answer: B

9. The use of the indefinite article 'a' with

the normally uncountable noun

'experience’ in the sentence "I had a

bitter experience" is justified because:

A. The noun is used in a
Page 4|6
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Chapter 2
The Pronoun

Definition of Pronoun

A pronoun is a word used in place of a noun or a noun phrase to avoid repetition. It refers to a noun
that has been mentioned before or is clearly understood from the context.

Example: "Ali is a doctor. He works in a hospital." (The pronoun "He" replaces the noun "Ali").

Types of Pronouns

Pronouns can be categorized into nine main types:

Personal Pronoun

Possessive Pronoun

Reflexive Pronoun

Demonstrative Pronoun

Indefinite Pronoun

Relative Pronoun

Interrogative Pronoun

Distributive Pronoun

Reciprocal Pronoun

1. Personal Pronoun

Personal pronouns refer to specific people or things and change form based on person (first, second,
third), number (singular, plural), case (subject, object), and gender (he, she, it).

UNouoiyd Yl "7

Person Subject Object Possessive Possessive Reflexive
Pronoun Pronoun Adjective Pronoun Pronoun

First (Singular) I me my mine myself
First (Plural) we us our ours ourselves
Second you you your yours yourself /
(Singular/Plural) yourselves
Third (Masc.) he him his his himself
Third (Fem.) she her her hers herself
Third (Neutral) it it its its itself
Third (Plural) they them their theirs themselves

2. Possessive Pronoun

A possessive pronoun shows ownership and is used when the noun is not expressed.
Examples: mine, his, hers, ours, yours, theirs.

This is my book. That one is yours (your book).

Their house is big, but ours (our house) is more comfortable.

3. Reflexive Pronoun

A reflexive pronoun ends in -self or -selves and is used when the subject and the object of a verb are the
same person or thing.

Examples: myself, ourselves, yourself, yourselves, himself, herself, itself, themselves.
She taught herself how to play the guitar.

The cat cleaned itself.

4. Demonstrative Pronoun

A demonstrative pronoun points to a specific noun (its antecedent) and replaces it.
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For positive/pleasant contexts: You, He/She, and I.
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e For negative contexts (like admitting fault): I, He/She, and You.

e You, he, and I are invited to the party.
e I, he, and you are responsible for this mistake.

Practice MCQs

1. Choose the sentence that is grammatically
correct.

A. This matter is between you and 1.

B. This matter is between you and me.

C. This matter is between yourself and myself.
D. This matter is among you and L.

Answer: B

2. Which of the following is a distributive
pronoun?

A. Themselves

B. Someone

C. Each

D. This

Answer: C

3. Identify the sentence with the correct use of
a relative pronoun.

A. The man which called is my uncle.

B. The man, that called, is my uncle.

C. The man who called is my uncle.

D. The man whom called is my uncle.
Answer: C

4. Fill in the blank: She is smarter than .
A.me

B.1

C. myself

D. mine

Answer: B

5. The grammatical error in the sentence '"She
told her mother that she was wrong" is related
to:

A. The misuse of a possessive adjective.

B. The omission of a reflexive pronoun.

C. The use of an ambiguous pronoun.

D. The incorrect case of a personal pronoun.
Answer: C

6. Select the correct possessive form: That
bookis .

A. your's

B. yours

C. your

D. you'res

Answer: B
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7. In the sentence "One should always respect

____elders," the correct pronoun is:

A. his

B. one's

C. their

D. your

Answer: B

8. The pronoun in "The two rivals blamed

each other" is a/an:

A. Reciprocal pronoun

B. Reflexive pronoun

C. Indefinite pronoun

D. Demonstrative pronoun

Answer: A

9. Choose the sentence with the correct

pronoun order for a positive context.

A. I, you, and he must collaborate on the project.

B. You, I, and he must collaborate on the project.

C. You, he, and I must collaborate on the project.

D. He, you, and [ must collaborate on the project.

Answer: C

10. Identify the interrogative pronoun in the

following sentence: ""Whose is this notebook?"

A. Whose

B. this

C.is

D. notebook

Answer: A

11. Which of the following sentences uses a

reflexive pronoun correctly?

A. He bought himself a new car.

B. He bought hisself a new car.

C. He bought him a new car.

D. He bought he a new car.

Answer: A

12. Select the correct sentence:

A. Whom do you think will win the election?

B. Who do you think will win the election?

C. Which do you think will win the election?

D. Whose do you think will win the election?

Answer: B

13. The pronoun "who" in the sentence "The

student who studies hard will succeed" is a:
A. Interrogative Pronoun
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Chapter 3

The Verb

Definition of Verb

A verb is fundamentally a word that denotes an action (run, synthesize), indicates a state of being (is,
exist), or describes an occurrence (happen, become). It forms the essential predicate that tells something
about the subject.

A Conceptual Classification of Verb

Understanding verb types is crucial for mastering sentence structure, tense usage, and voice.

1. Transitive Verbs: The Action Transferers
A transitive verb requires one or more objects to complete its meaning. The action originates with
the subject and is transferred to an object.

Example 1: The scientist conducted the experiment.

Analysis: The verb "conducted" is meaningless without its object "the experiment." It answers

"conducted what?"

Example 2: The author wrote a compelling novel.

Analysis: "Wrote" requires the object "a compelling novel" to complete the thought.

2. Intransitive Verbs: The Self-Contained Actions
An intransitive verb expresses a complete action without transferring that action to an object. It may
be followed by an adverb, a prepositional phrase, or nothing.

Example 1: The results emerged slowly.

Analysis: The verb "emerged" is complete in itself. "Slowly" merely modifies the action; it is not an

object.

Example 2: All the guests arrived before noon.

Analysis: "Arrived" does not need an object; "before noon" is a prepositional phrase indicating time.

3. Ditransitive Verbs: The Double Object Handlers
A subset of transitive verbs that take two objects: a direct object (the thing that is given/told) and
an indirect object (the person/thing that receives it).

Structure: Subject + Verb + Indirect Object + Direct Object

Example 1: She gave the student a book.

Analysis: "A book" (Direct Object - what was given), "the student" (Indirect Object - to whom it was

given).

Example 2: The manager offered his team a new proposal.

Analysis: "A new proposal" (Direct Object), "his team" (Indirect Object).

4. Linking (Copular) Verbs: The Connectors
Linking verbs do not express action. Instead, they link the subject to a subject complement—a
word or phrase that renames or describes the subject.

Common Linking Verbs: be, become, seem, appear, feel, look, sound, smell, taste, remain, stay, grow,

turn, prove.

Example 1: His hypothesis proved correct.

Analysis: "Proved" connects the subject "hypothesis" to the adjective "correct," which describes it.

Example 2: She became a renowned scientist.

Analysis: "Became" links the subject "She" to the noun phrase "a renowned scientist," which renames

her.

5. Causative Verbs: The Instigators
Causative verbs indicate that the subject causes someone else to perform an action. The three
primary causatives (make, have, get) differ in force and structure.

Make + Agent + Base Form: Implies force or compulsion.

Example 1: The manager made the team work overtime.
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Example 2: The strict regulations made the company change its policy.

Have + Agent + Base Form: Implies delegation or arrangement.

Example 1: 1 had the technician install the software.

Example 2: She had her assistant draft the report.

Get + Agent + To-Infinitive: Implies persuasion or effort.

Example 1: She got her brother to help her move.

Example 2: They finally got the government to listen to their demands.

6. Auxiliary (Helping) Verbs: The Tense and Mood Formers
Auxiliary verbs are used in conjunction with a main verb to express grammatical nuances of tense,
mood, and voice.

Primary Auxiliaries: be, have, do. They can also function as main verbs.

Example (Tense): They are discussing the proposal. (Present Continuous)

Example (Voice): The proposal was discussed by them. (Passive Voice)

Modal Auxiliaries: can, could, will, would, shall, should, may, might, must. They express ability,

permission, possibility, necessity, or obligation.

Example (Obligation): Candidates must submit the form by Friday.

Example (Possibility): It might rain later today.

Verb Forms:

Base Form (V1) Past Simple (V2) | Past Participle (V3) Present Participle (V4)

abide abode abode abiding
arise arose arisen arising
awake awoke awoken awaking
be was/were been being
bear bore borne bearing
beat beat beaten beating
become became become becoming
begin began begun beginning
bend bent bent bending
bet bet bet betting
bid bid bid bidding
bind bound bound binding
Page 2|12
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swing swung swung swinging
take took taken taking
teach taught taught teaching
tear tore torn tearing
tell told told telling
think thought thought thinking
throw threw thrown throwing
understand understood understood understanding
wake woke woken waking
wear wore worn wearing
weep wept wept weeping
win won won winning
write wrote written writing

Base Form (V1): Used for the infinitive, imperative, and present tense (except 3rd person singular).
Past Simple (V2): Used for the simple past tense.

Past Participle (V3): Used with auxiliaries to form perfect tenses (has written) and the passive voice
(was written).

Present Participle (V4): Used with auxiliaries to form continuous tenses (is writing).

Verb Correction Rules

Rule 1: Verb Patterns: Gerund vs. Infinitive

The choice between a gerund (V+ing) and an infinitive (to+V) after a verb is not random but is dictated
by the preceding verb.

Verbs followed by Gerunds: enjoy, avoid, consider, deny, postpone, practice, risk, suggest.
Incorrect: He avoided to answer the question.

Correct: He avoided answering the question.

Incorrect: She suggested to leave early.

Correct: She suggested leaving early.

Verbs followed by Infinitives: agree, decide, expect, hope, manage, offer, plan, refuse, want.
Incorrect: She plans starting her own business.

Correct: She plans to start her own business.

Incorrect: They refused accepting the terms.
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Practice MCQs

1. Identify the type of verb in: ""She
became a doctor after years of study."
A. Transitive Verb

B. Intransitive Verb

C. Linking Verb

D. Causative Verb

Answer: C

2. Which sentence uses a ditransitive verb?
A. The sun rises in the east.

B. She sang a beautiful song.

C. He told the children a story.

D. They arrived late.

Answer: C

3. Choose the correct causative structure:
A. I made him to apologize.

B. I had him apologize.

C. I got him apologize.

D. Ilet him to leave.

Answer: B

4. The verb in "The flowers smell
wonderful" is:

A. Transitive

B. Intransitive

C. Linking

D. Auxiliary

Answer: C

5. Which verb is followed by a gerund?
A. decide

B. want

C. avoid

D. hope

Answer: C

6. Select the correct sentence:

A. She suggested to go early.

B. She suggested going early.

C. She suggested go early.

D. She suggested to going early.
Answer: B

7. Identify the intransitive verb:

A. write

B. build

C. arrive

D. make

Answer: C

8. "The committee has reached its
decision." Here 'has' is:

A. Main verb
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B. Primary auxiliary

C. Modal auxiliary

D. Linking verb

Answer: B

9. Which sentence shows correct verb
agreement?

A. The list of items are long.

B. Each of the students are present.

C. Neither answer is correct.

D. The team are winning.

Answer: C

10. Choose the correct past participle
form:

A. swimmed

B. swam

C. swum

D. swim

Answer: C

11. The error in "She laid on the bed all
day" is:

A. Wrong tense

B. Wrong verb form

C. Missing object

D. Subject-verb disagreement
Answer: B (Should be 'lay")

12. Which modal verb expresses necessity?
A. can

B. may

C. must

D. might

Answer: C

13. Identify the transitive verb:

A. sleep

B. laugh

C. eat

D. exist

Answer: C

14. "I got him to confess." This uses:
A. Transitive verb

B. Causative verb

C. Linking verb

D. Intransitive verb

Answer: B

15. Which verb takes an infinitive?
A. enjoy

B. finish

C. plan
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Chapter 4

Subject-Verb Agreement

Introduction

Subject-verb agreement is a fundamental rule of English grammar. It states that the verb in a sentence
must agree in number with its subject. A singular subject requires a singular verb, and a plural subject
requires a plural verb. This chapter outlines the key rules and exceptions to ensure grammatical accuracy
in your writing and speech.

Subject Verb Agreement Correction Rules
Rule 1: The Interrupting Phrase
When the subject is followed by a phrase like as well as, along with, together with, in addition to,
including, besides, or accompanied by, the verb agrees with the original subject, not the noun in the
phrase.

e The manager, as well as the team members, is attending the conference.

My parents, along with my uncle, are visiting us.

Rule 2: Compound Subjects with "And"

General Rule: Two or more subjects joined by and take a plural verb.

Ali and Sana are studying for the exam.

Exception: When the compound subject refers to a single idea or item, use a singular verb.

Bread and butter is a common breakfast. (One food item)

My friend and mentor has left the company. (One person)

Rule 3: Indefinite Pronouns

The following indefinite pronouns always take a singular verb:

each, either, neither, anyone, anybody, anything, everyone, everybody, everything, someone, somebody,

something, no one, nobody, nothing.

¢ Everyone in the office has a assigned parking space.

e Neither of the answers is correct.

e Each of the students has passed the test.
Note on "None': "None" can be singular or plural. However, it is often treated as singular, especially
in formal writing.

e None of the information was useful. (Singular)

¢ None of the options are acceptable. (Plural, implying "not any")

Rule 4: Flexible Quantity Words

The pronouns all, any, more, most, and some can be singular or plural, depending on whether they refer

to a countable or uncountable noun.

All the water has evaporated. (Uncountable = Singular Verb)

All the students have left. (Countable = Plural Verb)

Some of the advice was helpful. (Uncountable)

Some of the books were missing. (Countable)

Rule 5: Collective Nouns

A collective noun (e.g., team, jury, crowd, committee, family) can be singular or plural.

Use a singular verb when the group acts as a single unit.

The jury has reached its verdict.

Use a plural verb when the members of the group are acting individually.

The jury are still debating their opinions.

Rule 6: "A Number" vs. "The Number"

A number of... means "many" and takes a plural verb.

o A number of students were absent today.

e The number of... refers to a specific figure and takes a singular verb.
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The number of absent students was surprisingly high.

Rule 7: Amounts and Quantities

When a plural noun refers to a single amount, quantity, or unit, it takes a singular verb.
Fifty dollars is too much to pay for that.

Three years seems like a long time to wait.

Two-thirds of the city was without power.

Rule 8: Titles and Names

The titles of books, movies, companies, and countries are always singular, even if they contain
plural words.

"Great Expectations" is a classic novel.

Feroze Sons is a well-known publisher.

Rule 9: "Many" vs. "Many A"

Many is always plural.

Many athletes compete for the prize.

Many a is always singular and is followed by a singular noun and verb (though it has a plural meaning).

Many an athlete competes for the prize.

Rule 10: "Or," "Nor," "Either...Or," "Neither...Nor"

When subjects are joined by or, nor, either...or, or neither...nor, the verb agrees with the subject
closest to it.

Neither the teacher nor the students are in the classroom.

Neither the students nor the teacher is in the classroom.

Rule 11: "Here," "There," and '""Where"

In sentences beginning with Aere, there, or where, the verb agrees with the true subject that comes
after it.

There are many reasons for this decision.

Here is the file you requested.

Rule 12: Relative Pronouns (""Who," "Which," "That")

The verb in a relative clause should agree with the pronoun's antecedent (the word it refers to).

I respect the woman who works hard. ("Who" refers to "woman," so the verb is singular)

I respect the women who work hard. ("Who" refers to "women," so the verb is plural)

Practice MCQs

The criteria for selection (b) are
significantly more rigorous this year. (c) were
(a)is (d) have been
(b) are Answer: (a) is
(c) was 4. The number of applicants for the
(d) were prestigious fellowship exceeded
Answer: (b) are expectations.
A series of lectures on quantum mechanics (a) have

scheduled for this semester. (b) has
(a)is (c) are
(b) are (d) were
(c) have been Answer: (b) has
(d) were 5. Fifty percent of the data been
Answer: (a) is corrupted and unrecoverable.
Neither the shareholders nor the CEO (a) has, is

content with the quarterly report. (b) have, are
(a) is (c) has, are
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Chapter 5

The Adverb
Definition of Adverb

An adverb is a word that modifies (qualifies) a verb, an adjective, another adverb, a preposition, a
conjunction, or even an entire sentence. It provides additional information about time, manner, place,
frequency, degree, and certainty.

Core Function: To add descriptive detail to show how, when, where, why, or to what extent something
happens.

The Versatile Roles of an Adverb
Adverbs can modify various parts of speech:
» Modifying a Verb:
¢ She sang beautifully.
e He runs quickly.
» Modifying an Adjective:
e She is extremely intelligent.
o This is a very interesting book.
» Modifying Another Adverb:
e He works incredibly efficiently.
o  She spoke almost inaudibly.
» Modifying a Preposition:
e The ball landed just inside the boundary.
¢ He arrived shortly after noon.
» Modifying a Conjunction:
e [ like him, simply because he is honest.
e She left soon after the meeting began.
» Modifying an Entire Sentence:
e Fortunately, the weather remained clear.
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Types of Adverb

Adverbs can be categorized based on the specific information they provide.

1. Adverbs of Manner

Describe sow an action is performed.

Questions Answered: How? In what manner?

Examples: quickly, slowly, carefully, beautifully, well, fast
He solved the problem efficiently.

They danced gracefully.

2. Adverbs of Place

Describe where an action occurs.

Questions Answered: Where? Where to?

Examples: here, there, everywhere, somewhere, inside, outside
Please wait outside.

The children are playing upstairs.

»nZ O —~=pXpoimA

3. Adverbs of Time
Describe when an action occurs.
¢ Questions Answered: When? How long? How often?
o Examples: now, then, today, yesterday, soon, already, yet
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Practice MCQs

1. Identify the type of adverb in the
sentence: '"He will probably complete the
project by tomorrow."

A. Adverb of Manner

B. Adverb of Time

C. Adverb of Affirmation

D. Adverb of Degree

Answer: C

2. Choose the sentence with the correct
adverb order:

A. She sang beautifully at the concert last
night.

B. She sang at the concert beautifully last
night.

C. She beautifully sang last night at the
concert.

D. Last night at the concert she sang
beautifully.

Answer: A

3. The error in the sentence "I am very
pleased to meet you" is:

A. Incorrect use of 'very'

B. Incorrect verb tense

C. Wrong pronoun

D. No error

Answer: A (Should be 'much pleased')

4. Which sentence uses the correct
comparative form of the adverb?

A. She works more harder than anyone else.
B. She works harder than anyone else.

C. She works more hard than anyone else.
D. She works hardest than anyone else.
Answer: B

5. Identify the relative adverb in: "I
remember the day when we first met."
Al

B. remember

C. day

D. when

Answer: D

6. The sentence "He reached the station
lately" is incorrect because:

A. 'lately' means recently, not 'late’

B. Wrong preposition

C. Incorrect verb form

D. Missing article

Answer: A
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7. Choose the correct negative inversion:

A. Hardly had I left when the storm began.

B. Hardly I had left when the storm began.

C. Hardly I left when the storm began.

D. I had left hardly when the storm began.

Answer: A

8. Which adverb modifies the entire

sentence?

A. quickly

B. here

C. unfortunately

D. very

Answer: C

9. The error in "She is too beautiful" is

that:

A. 'too' implies excess and should be 'very'

B. Wrong adjective form

C. Incorrect verb agreement

D. No error

Answer: A

10. Identify the adverb of degree: ""The

project is almost complete."

A. project

B.is

C. almost

D. complete

Answer: C

11. Which sentence demonstrates correct

use of 'much’' and 'very'?

A. T'am very much tired after the long journey.

B. I am very tired after the long journey.

C. [ am much tired after the long journey.

D. Both A and B are correct.

Answer: B

12. Choose the correct superlative form:

"Of all the students, she solves problems
"

A. most intelligently

B. intelligentlyest

C. more intelligently

D. most intelligent

Answer: A

13. Identify the adverb modifying a

preposition: "The ball landed just outside

the boundary."
A. ball
B. landed

C. just
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Chapter 6

The Adjective

Definition of Adjective

An adjective is a word that modifies a noun or a pronoun by describing, identifying, or quantifying it. It
adds meaning by answering questions like What kind? Which one? How many? or How much?

Core Function: To provide more information about a noun or pronoun.

Placement Rules:

Before a Noun (Attributive Position): A brilliant idea, the blue sky

After a Linking Verb (Predicative Position): The idea is brilliant. The sky appears blue.

o =

Types of Adjective

Adjectives can be categorized based on their specific function and meaning.

~ L

1. Proper Adjective
Formed from proper nouns and used to describe something related to that noun.
¢ Examples: Chinese food, Pakistani culture, Victorian era, Shakespearean drama

2. Descriptive Adjective (Adjective of Quality)
Describes the quality, state, or kind of a noun.
Examples: a brave soldier, a sick patient, a beautiful painting, an honest person
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3. Adjective of Quantity
Indicates the amount or quantity of a noun (used with uncountable nouns).
Examples: some water, much effort, little hope, enough time, all people

4. Adjective of Number (Numeral Adjective)

Shows the number or order of nouns (used with countable nouns).

e Definite Numeral: one, two, first, second (shows exact number)

e Indefinite Numeral: many, few, several, some (shows approximate number)
Distributive Numeral: each, every, cither, neither (refers to individual members)

5. Demonstrative Adjective

Points out or demonstrates which specific noun is being referred to.

o Definite Demonstrative: this, that, these, those, the

e Indefinite Demonstrative: a, an, any, one, certain, some, other, another

6. Interrogative Adjective
Used with a noun to ask a question.
Examples: Which book do you prefer? Whose bag is this? What time is it?

7. Possessive Adjective
Shows possession or ownership.
Examples: my book, your pen, his car, her dress, our house, their garden

»nZ O —~=pXpoimA

Degrees of Comparison
Most descriptive adjectives, along with much/many and little/few, have three degrees of comparison.

1. Positive Degree
e The base form of the adjective.
e Used when no comparison is made.
e Example: This is a long road. She is intelligent.
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e Good is an adjective: She is a good singer. This tastes good.
e Well is usually an adverb: She sings well. He plays well.
o Exception: Well can be an adjective meaning "in good health": I don't feel well.
Rule 4: Avoiding Double Comparatives and Superlatives
Incorrect: This is the most finest jewel.
Correct: This is the finest jewel.
Incorrect: She is more taller than me.
Correct: She is taller than me.
Rule 5: 'Few' vs. 'Little’
Few/A Few/The Few: Used with countable plural nouns.
Few books (not many), a few books (some), the few books (the specific small number)
Little/A Little/The Little: Used with uncountable nouns.
Little water (not much), a little water (some), the little water (the specific small amount)
Rule 6: Absolute Adjectives (Non-Gradable)
Some adjectives represent an absolute or perfect state and should not be used in comparative or
superlative forms.
e Common Absolute Adjectives: perfect, unique, universal, ideal, chief, excellent, extreme, utmost,
worldwide, complete, round, square, eternal, fatal
e Incorrect: This is the most perfect score.
e Correct: This is a perfect score.
Rule 7: Comparatives Taking 'To' Instead of 'Than’
Some comparative adjectives are followed by to, not than.
e These adjectives take 'to': superior, inferior, senior, junior, prior, elder, preferable
e Examples: He is senior to me. This model is superior to that one.
Rule 8: Participle Adjectives
e Present Participle (-ing): Describes the cause of a feeling (boring, shocking, interesting).
e Past Participle (-ed): Describes the feeling itself (bored, shocked, interested).
e Examples: The news was shocking. We were shocked by the news.
Rule 9: 'Comparatively' and 'Relatively'
These words already imply a comparison. Use the positive degree of the adjective with them.
e Incorrect: This task is comparatively easier.
e Correct: This task is comparatively easy.
Rule 10: Adjectives Following Nouns
Some adjectives are placed immediately after the noun they modify.
e Common Postpositive Adjectives: God Almighty, time immemorial, something special, the
president elect, a court martial
¢ Fixed Phrases: heir apparent, notary public, body politic
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Practice MCQS
1. Identify the type of adjective in the 2. Choose the sentence that correctly uses a
phrase: ""He has sufficient evidence to proper adjective:
prove his point." A. We studied about the Shakespearean era in
A. Adjective of Quality literature class.
B. Adjective of Quantity B. We studied about the Shakespeare era in
C. Demonstrative Adjective literature class.
D. Proper Adjective C. We studied about the Shakespeare's era in
Answer: B literature class.

D. We studied about Shakespearean era in
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Chapter 7

Preposition

Introduction

A preposition is a word that shows a relationship between a noun (or pronoun) and another word in a
sentence. This relationship can be one of time, place, direction, manner, or agency. Prepositions are
essential for providing context and clarity.

Common Prepositions: in, on, at, with, under, above, into, by, of, to, for, from, about, between, among.

Prepositions of Time
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M Preposition Example
K At Specific times, night, holidays At 5 o'clock, at night, at Fid
On Days, specific dates On Monday, on 25th March
I Months, seasons, years, centuries, long In August, in winter, in 2006, in the
n
periods, parts of the day (except 'night") morning

From a specific point in time (past until

Since She has lived here since 2010.
now)
For A duration of time (past until now) He studied for two hours.
i The shop is

From...to Start and end of a period _

open from Monday to Friday.
Until/Till Up to a certain time He is on holiday until Friday.
By At the latest; a deadline [ will finish by noon.
Before Earlier than a certain time Before 2004
After Later than a certain time After the meeting
Ago A time in the past from now He left ten minutes ago.
Past/To Telling the time Ten past six (6:10), Ten to six (5:50)

Prepositions of Place and Location
These prepositions tell us where something is located.

Preposition Usage Example

nZO—~H-Hp AP ovmRT

I Enclosed spaces, countries, cities, In the kitchen, in Pakistan, in a
n
streets, books book, in the car
o Surfaces, public transport, rivers, On the wall, on the bus, on the
n
floors, attached Thames, on the 2nd floor
Page 1|13
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Absorbed in bxd U rEl Lf(
Accuse of Vlﬁ(’j L4 UJ
Accustomed to R4 d
Adapt to V?Jwﬁ’ff.l&féﬂuj
Add to TN
Adept at Uxt b2 8 u/
Admit to ey
Advise on QJD/P”4LVJ(
Afraid of che g8
Agree with e C—Jﬁé (f(
T
Base on Lo 47 Lf(
Beg for L/'/G'J’J/JJ(
Begin with LS T /,,Zb((
Believe in Lf/f:z.j UJ
Belong to exre UJ
Benefit from Wil /,,Zb((
Blame for L’@(!ﬂl@;&(
Boast about 0/ f L7 Lf(
Borrow from l'/J../lmicJ(
Bump into L B b L] lg'cuf
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Capable of L’nJB’L(K u’(
Care about V/v'!/,d/ /,Zb((
Charge with Gy yRit (K u/
Choose between Sl s 200
Clash with bl e’
Collaborate with 7 (K/ J7 Lzéu’(
Combine with b L Z u/
Comment on Y L2 J(
Page 6|13

N
v
‘
0
.-
0
2]
=
o
3




L MK PREPARATIONS) . -

~ L

»nZ O —~=pXpoimA

W

>

W

Practice MCQs

(c) about
The renowned architect is absorbed (d) on
the design of a revolutionary sustainable Answer: (c) about
city.
(a) at 7. Her latest novel is reminiscent the
(b) by magical realism of Gabriel Garcia
(c) in Marquez.
(d) with (a) to
Answer: (c) in (b) with

(c) of
His thesis provides a compelling argument, (d) from
but I must disagree his fundamental Answer: (c) of
premise.
(a)to 8. The diplomat was anxious the
(b) with potential repercussions the trade
(c) on agreement.
(d) against (a) for, from
Answer: (b) with (b) about, of

(c) with, for
The CEO was accused the board (d) at, with

gross financial misconduct. Answer: (b) about, of

(a) by, for
(b) to, of 9. The new policy is inferior the
(c) by, of previous one almost every
(d) from, with measurable aspect.
Answer: (c) by, of (a) than, in

(b) to, in
The artist's work, which consists (c) from, for
found objects, comments (d) against, by
consumerist society. Answer: (b) to, in
(a) of, on
(b) with, about 10. He is highly regarded his peers
(c) from, for his integrity and work ethic.
(d) in, to (a) by, for
Answer: (a) of, on (b) from, about

(c) with, in
The country's economy is largely dependent (d) to, because of

the export crude oil. Answer: (a) by, for

(a) on, of
(b) from, for 11. The scientist's theory is based years
(c) by, in meticulous research.
(d) with, about (a) on, of
Answer: (a) on, of (b) in, for

(c) at, with
The investigator warned the public (d) by, during
a sophisticated new phishing scam. Answer: (a) on, of
(a) for
(b) from

Page 12|13
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Chapter 8
Sentence, Phrase and Clause

The Sentencea

Definition

A sentence is a grammatically complete set of words that expresses a clear thought. It typically contains
a subject and a predicate. A sentence begins with a capital letter and ends with a terminal punctuation
mark: a period (.), a question mark (?), or an exclamation mark (!).

Examples:

He goes to school.

She is eating an apple.

Who are you?

What a beautiful flower!

Parts of a Sentence

Every sentence can be divided into two essential parts:

Subject: The person, place, thing, or idea that is performing an action or being described. It tells

us who or what the sentence is about.

Predicate: The part of the sentence that contains the verb and tells us something about the subject. It

describes the action or state of being.
Sentence Subject Predicate

The sun shines brightly. The sun shines brightly.
She is writing a letter. She 1s writing a letter.
Allama Igbal is our national poet. Allama Igbal is our national poet.

Other Elements in a Sentence

Object: A word or group of words that receives the action of the verb.

Direct Object: Answers "what?" or "whom?" after the verb.

Example: I threw the ball.

Indirect Object: Answers "to whom?" or "for whom?" the action is done. It comes before the direct
object.

Example: She gave me the book.

Complement: A word or group of words that completes the meaning of the subject or object.

Subject Complement: Follows a linking verb (e.g., is, am, are, seem, become) and describes the subject.
Example: He is a teacher. (Noun) | He seems tired. (Adjective)

Object Complement: Follows and describes the direct object.

Example: They made him the captain. (Noun) | The news made her happy. (Adjective)

Types of Sentences by Function
Sentences can be categorized based on their purpose and the emotion they convey.

Function Punctuation Example

Makes a statement or ) _
Declarative o Period (.) The sky is blue.
expresses an opinion.
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I like mathematics, but my brother likes biology because he wants to be a doctor.

Practice MCQs

, the renowned scientist presented
her groundbreaking research on quantum
computing.

(a) After years of meticulous experimentation
(b) A woman of great intellect and
determination

(c) In the prestigious international conference
(d) Which was attended by Nobel laureates
Answer: (c) In the prestigious
international conference (This is a
prepositional phrase setting the scene. The
other options are either a dependent clause (a,
d) or a noun phrase (b) that cannot stand
alone before the comma.)

The hypothesis, , was later proven
to be fundamentally flawed.

(a) although initially met with great acclaim
(b) the result of an inspired guess

(c) a complex and seemingly logical
construct

(d) which the young researcher had
passionately defended

Answer: (d) which the young researcher
had passionately defended (This is an
adjective clause correctly modifying
"hypothesis." Option (a) is an adverb clause,
(b) and (c) are appositive phrases.)

Which of the following is a classic example
of a compound-complex sentence?

(a) The storm raged, and the sailors fought
bravely.

(b) Although the storm raged, the sailors
fought bravely, and they eventually reached
the shore.

(c) The brave sailors fought the raging storm.
(d) Fighting the storm, the brave sailors
persevered.

Answer: (b) Although the storm raged, the
sailors fought bravely, and they eventually
reached the shore. (It has two independent
clauses and one dependent clause.)

In the sentence "His ultimate goal is to
decipher the enigmatic code," the phrase
""to decipher the enigmatic code" functions
as a:

(a) Noun Phrase

MK PREPARATIONS: Let’s Make It Happen
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(b) Adjective Phrase
(c) Adverb Phrase
(d) Prepositional Phrase
Answer: (a) Noun Phrase (It acts as a
subject complement, renaming the subject
"goal.")
"The committee will approve the proposal
provided that the necessary funds are
allocated." The underlined segment is
a/an:
(a) Adverb Clause of Condition
(b) Noun Clause as Object
(c) Adjective Clause
(d) Independent Clause
Answer: (a) Adverb Clause of
Condition (It begins with the subordinating
conjunction "provided that" and shows the
condition for the main action.)
Which sentence is correctly punctuated?
(a) May you succeed in all your endeavors,
and may you find true happiness.
(b) May you succeed in all your endeavors
and may you find true happiness.
(c) May you succeed, in all your endeavors,
and may you find true happiness.
(d) May you succeed in all your endeavors;
and may you find true happiness.
Answer: (a) May you succeed in all your
endeavors, and may you find true
happiness. (It correctly uses a comma before
the coordinating conjunction "and" to join the
two independent clauses in this compound
sentence.)
""What the witness claimed under oath was
later contradicted by forensic evidence."
The subject of this sentence is:
(a) the witness
(b) forensic evidence
(c) What the witness claimed under oath
(d) was later contradicted
Answer: (c) What the witness claimed
under oath (This is a noun clause acting as
the complete subject of the sentence.)
The sentence "The artist, whose work has
been both praised and vilified, remains an
enigmatic figure" contains:
(a) An appositive phrase
Page 4|6
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Chapter 9
Active and Passive Voice

Introduction

Voice is a form of a verb that indicates whether the subject performs the action or receives the action.
There are two voices in English: Active and Passive.

Active Voice: The subject performs the action.

Example: The chef cooked the meal.

Passive Voice: The subject receives the action.

Example: The meal was cooked by the chef.

Key Principle: Only transitive verbs (verbs that take an object) can be changed from active to passive
voice.

O e O e

Rules for Converting Active to Passive Voice

The object of the active verb becomes the subject of the passive verb.

The subject of the active verb becomes the agent in the passive sentence, usually introduced by the

preposition "by." The agent can be omitted if it is unknown or unimportant.

The main verb is changed into its past participle form (V3).

4. An appropriate helping verb (a form of 'be' or modals) is added, which must agree with the new subject
in number and person.

W

Tense-wise Conversion Charts

1. Present Indefinite Tense
e Active Structure: Subject + V1(s/es) + Object
Passive Structure: Subject + is/am/are + V3 + by + Agent

Active Voice Passive Voice
She writes a letter. A letter is written by her.
They do not play hockey. Hockey is not played by them.
Does he respect his teachers? Are his teachers respected by him?

2. Present Continuous Tense
e Active Structure: Subject + is/am/are + V-ing + Object
e Passive Structure: Subject + is/am/are + being + V3 + by + Agent

Active Voice Passive Voice
I am reading a book. A book is being read by me.
Why are you blaming me? Why am I being blamed by you?

3. Present Perfect Tense
e Active Structure: Subject + has/have + V3 + Object
Passive Structure: Subject + has/have + been + V3 + by + Agent

Active Voice Passive Voice

The police have caught the thief. The thief has been caught by the police.
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In scientific or formal writing, to maintain an objective tone.

Example: The solution was heated to 100°C.
To be tactful and not place blame.
Example: A mistake was made in the report.

Practice MCQs

Given the active voice sentence: "They are
building a new suspension bridge over the
river." Which passive voice
transformation is correct?

(a) A new suspension bridge is built over the
river by them.

(b) A new suspension bridge was being built
over the river by them.

(c) A new suspension bridge is being built
over the river by them.

(d) A new suspension bridge has been built
over the river by them.

Answer: (c) A new suspension bridge is
being built over the river by them.
""Someone has stolen my confidential files
from the server." The most appropriate
passive voice is:

(a) My confidential files were stolen from the
server by someone.

(b) My confidential files have been stolen
from the server.

(c) Someone has been stolen my confidential
files from the server.

(d) My confidential files are stolen from the
server by someone.

Answer: (b) My confidential files have
been stolen from the server.

The active sentence "The board of
directors will have made a decision by the
next quarter" becomes in the passive:

(a) A decision will be made by the board of
directors by the next quarter.

(b) A decision will have been made by the
board of directors by the next quarter.

(c) A decision is being made by the board of
directors by the next quarter.

(d) A decision had been made by the board of
directors by the next quarter.

Answer: (b) A decision will have been
made by the board of directors by the next
quarter.
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4. Identify the correct passive form for the

modal perfect: "You should have handled
that sensitive matter with more
discretion."

(a) That sensitive matter should be handled
with more discretion by you.

(b) That sensitive matter should have been
handled with more discretion by you.

(c) That sensitive matter had been handled
with more discretion by you.

(d) That sensitive matter was handled with
more discretion by you.

Answer: (b) That sensitive matter should
have been handled with more discretion by
you.

The imperative sentence '""Do not reveal
the secret under any circumstances' is
best transformed into the passive as:

(a) The secret was not revealed under any
circumstances.

(b) Let the secret not be revealed under any
circumstances.

(c) You are ordered not to reveal the secret
under any circumstances.

(d) The secret should not be revealed under
any circumstances.

Answer: (b) Let the secret not be revealed
under any circumstances.

Which of the following sentences cannot be
converted into a passive voice form?

(a) She sleeps peacefully.

(b) The chef prepared a magnificent feast.
(c) Someone rang the doorbell.

(d) They are discussing the merger.
Answer: (a) She sleeps

peacefully. (Intransitive verb 'sleeps' has no
object)

Choose the correct passive voice for the
sentence with a double object: "The
committee awarded him the 'Researcher of
the Year' prize."

(a) He was awarded the 'Researcher of the
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Chapter 10

Direct and Indirect Narration

1. Introduction
Speech or narration can be reported in two ways:

1. Direct Narration: We quote the exact words of the speaker, enclosed within quotation marks.

o Example: He said, "I am busy."

2. Indirect Narration: We report the substance of what the speaker said without using their exact words.
Quotation marks are not used.

o Example: He said that he was busy.

Reporting Speech: The part outside the quotation marks (e.g., He said).

¢ Reported Speech: The part inside the quotation marks (e.g., "I am busy.").

mmh
o

~ L

Essential Pronoun Changes
Pronouns in the reported speech change to maintain the perspective of the reporter. The following table
1s crucial for understanding these changes:

First Person (I, we) changes according to the subject of the reporting verb.
. Second Person (you) changes according to the object of the reporting verb.
3. Third Person (he, she, it, they) generally remains unchanged.

N —

Changes in Tenses

The tense of the reported speech often changes when the reporting verb is in the past tense.

Rule 1: Reporting Verb in Past Tense

If the reporting verb (e.g., said, told) is in the past tense, the verb in the reported speech changes as

o

1

g

(9]

=k

2

P Subject (Nominative) Object (Accusative) Possessive Reflexive a
. |

R I Me My / Mine Myself - |
E We Us Our / Ours Ourselves %.
You You Your / Yours Yourself / Yourselves 2

P He Him His Himself 'z'l
A She Her Her / Hers Herself a V]
q

It It Its Itself -

R 3
A They Them Their / Theirs Themselves g
T Rules: g

follows:
Direct Speech (Tense) Indirect Speech (Tense)
Present Indefinite Past Indefinite
Present Continuous Past Continuous
Present Perfect Past Perfect
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He said, "Congratulations!"

He congratulated me.

She said, "Good morning."

She wished me good morning.

He said, "Curse this rain!"

He cursed the rain.

My friend said, "Goodbye."

My friend bade me goodbye.

Practice MCQs — Direct and Indirect Narration

1."By God," he exclaimed, "I have never
seen such a magnificent sight in my life."
a) He exclaimed by God that he had never
seen such a magnificent sight in his life.
b) He swore by God that he has never seen
such a magnificent sight in his life.

¢) He exclaimed and swore that he had never
seen such a magnificent sight in his life.

d) He swore by God that he had never seen
such a magnificent sight in his life.
Answer: d) He swore by God that he had
never seen such a magnificent sight in his
life.

2. "If you had told me about your
predicament, I would have helped you,"
she said to him.

a) She told him that if he had told her about
his predicament, she would have helped him.
b) She told him that if he told her about his
predicament, she would have helped him.

¢) She told him that if he had told her about
his predicament, she would help him.

d) She said to him that if he told her about his
predicament, she would have helped him.
Answer: a) She told him that if he had told
her about his predicament, she would have
helped him.
3. The philosopher said, "Man is mortal,
but his ideas can be immortal."

a) The philosopher said that man is mortal,
but his ideas can be immortal.
b) The philosopher said that man was mortal,
but his ideas could be immortal.

¢) The philosopher said that man is mortal,
but his ideas could be immortal.

d) The philosopher said that man was mortal,
but his ideas can be immortal.
Answer: a) The philosopher said that man
is mortal, but his ideas can be immortal.
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4. "Please, please don't leave me alone
here," the child cried to his mother.

a) The child pleaded to his mother not to
leave him alone there.

b) The child cried and pleaded his mother not
to leave him alone there.

c¢) The child earnestly pleaded with his
mother not to leave him alone there.

d) The child told his mother to not leave him
alone there.

Answer: ¢) The child earnestly pleaded
with his mother not to leave him alone
there.

5. "Fool!" she shouted at the man, "You
have ruined everything."

a) She shouted at the man that he was a fool
and had ruined everything.

b) She called the man a fool and shouted that
he had ruined everything.

¢) She exclaimed that he was a fool and had
ruined everything.

d) She called him a fool and said that he has
ruined everything.

Answer: b) She called the man a fool and
shouted that he had ruined everything.

6. He said, ""Let's wait here till the rain
stops."

a) He said that we should wait here till the
rain stopped.

b) He suggested that they should wait there
till the rain stopped.

¢) He proposed that they should wait there till
the rain stops.

d) He suggested that we wait here until the
rain stopped.

Answer: b) He suggested that they should
wait there till the rain stopped.

7. "1 must go to the bank tomorrow," she
said, "as I have no cash left."
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Chapter 11

and natural English.

Idioms:

Idioms and Phrasal Verbs

Introduction to Idioms and Phrasal Verbs
Idiom: A group of words established by usage as having a meaning not deducible from the individual words
(e.g., rain cats and dogs). They add color and depth to the language.
Phrasal Verb: A verb combined with a preposition or an adverb (or both) to create a new verbal phrase
with a meaning different from the original verb (e.g., give up, look into). They are fundamental to fluent

English Meaning

Urdu

Meaning

Example

Don't worry, the deal was

Above board Honest and open. SibSlodS ALzl
completely above board.
e S S When he offered to double
To smell a rat To suspect foul dealings. 44 my investment, I began to
smell a rat.
) _ ‘J“"u’[ ' JU/ The report threw dust in the
To throw dust in To deceive or mislead o, )
SPdbE ) public's eyes about the true
someone's eyes someone. : _
(.» | environmental impact.
: = . | He gave a false coloring to
To give a false To misrepresent 5 blo% L 2k g . 8
) the events to make himself
coloring something. g _
look like a hero.
To play fast and | To behave in an unreliable s/ UC 4" | You can't trust him; he plays
loose and insincere way. v/"| fast and loose with the truth.
) ) The company was accused of
Dishonest business w . o
Sharp practices ) SlaaSAf sharp practices to eliminate
dealings. ..
competition.
s ¢ | She shed crocodile tears at
Pretended or insincere o’ ’wa/( o
Crocodile tears .. his dismissal, though she had
SOITOW. T s

advocated for it.

A wolf in sheep's

clothing

A person who appears

harmless but is actually

dangerous.

Fles £
Je

Be careful of him; he's a wolf

in sheep's clothing.
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Turn up To arrive; to increase volume; w7 J;,T:u@@” He finally turned up an hour late.
to be found. b | Turn up the heat. My keys turned up
in the drawer.
mmh
Watch out | To be careful. A2 | Watch out for the step! [
s ™ ™ | |
Wear off | To gradually disappear. Vle')’f(; ~1>41 | The painkiller's effect began to wear
off.
M Work out | To exercise; to be successful; .',l“,»b/:t/ U2 | 1work out at the gym. I hope E
to calculate. ./ Fs | everything works out for you. Can a'
K you work out the total cost? 5
%]
Practice MCQs — Idioms and Phrasal Verbs V)
1. He decided to bite the bullet and finally C. Caused to happen - |
P confront his boss about the promotion. D. Criticized Q
A. Avoid the issue Answer: C
R B. Prepare carefully 6. His explanation for the missing funds 3
C. Face a painful situation bravely doesn't add up. E
E D. Resign from the job A. Make sense V]
Answer: C B. Seem honest (7
P 2. Her extravagant plans to build a C. Appear complete 2
castle went up in smoke when the investors D. Sound convincing —
A backed out. Answer: A <
A. Were highly praised 7. She's always blowing her own 0
B. Were partially successful trumpet about her academic achievements. ~
R C. Ended in complete failure A. Being modest (=3
D. Were postponed indefinitely B. Boasting “
A Answer: C C. Criticizing others
3. The detective smelled a rat when the D. Working hard
T witness changed his story for the third time. Answer: B
A. Became angry 8. The negotiations broke down when neither
I B. Suspected deception side would compromise.
C. Found evidence A. Succeeded
O D. Felt nauseous B. Concluded
Answer: B C. Failed
4. After the scandal, the company had to face D. Accelerated
N the music from regulatory authorities. Answer: C
A. Enjoy success 9. His sudden resignation came as a bolt from
S B. Accept consequences the blue for everyone in the office.
C. Avoid punishment A. Expected event
D. Celebrate victory B. Complete surprise
Answer: B C. Regular occurrence
5. The new manager brought about significant D. Minor incident
changes in the organizational structure. Answer: B
A. Prevented 10. We need to cut corners to complete the
B. Delayed project within the limited budget.

17 | 18
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Chapter 12

Synonyms and Antonyms

¢ Synonyms are words or phrases that have the same or nearly the same meaning as another word or phrase
in the same language. For example, "happy" and "joyful" are synonyms. Knowing synonyms helps in
understanding nuanced meanings and improves writing style.

e Antonyms are words that have the exact opposite meaning of another word. For example, "hot" is the
antonym of "cold." A strong grasp of antonyms is crucial for understanding contrast and constructing
balanced arguments.

mmh
N

Urdu

Meani Synonyms Sentence wv
|\ /] eaning <
) o _ The storm finally began =
K L-‘j . Subside, Diminish, | Intensity, Increase, _ (o)
Abate ‘W( to abate after raging for =~
Decrease, Lessen Augment, Escalate
hours. <K
Normality, . 5
P Anomaly, . His poor performance was n
. ST o Regularity, .
Aberration =) "Ly’ Deviation, an aberration from his usual )
R . .- Standard, I - |
rregularity, 1t excellence.
E s Y Y Conformity Q
Abh R e Despise, Detest, Admire, Adore, She abhors any form of ;
or
P S Loathe, Hate Cherish, Love cruelty towards animals. =k
A S /.;,. The publisher released g
] 4 Shorten, Condense, | Elongate, Expand, .
Abridge . ) . i an abridged version of the <
R b ol Abbreviate, Curtail | Amplify, Extend ' 5
classic novel for students. -
s The divorce proceedings
A _ _ -7 "/‘é Bitter, Caustic, Harmonious, Kind,
Acrimonious . : : were acrimonious and
T I 4 | Hostile, Sarcastic Gentle, Amicable
lengthy.
I Reprimand, . The teacher had
. S . Praise, Commend,
Admonish b a1 Rebuke, Chide, to admonish the student for
O Applaud, Encourage o
Warn talking in class.
N Hardship, _ N )
) J{ﬁ' _ Prosperity, Fortune, | She showed great resilience in
Adversity «=* | Misfortune,
S _ _ Success, Affluence | the face of adversity.
Distress, Difficulty
o Aggravate, Worsen,
(l T/ ( Mitigate, Relieve, This medicine will
Alleviate . Exacerbate, .
L% | Assuage, Ease . help alleviate the pain.
Intensity
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Meaning

Synonyms

Antonyms

Sentence

i ?f e ) Careless, Slapdash, | He is fastidious about his
o 2«0 <N | Meticulous, Fussy, . .
Fastidious - . . ] Undemanding, appearance, spending hours
U2 Picky, Painstaking . )
) Negligent choosing an outfit.
Facetious, _ The student's flippant remark
) . ) _ Serious, Respectful, o _
Flippant €lost Disrespectful, Glib, about the principal earned him
) Solemn, Earnest )
Frivolous a detention.
Sociable. O ' Unsociable, She b
C ociable, Outgoing, e has
. JFAH o some Reclusive, .
Gregarious Convivial, a gregarious personality and
04 . Introverted, . )
Companionable makes friends easily.
Reserved
_ ) Honesty, Candor, _ _ -
_ . | Cunning, Deceit, ; He achieved his position more
Guile €25/ . Guilelessness, o
Trickery, Slyness ! by guile than by intelligence.
Forthrightness
P The company has a strict polic
B Pester, Persecute, Assist, Comfort, ’ pany PoTiey
Harass . against any form
o U4 | Bother, Torment Soothe, Support
of harassment.
_ The nobleman gave
. Arrogant, Conceited, | Humble, Modest,
Haughty P A _ o : a haughty look to the
Snobbish, Disdainful | Meek, Unassuming
commoners.
) U7 | Pleasure-seeker, Ascetic, Puritan, As a hedonist, his only goal in
Hedonist ; \ [ .
43 Sensualist, Sybarite Abstainer life was to pursue pleasure.
. ol Vulnerable,
s b mpenetrable,
. ESWAT: . Permeable, He seemed impervious to the
Impervious . Resistant, ] o ] )
EXy b4V Susceptible, criticism leveled against him.
Unaffected, Immune '
Receptive
. Intermittent, The incessant noise from the
y JJ/ Ceaseless, Unending, ) o )
Incessant yaiL Occasional, construction site made it hard
Constant, Perpetual )
Sporadic to concentrate.
. . | Stormy, Severe, Mild, Calm, Due to inclement weather, the
Inclement Ko7

Rough, Harsh

Pleasant, Balmy

outdoor event was canceled.
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Practice MCQs

1. What is the synonym of "NOVEL" (as an
adjective)?

A) Traditional

B) Hazardous

C) New

D) Complicated

Answer: C) New

2. What is the synonym of "IMPERVIOUS"?
A) Vulnerable

B) Resistant

C) Sensitive

D) Susceptible

Answer: B) Resistant

3. What is the synonym of "SCRUTINIZE"?
A) Ignore

B) Skim

C) Examine

D) Overlook

Answer: C) Examine

4. What is the synonym of "INGENIOUS"?
A) Uninspired

B) Dull

C) Clever

D) Simple

Answer: C) Clever

5. What is the synonym of "SAGACIOUS"?
A) Foolish

B) Redundant

C) Wise

D) Obtuse

Answer: C) Wise

6. What is the synonym of
"MAGNANIMOUS"?

A) Petty

B) Spiteful

C) Vindictive

D) Generous

Answer: D) Generous

7. What is the synonym of "INNATE"?

A) Acquired

B) Extrinsic

C) Learned

D) Inborn

Answer: D) Inborn

8. What is the synonym of "OBFUSCATE"?
A) Elucidate

B) Clarify

C) Confuse

MK PREPARATIONS: Let’s Make It Happen
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D) Explain

Answer: C) Confuse

9. What is the synonym of "FASTIDIOUS"?
A) Negligent

B) Sloppy

C) Meticulous

D) Careless

Answer: C) Meticulous

10. What is the synonym of "TRANSIENT"?
A) Permanent

B) Enduring

C) Temporary

D) Perpetual

Answer: C) Temporary

11. She was the victim of a MALICIOUS
rumor.

A) Benevolent

B) Compassionate

C) Spiteful

D) Kind

Answer: C) Spiteful

12. The government implemented a policy of
fiscal AUSTERITY.

A) Luxury

B) Frugality

C) Indulgence

D) Opulence

Answer: B) Frugality

13. A prolonged illness can DEBILITATE
even a strong person.

A) Strengthen

B) Invigorate

C) Weaken

D) Fortify

Answer: C) Weaken

14. The divorce proceedings were
ACRIMONIOUS and lengthy.

A) Harmonious

B) Amicable

C) Bitter

D) Gentle

Answer: C) Bitter

15. The weather in the mountains is
notoriously CAPRICIOUS.

A) Predictable

B) Steadfast

C) Fickle
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Teaching Techniques and Methodologies

1. Introduction to Teaching: Concept, Nature, and Evolution

Definition of Teaching:

Teaching is a deliberate, interactive, and planned process implemented by an educator to facilitate learning.
It involves the systematic transmission and facilitation of knowledge (cognitive skills), practical abilities
(psychomotor skills), and values or attitudes (affective skills) within a structured educational context. A
refined definition characterizes teaching as the process of preparing students for learning by providing an
initial structure, clarifying intended outcomes, indicating effective learning strategies, creating
opportunities for practice and application, and delivering improvement-oriented feedback.

The Nature and Evolution of Teaching:

e Teaching as a Mutual Exchange: It is not a one-way transmission but a dynamic interaction
involving the mutual exchange of experiences and information between the teacher and the
students.

e Teaching as a Provocative Activity: Its purpose is to stimulate and provoke academic, mental,
and personal development in learners.

o Shift from Traditional to Modern Role:

o Traditional (Teacher-Centered) Role: The teacher was viewed as the primary source or
"fountainhead" of knowledge. The focus was on the dissemination of information through
methods like lecturing ("chalk-and-talk"), and students were passive recipients.

o Modern (Student-Centered) Role: The teacher acts as a facilitator, guide, and co-learner.
The focus shifts to creating environments where students can discover, construct, and
collaborate on knowledge. This approach caters to individual differences and uses methods
like group work, experiments, and research-based learning.

The Process of Learning and Teaching:

e Students possess unique ways of understanding, processing, and demonstrating knowledge, and
they learn at their own pace.

e Teachers must be diagnosticians of learning, considering students' background knowledge, the
learning environment, and educational goals when selecting appropriate teaching methods.

e A wide spectrum of methods exists, ranging from traditional (explaining, questioning) to modern
(role-play, seminars, case studies, technology-integrated learning).

2. The Roles and Characteristics of an Effective Teacher

An effective teacher seamlessly transitions between multiple roles, embodying a blend of personal and
professional qualities.

The Five Major Roles of a Teacher:

1. Subject Matter Expert: Possesses deep, extensive, and current knowledge of the subject, going
beyond textbooks to develop original thoughts and a genuine passion for the discipline.

2. Pedagogical Expert: Sets clear, achievable learning goals; demonstrates a positive attitude; helps
students overcome learning difficulties; guides critical thinking and problem-solving; and provides
fair and constructive evaluation.
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Teaching Techniques & Methodologies: One - Liners

1. Introduction to Teaching

1.
2.

0 0~

Teaching is a deliberate, interactive, and planned process to facilitate learning.

It involves the systematic transmission of knowledge (cognitive), practical abilities
(psychomotor), and values (affective).

Teaching prepares students for learning by providing an initial structure and clarifying intended
outcomes.

The nature of teaching is a mutual exchange of experiences between teacher and students.
Teaching is a provocative activity aimed at stimulating academic, mental, and personal
development.

The traditional role of a teacher is as the primary source or "fountainhead" of knowledge.

The modern role of a teacher is as a facilitator, guide, and co-learner.

The traditional method focuses on "chalk-and-talk" lecturing with students as passive recipients.
The modern method focuses on creating environments for students to discover, construct, and
collaborate on knowledge.

. Teachers must be diagnosticians of learning, considering students' background knowledge and the

learning environment.

2. Roles and Characteristics of an Effective Teacher

11.

12.

13.
14.
15.

16.

17.
18.
19.
20.
21.

22.
23.
24.
25.
26.
27.
28.

The five major roles of a teacher are Subject Matter Expert, Pedagogical Expert, Excellent
Communicator, Student-Centered Mentor, and Systematic Assessor.

A Subject Matter Expert possesses deep, current knowledge and a genuine passion for the
discipline.

A Pedagogical Expert sets clear learning goals and guides critical thinking and problem-solving.
An Excellent Communicator helps students develop their own communication competencies.

A Student-Centered Mentor encourages learning through varied methods and promotes active
participation.

A Systematic and Continual Assessor evaluates student outcomes and their own teaching
effectiveness.

Personal qualities of an effective teacher include fairness, positive attitude, and preparedness.
Fairness means treating all students justly and equitably without favoritism.

A positive attitude involves believing in student success and using meaningful verbal praise.
Preparedness in subject matter and lessons allows for better management of behavioral matters.
Personal touch involves connecting with students by using their names and showing genuine
interest.

A sense of humor is used to break the ice, reduce anxiety, and make learning enjoyable.
Creativity involves using unusual and innovative methods to motivate students.

Willingness to admit mistakes models humility, integrity, and a growth mindset for students.

A forgiving nature means moving forward from student misbehavior without holding grudges.
Respect is given to students to earn it in return, handling situations with sensitivity.

High expectations involve setting challenging yet realistic academic and behavioral standards.
Compassion involves caring for students' emotional well-being and reducing the impact of hurt
feelings.
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Practice MCQ

1. What is the primary focus of the modern,
student-centered role of a teacher?

A) Disseminating information through lectures
B) Acting as the fountainhead of knowledge
C) Facilitating knowledge discovery and
collaboration

D) Ensuring passive reception of knowledge
Answer: Facilitating knowledge discovery
and collaboration

2. Which of the following is NOT a key role of
a teacher?

A) Subject Matter Expert

B) Financial Advisor

C) Pedagogical Expert

D) Systematic Assessor

Answer: Financial Advisor

3. Vygotsky's Zone of Proximal Development
(ZPD) is defined as the difference between
what a learner can do:

A) With and without technology

B) In a group and individually

C) Without help and with guidance from a
skilled partner

D) At home and at school

Answer: Without help and with guidance
from a skilled partner

4. Which teaching technique involves learning
through observation, retention, and
replication of demonstrated behavior?

A) Brainstorming

B) Modeling

C) Lecturing

D) Collaborating

Answer: Modeling

5. The constructivist approach to learning
emphasizes that knowledge is:

A) Passively received from the teacher

B) Actively constructed by the learner

C) Only acquired through memorization

D) Solely dependent on textbook content
Answer: Actively constructed by the learner

6. Which of the following is a personal quality
of an effective teacher?

A) Collaboration with colleagues

B) High expectations for students

C) Commitment to lifelong learning

D) Emotional maturity

Answer: High expectations for students

7. What is the most critical factor in time
management that is directly linked to student
achievement?

A) Allocated Time

B) Engaged Time

C) Academic Learning Time

D) Break Time

Answer: Academic Learning Time

8. The 'Inquiry' approach to teaching
effectiveness is determined by:

A) The teacher's display of warmth and
enthusiasm

B) Student results on standardized tests

C) The quality of the teacher's reflection on their
style and student outcomes

D) The number of research-based techniques
used

Answer: The quality of the teacher's
reflection on their style and student outcomes
9. Which co-teaching strategy involves two
teachers teaching the same content to two
equal groups of students simultaneously?
A) One Teach/One Assist

B) Station Teaching

C) Parallel Teaching

D) Alternative Teaching

Answer: Parallel Teaching

10. A key element of Cooperative Learning
that ensures no one "hitches a free ride" is:
A) Positive Interdependence

B) Face-to-Face Interaction

C) Individual Accountability

D) Group Processing

Answer: Individual Accountability
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Classroom Management and Discipline

1. Definition, Concept, and Importance of Classroom Management

Definition:

Classroom Management is a broad, multi-dimensional process encompassing all the strategies, methods,
and practices a teacher employs to establish and maintain a supportive, orderly, predictable, and
productive learning environment. It is not merely about controlling student behavior but about
systematically creating conditions where both teaching and learning can flourish efficiently.

Key Definitions from Theorists:

Importance of Classroom Management:
Effective classroom management is a critical indicator of student success and teacher efficacy. Its
importance is multifaceted:

2. Goals, Components, and Dimensions of Classroom Management

Wong (2004): Defines it as the practices and processes a teacher uses to uphold an environment
where instruction and learning can occur smoothly.

Mallory (2008): Describes it as a multifaceted process that depends on an engaging curriculum,
student responsibility, effective instruction, and management skills for conflict resolution.
Brophy & Good: Emphasize that it is broader than student discipline, including all things
teachers do to foster student involvement, cooperation, and a productive working environment.

Maximizes Learning Time: A well-managed classroom minimizes disruptions and time spent on
disciplining, allowing maximum time to be allocated to instructional activities.

Creates a Positive and Safe Atmosphere: It fosters an environment where students feel
physically and emotionally safe, respected, and comfortable to take intellectual risks, ask
questions, and participate actively.

Enhances Student Engagement: Through structured routines and engaging activities, it helps
keep students on-task, focused, and involved in the learning process.

Improves Academic Achievement: Consistent routines, clear expectations, and a focused
environment directly contribute to higher student test scores and overall academic performance.
Promotes Student Self-Control and Responsibility: The ultimate aim is to encourage and
establish student self-control through the promotion of positive behavior and academic
achievement.

Reduces Teacher Stress: A predictable and orderly classroom environment makes teaching more
enjoyable and sustainable, reducing frustration and burnout.
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N A. Goals of Classroom Management:

S

Better Teaching: Goals force teachers to plan lessons carefully, ensuring a deep understanding of
the curriculum and appropriate pacing for all students.

Student Focus: Clear goals provide students with a clear picture of what is expected, helping
them focus their attention and efforts.

Teacher Goal-Setting as a Model: Teachers modeling goal-setting behavior teach students how
to set and achieve their own objectives.

Student Motivation: Well-defined and achievable goals motivate students toward higher
academic achievement.
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o Punishment: Adding an unpleasant stimulus (Positive Punishment) or removing a pleasant
one (Negative Punishment) to decrease a behavior.

e Drawbacks: Ignores internal mental processes and innate abilities; can be mechanistic.

B. William Glasser's Choice Theory & Reality Therapy
This theory states that all behavior is chosen and is driven internally to satisfy five basic genetic needs:
Survival, Love/Belonging, Power/Significance, Freedom, and Fun.
e Key Principles for Teachers:
Focus on building strong, positive relationships.
o Create a need-satisfying classroom (e.g., provide choices for freedom, use cooperative
learning for belonging).
Avoid coercive management; help students make better choices.
Teach students that they are responsible for their own behavior.
Reality Therapy, a part of this approach, focuses on present behavior and helping students
evaluate their choices.
C. Alfred Adler's Individual Psychology
Adler believed the primary motivation is striving for superiority or success to overcome innate feelings of
inferiority.

¢ Key Concepts:

o Social Interest: The feeling of oneness with all humanity; psychological health is
measured by one's contribution to the community.

o Style of Life: An individual's unique way of striving for their goals.
Fictional Finalism: Our behavior is guided by our subjective perceptions and goals for the
future.

o Implications for Teaching: Encourage social interest and cooperation. Understand that
misbehavior is a misguided attempt to achieve significance and belonging. Focus on
encouragement over praise.

D. Jacob Kounin's Model (1970)
Kounin's research focused on group management and the prevention of misbehavior.

e Key Concepts:

o "Withitness'": A teacher's awareness of what is happening in all parts of the classroom at
all times. Addressing issues quickly prevents escalation.
o Overlapping: The ability to handle multiple events or tasks simultaneously in the
classroom.
o Momentum: Keeping the lesson moving at a brisk pace to maintain student engagement.
o Smoothness: Avoiding abrupt changes or interruptions that break the flow of the lesson.
o Group Focus: Using strategies to keep the whole group attentive and accountable.
E. Lee and Marlene Canter's Assertive Discipline (1970s)
A behaviorist approach focusing on a structured, teacher-directed model.
e Key Principles:
o Set clear, explicit expectations and rules.
o Implement consistent consequences for both compliance and violation.
o Use positive reinforcement for positive behavior.
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149. Gross Enrollment Rate (GER) is total enrolled divided by school-age population, multiplied by

100.

150. Net Enrollment Rate (NER) is total enrolled and retained divided by school-age population,

multiplied by 100.

151. NER is always lower than GER as it accounts for dropouts.

152. Bullying is where a person or group uses power to target and harm another individual.

153. The three roles in bullying are the Victim, the Bully, and the Crew (Bystanders).

154. Direct Bullying involves verbal and physical aggression.

155. Indirect Bullying involves social exclusion and rumors.

156. Flanders' Interaction Analysis Category System (FIACS) classifies verbal behavior in the

classroom.

157. FIACS has ten categories: seven for Teacher Talk, two for Pupil Talk, and one for

Silence/Confusion.

158. According to Kratochwill (2011), a "Do" in classroom management is to create interest.
159. A "Don't" according to Kratochwill is to use vague or unenforceable rules.

Practice MCQs

1. According to Harry Wong (2004),
classroom management is defined as:

A) The process of controlling student behavior
through rules and consequences.

B) The practices and processes a teacher uses to
uphold an environment where instruction and
learning can occur smoothly.

C) A system for fostering student creativity and
independent thought.

D) The administrative duties a teacher performs
to maintain classroom order.

Answer: The practices and processes a
teacher uses to uphold an environment where
instruction and learning can occur smoothly.
2. Which of the following is NOT cited as a
key importance of effective classroom
management?

A) Maximizes learning time

B) Creates a positive and safe atmosphere

C) Guarantees all students will achieve high
grades

D) Reduces teacher stress

Answer: Guarantees all students will achieve
high grades

3. According to Froyen and Iverson (1999),
which component involves managing the
instructional process?

A) Conduct Management

B) Content Management

C) Covenant Management

D) Curriculum Management

Answer: Content Management

4. The A-C-T-S model of classroom
management dimensions includes all
EXCEPT:

A) Activity

B) Climate

C) Time

D) Strategy

Answer: Strategy

5. What is the standard space requirement
per student in an Elementary school
classroom?

A) 0.6 m?

B) 1.0 m?

C) 1.2 m?

D)1.5m?

Answer: 0.6 m*
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Chapter 3
Testing, Measurement, Assessment and Evaluation

1. Introduction to the Core Concepts
The process of understanding and judging student learning is built upon four fundamental, sequential
concepts: Test, Measurement, Assessment, and Evaluation. These terms are often used interchangeably but
have distinct, hierarchical meanings and scopes.

e Scope: Test (Least in scope) — Measurement — Assessment — Evaluation (Broadest in scope).
A. Test

e Definition: A test is a formal and systematic instrument or procedure used to measure a sample of

~ L

an individual's behavior, knowledge, skills, or abilities. It consists of a set of questions or tasks that
require an answer orally, in writing, or through performance.

e Purpose: To elicit a response that can be quantified and interpreted.

e Example: A final exam in mathematics, a driving test, a personality inventory.

e It answers the question: ""How well?" does the individual perform on this specific set of tasks.

B. Measurement

e Definition: Measurement is the process of obtaining a numerical description of the degree to
which an individual possesses a particular characteristic. It is the quantification or scoring of the
test.

e Purpose: To assign a number (a score) to the performance observed in the test.

e Nature: It is quantitative and objective but does not, by itself, include qualitative judgments.

e Example: "Rafaih solved 23 arithmetic problems out of 40." or "Sara scored 85 marks out of 100."

o It answers the question: "How much?"

¢ Final Product: The final product of measurement is a Score.

C. Assessment

o Definition: Assessment is a broader process that includes measurement. It is the process of
gathering, recording, interpreting, using, and communicating information about a learner’s progress
and achievement. It involves giving meaning to the measured scores.

e Purpose: To understand what the measurement data means in the context of learning.

e Nature: It is an ongoing, dynamic process that includes both formal (tests) and informal
(observations, questioning, portfolios) methods. The term derives from the Latin ‘assidere’,
meaning 'to sit beside’, indicating a supportive, non-threatening partnership between teacher and
student.

o« Example: Assessing a student's English proficiency not just through a written test score, but also
through an oral quiz, a presentation, and class participation.

nZO—~-Hp»p» AP UMmMmAT

e It answers the question: ""What does the performance mean?"
D. Evaluation
e Definition: Evaluation is the most comprehensive term. It involves making a value
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judgment about the desirability, quality, or worth of the measured and assessed performance

against a set of standards, objectives, or criteria.
e Purpose: To make decisions and judgments about the quality of educational outcomes, processes,
or individuals.
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Assessment FOR Learning

Feature (Formative)

Assessment OF Learning (Summative)

Purpose To improve learning and teaching

To measure, certify, and report learning

Timing Ongoing, during instruction Periodic, at the end of a unit/course

Feedback Detailed, descriptive, immediate Often a single score or grade, delayed

Stakes Low-stakes High-stakes

Compared to student's own past
performance

Comparison

Compared to other students or a standard

B. Based on Interpretation of Results
e Norm-Referenced Test (NRT)

o Definition: Interprets a student's score by comparing it to the scores of other students in a
defined group (the "norm group"). The goal is to rank students.

o Focus: On individual differences and relative standing.

o Example: SAT, 1Q tests, many competitive exams.

e Criterion-Referenced Test (CRT)

o Definition: Interprets a student's score by comparing it to a pre-defined standard or
criterion level of performance (a specific learning objective). The goal is to see if the
student has mastered specific skills or knowledge, regardless of how others performed.

o Focus: On mastery of a clearly defined and delimited domain of learning tasks.

o Example: A driving test, a classroom chapter test on fractions, a certification exam.

3. Types of Tests and Their Classifications
Tests can be classified based on various criteria:
e By Method of Administration:

o Written Test: Student answers questions in writing.

o Oral Test: Student answers questions orally (e.g., viva voce).

o Performance/Practical Test: Student demonstrates a skill or creates a product (e.g., in a
lab, art class, or workshop).

o Computer-Adaptive Test: The test is taken on a computer, and the difficulty of
questions adapts based on the test-taker's previous responses.

¢ By Ease of Scoring:
o Objective Tests: Tests with convergent responses that are easily and consistently scored.
=  Supply Type: Student must supply their own answer (e.g., Fill-in-the-Blanks,
Short Answer).
= Selection Type: Student must select an answer from given choices (e.g., Multiple
Choice Questions (MCQs), True/False, Matching).
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One Liner Statements — Testing, Measurement, Assessment and Evaluation

Educational Testing, Measurement, and Evaluation
1. Introduction to Core Concepts

1.

—_—
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The four fundamental, sequential concepts are Test, Measurement, Assessment, and
Evaluation.

The scope of these concepts ranges from Test (least scope) to Evaluation (broadest scope).

A Test is a formal, systematic instrument to measure a sample of behavior, knowledge, or skills.
The purpose of a test is to elicit a quantifiable response.

A test answers the question, "How well?"" an individual performs on specific tasks.
Measurement is the process of obtaining a numerical description of a characteristic.

The purpose of measurement is to assign a score to a performance.

Measurement is quantitative and objective but does not include qualitative judgments.
Measurement answers the question, "How much?"

. The final product of measurement is a Score.

. Assessment is a broader process that includes measurement.

. Assessment involves gathering, interpreting, and using information about a learner's progress.
. The purpose of assessment is to give meaning to the measured scores.

. The term 'assessment' derives from the Latin ‘assidere’, meaning 'to sit beside'.

. Assessment answers the question, ""What does the performance mean?"

. Evaluation involves making a value judgment about the quality or worth of a performance.

. The purpose of evaluation is to make decisions and judgments.

. Evaluation integrates both quantitative and qualitative information.

. Evaluation answers the question, "How good is it?"

. The summary relationship is: Test (Tool) — Measurement (Score) — Assessment (Meaning) —

Evaluation (Judgment).

2. Types of Educational Assessments

21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

Assessment is categorized based on purpose, timing, and interpretation of results.
Assessment FOR Learning is also known as Formative Assessment.

The purpose of formative assessment is to monitor learning during instruction.

Formative assessment is continuous, diagnostic, and low-stakes.

Formative assessment provides descriptive, specific, and timely feedback.

Assessment OF Learning is also known as Summative Assessment.

The purpose of summative assessment is to evaluate learning at the end of a unit or course.
Summative assessment is periodic, final, and high-stakes.

Summative assessment summarizes learning and is used for grading and reporting.

Assessment AS Learning develops students' metacognitive skills.

31. Assessment AS Learning focuses on self-regulation and lifelong learning.

32.

In Assessment AS Learning, students engage in self-assessment and reflection.
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Practice MCQs

1. What is the correct hierarchical sequence
of the core concepts from least to broadest
scope?

A) Assessment, Measurement, Test, Evaluation
B) Test, Measurement, Assessment, Evaluation
C) Evaluation, Assessment, Measurement, Test
D) Measurement, Test, Evaluation, Assessment
Answer: Test, Measurement, Assessment,
Evaluation

2. A final exam in mathematics is a direct
example of which core concept?

A) Measurement

B) Assessment

C) Evaluation

D) Test

Answer: Test

3. The process of assigning a numerical score
to a student's performance is known as?

A) Assessment

B) Evaluation

C) Measurement

D) Testing

Answer: Measurement

4. Which concept answers the question,
"What does the performance mean?"

A) Test

B) Measurement

C) Assessment

D) Evaluation

Answer: Assessment

5. Making a value judgment about the quality
of a student's work is the essence of?

A) Assessment

B) Measurement

C) Evaluation

D) Testing

Answer: Evaluation

6. Assessment FOR Learning is synonymous
with?

A) Summative Assessment

B) Diagnostic Assessment

C) Formative Assessment

D) Placement Assessment

Answer: Formative Assessment

7. The primary purpose of summative
assessment is to?

A) Provide ongoing feedback

B) Monitor learning during instruction

C) Develop metacognitive skills

D) Measure and certify learning at the end
Answer: Measure and certify learning at the
end

8. Assessment AS Learning primarily focuses
on developing?

A) Social skills

B) Metacognitive skills

C) Psychomotor skills

D) Linguistic skills

Answer: Metacognitive skills

9. In which type of assessment is feedback
typically detailed, descriptive, and
immediate?

A) Summative Assessment

B) Norm-Referenced Assessment

C) Formative Assessment

D) Criterion-Referenced Assessment

Answer: Formative Assessment

10. A test that interprets a student's score by
comparing it to the performance of a norm
group is called?

A) Criterion-Referenced Test

B) Aptitude Test

C) Norm-Referenced Test

D) Achievement Test

Answer: Norm-Referenced Test

11. A driving test, which requires a person to
demonstrate mastery of specific skills, is an
example of a?

A) Norm-Referenced Test

B) Aptitude Test

C) Intelligence Test
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Educational Taxonomies

Introduction to Educational Taxonomies
Definition:
Educational taxonomies are systematic frameworks or models used to classify educational goals, learning
objectives, and standards into hierarchical levels of complexity and specificity.
Purpose and Uses:
e To help educators design, implement, and assess instructional strategies and student learning
outcomes effectively.
e To provide a common language for discussing educational objectives.
e To ensure that instruction, curriculum, and assessments are aligned with the intended learning
goals.
e To guide the creation of questions, lesson plans, and curriculum mapping (e.g., Table of
Specification).
o To differentiate instruction and provide targeted learning feedback.

Bloom's Taxonomy
Bloom's Taxonomy is the most famous and widely used taxonomy in education. It is a three-dimensional
hierarchical model that classifies learning objectives into levels of complexity and specificity.
The Three Domains of Bloom's Taxonomy:
1. Cognitive Domain: Related to mental skills and knowledge (Head).
2. Affective Domain: Related to attitudes, emotions, and values (Heart).
3. Psychomotor Domain: Related to manual and physical skills (Hand).
A. The Cognitive Domain (Benjamin Bloom, 1956)
This domain is concerned with knowledge outcomes, intellectual abilities, and mental skills. The original
taxonomy has six levels, progressing from the simplest to the most complex.
Original Levels (1956):
1. Knowledge (Lowest Level)
o Definition: The ability to recall or remember previously learned material, such as facts,
terms, basic concepts, and answers.
o Active Verbs: name, list, define, describe, recall, memorize, tell, find, relate.
o Example: Define immunity. List the planets in the solar system.
2. Comprehension
o Definition: The ability to understand the meaning of material, such as by interpreting,
summarizing, or explaining.
o Active Verbs: explain, discuss, outline, predict, translate, summarize, interpret.
o Example: Explain a solar eclipse in your own words. Summarize the main idea of a
story.
3. Application
o Definition: The ability to use learned material in new and concrete situations. This
involves applying rules, methods, concepts, and theories.
o Active Verbs: use, apply, illustrate, solve, demonstrate, calculate, complete.
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Educational Taxonomies: One-Liners
Introduction to Educational Taxonomies

1. Educational taxonomies are systematic frameworks for classifying educational goals and
learning objectives.

2. They classify goals into hierarchical levels of complexity and specificity.

3. Their purpose is to help educators design, implement, and assess instructional
strategies and student learning outcomes.

4. They provide a common language for discussing educational objectives.

They ensure alignment between instruction, curriculum, and assessments with learning goals.

AN

They guide the creation of questions, lesson plans, and curriculum mapping (e.g., Table of
Specification).

7. They are used to differentiate instruction and provide targeted learning feedback.
Bloom's Taxonomy

8. Bloom's Taxonomy is the most famous and widely used taxonomy in education.
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9. Itis a three-dimensional hierarchical model classifying learning objectives.

10. The three domains are Cognitive (Head), Affective (Heart), and Psychomotor (Hand).
A. The Cognitive Domain (Original - Bloom, 1956)

11. The Cognitive Domain is related to mental skills, knowledge, and intellectual abilities.

12. The original taxonomy has six levels, from simplest to most complex.

13. Knowledge is the lowest level, involving recall of facts and basic concepts.

14. Comprehension is the ability to understand, interpret, and summarize material.

15. Application is the ability to use learned material in new and concrete situations.

16. Analysis is the ability to break down material into its constituent parts and understand its

structure.

17. Synthesis is the ability to integrate elements to form a new, coherent whole.

18. Evaluation was the highest level in the original taxonomy, involving judgment based on criteria.
The Revised Cognitive Domain (Anderson & Krathwohl, 2001)

19. The key changes in the revised taxonomy were terminology from nouns to verbs and re-ordering

sojuouoxe

the top two levels.
20. Remember corresponds to the original level of Knowledge.
21. Understand corresponds to the original level of Comprehension.
22. Apply corresponds to the original level of Application.
23. Analyze corresponds to the original level of Analysis.
24. Evaluate corresponds to the original level of Evaluation.
25. Create is the highest level in the revised taxonomy, corresponding to the original Synthesis.

nZO—~-Hp»p» AP UMmMmAT

26. Declarative Learning focuses on memorization and recall of facts (the "what").
27. Procedural Learning focuses on understanding processes and procedures (the "how").
B. The Affective Domain (Krathwohl, 1964)
28. The Affective Domain is concerned with attitudes, emotions, values, beliefs, and feelings.
29. Receiving/Attending is the lowest level, involving the willingness to pay attention.
30. Responding involves active participation and reacting to a phenomenon.
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59. SOLO is an evidence-based model derived from research on how students learn.
Other Modern Educational Taxonomies
60. Fink's Taxonomy of Significant Learning aims to create holistic "significant learning

experiences."
61. Fink's six categories are: Foundational Knowledge, Application, Integration, Human
Dimension, Caring, and Learning How to Learn.
62. Marzano's New Taxonomy is a holistic model incorporating metacognition and the self-system.
63. Marzano's systems are: Self-System, Metacognitive System, Cognitive System, and the
Knowledge Domain.
M Application in Pakistani Educational System (PBCC)
64. The Punjab Board Committee of Chairman (PBCC) has officially adopted Bloom's Taxonomy
K (Cognitive Domain) for a relative grading system.
65. This system is used for classes 9th, 10th, 11th, and 12th under the BISE since 2019.
66. The Punjab Examination Commission (PEC) also follows Bloom's Taxonomy.
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P 67. PBCC's phased transition plan strategically shifts emphasis from rote memorization
(Knowledge/Remember) towards higher-order  thinking skills (Understanding and fa V]
R Application). x
68. By the final phase (2024), the weightage for Knowledge is 30%, Understanding is 50%, e
E and Application/Analyze is 20%. =
°)
P Practice MCQs 3
1. What is the primary purpose of Taxonomy? M
A educational taxonomies? A) Cognitive “
A) To replace traditional teaching B) Affective
R methods C) Psychomotor
A B) To classify educational goals into D) Sociological
hierarchical levels Answer: Sociological
T C) To focus solely on student 4. The Cognitive Domain in Bloom's
assessment Taxonomy is primarily associated
I D) To standardize curriculum across with which part of the human
countries faculties?
O Answer: To classify educational goals A) Heart
into hierarchical levels B) Hands
N 2. Bloom's Taxonomy is primarily a C) Head
framework for classifying what? D) Health
S A) Student personalities Answer: Head
B) Educational resources 5. In the original Bloom's Taxonomy,
C) Learning objectives which level was considered the
D) School administrative levels highest?
Answer: Learning objectives A) Synthesis
3. Which of the following is NOT one of B) Analysis
the three domains of Bloom's C) Evaluation
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1. The following formula can be used to
determine the resistance of a length of
conductor. R = pl/A. In the formula, the
symbol p stands for the:

a) Cross-sectional area of the conductor

b) Product of the length of the conductor in
meters

¢) Resistivity of the material in units of ohm-
meters

d) Resistance of the conductor in ohms per
meter

Answer: ¢

2. The resistance of a wire varies inversely as:

a) Area of cross section

b) Length

¢) Resistivity

d) Temperature

Answer: a

3. A capacitor of capacitance C has a charge
Q and stored energy is W. If the charge is
increased to 2Q, the stored energy will be:
a) 2W

b) 4W

c) W/4

d) W/2

Answer: b

4. To store electric charge, ultra-capacitors
use effect.

a) Single layer

b) Double layer

¢) Triple layer

d) Quadruple layer

Answer: b

5. What is the potential difference between
two points in an electric field if it takes 600 J
of energy to move a charge of 2 C between
these two points?

a) 1200 V

b) 800 V

c) 300V

dov

Answer: ¢

6. A charged particle moves in a uniform
electric field between two oppositely charged
parallel metal plates. To calculate the force
acting on the particle due to the electric field,
which quantity is not required?

a) Particle charge

b) Particle speed

c¢) Plate separation

d) Potential difference between the plates
Answer: b

7. Gauss's law cannot be used to find which of
the following quantities?

a) Electric field intensity

b) Electric flux density

¢) Charge

d) Permittivity

Answer: d

8. Electric field intensity inside a hollow
charged sphere is:

a) Maximum

b) Zero

c) Negative

d) Positive

Answer: b

9. As per Coulomb's law, the force of
attraction or repulsion between two point
charges is directly proportional to the:

a) Sum of the magnitudes of charges

b) Square of the distance between them

¢) Product of the magnitudes of charges

d) Cube of the distance

Answer: ¢

10. For an ideal gas equation PV = nRT, the
dimensions of the real gas constant R are:

a) [M' L T2 K]

b) [M' L2 T' K]

c) [M'L2T'KM]

d) [ M' L= T2K"]

Answer: a

11. A distant star is receding from Earth with
a speed of 1.40 x 107 m/s. It emits light of
frequency 4.57 x 10** Hz. The speed of light is

1]62
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3.0 x 10®* m/s. What will be the frequency of
this light when detected on Earth?

a) 2.04 x 10" Hz

b) 4.37 x 10" Hz

c)4.57 x 10" Hz

d)4.79 x 10"* Hz

Answer: b

12. The speed of sound in an ideal gas
depends upon:

a) Temperature and amplitude

b) Frequency and fog

¢) Temperature and density

d) Density and amplitude

Answer: ¢

13. If transverse waves are passing through a
medium, then particles of the medium:
a) Remain stationary

b) Move away

¢) Move toward

d) Move in simple harmonic motion
Answer: d

14. When a wave goes from one medium to
another, there is no change in the:

a) Frequency

b) Amplitude

c) Wavelength

d) Velocity

Answer: a

15. Wave trough refers to the:

a) Wavelength

b) Wave speed

c¢) Highest point of the wave

d) Lowest point of the wave

Answer: d

16. The first law of thermodynamics concerns
the conservation of:

a) Heat

b) Work

¢) Momentum

d) Energy

Answer: d

17. An ideal gas has molar specific heat C, at
constant pressure. When the temperature of n
moles is increased by AT, the increase in
internal energy is:

a)n C, AT

b) n (C, + R) AT

c)n(C,—R) AT

d)n (2C, +R) AT

Answer: ¢

18. The ohmmeter of a portable digital
multimeter needs:

a) Internal battery

b) Wet cell

¢) Voltmeter

d) Ammeter

Answer: a

19. A wire of uniform area of cross-section A,
length L, and resistance R is cut into two
equal parts. What will happen to the
resistivity of each part?

a) It will be doubled

b) It will be one fourth

c) It will be halved

d) It will remain the same

Answer: d

20. If a 0.5 T magnetic field is applied over an
area of 2 m? which lies at an angle of 60° with
the field, then the resulting flux will be:
a)05T

b) 0.5 Wb

c) 0.25 Wb

d)0.25T

Answer: b

21. The magnitude of magnetic force will be
maximum on a current-carrying conductor in
a uniform magnetic field if the conductor is
placed:

a) Parallel to the magnetic field

b) At 45° to the magnetic field

¢) Perpendicular to the magnetic field

d) Antiparallel to the magnetic field

Answer: ¢
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118. If the distance between two charges is
halved and the magnitude of charges is also
doubled, then the force between these charges
becomes:

a) Two times

b) Four times

c) Eight times

d) Sixteen times

Answer: d

119. If a body of mass m: = 2 kg moving with
5 m/s approaches another mass m: = 3 kg
with a speed of 1 m/s in the same direction,
the relative speed of approach is 4 m/s. The
relative speed of separation after collision will
be:

a) 4 m/s

b) 2 m/s

c) 6 m/s

d) Depends on masses

Answer: a

120. The refractive index of a medium is
given by:

a) c/v

b) v/c

c)cXv

d) /v

Answer: a

121. In a concave mirror, when the object is
placed at the center of curvature, the image
is:

a) At infinity

b) At the focus

¢) At the center of curvature

d) Between the focus and center of curvature
Answer: ¢

122. The power of a lens is measured in:

a) Diopters

b) Meters

c¢) Centimeters

d) Watts

Answer: a

123. Which of the following is a renewable
energy source?

a) Coal

b) Natural gas

c) Solar energy

d) Nuclear energy

Answer: ¢

124. The half-life of a radioactive substance is
the time in which:

a) Half of the atoms decay

b) All atoms decay

¢) The activity becomes zero

d) The mass becomes half

Answer: a

125. The binding energy of a nucleus is the
energy required to:

a) Break the nucleus into its constituent nucleons
b) Combine nucleons to form a nucleus

¢) Ionize the atom

d) Remove an electron from the atom
Answer: a

126. In a nuclear fission reaction, the total
mass of products is:

a) Greater than the mass of reactants

b) Less than the mass of reactants

c) Equal to the mass of reactants

d) Not related to the mass of reactants
Answer: b

127. The efficiency of a Carnot engine
depends on:

a) The working substance

b) The temperature of the source and sink

¢) The amount of heat supplied

d) The pressure of the gas

Answer: b

128. The root mean square speed of gas
molecules is proportional to:

a) \T

b) T

c) T?

d) INT

Answer: a
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