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Unit- 1 DIMENSIONS AND VECTORS
SHORT QUESTIONS CARRYING 2 MARKS:
1. Write down the dimensional formula of
(i)
Momentum
(ii)
Electric field intensity

2012

Ans:
(i)
(ii)

[momentum] = [M1 L 1T-1]
[electric field] = [M 1 L 1T -3 A-1]

2. Write down the dimensions of
(i)
Potential difference
(ii)
Power
[2013(S)][𝟐𝟎𝟏𝟕](𝑾)
Ans:
(i)
(ii)

[Potential difference] = [M 1 L 2T -3 A-1]
[Power ] = [M1 L 2T-3]

3. If the two vectors acting perpendicular to each other are increased twice each, how
will their resultant vary? [2013(S)]
⃗⃗ | 2 = |𝑨
⃗ | 2 +|𝑩
⃗⃗ | 2 +2|𝑨
⃗⃗ | |𝑩
⃗⃗ | cos θ
|𝑹

Ans:

⃗ is perpendicular to ⃗𝑩
⃗
If ⃗𝑨

then θ =900, cos θ =0

⃗⃗ | 2 = |𝑨
⃗ | 2 +|𝑩
⃗⃗ | 2
 |𝑹
If

⃗⃗
𝑨

⃗⃗
and 𝑩

are increased

twice then the new resultant

⃗⃗ ′| 2 = |𝟐𝑨
⃗ | 2 +|𝟐𝑩
⃗⃗⃗⃗⃗ | 2
|𝑹



⃗⃗ ′| 2 = 4(|𝑨
⃗⃗ | 2 +|𝑩
⃗⃗ | 2)
|𝑹
⃗⃗ ′|2 = 4|𝑹
⃗⃗ | 2
|𝑹



⃗⃗ ′| = 2|𝑹
⃗⃗ |
|𝑹



4. Write down the dimensions of
(i)
work
(ii)
frequency
[2014]

Ans:
(i)
[work]= [M1 L 2T-2]
(ii)
[frequency]= [T-1]
5. One of the rectangular component of 65N force is 25 N. Calculate the other one.
Ans:
R2 = A2 + B2
B2 = 652 – 252 = 3600 N
B = 60 N
̂ and 𝑩
̂ . Find 𝑨
⃗⃗ = 𝟑𝒊̂ + 𝟐𝒋̂ − 𝒌
⃗⃗ = 𝟐𝒊̂ − 𝟓𝒋̂ − 𝟒𝒌
⃗ .𝑩
⃗⃗ .
6. Given 𝑨
Ans:
⃗𝑨. ⃗𝑩
⃗ = 6-10+4 =0
̂ and 𝑩
̂ . Find 𝑨
⃗⃗ = 𝟐𝒊̂ + 𝟑𝒋̂ − 𝟓𝒌
⃗⃗ = 𝟑𝒊̂ + 𝟓𝒋̂ − 𝟐𝒌
⃗ 𝒙𝑩
⃗⃗ . [𝟐𝟎𝟏𝟕(𝑾)]
7. Given 𝑨
̂
𝒊̂ 𝒋̂ 𝒌
|𝟐 𝟑 −𝟓|
Ans:
𝟑 𝟓 −𝟐
̂ (𝟏𝟎 − 𝟗)
(
=𝒊̂ (-6 – 25) + 𝒋̂ −𝟏𝟓 + 𝟒) + 𝒌
̂
= −𝟑𝟏𝒊̂ − 𝟏𝟏𝒋̂ + 𝒌

Questions carrying 5 marks
1. Check the correctness of the following relation
g=

𝑮𝑴
𝑹𝟐

where g = acceleration due to gravity
G = Gravitational constant
M = Mass of earth
R = Radius of earth

Ans:
L.H.S.
[g] = [ LT-2]
R.H.S.
[

𝑮𝑴
]
𝑹𝟐

= [M-1 L 3 T-2 ] [M] / [L2]
= [ LT-2]

[2013]

 L.H.S = R.H.S
Hence the given formula is dimensionally correct.
2. . Check the correctness of the following relation
𝒎𝒗𝟐
Dimensionally. 𝑭 =
𝒓
Ans:
L.H.S. – [F] =[M1L1T-2]
[𝑴][𝑳𝑻−𝟏 ]𝟐
𝒎𝒗𝟐
R.H.S.- [
]=
𝒓
[𝑳]
1 1 -2
=[M L T ]
 L.H.S = R.H.S
Hence the given formula is dimensionally correct.
3. Check the correctness of the following relation

[2015]Type equation here.

[2015]

Dimensionally. T=𝟒𝝅√𝒍/𝒈
Ans:
L.H.S. – [T]
R.H.S.- =

[𝑳]𝟏/𝟐

1/2

[𝑳𝑻−𝟐 ]

= [T]
 L.H.S = R.H.S
Hence the given formula is dimensionally correct.
4. The greatest and least resultant of two forces at a point are 29N and 5 N respectively.
Find the resultant of the two forces, when act at an angle of 600 with each other. [2015]
Ans:
⃗⃗ |2 = |𝑨
⃗⃗ |2 + |𝑩
⃗⃗ |2 +2|𝑨
⃗⃗ ||𝑩
⃗⃗ |Cosθ
|𝑹
⃗𝑹
⃗ will be greatest at θ= 00
⃗⃗ |2 G = |𝑨
⃗ |2 + |𝑩
⃗⃗ |2 +2|𝑨
⃗ ||𝑩
⃗⃗ |= 29 N
i.e., |𝑹
⃗⃗ |2 L= |𝑨
⃗ |2 + |𝑩
⃗⃗ |2 +0 = 5 N
|𝑹
⃗⃗ ||𝑩
⃗⃗ | = 29N
 5 + 2|𝑨
⃗⃗ ||𝑩
⃗⃗ | = 24N
 2|𝑨
⃗ | is 600 .
If angle between |𝐴| 𝑎𝑛𝑑 |𝐵
Then

⃗⃗ |2 = |𝑨
⃗ |2 + |𝑩
⃗⃗ |2 +2|𝑨
⃗⃗ ||𝑩
⃗⃗ |Cos600
|𝑹
= 5 + 12 N
= 17 N

QUESTIONS CARRYING 7 MARK
1. State the principle of homogeneity. Check the correctness of the formula dimensionally
V=√𝑬/𝝆

[2015]

Ans:
Every term on both sides of a dimensional equation should have same dimensions. This is called
principle of homogeneity of dimensions.
L.H.S. – [V] = [ L T-1]
R.H.S. – [√𝑬/𝝆] = [M1 L-1 T-2]1/2 / [ M L-3]1/2
=
[ L T-1]
 L.H.S = R.H.S
Hence the given formula is dimensionally correct.
2.Check the correctness of the formula dimensionally. [2017(𝑊 )]
𝒍

𝑻 = 𝟐𝝅√𝒈
Ans:
L.H.S= [𝑻] = [𝑴𝟎 𝑳𝟎 𝑻𝟏 ]
𝒍
R.H.S= 𝟐𝝅√𝒈
Dimensional formula 𝒍 = [𝑴𝟎 𝑳𝟏 𝑻𝟎 ]
and of 𝒈 = [𝑴𝟎 𝑳𝟏 𝑻−𝟐 ]
𝑴𝟎 𝑳 𝟏 𝑻 𝟎

𝒍

So √𝒈 = √𝑴𝟎 𝑳𝟏 𝑻−𝟐 = √𝑴𝟎 𝑳𝟎 𝑻𝟐
𝒍

and 𝟐𝝅√𝒈 = √𝑴𝟎 𝑳𝟎 𝑻𝟐
= [𝑴𝟎 𝑳𝟎 𝑻𝟏 ]
∴ 𝑳. 𝑯. 𝑺 = 𝑹. 𝑯. 𝑺
Hence the given formula is dimensionally correct.

UNIT-2

CURVILINEAR MOTION & KINEMATICS
SHORT QUESTIONS CARRYING 2 MARKS

1. Under what condition the range of a projectile is maximum [2012] [2017(𝑊)]
Ans:

Horizontal range R= (u2sin2θ)/g
Condition for maximum horizontal range :The horizontal range depends upon the velocity of projection u and the angle of projection θ. For
a given value of u, the range will be maximum when sin2θ will be maximum.
Hence, sin2 θ = 1
⟹ θ = 450, this is the condition for maximum range.
Rmax = u2/ g

QUESTIONS CARRYING 5 MARKS

1. A stone is thrown vertically upward with an initial velocity of 14m/s. Find the
maximum height reached and time of desent.
[2012]
Ans: given initial velocity, v=14m/s
At maximum height, final velocity v=0 m/s.
Acceleration a = -g.
According to linear equation of motion
V2-u2= 2aS
2
 0 – (14) = 2(-g)S
142
 𝑠 =
m
2×9.8


𝑠=

196
19.6

m

 S = 10 m
1

Again S = ut+ at2
2
Here u = 0
1
10 = 0 + 2 (9.8) t2
t2 = 20/9.8
t= 1.414 sec

2. State laws of limiting friction.

[2015] [𝟐𝟎𝟏𝟕(𝑾)]

(i)

The direction of force of friction is always opposite to the direction of
motion.
(ii)
Force of friction depends upon the nature and state of polish of the
surfaces in contact.
(iii)
It acts tangentially to the interface between the two surfaces.
(iv)
Magnitude of limiting friction “F” is directly proportional to the normal
reaction “R” between the two surfaces in contact.
F∝R
⟹ F = μR
μ= The proportionality constant called the COEFFICIENT OF FRICTION
(v)
Magnitude of limiting friction between two surfaces is independent of area and shape of
surfaces in contact so long as the normal reaction remains
the same.
3. Define static, limiting and dynamic friction. State law of limiting friction. State laws of
limiting friction.
[2013, 2014, 2015,2016]
Ans:
Static friction:- The resistance encountered by a body in static condition while tending to move
under the action of an external force is called static friction (f). Static friction is equal and
opposite to the applied force.
Dynamic or kinetic friction:- The resistance encountered by a sliding body on a surface is known
as kinetic friction or Dynamic friction or sliding friction
Limiting friction :- When a horizontal force is applied to a static body to move the same, a
frictional force equal to the applied force develops in the opposite direction resisting the
motion is known as limiting friction.
Laws of limiting friction:(i)

The direction of force of friction is always opposite to the direction of
motion.
(ii)
Force of friction depends upon the nature and state of polish of the
surfaces in contact.
(iii)
It acts tangentially to the interface between the two surfaces.
(iv)
Magnitude of limiting friction “F” is directly proportional to the normal
reaction “R” between the two surfaces in contact.
F∝R
⟹ F = μR
μ= The proportionality constant called the COEFFICIENT OF FRICTION
(v) Magnitude of limiting friction between two surfaces is independent of area and shape of
surfaces in contact so long as the normal reaction remains the same.
LONG QUESTIONS CARRYING 7 MARKS

1. A projectile is fired with velocity u, making an angle θ with the horizontal. Derive
an expression for
(i)
Maximum height attained
(ii)
Horizontal range
(iii) Time of ascent
(iv)
Total time of flight.
[2013,2014,2017]
Ans:
Let us consider the case when the object is projected with an initial velocity u at an angle to the
horizontal direction. Let air resistance is negligible . Since the body first goes up and then comes
down after reaching the highest point , we will use the Cartesian convention for signs of different
physical quantities.The acceleration due to gravity 'g' will be negative as it acts
downwards.
Here the motion of body can be separated into horizontal motion (motion along x-axis) and
vertical motion (motion along y-axis)

1. Component of initial velocity along x-axis.
Ux=u cosθ
Component of initial velocity along y-axis.
Uy=u sinθ
2. Acceleration along x-axis
Ax=0
(Because no force is acting along the horizontal direction)
Acceleration along y-axis
Ay= -g= -9.8m/s2
(g is negative as it is acting in the downward direction)
Equation of Trajectory (Path of projectile)

At any instant t
x= ucosθ.t
t= x/(ucosθ)
from linear equation of motion S = ut +1/2 at 2
so we can write ,

y= usinθ.t - (1/2)gt2

Substituting for t
y= usinθ.x/(ucosθ) - (1/2)g*x/(ucosθ)2
y= x.tanθ - [(1/2)g.sec 2 θ.x2 ]/u2
This equation is of the form y= ax + bx2 where 'a' and 'b are constants. This is the
equation of a parabola. Thus, the path of a projectile is a parabola .
(i)

Maximum height H

Equation for vertical distance (y component)
y= uyt - (1/2)gt2
At , t=T/2 , y=H
H= usin θ.T/2 - (1/2)g(T/2)2
substituting T
H = usin θ.usin θ /g - (1/2) g (usin θ /g)2
= (u2sin2 θ)/g - (u2sin2 θ)/2g
H = (u2sin2 θ)/2g
(ii)

Range R

Range is the total horizontal distance covered during the time of flight.
From equation for horizontal motion, x=u xt
When t=T , x=R
R= u xT
= ucosθ.2usinθ/g
= u 2 .2sinθcosθ/g = u 2sin2θ/g
using, 2sinθcosθ= sin2θ,
R= (u 2sin2θ)/g
Condition for maximum horizontal range :The horizontal range depends upon the velocity of projection u and the angle of projection θ. For
a given value of u, the range will be maximum when sin2θ will be maximum.
Hence, sin2θ = 1 ⟹ θ = 450, this is the condition for maximum range.
Rmax = u2/ g

(iii)

Time of ascent

It is the time taken by the projectile to come back to the same level from which it was projected
.i.e., it is the sum of time of ascent ( rise) and time of descent (fall).
Angular Projectile motion is symmetrical about the highest point.

Hence, the time of ascent ( rise) = time of descent (fall).
Time of ascent :Let, t= the time taken by the projectile to reach the highest point
At the highest point,the vertical component of velocity vy = 0
Applying the formula, vy= usin θ - gt
0= usin θ – gt
⟹ t = usin θ /g
(iv)

Total time of flight
Total time of flight, T= 2 x time of ascent
= 2t
= 2usin θ /g

2. A projectile is fired horizontally with a velocity u from a height h. Find the velocity
and the horizontal distance covered when it touches the ground.
[2014]
Ans:
A body is thrown with an initial velocity u along the horizontal direction. The motion along x
and y axis will be considered separately.
1. Component of initial velocity along x-axis.
ux=u
Component of initial velocity along y-axis.
uy=0
2. Acceleration along x-axis
ax=0
(Because no force is acting along the horizontal direction)
Acceleration along y-axis
ay= g = 9.8m/s2
It is directed downwards.

Velocity at any instant of time , v = (vx2+ vy2)1/2
= [u2 + (gt)2]1/2
Time of flight (T):
It is the total time for which the projectile is in flight ( from O to B in the diagram above)
To find T we will find the time for vertical fall
From y= uyt + (1/2) gt2
At the point O, y= h , t=T
h= 0 + (1/2) gt2
T= (2h/g)1/2
Range (R) :
It is the horizontal distance covered during the time of flight T.
From x= ut
When t=T , x=R
R=uT
R=u(2h/g)1/2

UNIT-3 GRAVITATION, PLANETARY MOTION
&
SIMPLE HARMONIC MOTION
1. Define gravitational constant.

[2015]

Ans:
Gravitational constant can be defined as the magnitude of force of attraction
between two bodies each of unit mass and separated by an unit distance from
each other.
2. Define simple harmonic motion.

[2015, 2016]

Ans:
The motion in which the restoring force is proportional to the displacement
from the mean position and is always directed towards the mean position is
known as simple harmonic motion.
3. Define “ angular displacement” of a particle.

[2016]

Ans: Angular displacement is the angle turned by radius vector of a particle
during circular motion.
4. The equation of a particle vibrating in S.H.M. is given by, y= 10 Sin(3t+π).
What is its time period?
[2012][2017(𝑊 )]


Ans: given y = 10 Sin(3t+π)
w = 3 rad sec-1
T = 2 π/w
= 2 π/3
= 2.093 sec
5. Write the S.I. unit and dimension of gravitational constant.
[2015(W),2014(S)]
Ans: S.I. unit is Nm2Kg-2
Dimension [G] = [ M-1L3T-2]

[2014,2016]

QUESTIONS CARRYING 5 MARKS
1. State Kepler’s law of planetary motion.

[2015, 2016,2017]

Kepler’s 1st Law ( Law of elliptical Orbits ) :
A planet moves around the sun in an elliptical orbit with the sun situated at one
of its focii.

Ans:

Kepler’s 2nd Law ( Law of Areal Velocity ) : A planet moves in such a way that its areal
velocity always remains constant.
Areal velocity : The line joining the planet with the sun sweeps equal area in
equal interval of time.

According to the law :

Area (A 1) = area (A 2)

Kepler’s 3rd Law ( Law of Time Period ) : A Planet moves round the sun in such a way that
the square of its period is
proportional to the cube of semi- major axis of its elliptical orbit.
T2 ∝ R3

2. How does the acceleration due to gravity vary with depth. 2015(w)
Ans:

3. Explain the variation of ‘g’ (acceleration due to gravity) with altitude. 2016(s)
2017(w)

Applying Binomial Expansion, on above equation and neglecting higher order
terms.

4. State Newton’s law of gravitation. Derive a relation between g and G. Distingiush
between g and G.
[2012,2014]

Ans:
Newton’s law of Gravitation states that every particle of matter in this universe attracts
every other particle with a force which varies directly as the product of the two masses
and inversely as the square of the distance between them.
Gravitational force F = G

𝑀1 𝑀2

𝑅2
For a body of mass m on earth’s saurface is
𝑀𝑚
F=G 2
𝑅
Where M and R are the mass and radius of earth respectively.
Or
𝑀𝑚
mg = G 2
𝑅

where g is the acceleration due to gravity.
Or
g=G

𝑀

𝑅2
From the above equation ‘g’ is the acceleration due to gravity and G is the gravitational
constant ( a force between two bodies of unit mass, separated by unit distance).

LONG QUESTIONS CARRYING 7 MARKS
1. Explain S.H.M. as a particle of uniform circular motion on any diameter and
derive expression for velocity and acceleration of a particle executing S.H.M..
[2016]

UNIT-4 SOUND & ACCOUSTICS
Short question carrying 2 marks
1. State the relation between different wave parameters.

[2016]

Ans:
Let V = Velocity of the wave
F = Frequency of the wave
ƛ = wave length of the wave
T = Time period of the wave

2. State the relation between frequency(f) and time period(T) of a wave.

[2016]

Ans:
Let F = Frequency of the wave
T = Time period of the wave
f = 1/T
Thus, Frequency and time-period of a wave are reciprocal of each other.
3. State the concept of Doppler’s effect.
Ans:
The apparent change ((increase / decrease) in the frequency (pitch) of
sound (wave) due to relative motion between SOURCE and LISTENER of
Doppler’s Effect.

[2015]

sound called

4. How particles of a medium vibrate in transverse and longitudinal wave motion.
[2012]
Ans:
In Longitudinal waves the displacement of the particles of the medium is parallel to the
direction of the propagation
of the wave
In Transverse waves the displacement of the particles of the medium is perpendicular to the
direction of the wave motion.

5. Write two properties of ultrasonics.
[2013]
Ans:
(i) The ultrasonic waves are high frequency sound waves (above 20,000 hz) and have
smaller wavelength.
(ii) They produce heating effect when passes through the medium

Question carrying 5 marks.
1. Distinguish between stationary waves and progressive waves.
[2012,2013,2016,2017]

2. Distinguish between transverse wave and longitudinal wave. [2013,2015]
Ans:

Questions carrying 7 marks
1.Define ultrasonic. Write any three properties and applications of ultrasonics
[2014,2015,2017]
Ans:
Ultrasound is acoustic (sound) energy in the form of waves having a frequency above the human
hearing range i.e., approximately 20 thousand cycles per second (20,000 Hz).

Properties:
(i) The ultrasonic waves are high frequency sound waves (above 20,000 hz) and have smaller
wavelength.
(ii) They produce heating effect when passes through the medium.
(iii) They get reflected, refracted and absorbed by the medium similar to the ordinary sound
waves.
Applications:
(i ) Ultrasound can be used in sonar systems to determine the depth of the water in a location, to
find schools of fish, to locate submarines, and to detect the presence of SCUBA divers.
(ii) Echo Sounding : -High powered ultrasonic pulses are emitted and received back after
reflection from the obstacle. Depth of Sea is calculated by this method. Moreover, detection of
sunk ships and submarines is also done.
(iv)
Diagnostic use: - Such waves are used to detect tumors, soft tissue structures, lesions,
and abnormal growth in the body.
1.Explain the concept of Doppler’s effect with source at rest and listener in motion.
[2013,2014,2015,2016]
Ans:
The apparent change ((increase / decrease) in the frequency (pitch) of sound (wave) due
to relative motion between SOURCE and LISTENER of sound called Doppler’s Effect.
Case 1. Source in motion, listener at rest

a. Source approaching listener. Consider a listener ‘L’ situated at a distance ‘V’ from
source ‘S’. Therefore sound starting from S reaches L in exactly 1 second. If the source
were at rest, there would be ‘n’ waves in distance SL=V
Wavelength λ = V/n
Let the source move towards the listener with a velocity ‘a’ such that it reaches from S
to S’ in one second (SS’ = a). Now same number of waves, i.e., ‘n’ get compressed in a
distance S’L ( = V-a), thereby modifying wavelength to λ’.
 λ’ =
 λ’ =

distance
number of waves
V−a
n

Apparent frequency, n’=

𝑉
λ

=

𝑉

𝑉−𝑎
𝑛

𝑉

= (𝑉−𝑎)n

b. Source going away from the listener.
As source moves away from listener, i.e., towards left, its velocity can be taken to be –a.
Apparent frequency, f =

𝑉
λ

𝑉

𝑉
𝑉+𝑎 = (𝑉+𝑎)n
𝑛
Case 2: Source at rest, listener in motion.
Let P be a point situated at a distance V from L on the side away from S. If the listener
were at rest ‘n’ number of waves would cross L in one second and they will be spread
over a distance LP (=V). Therefore, wavelength ‘λ’ of the sound is

=

λ=
 λ=

length of block of waves

V

number of waves

n

As soon as the disturbance crosses E, let the listener start moving towards right with a
velocity ‘b’ to a position L’ in one second. Now the waves crossing the listener will be
lesser. Let it be n’. Since there is no compression of waves in this case, the wavelength of
waves remains the same.
Number of waves spreading over a distance L’P = V-b is given by
n’ =

length of block of waves
wavelength

=
 n’ =(

𝑉−𝑏

𝑉−𝑏
V

λ

=

𝑉−𝑏
𝑉
𝑛

)n

(b) Listener moving towards the source.
If the listener moves towards the source, the number of waves crossing the listener in one second
will be greater than n’. Therefore

 n’ =(
 n’ =(

𝑉−(−𝑏)
V
𝑉+𝑏
V

)n

)n

UNIT – 5 HEAT AND THERMODYNAMICS
Short questions carrying 2 marks
1. Define specific heat of a gas.
[2014]
Ans:
It is the amount of heat required to raise(increase) the temperature of unit mass
of a gas by unit degree (1 oC or 1 K or 1 oF).
2. Define mechanical equivalent of heat(J) [2016, 2015,2017]
Ans:
Mechanical Equivalent of Heat is defined as the amount of work done to produce unit
quantity of heat.
If, W=work done
H=Heat produced
Then, W∝H
Or, W = JH
3. Define co-efficient of linear expansion(α) of a solid material.
[2016]
Ans:
Co-efficient of linear expansion (α) of a solid is defined as the increase

in length per unit original length per unit degree rise in temperature.

4. A piece of copper wire has a length of 2m at 00C. Find its length at 1000C. Given
α=17x10-6 0C-1
[2013]
Ans:
α=17x10-6 0C-1, L0=2m, t=1000C


 17 X 10-10 = (Lt - 2)/2x100
 Lt – 2 = 34 X 10-34
 Lt = 2.0034 m
5. State 1st law of thermodynamics.
[2012, 2015]
Ans:
It states if the quantity of heat supplied to a system is capable of doing work, then the
quantity of heat absorbed by the system is equal to the sum of the increase in the internal
energy of the system, and the external work done by it.
When infinitesimal amount of heat ‘dQ’ ia added to the system, corresponding changes
in internal energy ‘dU’ and external work done ‘dW’
Then dQ = dU + dW

6. The volume of a loaded ball is 10-4 m at 00 C and 1.0085 x 10-4 m at 1000C. Calculate
the co-efficient of cubical expansion.
[2012]
Ans:
Given V0 = 10-4 m
Vt = 1.0085 x 10-4 m
t = 1000C
we know that
γ = (1.0085 x 10-4 - 10-4) / 1 x 10-4 x 100
= (1.008 – 1)/100
= 85 x 10-6 0C

Questions carrying 5 marks
1.

Deduce the formula for thermal conductivity (K) of a solid.
[2014,2016]
Ans:

let Temperature of face P of a rectangular block
Temperature of face N
Q = Heat flow from face P to face N
d = Distance between the faces
A = Area of the face
t = Time of heat flow from face P to face N
Quantity of heat flow depends on the following factors :
a) Q ∝ A ( Area of face)

b) Q ∝ () ( Temperature difference between the faces)
c) Q ∝ t (Time of heat flow )
d) Q ∝ 1/d (Distance between the faces)
Combining the above expressions,
Q ∝ [() t]/d
Or, Q=[ KA () t]/d
Where K Proportionality constant called Thermal Conductivity of solid material
K = Q d/ A () t

Definition of Thermal Conductivity (K)
Thermal conductivity of a solid (material) is defined as the quantity of heat
flowing in one second between the opposite faces of a unit cube or an unit
cylinder, the temperature difference between the opposite faces being unit
degree ( 10 C or 10 K or 10F)

Long questions carrying 7 mark
1. Define CP and Cv and establish the relation between them. [2013,2014,2016]
Ans:
Specific Heat at Constant Pressure(Cp)
It is the amount of heat required to raise(increase) the temperature of unit mass of a gas by unit
degree (1 0C or 1 0K or 10 F) at constant pressure.
Specific Heat at Constant Volume(Cv)
It is the amount of heat required to raise(increase) the temperature of unit mass of a gas by
unit degree (1 0C or 1 0K or 10 F) at volume.
Relation Between Cp and Cv
Consider one mole of ideal gas enclosed in a cylinder of initial volume (V) and
initial pressure (P).
The gas is first heated at constant volume so that its temperature increases by T.
Let the heat supplied be Q.
Q=U
i.e.
U = Cv T
(1)
One mole of the same gas is then heated at constant pressure so that its
temperature increases by T on being supplied heat (Q’).
From definition :
Q ‘= CpT
(2)
The heat supplied (Q’) is used for increasing temperature of gas by T and doing external
work (W) due to expansion of gas. According to 1st law of thermodynamics(conservation of
energy)
Q ‘=U + W
(3)
Using equation (1) and (2) in equation (3),we have ,

CpT = Cv T + P V
V is increase in volume.)
CpT = Cv T + P V
The ideal gas equation for 1 mole of gas is ,
PV = RT [n=1]
Or
P(V+ V)=R(T+ T)
Subtracting (5) from (6),
P(V+ V) – PV = R(T+ T)-RT
Or
P V = R T
(7)
Using equation (7) in equation (4),we get,
Cp T = Cv T + R T
Or
Cp = Cv + R
Or
Cp – Cv = R

(Work done(W) = P V)
(4)
(5)
(6)

Also called Mayer’s Relation.

2. Define different coefficients of expansion of solid and establish relation between
them.
[2013,2014,2015,2016,2017]
Ans:
Co-efficient of linear expansion (𝛼) of a solid is defined as the increase in length per unit original
length per unit degree rise in temperature

Co-efficient of superficial expansion (β) of a solid is defined as the increase in Area per unit
original Area per unit degree rise in temperature.

Co-efficient of linear expansion (γ) of a solid is defined as the increase in Volume per unit
original Volume per unit degree rise in temperature.

RELATION BETWEEN α and β :Let us consider a solid square plate with the following parameters.
L0 = Length of Plate at 0 0C ,
Lt = Length of Plate at t 0C ,
A0 = Area of Plate at 0 0C
At = Area of Plate at t 0C
α Co-efficient of Linear Expansion of the material
β Co-efficient of Superficial Expansion of the material

We know that,

At = A0(1+βt)
= Lt2 = L02(1+ αt)2
A −A
β= t 0
A0 t

=

Or

𝐿20 [(1+𝛼𝑡)2 −1]
𝐿20 𝑡
[(1+𝛼𝑡)2 −1]

=
𝑡
β = 2 𝛼 + 𝛼𝑡 2

Since α is very small, 𝛼𝑡 2 can be neglected.

β=2𝛼
RELATION BETWEEN α and γ
Let us consider for a cube
L0 = Length of solid at 0oC ,
Lt = Length of solid at t oC ,
V0 = Area of Plate at 0oC
Vt = Area of Plate at t oC
α Co-efficient of Linear Expansion of the material
γ Co-efficient of Cubical Expansion of the material
We know that,
Vt = V0(1+γt)
= Lt3 = L03(1+ αt)3

γ=
=

Vt −V0
Vt
𝐿30 [(1+𝛼𝑡)3 −1]
𝐿30 𝑡
[(1+𝛼𝑡)3 −1]

=
𝑡
γ = 3 𝛼 + 3𝛼𝑡 2 + 𝛼 3𝑡 2
Since α is very small, higher order terms of α can be neglected.
γ = 3𝛼

β=2α
γ=3α
Hence, we have,
α=β/2=γ/3
Or α : β : γ = 1:2:3

UNIT – 6 OPTICS
Short questions carrying 2 marks.
1. State two applications of optical fibre.
[2013, 2016]
Ans:
a. Optical fiber can be used as a medium for telecommunication and computer networking
because it is flexible and can be bundled as cables. It is especially advantageous for
longdistance communications, because light propagates through the fiber with little
attenuation compared to electrical cables. This allows long distances to be spanned with
few repeaters.
b. Optical fibers can be used as sensors to measure strain, temperature, pressure and other
quantities by modifying a fiber so that the property to measure modulates the
intensity,phase, polarization, wavelength, or transit time of light in the fiber.
2. What are the conditions for total internal reflection.
[2012, 2015]
Ans:
The conditions under which total internal reflection occurs:a. The light ray should travel from denser medium to rarer medium.
b. The angle of incidence in the denser medium (incident medium)must be greater than
the critical angle.

Long questions carrying 7 mark.
1. Define critical angle and total internal reflection with diagram. The refractive
indices of glycerine and water are 1.46 and 1.33 respectively. What is the critical
angle when the ray passes from glycerine to water.
[2013,2014,2016 ]
Ans:
TOTAL INTERNAL REFRACTION :Definition:- It is the phenomenon in whoch a ray of light travelling from denser to rarer
medium is reflected back into the incident medium(denser medium)if the angle of incidence is
greater than the critical angle.

When 1<c, then refraction occurs.
And when 1>c total internal reflection occurs.
The conditions under which total internal reflection occurs:(a) The light ray should travel from denser medium to rarer medium.
(b) The angle of incidence in the denser medium (incident medium)must be
greater than the critical angle.
Critical Angle(ic or c or c )
The angle of incidence in the denser medium(incident medium)for which the angle of refraction
is 90o in the rarer medium is called critical angle(θc).

Given,
μg = 1.46,
Sin C =

μw = 1.33

𝟏
𝝁𝐰
𝒈

= 𝝁𝐠𝒘

= μw/ μg
=1.33/ 1.46
= 0.9209
C = Sin-1(0.9209)
= 65.60
2. Define critical angle and total internal reflection. What is the critical angle for a ray
going from glass to water? The refractive indices of glass and water are1.62 and 1.32
repectively.
[2016]
Ans:
TOTAL INTERNAL REFRACTION :Definition:- It is the phenomenon in whoch a ray of light travelling from denser to rarer
medium is reflected back into the incident medium(denser medium)if the angle of incidence is
greater than the critical angle.

When 1<c, then refraction occurs.
And when 1>c total internal reflection occurs.

The conditions under which total internal reflection occurs:(a) The light ray should travel from denser medium to rarer medium.
(b) The angle of incidence in the denser medium (incident medium)must be
greater than the critical angle.
Critical Angle(ic or c or c )
The angle of incidence in the denser medium(incident medium)for which the angle of refraction
is 90o in the rarer medium is called critical angle(θc).

Given,
μg = 1.62,
Sin C =

μw = 1.32

𝟏
𝝁𝐰
𝒈

= 𝝁𝐠𝒘

= μw/ μg
=1.33/ 1.62
= 0.8148
C = Sin-1(0.8148)

= 54.570
2. Write the concept of optical fibre and mention any two applications. [2015,2017]
Ans:
. Optical Fibres are very thin hair like structures made up of plastic or glass fibres of diameters
02 microns ( 2 x 10 -6 mt) are bundled together to prepare an Optical Fibre.
Conceptual Expansion: Light Energy propagates through the fibres by multiple total internal reflections. The
inner part i.e CORE is optically denser ( higher refractive index). Outer part i.e
CLADDING surrounding the core has lesser optical density ( lesser refractive index).
 Each fibre is optically insulated by coating with a material having less refractive index
than the fibre.
 Light ray entering at one end of the cable undergoes multiple ( Successive) total internal
reflections, because the angle of incidence is always greater than the critical angle.
Consequently light is transmitted to the other end without loss of intensity (Energy).

Application:
 Optical fiber can be used as a medium for telecommunication and computer networking
because it is flexible and can be bundled as cables. It is especially advantageous for
longdistance communications, because light propagates through the fiber with little
attenuation compared to electrical cables. This allows long distances to be spanned with
few repeaters.
 Optical fibers can be used as sensors to measure strain, temperature, pressure and other
quantities by modifying a fiber so that the property to measure modulates the
intensity,phase, polarization, wavelength, or transit time of light in the fiber.
3. Draw a neat diagram of refraction through a prism and derive the expression for
the refractive index of the prism.
[2014, 2015, 2016,2017]
Ans:

Let ABC be the principal section of a glass-prism having ∠A as its refracting angle.
i = Angle of incidence
e= Angle of emergence
r1= Angle of refraction at face AB
r2= Angle of refraction at face AC
N and N’ are the two normals drawn at AB and AC.
Angle of deviation Dm = i- r1 + e –r2
= i + e –( r1 –r2)
From the diagram it is clear that, In the quadrilateral AQOR,
∠QOR+ ∠QAR= 180 =∠r1 + ∠r2 + ∠QOR
i.e ∠QAR= ∠r1 + ∠r2 , or ∠A= ∠r1 + ∠r2
so
Dm = i + e –A
i + e = Dm

In the position of minimum deviation
∠i = ∠e and ∠r1 = ∠r2 = ∠r

UNIT -7 MAGNETOSTATICS AND
ELECTROSTATICS
Short questions carrying 2 marks
1. Define electric intensity.
[2013, 2016]
Ans:
Electric field intensity at any point within an electric field is the force experienced by a
unit charge placed at that point .

⃗⃗ ).
2. Define magnetic flux density (𝑩
[2016]
Ans:
⃗ ) is defined as the magnetic flux crossing unit area, when the area
Magnetic flux density (𝐵
is held perpendicular to the magnetic field.

3. On which factors does capacity of a parallel plate capacitor depend?
Ans:
Capacity of a parallel plate capacitor is given by

[2015]

Where
a - Area of each Plate
d - Distance between the plates
ϵ0 - Permittivity of the medium.
4. Define unit pole.

[2012,1013,2015,2016]

Ans:
A unit pole in S.I. is that pole which when placed in air at a distance of 1m from a similar
pole repels it with a force of 10 -7 N.
if F = 10-7 N, m1 = m2 , r = 1m
m2 = 1, m = + 1, -1.
5. Define magnetic field intensity and state its S.I. unit.
[2015]
Ans:
Magnetic intensity is defined as the force experienced by a unit north pole when placed
at a point inside a magnetic field.
Unit- Newton/ weber
6. Find the charge on the capacitor of capacity 10 μF having potential 100V.
Ans:
Capacity C = Q/V
Given C = 10 μF = 10x 10-6 F , V= 100 V

[2012]

 Q = 10-5 x 100 C.
 Q = 0.001 C
7. Two equal and similar charges 0.05 m apart in air repel each other with a force of
4.5 Kg wt. Find the charge in Coulomb.
[2013]
Ans:
Let q1 =q2 = q , r=0.05 m.
F = 4.5 Kgf = 4.5 x 9.8 N
Coulomb force
F=
 4.5 x 9.8 =

9𝑥

102

𝑥

1

𝑞1 𝑞2

4𝜋𝜖0

𝑟2

𝑞2

(0.05)2

 q = [4.5 x 9.8 x (0.05)2] /9x109
 q = 35 x 10-7 C.
2

QUESTIONS CARRYING 5 MARKS
1. The equivalent capacitance of 2 capacitors is 18 μF when joined in parallel and 4 μF
when joined in series. Find the individual capacitance. [2016]
Ans:
Given C1 + C2 = 18 μF
1/ C1 + 1/C2 = 1/4
 4(C1 + C2) = C1C2
 C1 x C2 = 18 x 4 = 72
 (C1 + C2)2 - 4 C1C2 = (C1 - C2)2
 (C1 - C2)2 = 324 – 288
 (C1 - C2)2 = 36
 (C1 - C2) = 6
 C1 = 12, C2 = 6
2.Derive the expression for grouping for capacitors in series and parallel. (2014,2015)
Ans:
GROUPING OF CAPACITORS IN PARALLEL :-

Let, Q1= Charge on C1
Q2 = Charge on C2
Q3 = Charge on C3
Q = Total Charge in the Circuit
Q = Q1 + Q2 + Q3
As the three capacitors are connected across the common terminals A and B, the

potential difference across each is same.
i.e Q1 = C1V , Q2 = C2V, Q3 = C3V, Q = CV
Hence, Q = Q1 + Q2 + Q3
⟹ CV = C1V + C2V +C3V
⟹ C = C1 + C2+C3
Thus, when capacitors are connected in parallel, the equivalent capacity in the combination of
the capacitors is the sum of the individual capacitances.
GROUPING OF CAPACITORS IN SERIES :-

Let, V1= Potential difference across C1
V2= Potential difference across C2
V3= Potential difference across C3
V = Potential difference across the circuit
In series combination the charge across each capacitor is same and equal to Q
i.e Q1 = Q2 = Q3 = Q and the Potential difference across the circuit is equal to
the sum of potential differences across each capacitor
Hence, V = V1 + V2 + V3

Thus, we have,

Hence, when capacitors are connected in series, the reciprocal of equivalent
capacity is equal to the sum of reciprocals of individual capacitances.

Questions carrying 7 marks
1.State Coulomb’s law in magnetism. Define unit pole and magnetic flux density.
[2014, 2015, 2016]
Ans:
The force of attraction or repulsion between two magnetic poles is directly
proportional to the product of their pole strengths and inversely proportional to
the square of distance between them.
Let
m1= Pole strength of 1st pole

m2= Pole strength of 2nd pole
d = Distance between the poles
F = Force of attraction or repulsion between the poles
According to the statement of Coulomb’s law,
F ∝ m1 m2

K= Proportionality constant which depends upon the surrounding
medium and system of units choosen.

Unit pole: A unit pole in S.I. is that pole which when placed in air at a distance of 1m
from a similar pole repels it with a force of 10 -7 N.
if F = 10-7 N, m1 = m2 , r = 1m
m2 = 1, m = + 1, -1.
⃗ ) is defined as the magnetic flux crossing unit area, when the area
Magnetic flux density (𝐵
is held perpendicular to the magnetic field.

2.Derive the formula for capacity of a parallel plate capacitor and effect of dielectric on it.
[2014, 2015,2016]
Ans:
CAPACITY OF A PARALLEL PLATE CAPACITOR

A Parallel Plate Capacitor consists of two parallel metal plates separated by a
fixed distance and the space/ medium between the plates may be air, mica, glass

or paper ( Dielectrics).
Let, A - Area of each Plate
D - Distance between the plates
V - Potential Difference across the plates
Q - Charge on each Plate
σ - Surface charge density on either plate = Q/A
E - Electric field intensity
ϵ - Permittivity of the medium
From definition, we know that, E = σ/ ϵ = Q/A ϵ
Also, E = V/d
V=Ed

Effect of Dielectric on Capacity:i) Capacity of a capacitor increases ϵr os K times on introduction of a
dielectric other than air.
ii) The value of Dielectric constant of a medium is always greater than 1.
iii) Presence of Dielectric decreases potential difference between the
plates leading to increase in capacitance.

UNIT-8 CURRENT ELECTRICITY
&
ELECTROMAGNETISM
Short questions carrying 2 mark:
1. Write the formula formagnetic field induction due to current flowing through a
straight wire.
[2016]
Ans:
Magnetic field intensity
𝜇0 𝑖
B=
[sin 𝜃2 − sin 𝜃1]
4𝜋𝑟

Where i = current through the wire
r = radius vector

𝜃2 and 𝜃1 are the angles sustained by the wire
For infinitely long wire
B=

𝜇0 𝑖

4𝜋𝑟

2. What is electromagnetism.
[2016]
Ans:
It is the branch of physics which deals with study of magnetic effects of current.
3. Write the formula for magnetic field induction at the centre of a circular current
Carrying conductor.
[2013, 2015]
Ans:
Magnetic field induction at the centre of a circular current Carrying conductor
B=

𝜇0 𝑖
2𝑟

Where i = current through the wire
r = radius of the circular loop.
For N number of turns of a coil
𝜇0 𝑖
B =N
2𝑟

Question carrying 5 marks
1. Distinguish between Fleming’s left hand rule and Fleming’s right hand rule.
[2015,2017]
Ans:
Fleming’s left hand rule

Fleming’s right hand rule

1. Fleming's left-hand rule is used for electric
motors

1. Fleming's right-hand rule is used for electric
generators.
2. In an electric generator, the motion and

2. In an electric motor, the electric current
and magnet field exist (which are
the causes), and they lead to the force that
creates the motion (which is the effect), and so
the left hand rule is used.

magnetic field exist (causes),
and they lead to the creation of the electric
current (effect), and so the
right hand rule is used.

2. State and explain Kirchhoff’s law.
[2013,2014,2016]
Ans.
Kirchoffs First Law – The Current Law, (KCL)
It states that the algebraic sum of currents meeting at a point is zero.
∑I=0

Kirchoffs Second Law – The Voltage Law, (KVL)
It states that, in a closed electric circuit, the algebraic sum of e.m.f. is equal to the
algebraic sum of product of the resistances and the currents flowing through them.
∑IR=∑E
3. State and explain Biot-Savart’s law.
[2012, 2014,2015,2017]

Ans;

The Biot-Savart law states how the value of the magnetic field at a specific point in space from
one short segment of current-carrying conductor depends on each factor that influences the field.
 The value of the magnetic field at a point is directly proportional to the
value of the current ( I) in the conductor.
dB α I
 The value of the magnetic field at a point is directly proportional to the length(dl) of the
current-carrying segment under consideration.
dB α dl
 The value of the field depends also on the orientation of the particular point with respect
to the segment of current ..
dB α sinθ ,
θ = Angle between the small current carrying element(dl) and the line connecting the element
to point P (r)
 The magnetic field at a point depends upon how far the point is from the current element.
The value of the magnetic field is inversely proportional to the square of the distance
from the current element that produces it.

Mathematically, Field dB is written as

Here (μ0/4π) is the proportionality constant such that μ0/4π=10-7 Tesla Meter/Ampere(Tm/A)

Long questions carrying 7 marks.
1. State Kirchoff’s laws and apply it to a balanced condition of Wheatstone bridge.
[2013,2014,2015,2016,2017]

Ans
Wheatstone bridge is an electrical arrangement which forms the basis of most of the
instruments used to determine an unknown resistance.

It consists of four resistances P,Q,R and S connected in the four arms of a square
ABCD.A cell of e.m.f. E, is connected between the points A and C through a one way
key K1. A sensitive galvanometer of resistance G is connected between the terminals B
and D through another one way key K2, the resistance P,Q,R and S are so adjusted that
the galvanometer shows no deflection. In this position the Wheatstone bridge is said to be
balanced.
Now, giving positive sign to the currents flowing in clockwise direction , and negative
sign to the currents flowing in anti-clockwise direction and applying Kirchhoff’s voltage
law to the mesh ABD, we can write,
I1 P + ig G – (i – i1) R = 0………………………………………………………(1)
Similarly applying Kirchhoff’s second law to the mesh BCD, we can write,
( I1 - ig ) Q – (i – i1 + ig) S – ig. . G = 0……………………………………………(2)
The right hand sides of both the equations (1) and (2) are zero because there is no source
of e.m.f. in both the closed circuits ABD and BCD.
Since the bridge is balanced , therefore , the current ‘ig’ flowing through the arm BD is
zero. Putting ig = 0 in equations (3) and (4), we get
i1P – (i – i1)R = 0
Or
i1P = (i – i1)R ………………………………………………………………….(3)
And i1Q – (i – i1)S = 0
i1Q = (i – i1)S ……………………………………………………………………(4)
Dividing equation (3) by (4) , we get
𝒊𝟏 𝑷
(𝒊−𝒊 )𝑹
= (𝒊−𝒊𝟏 )𝑺
𝒊𝟏 𝑸
𝟏
𝑷
𝑸

=

𝑹
𝑺

UNIT-9 ELECTROMAGNETIC INDUCTION
Short question carrying 2 marks
1. State Lenz’s law.
[2014,2015,2017]
Ans: Lenz’s law states that "The direction of induced current is always such as to
oppose the cause which produces it".
2. State and explain Fleming’s Right Hand Rule. Draw the vector diagram.
[2013,2014,2015,2017]
Ans.
This rule states "Hold out the right hand with the first finger, second finger
and thumb at right angle to each other. Then,
 forefinger represents the direction of the line of force,
 the thumb points in the direction of motion or applied force,
 second finger points in the direction of the induced current

Long Questions Carrying 7 marks
1. State and explain Faraday’s law of electromagnetic induction with diagram.
[2012,2013,2014,2015,2016]
Ans: It states that the induction of e.m.f. in an electric circuit when magnetic flux linked with
the circuit changes. They are stated as follows:
FARADAY’S 1st LAW:- When magnetic flux changes through a circuit, an emf is induced in
it.
FARADAY’S 2nd LAW :-The induced emf lasts only as long as the change in the magnetic
flux through the circuit continues.
FARADAY’S 3rd LAW:- Induced emf is directly proportional to the rate of change of magnetic
flux through the coil.
If ∆is the change in magnetic flux linked with a circuit, that takes place in time ∆t then rate of
change magnetic flux =

∆∅
∆t

If ‘e’ is e.m.f. induced in the circuit as a result of this change.
e -





∆∅

∆t
∆∅

e 
∆t
The negative sign indicates that the induced current is such that the magnetic field due to
it opposes the magnetic flux producing it.
By selecting proper units K = 1.
e 

∆∅
∆t

UNIT-10 MODERN PHYSICS
Short questions carrying 2 marks
1. State two applications of laser.
[2014, 2015]
Ans: LASER is used in
 Lasers are used for both fiber-optic and free-space optical communication.
 They are used in medicine for laser surgery and various skin treatments.
2. Write down the characteristics of LASER beam.
Ans: Properties of LASER
1. Monochromatic
2. Uni-directional
3. High intensity
4. Co-herent.

[2013, 2014,2015]

3. Write two uses of Laser in surgery.
[ 2012, 2015]
Ans:
1. Using in painless cleaning and drilling of tooth cavity.
2. Used in eye surgery to attach a detached retina.

Questions carrying 5 marks
1. Write the properties and uses of LASER in surgery.
[2013, 2014,
2015,2017]
Ans:
Properties of LASER
1. Monochromatic
2. Uni-directional
3. High intensity
4. Co-herent.
APPLICATIONS OF LASER:
 Using in painless cleaning and drilling of tooth cavity.
 Used in eye surgery to attach a detached retina.
 To break and powder certain kinds of stones in kidney without any major surgery.
 Glaucoma (eye cancer) can be treated.
 Evaporating unwanted deposits in the arteries.
2. Define photoelectric effect. State the laws of photoelectric emission.
[2013,
2015,2017]
Ans:
Photo-electric effect is the phenomenon of emission of electrons from the surfaces of certain
substances, mainly metals, when light of shorter wavelength is incident upon them.

LAWS OF PHOTOELECTRICITY :1. Photoelectric effect is an instantaneous process.
2. Photoelectric current is directly proportional to the intensity of incident
light and is independent of its frequency.
3. The stopping potential and hence the maximum velocity of the electrons
depends upon the frequency of the light and is independent of its intensity.
4. The emission of electron stops below a certain minimum frequency known as threshold
frequency.

Long questions carrying 7 marks
1.State and explain Einstein’s photoelectric equation.
[2014,2016]
Ans:
Einstein said that light travels in tiny packets called quanta. (Singular form is quantum )
 The energy of each quanta is given by its frequency
 Each metal has a minimum energy needed for an electron to be emitted
known as the work function, W.
 For an electron to be emitted, the energy of the photon, hf, must be
greater than the work function, W.
The excess energy is the kinetic energy, K of the emitted electron
The maximum kinetic energy of an ejected electron is given by,
Kmax = hf- W,
Where, h = Planck constant
f = Frequency of the incident photon.
W = work function , which gives the minimum energy required to remove an electron
from the surface of the metal.
The work function satisfies
W= hf0
Where, f0 = Threshold frequency for the metal.
The maximum kinetic energy of an ejected electron is then
Kmax = h(f- f0) ,
Or
1/2 mV2 = h(f- f0)
Kinetic energy is positive, so we must have f - f0 for the photoelectric effect to occur.

