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UNIT – 1 (NATURE OF PHYSICAL WORLD AND 

MEASUREMENT) 

1. From a point on the ground, the top of a tree is seen to have an angle of 

elevation 600. The distance between the tree and a point is 50 m. Calculate 

the height of the tree? 

 Solution 

  θ = 600, The distance between the tree and a point x = 50 m,  

Height of the tree (h)=? 

For triangulation method tan θ = 
ℎ

𝑥
 

h = 𝒙 tan θ ; = 50 × tan 600 ; = 50 × 1.732  

h = 86.6 m; The height of the tree is 86.6 m. 

 

2. A RADAR signal is beamed towards a planet and its echo is received                   

7 minutes later. If the distance between the planet and the Earth is                         

6.3 × 1010 m. Calculate the speed of the signal? 

Solution  

The distance of the planet from the Earth  

d = 6.3 × 1010 m  

Time t = 7 minutes = 7 × 60 s.  

the speed of signal V =?  

The speed of signal V = 
2𝑑

𝑡
= 

2x6.3x1010

7x60
 ; 

V=3x108 ms-1 

 

3. Two resistances R1 = (100 ± 3) 𝛀, R2 = (150 ±2) 𝛀, are connected in series. 

What is their equivalent resistance?  

Solution  

R1 = 100 ± 3 Ω, R2 = 150 ± 2Ω 

Equivalent resistance R =? 

Equivalent resistance R = R1+R2 

= (100 ±3) + (150 ±2)  ; = (100 + 150) ± (3 + 2)  

R = (250 ±5) 𝛀 

 

4. The temperatures of two bodies measured by a thermometer are                              

t1 = (20 + 0.5)°C, t2 = (50 ± 0.5)°C. Calculate the temperature difference 

and the error therein. 

Solution  

t1 = (20 ±0.5)°C    t2 = (50 ±0.5)°C ‘ temperature difference t=?  

t = t2 - t1 ; = (50 ±0.5) - (20 ±0.5)°C  

= (50 – 20) ± (0.5+0.5)  ; t = (30 ±1)°C 
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5. A physical quantity 𝒙 is given by 𝒙 =
𝒂𝟐𝒃𝟐

𝒄√𝒅
 .If the percentage errors of 

measurement in a, b, c and d are 4%, 2%, 3% and 1% respectively, then 

calculate the percentage error in the calculation of 𝒙.  

Solution  

Given 𝒙 =
𝒂𝟐𝒃𝟐

𝒄√𝒅
 ; 

  The percentage error in 𝒙 is given by 

𝛥𝑥

𝑥
 x 100 = 2 

𝛥𝑎

𝑎
 x 100 + 3 

Δ𝑏

𝑏
 x 100 + 

Δ𝑐

𝑐
 x 100 + 

1

2
 
Δ𝑑

𝑑
 x 100 

= (2 × 4%) + (3 × 2%) + (1 × 3%) + (½ ×1%); = 8% +6%+3% +0.5%  

The percentage error is 𝒙 = 17.5% 

 

6. State the number of significant figures in the following  

i) 600800 - Four  ii) 400 - One  iii) 0.007 - One                    

iv) 5213.0 - Five  v) 2.65 × 1024m - Three  

vi) 0.0006032 – Four 

 

7. Round off the following numbers as indicated  

i) 18.35 up to 3 digits  : 1.84 

ii) 19.45 up to 3 digits  : 19.4  

iii) 101.55 × 106 up to 4 digits  : 101.6 x 106 

iv) 248337 up to digits 3 digits  : 248000 

v) 12.653 up to 3 digits  : 12.7 

 

8. Convert 76 cm of mercury pressure into Nm−2 using the method of 

dimensions. 

Solution 

In cgs system 76 cm of mercury pressure = 76 × 13.6 × 980 dyne cm−2 

The dimensional formula of pressure P is [ML−1T−2] 

  P1[M1
a L1

b  T1
c ] = P2[M2

a L2
b  T2

c ] ; P2 = P1[
M1

M2
]
a
[
L1

L2
]
b
[
T1

T2
]
c
 

   M1 = 1g, M2 = 1kg; L1 = 1 cm, L2 = 1m; T1 = 1 s, T2 = 1s  

As a =1, b= -1, and c = -2  

Then P2 = 76 x 13.6 x 980 [
1𝑘g

1kg
]
1
[
1cm

1m
]
−1

[
1s

1s
]
−2

 

= 76 x 13.6 x 980 [
10−3𝑘𝑔

1kg
]
1

[
10−2m

1m
]
−1

[
1s

1s
]
−2

 

= 76 × 13.6 × 980 × [10−3] × 102  

P2 = 1.01 × 105 Nm−2 
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9. If the value of universal gravitational constant in SI is 6.6x10−11 Nm2 kg−2, 

then find its value in CGS System?  

Solution  

Let GSI be the gravitational constant in the SI system and Gcgs in the cgs 

system. Then GSI = 6.6 ×10-11Nm2 kg−2  

Gcgs =? 

n2 = n1[
𝐌𝟏

𝐌𝟐
]
𝐚

[
𝐋𝟏

𝐋𝟐
]
𝐛

[
𝐓𝟏

𝐓𝟐
]
𝐜

  ; Gcgs = GSI[
𝐌𝟏

𝐌𝟐
]
𝐚

[
𝐋𝟏

𝐋𝟐
]
𝐛

[
𝐓𝟏

𝐓𝟐
]
𝐜

 

  M1 = 1 kg, L1 = 1m, T1 = 1s ;   M2 = 1 g, L2 = 1 cm, T2 = 1s  

The dimensional formula for G is M-1L3T-2 ; a = -1, b = 3 and c = -2 

Gcgs = 6.6 x 10-11[
1𝑘g

1g
]
−1

[
1m

1cm
]
3

[
1s

1s
]
−2

 

= 6.6 x 10-11[
1𝑘𝑔

10−3𝑘𝑔
]
−1

[
1m

10−2m
]
3

[
1s

1s
]
−2

 

= 6.6 × 10−11 × 10−3x 106 × 1  ; Gcgs = 6.6 × 10-8 dyne cm2g-2 

 

10. Check the correctness of the equation ½ mv2 = mgh using dimensional 

analysis method. 

 Solution  

Dimensional formula for ½ mv2 = [M][LT-1]2 =[ML2T-2] 

Dimensional formula for mgh = [M][LT-2][L]=[ML2T-2] 

[ML2T−2] = [ML2T−2]  

Both sides are dimensionally the same, hence the equations                         

½ mv2 = mgh is dimensionally correct. 

 

11. Obtain an expression for the time period T of a simple pendulum. The time 

period T depends on (i) mass ‘m’ of the bob (ii) length ‘𝒍’ of the pendulum and 

(iii) acceleration due to gravity g at the place where the pendulum 

is suspended. (Constant k = 2π) 

 Solution 

  T∝ 𝑚𝑎𝑙𝑏𝑔𝑐 ; T = k 𝑚𝑎𝑙𝑏𝑔𝑐 

Here k is the dimensionless constant. Rewriting the above equation 

with dimensions 

  [T1] = [Ma] [Lb] [LT−2]c  [M0L0T1] = [Ma Lb+c T−2c] 

Comparing the powers of M, L and T on both sides, a=0, b+c=0, -2c=1 

Solving for a,b and c a = 0, b = 1/2, and c = −1/2 

From the above equation T = k. m0 𝑙1/2 𝑔1/2 

  T = k (
𝒍

𝒈
)
𝟏/𝟐

  ; k √𝒍
𝒈⁄   ; Experimentally k = 2π, hence T = 2π √𝒍

𝒈⁄  
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EXERCISE PROBLEM 

 
12. In a submarine equipped with sonar, the time delay between the generation 

of a pulse and its echo after reflection from an enemy submarine is observed 

to be 80 s. If the speed of sound in water is 1460 ms-1. What is the distance 

of enemy submarine? 

 Solution 

  v = 80s , v = 1460 ms-1, D = ? 

  D = 
v t

2
=

1460 x 80

2
  ; = 1460 x 40 ; 58400m  

D = 58.4km  

  

13. The radius of the circle is 3.12 m. Calculate the area of the circle with regard 

to significant figures. 

 Solution 

  r = 31.2 m ; A = ? 

  A = πr2  ; = 3.14 x 3.12 x 3.12  ;  = 30.57m2 

  A = 30.6 m2 (rounding off with significant figure3) 

 

 

 

 

 

 

 

14. Jupiter is at a distance of 824.7 million km from the Earth. Its angular 

diameter is measured to be 35.72˝. Calculate the diameter of Jupiter 

 Solution 

  X = 824.7 million km = 82 

4.7 x 106 x 103 m 

  θ = 35.72’’ = 35.72 x 4.85 x 10-6 rad;  b = ? 

  𝑥 =
𝑏

𝜃
  ; 𝑏 = 𝑥θ  ;  

= 824.7 x 109 x 35.72 x 4.85 x 10-6 

  = 1.428 x 105 x 103 m ;    

b = 1.428 x 105km 
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UNIT – 2 (KINEMATICS) 
 

15. Two vectors �⃗⃗�  and �⃗⃗�  of magnitude 5 units and 7 units respectively make an 

angle 600 with each other. Find the magnitude of the resultant vector and its 

direction with respect to the vector �⃗⃗�  
Solution   

The magnitude of the resultant vector R⃗⃗  is given by 

R = |�⃗� | = √52 + 72 + 2x5x7cos600  ; = √25 + 49 + 
70x1

2
  ;  

𝐑 =  √𝟏𝟎𝟗  units 

The angle α between R⃗⃗  and A⃗⃗  is given by tan 𝛼 =  
𝐁 𝐒𝐢𝐧 𝛉

𝐀+𝐁 𝐂𝐨𝐬𝛉
 

 = 
𝟕 𝐱 𝐬𝐢𝐧𝟔𝟎𝟎

𝟓+𝟕 𝐜𝐨𝐬𝟔𝟎𝟎
  ; = 

𝟕 𝐱 √𝟑

𝟏𝟎+𝟕
   = 

𝟕 𝐱 √𝟑

𝟏𝟕
  ; ≅ 0.713  ; 𝜶 ≅ 350   

  

16. Two vectors �⃗⃗�  and �⃗⃗�  of magnitude 5 units and 7 units make an angle 600 

with each other . Find the magnitude of the difference vector �⃗⃗� − �⃗⃗�  and its 

direction with respect to the vector �⃗⃗�  
Solution   

The magnitude of the difference vector A⃗⃗ −  B⃗⃗  is given by 

|A⃗⃗ − B⃗⃗ | = √52 + 72 − 2x5x7cos600  ; = √25 + 49 − 35  ;  

= √𝟑𝟗  units 

The angle that between A⃗⃗ −  B⃗⃗  makes the vector A⃗⃗  given by  

tan 𝛼 =  
B Sin θ

A+B Cosθ
 

  = 
7 x sin600

5−7 cos600
  ; = 

7 x √3

10−7
   = 

7 

 √3
  ; =4.041  ; 𝛼 = tan-1 (4.041) ;  𝛼 ≅ 760   

 

17. Two vectors �⃗⃗�  and �⃗⃗�  are given in the component form as �⃗⃗�  = 𝟓𝒊 + 𝟕𝒋 − 𝟒�⃗⃗�  

and �⃗⃗�  = 𝟔𝒊 + 𝟑𝒋 + 𝟐�⃗⃗� . Find �⃗⃗�  + �⃗⃗� , �⃗⃗�  + �⃗⃗� , �⃗⃗�  - �⃗⃗� , �⃗⃗�  - �⃗⃗� . 
 Solution 

  �⃗⃗�  + �⃗⃗�  = (5𝑖 + 7𝑗 − 4�⃗� ) + (6𝑖 + 3𝑗 + 2�⃗� )  ; = 𝟏𝟏𝒊 + 𝟏𝟎𝒋 − 𝟐�⃗⃗� . 

�⃗⃗�  + �⃗⃗�  = (6𝑖 + 3𝑗 + 2�⃗� ) + (5𝑖 + 7𝑗 − 4�⃗� ) ; = 𝟏𝟏𝒊 + 𝟏𝟎𝒋 − 𝟐�⃗⃗� . 

�⃗⃗�  - �⃗⃗�  = (5𝑖 + 7𝑗 − 4�⃗� ) - (6𝑖 + 3𝑗 + 2�⃗� )  ; = −𝒊 + 𝟒𝒋 − 𝟔�⃗⃗� . 

�⃗⃗�  - �⃗⃗�  = (6𝑖 + 3𝑗 + 2�⃗� ) - (5𝑖 + 7𝑗 − 4�⃗� ) ; = 𝒊 − 𝟒𝒋 + 𝟔�⃗⃗� . 

Note that the vectors �⃗⃗�  + �⃗⃗�   and �⃗⃗�  + �⃗⃗�  are same and the vectors �⃗⃗�  - �⃗⃗�  

and    �⃗⃗�  - �⃗⃗�  are opposite to each other. 

 

18. Given the vector �⃗⃗�  = 𝟐𝒊 + 𝟑𝒋 , what is 3�⃗⃗�  ? 

 Solution  

3A⃗⃗  = 3(2𝑖 + 3𝑗 )  = 6𝑖 + 9𝑗 . The vector 3A⃗⃗  is given as in the same 

direction as vector A⃗⃗  
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19. Given two vectors �⃗⃗�  = 𝟐𝒊 + 𝟒𝒋 + 𝟓�⃗⃗�  and �⃗⃗�  = 𝒊 + 𝟑𝒋 + 𝟔�⃗⃗� . Find the product       

 �⃗⃗�  . �⃗⃗� , and the magnitudes of �⃗⃗�  and �⃗⃗� . What is the angle between them? 

Solution 

A⃗⃗  . B⃗⃗  = 2+12+30 = 44 

Magnitude A = √4 + 16 + 25  ; = √45 units 

Magnitude B = √1 + 9 + 36  ; = √46 units 

The angle between the two vectors is given by 

 𝜃 = cos−1 (
A .⃗⃗ ⃗⃗   B⃗⃗ 

AB
);  

= cos-1(
44

√45 x 46
) ; = cos-1(

44

45.49
) ; = cos-1(0.967) ∴ 𝛉 ≅ 𝟏𝟓𝟎 

 

20. Check whether the following vectors are orthogonal. 

 i) �⃗⃗�  = 𝟐𝒊 + 𝟑𝒋  and �⃗⃗�  = 𝟒𝒊 − 𝟓𝒋   ii) 𝐂  = 𝟓𝒊 + 𝟐𝒋  and �⃗⃗�  = 𝟐𝒊 − 𝟓𝒋    

Solution 

A⃗⃗ .B⃗⃗  = 8 -15 = -7≠0 . Here A ⃗⃗  ⃗ and B⃗⃗  are not orthogonal to each other. 

C⃗ .D⃗⃗  = 10 -10 = 0 . Here C ⃗⃗⃗   and D⃗⃗  are orthogonal to each other. 

 

21. Two vectors are given as �⃗�  = 𝟐𝒊 + 𝟑𝒋 + 𝟓�⃗⃗�  and �⃗⃗�  = 𝟑𝒊 − 𝟐𝒋 + 𝟒�⃗⃗� . Find the 

resultant vector �⃗� = �⃗�  𝐱 𝑭⃗⃗  ⃗ 
Solution  

𝜏 = 𝑟  x 𝐹⃗⃗  ⃗ = |
�̂�       𝑗̂       �̂� 
2       3      5  
3   − 2      4  

| 

= (12− (−10) �̂� + (15−8) 𝑗̂  + (−4−9) �̂�   ; �⃗� = 22�̂� + 7�̂�  −13 �̂� 

 
22. Assume your school is located 2 km away from your home. In the morning 

you are going to school and in the evening you come back home. In this entire 

trip what is the distance travelled and the displacement covered? 

Solution 

 

 

 
The displacement covered is zero. It is because your initial and final 

positions are the same. But the distance travelled is 4 km. 

 
23. An athlete covers 3 rounds on a circular track of radius 50 m. Calculate the 

total distance and displacement travelled by him. 

Solution  

The total distance the athlete covered =3x circumference of track 

Distance = 3 × 2π ×50 m  ; = 300π m(or) 

Distance ≈ 300 x 3.14 ≈ 942 m 
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The displacement is zero, since the athlete reaches the same point A 

after three rounds from where he started. 

24. The position vector of a particle is given �⃗� = 𝟐𝒕𝒊 + 𝟑𝒕𝟐𝒋 − 𝟓�⃗⃗� .  
a) Calculate the velocity and speed of the particle at any instant t  

b) Calculate the velocity and speed of the particle at time t = 2 s 

Solution  

The velocity �̿� =
𝒅�̿�

𝒅𝒕
= 2𝑖 + 6𝑡𝑗  ;  

The speed 𝑣(𝑡) =  √22 + (6𝑡)2 ms-1 
The velocity of the particle at t = 2 s ; 

𝑣 (2sec) = 2𝑖 + 12𝑗  
The speed of the particle at t = 2 s ; 

𝑣(2𝑠) = √22 + 122 = √4 + 144 

= √148 ;  ≈ 12.16 ms-1 

 

25. The velocity of three particles A, B, C are given below. Which particle travels 

at the greatest speed?  

  �̅�𝑨 = 𝟑𝒊 − 𝟓𝒋 + 𝟐�⃗⃗�   ; �̅�𝑩 = 𝒊 + 𝟐𝒋 + 𝟑�⃗⃗�   ; �̅�𝑪 = 𝟓𝒊 + 𝟑𝒋 + 𝟒�⃗⃗�  
Solution 

Speed of A = |�̅�𝐴| = √(3)2 + (−5)2 + (2)2  ; = √9 + 25 + 4 ; ; = √38 ms-1 

Speed of B = |�̅�𝐵| = √(1)2 + (2)2 + (3)2  ; = √1 + 4 + 9 ; ; = √14 ms-1 

Speed of C = |�̅�𝐶| = √(5)2 + (3)2 + (4)2  ; = √25 + 9 + 16 ; ; = √50 ms-1 

The particle C has the greatest speed √𝟓𝟎 > √𝟑𝟖 > √𝟏𝟒 

 
26. Consider two masses of 10 g and 1 kg moving with the same speed                                 

10 m s-1. Calculate the magnitude of the momentum. 

 Solution 

  p = mv 

For the mass of 10 g, m = 0.01 kg; p = 0.01 × 10 = 0.1 kg ms-1 

For the mass of 1 kg; p = 1 × 10 = 10 kg ms-1 

Thus even though both the masses have the same speed, the 

momentum of the heavier mass is 100 times greater than that of the 

lighter mass. 

 
27. A particle moves along the x-axis in such a way that its coordinates x varies  

with time 't' according to the equation x = 2 - 5t + 6t2. What is the initial 

velocity of the particle? 

Solution 

 

X = 2 – 5t + 6t2 

Velocity 𝑣 =
𝑑𝑥

𝑑𝑡
=

𝑑

𝑑𝑡
(2 − 5𝑡 + 6𝑡2)  or v = –5 + 12t 

For initial velocity, t = 0. Initial velocity = –5 ms-1 
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28. Suppose two trains A and B are moving with uniform velocities along parallel 

tracks but in opposite directions. Let the velocity of train A be 40 km h-1 due 

east and that of train B be 40 km h-1 due west. Calculate the relative 

velocities of the trains 

Solution 

Relative velocity of A with respect to B VAB = 80 km h-1 due east Thus to 

a passenger in train B, the train A will appear to move east with a velocity of 

80 km h-1 

The relative velocity of B with respect to A, VBA = 80 km h-1 due west  

To a passenger in train A, the train B will appear to move westwards with a 

velocity of 80 km h-1 

 

29. Consider two trains A and B moving along parallel tracks with the same 

velocity in the same direction. Let the velocity of each train be 50 km h-1 due 

east. Calculate the relative velocities of the trains. 

Solution 

Relative velocity of B with respect to A, vBA = vB - vA 

= 50 km h-1 + (−50) km h-1  ; = 0 km h-1 

Similarly, relative velocity of A with respect to B i.e., vAB is also zero. 

Thus each train will appear to be at rest with respect to the other. 

 

30. How long will a boy sitting near the window of a train travelling at 36 km h-1 

see a train passing by in the opposite direction with a speed of 18 km h-1. 

The length of the slow-moving train is 90 m.  

Solution  

The relative velocity of the slow-moving train with respect to the boy is  

= (36 + 18) km h-1 = 54 km h-1 = 54 × 
5

18
 ms-1 = 15 ms-1 

Since the boy will watch the full length of the other train, to find the time 

taken to watch the full train: 15 = 
90

𝑡
  or t= 

90

15
  ; t = 6s 

 

31. A swimmer’s speed in the direction of flow of a river is 12 km h-1. Against the 

direction of flow of the river the swimmer’s speed is 6 km h-1. Calculate the 

swimmer’s speed in still water and the velocity of the river flow. 

Solution 

Let vs and vr, represent the velocities of the swimmer and river 

respectively with respect to ground. 

vs + vr = 12 (1)       and vs - vr = 6 (2) 

Adding the both equations (1) and (2) 

2vs = 12 + 6 = 18 km h-1 or vs = 9 km h-1 

From Equation (1), 

9 + vr = 12 or vr = 3 km h-1 

When the river flow and swimmer move in the same direction, the net 

velocity of swimmer is 12 km h-1. 
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32. An iron ball and a feather are both falling from a height of 10 m.  

a) What are the time taken by the iron ball and feather to reach the ground? 

b) What are the velocities of iron ball and feather when they reach the 

ground? (Ignore air resistance and take g = 10 m s-2) 

Solution 

Since kinematic equations are independent of mass of the object. 

The time taken by both iron ball and feather to reach the ground are the 

same. This is given by T = √
2ℎ

𝑔
= √

2 x 10

10
  = √2𝑠 ≈ 1.414s 

Thus, both feather and iron ball reach ground at the same time. 

𝑣 = √2𝑔ℎ = √2 x 10 x 10  = √200 ms-1   ≈ 14.14 ms-1    

 

33. A train was moving at the rate of 54 km h-1 when brakes were applied. It 

came to rest within a distance of 225 m. Calculate the retardation produced 

in the train. 

Solution 

The final velocity of the particle v = 0 

The initial velocity of the particle u = 54 x 
5

18
 ms-1 = 15 ms-1  ; s = 225 m 

Retardation is always against the velocity of the particle. 

v2 = u2 − 2aS; 0 = (15)2 – 2a (225); 450 a = 225 

 a = 
225

450
 ms-2  ; =0.5 ms-2   ; Retardation = =0.5 ms-2    

 

34. In the cricket game, a batsman strikes the ball such that it moves with the 

speed 30 m s-1 at an angle 300 with the horizontal. The boundary line of the 

cricket ground is located at a distance of 75 m from the batsman? Will the 

ball go for a six? (Neglect the air resistance and take acceleration due to 

gravity g = 10 m s-2).  

Solution  

The motion of the cricket ball in air is essentially a 

projectile motion. As we have already seen, the range 

(horizontal distance) of the projectile motion is given by 

R = 
𝑢2𝑠𝑖𝑛2𝜃

𝑔
  ; The initial speed u= 30m s-1   

The projection angle θ  = 300 

The horizontal distance travelled by the cricket ball  

R = 
(30)2x 𝑠𝑖𝑛600

10
  = 

 900 x 
√3

2

10
  ; = 77.94 m 

This distance is greater than the distance of the boundary line. 

Hence the ball will cross this line and go for a six. 
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EXERCISE PROBLEM 
 

35. The position vectors particle has length 1m and makes 300 with the x-axis. 

What are the lengths of the x and y components of the position vector? 

 Solution 

 𝑙 = 1m ,  θ= 300  ; Length of x – component 𝑙𝑥 = 𝑙𝑐𝑜𝑠θ = 1 x 𝑐𝑜𝑠 300 = 
√3

2
 

 Length of y – component 𝑙𝑦 = 𝑙𝑠𝑖𝑛𝜃 = 1 x 𝑠𝑖𝑛 300 = 
1

2
= 0.5 

 

36. A particle has its position moved from 𝒓𝟏⃗⃗⃗⃗ = 𝟑�̂� + 𝟒�̂� to                          

𝒓𝟐⃗⃗⃗⃗ = �̂� + 𝟐𝒋 ̂Calculate the displacement vector  (∆𝒓)⃗⃗  ⃗ and draw 

the 𝒓𝟏⃗⃗⃗⃗ , 𝒓𝟐⃗⃗⃗⃗  and  ∆�⃗�  vector in a two dimensional Cartesian 

coordinate system. 

 ∆𝑟  = 𝑟2⃗⃗⃗  −  𝑟1⃗⃗⃗    ; ; = ( 𝑖̂ + 2𝑗 ̂ ) − (3𝑖̂ + 4𝑗̂ ) ; =  𝑖̂ + 2𝑗 ̂ − 3𝑖̂ − 4𝑗̂  
  ∆�⃗�  = −𝟐�̂� − 𝟐𝒋 ̂ 
 

37. Calculate the average velocity of the particle whose position vector changes 

from 𝒓𝟏⃗⃗⃗⃗ = 𝟑�̂� + 𝟔�̂� to  𝒓𝟐⃗⃗⃗⃗ = 𝟐�̂� + 𝟑𝒋 ̂ in a time 5 second. 

 Solution 

  The average velocity 𝑣 𝑎𝑣𝑔 =
∆𝑟 

∆𝑡
=

𝑟 2−𝑟 1

𝑡
  ; = 

(𝟐�̂�+𝟑𝒋 ̂)−(𝟑�̂�+𝟔𝒋 ̂)

5
 

  = 
2�̂�+3�̂�−5�̂�− 𝟔�̂� 

5
 ; = 

−3�̂�−3�̂� 

5
 ; 𝑣 𝑎𝑣𝑔= −

3

5
(𝑖̂ + 𝑗)̂ 

  

38. Convert the vector  �̂� =  𝟑�̂� + 𝟐�̂� into a unit vector. 

 Solution 

  The magnitude of the vector �̂� =  𝟑�̂� + 𝟐�̂� 

  |�̂�| = √32 + 22 = √9 + 4 = √13  ;  �̂� = 
�⃗� 

|�⃗� |
=  

3𝑖 ̂+2𝑗 ̂

√13
 

 

39. What are the resultants of the vector product of two given vectors given by  

 �⃗⃗� = 𝟒�̂� − 𝟐�̂� + �̂� and �⃗⃗� = 𝟓�̂� + 𝟐�̂� − 𝟒�̂� 

 Solution 

  A⃗⃗  x B⃗⃗  ⃗ = |
𝑖̂            𝑗̂             �̂� 
4      − 2           1  
5          3     − 4  

| 

= (8 – 3) 𝑖̂ + (5+16) 𝑗̂  + (12 + 10) �̂�   ;  

A⃗⃗  x B⃗⃗  ⃗= 5𝑖̂ + 21𝑗̂  +22 �̂� 
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40. An object at an angle such that the horizontal range is 4 times of the  

maximum height. What is the angle of projection of the object? 

Solution 

Horizontal Range R = 
u2sin2θ

g
 ; maximum height hmax = 

u2sin2θ

2g
  ;  

R = 4hmax
   ; 

u2sin2θ

g
 = 4 x 

u2sin2θ

2g
 

  
u22 sinθ cosθ

g
 = 4 x 

u2sin2θ

2g
   ; cosθ = sinθ  ; 

sinθ

cosθ
= 1 ; tanθ = 1 

  

   𝛉 = 𝒕𝒂𝒏−𝟏(𝟏) =  𝟒𝟓𝟎 
 

41. Calculate the area of the triangle for which two of its sides are given by the 

vectors �⃗⃗� = 𝟓�̂� − 𝟑�̂� and �⃗⃗� = 𝟒�̂� + 𝟔�̂� 
 Solution 

  Δ =  
1

2
|A⃗⃗ x B⃗⃗ |  -----------1 

  A⃗⃗  x B⃗⃗  ⃗ = |  
𝑖̂            𝑗̂             �̂� 
5      − 3           0  
4          6             0 

| 

= (0 – 0) 𝑖̂ + (0 – 0) 𝑗̂  + (30 + 12) �̂�   ; |A⃗⃗ x B⃗⃗ | = 42�̂�    

|A⃗⃗ x B⃗⃗ | = 42 put this in equation 1 Δ =  
1

2
 x 42 ;  𝚫 = 21m2 

 

  

42. If Earth completes one revolution in 24 hours, what is the angular 

displacement made by Earth in one hour. Express your answer in both radian 

and degree.  

 Solution 

  Angular displacement for one complete revolution (i.e.)  

for 24 hours = 3600  

Hence, angular displacement for one hour,  θ =  
3600

24
 ; = 150or 

θ =  
π

1800
 x 150 ; = 

𝜋

12
 rad  [1800 = π rad] 

 

43. A object is thrown with initial speed 5 ms-1 with an angle of 

projection 300. What is the height and range reached by the 

particle? 

 Solution 

i) maximum height of the projectile, hmax = 
u2sin2θ

2g
 

 hmax = 
52 sin300 sin 300

2 x 9.8
 ; = 

25 x [
1

2
]  x [

1

2
] 

2 x 9.8
 ; = 

25  

8 x 9.8
 ; = 

25  

78.4
 ; hmax = 0.3188m 
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 ii) Horizontal Range R = 
u2sin2θ

g
 ; = 

u22 sinθ cosθ

g
  ; = 

52 x 2 sin300 cos 300

 9.8
 

 = 
25 x 2  [

1

2
]  x [

√3

2
] 

9.8
 ; = 

25 x 1.732  

2 x 9.8
= 

43.300  

19.6
  ; R = 2.21m 

 

44. A foot-ball player hits the ball with speed 20 ms-1 with angle 300 with respect 

to horizontal direction. The goal post is at distance of 40 m from him. Find 

out whether ball reaches the goal post? 

 Solution 

  Here the reaches ball is considering as a projectile. Its range  

 

  Horizontal Range R = 
u2sin2θ

g
 ; = 

u22 sinθ cosθ

g
  ; = 

202 x 2 sin300 cos300

 9.8
 

  = 
400 x 2  [

1

2
]  x [

√3

2
] 

9.8
 ; = 

400 x 1.732  

2 x 9.8
= 

692.800  

19.6
  ; R = 35.35m 

Thus the range of the reaches ball is 35.35 m. But the goal post is at a 

distance of 40 m from him. So ball will not reach the goal post. 

 

45. If an object is thrown horizontally with an initial speed 10 m s-1 from the top  

of a building of height 100 m. what is the horizontal distance 

covered by the particle?   

 Solution 

  Horizontal range of the object projected horizontally,  

R = 𝑢√
2h

g
 ; = 10√

2 x 100

9.8
 = 10√

200

9.8
 ; = √

200 x 100

9.8
; = √

20000

9.8
  ;  

= 45.18m ≅ 45m 

46. An object is executing uniform circular motion with an angular 

speed of 
𝝅

𝟏𝟐
 radian per second. At t = 0 the object starts at an 

angle 𝛉 = 0. What is the angular displacement of the particle after 4 s ? 

 Solution 

  ω =
θ

t
 or θ = ωt ; θ =

𝝅

𝟏𝟐
x 4 ; =  

𝝅

𝟑
rad ; =  600 

 
47. The Moon is orbiting the Earth approximately once in 27 days, what is the 

angle transverse by the Moon per day? 

 Solution 

  Angle traversed by the Moon for one complete rotation  

(i.e.) for 27days = 3600 =2𝜋𝑟𝑎𝑑   

Angle traversed by the Moon for one day, 

 θ =
𝟐𝝅

𝟐𝟕
;  =

𝟐 𝐱 𝟑.𝟏𝟒

𝟐𝟕
;  =

𝟔.𝟐𝟖

𝟐𝟕
 

𝛉 =0.2362 rad = 13.330   [ 1 rad = 57.270] 
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48. An object of mass m has angular acceleration 𝜶 = 𝟎.𝟐 rads-1 . What is the  

angular displacement covered by the object after 3 second? (Assume that 

the object started with angle zero with zero angular velocity).  

Solution   

From equation for uniform circular motion, 𝜃 = 𝜔0𝑡+
1

2
𝛼𝑡2  [ 𝜔0 = 0] 

  θ = 0+
1

2
x 0.2 x 32  ; θ =

1

2
x 0.2 x 9 ; = 0.1 x 9 

  𝛉 = 𝟎. 𝟗 rad ≅ 510  [ 1 rad = 57.270] 

 

 
ehd; thrpf;fhj ve;j xU Gj;jfj;ijg; gpwH vdf;Fj; jUfpwhNdh mtNd 

vdf;F ey;y ez;gd; vd;fpw Mgpufhk; ypq;fd;. ,e;jg; Gj;jfk; cq;fsJ 

NjHtpYk; ntw;wp ngw gbf;fw;fshf mike;jhy; mJ vdf;Ff; fpilj;j ntw;wp.        

   “cyfpy; gpwe;j xt;nthUtUk;, kw;wtH 

   nra;a Kbahj xd;iwr; nra;J Kbf;Fk; 

   jdpr;rpwg;G kpf;f Mw;wiyg; 

   ngw;wpUf;fpwhHfs;. me;jr;nray; vJ vdf; 

   fz;L nfhs;Sq;fs;. mij kl;LNk 

   tsHj;Jf; nfhz;L te;jhy;, cq;fs; 

   topapy; ePq;fSk; rhjid gilj;J 

   ntw;wp  fhz ,aYk;.” 
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UNIT – III (LAWS OF MOTION) 

49. A book of mass m is at rest on the table. (1) What are the forces acting on 

the book? (2) What are the forces exerted by the book? (3) Draw the free 

body diagram for the book. 

Solution  

(1)  There are two forces acting on the book.  

(i)  Gravitational force (mg) acting downwards on the book  

(ii)  Normal contact force (N) exerted by the surface of the table on the book. 

It acts upwards as shown in the figure. 

(2) According to Newton’s third law, there are two reaction forces exerted  

by the book.  

(i)  The book exerts an equal and opposite force (mg) on the 

Earth which acts upwards.  

(ii)  The book exerts a force which is equal and opposite to 

normal force on the surface of the table (N) acting 

downwards. 

 

50. If two objects of masses 2.5 kg and 100 kg experience the 

same force 5 N, what is the acceleration experienced by each of them? 

 Solution 

 For the object of mass 2.5 kg, the acceleration is a = 
𝐹

𝑚
= 

5

2.5
  ; = 2ms-2 

 For the object of mass 100 kg, the acceleration is a = 
𝐹

𝑚
= 

5

100
  ; = 0.05ms-2 

 

51. A person rides a bike with a constant velocity �⃗⃗�  with respect to ground and 

another biker accelerates with acceleration �⃗⃗�  with respect to ground. Who 

can apply Newton’s second law with respect to a stationary observer on the 

ground?  

Solution 

Second biker cannot apply Newton’s second law, because he is moving 

with acceleration 𝑎  with respect to Earth (he is not in inertial frame). But the 

first biker can apply Newton’s second law because he is moving at constant 

velocity with respect to Earth (he is in inertial frame). 
 

52. The position vector of a particle is given by �⃗�  = 𝟑𝒕𝒊 + 𝟓𝒕𝟐𝒋 + 𝟕�⃗⃗� . Find the 

direction in which the particle experiences net force?  

Solution  

Velocity of the particle, 𝑣 =
𝑑𝑟 

𝑑𝑡
=

𝑑

𝑑𝑡
(3𝑡)𝑖 +

𝑑

𝑑𝑡
(𝟓𝒕𝟐)𝑗 +

𝑑

𝑑𝑡
(7)�⃗�  

  
𝑑𝑟 

𝑑𝑡
= 3𝑖 + 10𝑡𝑗   ; Acceleration of the particle 𝑎 =

𝑑�⃗� 

𝑑𝑡
=

𝑑2𝑟 

𝑑𝑡2
= 10𝑗  

Here, the particle has acceleration only along positive y direction. 

According to Newton’s second law, net force must also act along positive y 

direction. In addition, the particle has constant velocity in positive x direction 

and no velocity in z direction. Hence, there are no net force along x or z 

direction. 
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53. A particle of mass 2 kg experiences two forces,  𝐅 𝟏= 𝟓𝒊 + 𝟖𝐣 + 𝟕𝐤  and ,                  

𝐅 𝟐= 𝟑𝒊 − 𝟒𝐣 + 𝟑𝐤 . What is the acceleration of the particle? 

 Solution 

  F⃗ net= F⃗ 1+F⃗ 2. Acceleration is a⃗ =
F⃗⃗ net

m
 

  F⃗ net = (5 + 3)𝑖 + (8 − 4)j + (7 + 3)k⃗    ; F⃗ net = 8𝑖 + 4j + 10k⃗  

  a⃗ = (
8

2
) 𝑖 + (

4

2
) j + (

10

2
) k⃗   ; �⃗� = 𝟒𝒊 + 𝟐𝐣 + 𝟓𝐤  

 

54. An object of mass 10 kg moving with a speed of 15 m s−1 hits the wall and 

comes to rest within a) 0.03 second  b) 10 second .Calculate the impulse and 

average force acting on the object in both the cases.  

Solution 

Initial momentum of the object PI = 10x15 = 150 kgms-1 

final momentum of the object Pf = 0 ; Δ𝑝 = 150 – 0 = 150 kgms-1 

(a) Impulse J = Δ𝑝 = 150 Ns  ; (b) Impulse J = Δ𝑝 = 150 Ns   

  (a) Average force Favg = 
Δ𝑝

Δ𝑡
=

150

0.03
  ; = 5000N  ;  

(b) Average force Favg = 
Δ𝑝

Δ𝑡
=

150

10
  ; = 15N   

impulse is the same in both cases, but the average force is different. 

 

55. Consider an object of mass 2 kg resting on the floor. The coefficient of static 

friction between the object and the floor is 𝛍𝐬 =0.8. What force must be 

applied on the object to move it?  

Solution 

Since the object is at rest, the gravitational force experienced by an 

object is balanced by normal force exerted by floor.  

N = mg 

  The maximum static frictional force  fs
max = μsN = μsmg  

  fs
max = 0.8 x 2 x 9.8 = 15.68N 

Therefore, to move the object the external force should be greater than 

maximum static friction Fext > 15.68 N 

 

56. Consider an object of mass 50 kg at rest on the floor. A Force of 5 N is applied 

on the object but it does not move. What is the frictional force that acts on 

the object?  

Solution   

When the object is at rest, the external force and the static frictional 

force are equal and opposite.  

The magnitudes of these two forces are equal, fs = Fext 

Therefore, the static frictional force acting on the object is fs = 5N 

The direction of this frictional force is opposite to the direction of Fext . 
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57. If a stone of mass 0.25 kg tied to a string executes uniform circular motion 

with a speed of 2 ms-1 of radius 3 m, what is the magnitude of tensional force 

acting on the stone? 

 Solution :  Fcp = 
𝑚𝑣2

𝑟
  ; 

1

4
 x (2)2

3
  = 0.333N 

 

58. Consider a circular leveled road of radius 10 m having coefficient of static 

friction 0.81. Three cars (A, B and C) are travelling with speed 7 m s-1,                            

8 m s-1 and 10 ms-1 respectively. Which car will skid when it moves in the 

circular level road? (g =10 m s-2)  

Solution  

From the safe turn condition, the speed of the vehicle (v) must be less 

than or equal √μsrg  ; 𝑣 ≤ √μsrg  ; √μsrg =  √0.81 x 10 x 10   = 9 ms-1 

  For car C, √μsrg is less than 𝑣 

The speed of car A, B and C are 7 ms-1, 8 ms-1 and 10 ms-1 respectively. The 

cars A and B will have safe turns. But the car C has speed 10 ms-1 while it 

turns which exceeds the safe turning speed. Hence, the car C will skid. 

 

59. Consider a circular road of radius 20 meter banked at an angle of                         

15 degrees. With what speed a car has to move on 

the turn so that it will have safe turn? 

 Solution 

  𝑣 = √(rg tanθ) = √20 x 9.8 x tan 150    

= √20 x 9.8 x 0.26  = 7.1 ms-1 

  The safe speed for the car on this road is  

7.1 ms-1 

 

 

 

 

60. Calculate the centrifugal force experienced by a man of 60 kg standing at 

Chennai? (Given: Latitude of Chennai is 130) 

Solution  

The centrifugal force is given by Fc = mω2Rcos θ 

  The angular velocity of Earth = 
2𝜋

𝑇
 ,  

where T is time period of the Earth (24 hours) 

𝜔 =
2π

24 x 60 x 60
=

2π

86400
  = 7.268 x 10-5 radsec-1 

The radius of the Earth R = 6400 Km = 6400 × 103 m 

  Latitude of Chennai is 130  

  Fcf = 60 x (7.268 x 10−5)2 x 6400 x 103 x cos (130)   

Fcf = 1.9678 N A 60 kg man experiences centrifugal  

force of approximately 2 Newton. But due to Earth’s gravity  

a man of 60 kg experiences a force=mg=60×9.8=588N.  

This force is very much larger than the centrifugal force. 
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EXERCISE PROBLEM 
 

61. A force of 50N act on the object of mass 20 kg. shown in the figure. 

Calculate the acceleration of the object in x and y directions. 

 Solution 

  From Newton’s second law; 𝐹=𝑚 𝑎  

Hence the acceleration ; a = 
𝐹

𝑚
=

50

20
 ; = 2.5 ms-2 

The acceleration in x-axis;  ax = acos θ; = 2.5 x cos300  ; = 2.5 x 
√3

2
 

 = 1.25 x 1.732; ax = 1.165 ms-2 

  The acceleration in y-axis;  ay = asin θ; = 2.5 x sin300 ; = 2.5 x 
1

2
 ;  

  ay= 1.25 ms-2 

 

62. A spider of mass 50 g is hanging on a string of a cob web. What is the tension 

in the string? 

 Solution 

  Here two forces acting on the spider.  

(1) Downward gravitational force (mg) (2) Upward tension (T)  

Hence, 𝑻= 𝒎𝒈; = 50 x 10−3 x 9.8 =490 𝑋 10−3 ; T = 0.49 N  

 

63. A bob attached to the string oscillates back and forth. Resolve the forces 

acting on the bob in to components. What is the acceleration experience by 

the bob at an angle θ .  

Solution 

In the arc path, the restoring force acting along the tangential direction 

gives the tangential acceleration. Hence from Newton’s second law,  

F res force = 𝑚g sin𝜃 ; 𝑚 𝑎𝑇= 𝑚gsin𝜃 ∴ 𝒂𝑻=g𝐬𝐢𝐧𝜽  

The tension acting along the string gives centripetal acceleration. 

Hence form Newton’s second law, 𝑇−𝑚g 𝑐𝑜𝑠 𝜃 = 𝑚 𝑎𝑐𝑝 

  𝑎𝑐𝑝 =
𝑇−𝑚𝑔 𝑐𝑜𝑠 𝜃

𝑚
  

 

64. Calculate the acceleration of the bicycle of mass 25 kg as shown in Figures 

1 and 2. 

 Solution 

  Apply Newton’s second law in figure (1)  

500 − 400 = 𝑚 𝑎 

𝑎 =  
F 

m
 ; =  

500−400

25
 = 

100 

25
 ;  a = 4ms-2 

Apply Newton’s second law in figure (2)  

400 − 400 = 𝑚 𝑎 

𝑎 =  
F 

m
 ; =  

400−400

25
 = 

0 

25
 ;  a = 0ms-2 
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65. A stone of mass 2 kg is attached to a string of length 1 meter. The string can 

withstand maximum tension 200 N. What is the maximum speed that stone 

can have during the whirling motion?  

Solution  

During whirling motion of the stone, the tension acting along the string 

provides necessary centripetal force.  

If tension becomes maximum, then the centripetal force also be 

maximum. Hence Tmax = (Fcp)max = 
𝑚𝑣𝑚𝑎𝑥

2

𝑟
  ; 𝑣𝑚𝑎𝑥

2 = 
𝑇𝑚𝑎𝑥 𝑟

𝑚
 ; 

= 
200 x 1

2
 ; = 100  ; 𝒗𝒎𝒂𝒙 = 10 ms-1 

 

66. Two bodies of masses 15 kg and 10 kg are 

connected with light string kept on a smooth 

surface. A horizontal force F=500 N is applied to 

a 15 kg as shown in the figure. Calculate the 

tension acting in the string.  

 Solution 

  Here motion is along horizontal direction only.  

Consider the motion of mass m1 ; F − T = m1𝑎 (𝑜𝑟) 500 − T = 15 𝑎  

(or) T = 500 – 15 a − − − − (1)  

Consider the motion of mass m2 ; T = m2 a = 10 a − − − − (2)  

From equation (1) and (2)  

500 − 15 𝑎 = 10 𝑎 ;  

25 𝑎 = 500 ; 𝒂 = 
500

25
 ; = 𝟐𝟎 𝒎s−𝟐  

Put this in equation (2), we get T = 𝟏𝟎 a = 𝟏𝟎 x 𝟐𝟎 = 𝟐𝟎𝟎N 
 

67. People often say “For every action there is an equivalent opposite reaction”. 

Here they meant ‘action of a human’. Is it correct to apply Newton’s third law 

to human actions? What is mean by ‘action’ in Newton third law? Give your 

arguments based on Newton’s laws.  

Ans: Newton’s third law is applicable to only human’s actions which 

involves physical force. Third law is not applicable to human’s 

psychological actions or thoughts. 

 

68. A car takes a turn with velocity 50 ms-1 on the circular road of radius of 

curvature 10 m. calculate the centrifugal force experienced by a person of 

mass 60kg inside the car? 

 Solution 

Centrifugal force is given by, Fcf  = 
𝑚𝑣2

𝑟
 ; = 

60 x 50 x 50

10
 ; = 6 x 2500 

Fcf  =15000 N 
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69. A long stick rests on the surface. A person standing 10 m away from the stick. 

With what minimum speed an object of mass 0.5 kg should he thrown so 

that it hits the stick. (Assume the coefficient of kinetic friction is 0.7).  

Solution  

When the stone moves towards the stick, it experiences kinetic friction.  

According to Newton’s second law,  

𝑓𝑘 = − 𝑚 𝑎 ; 𝜇𝑘 𝑁 = − 𝑚 𝑎 ;  𝜇𝑘 𝑚 g = − 𝑚 𝑎 ; 𝑎 = − 𝜇𝑘 g  

From equations of motion, 𝑣2 = 𝑢2 + 2 𝑎 𝑠  

When the stone hits the stick, it comes to rest. So  

𝑣 = 0 ; 0 = 𝑢2 + 2 𝑎 𝑠 ;  𝑢2 = − 2 𝑎 𝑠  ; 

 𝑢2 = − 2 (− 𝜇𝑘 g) 𝑠 ; 𝑢2 = 2 𝜇𝑘 gs 

u = √2𝜇𝑘𝑔𝑠; = √2 x 0.7 x 9.8 x 10 ;  

= √137.2  ; u = 11.71ms-1 

 

 

 

vj;jidNah khztHfs; gs;spf;F vOjg;glhj gyiffshf te;J 

gpd;dH fpWf;fg;gl;l jhs;fshff; frq;fpg; Nghtijg; ghHf;fyhk;. eP 

ngw;NwhUf;F cz;ikahf ,U. ve;jg; gof;fj;ijAk; mtHfSf;Fj; njhpath 

NghfpwJ vd, eP Nkw;nfhs;Sk; eltbf;iffs; cdf;F ePNa 

Njhz;bf;nfhs;Sk; Gijf;Fop.  

cd; ngw;Nwhhplk; NgR. mtHfNshL eilgapy;. tpLKiw ehl;fspy; 

mk;khit Nrhw;iw cUl;b iffspy; Nghlr; nrhy;yp cz;. cd; je;ijNahL 

kdk; tpl;Lg;NgR. cd; ,dpa thh;j;ijfNs mtHfs; maHitg; Nghf;Fk; 

tprpwpf;fhw;W. gs;spapy; elg;gtw;iwg; gfpHe;Jnfhs;. xU tajpw;Fg; gpwF 

mtHfSk; cd;id Njhodhf elj;jNt tpUk;GthHfs;. mjw;fhd jFjpia 

tsHj;Jf;nfhs;. 

vdf;Fj; njhpe;J rpy khztHfs; ngw;Nwhhpd; Gifg;glj;ij 

itj;jpUg;ghHfs;. mtHfs; vy;NyhUk; ey;y epiyapy; ,Uf;fpwhHfs;.  

cdf;F mtHfs; kPJ Nfhgk; tUtJ ,aw;if. ,e;jg;gUtk; mg;gb.                 

eP epidj;jij vy;yhk; mila Ntz;Lk; vd;fpw vz;zj;jpw;F Kl;Lf;fl;il 

Nghl;lhy;, cdf;Ff; Nfhgk; nghj;Jf; nfhz;L tUk;. mg;Nghnjy;yhk; rpd;d 

tajpy; cdf;F elf;fTk;, NgrTk;, NrhW}l;lTk; mtHfs; Foe;ijahf khwpa 

fhl;rpia epidj;Jf; nfhs;. md;G NkypLk;. ,g;NghJk; nrhy;fpNwd;. 

 ey;y kfdhf ,Ug;gijf; fhl;bYk; kfj;jhf rhjid NtW xd;Wkpy;iy. 
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UNIT – IV (WORK, ENERGY AND POWER) 

70. A box is pulled with a force of 25 N to produce a displacement of 15 m. If the 

angle between the force and displacement is 300, find the work done by the 

force. 

 Solution 

Force, F = 25 N; Displacement, dr = 15 m;  

Angle between F and dr,θ = 300 

Work done, W = Fdr cos θ  ; W = 25 x 15 x cos300 

= 25 x 15 x 
√3

2
  ; W = 324.76 J 

 

71. A variable force F = k 𝐱2 acts on a particle which is initially at rest. Calculate 

the work done by the force during the displacement of the particle from                  

𝒙 = 0 m to 𝒙 = 4 m. (Assume the constant k =1 N m-2) 

 Solution 

  Work done, W = ∫ F(x)dx
xf

xi
 = k ∫ x2dx

4

0
  ; 

64

3
 Nm 

 

72. Two objects of masses 2 kg and 4 kg are moving with the same momentum 

of 20 kg m s-1.  

(a) Will they have same kinetic energy?  

(b) Will they have same speed?  

 Solution 

 (a) The kinetic energy of the mass is given by KE =
P2

2m
 

For the object of mass 2kg, kinetic energy is KE1 = 
(20)2

2x2
 = 

400

4
 = 100J 

For the object of mass 4kg, kinetic energy is KE2 = 
(20)2

2x4
 = 

400

8
 = 50J 

the kinetic energy of both masses is not the same. The kinetic energy of the 

heavier object has lesser kinetic energy than smaller mass. 

 (b) As the momentum, p = mv, the two objects will not have same speed. 

73. An object of mass 2 kg is taken to a height 5 m from the ground g=10ms-2 .  

(a)  Calculate the potential energy stored in the object.  

(b)  Where does this potential energy come from?  

(c)  What external force must act to bring the mass to that height?  

(d)  What is the net force that acts on the object while the object is taken 

to the height ‘h’?  

Solution 

(a)  The potential energy U=mgh =2×10×5 = 100 J. Here the positive sign 

implies that the energy is stored on the mass. 

(b)  This potential energy is transferred from external agency which applies 

the force on the mass. 

(c) The external applied force F⃗ 𝑎 which takes the object to the height 5 m 

is F⃗ 𝑎= - F⃗ g.   F⃗ 𝑎 = −(−mgj ) ; = mgj   , where j  represents unit vector 

along vertical upward direction.  
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(d)  From the definition of potential energy, the object must be moved at 

constant velocity. So the net force acting on the object is zero  

 F⃗ g + F⃗ 𝑎=0 

 

74. Let the two springs A and B be such that kA>kB. On which spring will more 

work have to be done if they are stretched by the same force? 

Solution 

F = kA𝑥A = kB𝑥B  ; 𝑥A =
𝐹

𝑘𝐴
 ; 𝑥B =

𝐹

𝑘𝐵
 

The work done on the springs are stored as potential energy in the 

springs. 

UA = 
1

2
kA𝑥𝐴

2  ; UB = 
1

2
kB𝑥𝐵

2 

UA

UB
 = 

kA𝑥𝐴
2

kB𝑥𝐵
2  = 

kA(
F

kA
)
2

kB(
F

kB
)
2 ;  = 

1

𝑘𝐴
1

𝑘𝐵

  ; 
UA

UB
= 

𝑘𝐵

𝑘𝐴
  

kA > kB implies that UB > UA . thus, more work is done on B than A. 

 

75. Consider an object of mass 2 kg moved by an external force 20 N in a surface 

having coefficient of kinetic friction 0.9 to a distance 10 m. What is the work 

done by the external force and kinetic friction? Comment on the result. 

(Assume g = 10 ms-2) 

 Solution 

m = 2 kg, d = 10 m, Fext = 20 N, 𝜇k = 0.9. When an object is in motion 

on the horizontal surface, it experiences two forces.  

(a) External force, Fext = 20 N  

(b) Kinetic friction fk = 𝜇k mg = 0.9 x (2) x 10  = 18N 

  The work done by the external force Wext = Fd = 20 x10 = 200J 

The work done by the force of kinetic friction Wk = fk d= (-18)×10 = -180 J. 

Here the negative sign implies that the force of kinetic friction is 

opposite to the direction of displacement. 

The total work done on the object Wtotal = Wext+Wk ; = 200 J -180 J = 20 J . 

Since the friction is a non-conservative force, out of 200 J given by the 

external force, the 180 J is lost and it cannot be recovered. 

 

76. An object of mass 1 kg is falling from the height h = 10 m. Calculate  

(a)  The total energy of an object at h =10 m  

(b) Potential energy of the object when it is at h = 4 m  

(c)  Kinetic energy of the object when it is at h = 4 m  

 (d)  What will be the speed of the object when it hits the ground?  

(Assume g =10 ms-2)  

Solution  

(a) The gravitational force is a conservative force. So the total energy 

remains constant throughout the motion. At h =10 m, the total energy 

E is entirely potential energy.  

E = U = mgh = 1 x 10 x 10 = 100J  
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(b)  The potential energy of the object at h = 4 m is 

U = mgh = 1 x 10 x 4 = 10J 

(c)  Since the total energy is constant throughout the motion, the kinetic 

energy at h = 4m must be KE = E – U = 100 – 40 = 60J  

Alternatively, the kinetic energy could also be found from velocity of the 

object at 4 m. At the height 4 m, the object has fallen through a height 

of 6 m.  

The velocity after falling 6 m is calculated from the equation of motion, 

  V = √2gh =  √2 x 10 x 6 = √120 ms-1  ; v2 = 120 

  The kinetic energy is KE = ½ mv2 = ½ x 1 x 120 = 60J 

(d)  When the object is just about to hit the ground, the total energy is 

completely kinetic and the potential energy, U = 0 

 E = KE = ½ mv2  = 100J  ; v = √
2

m
KE=√

2

1
x 100  = √200  ≈14.12 ms-1 

77. Water in a bucket tied with rope is whirled around in a vertical circle of radius 

0.5 m. Calculate the minimum velocity at the lowest point so that the water 

does not spill from it in the course of motion. (g = 10 ms-2) 

 Solution 

  Radius of circle r = 0.5m 

 The required speed at the highest point v2 = √gr = √10 x 0.5 = √5 ms-1 

The speed at the lowest point v1 = √5gr = √5 x √gr  = √5 x √5  = 5ms-1 

78. Calculate the energy consumed in electrical units when a 75 W fan is used 

for 8 hours daily for one month (30 days).  

Solution  

Power, P = 75 W  

Time of usage, t = 8 hour × 30 days = 240 hours  

Electrical energy consumed is the product of power and time of usage. 

  Electrical energy = power × time of usage = P × t  

=75 watt x 240 hour ; =18000 watt hour  

=18 kilowatt hour  = 18kWh  

1 electrical unit  = 1kWh  ; Electrical energy =18 unit 

 

79. Show that the ratio of velocities of equal masses in an inelastic collision 

when one of the masses is stationary is 
𝒗𝟏

𝒗𝟐
=

𝟏−𝒆

𝟏+𝒆
 

 Solution 

e= 
Velocity of seperation (after collision)

Velocity of approach (before collision)
 ;  = 

(V2−V1)

(u1−u2)
=

(V2−V1)

(u1− 0)
=

(V2−V1)

u1
  ; v2 

– v1 = eu1  -------1 

From the law of conservation of linear momentum, mu1 = mv1 + mv2; u1 

= v1 + v2  ----------2  

  using the equation 2 for u1 in 1, we get v2 – v1 = e(v1+v2) 

  on simplification, we get 
𝒗𝟏

𝒗𝟐
=

𝟏−𝒆

𝟏+𝒆
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EXERCISE PROBLEM 

80. Calculate the work done by a force of 30 N in lifting a load of 2kg to a height 

of 10m (g = 10 m s−2) 

 Solution 

  Work done by gravitational force: W= FS=30 x 10= 𝟑𝟎𝟎 𝐉  
 

81. A bob of mass m is attached to one end of the rod of negligible mass and 

length r, the other end of which is pivoted freely at a fixed centre O as shown 

in the figure. What initial speed must be given to the object to reach the top 

of the circle? (Hint: Use law of conservation of energy). Is this speed less or 

greater than speed obtained in the theory?  

Solution 

 At point A, Potential energy =𝑚g (0)=0  

Kinetic energy = 
1

2
𝑚𝑣𝐴

2 

Total energy =0 + = 
𝟏

𝟐
𝒎𝒗𝑨

𝟐  = = 
𝟏

𝟐
𝒎𝒗𝑨

𝟐  

At point B, Potential energy =𝑚gℎ=𝑚 g (2r)  

Kinetic energy= = 
1

2
𝑚𝑣𝐵

2  = = 
1

2
𝑚(0) = 0 

Total energy=𝑚g (2r)+ 0 = 𝑚g (2 𝑟)  

According to the law of conservation of energy, the total energy is always 

constant. Hence,  
1

2
𝑚𝑣𝐴

2 = 𝑚 𝑔 (2 𝑟)  ; 𝑣𝐴
2 = 4 g 𝑟 ; 𝒗𝑨  = √𝟒𝐠𝒓 

This speed is less than the speed obtained in the theory, because the bob 

must have a speed at point A , 𝒗𝑨   ≥ √𝟓𝐠𝒓 to stay in the circular path  
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UNIT – V (MOTION OF SYSTEM OF PARTICLES AND              

RIGID BODIES) 

82. The position vectors of two point masses 10 kg and 5 kg are                           

(−𝟑𝒊 + 𝟐𝐣 + 𝟒𝐤 )m and (𝟑𝒊 + 𝟔𝐣 + 𝟓𝐤 )m respectively. Locate the position of 

centre of mass. 

Solution 

m1= 10kg, m2 = 5kg  ; r 1 =(−3𝑖 + 2j + 4k⃗ )m ; r 2 = (3𝑖 + 6j + 5k⃗ )m 

  r =
m1r⃗ 1+m2r⃗ 2

m1+m2
   ; r =

10(−3𝑖 +2𝑗 +4�⃗� )+5(3𝑖 +6𝑗 +5�⃗� )

10+5
   ; 

=
30𝒊 +2𝑗 +40�⃗� +15𝒊 +30𝑗 +25�⃗� 

10+5
 ; =

−15𝒊 +50𝑗 +65�⃗� 

15
   ; = (−𝑖 +

10

3
j +

13

3
k⃗ )m 

The centre of mass is located at position r  
 

83. A force of (𝟒𝒊 − 𝟑𝐣 + 𝟓𝐤 )N is applied at a point whose position vector is              

(𝟕𝒊 + 𝟒𝐣 − 𝟐𝐤 )m. find the torque of force about the origin. 

 Solution 

  𝜏 = 𝑟 x𝐹  = |
𝑖̂         𝑗̂       �̂� 

7         4     − 2  
4      − 3       5  

| 

= (20 −6) 𝑖̂ − (35 +8) 𝑗̂  + (−21−16) �̂�   ;  

= (14𝑖̂ − 43𝑗̂  − 37 �̂�) Nm 

 
84. A cyclist while negotiating a circular path with speed 20 m s-1 is found to 

bend an angle by 30o with vertical. What is the radius of the circular path? 

(given, g = 10 ms-2) 

 Solution 

Speed of the cyclist, v = 20 ms-1 ; 

Angle of bending with vertical, θ = 300  

Equation for angle of bending, tan θ = 
v2

rg
 

  Rewriting the above equation for radius r = 
v2

tan θg
 

  r = 
(20)2

tan 300 x 10
 ; = 

20 x 20

(tan 300) x 10
  ; = 

400

(
1

√3
)x 10

   ; = (√3) x 40  ;  

= 1.732 x 40 ; r = 69.28m 
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85. Find the rotational kinetic energy of a ring of mass 9 kg and radius 3 m 

rotating with 240 rpm about an axis passing through its centre and 

perpendicular to its plane. (rpm is a unit of speed of rotation which means 

revolutions per minute) 

 Solution 

  The rotational kinetic energy is , KE = 
1

2
Iω2.  

The moment of Inertia of the ring is, I = MR2 

  I = 9 x 32 ; = 9 x 9;  = 81 kgm2 

  The angular speed of the ring is, ω = 240 rpm ; = 
240 x 2𝜋

60
rads-1 

  KE = 
1

2
 x 81 x (

240 x 2𝜋

60
)
2

.  ; = 
1

2
 x 81 x (8π)2  ;  

KE =
1

2
 x 81 x 64 (π)2 ;  

= 2592 x  (π)2  ; KE ≈ 25920J     

KE = 25.920 kJ   [ (𝛑)𝟐  ≈ 10] 
 

86. A rolling wheel has velocity of its centre of mass as 5 ms-1. If its radius is              

1.5 m and angular velocity is 3 rads-1, then check whether it is in pure rolling 

or not. 

 Solution 

  Translational velocity (vTRANS) or velocity of centre of mass,  

vCM = 5 m s-1  

The radius is, R = 1.5 m and the angular velocity is, ω = 3 rads-1  

Rotational velocity, vROT = Rω  

vROT = 1.5×3; vROT = 4.5 ms-1  

As vCM > Rω (or) vTRANS > Rω, It is not in pure rolling, but sliding. 

 
87. A solid sphere is undergoing pure rolling. What is the ratio of its translational 

kinetic energy to rotational kinetic energy?  

Solution  

The expression for total kinetic energy in pure rolling is,  

KE = KE TRANS + KEROT 

For any object the total kinetic energy KE = 
𝟏

𝟐
𝐌𝐕𝐂𝐌

𝟐  + 
𝟏

𝟐
𝐌𝐕𝐂𝐌

𝟐 (
𝐊𝟐

𝐑𝟐
) 

  KE = 
1

2
MVCM

2 (1 +
K2

R2
) then, 

1

2
MVCM

2 (1 +
K2

R2
) ; = 

1

2
MVCM

2  + 
1

2
MVCM

2 (
K2

R2
) 

The above equation suggests that in pure rolling the ratio of total kinetic 

energy, translational kinetic energy and rotational kinetic energy is 

given as, KE : KE TRANS : KE ROT :: (1 +
K2

R2
) : 1 : (

K2

R2
) 

Now, KE TRANS : KE ROT :: 1 : (
K2

R2
) ; For a solid sphere , 

K2

R2
=

2

5
  

Then, KE TRANS: KE ROT :: 1 : 
2

5
  or KE TRANS: KE ROT :: 5 : 2 
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88. Four round objects namely a ring, a disc, a hollow sphere and a solid sphere 

with same radius R start to roll down an incline at the same time. Find out 

which object will reach the bottom first.  

Solution  

For all the four objects namely the ring, disc, hollow sphere and solid 

sphere, the radii of gyration K are R, √
1

2
 R, √

2

3
 R, √

2

5
 R With numerical values 

the radius of gyration K are 1R, 0.707R, 0.816R, 0.632R respectively. The 

expression for time taken for rolling has the radius of gyration K. 

t = √
2h(1+

K2

R2)

g sin2θ
 .  

The one with least value of radius of gyration K will take the 

shortest time to reach the bottom of the inclined plane. The order of 

objects reaching the bottom is first, solid sphere; second, disc; third, 

hollow sphere and last, ring. 
 

EXERCISE PROBLEM 
 

89. Two particles P and Q of mass 1kg and 3 kg respectively start moving 

towards each other from rest under mutual attraction. What is the velocity of 

their centre of mass? 

 Solution 

Since they are at rest initially, the velocity of centre of mass of the 

system is zero. (i.e.) Initially, 𝑣𝐶𝑀=0  

There is no external force and their translational motion are only due to the 

internal forces. It doecs not change the position of the centre of mass. So the 

velocity of the centre of mass 𝑣𝐶𝑀=0  

 

90. Find the moment of inertia of a hydrogen molecule about an axis passing 

through its centre of mass and perpendicular to the inter-atomic axis. Given: 

mass of hydrogen atom 1.7×10-27 kg and inter atomic distance is equal to 

4×10-10m 

 Solution 

The moment of inertia of a hydrogen molecule about an axis passing 

through its centre of mass and perpendicular to the inter-atomic axis, 

ICM= 2mH d2 + mH d2 =2mH d2  

ICM =2 x 1.7 x 10−27 x 2 x 1010 x 2 x 1010  

ICM =13.6 x 10−47   

ICM = 1.36 x 10-46 kgm 
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UNIT – VI (GRAVITATION) 

91. Calculate the value of g in the following two cases:  

(a)  If a mango of mass ½ kg falls from a tree from a height of 15 meters, 

what is the acceleration due to gravity when it begins to fall? 

Solution 

g′ = g (1 − 2
h

he
)  ; g′ = 9.8 (1 −

2 x 15

6400 x 103
)  ; g′ = 9.8(1 − 0.469 x 105) 

But 1 – 0.00000469 ≅ 1 ; Therefore 𝐠′ = 𝐠 

(b)  Consider a satellite orbiting the Earth in a circular orbit of radius    

1600 km above the surface of the Earth. What is the acceleration 

experienced by the satellite due to Earth’s gravitational force? 

Solution 

g′ = g (1 − 2
h

he
)  ; g′ = g(1 −

2 x 1600 x 103

6400 x 103
) ; g′ = g (1 −

2

4
)  ; g′ = g(1 −

1

2
) 

=
g

2
  The above two examples show that the acceleration due to gravity 

is a constant near the surface of the Earth. 

92. Find out the value of ′ gin your school laboratory?  

Solution  

Calculate the latitude of the city or village where the school is located. 

The information is available in Google search. For example, the latitude of 

Chennai is approximately 13 degrees. g′ = g =  ω2Rcos2λ 

Here ω2R = (2 x 3.14 / 86400)2 x (6400 x 103) = 3.4 x 10-2 ms-2. 

It is to be noted that the value of 𝜆 should be in radian and not in degree. 

13 degrees is equivalent to 0.2268 rad. 

g′ = 9.8 −(3.4 x 10-2) x (cos 0.2268)2 

g′ = 9.7677 ms-2 

 

93. Calculate the energy of the Moon orbiting the Earth. 

Solution 

Assuming the orbit of the Moon to be circular, the energy of Moon is given by, 

Em =  − 
GMEMm

2Rm
  ; where ME is the mass of Earth 6.02 ×1024 kg; Mm is the 

mass of Moon 7.35 ×1022 kg; and Rm is the distance between the Moon 

and the center of the Earth 3.84 ×105km 

 G = 6.67 x 10-11 Nm2kg-2 

Em =  − 
6.67 x 10−11x 6.02 x 1024 x 7.35 x 1022

2 x 3.84 x 105 x 103
    ; Em = −38.42 x 10-19 x 1046  

Em = −38.42 x 1027 Joule 

The negative energy implies that the Moon is bound to the Earth.  

Same method can be used to prove that the energy of the Earth is also 

negative. 
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EXERCISE PROBLEM 
94. An unknown planet orbits the Sun with distance twice the semi major axis 

distance of the Earth’s orbit. If the Earth’s time period is T1, what is the time 

period of this unknown planet?  

 Solution 

  a2 = 2a1 . From Kepler’s third law T1
2 ∝ a1

3 ; T2
2 ∝ a2

3 

  
𝑇1

2

𝑇2
2 =

𝑎1
3

𝑎2
3 ; 

𝑇1
2

𝑇2
2 =

𝑎1
3

(2𝑎1)
3
;  =

𝑎1
3

(8𝑎1)
3
 ;  =

1

8
  ; T2

2 = 8T1
2 

  T2 = √8T1 ; = 2√2 T1 
  

95. Assume that you are in another solar system and provided with the set of 

data given below consisting of the planets’ semi major axes and time 

periods. Can you infer the relation connecting semi major axis and time 

period? 

  

Planet 

(imaginary)  
 

Time period(T) (in year)  

 

Semi major axis (a) (in AU)  

 

Kurinji 
 

2 8 

Mullai 
 

3 18 

Marutham 
 

4 32 

Neithal 
 

5 50 

Paalai 
 

6 72 

 Solution 

  1) For Kurunji ; T = 2 years , a = 8AU = 2 x 4 = 2 (2)2 = 2T2  

2) For Mullai ; = 3 years, a = 18AU = 2 x 9 = 2 (3)2 = 2 T2  
3) For Marutham ; 4 years, a = 32AU = 2 x 16 = 2 (4)2 = 2 T2 

4) For Neithal ;  5 years, a = 50AU = 2 x 25 = 2 (5)2 = 2 T2 

5) For Paalai ; 6 years, a = 72AU = 2 x 36 = 2 (6)2 = 2 T2 

Hence the relation connecting semi major axis and time period; a= 2T2 
 

96. If the masses and mutual distance between the two objects are doubled, 

what is the change in the gravitational force between them?  

 Solution 

  By Newton’s law of gravitation,  F = 
𝐺𝑚1𝑚2

𝑟2
 

  If m1 → 2m1, m2 → 2m2 and r = 2r 

 = 
G2m12m2

(2r)2
 ; =  

4𝐺𝑚1𝑚2

4𝑟2
 ;   =  

𝐺𝑚1𝑚2

𝑟2
 ; = F ; There is no change in the force. 

 

97. If the angular momentum of a planet is given by �⃗⃗� =𝟓 𝒕𝟐�̂�̂− 𝟔 𝒕 �̂�̂+ 𝟑 �̂� . What 

is the torque experienced by the planet? Will the torque be in the same 

direction as that of the angular momentum?  

 Solution 

  Torque is given by, 𝜏 =  
𝑑�⃗� 

𝑑𝑡
= 

𝑑

𝑑𝑡
 (5 𝑡2�̂�− 6𝑡𝑗̂+ 3𝑘)̂ ;  𝜏 =  𝟏𝟎𝒕 �̂�̂ − 𝟔𝒋̂̂  

Here the torque produced will be in the direction of angular momentum. 
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98. Suppose unknowingly you wrote the universal gravitational constant value as 

𝑮′ =6.67 x 1011 .instead of the correct value 𝑮 =6.67 x 10-11, what is the 

acceleration due to gravity g' for this incorrect G? According to this new 

acceleration due to gravity, what will be your weight W'?  

 Solution 

  The acceleration due to gravity for the value 𝐺 =6.67x 10− 11 is, 

g =
GM

R2
; =

6.67 x 10−11 x M 

R2
  ------------- 1 

  The acceleration due to gravity for the value 𝐺’ =6.67x 1011 is, 

g′ =
𝐺′M

R2
; =

6.67 x 1011 x M 

R2
  ------------- 1 

  Divide (2) by (1) 

  
𝑔′

𝑔
=

(
𝐺;𝑀

𝑅2 )

(
𝐺𝑀

𝑅2 )
 ; =  

𝐺′

𝐺
 ; =  

6.67 x 1011

6.67 x 10−11
 ; 1022 ; 𝒈′ =1022g 

  The equivalent weight is , 𝑤′ = 𝑚𝑔′ = 𝑚𝑔1022;  1022𝑤 

 

99. What is the gravitational potential energy of the Earth and Sun? The Earth to 

Sun distance is around 150 million km. The mass of the Earth is                                     

5.9 × 1024 kg and mass of the Sun is 1.9×1030 kg. 

Solution 

RE=150 x 106 km → Distance between Sun and Earth  

Me=5.9 x 1024 kg → Mass of the Earth  

Ms=1.9 x1030 kg → Mass of the Sun  

𝐺 =6.67 x 10−11 Nm2kg-2 →Gravitational constant 

U (r) =  −
GMsME

RE
 ; = −

6.67 x 10−11 x 1.9 x 1030x 5.9 x 1024

150 x 106x 103
 

= −
6.67 x 1.9 x 5.9 x 1043

150 x 109
  ;  = −

𝟔.𝟔𝟕 𝐱 𝟏.𝟗 𝐱 𝟓.𝟗 𝐱 𝟏𝟎𝟑𝟒

𝟏𝟓𝟎 
 

U (r) = −4.985 x 10−1x 1034 ; =  −49.85 x 10−2x 1034 
𝐔(𝐫) =  −𝟒𝟗. 𝟖𝟓 𝐱𝟏𝟎𝟑𝟐 joule 

 
100. Earth revolves around the Sun at 30 km s−1. Calculate the kinetic energy of 

the Earth. If the calculated the potential energy of the Earth is − 49.85 x 1032 

joule. then what is the total energy of the Earth in that case? Is the total 

energy positive? Give reasons.  

Solution 

𝑣=30 kms-1=30 x 103 ms-1  

The kinetic energy of the Earth KE =  ½ Mev2 

KE = ½ x 5.9 x 1024 x 30 x 103 x 30 x 103  

KE = 2.95 x 1024 x 30 x 103 x 30 x 103  

KE = 2.95 x 1024 x 9 x 108  

KE = 26.55 x 1032 Joule 

Hence the total energy, E = KE + UE 
= 26.55 x 1032 + (-49.85 x 1032)  

E = (26.55 – 49.85) x 1032  ; E = −23.2 x 1032 Joule  

The negative sign implies that Earth is bounded with Sun.  
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UNIT – VII (PROPERTIES OF MATTER) 

101. A wire 10 m long has a cross-sectional area 1.25×10–4 m2. It is subjected to 

a load of 5 kg. If Young’s modulus of the material is 4×1010 Nm–2, calculate 

the elongation produced in the wire. Take g = 10 ms–2. 

 Solution 

  
F

A
= Y x 

ΔL

L
  ; ΔL =  (

F

A
) (

L

Y
)  ; (

150

1.25 x 10−4) (
10

4 x 1010)   ; =10-4 m 

 
102. A metallic cube of side 100 cm is subjected to a uniform force acting normal 

to the whole surface of the cube. The pressure is 106 pascal. If the volume 

changes by 1.5×10–5 m3, calculate the bulk modulus of the material. 

 Solution 

  K = 

F

A
ΔV

V

= P
V

ΔV
  ; K = 

106x 1

1.5 x 10−5
  ; = 6.67 x 1010 Nm-2 

 
103. A metal cube of side 0.20 m is subjected to a shearing force 

of 4000 N. The top surface is displaced through 0.50 cm 

with respect to the bottom. Calculate the shear modulus of elasticity of the 

metal.  

Solution  

Here, L = 0.20m, F=4000N, 𝑥=0.50cm ; =0.005m and Area A = L2 = 0.04 m2  

Therefore,ηR = (
F

A
) x (

L

𝑥
) ; = (

4000

0.04
) x (

0.20

0.005
)   ; = 4 x 106 Nm-2 

 
104. A wire of length 2 m with the area of cross-section 10–6 m2 is used to suspend 

a load of 980 N. Calculate i) the stress developed in the wire ii) the strain and 

iii) the energy stored. Given: Y=12 × 1010N m−2 

 Solution 

  i) Stress = 
F

A
= 

980

10−6
 ; = 98 x 107 Nm-2 

  ii) Strain = 
Stress

Y
  ; 

98 x 107

12 x 1010
  ; =8.17 x 10-3 

  iii) Volume = 2 x 10-6 m3 

  Energy = ½ (Stress x Strain) x Volume 

  = ½ (98x107) x8.17x10-3) x2x 10-6 = 8J  

 

105. A solid sphere has a radius of 1.5 cm and a mass of 0.038 kg. Calculate the 

specific gravity or relative density of the sphere. 

 Solution 

  Radius of the sphere R = 1.5 cm; mass m = 0.038 kg  

Volume of the sphere V= 
4

3 
πR3 ; = 

4

3 
(3.14) x (1.5 x 10−2)3 ; 1.413 x 10-5m3 

Density ρ =
m

V
=

0.038 kg

1.413 x 10−5m3
 ; = 2690 kgm-3 

  Hence, the specific gravity of the sphere = 
2690

1000
 = 2.69 
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106. Two pistons of a hydraulic lift have diameters of 60 cm and 5 cm. What is 

the force exerted by the larger piston when 50 N is placed on the smaller 

piston?  

Solution  

Since, the diameter of the pistons are given, we can calculate the radius 

of the piston r = 
𝐷

2
 

Area of smaller piston , A1 = π (
5

2
)
2

=π(2.5)2 

  Area of larger piston , A2 = π (
600

2
)
2

=π(30)2 

  F2 = 
𝐴2

𝐴1
 x F1 = (50N) x (

30

2.5
)
2

 ; 7200 N 

This means that with the force of 50 N, the force of 7200 N can be lifted 

 
107. A cube of wood floating in water supports a 300 g mass at the centre of its 

top face. When the mass is removed, the cube rises by 3 cm. Determine the 

volume of the cube. 

 Solution 

 Let each side of the cube be 𝑙. The volume occupied by 3 cm depth of cube, 

  V = (3cm) x 𝑙2;  = 3𝑙2cm 

  According to the principle of floatation, we have Vρg = mg ⇒ Vρ = m  

ρ is density of water = 1000 kgm–3 

  ⇒(3𝑙2 x 10-2m) x (1000 kgm-3) = 300 x 10-3kg 

  𝑙2 =
300 x 10−3

3 x 10−2x 1000
m2 ; ⇒𝑙2 = 100 x 10-4 m2 

  𝑙 = 10 x 10-2 m = 10cm ; volume of cube V = 𝒍3 = 1000 cm3 

 
108. A metal plate of area 2.5×10–4 m2 is placed on a 0.25×10–3 m thick layer of 

castor oil. If a force of 2.5 N is needed to move the plate with a velocity                 

3×10–2 m s–1, calculate the coefficient of viscosity of castor oil. 

Given: A=2.5×10–4 m2, dx = 0.25×10–3m, F=2.5 N and dv = 3×10–2 ms-1 

 Solution 

  F = −ηA
dv

dx
  ; η =  

F

A

dx

dv
   ; = 

(2.5 N) (0.25 x 10−3𝑚)

(2.5 x 10−4m2)(3 x 10−2 ms−1)
   ;  

= 0.083 x 103 N m-2s 

 

109. Let 2.4×10−4 J of work is done to increase the area of a fi lm of soap bubble 

from 50 cm2 to 100 cm2. Calculate the value of surface tension of soap 

solution. 

Solution 

A soap bubble has two free surfaces, therefore increase in surface area 

ΔA =A2−A1 = 2(100–50) × 10–4m2 = 100 × 10–4m2. 

Since, work done W = T x ΔA  ; T = 
W

ΔA
  ; = 

2.4 x 10−4J

100 x 10−4m2
  ; 

= 2.4 x 10-2 Nm-1 
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110. If excess pressure is balanced by a column of oil (with specific gravity 0.8)          

4 mm high, where R = 2.0 cm, find the surface tension of the soap bubble.  

Solution  

The excess of pressure inside the soap bubble is Δp =  P2 − P1 =
4T

R
 

  Δp =  P2 − P1 = ρgh  [ ρgh =  
4T

R
] 

 Surface tension, T = 
ρghR

4
 ; = 

(800)(9.8)(4 x 10−3)(2 x 10−2)

4
 ;T=15.68x10-2 Nm-1 

 

111. Mercury has an angle of contact equal to 1400 with soda lime glass. A narrow 

tube of radius 2 mm, made of this glass is dipped in a trough containing 

mercury. By what amount does the mercury dip down in the tube relative to 

the liquid surface outside? Surface tension of mercury T=0.456 Nm–1; 

Density of mercury ρ = 13.6×103 kgm–3  

Solution  

Capillary descent, cos140 = cos(90+50) –sin50 = –0.7660 

  h = 
2T cosθ

rρg
= 

2 x (0.456 Nm−1) (cos1400)

(2 x 10−3 m) (13.6 x 103) (9.8 ms−2)
 ; = 

2 x 0.456 x (−0.7660)

2 x 13.6 x 9.8
 

  = 
−0.6986

266.56
  ; = −2.62 x 10-3 m 

where, negative sign indicates that there is fall of mercury (mercury is 

depressed) in glass tube. 

 

112. In a normal adult, the average speed of the blood through the aorta               

(radius r = 0.8 cm) is 0.33 ms–1. From the aorta, the blood goes into major 

arteries, which are 30 in number, each of radius 0.4 cm. 

Calculate the speed of the blood through the arteries. 

 Solution 

  a1v1 = 30a2v2  ; πr1
2v1 = 30 πr2

2v2  ; V2 = 
1

30
(
r1

r2
)
2

v1 

  V2 = 
1

30
(

0.8 x 10−2m

0.4 x 10−2 m
)
2

x (0.33 ms-1)  ; V2 =0.044 ms-1 

 

www.Padasalai.Net  - No.1 Educational Website in Tamilnadu

Kindly send me your questions and answerkeys to us : Padasalai.Net@gmail.com

w
w

w
.P

ad
as

al
ai

.N
et

w
w

w
.P

ad
as

al
ai

.N
et

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

www.Padasalai.Net

https://www.padasalai.net/
https://www.padasalai.net/


XI STD. PHYSICS NUMERICAL PROBLEMS, DEPARTMENT OF PHYSICS                                     

SRMHSS, KAVERIYAMPOONDI, TIRUVANNAMALAI 
RAJENDRAN M, M.Sc., B.Ed., C.C.A., P.G. TEACHER IN PHYSICS 

34 

 

EXERCISE PROBLEM 

113. A capillary of diameter d mm is dipped in water such that the water rises to 

a height of 30mm. If the radius of the capillary is made 2/3 of its previous 

value, then compute the height up to which water will rise in the new 

capillary?  

Solution  

Surface tension by capillary rise method is, T = 
ρrhg

2 cosθ
  ; h = 

2 Tcosθ

ρrg
 

ℎ ∝
1

𝑟
     (or) hr = constant 

  ℎ1𝑟1 = ℎ2𝑟2  ; ℎ2 =
ℎ1𝑟1

𝑟2
 ; =

30 x 10−3 x r

(
2r

3
)

  ; =
3 x 30 x 10−3 x r

2𝑟
 

  𝒉𝟐 = 45 x 10-3 m = 45mm 

 

114. The reading of pressure meter attached with a closed pipe is 5×105 N m-2. 

On opening the valve of the pipe, the reading of the pressure meter is                                        

4.5 × 105 Nm-2. Calculate the speed of the water flowing in the pipe. 

 Solution 

  Under closed state, velocity of water; 𝑣1=0  

Under open state, velocity of water; 𝑣2=𝑣  

Density of water; 𝜌 =1000 𝑘𝑔 𝑚−3  

According to Bernoulli’s theorem, for horizontal pipe  

 
P1

ρ
+

1

2
v1

2 =
P2

ρ
+

1

2
v2

2 ;   
P1

ρ
−

P2

ρ
=

1

2
v2

2 −
1

2
v1

2 

P1−P2

ρ
=

1

2
(v2

2 − v1
2) ; v2

2 − v1
2 =

2

ρ
(P1 − P2 ) 

v2 − 0 =
2

1000
(5 x 105 − 4.5 x 105) ; v2 =

2

1000
(5 − 4.5 x 105) 

v2 =
2

1000
 x 0.5 x 105; =  

105

103
; =  102 ; v = 10ms-1 
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UNIT – VIII (HEAT AND THERMODYNAMICS) 

115. Eiffel tower is made up of iron and its height is roughly 300 m. During winter 

season (January) in France the temperature is 20 C and in hot summer its 

average temperature 250 C. Calculate the change in height of Eiffel tower 

between summer and winter. The linear thermal expansion coefficient for 

iron α = 10 ×10−6 per °C 

 Solution 

  
ΔL

L0
= aLΔT  ; ΔL =  aLL0ΔT ;  

ΔL = 10×10−6×300×23 = 0.069 m=69 mm 

 

116. A person does 30 kJ work on 2 kg of water by stirring using a paddle wheel. 

While stirring, around 5 kcal of heat is released from water through its 

container to the surface and surroundings by thermal conduction and 

radiation. What is the change in internal energy of the system?  

Solution   

Work done on the system (by the person while stirring),                                                 

W = −30 kJ = −30,000J  

Heat flowing out of the system, Q = −5 kcal = −5×4184 J =−20920 J  

Using First law of thermodynamics, ΔU = Q−W  

ΔU = −20,920 J− (−30,000) J  

ΔU = −20,920 J+30,000 J = 9080 J  

Here, the heat lost is less than the work done on the system, so the 

change in internal energy is positive. 

 

117. Jogging every day is good for health. Assume that when you jog a work of 

500 kJ is done and 230 kJ of heat is given off. What is the change in internal 

energy of your body? 

 Solution 

  Work done by the system (body), W = +500 kJ  

Heat released from the system (body),Q = –230 kJ  

The change in internal energy of a body = ΔU =–230 kJ–500 kJ = –730 kJ 

 

118. 500 g of water is heated from 300 C to 600C. Ignoring the slight expansion of 

water, calculate the change in internal energy of the water? (specific heat of 

water 4184 J/kg.K) 

 Solution 

When the water is heated from 300C to 600C, there is only a slight 

change in its volume. So we can treat this process as isochoric. In an 

isochoric process the work done by the system is zero. The given heat 

supplied is used to increase only the internal energy. ΔU = Q = msv ΔT  

The mass of water = 500 g =0.5 kg;  

The change in temperature = 30K  

The heat Q = 0.5×4184×30 = 62.76 kJ 
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119. During a cyclic process, a heat engine absorbs 500 J of heat from a hot 

reservoir, does work and ejects an amount of heat 300 J into the 

surroundings (cold reservoir). Calculate the efficiency of the heat engine?  

Solution 

The efficiency of heat engine is given by η = 1 − 
QL

QH
  ; η = 1 − 

300

500
   ;  

= 1 − 
3

5
  ; η = 1 −  0.6  ; 0.4 

The heat engine has 40% efficiency, implying that this heat engine 

converts only 40% of the input heat into work. 

 

120. There are two Carnot engines A and B operating in two different temperature 

regions. For Engine A, the temperatures of the two reservoirs are 1500C and 

1000C. For engine B the temperatures of the reservoirs are 3500C and 3000C. 

Which engine has lesser efficiency? 

 Solution 

  The efficiency for engine A =1 − 
373

623
 ;  

= 0.11. Engine A has 11% efficiency 

 

  The efficiency for engine  

B =1 − 
573

623
 ; = 0.08.  

Engine B has 8% efficiency 

 

121. A refrigerator has COP of 3. How much work must be supplied to the 

refrigerator in order to remove 200 J of heat from its interion?  

 Solution   COP = β =  
QL

W
  ; W = 

QL

COP
  ; = 

200

3
  ; = 66.67J  

 

EXERCISE PROBLEM 

122. Calculate the number of moles of air is in the inflated balloon at room 

temperature The radius of the balloon is 10 cm, and pressure inside the 

balloon is 180 kPa. 

 Solution 

  From ideal gas equation PV = μRT  or μ =  
PV

RT
  ---------1 

  Volume of spherical shaped balloon, V = 
4

3
πr3 

  = 
4

3
 x 3.14 x (10 x 10−2)3 ; 4 x 1.046 x 10-3 ;  

V = 4.184 x 10-3 

From equation 1,= 
180 x 103 x 4.184 x 10−3

8.31 x (27+273)
 ;                                     

= 
180 x 4.184 

8.31 x 300
 ; 

= 
180 x 4.184 

2493
 ; = 0.3021  ; 𝛍 ≅ 0.3 moles 
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123. In the planet Mars, the average temperature is around -53°C and 

atmospheric pressure is 0.9 kPa. Calculate the number of moles of the 

molecules in unit volume in the planet Mars? Is this greater than that in 

earth? 

 Solution 

  Number of molecules per unit volume in Mars planet is μmars =
PV

RT
 

  = 
0.9 x 1000 x 1

8.31 x (−53 + 273)
 ; = 

900

8.31 x 220
 ; = 

90

8.31 x 22
 ; = 

90

182.82
 ; 

 𝛍𝐦𝐚𝐫𝐬 = 0.4922 moles 

  Number of molecules per unit volume in Earth planet is 𝛍𝐞𝐚𝐫𝐭𝐡 =
𝐏𝐕

𝐑𝐓
 

  = 
𝟏𝟎𝟏.𝟑  𝐱 𝟏𝟎𝟎𝟎 𝐱 𝟏

𝟖.𝟑𝟏 𝐱 (𝟐𝟕 + 𝟐𝟕𝟑)
 ; = 

𝟏𝟎𝟏𝟑𝟎𝟎

𝟖.𝟑𝟏 𝐱 𝟑𝟎𝟎
 ; = 

𝟏𝟎𝟏𝟑

𝟖.𝟑𝟏 𝐱 𝟑
 ; = 

𝟏𝟎𝟏𝟑

𝟐𝟒.𝟗𝟑
 ; 

 𝛍𝐞𝐚𝐫𝐭𝐡 = 40.46 moles 

 

124. A man starts bicycling in the morning at a temperature around 250 C, he 

checked the pressure of tire which is equal to be 500 kPa. Afternoon he 

found that the absolute pressure in the tyre is increased to 520 kPa. By 

assuming the expansion of tyre is negligible, what is the temperature of tyre 

at afternoon? 

 Solution 

  Let this is considered as isochoric process, then P = [
μR

V
] T 

  In morning , P1 = [
μR

V
]T1 ---------------1 In afternoon , P2 = [

μR

V
]T2 ---------------2 

  Divide equation (1) by (2) 

  
P1

P2
=

T1

T2
  ; T2 = 

P1

P2
 T1  ; T2 = 

𝟓𝟐𝟎 𝐱 𝟏𝟎𝟎𝟎

𝟓𝟎𝟎  𝐱 𝟏𝟎𝟎𝟎
 (25+273) ; = 

𝟓𝟐

𝟓𝟎
 x 298 

  = 1.04 x 298; = 309.92 k, T2 = 309.92 k or 36.92 0c 
 

125. For a given ideal gas 6 × 105J heat energy is supplied and the volume of gas 

is increased from 4 m3 to 6 m3 at atmospheric pressure. Calculate (a) the 

work done by the gas (b) change in internal energy of the gas (c) graph this 

process in PV and TV diagram. 

 Solution 

 (a) Work done by the gas:  

        Work done by the gas during isobaric expansion, W = P ΔV = P [Vf − V𝑖 ] ;                       

        W = 101.3 x 103 x (6 – 4); = 101300 x (2) = 202600 J; W = 202.6kJ  

           (b) Change in internal energy of the gas  

        From second law of thermodynamics Q = ΔU + W (or) ΔU = Q – W  

         = 6 x 105 – 202600; ΔU = 6 x 105 − 2.026 x105;  

        ΔU = (6 − 2.026) x 105 ; = 3.974 x 105 = 397.4 x 103 J ;  ΔU = 397.4kJ  

            (c) PV diagram and TV diagram  
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126. Consider the following cyclic process consist of isotherm, isochoric 

and isobar which is given in the figure.  

 Draw the same cyclic process qualitatively in the V-T diagram 

where T is taken along x direction and V is taken along y-direction. 

Analyze the nature of heat exchange in each process. 

 Solution 

 Process 1 to 2 = increase in volume. So heat must be added.  

Process 2 to 3 = Volume remains constant. Increase in 

temperature. The given heat is used to increase the internal 

energy.  

Process 3 to 1: Pressure remains constant. Volume and 

Temperature are reduced. Heat flows out of the system. It is an 

isobaric compression where the work is done on the system. 

 

127. Suppose a person wants to increase the efficiency of the reversible heat 

engine that is operating between 100°C and 300°C. He had two ways to 

increase the efficiency. (a) By decreasing the cold reservoir temperature from 

100°C to 50°C and keeping the hot reservoir temperature constant (b) by 

increasing the temperature of the hot reservoir from 300°C to 350°C by 

keeping the cold reservoir temperature constant. Which is the suitable 

method? 

 Solution 

  Temperature of hot source; TH=(300+273)= 573 K 

Temperature of cold sink; TL=(100+273)= 373 K  

Hence efficiency of heat engine η = 1 −
TL

TH
=

TH − TL

TH
 ; 

η =
573 − 373

573
 

  𝛈 =
200

573
 ; = 0. 𝟑𝟒𝟗 ; 𝛈 = 34.9% 

  In case (a) TH = (300 + 273) = 573 K &  

TL = (50 + 273) = 323 K 

  η = 1 −
TL

TH
=

TH − TL

TH
 ; η =

573−323

573
 

  𝛈 =
𝟐𝟓𝟎

𝟓𝟕𝟑
 ; = 𝟎. 𝟒𝟑𝟔𝟐 ; 𝛈 = 43.6% 

In case (b) TH = (350 + 273) = 623 K &  

TL = (100 + 273) = 373 K 

  η = 1 −
TL

TH
=

TH − TL

TH
 ; η =

623−373

623
 

  𝛈 =
𝟐𝟓𝟎

𝟔𝟐𝟑
 ; = 𝟎. 𝟒𝟎𝟏𝟐 ; 𝛈 = 40.1% 
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128. A Carnot engine whose efficiency is 45% takes heat from a source 

maintained at a temperature of 327°C. To have an engine of efficiency 60% 

what must be the intake temperature for the same exhaust (sink) 

temperature? 

 Solution 

  Efficiency when , TH = (327+ 273) = 600 K & η = 45% = 0.45 

  η = 1 −
TL

TH
  ; 0.45 = 1 −

TL

600
  ; 

TL

600
= 1 −0.45 ; = 0.55 

  TL = 0.55 x 600 = 330 K ; TL = 330 K or 570C 

  Efficiency when , TH = (57+ 273) = 330 K & η = 60% = 0.60 

  η = 1 −
TL

TH
  ; 0.60 = 1 −

330

TH
  ; 

330

TH
= 1 −0.60 ; = 0.40 

  TH = 
330

0.4
 = 

3300

4
 ; = 825 K ; TH = 825 K or 5520C 

 

129. An ideal refrigerator keeps its content at 0°C while the room temperature is 

27°C. Calculate its coefficient of performance. 

 Solution 

  Coefficient of performance (COP) of refrigerator, when  

  TH = (27 + 273) = 300 K & TL = (0 +273) = 273 K 

  COP = β =
TL

TH − TL

  ; β =
273

300−273
 ; =

273

27
  ;  

β =10.11 
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UNIT – IX (KINETIC THEORY OF GASES) 

130. A football at 270C has 0.5 mole of air molecules. Calculate the internal 

energy of air in the ball. 

 Solution 

  The internal energy of ideal gas =  
3

2
 NkT 

The number of air molecules is given in terms of number of moles so, 

rewrite the expression as U =  
3

2
 μRT; Nk = μR. Here μ is number of 

moles.  

Gas constant R = 8.31 
J

mol k
 ; Temperature T =273+27=300K 

U = 
3

2
 x 0.5 x 8.31 x 300 = 1869.75 J.  

This is approximately equivalent to the kinetic energy of a man of               

57 kg running with a speed of 8 ms-1. 

 

131. A room contains oxygen and hydrogen molecules in the ratio 3:1. The 

temperature of the room is 27°C. The molar mass of 02 is 32 g mol-1 and 

of H2 is 2 g mol-1. The value of gas constant R is 8.32 J mol-1 K-1.   

(a) Calculate rms speed of oxygen and hydrogen molecule. 

(b) Average kinetic energy per oxygen molecule and per hydrogen molecule  

(c) Ratio of average kinetic energy of oxygen molecules and hydrogen 

molecules. 

Solution  

  (a) Absolute Temperature T=27°C =27+273=300 K.  

Gas constant R=8.32 J mol-1 k-1  

For Oxygen molecule: Molar mass M=32 g =32 x 10-3 kg mol-1 

rms speed (Vrms) = √
3RT

M
 ; = √

3 x 8.32 x 300

32 x 10−3
  ; 483.73 ms-1 ≈ 484 ms-1 

For Hydrogen molecule: Molar mass M= 2 x 10-3 kg mol-1 

rms speed (Vrms) = √
3RT

M
 ; = √

3 x 8.32 x 300

2 x 10−3
  ; 1934 ms-1 ;=1.93k ms-1 

The rms speed of hydrogen is 4 times greater than rms speed of oxygen 

at the same temperature 
1934

484
  ≈ 4. 

(b) The average kinetic energy per molecule is 
3

2
 kT 

3

2
 kT = 

3

2
  x 1.38 x 10-23 x 300 = 6.21 x 10-21 J 

(c) Average kinetic energy of total oxygen molecules = 
3

2
 N0 kT 

Average kinetic energy of total hydrogen molecules = 
3

2
 NH kT 

The ratio of average kinetic energy of oxygen molecules with average 

kinetic energy of hydrogen molecules is 3:1. 
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132. Ten particles are moving at the speed of 2, 3, 4, 5, 5, 5, 6, 6, 7 and 9 m s-1. 

Calculate rms speed, average speed and most probable speed.  

Solution  

The average speed �̅� =
2+3+4+5+5+5+6+6+7+9

10
  ; = 5.2 ms-1 

To find the rms speed, first calculate the mean square speed  

𝑣2̅̅ ̅ =
22+32+42+52+52+52+62+62+72+92

10
  ; = 30.6 m2s-2 

 Vmax =√v2̅̅ ̅ = √30.6 ; = 5.53 ms-1 

The most probable speed is 5 ms-1 because three of the particles 

have that speed. 

 
133. Find the adiabatic exponent 𝛄 for mixture of μ1 moles of monoatomic gas 

and μ2 moles of a diatomic gas at normal temperature (270C) . 

Solution 

The specific heat of one mole of a monoatomic gas CV = 
3

2
 R 

For μ1 mole, CV = 
3

2
 μ1R  , CP = 

5

2
 μ1R   

The specific heat of one mole of a diatomic gas , CV = 
5

2
 R   

For μ2 mole, CV = 
5

2
 μ2R  , CP = 

7

2
 μ2R   

  specific heat of the mixture at constant volume CV = 
3

2
 μ1R + 

5

2
 μ2R   

The specific heat of the mixture at constant pressure 

CP =
5

2
 μ1R +  

7

2
 μ2R 

The adiabatic exponent 𝛄 = 
CP

CV
=

5μ1 + 7μ2

3μ1 + 5μ2
 

 

134. An oxygen molecule is travelling in air at 300 K and 1 atm, and the diameter 

of oxygen molecule is 1.2×10−10m. Calculate the mean free path of oxygen 

molecule. 

 Solution 

  λ =
1

√2πnd2
 .  

We have to find the number density n By using ideal gas law 

n = 
N

V
=

P

kT
=

101.3 x 103

1.381 x 10−23x 300
 ; = 2.499 x 1025 molecules / m3 

λ =
1

√2 x π x 2.449 x 1025 x (1.2 x 10−10)2
 

 

=
1

15.65 x 105 ; 𝛌 = 0.63 x 10-6 m 
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EXERCISE PROBLEM 

135. A fresh air is composed of nitrogen N2(78%) and oxygen O2(21%). Find the 

rms speed of N2 and O2 at 20°C. 

 Solution 

  NA = Avogadro Number and R = 8.314 J mol-1 K-1 

  1) Nitrogen molecule (N2) 

Atomic mass of Nitrogen = 14,  

Then One Nitrogen molecule = 2×14=28  

Thus 28 g nitrogen gas contains NA number of nitrogen  

molecules Hence, Molecular mass of one                                            

mole of nitrogen  

molecule, M = 28 g/mol = 0.028 kg/mol  

RMS speed of nitrogen molecule, 

(𝒗𝒓𝒎𝒔) = √
𝟑𝐑𝐓

𝐌
 ; = √

3 x 8.314 x (20+273)

0.028
 

= √
3 x 8.314 x 293

0.028
 ; = 510.9 ms-1 ; (𝒗𝒓𝒎𝒔) = 511 ms-1 

 

2) Oxygen molecule (O2)  

Atomic mass of Oxygen = 16. Then One Oxygen molecule =2×16=32  

Thus 32 g Oxygen contains NA number of oxygen 

molecules  

Hence, Molecular mass of one mole of oxygen molecule  

M = 32 g/mol = 0.032kg/mol  

RMS speed of oxygen molecule,  (𝒗𝒓𝒎𝒔)  

= √
𝟑𝐑𝐓

𝐌
 ; = √

3 x 8.314 x (20+273)

0.032
 

= √
3 x 8.314 x 293

0.032
 ; = 477.9 ms-1 ; (𝒗𝒓𝒎𝒔) = 478 ms-1 

 

136. If the rms speed of methane gas in the Jupiter’s atmosphere 

is 471.8 ms-1, show that the surface temperature of 

Jupiter is sub-zero.  

 Solution 

  (𝒗𝒓𝒎𝒔) = √
3RT

M
 or vrms

2 =
3RT

M
 or T = 

vrms
2 M

3R
 

  T = 
(471.8)2𝑥 0.016

3 𝑥 8.314
 ;  

471.8 𝑥 471.8 𝑥 0.016

24.942
 ;  

T = 142.8 K ≈143 K 
   or T = 143 – 273 ; = – 1300C 

 Thus surface temperature of Jupiter planet is less than 𝟎℃  
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137. Calculate the temperature at which the rms velocity of a gas triples its value 

at S.T.P. (standard temperature T1 = 273 K)  

 Solution 

  At standard temperature and pressure (STP) ; 𝑣𝑟𝑚𝑠 1 = 𝑣 & T1 = 273 K 

At new temperature and pressure ; 𝑣𝑟𝑚𝑠 2 = 3𝑣 & T2 = ? 

By definition, 𝑣𝑟𝑚𝑠 1 = √
3RT1

M
  ------------1 ; 𝑣𝑟𝑚𝑠 2 = √

3RT2

M
  ------------2 

  Divide equation 2 by 1 

  
𝒗𝒓𝒎𝒔 𝟐

𝒗𝒓𝒎𝒔 𝟏
=

√
3RT2

M

√
3RT1

M

= √
T2

T1
  ; [

𝒗𝒓𝒎𝒔 𝟐

𝒗𝒓𝒎𝒔 𝟏
]
2
=

𝑇2

𝑇1
  ; T2 = T1 [

𝒗𝒓𝒎𝒔 𝟐

𝒗𝒓𝒎𝒔 𝟏
]
2
  ; 273 x  [

3𝑣

𝒗
]
2
 

   = 273 x 9 ; T2 = 2557 K 

 

138. A gas is at temperature 80°C and pressure 5×10−10N m−2. What is the 

number of molecules per m3 if Boltzmann’s constant is 1.38×10−23 J K−1 

 Solution 

  Ideal gas constant PV = nkT;  

n = 
PV

kT
= 

5 x 10−10x 1

1.38 x 10−23x(80+273)
 ; =

5 x 1013

1.38 x 353 
 

  n = 1.026 x 10-2 x 1013; n = 1.026 x 1011 

 

139. Calculate the mean free path of air molecules at STP. The diameter of N2 and 

O2 is about 3 x 10−10 m. 

 Solution 

  At STP P = 1.013 x 105 Nm-2 & T = 273K 

  By ideal gas equation, PV = NKT or 
N

V
=

P

kT
  or n = 

P

kT
 

  𝑛 =  
P

kT
 ; =

1.013 x 105

1.38 x 10−23 x 273
  ; 𝑛 =

1.013 x 1028

1.38 x 273
  ;  

n = 2.688 x 10-3 x 1028 

  n = 2.688 x 1025 molecules /m3 

  The mean free path λ =
1

√2πnd2 

  λ =
1

3.14 x (3 x 10−10)2x 2.688 x 1025x 1.414
 ;  =

1

3.14 x 9 x  2.688 x 1.414 x 105
 

  = 9.313 x 10-3 x 10-5  ; 𝛌 = 9.313 x 10-8 m 

140. A gas made of a mixture of 2 moles of oxygen and 4 moles of argon at 

temperature T. Calculate the energy of the gas in terms of RT. Neglect the 

vibrational modes.  

Solution   

Oxygen (O2) is a di atomic molecule. Its number of degrees of freedom 

f = 5  

Argon (Ar) is a mono atomic molecule. Its number of degrees of freedom 

f =3  
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For mono atomic molecule, total energy of μ mole of gas,  

  U1 = μ1 x 
3

2
NAkT; = μ1 x 

3

2
RT 

  For di atomic molecule, total energy of μ mole of gas,  

  U2 = μ2 x 
5

2
NAkT; = μ2 x 

5

2
RT 

  Total energy of gas mixture U = U1 + U2
 

  U = μ1 x 
3

2
RT + μ2 x 

5

2
RT  ; U = 4 x 

3

2
RT + 2 x 

5

2
RT   

  U = 6 RT + 5 RT; U = 11RT 

141. Estimate the total number of air molecules in a room of capacity 25m3 at a 

temperature of 27°C.  

 Solution 

  Ideal gas constant PV = NkT  or N = 
𝑃𝑉

𝑘𝑇
; 

=
1.013 x 105x 25

1.38 x 10−23 x (27 + 273)
 

  =
1.013 x 105x 25

1.38 x 10−23 x 300
 ; =

1.013 x 25 x 1028

414
 

N = 6.116 x 10-3 x 1028;   

N = 6.116 x 1025 molecules 
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UNIT – X (OSCILLATIONS) 

142. Consider two springs whose force constants are 1 Nm−1 and 2 Nm−1 which 

are connected in series. Calculate the effective spring constant (ks) and 

comment on ks .  

Solution  

k1 = 1 N m−1, k2 = 2 Nm−1  ; ks = 
k1k2

k1+k2
 Nm-1 ; ks = 

1 x 2

1+2
=

2

3
 Nm-1 

ks < k1 and ks < k2  

Therefore, the effective spring constant is lesser than both k1 and k2 

 

143. Consider two springs with force constants 1 Nm−1 and 2 Nm−1 connected in 

parallel. Calculate the effective spring constant (kp ) and comment on kp.  

Solution  

k1 = 1 N m−1, k2 = 2 Nm−1; kp = k1 + k2 Nm−1  

kp = 1 + 2 = 3 Nm−1 ; kp > k1 and kp > k2  

Therefore, the effective spring constant is greater than both k1 and k2. 

 

144. If the length of the simple pendulum is increased by 44% from its original 

length, calculate the percentage increase in time period of the pendulum. 

 Solution 

  T ∝ √𝑙 ; T = constant √𝑙 

  
𝑇𝑓

𝑇𝑖
= √

1+
44

100
𝑙

𝑙
  ; √1.44  = 1.2  ;  

Therefore, Tf = 1.2 Ti = Ti + 20% Ti 
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EXERCISE PROBLEM 

145. Consider a simple pendulum of length 𝒍 = 0.9 m which is properly placed on 

a trolley rolling down on a inclined plane which is at θ = 45° with the 

horizontal. Assuming that the inclined plane is frictionless, calculate the time 

period of oscillation of the simple pendulum. 

 Solution 

The effective value of acceleration due to gravity will be equal to the 

component of g normal to the inclined plane which is 𝑔′=𝑔 𝑐𝑜𝑠 𝜃 

Then the time period is given by T = 2𝜋√
𝑙

𝑔′
= 2𝜋√

𝑙

𝑔 𝑐𝑜𝑠𝜃
 

T = 2𝜋√
0.9

9.8 x  𝑐𝑜𝑠450
; = 2𝜋√

0.9

9.8 x  
1

√2

 ; ; = 2 x 3.14√
0.9

9.8 x  0.707
 

  T = 6.28√
0.9

6.9286
;  =  6.28√0.1290  ; = 6.28 x 0.3604 ; T= 2.263s 

 

146. A piece of wood of mass m is floating erect in a liquid whose density is ρ. If 

it is slightly pressed down and released, then executes simple harmonic 

motion. Show that its time period of oscillation is T = 𝟐𝝅√
𝒎

𝑨 𝒈𝝆
 

 Solution 

Let the wood piece of mass ‘m’ and area ‘A’ floating in liquid of density 

‘ρ’ is pressed down by a distance ‘𝑥’ and released, so that it executes 

SHM.  

The restoring force is given by, 𝐹= 𝑘 𝑥 (or) mg = kx (or) k = 
𝑚𝑔

𝑥
; 

=
(ρv)g

𝑥
  ; =

(𝛒𝐀𝐱)𝐠

𝒙
; =  𝛒𝐀𝐠 

The time period of vertical oscillation is, T = 𝟐𝝅√
𝒎

𝒌
; =  𝟐𝝅√

𝒎

𝑨 𝒈𝝆
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UNIT – XI (WAVES) 

147. The average range of frequencies at which human beings can hear sound 

waves varies from 20 Hz to 20 kHz. Calculate the wavelength of the sound 

wave in these limits. (Assume the speed of sound to be 340 ms–1.  

Solution 

λ1 =
v

f1
=

340

20
  ; = 17 m  ; λ2 =

v

f2
=

340

20 x 103
  ; = 0.017m   

Therefore, the audible wavelength region is from 0.017 m to 17 m when 

the velocity of sound in that region is 340 ms–1. 

 

148. A man saw a toy duck on a wave in an ocean. He noticed that the duck moved 

up and down 15 times per minute. He roughly measured the wavelength of 

the ocean wave as 1.2 m. Calculate the time taken by the toy duck for going 

one time up and down and also the velocity of the ocean wave. 

 Solution 

Given that the number of times the toy duck moves up and down is 15 

times per minute. This information gives us frequency (the number of 

times the toy duck moves up and down) 

  f =
15 times toy duck moves up and down

one minute
  

 But one minute is 60 second, therefore, expressing time in terms of second. 

  f =
15

60
= 

1

4
 ; = 0.25 Hz 

 The time taken by the toy duck for going one time up and down is time 

period which is inverse of frequency T = 
1

f
= 

1

0.25
  ; = 4s 

  The velocity of ocean wave is 𝒗 = 𝛌𝐟 = 1.2 x 0.25 = 0.3ms-1 

 

149. Calculate the speed of sound in a steel rod whose                                

Young’s modulus Y = 2 × 1011 Nm–2 and ρ = 7800 kg m–3. 

 Solution 

 𝒗 =  √
Y

ρ
= √

2 x 1011

7800
  ; √0.2564 x 108  ;  

= 0.506 x 104 ms-1 ; = 5 x 103 ms-1 

  Therefore, longitudinal waves travel faster in a solid than 

in a liquid or a gas. Now you may understand why a shepherd checks before 

crossing railway track by keeping his ears on the rails to safeguard his cattle. 

 

150. An increase in pressure of 100 kPa causes a certain volume of water to 

decrease by 0.005% of its original volume. (a) Calculate the bulk modulus of 

water? (b) Compute the speed of sound (compressional waves) in water? 

 Solution 

(a) Bulk modulus B = V |
ΔP

ΔV
| = 

100 x 103

0.005 x 10−2
  ; = 

100 x 103

5 x 10−5
  ; = 2000Mpa,                          

where Mpa is mega pascal 

  (b) Speed of sound in water is 𝑣 =  √
K

ρ
 = √

2000 x 106

1000
 = 1414 ms-1 
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151. Suppose a man stands at a distance from a cliff and claps his hands. He 

receives an echo from the cliff after 4 second. Calculate the distance 

between the man and the cliff. Assume the speed of sound to be 343 ms–1. 

Solution 

 The time taken by the sound to come back as echo is 2t = 4 ⇒ t = 2 s  

∴The distance is d = vt =(343 m s–1)(2 s) = 686 m. 

 

152. A mobile phone tower transmits a wave signal of frequency 900MHz. 

Calculate the length of the waves transmitted from the mobile phone tower.  

Solution  

Frequency, f = 900 MHz; = 900 x 106 Hz  

The speed of wave is c = 3 × 108ms−1 

λ =
v

f
=

3 x 108

900 x 106
 ; = 0.33m 

 

153. Two vibrating tuning forks produce waves whose equation is given by                                 

y1 = 5 sin(240πt) and y2 = 4 sin(244πt). Compute the number of beats per 

second.  

Solution   

Given y1 = 5 sin(240πt) and y2 = 4 sin(244πt)  

Comparing with y = A sin(2πf1t), we get  

2πf1 = 240π ⇒ f1 = 120Hz   ; 2πf2 = 244π ⇒ f2 = 122Hz  

The number of beats produced is | f1 − f2| = |120 − 122| = |− 2| 

=2 beats per sec 

 

154. A baby cries on seeing a dog and the cry is detected at a distance of 3.0 m 

such that the intensity of sound at this distance is 10–2 Wm–2. Calculate the 

intensity of the baby’s cry at a distance 6.0 m.  

Solution  

I1 is the intensity of sound detected at a distance 3.0 m and it is given 

as 10-2 W m-2.  

Let I2 be the intensity of sound detected at a distance 6.0 m. Then,  

r1 = 3.0 m, r2 = 6.0 m and since, I ∝ 
1

𝑟2
 

the power output does not depend on the observer and depends on the 

baby. Therefore, 
I1

I2
=

𝑟2
2

𝑟1
2  ; I2 = I1 

𝑟1
2

𝑟2
2  ; I2 = 0.25 x 10-2 Wm-2 

 

155. The sound level from a musical instrument playing is 50 dB. If three identical 

musical instruments are played together then compute the total intensity.             

The intensity of the sound from each instrument is 10–12 W m–2 

 Solution 

  ΔL = 10log10 [
I1

I0
] = 50 dB  ; log10 [

I1

I0
] = 5 dB 

  
I1

I0
 = 105; I1 = 105 I0; = 105 x 10-12 Wm-2; I1 = 10-7 Wm-2 

 Since three musical instruments are played, therefore Itotal = 3I1=3x10-7 Wm-2 
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156. If a flute sounds a note with 450Hz, what are the frequencies of the second, 

third, and fourth harmonics of this pitch? If the clarinet sounds with a same 

note as 450Hz, then what are the frequencies of the lowest three harmonics 

produced.  

Solution 

For a flute which is an open pipe, we have  

Second harmonics f2 = 2 f1 = 900 Hz  

Third harmonics f3 = 3 f1 = 1350 Hz  

Fourth harmonics f4 = 4 f1 = 1800 Hz  

For a clarinet which is a closed pipe, we have  

Second harmonics f2 = 3 f1 = 1350 Hz  

Third harmonics f3 = 5 f1 = 2250 Hz  

Fourth harmonics f4 = 7 f1 = 3150 Hz 

 

157. If the third harmonics of a closed organ pipe is equal to the fundamental 

frequency of an open organ pipe, compute the length of the open organ pipe 

if the length of the closed organ pipe is 30 cm.  

Solution 

Let 𝑙2 be the length of the open organ pipe, with 𝑙1=30 cm the length of 

the closed organ pipe.  

It is given that the third harmonic of closed organ pipe is equal to the 

fundamental frequency of open organ pipe.  

The third harmonic of a closed organ pipe 𝑓2 =
𝑣

𝜆2
=

3𝑣

4𝑙1
 ; = 3f1 

The fundamental frequency of open organ pipe is 𝑓1 =
𝑣

𝜆1
=

𝑣

2𝑙2
 ;  

Therefore 
𝑣

2𝑙2
= 

3𝑣

4𝑙1
 ; 𝑙2 =

2𝑙1

3
  = 20 cm 

 

158. A frequency generator with fixed frequency of 343 Hz is allowed to vibrate 

above a 1.0 m high tube. A pump is switched on to fill the water slowly in the 

tube. In order to get resonance, what must be the minimum height of the 

water? (speed of sound in air is 343 m s−1) 

 Solution 

  The wavelength , λ =  
C

f
 ; λ =  

343 m𝑠−1

343 Hz
 ; = 1.0m 

  Let the length of the resonant columns be L1, L2 and L3.  

The first resonance occurs at length L1.   L1 = 
𝝀

𝟒
=

𝟏

𝟒
  = 0.25 m 

The second resonance occurs at length L2.   L2 = 
𝟑𝝀

𝟒
=

𝟑

𝟒
  = 0.75 m 

The third resonance occurs at length L3.   L3 = 
𝟓𝝀

𝟒
=

𝟓

𝟒
  = 1.25 m and so on. 

Since total length of the tube is 1.0 m the third and other higher 

resonances do not occur. Therefore, the minimum height of water Hmin 

for resonance is, Hmin = 1.0 m – 0.75 m = 0.25 m 
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159. A student performed an experiment to determine the speed of sound in air 

using the resonance column method. The length of the air column that 

resonates in the fundamental mode with a tuning fork is 0.2 m. If the length 

is varied such that the same tuning fork resonates with the first overtone at 

0.7 m. Calculate the end correction.  

Solution  

End correction e= 
𝐿2 − 3𝐿1

2
  ; = 

0.7−3 (0.2)

2
  ; = 0.05 m 

 

160. Consider a tuning fork which is used to produce resonance in an air column. 

A resonance air column is a glass tube whose length can be adjusted by a 

variable piston. At room temperature, the two successive resonances 

observed are at 20 cm and 85 cm of the column length. If the frequency of 

the length is 256 Hz, compute the velocity of the sound in air at room 

temperature. 

 Solution 

Two successive length (resonance) to be L1 = 20 cm and L2 = 85 cm  

The frequency is f = 256 Hz; v = f λ = 2f ΔL = 2f (L2 − L1)  

= 2 × 256 × (85 − 20) × 10−2 m s−1; v = 332.8 m s−1  

 

161. A sound of frequency 1500 Hz is emitted by a source which moves away from 

an observer and moves towards a cliff at a speed of 6 ms–1.  

(a)  Calculate the frequency of the sound which is coming directly from the 

source.  

(b)  Compute the frequency of sound heard by the observer reflected off 

the cliff. Assume the speed of sound in air is 330 ms–1.  

Solution  

(a)  Source is moving away and observer is stationary, therefore, the 

frequency of sound heard directly from source is 

  f ′ = [
𝑣

𝑣+𝑣𝑠
] 𝑓 =  [

330

330+6
] x 1500 = 1473 Hz 

(b)  Sound is reflected from the cliff and reaches observer, therefore, 

  f ′ = [
𝑣

𝑣−𝑣𝑠
] 𝑓 =  [

330

330−6
] x 1500 = 1528 Hz 

 

162. An observer observes two moving trains, one reaching the station and other 

leaving the station with equal speeds of 8 m s−1. If each train sounds its 

whistles with frequency 240 Hz, then calculate the number of beats heard by 

the observer.  

Solution  

Observer is stationary  

(i)  Source (train) is moving towards an observer:  

The observed frequency due to train arriving station is 

fin = [
𝑣

𝑣−𝑣𝑠
] 𝑓 =  [

330

330−8
] x 240 = 246 Hz 
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(ii)  Source (train) is moving away from an observer:  

The observed frequency due to train leaving station is 

fout = [
𝑣

𝑣+𝑣𝑠
] 𝑓 =  [

330

330+8
] x 240 = 234 Hz 

So the number of beats = |𝐟𝐢𝐧 − 𝐟𝐨𝐮𝐭| = (246 – 234) = 12 

 

EXERCISE PROBLEM 
163. The speed of a wave in a certain medium is 900 m/s. If 3000 waves passes 

over a certain point of the medium in 2 minutes, then compute its 

wavelength? 

 Solution 

Since 3000 waves passes over in 2 minutes (120 s), the number of 

waves passes per second is, 𝑓 =  
3000

120
 ; = 25 per second. 

  The wavelength λ =  
𝑣

𝑓
= 

900

25
 ;  λ =36m 

 

164. A ship in a sea sends SONAR waves straight down into the seawater from the 

bottom of the ship. The signal reflects from the deep bottom bed rock and 

returns to the ship after 3.5 s. After the ship moves to 100 km it sends 

another signal which returns back after 2s. Calculate the depth of the sea in 

each case and also compute the difference in height between two cases. 

 Solution 

  Depth at first place, d1 = 
v x t1

2
 ; =  

1533 x 3.5

2
; =

5365.5

2
 ; d1 =2682.75m 

  Depth at second place, d2 = 
v x t2

2
 ; =  

1533 x 2

2
; =

5365.5

2
 ; d1 =1533m 

The difference in height between two cases Δd =  𝑑1 − 𝑑2 

  = 2682.75 – 1533  ; 𝚫𝐝 = 1149.75m 

 

165. A sound wave is transmitted into a tube as shown 

in figure. The sound waves splits into two waves 

at the point A which recombine at point B. Let R 

be the radius of the semi-circle which is varied 

until the first minimum. Calculate the radius of 

the semi-circle if the wavelength of the sound is 50.0 m. 

 Solution 

The length of semi-circle from A to B;  r1 = 𝜋R = 3.14R  

The length of straight line from A to B; r2 = 2R  

Hence path difference, Δ𝑟 = r1 − r2 = 3.14R – 2R 

= R (3.14 − 2) = 1.14R  

From the condition of minimum intensity,  

Δ𝑟 = 𝑛 
𝜆

2
 (Here, n = 1, 3, 5,…….)  

Hence condition for first minimum, Δ𝑟 = 𝑛 
𝜆

2
   

(or) 1.14R = 
𝜆

2
 

R = 
λ

2 x 1.14
  ; R = 

50

2 x 1.14
; =

50

2.28
  R = 21.93m 
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166. N tuning forks are arranged in order of increasing frequency and any two 

successive tuning forks give n beats per second when sounded together. If 

the last fork gives double the frequency of the first (called as octave), Show 

that the frequency of the first tuning fork is f = (N−1)n. 

Solution 

Number of tuning forks = N  

Let f be the frequency of first tuning fork and ‘n’ be the number beats 

per second when two successive forks are sounding together, then the 

frequencies of N tuning forks in ascending order,  

f, f±n, f±2n, f±3n, .. , 2 f  

This is similar to the AP having ‘n’ number of terms  

(i.e.) a, a+d, a+2d, a+3d,……  

We know the nth term in AP is, 𝑡𝑛 = 𝑎 + (𝑛 − 1)𝑑  

Here, the frequency of last tuning fork is 2f, 𝑡ℎ𝑒𝑛  

2 f = f + (N − 1)𝑛  ; 2 f − f = (N − 1) 𝑛  ; f = (N − 𝟏) 𝒏 

 

167. Consider two organ pipes of same length in which one organ pipe is closed 

and another organ pipe is open. If the fundamental frequency of closed pipe 

is 250 Hz. Calculate the fundamental frequency of the open pipe. 

 Solution 

  The third harmonic of a closed organ pipe 𝑓𝑐 =
𝑣

4𝐿
 -------------1 

The fundamental frequency of open organ pipe is 𝑓0 =
𝑣

2𝐿
 -----------2 

Divide equation 2 by 1 
𝑓0

𝑓𝑐
=

[
𝑣

2𝐿
]

[
𝑣

4𝐿
]
 = 2  f0 = 2fc = 2 x 250 = 500Hz 
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168. A police in a siren car moving with a velocity 20 ms-1 chases a thief who is 

moving in a car with a velocity V0 ms-1. The police car sounds at frequency 

300Hz, and both of them move towards a stationary siren of frequency 

400Hz. Calculate the speed in which thief is moving. (Assume the thief does 

not observe any beat) 

 Solution 

  Velocity of sound v =330 m/s  

Velocity of a police siren car vs=20 m/s  

Frequency of a police siren car f =300Hz  

Frequency of police siren heard by thief is 

f1 = [
𝑣 − 𝑣0 

𝑣− 𝑣𝑠
] f;  =  [

330 − v0 

330 − 20
] x 300 ; = [

330 − v0 

310
] x 300 

Frequency of stationary siren 𝑓 =400Hz  

Frequency of stationary siren heard by thief 

f2 = [
𝑣 + 𝑣0 

𝑣
] f;  =  [

330 + v0 

330 
] x 400  

It there are no beats then f1 = f2 

[
330 − v0 

310
] x 300 =  [

330 +  v0 

330 
] x 400 

(330 − v0) x 0.9677 =  (330 + v0) x 1.2121 

319.341 – 0.9677v0 = 399.993 + 1.2121v0 

  1.2121v0+ 0.9677v0 = 319.341 – 399.993 

  2.1798vt = −80.652  ; 𝑣0 =
80.652

2.1798
 ; = 36.99 𝒗𝟎= 37m/s 

  

 

 

 

“NeHikahd Kaw;rpapy; fpilj;j   

ntw;wpapd; %ykhff; fpilf;Fk; kfpo;r;rpapd;  

rpfuj;ij ahUk; msf;fNt KbahJ.” 
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