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About the Student Support Material 

The Student Support Material (SSM) for Class XI Physics has been developed for the academic session 
2026–27 under the guidance of Kendriya Vidyalaya Sangathan (KVS), Headquarters, New Delhi. The 
responsibility for preparing this material was entrusted to the KVS Zonal Institute of Education and 
Training (ZIET), Mysuru. 
To ensure quality, accuracy, and student-friendly presentation, ZIET Mysuru collaborated with 
experienced Physics teachers from various Kendriya Vidyalayas across different regions. Their 
collective expertise has helped in developing a comprehensive, well-structured, and examination-
oriented resource for learners. 
The SSM has been prepared in accordance with the latest CBSE curriculum and assessment framework, 
the National Education Policy (NEP) 2020, Competency-Based Education (CBE) principles, and 
NCERT learning outcomes. It aims to strengthen conceptual understanding, scientific reasoning, 
problem-solving skills, and the application of Physics in real-life situations. 

The material has been organized systematically to make learning engaging and effective. Each 
chapter generally includes: 

• Infographics 
• Important Definitions, Laws, and Formulae 
• Solved Numerical Problems 
• Multiple Choice Questions (MCQs) 
• Assertion-Reason and Case-Based Questions 
• Competency-Based Questions 
• Short and Long Answer Questions 
• Practice Exercises and Revision Material 

Special Features 
✓ Simple and student-friendly language 
✓ Emphasis on conceptual clarity and scientific thinking 
✓ Step-by-step solutions to numerical problems 
✓ Real-life applications of Physics concepts 
✓ Competency-based and examination-oriented questions 
✓ Logical and systematic presentation of content 
This Student Support Material serves as both a study guide and a learning companion. It encourages 
inquiry, critical thinking, and independent learning while helping students prepare effectively for 
classroom assessments and examinations. Regular use of this material will help learners develop 
confidence, strengthen their conceptual foundations, and achieve academic success in Physics. 

We hope that this collaborative effort by KVS ZIET Mysuru and participating Physics teachers will 
significantly benefit students and contribute to their academic growth and scientific temper. 
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How to Use this Student Support Material (SSM) 

Welcome to the Student Support Material for Class XI Physics. This resource has been 
carefully designed to help you understand fundamental concepts, strengthen problem-solving 
skills, and prepare effectively for school examinations and future competitive pursuits. 

Best Practices for Effective Learning 

To make the most of this material, follow the steps given below: 

• Build Conceptual Understanding: Begin by reading the concept notes thoroughly and 
focus on understanding the physical principles rather than memorizing facts and formulae. 

• Learn Key Definitions, Laws, and Formulae: Familiarize yourself with important terms, 
laws, principles, and mathematical relationships presented in each chapter. 

• Practice Numerical Problems: Solve the worked-out examples and numerical questions 
regularly to develop accuracy, logical thinking, and confidence in problem-solving. 

• Strengthen Analytical Skills: Attempt competency-based, application-oriented, and case-
study questions to connect Physics concepts with real-life situations. 

• Revise Systematically: Use concept maps, infographics, and chapter summaries for quick 
revision and reinforcement of learning. 

• Evaluate Your Understanding: Solve MCQs, short-answer, and long-answer questions to 
assess your preparation and identify areas requiring further attention. 

• Discuss and Explore: Engage in discussions with teachers and classmates to clarify doubts 
and deepen your understanding of concepts. 

Versatile Usage 

This SSM can be effectively used for: 

• Daily Classroom Learning and Homework 
• Unit Tests and Periodic Assessments 
• Half-Yearly and Annual Examinations 
• Revision and Self-Assessment 
• Strengthening Foundations for Higher Studies 
Regular and sincere use of this material will help you develop conceptual clarity, scientific 
reasoning, problem-solving abilities, and confidence in Physics. Most importantly, it will 
encourage you to view Physics not merely as a subject but as a way of understanding the 
world around you. 

Happy Learning and Best Wishes for Your Success! 
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MULTIPLE CHOICE QUESTIONS 
1. One of the combinations from the fundamental physical constants is hc/ G . The unit of this 
expression is  
(a) kg2    (b) m3   (c) s-1    (d) m 
2. Which of the followings is the proper representation of a 10 cm long scale?  
(a) The scale of the length is 10 cm.     (b) This is a 10 cm. long scale.  
(c) This a 10 c.m. long scale.              (d) The scale of the length is 10 c.m. 
3. The unit of work is derived from which fundamental quantities? 
(a). Mass & length   (b). Force & distance   (c).Mass, length, and time  (d). Power & time 
4. Number of significant figures in 0.0024500 is  
(a) 3    (b) 5    (c) 8    (d) 7 
5. Which number has 3 significant figures? 
(a)  0.070            (b) 700    (c) 7.00 × 10²              (d) 0.007 
6. The sum of the numbers 436.32, 227.2 and 0.301 in appropriate significant figures is  
(a) 663.821       (b) 664          (c) 663.8              (d) 663.82 
7. Which of the following quantities is dimensionless? 
(a) Force  (b) Strain  (c) Velocity        (d) Pressure 
8. The dimensional formula of Planck's constant (h) is: 
(a) [ML2T−1]       (b) [M L2 T-1]     (c) [ML2T−1]   (d) [MLT−2] 
9. Which of the following equations is dimensionally correct? 
(a) v=u+at2v     (b) v= u + at2     (c) v=ut+at2     (d) s=ut+1/2at2 
10. If velocity v, time t, and acceleration a are fundamental quantities, the dimension of distance is: 
(a)  vt    (b) at     (c) at2  (d) va  
11. If π = 3.14, then the value of π2 is  
(a) 9.8596    (b) 9.860     (c) 9.86              (d) 9.9 
12. The velocity of a particle v at an instant t is given by v = at + bt2. The dimensions of b is  
(a) [L]   (b) [LT-1]  (c) [LT-2]  (d) [LT-3] 
13. The dimensional formula for gravitational constant G is  
(a) [ML3T-2]     (b) [M-1L3T-2]         (c) [M-1L-3T-2]             (d) [ML-3T2] 
14. If the force is proportional to square of velocity, then the dimension of proportionality constant is  
(a) [MLT0]     (b) [MLT-1]           (c) [ML-2T]                (d) [ML-1T0] 
15. 3.6453 and 3.6554 are rounded off to two decimal places. The results will be  
(a) 3.64, 3.65    (b) 3.65, 3.66          (c) 3.65, 3.65                   (d) 3.6, 3.6 

ANSWER (MCQ) 
Q1 - Answer: a. kg2       Explanation:   
Q2 - Answer: Option(A) is correct. 
Explanation: While units are symbolically represented, there should not be any dots. But if it appears at the 
ends of a sentence, then a dot may appear as a full-stop. 
Q3 - Answer: c. Mass, length, and time 
Explanation:Work = Force × Distance = (mass × acceleration) × distance kg·m²/s² 
Q4 - Answer: b. 5 
Explanation: All the zeros on the right immediate after the decimal are not significant. All the zeros those 
are on right of the last non zero digit, after the decimal point, are significant 
Q5 - Answer: c  7.00 × 10² 
Explanation: All digits (7, 0, 0) in 7.00 are significant because trailing zeros after a decimal are significant. 
Q6 - Answer: c 663.8               
Explanation: The final result after sum should have the same number of decimal places as the number with 
the least decimal places i.e 227.2 having one decimal place 
Q7 -Answer: b 
Explanation:Strain = change in length / original length = (L / L) = dimensionless 
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Q8 -Answer: a 
Explanation:Energy = hν    E = [M L² T⁻²] , h = [M L² T⁻¹],ⱴ =T-1 RHS =LHS 
Q9 - Answer: b Explanation:LHS = RHS 
Q10 - Answer: c    Explanation:      From s=ut+1/2at2  

Q11.Answer : c       Explanation:   𝜋𝜋2=3.14 𝑋𝑋 3.14=9.8596 •  
As the input data (3.14) has 3 significant figure, the answer should be restricted to 3 significant figure by 
rounding off as ; 𝜋𝜋2=9.86 
12.Answer :d  Explanation : By the principle of homogeneity, Dimension of  
v = Dimension of ‘at’ = Dimension of ‘bt2’ (i.e.) Dimension of ‘bt2’ =[ 𝐿𝐿 𝑇𝑇−1] •  
So the dimension of ‘b’ =[ 𝐿𝐿 𝑇𝑇−1] 𝑡𝑡2 =[ 𝐿𝐿 𝑇𝑇−1] [𝑇𝑇2] =[ 𝐿𝐿 𝑇𝑇−3] 
13. Answer :b  [M-1L3T-2]    
14. Answer :d  Explanation  𝐹𝐹 ∝ 𝑣𝑣2 (𝑜𝑜𝑜𝑜) 𝐹𝐹=𝑘𝑘 𝑣𝑣2 (where 𝑘𝑘→𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐) • Thus dimension of constant 𝑘𝑘= 
𝐹𝐹/𝑣𝑣2 = [𝑀𝑀 𝐿𝐿 𝑇𝑇−2]/ [𝐿𝐿 𝑇𝑇−1]2 =[𝑀𝑀 𝐿𝐿 𝑇𝑇−2] /[𝐿𝐿2 𝑇𝑇−2] =[𝑀𝑀 𝐿𝐿−1] 
15. Answer :b Explanation: If the digit from where the number is truncated is 5. The digit after it is 3 in 
one number and 4 in other number i.e., both are non-zero digits. So, as per rule the digit before 5 is to be 
increased by 1        

CHALLENGE CORNER 
Q1. 355.0 kg = 355000 g. Significant figures in the two numbers are  

(a) 4, 6    (b) 3, 6      (c) 3, 3          (d) 4, 4  
Q2. Length, breadth and thickness of a strip having a uniform cross section are measured to be 10.5 cm, 0.05 
mm, and 6.0 μm, respectively. Which of the following option(s) give(s) the volume of the strip in cm³ with 
correct significant figures:                          JEE 2025 
(a) 3.2 × 10−5 (b) 32.0 × 10−6   (c) 3.0 × 10−5     (d) 3 × 10−5 
Q3. If momentum (p), area (A) and time (T) are taken to be fundamental quantities, then energy has the 
dimensional formula.  
(a) (p1A-1T1)         (b) (p2A1T1)       (c) (p1A-1/2T1)         (d) (p1A1/2T-1) 
Q4. The numbers 2.745 and 2.735 on rounding off to 3 significant figures will give  
(a) 2.75 and 2.74 (b) 2.74 and 2.73 (c) 2.75 and 2.73 (d) 2.74 and 2.74 
Q5. The mass and volume of a body are 4.237 g and 2.5 cm3, respectively. The density of the material of the 
body in correct significant figures is  
(a) 1.6048 g cm–3 (b) 1.69 g cm–3  (c) 1.7 g cm–3  (d) 1.695 g cm–3 

ANSWERS 
1. d             2. D          3. d             4. d                   5. C 

ASSERTION REASON BASED QUESTION 
In the following questions a statement of assertion(A) is followed by a statement of reason(R) mark the 
correct choice as  

(a) If both assertion and reason are true and reason is the correct explanation of the assertion  
(b) If both assertion and reason are true but reason is the not correct explanation of assertion  
(c) If assertion is true but reason is false 
(d) If assertion is false but reason is true 

1. Assertion (A): The principle of dimensional homogeneity is useful in checking the correctness of 
physical equations. 
Reason (R): All terms in a correct physical equation must have the same dimensions. 

2. Assertion (A): The dimensions of pressure and stress are the same. 
Reason (R): Both are defined as force per unit area. 

3. Assertion (A): The dimensional formula of gravitational constant 𝐺𝐺is [𝑀𝑀−1𝐿𝐿3𝑇𝑇−2]. 
Reason (R): Gravitational force depends directly on the product of masses and inversely on the 
square of distance between them. 
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4. Assertion (A): Dimensional analysis can be used to derive numerical constants in equations. 
Reason (R): Dimensional analysis gives relations between physical quantities only up to a 
dimensionless constant. 

5. Assertion (A): If 𝑣𝑣 = 𝑢𝑢 + 𝑎𝑎𝑡𝑡2, the equation is dimensionally incorrect. 
Reason (R): Velocity and acceleration have different dimensions. 
ANSWERS 
1. a          2. a           3. a            4.d       5. b 

SHORT ANSWER TYPE QUESTIONS (2 MARKS QUESTIONS) 
1. Express 1mm and 1fm in meter 
2. Define A.U. and light year.. 
3. Mention two physical quantities having same dimensional formulae but different units. 
4. Distinguish between fundamental units and derived units? 
5 How will you measure the diameter of the Moon using Parallax method?. 
6. Deduce the dimensional formula for the following physical quantities 
a) coefficient of viscosity                       b) surface tension 
7. State the principle of dimensional homogeneity. 
8. Check if the equation v=u + at is dimensionally correct. 
9. Give the applications of the method of dimensional analysis 
10. If the unit of force is taken as 1 kilonewton (kN), the unit of length as 1 kilometre (km), and the unit of 
time as 100 seconds, determine the corresponding unit of mass in this system of units. 

ANSWER(2 MARKS ) 
Q1. - Answer: 1mm = 10–6m           1fm = 10–15 m 
Q2 - Answer: A.U. is average distance of the Sun from the Earth. 1 A.U = 1.496 X 1011 m 
Light year is the distance that light travels with velocity of 3 × 108 m s–1 in 1 year.1 LY= 9.467 X 1015 m 
Q3 -Answer: Following quantities have same dimensional formula: [M0L0T–1]. But they have different 
units: (i) Angular velocity (rad s–1) (ii) Velocity gradient (s–1) (iii) Frequency (Hz)           
Q4 - Answer: The units in which the fundamental quantities are measured are called fundamental or base 
units Examples- m, s, kg, A, mol 
The units in which all the physical quantities which can be obtained by a suitable multiplication or division 
of power on fundamental units are called derived units Examples- m/s, kg/m3 
Q5 - Answer: Diameter of Moon ; AB = d Parallax angle ; ∠AOB = θ Distance of Moon from 
Earth   
OA = OB = D • Hence, 𝜃𝜃= 𝐴𝐴𝐴𝐴/𝑂𝑂𝑂𝑂=𝑑𝑑/ 𝐷𝐷        𝑑𝑑=𝐷𝐷 𝜃𝜃                            
Q6 - Answer: a) ML−1T−1,             b) ML0T−2 
Q7 -Answer:The principle of dimensional homogeneity states that all terms in a physically meaningful 
equation must have the same dimensions. 
Q8 -Answer:   LHS: [v] = [LT−1]   RHS: [u] = [LT−1] 
[a·t] = [LT−2] [ T ]⇒ Both sides = [LT−1]=[L T-1]+[LT−2] [T ] 
Yes, the equation is dimensionally correct. 
Q9 -Answer: To convert a physical quantity from one system of units to another.  
To check the dimensional correctness of a given physical equation.  
 To establish the relation among various physical quantities. 
Q10.As W.K.T 𝐹𝐹 = [𝑀𝑀𝑀𝑀𝑇𝑇−2] ⇒ 𝑀𝑀 = 𝐹𝐹 𝑋𝑋 𝑇𝑇2

𝐿𝐿
 

Unit of force = 1 kN = 103 N   Unit of length = 1 km = 103 m 
Unit of time = 100 s = 102 s     𝑀𝑀 = 103 𝑋𝑋 (102)2

103
  = 104Kg 

CHALLENGE CORNER 
1. Check whether the given equation F.s = 1

2
𝑚𝑚𝑣𝑣2 − 1

2
𝑚𝑚𝑢𝑢2  is dimensionally correct, or not where, m is mass 

of the body, v is its final velocity, u is its initial velocity, F is applied force and s is distance covered. 
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2. How many significant figures are present in 0.02030? 
3. Round off 4.376 to 3 significant figures. 
4. Deduce the dimensional formula for R, using ideal gas equation PV = nRT.? 
5. Mention some physical quantities having same dimensional formulae but different units? 

HINTS :- 
Q1 - Ans: Yes correct L.H.S=R.H.S 
Q2 - Ans:There are 4 significant figures:2,0,3, & the final 0 (after decimal & non-zero digits  
Q3 - Ans: Rounded value = 4.38 
Q4 - Ans: [ML2T–2K–1 mol–1] 
Q5 - Ans: No. 

COMMONLY MADE ERROR : 
• Students should carefully use the dimension of all the quantities and then deduce the result 
• Students may commit mistake while calculating the dimension of the given quantities. 

SHORT ANSWER TYPE QUESTIONS (3 MARKS QUESTIONS) 
1. The Van der Waal equation for 1 mole of a real gas is ( P + 𝑎𝑎

𝑣𝑣2 ) ( V – b ) where P is the pressure, V is the 
volume, T is the absolute temperature, R is the molar gas constant  and a, b are Van dar Waal constants. 
Determine the dimensional formulae of the constants 𝑎𝑎and 𝑏𝑏 
2. From a point on the ground, the top of a tree is seen to have an angle of elevation 60°. The distance 
between the tree and a point is 50 m. Calculate the height of the tree? 
3. What are significant figures? State any two rules for determining significant figures. Give one example. 
4. Round off the following numbers to 3 significant figures: 
(i) 0.004376    (ii) 56.987         (iii) 12345 
5. Fill in the blanks by suitable conversion of units :  
(a)1 kg m2s–2 = ...g cm2s–2           (b) 1 m = ...ly (light year)   
 (c) G = 6.67 × 10–11 Nm2 kg–2 = .... cm3 s–2 g–1. 
6. Answer the following :  
(a) You are given a thread and a metre scale. How will you estimate the diameter of the thread ?  
(b) A screw gauge has a pitch of 1.0 mm and 200 divisions on the circular scale. Do you think it is possible 
to increase the accuracy of the screw gauge arbitrarily by increasing the number of divisions on the circular 
scale ?. 
(c) The mean diameter of a thin brass rod is to be measured by vernier callipers. Why is a set of 100 
measurements of the diameter expected to yield a more reliable estimate than a set of 5 measurements only ? 
7. If the value of universal gravitational constant in SI is 6.6x10−11 Nm2 kg−2, then find its value in CGS 
System?. 

ANSWER WITH SOLUTIONS(3 MARKS) 
Q1. Van der Waals equation:(P+ 𝑎𝑎

𝑉𝑉2 )/(V−b)=RT  Dimensions of volume V=[V]=[L3]         Dimensions of 
pressure P   =   [P]=[ML−1T−2]        Dimensions of a:   From 𝑎𝑎

𝑉𝑉2  = P                a=[L3]2 
[ML−1T−2]⇒[a]=[ML5T−2]  Dimensions of b: From V−b the terms must have the same dimension  
[b]=[V]=[L3]  
Q2. θ = 60°, 𝑥𝑥=50 𝑚𝑚, ℎ=  
 ℎ=𝑥𝑥tan𝜃𝜃=50tan60°=50 𝑋𝑋 √3=50 𝑋𝑋 1.732           h=86.6 m 
Q3 – Ans Significant figures are the digits in a measurement that are known accurately. 
Two Rules for Determining Significant Figures: 
All non-zero digits are always significant. Example: In 456, ⇒3 significant figures. 
Zeros between two non-zero digits are significant. 
Example: In 4003, the zeros between 4 and 3 are significant ⇒4 significant figures. 
Example Combining the Rules: Number: 204.05         Digits: 2, 0, 4, 0, 5 
All non-zero digits (2, 4, 5) are significant. Zeros between non-zero digits (the 0s) are also significant.   
⇒Number of significant figures = 5 
Q4 – Ans (i) 0.004376 → 0.00438       (ii) 56.987 → 57.0    (iii) 12345 → 12300 
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Q5 – Ans (a) 107 (b) 1.053 × 10–16  (c) 6.67 × 10–8 
Q6 - Ans(a) By winding the thread in close turns on a pencil and using the formula i.e., Diameter = Average 
length No. of turns  
(b) Yes, by increasing the number of divisions on circular scale as Least count = Pitch No. of divisions on 
circular scale  
(c) Random error is reduced on taking large number of observations. 
Q7 - In S I system, G = 6.6 X 10-11 N m2 kg-2 ; In CGS system, CGS = ? Dimensional formula of 
gravitational constant ; [𝑀𝑀𝑎𝑎𝐿𝐿𝑏𝑏𝐿𝐿𝑐𝑐] =[𝑀𝑀−1𝐿𝐿3 𝑇𝑇−2] Hence, 𝑎𝑎 = −1, 𝑏𝑏 = 3, 𝑐𝑐 = −2 

 
CHALLENGE CORNER 

1. A calorie is a unit of heat or energy and it equals about 4.2 J, where 1 J = 1kgm2s–2. Suppose we employ a 
system of units in which the unit of mass equals 𝛼𝛼 kg, the unit of length β m, the unit of time is γ s. Show 
that a calorie has a magnitude 4.2 𝛼𝛼–1 β–2 γ2 in terms of new units. 
2. State the number of significant figure in :  
(a) 0.007 m2 (b) 2.64 × 1024 (c) 0.2370 g cm–3 (d) 6.320 J (e) 6.032 Nm–2 (f) 0.0006032 m2 
3. Convert 76 cm of mercury pressure into Nm−2 using the method of dimensions 
4. Check the correctness of the equation  1

2
𝑚𝑚𝑣𝑣2 = 𝑚𝑚𝑚𝑚ℎ using dimensional analysis method. 

5. The radius of circle is 3.12 m. Calculate the area of the circle regard to significant figures. 
LONG ANSWER TYPE QUESTIONS (5 MARKS QUESTIONS) 

Q1. 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) 
Q2. A new system of units is proposed in which unit of mass is  𝛼𝛼  kg, unit of length  β  m and unit of time γ 
s. How much will 5 J measure in this new system? 
Q3.(a) Explain any three important applications of dimensional analysis with suitable examples 
(b)Using dimensional analysis, derive an expression for the speed v of a wave on a string. Assume that it 
depends on:Tension T in the string, and   Mass per unit length μ. 

ANSWERS(5 MARKS) 
1. Hint:   Assume,   T ∝ ma lb gc    Use dimensions:    [T]=[M]a[L]b[LT-2] c 
Compare powers of M, L and T. 
Solution:    a = 0,  b = 1/2,  c = -1/2     Hence,    T = k√𝑙𝑙

𝑔𝑔
   Given k = 2π,    ,    T = 2𝜋𝜋√𝑙𝑙

𝑔𝑔
   

2. Hint:  Energy has dimensions:  [ML2T-2] 
New units:  M = α kg,  L = β m,  T = γ s   Solution:New unit of energy = αβ²γ-2 
Therefore,5J = n(αβ²

γ−2
)             n = 5 γ2

αβ²
 

3.(a)  1. Checking correctness of equations Example:   s = ut + 1/2 at² 

2. Deriving formulae Example:  T = 2𝜋𝜋�𝑙𝑙
𝑔𝑔
 

3. Conversion of units  Used for converting one system of units into another. 
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(b) Assume, v ∝ Ta μb   where    [T] = MLT-2,   [μ] = ML-1 

Compare dimensions.   Solution:a = 1/2,   b = -1/2    Hence,  v = �𝑇𝑇
μ
 

������ SCIENTIST CORNER: CHANDRASEKHAR LIMIT 
The Chandrasekhar Limit is the maximum mass of a stable white dwarf star, equal to about 1.4 times the 
mass of the Sun. If a star exceeds this limit, it collapses further to form a neutron star or a black hole. This 
concept was proposed by Indian astrophysicist Subrahmanyan Chandrasekhar, who received the Nobel Prize 
in Physics (1983) for his contribution to stellar evolution 

CASE STUDY BASED QUESTIONS 
CASE STUDY 1: Principle of Homogeneity and Dimensional Consistency 
Read the following passage and answer the questions that follow: The principle of homogeneity of 
dimensions is extremely useful in checking the correctness of an equation in physics. According to this 
principle, if the dimensions of all the terms in an equation are not the same, the equation is wrong. If an 
equation fails this consistency test, it is proven wrong; however, if it passes, it is not necessarily proven 
right. Thus, a dimensionally correct equation need not be an correct equation, but a dimensionally 
inconsistent equation must be wrong. 
Q1 The SI unit of energy is J = kg m² s⁻², speed v is m s⁻¹, & acceleration a is m s⁻². Which of the following 
formulas for K.E (K) is WRONG on the basis of dimensional arguments? 
(a) K = (1/2mv²   (b) K = m²v³   (c) K = (1/3)mv²         (d) K = (1/5)mv² 
Q2.. In the dimensional equation T = k lx gy mz (representing the time period of a simple pendulum), what is 
the correct value of Z? 
(a) Z = 0      (b) Z = 1          (c) Z = 2           (d) Z = 1/2 
Q3. A famous physical relation relates the 'moving mass' m to the 'rest mass' m₀ of a particle in terms of its 
speed v and the speed of light c. This relation first arose as a consequence of: 
(a) The Principle of Homogeneity      (b) Special relativity due to Albert Einstein 
(c) Dimensional Analysis                   (d) Quantum Mechanics 
Q4. A calorie is a unit of heat that equals about 4.2 J, where 1 J = 1 kg m² s⁻². If we employ a new system of 
units where the unit of mass equals α kg, the unit of length equals β m, and the unit of time is γ s, what is the 
magnitude of a Calorie in this new system? 
(a) α⁻¹ β⁻² γ²   (b) α⁻¹ β² γ³    (c) α⁻² β⁻² γ²         (d) α² β² γ⁻² 
CASE STUDY 2: PHYSICAL QUANTITIES AND PENDULUM MECHANICS 
Read the following passage and answer the questions that follow: A researcher is studying the motion of 
a particle in a gravitational field. To understand the dependencies of different physical quantities, the 
researcher derives the mathematical expression for the time period of a simple pendulum. The derived 
formula is T = 2π√(l/g), where T represents the time period in seconds, l represents the length of the 
pendulum in meters, and g represents the gravitational acceleration in m/s². 

Q1 In the derived formula T = 2π�𝑙𝑙
𝑔𝑔
, what physical quantity does g represent? 

(a) Mass of the pendulum              (b) Acceleration due to gravity 
(c) Velocity of the pendulum        (d) Time period 
Q2 If the simple pendulum swings on the Moon, where gravity is weaker than on Earth, what        
 happens to its time period T? 
(a) It decreases   (b) It increases   (c) It remains unchanged     (d) It becomes zero 
Q3 If the length of the pendulum is quadrupled (4l), what happens to the time period? 
(a) It doubles   (b) It becomes four times  (c) It becomes half    (d) It remains the same 
Q4 Based on the given mathematical expression, which of the following physical quantities will NOT affect 
the time period of a simple pendulum? 
(a) Length of the pendulum          (b) Acceleration due to gravity 
(c) Mass of the pendulum bob      (d) Location of the pendulum (Earth vs Moon) 
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CASE STUDY 3. TESTING A NEW SPORTS DRINK BOTTLE 
A sports company is designing a new bottle for athletes. During testing, the physics team studies different 
physical quantities related to the bottle such as volume, force applied while squeezing, pressure inside the 
bottle, and speed of water coming out through the nozzle. 
A student intern records the following observations: 

• Radius of bottle opening = 2 cm              Water speed from nozzle = 5 m s−1 
• Force applied while squeezing = 20 N     Area of nozzle opening = 4 × 10−4 m2 

The intern also proposes some equations during the experiment. The physics team checks whether the 
equations are dimensionally correct & whether proper SI units are used. 
Q1. The pressure inside the bottle is calculated using: 𝑃𝑃 = 𝐹𝐹

𝐴𝐴
 

What are the dimensions of pressure? 
(a)[𝑀𝑀1𝐿𝐿−1𝑇𝑇−2]    (b)[𝑀𝑀1𝐿𝐿𝑇𝑇−2]    (c)[𝑀𝑀0𝐿𝐿−1𝑇𝑇−2]         (d)  [𝑀𝑀1𝐿𝐿−2𝑇𝑇−1] 
2. A student says that the kinetic energy of flowing water can be written as:𝐸𝐸 = 1

2
𝑚𝑚𝑣𝑣2 

Which of the following represents the dimensions of energy? 
(a)[𝑀𝑀𝐿𝐿2𝑇𝑇−1]    (b)[𝑀𝑀𝐿𝐿2𝑇𝑇−2]   (c)[𝑀𝑀2𝐿𝐿𝑇𝑇−2]    (d)[𝑀𝑀𝑀𝑀𝑇𝑇−1] 
3. During unit conversion, the intern writes: 1 litre = 1 m3.The statement is: 
(a) Correct because both measure volume                (b) Incorrect because 1 litre = 10−3 m3 
(c) Incorrect because litre is not a unit of volume     (d) Correct only in CGS system 
4.  The intern proposes the equation for distance travelled by water:𝑠𝑠 = 𝑢𝑢𝑢𝑢 + 1

2
𝑎𝑎𝑡𝑡2 

Why is this equation considered dimensionally correct? 
(a) All terms have dimensions of force      (b) All terms have dimensions of velocity 
(c) All terms have dimensions of length    (d) All terms are dimensionless 
SOLUTIONS CASE STUDY-1 
1. (b) K = m²v³   Hint: According to homogeneity the dimensions of both sides must match.  
2. Answer: (a) Z = 0 
Hint: The time period of a simple pendulum is independent of its mass.  
3. Answer: (b) Special relativity due to Albert Einstein 
Hint: The text explicitly states that this mass-speed relation first arose as a consequence of special relativity 
developed by Albert Einstein. 
4. Answer: (a) α⁻¹ β⁻² γ²Hint: The dimensional formula for energy is [ML²T⁻²].  
CASE STUDY-2 
1.Answer: (b) Acceleration due to gravity  2. Answer: (b) It increases 
3. Answer: (c) It increases 
4. Answer: (d) Mass of the pendulum bob Hint: The term for mass (m) is completely absent from the 

formula T = 2π�𝑙𝑙
𝑔𝑔
, indicating that the T is independent of the bob's mass 

CASE STUDY-3       1.(a)                 2.(b)              3.(b)                      4.(c) 
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CHAPTER-2      
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MULTIPLE CHOICE QUESTIONS (MCQ) 

1. A passenger in an automobile observes that raindrops make an angle of 30° 
with the horizontal as the auto travels forward with a speed of 60km/h. Compute 
the terminal (constant) velocity of the rain if it is assumed to fall vertically 
(a) 34.6 km/h   (b) 44.6 km/h     (c) 54.6 km/h (d) 24.6 km/h 
2. Two objects of masses m1 and m2 fall from the heights h1 and h2 respectively. 
The ratio of the magnitude of their momenta when they hit the ground is  

(a) �ℎ1ℎ2   (b) �
𝑚𝑚1ℎ1
𝑚𝑚2ℎ2

    (c) 𝑚𝑚1
𝑚𝑚2
�ℎ1
ℎ2

   (d) 𝑚𝑚1
𝑚𝑚2

 

3. An athlete finishes a round of circular track of radius R in 40 sec. What is his displacement at the end of 2 
min 20 sec?  

(a) 2R          (b)  2πR                   (c) 7πR                        (d) Zero  
4. A ball is dropped from height h. The velocity attained by the ball just before reaching the ground is  
(a)�2𝑔𝑔ℎ              (b) �3𝑔𝑔ℎ                   (c)�𝑔𝑔ℎ                             (d)zero  
5. A car travels from A to B at a speed of 20 Km/hr and returns at a speed of 30 Km/hr the average speed of 
the car for the whole journey is  

(a) 5 Km/hr       (b) 24 Km/hr        (c) 25 Km/hr              (d) 50 Km/hr 
6. A 100 m long train is moving with a uniform velocity of 45 Km/hr. The time taken by the train to cross a 
bridge of length 1 Km is  

(a) 58 second         (b) 68 second       (c) 78 second           (d) 88 second 
7. If t=√𝑥𝑥 + 4, 𝑡𝑡ℎ𝑒𝑒𝑒𝑒 �𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑
�
𝑡𝑡=4 

𝑖𝑖𝑖𝑖   

(a) 4       (b) zero          (c) 8         (d) 16 
8. A body moves with uniform acceleration, then which of the following graphs is correct – 

   
(a)                                           (b)                                   (c)                                  (d) 

9. A ball is thrown vertically upward. Ignoring the air resistance, which one of the following plot represents 
the velocity-time plot for the period ball remains in air? 

 

t

v

t

a

vr
va = 60 km/h

t

v

t

s
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Q10.A stone falls freely such that the distance covered by it in the last second of its motion is equal to the 
distance covered by it in the first 5 seconds it remained in air for 

(a) 12 sec        (b) 13 sec        (c) 25 sec            (d) 26 sec  
CHALLENGE CORNER 

Q11. A car travels first half of the distance between two places with a speed of 30 Km/hr and remaining half 
with the speed of 50 Km/hr the average speed of the car is  

(a) 37.5 Km/hr      (b) 42 Km/hr    (c) 40 Km/hr    (d) 49 Km/hr 
Q12. The motion of a particle is described by the equation u=at.The distance travelled by the particle in first 
4 second is 

(a) 4a        (b) 12a         (c) 6a         (d) 8a 
Q13. A body a is thrown up vertically from the ground with a velocity v0  and another body B is 
simultaneously dropped from a height H they meet at a height H/2,if v0 is equal to 

(a)   �2𝑔𝑔𝑔𝑔         (b) �𝑔𝑔𝑔𝑔                   (c) 1
2�𝑔𝑔𝑔𝑔               (d) )�2𝑔𝑔

ℎ
 

Q14. A particle starts from rest with constant acceleration =2m/s2.Find displacement in 5thsec 
 (a) 9m  (b) 18m        (c) 15m  (d) 6m 
Q15.A ball falls from 20 m height on floor & rebounds to 5 m. Time of contact is 0.02 sec. Find acceleration 
of the ball during impact 

(a) 1200 m/s2     (b) 1000 m/s2       (c) 2000 m/s2         (d) 1500 m/s2 
SOLUTIONS OF MCQ :- 

1. (a) 34.6 km/h   Explanation tan 30∘ = 𝑣𝑣
60

   Since,  tan 30∘ = 1
√3

 

Therefore,𝑣𝑣 = 60 × 1
√3

         𝑣𝑣 = 60
1.732

             𝑣𝑣 ≈ 34.6 km/h 

2.(a) If the displacement of an object is proportional to square of time, then the object is moving with 
constant acceleration 
3 (a) 2R 
 4 (a) �2𝑔𝑔ℎ 

5 (b) vavg=
2×20×30
20+30

=24 Km/hr 
6 (d) Total Distance=Length of train+ Length of Bridge 
         Total Distance=(100+1000)=1100 m       Speed 45 km/hr=45× 5

18
= 25

2
𝑚𝑚/𝑠𝑠 

Time taken=Total distance/speed= 1100
25/2

=88 sec 

7. (b) x=(t-4)2=t2-8t+16    𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 2𝑡𝑡 − 8  At t=4,  𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 0 
8. (a)     𝑣𝑣-𝑡𝑡 graph is a straight line → Correct          
9.(a) During upward motion the magnitude of velocity decreases while during downward motion magnitude 
of velocity increases hence v-t graph is a straight line with a negative slope 
10 (b) Snth=u+𝑔𝑔

2
(2𝑛𝑛 − 1)   For freely falling body u=0 Therefore, Snth = 𝑔𝑔

2
(2𝑛𝑛 − 1) 

Distance travelled in first 5 sec S=ut+1
2
𝑔𝑔𝑡𝑡2=25

2
𝑔𝑔 Given Snth =S    

ANSWERS OF CHALLENGE CORNER 
11. (a) 37.5 Km/hr 12. (d) 8a 13. (b) �𝑔𝑔𝑔𝑔 14. (a) 9m 15. (d) 1500 m/s2 

ASSERTION REASON BASED QUESTION 
In the following questions a statement of assertion(A) is followed by a statement of reason(R) mark the 
correct choice as  
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(e) If both assertion and reason are true and reason is the correct explanation of the assertion  
(f) If both assertion and reason are true but reason is the not correct explanation of assertion  
(g) If assertion is true but reason is false 
(h) If both assertion and reason are false 

1. ASSERTION: The speed of a body can be negative. 
REASON: If the body is moving in the opposite direction of positive motion, then its speed is negative. 
2. ASSERTION: An object can have constant speed but variable velocity. 
REASON: SI unit of speed is m/s. 
3. ASSERTION: In real-life, in a number of situations, the object is treated as a point object. 
REASON: An object is treated as point object, as far as its size is much smaller than the distance, it moves 
in a reasonable duration of time. 
4. ASSERTION: The speedometer of an automobile measures the average speed of the automobile. 
REASON: Average velocity is equal to total distance divided by total time taken. 
5. ASSERTION: A body can have acceleration even if its velocity is zero at that instant of time. 
REASON: The body will be momentarily at rest when reverses its direction of motion 
6. ASSERTION: When a body is dropped or thrown horizontally from the same height it would reach the 
ground at the same time  
REASON: Horizontal velocity has no effect on the vertical motion  
7. ASSERTION: Displacement of a body may be zero when distance traveled by it is not zero   
REASON: The displacement is the longer distance between initial and final positions 

 
CHALLENGE CORNER 

1. ASSERTION: Retardation is directly opposite to the velocity.  
REASON:  Retardation is equal to the time rate of decrease of speed 
2.ASSERTION: In the presence of air resistance, if the ball is thrown vertically upward then time of ascent 
is less than the time of descent.  
REASON:  Force due to air friction always acts opposite to the motion of body. 
3.ASSERTION: The area under acceleration-time graph is equal to velocity of object. 
REASON: For an object moving with constant acceleration position-time graph is a straight line. 
4. ASSERTION: It is not possible to have constant velocity and variable acceleration.  
REASON: Accelerated body cannot have constant velocity. 
5. ASSERTION: A body moving with decreasing speed may have increased acceleration.  
REASON: The speed of body decreases when acceleration of body is opposite to velocity 
SOLUTIONS OF A &R :- 
1. (d)  Speed can never be negative because it is a scalar quantity. So, if a body is moving in negative 
direction, then also the speed will be positive. 
2.  (b) Velocity is a vector quantity, so it has both direction and magnitude. Hence, an object can have 
variable velocity by keeping its magnitude constant, i.e. speed and by changing direction only. 
3. (a) The approximation of an object as point object is valid only, when the size of the object is much 
smaller than the distance it moves in a reasonable duration of time. 
4. (d) The assertion that the speedometer measures average speed is incorrect; it measures instantaneous 
speed. The reason, stating average velocity is total distance divided by total time, is also incorrect.  
5. (a)  When a body thrown up vertically will have zero velocity at the highest point but its acceleration will 
be equal to g. 
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6. (a)  Horizontal velocity has no effect on time of flight. Therefore both assertion and reason are true and 
the reason is the correct explanation of the assertion 
7. (c) As displacement is the shortest distance between the initial & final position. 

ANSWERS OF CHALLENGE CORNER 
1. (b)   2. (a)   3.(d)   4.(b)    5. (b)  

 
SHORT ANSWER QUESTIONS (2 MARKS) 

1. Two balls of different masses are thrown vertically upward with the same initial speed. Which one will 
rise to a greater height? 
2. Can a body have a constant speed and still have a varying velocity? 
3. The position coordinate of a moving particle is given by x=6+18t + 9t2(Where x is in meters and t is in 
seconds) what is the velocity at t=2 second? 
4. Derive an equation for the distance travelled by a body moving with uniform acceleration during the nth 
second of its motion.  
5. Is it possible to have a constant rate of change of velocity when velocity changes both in magnitude and 
election if yes give one example  

CHALLENGE CORNER 
6.A bowl hits a ball with a velocity of 30 m/s and re bounces with the same velocity what is the change in its 
velocity  
7.A student went on his bike from Delhi to Gurgaon at a speed of 60km/hr and came back at a speed of 
40km/hr. What is his average speed for the entire journey? 
8.A particle is thrown upwards. It attains a height (h) after 5 seconds and again after 9s comes back. What is 
the speed of the particle at a height h? 
9.Displacement of a particle is given by the expression x=3t2+7t, where x is in meters and t is in seconds. 
What is acceleration? 
10.The displacement x of a particle moving in one dimension under the action of the constant force is related 
to the time by the equation t=√𝑥𝑥 − 3  where x is in meters and t is in seconds. Find the velocity of the 
particle at t = 3s  

SOLUTIONS (2 MARKS):- 
1: Ans: When two balls of different masses are thrown vertically upward with the same initial speed, both of 
them will rise to a greater height. 
2: Yes, a particle in uniform circular motion has a constant speed but varying velocity because of the change 
its direction of motion at every point 
3:Given x=6+18t + 9t2  
𝑣𝑣 = 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑
= 𝑑𝑑

𝑑𝑑𝑑𝑑
(6+18t + 9t2)=18+18t           At t=2 sec   v=18+18x2=54ms-1  

4: Prove Sn = u + 𝑎𝑎/2(2n- 1) 
5: Yes, in projectile motion a body has uniform acceleration in the downward direction while its velocity 
changes both in direction and magnitude at every point of its trajectory. 

 
ANSWERS OF EXERCISE QUESTIONS 

6: -60 ms-1 7: 48 Km/hr       8 :19.6 m/s  9 :  6m/s2        10: 12m/s 
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SHORT ANSWER QUESTIONS (3 MARKS) 
1. A body is moving in a straight line and begins to slow down gradually. In such a situation: 
(a) Identify the condition of motion. 
(b) State the directions of velocity and acceleration vectors. 
(c) Justify your answer with a suitable real-life example 
2. Two straight lines drawn on the same displacement time graph makes angle 
30° and 60° with time axis respectively as shown in the figure  

(a) which line represents greater velocity  
(b) what is the ratio of the two velocities 
(c) What is the nature of motion represented by each line? 

3. Draw following graphs representing motion of an object under freefall neglect air resistance  
(a) variation of position with respect to time   (b) variation of velocity with respect to time  
(c) variation of acceleration with time  
4. A car moving along a straight highway with a speed of 126 km h–1 is brought to a stop within a distance 
of 200 m. What is the retardation of the car (assumed uniform), and how long does it take for the car to stop? 
5.A body travels from A to B at 40 ms-1& from B to A at 60 ms-1. Calculate the average speed and average 
velocity. 
6.The position of and object moving along x-axis is given by x=a+bt2, where a=8.5m and b=2.5 ms-2 and (t) 
is measured in seconds. What is the velocity at t=0s and t=2.0s? What is the average velocity 
between t=2.0s and t=4.0s ? 
7. The displacement (in metre) of a particle moving along x-axis is given by x=18t+5t2. Calculate    (i) the 
instantaneous velocity t=2s   (ii) average velocity between t=2s to t=3s  
(iii) instantaneous acceleration. 
8.A body covers 12m in 2nd second and 20m in 4th second. How much distance will it cover in 4 seconds 
after the 5th second ? 

CHALLENGE CORNER 
9. State with reasons which of these following graphs cannot possibly represent one-dimensional motion of a 
particle. 

 
10.A body starts accelerating uniformly with a from a velocity ‘u’ and travels in a straight line. Prove that it 
covers a length of u+a/2 (2t-1)in the tth second of motion. 
11.If the initial velocity of a particle is u and collinear acceleration at any time t is a∝t. calculate the final 
velocity of the particle after time t. 
12.Identify the types of motion in following cases : 

  
13. Using calculus, derive the three equations of motion for an object moving in a straight line with uniform 
acceleration:  v=u+at   , s= ut+1/2 at2     , v2=u2+2as 
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SOLUTIONS: - 
Ans 1: (a) Condition of Motion: 
The body is undergoing retardation or deceleration—a condition where the speed of the body decreases with 
time. 
(b) Direction of Vectors: The velocity vector is in the direction of motion of the body. 
The acceleration vector is opposite to the direction of velocity, as it acts to reduce the body’s speed. 
(c) Justification with Example: A common example is a car moving forward and gradually coming to a stop 
when the brakes are applied. While the car continues to move forward for a while, the acceleration due to 
braking acts in the opposite direction, slowing it down until it stops 
Ans 2 .(a) The line with a greater slope (i.e., 60°)  represents greater velocity 
(b) Ratio of two velocities=𝑣𝑣𝐴𝐴

𝑣𝑣𝐵𝐵
= tan 30

tan 60
= 1

3
 

(c) Nature of Motion : Each straight line on a displacement-time graph represents uniform motion. 
3 : 
 
 
 
 4 : The initial velocity of the car = u ,Final velocity of the car = v 
Distance covered by the car before coming to rest = 200 m 
Using the equation,    v = u + at   ⇒ t = (v – u)/a = 11.44 sec. 
5: Avg Speed=𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
= 2𝑣𝑣1𝑣𝑣2

𝑣𝑣1+𝑣𝑣2
=48 Km/hr  

Avg Velocity=𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

  As body returns to its initial state Therefore net displacement is 
zero      Hence Avg velocity=0 
6: v(t)=dx

dt
= d

dt
(a + b𝑡𝑡2) = 0 + 2𝑏𝑏𝑏𝑏     At t=0; v=0     & At t=2 s       v=2x2.5x2=10 ms-1  

At t=2 s         x=a+4b    &      At t=4 s   x=a+16b Avg Velocity=𝑥𝑥2−𝑥𝑥1
𝑡𝑡2−𝑡𝑡1

= a+16b−a−4b
4−2

=6b 

Hence, Avg Velocity= 6x2.5=15 ms-1 
7 : As,x=18t+5t2       v(t)=dx

dt
= 18 + 10t     &        a(t)=dv

dt
= 10 ms-2 

vel at t=2   v (2) =18+10(2) =38ms-1  v (3) =18+10(3) =48ms-1 Since acceleration is constant 

V avg=
v(3)+v(2)

2
= 43 ms-1 & instantaneous acceleration a=10 ms-2  

8 :Case I: let initial velocity = u m/s ,distance=s=12m,Time =t=2sec 
S=  u+ a/2(2t-1) ⇒  12=u+ a/2 (2x2-1)  ⇒12=u+3a/2  ⇒   2u+3a=24--------------(1) 
Case II: Time=t=4sec,distance =s=20m     20=u + a(2x4-1)/2   ⇒20=u+7a/2 ⇒ 2u+7a=40--(2) 
from 1 and 2:    -4a=-16  ⇒ a=4m/s2 substitute the value of a in equation 1 we get :   u=6m/s  
Case iii:distance covered in 4sec after 5second=distance covered in 9th s-distance covered in 5 sec    =    (6 x 
9+1/24 x9 x 9)-(6 x 5+1/2 x 4 x 5 x 5)   =  54+162-(30+50)=136 m 

 
ANSWERS OF CHALLENGE CORNER 

9: (a) It is not possible because at the same time a body has two positions which is not possible. 
(b) It is not possible because here a body at the same time possesses two different velocities. 
(c) It is not possible as the total path length travelled by the particle cannot decrease with time. 
(d) It is not possible as speed cannot be negative 
10: Length covered in tth second of motion = u+a/2 (2t-1) 
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11. v=𝐾𝐾𝐾𝐾
2

2
 

12. A-Body is at rest  B - Body has uniform motion - velocity is constant 
C - Uniform motion but −ve velocity   D - Not possible , since x takes many values for same time. E - 
accelerated motion, since slope inc.   F - decelerated motion, since velocity dec 
13 :  Derivation using calculus method  
(i) v = u + at     (ii) s= ut+1

2
𝑎𝑎𝑡𝑡2    (iii) v² - u² = 2as   or   v² = u² + 2as 

 
LONG ANSWER TYPE QUESTIONS (5 MARKS) 

1. While waiting at a metro station, a student records the motion of a train 
as it arrives. The velocity-time graph of the train is as follows:  
(a) Draw a velocity-time graph for the entire motion. 
(b) Calculate the total distance covered by the train. 
(c) Find the total time taken and the average speed of the train. 
(d) Identify the nature of acceleration in each phase and explain its physical 
meaning 
2. Water drops fall freely from a tap at a height of 4.9 m. If time interval between successive drops is equal 
and the 4th drop is released when the first lands on the ground, find the separation between the second and 
third drops 
3.A player throws a ball upwards with an initial speed of 29.4ms-1 
(a) What is the direction of acceleration during the upward motion of the ball?  
(b) What are the velocity and acceleration of the ball at the highest point of its motion? 
(c) Choose the x = 0 m and t = 0 s to be the location and time of the ball at its highest point, vertically 
downward direction to be the positive direction of x-axis, and give the signs of position, velocity and 
acceleration of the ball during its upward, and downward motion.  
(d) To what height does the ball rise and after how long does the ball return to the player's hands? (Take g = 
9.8 ms-2 and neglect air resistance). 
4. A ball is dropped from a height of 90 m on a floor. At each collision with the floor, the ball loses one-
tenth of its speed. Plot the speed-time graph of its motion between t = 0 to 12 s 
5. A point object is thrown vertically upwards at such a speed that it returns the thrown after 6 seconds. With 
what speed was it thrown up and how high did it rise? Plot speed-time graph for the object and use it to find 
the distance travelled by it in the last second of its journey.  

CHALLENGE CORNER 
6. Derive an equation for the distance covered by a uniformly accelerated body in nth second of its motion. 
A body travels half its total path in the last second of its fall from rest. Calculate the time of its fall 
7. The position-time (x-t) graphs for two children A and B returning from 
their school O to their homes P and Q respectively are shown in Fig. 
3.19. 
Choose the correct entries in the brackets below;  
(a) (A/B) lives closer to the school than (B/A)  
(b) (A/B) starts from the school earlier than (B/A)  
(c) (A/B) walks faster than (B/A)  
(d) A and B reach home at the (same/different) time  
(e) (A/B) overtakes (B/A) on the road (once/twice). 
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8. An aircraft needs a minimum speed of 108 km/h to take off. The runway is 500 meters long. A pilot 
begins from rest and accelerates uniformly. 
(a) What is the minimum acceleration required for the aircraft to take off within the runway length? 
(b) How long does it take to reach take off speed? 
(c) Sketch the velocity-time graph. 
(d) Suppose wind resistance causes a deceleration of 1 m/s² during motion. How would this affect the 
aircraft's ability to take off? 
(e) Give one real-world precaution engineers must consider when designing runways based on this motion 
concept. 

SOLUTIONS: 
1:(a) Linearly rising from 0 to 16.67 m/s in 20 s Horizontal line at 16.67 m/s for 40 s 
Linearly decreasing from 16.67 m/s to 0 in 30 s 
(b) Total Distance Covered 
During acceleration (0 to 20 s): a=𝑣𝑣−𝑢𝑢

𝑡𝑡1
=16.67−0

20
=0.8335 m/s2   & s1= ut+𝑎𝑎

2
𝑡𝑡2=166.7 ms-1  

During constant speed (20 to 60 s):    s2=v×t2=16.67×40=666.8 ms-2  
During deceleration (60 to 90 s): a=𝑣𝑣−𝑢𝑢

𝑡𝑡3
=−0.556m/s2     s3= v𝑡𝑡3+𝑎𝑎

2
𝑡𝑡32=250.05 ms  

Total distance: s=s1+s2+s3=166.7+666.8+250.05=1083.55 m 
(c) Total time t=20+40+30=90 s = 90 s 
Avg speed or vavg  =     𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻 𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅 𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕

𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻 𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕
  =   𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏.𝟓𝟓𝟓𝟓 

𝟗𝟗𝟗𝟗
 ≈12.04m/s  

(d) Nature of acceleration: 
First 20 s: Positive uniform acceleration (speed increasing) 
Next 40 s: Zero acceleration (constant speed) 
Last 30 s: Negative uniform acceleration (deceleration to rest) 

2 :    As, h = 4.9 m   Time for a drop to reach ground t=�2ℎ
𝑔𝑔

=√2𝑋𝑋9.8
9.8

=1 sec 

when the first drop lands on ground, the 4th is ready to come down. Therefore there are 3 equal time gaps of 
�1
3
�between two consecutive drops. Time of travel of 2nd and 3rd drops are 2

3
 & 1

3
 respectively.   Separation 

between 2nd and 3rd drops=𝑔𝑔
2
�(2
3
)2 −  (1

3
)2�=1.63 m 

3.(a) Irrespective of the direction of the motion of the ball, acceleration (which is actually acceleration due 
to gravity) always acts in the downward direction towards the centre of the Earth. 

(b) At maximum height, velocity of the ball becomes zero. Acceleration due to gravity at a given place is 
constant 9.8 ms-2   
 
(c) During upward motion, the sign of position is positive, sign of velocity is negative, and sign of 
acceleration is positive. During downward motion, the signs of position, velocity,  and acceleration are all 
positive. 
 
x > 0 for both upward and downward motions, v < 0 for upward and v > 0 for downward  motion, a > 0 
throughout the motion  
   Using v² - u² = 2as   ⇒ s= 44.1 m,     & Using v=u+ at   ⇒     t=3 s 
Total time of flight=time of ascent+ time of descent=6 s 
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4 :Let v be the speed on reaching the floor 
v2– u2 = 2as     ⇒  v2 – (0)2 = 2 × 9.8 × 90  ⇒    v2 = 1764   ⇒  v = 42 m s– 1 
Let t1 be the time taken by the ball in reaching the ground. 
v = u + at      ⇒ 42 = 0 + 9.8t1       ⇒     t1 = 4.28 s. 
(i)The speed of the ball will go on increasing at a constant rate from 0 
m/s to 42 m/s for 4.28 seconds. This is shown by the line OA. At A, the 
ball strikes the floor and its speed is decreased by 1

10
× 42 = 4.2     (i.e., 

42 – 4.2 = 37.8) m/sThis is shown by the line AB. 
(ii) The ball goes up vertically with a speed u = 37.8 m/s and at the highest point its speed v becomes zero. 
Suppose it reaches the highest point in time t2 
v = u + at2   ⇒    0 = 37.8 – 9.8t2   ⇒ t2 = 37.8

9.8
   = 3.85 s 

Therefore, the speed of the ball goes on decreasing at constant rate from 37.8 m/s to 0 for 3.85s.   v2 = u2 + 
2as    ⇒      (0)2 – (37.8)2 = – 2 × 9.8 × s       s= (37.8)2

2×9.8
=72.9 m 

Thus the ball rises to the height 72.9 m. The decrease in speed in the upward motion is shown by BC. 
(iii) After reaching the highest point, the ball will take the same time as in (ii), i.e., 3.85 s to come down and 
strike the floor. Its speed will increase from 0 to 37.8 m/s. The speed with  which it bounced back. This is 
shown by CD.  
(iv) On hitting the floor, its speed will decrease by 1

10
 of 37.8 = 3.78 ⇒37.8 – 3.78 =34.02 m/s 

This is represented by DE. 
The total time since the ball was dropped = 4.28 s + 3.85 s + 3.85 s = 11.98 s =12 s. 
5: h = u

2

2g
 = (29.4)2

2×9.8
  = 44.1 m  

Initial speed = 29.4 ms-1 Height the object attained = 44.1 m  
Distance covered in last second = area under speed-time graph 
=  1

2
 × (6 – 5) × (19.6 + 29.4) = 24.5 m 

 
 

ANSWERS OF CHALLENGE CORNER 
6.Displacement in nth second=Sn-Sn-1=u+𝑎𝑎

2
(2n-1). Let S be the complete length of fall & t be the time taken 

for it S=1
2
gt2   (u=0).Also 𝑆𝑆

2
 is covered in last second  𝑆𝑆

2
= 0 + 𝑔𝑔

2
(2𝑡𝑡 − 1)  On solving we get t2-4t+2=0⇒ t=

2 ± √2 𝑠𝑠𝑠𝑠𝑠𝑠 
7. (a) A lives closer to school than B.   (b) A starts from school earlier than B.  
(c) B walks faster than A.    (d) A and B reach home at the same time.  
(e) B overtakes A once on the road 
8.(a) a=0.9m/s2      t=33.33 s 

Net acceleration anet=0.9−1=−0.1 m/s2 
 
Runways are designed longer than the minimum required length to account for resistive forces like wind, 
friction, or emergency braking, ensuring safe takeoff  

 
CASE STUDY BASED QUESTION 

1. A person is standing on the terrace of a building 100 meters high. At time t=0, he throws a ball vertically 
upward with an initial velocity u. After a time, interval Δ t (where Δ t<2 sec), he throws a second ball 
vertically upward with an initial velocity equal to half that of the first ball. At time t=2 seconds (measured 
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from the instant the first ball is thrown), the vertical separation between the two balls is observed to be +15 
meters, with the first ball being above the second. Assume acceleration due to gravity g=10 m/s2, and 
neglect air resistance. 
(i) How does the gap between the balls change? 
 (a) Increases     (b)   Decreases       (c) Becomes zero      (d) Remains constant 
(ii) Find the initial velocity of ball 1. 
 (a) 10 m/s    (b) 20 m/s      (c) 30 m/s                (d) 40 m/s 
(iii) With what velocity was second ball thrown? 
 (a) 10 m/s      (b) 20 m/s      (c) 30 m/s     (d) 40 m/s 
(iv) Calculate the time interval between their throw. 
 (a) 0.01 s     (b) 0.1 s     (c) 1 s         (d) 10 s 
   OR 
(iv) The type of motion of balls is 
 (a) accelerated (b) uniform    (c) periodic     (d) random 
2. When an object is in motion, its position changes with time. So, the quantity that  
describes how fast is the position changing w.r.t. time and in what direction is given  
by average velocity. It is defined as the change in position or displacement Δx/Δt in which that displacement 
occurs. However, the quantity used to describe the rate of motion over the actual path, is average speed.  It 
defined as the total distance travelled by the object divided by the total time taken. 
(i) A 250 m long train is moving with a uniform velocity of 45 km/h. The time taken  
by the train to cross a bridge of length 750 m is  
(a)  80 s               (b) 68 s               (c) 56 s                    (d) 92 s   
(ii) A truck requires 3 hr to complete a journey of 150 km. What is average speed?  
(a) 50 km/h       (b) 25 km/h          (c) 15 km/h         (d) 10 km/h   
(iii) Average speed of a car between points A and B is 20 m/s, between B and C is 15  
m/s and between C and D is 10 m/s. What is the average speed between A and D, if  
the time taken in the mentioned sections is 20s, 10s and 5s, respectively?  
(a) 19 m/s         (b) 16 m/s           (c) 23 m/s             (d) 17.14 m/s   
(iv) A cyclist is moving on a circular track of radius 40 m completes half a revolution in 40 s. Its average 
velocity (in m/s) is  
(a) zero                     (b) 2                    (c) 4π                          (d) 8 

 
CHALLENGE CORNER 

3. If you tossed an object either up or down and could somehow eliminate the effects of air on its flight you 
would find that the object accelerates downward at a certain constant rate. The rate is called the free fall 
acceleration and its magnitude is represented by g. The acceleration is independent of the objects 
characteristics such as mass density or shape it is the same for all objects.   
(i)  The time of ascent of a body thrown vertically upward with initial velocity u is   
(a) t = u/2g            b) t= 2u/g              c) t= u/g                  d) t= u/3g   
(ii) The time of descent of a body thrown vertically upward with initial velocity u is   
(a)t = u/4g                   b) t= u/g                 c)t= u/2g                 d) t= u/3g  
(iii) The total time of flight to come back to the point of projection of a body thrown  
vertically upward with initial velocity u is   
(a) t= 2u/3g            (b) t= u/2g            (c ) t= 2u/g                   (d) t= u  
(iv) Velocity of fall at the point of projection of a body thrown vertically upward with  
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initial velocity u is   
(a) v = u                    (b) v = 2u               (c)v = 3u                       (d) v = 4u 

 
SOLUTIONS 

1:(i) (d) The gap between the balls remains constant as their acceleration is the same. 
(ii) (b) Let velocity of first ball be u and time gap of second ball be x. 
  Thus first ball has time (t + x) in upward motion. 
S1=u(t + x) +1/2(– g) (t + x)2    Similarly, for second ball,  S2 =𝑢𝑢𝑢𝑢

2
− 1

2
 –  gt2   

 Taking difference,S1 – S2=𝑢𝑢 �𝑡𝑡 + 𝑥𝑥 − 𝑡𝑡
𝑥𝑥
� − 𝑔𝑔

2
 [(t + x)2 – t2]=  𝑢𝑢 �𝑡𝑡

2
+ 𝑥𝑥� − 𝑔𝑔

2
 (2xt + x2) 

 Now,  S1 – S2 = 15 m at t = 2s        As  x < 2s, x = 1s 
15 =  𝑢𝑢 �2

2
+ 1� − 1

2
 × 10{2 × 1 × 2 + 1(1)2}     ⇒ u=20 m/s (velocity of first ball) 

(iii) (a) Velocity of second ball =   = 10 m/s  
(iv) (c) Time interval = x = 1s.      Or    (iv) (a) accelerated  
2. (i) a 80 sec     (ii)  a 50 Km/hr      (iii)  d 17.14 sec    (iv)  b 2m/s2 

 
HINTS OF CHALLENGE CORNER 

3.(i)  c          (ii)  b                         (iii)  c       (iv)  a  
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CHAPTER-3 
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MULTIPLE CHOICE QUESTIONS (MCQ) 

Q1. Which physical quantity remains unchanged during projectile motion? 
 (a) Momentum                                                      (b) Kinetic energy  
(c) Vertical component of velocity                       (d) Horizontal component of velocity 
Q2. A coin is tossed into the air at some acute angle with the ground. At a certain moment during its motion, 
the angle between its velocity and the downward pull of gravity is θ. What is the value of θ? 

(a) θ= 900            (b) θ = 00             (c) 900< θ < 00               (d) 00< θ <1800    
Q3.The square of resultant of two equal forces is three times of their dot product, the angle between the forces 
is  
(a) π                 (b)   𝜋𝜋   

2
            (c)   𝜋𝜋

4
                         (d)    𝜋𝜋

3
 

Q4.A person can throw a ball up to a maximum range of 100 meter how high above the ground we can pour 
the same ball ? 
(a)5 m           (b) 200 m          (c) 100 m       (d) 50 m 
Q5. A particle moves in a circle of radius 25 cm at two revolutions per second. The acceleration of the particle 
in m/s2 is 

(a) π2                  (b) 2π2                       (c) 4π2                          (d) 8π2 
Q6.If a particle has negative velocity and negative acceleration, its speed  
(a) Zero               (b) decreases           (c) remains same           (d) increases 
Q7.Identify the unit vector in the following.  
(a) 𝚤𝚤̂ + 𝚥𝚥̂         (b) 𝚤̂𝚤

√2
           (c) 𝑘𝑘�− 𝚥̂𝚥

√2
               (d) 𝚤̂𝚤+𝚥̂𝚥

√2
 

Q8. An aircraft executes a horizontal loop of radius 1.00 km with a steady speed of 900 km/h. The ratio of 
centripetal acceleration to acceleration due to gravity is (g = 9.8m / s2)  
       (a) 6.38                     (b) 9.98               (c) 11.33                          (d) 12.13 
Q9. If the velocity is 𝑣⃗𝑣=𝟐𝟐𝚤𝚤̂ + 𝑡𝑡2𝚥𝚥̂ − 9𝑘𝑘�  then the magnitude of acceleration at t = 0.5 s is  
(a) 1ms-2        (b) 2 ms-2           (c) zero           (d) -1 ms-2 
Q10. Two bullets are fired simultaneously horizontally and with different speeds from the same place which 
bullet will hit the ground first  

(a)The faster one                     (b) depends on their mass  
       (c) The slower one                   (d) both will reach simultaneously 
Q11. In uniform circular motion  
(a) Both velocity and acceleration are constant 
(b) Acceleration and speed are constant but velocity changes  
(c) Both acceleration and velocity change (d) both acceleration and speed are constant 
Q12. A particle is acted upon by a force of constant magnitude which is always perpendicular to the velocity 
of the particle the motion of the particle takes place in a plane it follows that  
(a) Its velocity is constant                         (b) Its acceleration is constant  
(c) Its is kinetic energy is constant            (d) It moves along a straight line 
Q13. Which one of the following is the correct expression of centripetal acceleration? 
        (a)  4𝜋𝜋2𝜐𝜐2𝑅𝑅          (b) 4𝜋𝜋

2𝜐𝜐2

𝑅𝑅
              (c) 2 𝜋𝜋 𝜐𝜐 R                    (d) 2 𝜋𝜋 𝜐𝜐 𝑅𝑅 

𝑅𝑅
 

Q14. An object is moving in a circle of radius 100m with a constant speed of 31.4m/s. What is its average 
speed for one complete revolution? 

(a)0           (b) 314m/s            (c) 3.14m/s                  (d) 31.4m/s 
Q15. A particle moves in xy plane according to the equations x=a𝑠𝑠𝑠𝑠𝑠𝑠 (𝜔𝜔𝜔𝜔)  and  y=a𝑐𝑐𝑐𝑐𝑐𝑐 (𝜔𝜔𝜔𝜔)  then, 
particle follows 
      (a) An elliptical path           (b) A circular path      
     (c) A Parabolic path             (d) straight line path inclined equally to x and y axis 
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Q16. Two bullets are fired horizontally and simultaneously towards each other from roof tops of two buildings 
100 m apart and of same height of 200m with the same velocity of 25 m/s. When and where will the two 
bullets collide? (g =10 m/s2)          [NEET – 2019]                                                                             
(a) After 2s at a height 180 m                                        (b) after 2s at a height of 20 m 
(c) After 4s at a height of 120 m                                  (d) they will not collide  
Q17. A car starts from rest and accelerates at 5 m/s2. At t = 4 s, a ball is dropped out of a window by a person 
sitting in the car. What is the velocity and acceleration of the ball at t = 6s? (Take g = 10 m/s2)                                                                        
[NEET-2021] 
(a) 20 m/s, 0           (b) 20 √2 m/s, 0            (c) 20 √2 m/s, 10 m/s2               (d) 20 m/s, 5 m/s2 

Q18. If the magnitude of sum of two vectors is equal to the magnitude of difference of the two vectors, the 
angle between these vectors is:            (NEET- 2016)                                                                                
(a) 0o                           (b) 90o                                    (c) 45o                                         (d) 180o 

 
EXERCISE QUESTIONS 

Q19. A projectile is launched into the air. At the highest point of its motion, its speed becomes half of what it 
was at the moment of release. At what angle to the ground was the projectile thrown?      
   (a) 60°                    (b) 15°                            (c) 30°                    (d) 45° 
Q20. The angle between  𝑃𝑃�⃗ = 𝚤𝚤̂ + 𝚥𝚥̂     and   𝑄𝑄�⃗ = 𝚤𝚤̂ − 𝚥𝚥̂    is 
(a) 45°              (b) 90°                    (c) – 45°                     (d) 180° 
Q21. A child throws a stone at an angle of 60° with the ground, giving it kinetic energy K. When the ball 
reaches the topmost point of its flight, what will be its kinetic energy?  
  (a) 0              (b) 𝐾𝐾

2
           (c) K                (d) 𝐾𝐾

4
 

Q22. A hunter fires bullets at 30° and 45° with the horizontal respectively, reach the maximum height in the 
same time the ratio of their initial velocities is  

  (a) 1: √2           (b) 2:1           (c) √2: 1                (d) 1:2 
Q23. A ball is thrown into the air in such a way that the farthest horizontal distance it travels before landing 
is exactly equal to the highest vertical height it reaches. At what angle was the ball thrown?  

(a)𝜃𝜃 = �1
4
�        (b) 𝜃𝜃 = (4)       (c) 𝜃𝜃 = (2)         (d) 𝜃𝜃 =45 

SOLUTIONS OF MCQ: 
Ans1. Option (d) is correct. Explanation: There is no acceleration in horizontal direction. Hence, the horizontal 
component of velocity remains unchanged. 
Ans2: Option (d) here velocity is acting upwards when projectile is going upwards and acceleration is 
downwards. The angle between v and g is more than 0º and less than 180º. 
Ans3: Option (d) As, P=Q   𝑅𝑅2 = 3𝑃𝑃𝑃𝑃 
Also 𝑅𝑅2 = 𝑃𝑃2 + 𝑄𝑄2 + 2𝑃𝑃𝑃𝑃 𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐𝑐𝑐 𝜃𝜃  ⇒ 3𝑃𝑃2 = 𝑃𝑃2 + 𝑄𝑄2 + 2𝑃𝑃𝑃𝑃 𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐𝑐𝑐 𝜃𝜃 ⇒ 𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐𝑐𝑐 𝜃𝜃 = 1

2
 

𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻,     𝜃𝜃 =60o=𝜋𝜋
3
 

Ans4. Option (d)    𝑅𝑅𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑢𝑢2

𝑔𝑔
= 100 𝑚𝑚       𝐻𝐻𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑢𝑢2

2𝑔𝑔
= 50 𝑚𝑚 

Ans 5. Option (c) r=25 cm=0.25 m, f=2 s−1 and a=ω2r= (2πf)2r=(4π)2×0.25=16π2×0.25=4π2 
Ans 6. Option (d) An object which moves in the negative direction has a negative velocity. If the object is 
speeding up then its acceleration vector is directed in the same direction as its motion (in this case a negative 
acceleration) also increases 
Ans 7. Option (d) Explanation magnitude of Unit vector= 1  

Magnitude of vector is given by; |𝐴𝐴2| = �𝐴𝐴𝑋𝑋2+𝐴𝐴𝑌𝑌2 + 𝐴𝐴𝑍𝑍
2
 ; |𝚤𝚤̂ + 𝚥𝚥̂| = √12 + 12=√2 

� 𝚤̂𝚤
√2
� = � 1

√2

2
= 1

2
     ; �𝑘𝑘� −  𝚥̂𝚥

√2
  � = �12 + � 1

√2
�
2

= �3
2
 ;       (D)  �𝚤̂𝚤+𝐽𝐽

√2
� = �� 1

√2
�
2

+ � 1
√2
�
2

= 1 

Ans 8. Option (a) 𝑎𝑎 = 𝑣𝑣
2

𝑟𝑟
 =62.5 m/s2  ; ac/g= 6.38 
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Ans 9. Option (a) Acceleration; 𝑎𝑎 = 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

  = 𝑑𝑑
𝑑𝑑𝑑𝑑

 (𝟐𝟐𝚤𝚤̂ + 𝑡𝑡2𝚥𝚥̂ − 9𝑘𝑘�) =2 𝑡𝑡 𝚥𝚥̂  
Magnitude of acceleration; 𝑎𝑎 = 2  ; When 𝑡𝑡=0.5 𝑠𝑠; 𝑎𝑎 =2 (0.5)=1 𝑚𝑚 𝑠𝑠−2 

Ans 10.Option (a) both will reach simultaneously As   𝑡𝑡 = √2ℎ

√𝑔𝑔
  Hence, t does not depend on horizontal speed 

Ans11. Option (c)  In circular motion with constant speed, acceleration is always inward, its magnitude is 
constant but direction changes, hence acceleration changes, so does velocity 
Ans 12. (C) Its kinetic energy is constant. 
Ans13. Option (A) is correct.  As, ac = R 𝜔𝜔2 Putting ω = 2 𝜋𝜋 𝜐𝜐  ac =4𝜋𝜋2𝜐𝜐2𝑅𝑅                  
Ans 14. (D) Average speed = constant speed =31.4m/s. As during the circular motion speed remains constant 
but velocity changes continuously. 
Ans 15. (B)  As 𝑥𝑥2 + 𝑦𝑦2  =a2 thus the particle follows a circular path 
Ans 16. Option (a) Rel. speed =25+25=50 m/s, t= 1/2gt2= 2s: Vertical fall in 2 s: 1/2gt2= 20m 
Ht. at collision =200−20=180 m: meet midway (50 m from each building) aft 2 s at 180 m ht. 
Ans 17. Option (c)  Initial vel. of car =0, a = 5 m/s2;      at t=4s; v= 0+5(4) = 20m/s; After 2s : vx= 20 m/s (as 
ax=0)And vy= 0+10(2) = 20m/s so mag of v = 20 √2 m/s; at t=6s, g=10 m/s2 (ball under free fall) 
Ans 18. Option (b) �𝐴𝐴 + 𝐵𝐵�⃗ � = �𝐴𝐴 − 𝐵𝐵�⃗ �   Applying   A2+B2+ 2ABcosθ = A2+B2- 2ABcosθ 

=> 4AB cosθ= 0. Since A, B =0 So cosθ= 0 => θ=90o 
 

ANSWERS OF EXERCISE QUESTIONS 
Ans 11:(a) Ans 12.: (b) Ans 13: (d) Ans 14:  (c) Ans 15:  (b) 

                              
ASSERTION REASON BASED QUESTION 

In the following questions a statement of assertion (A) is followed by a statement of reason(R) mark the 
correct choice as  

(a)If both assertion and reason are true and reason is the correct explanation of the assertion  
(b)If both assertion and reason are true but reason is the not correct explanation of assertion  
 (c)If assertion is true but reason is false 
(d)If both assertion and reason are false 

Q1. ASSERTION :- Imagine you throw a ball into the air. If you throw it twice as fast, it will stay in the air 
for twice as long before hitting the ground.For a Projectile, the time of flight becomes n times the original 
value if its speed of projection is made n times. 
REASON: Because you threw it faster, the ball will also land twice as far away from where you started.For a 
projectile, due to this the range of the projectile which becomes n times 
Q 2. ASSERTION : For uniform circular motion, the displacement and acceleration are directed towards the 
center along the radius. 
REASON: Centripetal acceleration is represented as ac = 𝜔𝜔

2

𝑅𝑅
 

Q 3. ASSERTION: To throw a javelin as far as possible, the athlete should try to throw it at 45°angle with the 
ground. (Ignore height of the thrower and air resistance) 
REASON: The distance a javelin travels doesn't change no matter what angle you choose to throw it at. 
Q 4.  ASSERTION: If 𝑃𝑃�⃗ .𝑄𝑄�⃗ = 𝑃𝑃�⃗ .𝑅𝑅�⃗  Then  𝑃𝑃�⃗  may not always be equal to 𝑅𝑅�⃗  .  
REASON: The dot product of two vectors involves sine of the angle between the two vectors. 
Q5.ASSERTION: Two balls of different masses are thrown vertically upward with same speed, they will pass 
through their point of projection in the downward direction with the same speed. 
REASON: The maximum height and downward velocity attained at the point of Projection are dependent of 
the mass of the ball. 
Q 6. ASSERTION: The path of a projectile on earth is parabolic but for a satellite it is elliptical. 
REASON: Acceleration due to gravity decreases with height from earth’s surface. 
Q 7.ASSERTION: Minimum number of non-equal vectors in a plane required to give zero resultant is three.  
REASON: If 𝑃𝑃�⃗ + 𝑄𝑄�⃗ + 𝑅𝑅�⃗ = 0, then they must lie in one plane.  
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Q 8. ASSERTION: If there were no gravitational force, the path of the projected body always is a straight 
line.  
REASON: Gravitational force makes the path of projected body always parabolic.  
Q 9. ASSERTION : In non-uniform circular motion, the total acceleration of the particle is the vector sum of 
the tangential acceleration and the centripetal acceleration. 
REASON : The tangential acceleration (along the tangent) and the centripetal acceleration (along the radius) 
act perpendicular to each other. 
Q 10. Assertion (A): A body moving with uniform speed in a circular path is said to be accelerating. 
Reason (R): Acceleration is defined only as the rate of change of speed with time. 

 
EXERCISE QUESTIONS 

Q11. ASSERTION. For angular projection, when angle of projection 𝜃𝜃 = (1) , the horizontal range Is four 
times the maximum height. 
REASON. The horizontal range of projectile is directly proportional to square of velocity and inversely 
proportional to acceleration due to gravity. 
Q12. ASSERTION (A): A projectile is projected at an angle 𝜃𝜃 and then at an angle (90° – 𝜃𝜃), keeping the 
initial velocity same. In both the cases, the range will be same. 
 REASON (R): Range of a projectile R =𝑢𝑢2sin2𝜃𝜃/𝑔𝑔. 
Q13. ASSERTION (A): The horizontal range of a projectile is maximum when projected at an angle of 45° 
with the horizontal. 
REASON (R):  At 45°,the horizontal and vertical components of the initial velocity are equal. 
Q14. ASSERTION (A):  A stone thrown vertically upward from a moving train follows a parabolic path as 
seen by an observer on the ground. 
REASON (R):  The stone has a horizontal velocity equal to that of the train when it is thrown. 
Q15. ASSERTION (A):  If dot product and cross product of 𝑃𝑃�⃗  and 𝑄𝑄�⃗  are zero, it implies that one of the 
vector 𝑃𝑃�⃗  and 𝑄𝑄�⃗  must be a null vector.  
REASON (R):  Null vector is a vector with zero magnitude.. 

 
SOLUTIONS 

Ans 1. Option (c) If you double the speed, the ball stays in the air twice as long. 
As 𝑇𝑇𝑓𝑓 = 2𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝜃𝜃 

𝑔𝑔
⇒ 𝑇𝑇′𝑓𝑓 = 2(𝑛𝑛𝑛𝑛)𝑠𝑠𝑠𝑠𝑠𝑠 𝜃𝜃 

𝑔𝑔
= 𝑛𝑛𝑇𝑇𝑓𝑓 

If you throw the ball twice as fast, it actually goes four times as far, not just twice as far.  
𝑅𝑅 = 𝑢𝑢2𝜃𝜃 

𝑔𝑔
⇒ 𝑅𝑅′ = 𝑛𝑛2𝑢𝑢2𝜃𝜃 

𝑔𝑔
⇒ 𝑛𝑛2𝑅𝑅, Hence A is true R is false 

Ans 2. Option (d) As during uniform circular motion the centripetal acceleration directed towards the center 
and velocity is along the tangent and in reason the formula is incorrect. Therefore both are incorrect 
Ans 3. Option (c) When a body is projected its range depends on 𝑅𝑅 = 𝑢𝑢2𝑠𝑠𝑠𝑠𝑠𝑠2𝜃𝜃 

𝑔𝑔
  

Ans 4. Option (c) As the dot product's dependence on the angle between vectors. 
Ans 5. Option (c) As motion is governed by force of gravity and acceleration due to gravity (g) is independent 
of mass of object 
Ans 6. Option(b) As both assertion and reason are correct but reason is the explaining the assertion for both 
cases. 
Ans 7. Option (a) is correct. The minimum number of non-equal vectors in a plane required to give a zero 
resultant is three and they must be coplanar. 
Ans 8. Option (a) is correct . In the absence of gravity, once a body is projected, no vertical acceleration acts 
on it. The combination of horizontal constant velocity and vertical acceleration due to gravity results in a 
parabolic trajectory. 
Ans 9. Option (a)  In non-uniform circular motion, the total acceleration has two perpendicular components: 
tangential (speed change) and centripetal (direction change). Their vector sum gives the net acceleration. 
Answer 10: Option (c)  Assertion is true but Reason is false. 
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In uniform circular motion, velocity changes due to changing direction, so the body accelerates. Acceleration 
depends on change in velocity (not speed alone). 

 
ANSWERS OF EXERCISE QUESTIONS 

Ans 11: (b) Ans 12.: (a) Ans 13: (a) Ans 14:  (a) Ans 15:  (b) 
 

SHORT ANSWER QUESTIONS (2 MARKS) 
Q1. A cricketer can throw a ball to a maximum horizontal distance of 100 m. How much high above the 
ground can the cricketer throw the same ball? 
Q2. Check whether the vectors are orthogonal or not     𝐴𝐴 =2 𝚤𝚤̂+3𝚥𝚥̂    and     𝐵𝐵�⃗  =4 𝚤𝚤̂-5𝚥𝚥̂ 
Q3. Calculate the angle 𝜽𝜽 subtended by the two adjacent wooden spokes of a bullock cart wheel . Express the 
angle in both radian and degree. 
Q4. A football is kicked into the air vertically upwards. Find its    
 (a) Acceleration        (b) velocity at the highest point?  
Q5. A projectile achieves a maximum range that is  2

√3
 times its actual range. What is the angle of projection 

corresponding to the actual range? 
Q6. What is the angle between the direction of velocity and acceleration at the highest point of projectile path?  
Q7. A cyclist starts from center O of a circular park of radius 1 km and moves along the path 
OPRQO as shown. If he maintains constant speed of 10 m/s, what is his acceleration at point 
R in magnitude & direction? 
Q8. What do you mean by rectangular components of a vector? Explain how a vector can be 
resolved into two rectangular components in a plane? 
Q9. A fountain installed at ground level sprays water uniformly in horizontal direction with speed v from 
height h. Neglecting air resistance, what ground area around it gets wet? 
Q10. Find the angle between two vectors 𝑃𝑃�⃗  & 𝑄𝑄�⃗  if resultant over the vector is given by         R2= P2+ Q2 

 
EXERCISE QUESTIONS 

Q11. On a certain day rain was falling vertically with the speed of 35 ms-1 a wind started blowing after some 
time with the speed of 12 ms-1 in east to west direction in which direction should a boy waiting at a bus stop 
hold his umbrella. 
Q12. Find the area of a parallelogram formed by vectors 𝐴𝐴 =3 𝚤𝚤̂+2𝚥𝚥̂ and  𝐵𝐵�⃗  =-3 𝚤𝚤̂+7𝚥𝚥̂ 
Q13.  A stone tied at the end of the string is whirled in a circle. State the reason why the stone flies away 
tangentially when the string break 
Q14. Define uniform circular motion? Also define time period, frequency and angular velocity? Write the 
relationship between them. 
Q15. A basketball player takes two shots at the same angle. In the second shot, the ball is thrown with twice 
the initial speed as the first. If both land at the same height, by what factor does the horizontal range change, 
and why? 

SOLUTIONS 
Ans 1. As, = 𝑢𝑢2𝜃𝜃 

𝑔𝑔
 ; R = Rmax , 𝜃𝜃 = 45°, i.e., 𝜃𝜃  = sin 90° = 1;  Rmax =

𝑢𝑢2

𝑔𝑔
 

Suppose H = height upto which the ball goes when the cricketer throws it with velocity u. Since, the final 
velocity of the ball, v = 0. 
v² - u² = 2as   here, v = 0, a = – g, s = H; H=1

2
𝑢𝑢2

𝑔𝑔
= 50 𝑚𝑚 

Ans 2. Condition for orthogonal vectors;  𝐴𝐴. 𝐵𝐵�⃗  =0 
𝐴𝐴 . 𝐵𝐵�⃗  = (2 𝚤𝚤̂+3𝚥𝚥̂). (4 𝚤𝚤̂-5𝚥𝚥̂) = 8( 𝚤𝚤̂ . 𝚤𝚤̂) −15 (𝚥𝚥̂.𝚥𝚥̂)= 𝐴𝐴 . 𝐵𝐵�⃗   = 8−15 = − 7  
As, 𝐴𝐴 . 𝐵𝐵�⃗   ≠ 0. Hence 𝐴𝐴 and 𝐵𝐵�⃗  are not orthogonal to each other. 
Ans 3. 12 spokes divide the wheel into 12 equal arcs. 
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Central angle of full circle =2π rad.θ= 2π/12 = π/6 rad =30°  so Angle between adjacent spokes = 30° & π/6 
rad . 
Ans 4. (a) Acc. will always be vertical downward & is called acceleration due to gravity (g).  
 (b) When football reaches the highest point it is momentarily at rest velocity, v=0. As,  it is 
continuously retarded by acceleration due to gravity (g). 
Ans 5. Rmax=

2
√3
𝑅𝑅 ⇒ 𝑢𝑢2

𝑔𝑔
= 2

√3
𝑢𝑢2𝜃𝜃 
𝑔𝑔

⇒ 𝜃𝜃 = √3
2

= 𝑠𝑠𝑠𝑠𝑠𝑠60 ∴  𝜃𝜃 = 30 
Ans 6. 90o .At the highest point the vertical component of velocity becomes zero the projectile has only a 
horizontal velocity while the acceleration due to gravity acts vertical downwards 
Ans 7. 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎, 𝑎𝑎 = 𝑣𝑣

2

𝑟𝑟
 = 102

1000
 =0.1𝑚𝑚𝑚𝑚-2 a𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 RO 

Ans 8. When a vector is resolved along 2 mutually perpendicular directions the 
components so obtained are called a rectangular component of the given vector as shown 
in the figure 
Here 𝐴𝐴𝑥𝑥����⃗ = 𝐴𝐴𝑥𝑥𝚤𝚤̂   & 𝐴𝐴𝑦𝑦����⃗ = 𝐴𝐴𝑦𝑦𝚥𝚥̂      Also,    𝐴𝐴 = 𝐴𝐴𝑥𝑥𝚤𝚤̂   + 𝐴𝐴𝑦𝑦𝚥𝚥 ̂

𝐴𝐴𝑥𝑥 = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝜃𝜃   &   𝐴𝐴𝑦𝑦 = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝜃𝜃     ⇒ 𝐴𝐴 = �𝐴𝐴𝑥𝑥2 + 𝐴𝐴𝑌𝑌2 

𝑡𝑡𝑡𝑡𝑡𝑡 𝜃𝜃 =
𝐴𝐴𝑦𝑦
𝐴𝐴𝑥𝑥

  

Ans 9. Let R be the maximum Horizontal range, then 𝑅𝑅=𝑣𝑣
2

𝑔𝑔
                                     

Since the water sprinkle on the ground around the fountain in circular area of radius=𝜋𝜋𝑅𝑅2 
= 𝜋𝜋(𝑣𝑣

2

𝑔𝑔
)2 = 𝜋𝜋𝑣𝑣4

𝑔𝑔2
 

Ans 10. As we know that R2= P2+ Q2 +2PQ𝑐𝑐𝑐𝑐𝑐𝑐 𝜃𝜃  ;  Given R2= P2 + Q2 
P2+ Q2= P2+ Q2 +2PQ𝑐𝑐𝑐𝑐𝑐𝑐 𝜃𝜃  ; 2PQ𝑐𝑐𝑐𝑐𝑐𝑐 𝜃𝜃 = 0 ⇒ 𝑐𝑐𝑐𝑐𝑐𝑐 𝜃𝜃 = 0 ⇒ 𝜃𝜃 = 90° 

ANSWERS OF EXERCISE QUESTIONS 
Ans 11.v=37 ms-1 & 𝜃𝜃 ≅ 19 
Ans 12. 27 sq units 
Ans 13: When a stone is tied at the end of a string that moves in a circular path, its velocity is       tangent to 
the circle.  
Ans 14: The motion is considered to be a uniform circular motion when an object rotates in a circular path 
with the same speed.The total time taken by the object to complete one revolution is considered a time 
period.The total number of revolutions completed per second is termed “frequency.”The angular velocity is 
defined as the time rate of change of angular displacement. 
Ans 15: Becomes 4 times 
 

SHORT ANSWER QUESTIONS (3 MARKS) 
Q1. The sum & difference of two vectors are equal in magnitude. Mathematically prove that they are mutually 
perpendicular to each other. 
Q2. Prove that the horizontal range is same when angle of projection is  
(i) greater than 45° by certain value and       (ii) less than 45° by the same value. 
Q3. Define centripetal acceleration. Derive an expression for the centripetal acceleration of a body moving 
with uniform speed v along a circular path of radius r. 
Q5. Consider the x–axis as representing east, the y–axis as north and z–axis as vertically upwards. Give the 
vector representing each of the following points.  
(a) 5 m north east and 2 m up (b) 4 m south east and 3 m up (c) 2 m north west and 4 m up 
Q6. The resultant of two forces whose magnitudes are in the ratio 3:5 is 28 N. If the angle of their inclination 
is 60°, then find the magnitude of each force 
Q7. At what angle do the two forces (P + Q) and (P – Q) act so that the resultant is �3𝑃𝑃2 + 𝑄𝑄2. 
Q8. Find the angle between the vectors 𝐴𝐴 =𝚤𝚤̂+2𝚥𝚥̂ − 𝑘𝑘� and  𝐵𝐵�⃗  =-𝚤𝚤̂+𝚥𝚥̂ − 𝑘𝑘� ? 
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Q9. A boy stands at 39.2 m from a building and throws a ball which just passes through a window 19.6 m 
above the ground. Calculate the velocity of projection of the ball. 

 
EXERCISE QUESTIONS 

Q10. Find the angle of projection for which the horizontal range & maximum height are equal 
Q11. A football is kicked at an angle of 30° with the vertical if the horizontal component of its velocity is 19.6 
ms-1 find the maximum height and horizontal range. 
Q12. Calculate the angular speed of the (i) hour hand of a watch (ii) the Earth above its own axis. Also find 
the ratio of the two speeds 
Q13. An insect is trapped in a circular groove of radius 12 cm. It moves with uniform speed along the groove 
and completes 7 revolutions in 100 s. 
(i) Calculate the angular speed and the linear speed of the insect. 
(ii) Determine the acceleration vector acting on the insect. Is it a constant vector? Also calculate its magnitude. 
(iii) What is the displacement of the insect after 100 s? 
Q14. A fighter plane is flying horizontally at an altitude of 1.5 km with speed 720kmh−1. At what angle of 
sight (w.r.t horizontal) when the target is seen, should the pilot drop the bomb in order to attack the 
target?           (Take g=10ms−2) 

SOLUTIONS: - 
Ans 1: Given 𝐴𝐴 + 𝐵𝐵�⃗ = 𝐴𝐴 − 𝐵𝐵�⃗  
Taking square on both sides  (𝐴𝐴 + 𝐵𝐵)����⃗ 2 = (𝐴𝐴 − 𝐵𝐵)����⃗ 2 ⇒ A2 + B2+2𝐴𝐴𝐵𝐵�⃗ = A2 + B2-2𝐴𝐴𝐵𝐵�⃗  
4𝐴𝐴.���⃗ 𝐵𝐵�⃗ = 0 ⇒ 𝐴𝐴.���⃗ 𝐵𝐵�⃗ = 0 ;Therefore these two vectors are perpendicular to each other. 
Ans 2. (i) When the angle of projection is 𝜃𝜃 = 45 + 𝛼𝛼 
R=𝑢𝑢

2𝜃𝜃 
𝑔𝑔

= 𝑢𝑢2(45+𝛼𝛼) 
𝑔𝑔

= 𝑢𝑢2𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 (90+2𝛼𝛼) 
𝑔𝑔

= 𝑢𝑢2𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (2𝛼𝛼) 
𝑔𝑔

 
(ii) When the angle of projection is 𝜃𝜃 = 45 − 𝛼𝛼 
R’=𝑢𝑢

2𝜃𝜃 
𝑔𝑔

= 𝑢𝑢2(45−𝛼𝛼) 
𝑔𝑔

= 𝑢𝑢2𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 (90−2𝛼𝛼) 
𝑔𝑔

= 𝑢𝑢2𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (2𝛼𝛼) 
𝑔𝑔

       Clearly R= R’ 
Ans 3. Centripetal Acceleration acting on the object undergoing uniform circular motion is called centripetal 
acceleration. Magnitude of centripetal acceleration                

 
Ans 5.(a) From figure x - component =5cos45°𝚤𝚤̂= 5 √2 𝑖𝑖  
y - component =5sin45°𝚥𝚥̂= 5 √2 𝚥𝚥̂  
z - component =2 𝑘𝑘� 
Then position vector  𝑟𝑟 = 5

√2
 (𝚤𝚤̂+ 𝚥𝚥̂ )+ 2𝑘𝑘�  

(b) ||ly ,vector  𝑟𝑟 = 4
√2

 (𝚤𝚤̂- 𝚥𝚥̂ )+ 3 𝑘𝑘� 
(c) ||ly,vector  𝑟𝑟 =  √2 (𝚤𝚤̂+ 𝚥𝚥̂ )+ 4 𝑘𝑘� 
Ans6. Let F1 and F2 be the two forces. 
Then F1=3x,F2=5x,R=28N and θ=60° 
R= �𝑃𝑃2 + 𝑄𝑄2  + 2𝑃𝑃𝑃𝑃 𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐𝑐𝑐 𝜃𝜃    
⇒28=�(3𝑥𝑥)2 + (5𝑥𝑥)2 + 2(3𝑥𝑥)(5𝑥𝑥)𝑐𝑐𝑐𝑐𝑐𝑐60°⇒7x=28⇒x=4;  ∴F1=12N,       F2=5×4=20N 
Ans 7. Let F1andF2 be the two forces. 
Then F1=P+Q,F2=P-Q,   R=�3𝑃𝑃2 + 𝑄𝑄2       𝑅𝑅2= 𝐹𝐹12 + 𝐹𝐹22  + 2𝐹𝐹1𝐹𝐹2 𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐𝑐𝑐 𝜃𝜃    
⇒𝑃𝑃2 − 𝑄𝑄2 = 2(𝑃𝑃2 − 𝑄𝑄2) 𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐𝑐𝑐 𝜃𝜃   ⇒𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐𝑐𝑐 𝜃𝜃   = 1

2
     ∴  𝜃𝜃 = 60° 

Ans 8.�𝐴𝐴� = �12 + 22  + (−1)2 =√6  ;      �𝐵𝐵�⃗ � = �(−1)2 + 12 + (−2)2  =√6 
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           𝐴𝐴.���⃗ 𝐵𝐵�⃗ = 1 × (−1) + 2 × 1 + (−1) × (−2) = −1 + 2 + 2 = 3 
           𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐𝑐𝑐 𝜃𝜃   =  𝐴𝐴.���⃗ 𝐵𝐵�⃗

�𝐴⃗𝐴��𝐵𝐵�⃗ �
=  3

�6 √6
=  3

6
=  1

2
          =>    𝜃𝜃 = 6 

Ans 9. H=19.6 m   R=39.2+39.2=78.4 m 
                𝐻𝐻

𝑅𝑅
= 𝑢𝑢2𝜃𝜃 

2𝑔𝑔
× 𝑔𝑔

𝑢𝑢2𝜃𝜃 
= 1
4
𝑡𝑡𝑡𝑡𝑡𝑡 𝜃𝜃 ⇒ 𝑡𝑡𝑡𝑡𝑡𝑡 𝜃𝜃 =  4𝐻𝐻

𝑅𝑅
=  4×19.6

78.4
= 1 

             ∴  𝜃𝜃 = 45°     As,   H=𝑢𝑢
2𝜃𝜃 
2𝑔𝑔

    19.6=𝑢𝑢
245 

2×9.8
⇒ 𝑢𝑢2 = 4 × 19.6      u=√78.4 ≅ 8.85𝑚𝑚𝑠𝑠−1 

 
ANSWERS OF EXERCISE QUESTIONS 

Ans 10. 𝜃𝜃 = 75°58                Hint : Horizontal Range=maximum height 
Ans 11. Maximum height=58.8 m 
             Horizontal Range=135.8 m            Hint: 𝜃𝜃 = 90° − 30° = 60° & 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑢𝑢 
Ans 12. 𝜔𝜔ℎ𝑜𝑜𝑜𝑜𝑜𝑜 ℎ𝑎𝑎𝑎𝑎𝑎𝑎 :𝜔𝜔𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸ℎ = 2: 1         
Hint : Hour hand of a watch completes one revolution in 12 hours and Earth complete one revolution in 24 
hours & use 𝜔𝜔 =  𝜃𝜃

𝑡𝑡
 

Ans 13.Angular speed=0.44 rads-1  ;  Linear speed=5.28 ms-1 ; acceleration=2.32 cms-1 

Linear displacement=0 
Ans 14.Angle of sight 𝛼𝛼 = � √3

4
�           Hint: 𝛼𝛼 = � 𝐻𝐻

𝑅𝑅
�  

 
LONG ANSWER TYPE QUESTIONS (5 MARKS) 

Q1. (a) Define centripetal acceleration. Derive an expression for the centripetal acceleration of a body moving 
with uniform speed v along a circular path of radius r.  
(b) A stone tied to the end of a string 80 cm long is whirled in a horizontal circle with a constant speed. If the 
stone makes 14 revolutions in 25 s, what is the magnitude and direction of acceleration of the stone? 
Q 2. The position vector of a particle is given by 𝑟𝑟 =3𝑡𝑡𝚤𝚤-̂2t2𝚥𝚥̂ + 4𝑘𝑘� m where t is in seconds and the coefficients 
have the proper units for 𝑟𝑟 to be in metres.  
(a) Find the  𝑣⃗𝑣  and 𝑎𝑎 ���⃗ of the particle? 
 (b) What is the magnitude and direction of velocity of the particle at t = 2.0 s? 
Q 3. Two vectors 𝐴𝐴 and 𝐵𝐵�⃗  are inclined to each other at an angle θ. Using parallelogram law of vector addition, 
find the magnitude and direction of their resultant. Calculate the magnitude and gives direction of R when  

(i) 𝐴𝐴 and 𝐵𝐵�⃗  act along the same straight line in the same direction. 
(ii) 𝐴𝐴 and 𝐵𝐵�⃗  act along the same straight line but in opposite directions. 
(iii) 𝐴𝐴 and 𝐵𝐵�⃗  are perpendicular to each other. 

Q 4. (a) Define resolution of a vector  with an example ? 
  (b) A projectile can have the same range  R for two angles of projection. If t1 & t2 be the time of flight in the 
two cases then prove that      𝑡𝑡1𝑡𝑡2 = � 2𝑅𝑅

𝑔𝑔
�  

Q 5. (a) An object is thrown with an initial velocity upwards and follows a curved path under the influence of 
gravity alone. What motion is used to describe motion of such an object? State the key assumptions for 
analyzing motion of object. 
(b) Derive the mathematical equation representing the trajectory of the object. obtain expressions (i) maximum 
vertical height (ii) horizontal distance (iii) Time of flight  

 
EXERCISE QUESTIONS (5 MARKS) 

Q6 (a) Define centripetal acceleration. What will be the direction and velocity? 
      (b)Using diagram derive an expression for the centripetal acceleration of a particle  moving with 
uniform velocity v along a circular path of radius r. 
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      (c) A cyclist is riding with speed of 27km/h. As he approaches a circular turn on the road of radius 80m, 
he applies breaks and reduces his speed at constant rate 0.50m/s2.What is the magnitude of the net acceleration 
of the cyclist on the circular turn? 
Q 7. Prove the following: 
(a) For a projectile launched with the same speed v, but at two complementary angles of     projection θ   & 
90- θ(i) Range is same,  (ii) Heights are in the ratio tan 2θ : 1. 
(b) If the range and maximum height are equal, then angle of projection is tan–1(4). 
Q 8.Using analytical method of resolution of vectors deduced the resultant of two vectors. 
 The position of a particle is given by r = (7t𝚤𝚤̂-5t2𝚥𝚥̂+4𝑘𝑘�) m where t is in seconds and r to be in meters. (a) Find 
the velocity and acceleration 
(b) What is the magnitude and direction of velocity at t=2s? 

 
SOLUTIONS 

Ans 1. (a) Solution given on Q 4 of SAQ (3 M) 
      (b) Radius of the horizontal circle, r = 80 cm = 0.80 m, frequency = f = 14

25
 rps  

Angular speed of revolution of the stone is  𝜔𝜔 = 2𝜋𝜋𝜋𝜋 ⇒ ω = 2 × 22.7 × 14
25
⇒ ω = 88

25
 𝑟𝑟𝑟𝑟𝑟𝑟/𝑠𝑠 Magnitude of 

acceleration produced in the stone will be equal to the magnitude of centripetal acceleration. = rω2 = 0.80 × 
(88
25

)2 = 9.90 ms–2  
We know that, the direction of the acceleration is towards the centre of the circle along its radius. 
Ans 2. Ans 2.(a) As 𝑟𝑟 =3𝑡𝑡𝚤𝚤̂-2t2𝚥𝚥̂ + 4𝑘𝑘� Also, 𝑣⃗𝑣 = 𝑑𝑑𝑟𝑟

𝑑𝑑𝑑𝑑
= 𝑑𝑑

𝑑𝑑𝑑𝑑
(3𝑡𝑡𝚤𝚤̂-2t2𝚥𝚥̂ + 4𝑘𝑘�) =  3𝚤𝚤̂-4t𝚥𝚥̂ ms–1 

Also, 𝑎⃗𝑎 = 𝑑𝑑𝑣𝑣�⃗
𝑑𝑑𝑑𝑑

= 𝑑𝑑
𝑑𝑑𝑑𝑑

(3𝚤𝚤̂-4t𝚥𝚥̂) =  −4𝚥𝚥̂ ms–2 

(b) velocity of the particle 𝑣⃗𝑣 = 3𝚤𝚤̂-4t𝚥𝚥̂ ms–1          At t=2 s  ⇒ 3𝚤𝚤̂-4x2𝚥𝚥̂=3𝚤𝚤̂ − 8𝚥𝚥̂ 
Magnitude 𝑣⃗𝑣 = �32 + (−8)2 = √9 + 64 = √73=8.544 ms–1 
Direction   𝜃𝜃 = � 𝑣𝑣𝑦𝑦

𝑣𝑣𝑥𝑥
� = �−8

3
� = −70 𝑤𝑤𝑤𝑤𝑤𝑤ℎ 𝑥𝑥 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎   

Ans 3. When two vectors A and B are inclined at an angle θ, the magnitude R of their resultant is given by   
𝑅𝑅 = √𝐴𝐴2 + 𝐵𝐵2 + 2𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴  
Direction is given by  𝜃𝜃 = � 𝐵𝐵 ���⃗  𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝐴⃗𝐴+𝐵𝐵 ���⃗  𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
�  

1. θ = 0° (Vectors in the same direction): 
Magnitude: 𝑅𝑅 = √𝐴𝐴2 + 𝐵𝐵2 + 2𝐴𝐴𝐴𝐴       Direction: Same as A or B  

2. θ = 180° (Vectors in opposite directions): 
Magnitude 𝑅𝑅 = √𝐴𝐴2 + 𝐵𝐵2 − 2𝐴𝐴𝐴𝐴       Direction: Along the larger vector  

3. θ = 90° (Perpendicular vectors): 
            Magnitude: 𝑅𝑅 = √𝐴𝐴2 + 𝐵𝐵2                     Direction  𝜃𝜃 = � 𝐵𝐵 ����⃗  

𝐴⃗𝐴
�  

Ans 4. (a) Resolution of a Vector 
Resolution of a vector is the process of decomposing a vector into two or more components along specified 
directions (e.g., horizontal and vertical). 𝐴𝐴𝑥𝑥 = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝜃𝜃   &   𝐴𝐴𝑦𝑦 = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝜃𝜃      
Example:-Flying of bird,Motion of catapult etc. 
(b) Projectile Range and Time of Flight Relationship 
𝜃𝜃1 = 𝜃𝜃 & 𝜃𝜃2 = 90 − 𝜃𝜃    t1= 2𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢

𝑔𝑔
   , t2= 2𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝜃𝜃2

𝑔𝑔
=  2𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢(90−𝜃𝜃)

𝑔𝑔
=2𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢

𝑔𝑔
 

𝑡𝑡1𝑡𝑡2 = 2𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢
𝑔𝑔

× 2𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢
𝑔𝑔

= 4𝑢𝑢2𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑔𝑔2

= 2
𝑔𝑔

(𝑢𝑢
2𝑠𝑠𝑠𝑠𝑠𝑠2𝜃𝜃
𝑔𝑔

) ;  𝑡𝑡1𝑡𝑡2 = 2𝑅𝑅
𝑔𝑔

 
Ans 5.(a) Projectile motion   Assumptions:-Acceleration due to gravity (g) is constant and Air resistance is 
negligible. 

(b) Derivation H=𝑢𝑢
2𝜃𝜃 
2𝑔𝑔

 ; T= 2𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢
𝑔𝑔

  ;    R=𝑢𝑢
2𝑠𝑠𝑠𝑠𝑠𝑠2𝜃𝜃
𝑔𝑔
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EXCERSISE SOLUTION 

Ans 6. (a) Correct definition   (b) Correct derivation     (c) 0.86m/s2         Hint 𝑎𝑎 = �𝑎𝑎𝑐𝑐2 + 𝑎𝑎𝑡𝑡2  
Ans 7. (a) Correct Proof     𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 𝑅𝑅 = 𝑢𝑢2𝑠𝑠𝑠𝑠𝑠𝑠2𝜃𝜃

𝑔𝑔
    (b) Correct Proof     Hint H=𝑢𝑢

2𝜃𝜃 
2𝑔𝑔

 

(c) Correct Proof     Hint  𝛼𝛼 = � 𝐻𝐻
𝑅𝑅
�  

Ans 8. (a) Velocity: v⃗(t)=7𝚤𝚤̂−10t𝚥𝚥̂ m/s     Acceleration: a⃗(t)=−10𝚥𝚥̂ m/s2 
(b)Velocity at t=2 s;  Magnitude of velocity: 21.19 m/s; Direction: 70.9∘ below the x-axis 

 
CASE STUDY BASED QUESTIONS 

Q 1. Projectile Motion in the era of war: 
During a battle, soldiers need to hit a bunker on top of a hill. The bunker is 200 m away and 50 m higher 
than where the mortar is placed.They fire a mortar shell with a speed of 80 m/s at an angle of 30° above the 
ground.Take g = 10 m/s² and ignore air resistance. 
Q1.(i)What is the maximum height attained by the mortar shell? 
            (a) 80 m             (b) 160 m      (c) 40 m          (d)   320 m 

(ii) What would be the horizontal range of the mortar if launched on level ground (same velocity and 
angle)        ? 

(a) 3203 m        (b) 554.2 m       (c) 640 m         (d) 160 m 
(iii) What is the time of flight for the mortar shell if launched on level ground?          

  (a)  8 s   (b)  16 s      (c)  4 s     (d)   10 s 
(iv)To ensure the mortar shell reaches the elevated bunker (50 m height), which adjustment is most critical? 
(a)  Increase the launch angle                       (b) Decrease the launch angle 
(c) Increase the launch velocity                    (d) Both B and C 
Q2. While practicing on the field, a student launches a javelin high into the air like a flying spear. It leaves the 
hand at a speed of 32 m/s, tilted 35° above the ground, from a height of 2 m. Use g = 9.8 m/s², ignore air 
resistance, and take cos(35°) ≈ 0.8192. 
 (i) What is the horizontal component of the initial velocity? 
(a) 26.2 m/s    (b) 22.6 m/s   (c) 18.7 m/s     (d) 20.1 m/s 
(ii) What is the maximum height (from the ground) reached by the javelin during its flight? 

(a) 15.7 m    (b) 17.2 m   (c) 19.3 m        (d) 21.6 m 
(iii) At the max height of the javelin's trajectory, which of the following statements is TRUE? 
(a). Both horizontal and vertical components of velocity are zero 
(b). Only the vertical component of velocity is zero 
(c). Only the horizontal component of velocity is zero  
(d). The javelin comes to a complete stop momentarily 
(iv) Which factor determines how long the javelin stays in the air (time of flight), assuming no air 
resistance? 

(a) Only the horizontal component of velocity   (b) Only the angle of projection  
            (c) Only the vertical component of velocity and initial height 

(d) Both horizontal and vertical components equally 
 

SOLUTIONS 
Ans 1(i) Option A;   H=𝑢𝑢

2𝜃𝜃 
2𝑔𝑔

==80
230 

2×10
  =80m. 

 (ii) Option (b) is correct.   R=𝑢𝑢
2𝑠𝑠𝑠𝑠𝑠𝑠2𝜃𝜃
𝑔𝑔

=80
2(30) 
10

=6400 √3
10×2

=554.2m. 

 (iii)Option (a) is correct. T=.2𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢
𝑔𝑔

= 2×80𝑠𝑠𝑠𝑠𝑠𝑠30
10

= 8𝑠𝑠 
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(iv)Option (d) is correctFor an elevated target, reducing the angle or increasing the velocity compensates for 
the additional vertical displacement. A lower angle prioritizes horizontal distance, while higher velocity 
extends the range. 
Ans 2 (i) (a) ux=ucos𝜃𝜃=32cos(35∘) ≈26.2 m 
       2(ii) (c) H=𝑢𝑢

2

2𝑔𝑔
=(18.4)2

2×9.8
 =≈17.3m; total Height from Ground=17.3+2=19.3 m 

2(iii) (b) because no external force acts in the horizontal direction   
      2(iv) (c) Only the vertical component of velocity and initial height               

 
EXERCISE QUESTION 

A basketball shot is a projectile and follows a parabolic path. Gravity pulls the ball down while the player’s 
push sends it forward. The path up and down is similar unless the ball hits the backboard or a player. Knowing 
the player’s height, distance from the hoop, and hoop height helps choose the right angle and speed: At 2 m 
distance (player height 1.27 m, hoop 3.05 m): 55°, 7 m/s At 6 m distance: 60°, 9.5 m/s Players add backspin 
so that if the ball hits the rim during a soft shot, it drops into the hoop instead of bouncing out. 
1. The trajectory of a basketball is always a 
(A) Straight line (B) Circle (C) Parabola (D) May be a circle, may be a parabola 
2. When the basketball deviates from its parabolic path? 
(A) If the ball collides with the backboard  
(B) If the ball collide with another player interfering with its path 
(C) If a backspin is applied to the ball (D) Both (A) and (B) 
3. To calculate the speed to be imparted to the ball and the angle for an accurate shot the required information 
are  
(A) Height of the player     (B) Horizontal distance of the hoop  
(C) Height of the hoop     (D) All of the above.  
4.  If the horizontal distance of the hoop from a player increases 
(A) Velocity and angle both should increase   (B) Velocity and angle both should decrease 
(C) Velocity should increase but angle should decrease 
(D) Velocity should decrease but angle should increase 
Solutions 
1. C   2. D   3. D  4. A    
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CHAPTER 4 
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MULTIPLE CHOICE QUESTIONS- 

1) A body of mass 10 kg is moving with a velocity of 5m/s. The momentum of the body is- 

(a)10 kgm/s.          (b)5 kgm/s.          (c)50 kgm/s.          (d) 25 kgm/s 

2) When the velocity is tripled the banking angle should be  

(a)1/3                    (b) 1/9                    (c)  3 times          (d) 9 times  

3)  A stone of mass 0.5kg tied to the end of the string in whirled round in the circle of radius 0.5m with a 
speed of 4rps in a horizontal plane. The tension in the string- 

(a) 2N                     (b) 4N                          (c) 5N                           (d) 20N 

4) A body of mass m is moving with an acceleration 'a' under the action of a force 'g/4'. The weight of the 
body is- 

 (a) g/4a                       (b) g/4a                         (c) g2/2a                       (d) g2/4a 

5) Force produces an acceleration of a1 in a body and the same force produces an acceleration of a2 which is 
twice to a1 in another body. If the two bodies are combined and the same force is applied on the 
combination, the acceleration produced in it is- 

 (a) (3/2) a1                   (b) (2/3) a1                     (c)   (3/2) a2                     (d) (2/3)a2 

6) A cyclist takes a turn on a circular road of radius 20m with a speed of 10m/s. The centripetal acceleration 
of the cyclist is 

(a) 2 m/s2                    (b) 5 m/s2                       (c) 10 m/s2                    (d) 20 m/s2                     

7) Two forces of magnitudes 4 N and 8 N are acting on a box, when the box 
moves rightward across a frictionless horizontal support. The speed of the 
box at time t is 1m/ s the change in kinetic energy of the box is- 

(a) Zero                    (b) 80 J                       (c) 8 J                                  (d) 4  

8) An object of mass 5 kg is attached to the hook of a spring balance and the 

balance is suspended vertically from the roof of a lift. The reading on the spring 

balance, when the lift is going up with an acceleration of 0.25 ms-2( g= 10m/s-2) 

(a) 51.25 N             (b) 48.75 N               (c) 52.75 N                     (d) 47.25N 

9) An object of mass 2 kg is at rest. Now a force of F = 12t2 + 4t is applied on the object. Calculate the 
velocity of object at t = 3s. 

(a) 144                        (b)63                      (c) 60                       (d) 32 

10) A horizontal force of 130.2 N is applied on a 20 kg block which rests on a horizontal surface. If the 
coefficient of friction is 0.4, then the net force on the block is (g=9.8 m/s2) 

(a) 196 N                  (b) 78.4N               (c) 51.8                  (d) 208.6 

11) Which one of the following statements is in cor rect ?  

(a) Frictional force opposes the relative motion.  

(b) Limiting value of static friction is directly proportional to normal reaction.  

(c) Rolling friction is smaller than sliding friction. 
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 (d) Coefficient of sliding friction has dimensions of length.           

12) A bullet of mass 10 g moving horizontally with a velocity of 400  ms-1 strikes a wood block of mass 2 kg 
which is suspended by light inextensible string of length 5 m. As a result, the centre of gravity of the block 
found to rise a vertical distance of 10 cm. The speed of the bullet after it emerges out horizontally from the 
block will be         

(a)100  ms-1                (b)80 ms-1                (c)120 ms-1               (d)160 ms-1       

13) The linear momentum p of a body moving in one dimension varies with time according to the equation 
p=a+bt2. where a and b are positive constants. The net force acting on the body is (a)A constant        
(b)Proportional to 2t   (c)Inversely proportional to t (d)Proportional to t 

14) Three equal weights A, B and C of mass 2 kg each are hanging on a string passing over a fixed pulley 
which is frictionless as shown in figure. The tension in the string connecting weight B and C is ? (a)zero      
(b) 13 N           (c)3.3N         (d) 19.6 N 

15) A vehicle is moving on a track with constant speed as shown in figure. The apparent weight of the 
vehicle is 

 
 (a)Maximum at A    (b)Maximum at B      (c)Maximum at C      (d)Same at A, B and C 

 

EXERCISE QUESTIONS 

16) Maximum value of static friction is called_________ 

(a)Limiting friction       (b)Rolling friction    (c)Normal reaction     (d)Coefficient of friction 

17) A body of mass m collides against a wall with velocity v and rebounds with same speed. Change in its 
momentum is 

(a)2 mv           (b) mv                 (c) – 2mv          (d) zero 

18) Two bodies having masses in the ratio 2:3 fall freely under gravity from heights which are in the ratio 
9:16. The ratio of their linear momentum on touching the ground is- 

(a) 2:9             (b) 3:16           (c) 1:2               (d)3:2 

19) The resultant force of 5N and 10N cannot be 

(a)12N                 (b)4N           (c)8N              (d)5 

20) A car moving at a speed “v” is stopped by a retarding force F in a distance ‘S’.If the retarding force were 
3F.The distance covered by the car before it comes to rest. 

(a) S/3                    (b) S/6                  (c) S/9                  (d) S/12 

 

ANSWERS OF MCQ 

Q.1  Answer: (c) 50 kg·m/s Hint: Use momentum formula: p = mv 

Q.2  Answer: (d) 9 times Hint: Banking angle depends on square of velocity. 

Q.3  Answer: (b) 4 N Hint: Use centripetal force formula: F = mv²/r 
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Q.4  Answer: (d) g²/4a Hint: From Newton’s second law, find mass using F = ma. 

Q.5  Answer: (b) (2/3)a₁ Hint: Same force acts on both bodies. Find masses and combine. 

Q.6  Answer: (b) 5 m/s² Hint: Use centripetal acceleration formula: a = v²/r 

Q.7  Answer: (a) Zero Hint: Net force becomes zero, so kinetic energy does not change. 

Q.8  Answer: (a) 51.25 N  Hint: Apparent weight in upward acceleration: N = m(g+a) 

Q.9  Answer: (b) 63  Hint: Use F = ma and integrate acceleration to get velocity. 

Q.10  Answer: (c) 51.8 N Hint: Net force = Applied force − friction force. 

Q.11  Answer: (d) Hint: Coefficient of friction is dimensionless. 

Q.12  Answer: (c) 120 m/s Hint: Apply conservation of momentum and energy conservation. 

Q.13  Answer: (d) Proportional to t Hint: Use F = dp/dt. 

Q.14  Answer: (b) 13 N Hint: Apply Newton’s laws for connected masses. 

Q.15  Answer: (b) Maximum at B Hint: Apparent weight is maximum at the lowest point. 

Q.16  Answer: (a) Limiting friction Hint: Maximum static friction is called limiting friction. 

Q.17  Answer: (a) 2mv Hint: Momentum changes from +mv to −mv. 

Q.18  Answer: (c) 1 : 2 Hint: Use momentum relation with free fall velocity. 

Q.19  Answer: (b) 4 N Hint: Resultant of 5 N and 10 N lies between 5 N and 15 N. 

Q.20  Answer: (a) S/3 Hint: Stopping distance is inversely proportional to retarding force. 

 

ASSERTION AND REASONING: 

Directions-Each of these questions contain two statements, Assertion and Reason. Each of these questions 
also has four alternative choices, only one of which is the correct answer. You have to select one of the codes 
(a), (b), (c) and (d) given below. 
(a) Assertion is correct and reason both are correct and reason is a correct explanation for assertion. 
(b) Assertion and reason both are correct and reason is not a correct explanation for assertion 
(c) Assertion is correct but reason is incorrect. 
(d) Both Assertion and reason is incorrect. 

1)Assertion: The book is at rest on a study table means no net force is acting on the book 

Reason: The weight of the book and reaction force are acting in the same direction. 

2) Assertion: Due to friction between tyres and road there is wear and tear of tyres  

Reason: Friction is a necessary evil 

3) Assertion: A bullet fired by a gun with high speed causes more harm than the same bullet fired with 
moderate speed. 

Reason: Change in momentum depends on mass and velocity. 

4) Assertion: We know novice player tries to catch the cricket ball almost instantly and this hurts him. 

Reason: Force not only depends on the change in momentum but also on how fast the change in momentum 
is brought about. 
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5) Assertion: When a fixed force is applied for a certain interval of time on two bodies of different masses 
initially at rest the lighter body picks up a greater speed than the heavier body 

 Reason: Same force for the same time causes same change in momentum for different bodies 

6) Assertion:Driving at optimum speed on  banked road will cause little wear & tear of tyres. 

Reason: Frictional force provides the necessary centripetal force. 

7) Assertion: In a system of three forces in equilibrium, the resultant of any two forces obtained by the 
parallelogram law of forces must be equal and opposite to the third force. 

Reason: These forces are non-concurrent forces. 

8) Assertion: Frictional force is non conservative force 

Reason: frictional force depends on the path not on initial and final position of the object. 

9) Assertion: when external force exceeds the maximum limit of static friction ,the body begins to move. 

Reason: Static friction comes into play the moment when we apply a force on a body. 

10) Assertion: Ball bearings is used in moving parts of a machine to reduce power dissipation 

Reason: Rolling friction between ball bearing and surface in contact is small . 

 

EXERCISE QUESTIONS- 

11) Assertion: It is difficult to drive a car on slippery road than an ordinary road. 

Reason: An ordinary road the friction between the tyres and the road provides the necessary external force 
to accelerate the car. 

12) Assertion: Rolling friction is always lesser than the sliding friction 

Reason: In rolling friction there is one point of contact between the body and the plane 

13) Assertion: For a projectile under the vertical Gravitational force the horizontal component of velocity 
remains unchanged 

Reason: the component of velocity normal to the force remains unchanged 

14) Assertion: In ideal rolling even when effect of friction is ignored body must come to rest after certain 
time. 

Reason: During collision between point of contact and floor kinetic energy of the body gradually decreases. 

15) Assertion: Action is the cause and reaction is always the effect of it on same body. 

 Reason: Action and reaction forces cancels each other 

ANSWERS: 

1Q 2Q 3Q 4Q 5Q 6Q 7Q 8Q 9Q 10Q 11Q 12Q 13Q 14Q 15Q 
c b a a a b c a b a a b a a d 
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SHORT ANSWER TYPE QUESTIONS[2M] 

Q1 A monkey seems to climbs up and another monkey seems to move down at same rope hanging over a 
pulley with same uniforms acceleration. If the respective masses of monkeys are in the ratio 1:3. Find the 
common acceleration?  

Q2 Can a body have zero velocity and non-zero acceleration? Explain with two examples. 

Q3 A particle moves in a circle of radius 20 cm at 120 revolutions per minute. Calculate the linear 
acceleration of the particle. 

Q4 The tension in the string shown in fig 

 

 

Q5 A scooter is moving with speed of 10m/s on a circular track of radius 25m.Its speed is increasing at the 
rate of 3m s-2. Calculate its resultant acceleration. 

Q6 What is a centripetal force. How it is different from centrifugal force. Identify source of the centripetal 
force acting on respective objects in the following cases? 

(ii) Electron revolving around the nucleus. 

(ii) Earth revolves around the sun. 

Q7 A batsman hits A ball of mass 50kg moving with a speed of 20m/s  is hit by a batsman with a speed of 
10m/s. If time of contact is 5  

seconds. Calculate the force exerted by the bat as well calculate impulse imparted on the ball. 

Q8 A bullet of mass 30 g penetrates 5cm inside a wooden block with an initial velocity of 500m/s and finally 
comes to rest. Calculate the average force exerted by the bullet. 

Q9 A force F=4t3+ 20 is applied on an object of mass 50 kg moving with initial velocity of 10m/s. Calculate 
the velocity of the object after 10 seconds. 

Q10 Justify the reason behind banking of tracks. A cyclist takes a turn of circular path of radius 10m with a 
speed of 10m/s.Through what angle he should bend his cycle without skidding. 

 

EXERCISE QUESTIONS 

Q11 A rocket is projected upwards with a lift mass of 20,000 kg with an initial acceleration of 10m/s. 
Calculate the initial thrust imparted to it. 

Q12 Why does a fruit fall down when the branch of the tree is shaken? State and explain the law involved in 
this phenomena. 

Q13 A horse can pull a heavy cart on a road but on muddy field it is very difficult. Justify using a suitable 
diagram. 

Q14 How linear velocity and angular velocity are different from each other. Deduce a relation between 
them. 
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Q15 A system of two blocks of masses m=2kg and M= 8 kg is placed on a smooth 
table as shown in fig. The coefficient of static friction between two blocks is 
0.5.What is the maximum horizontal force F that can be applied to the block of 
mass M so that the blocks move together. 

ANSWERS- 

Q1: Answer: a = g/2 Hint: Apply Atwood machine formula using mass ratio 1:3. 

Q2: Answer: Yes Hint: In circular motion, speed remains constant but direction changes continuously. 

Q3: Answer: a = 320π² cm s⁻² Hint: Use a = ω²r and ω = 2πf. 

Q4: Answer: T = F/6 Hint: Draw Free Body Diagram and apply Newton’s Second Law. 

Q5: Answer: Resultant acceleration = 5 m/s²  Hint: Use a = √(ac² + at²). 

Q6: Answer: Centripetal force acts towards center; centrifugal force acts outward. 

Hint: Electron → Electrostatic force, Earth → Gravitational force. 

Q7: Answer: Impulse = 2000 kg m/s, Force = 400 N   Hint: Use Impulse = m(v-u) and F = Δp/t. 

Q8: Answer: Retarding force = 1.25 × 10⁵ N Hint: Use Work-Energy theorem. 

Q9: Answer: Velocity after 10 s = 214 m/s Hint: Integrate F dt = m(v-u). 

Q10: Answer: θ = 45°  Hint: Use tanθ = v²/rg. 

Q11: Answer: Thrust = 4 × 10⁵ N Hint: Use F = m(g+a). 

Q12: Answer: Fruit falls due to inertia of rest.Hint: Branch moves suddenly but fruit tends to remain at rest 
due to Newton’s First Law. 

Q13: Answer: Horse cannot move easily on muddy road because friction is very small. 

Hint: Frictional force between horse and ground decreases on muddy surface. 

Q14: Answer: Linear velocity is related to straight line motion and angular velocity to rotational motion. 
Relation: v = rω Hint: Linear velocity depends on radius and angular velocity. 

Q15: Answer: Maximum force F = 50 N Hint: Use f = μmg, then apply F = (M+m)a. 

 

SHORT ANSWER TYPE QUESTIONS [3 MARK] 

Q1 Think like a Cyclist ��: A biker takes a turn on a curved road of radius 25 m with speed 15 m/s. 
Explain why he bends inward and calculate the angle of inclination. 

Q2 A gun of mass 4 kg fires a bullet of mass 40 g with velocity 300 m/s. Calculate recoil velocity of gun and 
state the law involved. 

Q3 An athlete of mass 60 kg climbs a rope. The rope can withstand maximum tension of 700 N. Determine 
whether the rope breaks when athlete climbs upward with acceleration 4 m/s². 

Q4 Explain why friction is called a necessary evil. Write any three advantages and disadvantages from daily 
life. 

Q5 A shell of mass 10 kg moving at 60 m/s explodes into two fragments of masses 4 kg and 6 kg. If smaller 
fragment moves at 80 m/s, find velocity of larger fragment. 
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Q6 A machine gun fires bullets of mass 25 g with velocity 500 m/s. A 50 kg animal runs toward hunter at 5 
m/s. Find number of bullets required to stop the animal. 

Q7 The force-time graph of a particle is triangular with base 4 s and height 30 N. Calculate impulse 
imparted to particle. 

Q8 Derive expression for stopping distance of a vehicle moving on rough horizontal road with coefficient of 
friction μ. 

Q9 A stone tied to a string of length 1 m moves in circular path with speed 5 m/s. Calculate centripetal 
acceleration and tension in string if mass is 0.2 kg. 

Q10 Think like a Pilot ��: A jet plane loops in vertical circle of radius 500 m at speed 200 m/s. Compare 
centripetal acceleration with g. 

EXERCISE QUESTIONS 

Q11 Why newton’s second law is called real law of motion. Deduce first and second law of motion from it 
to support your answer. 

Q12 A balloon is descending down with 5m/s2acceleration.Calculate number of gases should be taken out 
from it such that it starts ascending with same acceleration. Give logic behind your answer. 

Q13 A child pulled a thread as shown in fig from a point, just below B. 

i)He increases the force gradually    ii) Gives a jerk 

In both cases from where string shall break. Explain and state law of physics behind it. 

Q14 Find tension a1, a2, T1and T2in the given figure- 

 

ANSWERS- 

Q1: Answer: Cyclist bends inward to obtain centripetal force. Angle ≈ 42° 

Hint: Use tanθ = v²/rg. 

Q2: Answer: Recoil velocity = 3 m/s Hint: Apply conservation of momentum. 

Q3: Answer: Rope tension = 840 N, hence rope breaks. Hint: Use T = m(g+a). 

Q4: Answer: Friction helps in walking, writing, braking but causes heat and wear. 

Hint: Write any 3 advantages and disadvantages. 

Q5: Answer: Velocity of larger fragment = 46.7 m/s Hint: Apply conservation of momentum. 

Q6: Answer: Number of bullets required = 2  Hint: Bullet momentum = animal momentum. 

Q7: Answer: Impulse = 60 Ns Hint: Area under force-time graph. 

Q8: Answer: Stopping distance = v²/2μg Hint: Use v²-u² = 2as and a = -μg. 

Q9: Answer: Centripetal acceleration = 25 m/s², Tension = 5 N Hint: Use a = v²/r  
& T = mv²/r. 

Q10: Answer: Centripetal acceleration = 80 m/s², Ratio with g ≈ 8:1 

Hint: Compare v²/r with g. 
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Q11: Answer: Newton’s Second Law explains force quantitatively and includes first law. 

Hint: F = dp/dt. 

Q12: Answer: Gas must be removed to reduce weight so balloon rises. 

Hint: Buoyant force becomes greater than weight. 

Q13: Answer: Slow pull → upper thread breaks; sudden jerk → lower thread breaks. 

Hint: Due to inertia. 

Q14: Answer: Apply Newton’s Laws on both masses separately to find T1, T2, a1, a2. 

Hint: Draw Free Body Diagram. 

LONG ANSWER TYPE QUESTIONS- 

Q1 Give the magnitude and direction of the net force acting on 

(a) a drop of rain falling down with a constant speed, 

(b) a cork of mass 10 g10 g floating on water, 

(c) a kite skillfully held stationary in the sky, 

(d) a car moving with a constant velocity of 30 km/h−130 km/h−1 on a rough road, and 

(e) a high-speed electron in space, far from all material objects, and free of electric and magnetic fields. 

Q2 What is meant by banking of roads? Explain the need for it. Obtain an expression for the maximum 
speed with which a vehicle can safely negotiate a curved road banked at angle θ. The coefficient of friction 
between road and wheels is μ.  

Q3 A plane of mass 500 kg rises with a vertical acceleration of 5 m/s2. The weight of pilot is 50 kg. Find- 

(a) The magnitude of force on the floor of the plane by the pilot. 

(b) Action of the rotor of the helicopter on the surrounding air-(g=10 m/s2) 

(c) A car of mass 1000kg is moving with a speed of 36 km h-1 on a level road. Calculate the retarding force 
required to stop the car in a distance of 50 m .What is the need of banking? 

Q4 What is the law of conservation of linear momentum? Write its two applications. How does the law of 
conservation of linear momentum related to Newton’s third law of motion? A body of mass is 5kg initially at 
rest explodes and breaks into three fragments of masses in the ratio 1:1:3. The two pieces of equal masses 
fly off perpendicular to each other with a speed of 30m s-1 each. What is the velocity of higher fragments?  

EXERCISE QUESTIONS- 

Q5 A machine gun of mass 10 kg fires 20 g bullets at the rate of 10 bullets per second with a speed of a 800 
ms-1 . What force is required to hold the guns in position? 

(b) What is impulse and how it is related to angular momentum. 
One dimensional motion of a body of mass 0.4kg is shown by the 
position time (x-t). Find the magnitude of each impulse. 

Q6 (a) Write the laws of limiting friction. 

(b) A truck moving at 54km/h carries a steel beams which rests on a wooden floor. What is the minimum 
time in which truck can stop without the beams moving forward? Coefficient of static friction between steel 
and wood is 0.5. 
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(c) A mass of 1 kg is suspended by a string. It is first lifted up with an acceleration of 4.9 m/s2and then 
lowered down with same acceleration. Find the ratio of tensions in the string in the two cases. 

ANSWERS- 

Q1: Answer: Net force is zero in all cases. Hint: Constant velocity or rest ⇒ net force = 0. 

Q2: Answer: Banking helps provide centripetal force.  Hint: Use banking of roads formula. 

Q3(a): Answer: Force on floor = 750 N Hint: Use F = m(g+a). 

Q3(b): Answer: Rotor force on air = 8250 N Hint: Newton’s Third Law. 

Q3(c): Answer: Retarding force = 1000 N Hint: Use v²-u² = 2as. 

Q4: Answer: Velocity of heavier fragment ≈ 14.14 m/s Hint: Conservation of momentum. 

Q5(a): Answer: Force required = 160 N Hint: Force = rate of change of momentum. 

Q5(b): Answer: Impulse = change in momentum. Hint: J = FΔt. 

Q6(a): Answer: Limiting friction ∝ normal reaction.  Hint: fmax = μN. 

Q(b): Answer: Minimum stopping time = 3  Hint: Maximum retardation = μg. 

Q6(c): Answer: Tension ratio = 3:1 Hint: T = m(g±a). 

CASE BASED STUDY QUESTIONS: 

Q1 Conservation of Momentum & Recoil 

A rifle fires a bullet with very high speed. According to Newton’s Third Law, the gun experiences recoil in 
the opposite direction. This phenomenon explains conservation of momentum in isolated systems. Recoil is 
reduced by increasing the mass of the gun. 
(i) A bullet of mass 25 g is fired from a gun of mass 5 kg with velocity 400 m/s. The recoil velocity of the 
gun is: 
(a) 1 m/s             (b) 2 m/s                     (c) 4 m/s                    (d) 8 m/s 
(ii) Which law explains recoil of gun? 
(a) Newton’s First Law                           (b) Newton’s Second Law                                                 (c) 
Newton’s Third Law                         (d) Law of Gravitation 
(iii) Why is recoil velocity of gun smaller than bullet velocity? 
(iv) Think like an Engineer �� Why are heavy rifles preferred over lighter rifles? 

Q2 Lift and Apparent Weight 

A person standing inside a lift experiences changes in apparent weight depending upon the acceleration of 
the lift. The weighing machine actually measures the normal reaction force acting on the person. 
(i) A lift moves upward with constant velocity. The apparent weight is: 
(a) Zero   (b) Less than actual weight (c) Equal to actual weight (d) Greater than actual weight  
(ii) A person feels lighter in a lift when it: 
(a) Accelerates upward                                        (b) Accelerates downward 
(c) Moves with constant speed                            (d) Stops suddenly 
(iii) What happens to apparent weight during free fall? 
(iv) Think like a Scientist ��Why do astronauts feel weightless inside satellites? 

Q3 Banking of Roads 

Vehicles moving on curved roads require centripetal force for safe turning. To reduce dependence on friction 
and prevent skidding, roads are banked. 



  
ZIET MYSURU-SSM-PHYSICS-XI-2026-27 46 

 

(i) The angle of banking depends mainly on: 
(a) Radius and speed (b) Mass of vehicle (c) Colour of road (d) Atmospheric pressure 
(ii) A car moves safely on a banked road because: 
(a) Friction disappears                                       (b) Weight becomes zero 
(c) Horizontal component of normal reaction provides centripetal force 
(d) Gravity increases 
(iii) What is the optimum speed on a banked road of radius 20 m &  45°?(Take g =10 m/s²) 
(a) 10 m/s          (b) 14 m/s    (c) 20 m/s   (d) 40 m/s 
(iv) Think like an Engineer �� 
Why are highways and racing tracks designed with banking at curves? 
Q4 Impulse and Collision 

During collisions, a large force acts for a very short time interval producing impulse. Airbags and helmets 
work on this principle. 
(i) Impulse is equal to: 
(a) Force × Distance       (b) Force × Time      (c) Mass × Velocity  (d) Work done 
(ii) A batsman moves his hands backward while catching the ball to: 
(a) Increase force   (b) Reduce collision time (c) Increase collision time (d) Increase momentum 
(iii) A ball experiences impulse of 20 Ns for 0.2 s. Average force is: 
(a) 10 N              (b) 50 N               (c) 100 N            (d) 200 N 
(iv) Think like a Doctor �� 
Why do airbags reduce injuries during accidents? 

ANSWERS / HINTS 

Q1 (i) (b) 2 m/s (ii) (c) Newton’s Third Law (iii) Gun has larger mass (iv) To reduce recoil 

Q2 (i) (c) Equal to actual weight  (ii) (b) Accelerates downward  (iii) Zero (iv) Due to free fall condition 

Q3 (i) (a) Radius and speed (ii) (c) Horizontal component provides centripetal force 
(iii) (b) 14 m/s (iv) To avoid skidding and provide safe turning 
Q4 (i) (b) Force × Time (ii) (c) Increase collision time (iii) (c) 100 N  
(iv) They increase impact time and reduce force 
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CHAPTER– 5
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MULTIPLE CHOICE QUESTIONS 

1) In which of the following work is being not done? 

(a) Shopping in the supermarket             (b) Standing with a basket of fruit on the head 

(c) Climbing a tree                                   (d) Pushing a wheel barrow 

2) A man pushes a wall and fails to displace it, he does 

(a) negative work                                     (b) positive but not maximum work 

(c) no work at all                                     (d) maximum positive work 

3) Two bodies of different masses are moving with same kinetic energy. Then the ratio of their momenta is 
equal to the ratio of their 

(a) masses      (b) square of masses     (c) square root of masses    (d) cube root of masses 

4) The speed of an object of mass m dropped from an inclined plane (frictionless), at the bottom of the plane, 
depends on: 

(a) height of the plane above the ground         (b) angle of inclination of the plane 

(c) mass of the object                                      (d) All of these 

5) A particle is taken round a circle by application of force. The work done by the force is 

(a) positive non–zero      (b) negative non–zero     (c) Zero        (d) None of the above 

6) Work done by a conservative force is positive if 

(a) P.E. of the body increases                                            (b) P.E. of the body decreases 

(c) K.E. of the body increases                                          (d) K.E. of the body decreases 

7) The total mechanical energy of a system is conserved if the force, doing work on it is 

(a) constant      (b) variable            (c) conservative           (d) non-conservative 

8) Which of the following must be known in order to determine the power output of an automobile? 

(a) Final velocity and height                           (b) Mass and amount of work performed 

(c) Force exerted and distance of motion        (d) Work performed and elapsed time of work 

9) Which one of the following statements is true? 

(a) Momentum is conserved in elastic collisions but not in inelastic collisions 

(b) Total kinetic energy is conserved in elastic collisions but momentum is not conserved in elastic collisions 

(c) Total kinetic energy is not conserved but momentum is conserved in inelastic collisions 

(d) Kinetic energy and momentum both are conserved in all types of collisions 

10) Consider the elastic collision of two bodies A and B of equal mass. Initially B is at rest and A moves 
with velocity v. After the collision 

(a) the body A traces its path back with the same speed 

(b)the body A comes to rest and B moves away in the direction of A’s approach with the velocity v 

(c) both the bodies stick together and are at rest 
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(d) B moves along with velocity v/2 and A retraces its path with velocity v/2. 

11) In a one-dimensional elastic collision, the relative velocity of approach before collision is equal to 

(a) sum of the velocities of the bodies  

(b) e times the relative velocity of separation after collision 

(c) 1/e times the relative velocity of separation after collision 

(d) relative velocity of separation after collision 

12) In case of elastic collision, at the time of impact. 

(a) total K.E. of colliding bodies is conserved. (b) total K.E. of colliding bodies increases 

(c) total K.E. of colliding bodies decreases (d) total momentum of colliding bodies decreases. 

13) When two spheres of equal masses undergo glancing elastic collision with one of them at rest, after 
collision they will move 

(a) opposite to one another  (b) in the same direction   (c) together (d) at right angle to each other 

14) In an inelastic collision 

(a) momentum is not conserved  

(b) momentum is conserved but kinetic energy is not conserved 

(c) both momentum and kinetic energy are conserved 

(d) neither momentum nor kinetic energy is conserved 

15) In an elastic collision, what is conserved ? 

(a) Kinetic energy      (b) Momentum        (c) Both (a) and (b)        (d) Neither (a) nor (b) 

EXERCISE QUESTIONS 

16)The work done in lifting water from a well of depth 6 m using a bucket of mass 0.5 kg and volume 2 
litre, will be 

 (a) 73.5 J               (b) 147 J             (c) 117. 6 J                   (d) 98 J 

17) A ball is thrown vertically downwards from a height of 20 m with an initial velocity v0 . It collides with 
the ground and loses 50% of its energy in collision and rebounds to the same height. The initial velocity v0  
is : (Take g = 10 m s-2 ) 

 (a) 20  m s-1              (b) 28 m s-1                 (c) 10 m s-1         (d) 14 m s-1 

18) The potential energy of a certain spring when stretched through distance S is 10 joule. The amount of 
work done (in joule) that must be done on this spring to stretch it through an additional distance s, will be  

(a) 20                          (b) 10                    (c) 30                  (d) 40 

19) A bullet of mass 20 g hits at a block of 1.98 kg suspended from 
massless string of length 100 cm and sticks to it. The bullet flies 
down at an angle of 30º to the horizontal with a velocity of 200 m/s. 
Through what height the block will rise  

(a) 0.15 m                (b) 0.30 m                (c) 0.45 m                 (d) 0.75 m 
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20) A uniform chain is held on a frictionless table with one-fifth of its length hanging over the edge. If the 
chain has a length l and a mass m, how much work is required to pull the hanging part back on the table ? 

 (a)mgl / 10                 (b)mgl / 5           (c)mgl/ 50                     (d)mgl / 2 

 

SOLUTIONS – MULTIPLE CHOICE QUESTIONS 

Q.1  Answer: (b)  Hint: No displacement occurs while standing with a basket. 

Q.2  Answer: ©   Hint: Work done is zero because displacement is zero. 

Q.3  Answer: ©  Hint: For same kinetic energy, momentum is proportional to √mass. 

Q.4  Answer: (a)   Hint: Final speed depends only on vertical height. 

Q.5  Answer: © Hint: Force is perpendicular to displacement in circular motion. 

Q.6  Answer: (b) Hint: Work done by conservative force decreases potential energy. 

Q.7  Answer: © Hint: Mechanical energy is conserved only under conservative forces. 

Q.8  Answer: (d) Hint: Power = Work / Time. 

Q.9  Answer: ©  Hint: Momentum is conserved in all collisions, KE only in elastic collisions. 

Q.10  Answer: (b) Hint: In elastic collision of equal masses, velocities are exchanged. 

Q.11  Answer: (d) Hint: Relative velocity of approach = relative velocity of separation. 

Q.12  Answer: (a) Hint: Kinetic energy remains conserved in elastic collision. 

Q.13  Answer: (d) Hint: After glancing elastic collision, equal masses move at right angles. 

Q.14  Answer: (b) Hint: Momentum is conserved but kinetic energy is not conserved. 

Q.15  Answer: © Hint: Both momentum and kinetic energy are conserved. 

Q.16  Answer: (b) 147 J Hint: Total mass = bucket + water = 0.5 + 2 = 2.5 kg. 

Q.17  Answer: (a) 20 m/s Hint: Use conservation of energy before and after collision. 

Q.18  Answer: © 30 J Hint: Spring energy ∝ x², doubling stretch increases energy four times. 

Q.19  Answer: (a) 0.15 m Hint: Use conservation of momentum and convert KE into PE. 

Q.20  Answer: © mgl/50 Hint: Use center of mass of hanging part. 

 

ASSERTION AND REASON TYPE QUESTIONS 

Directions: In the following questions, Assertion (A) is followed by Reason (R). Choose the correct option: 
(a) Both A and R are true and R is the correct explanation of A. 
(b) Both A and R are true but R is not the correct explanation of A. 
(c) A is true but R is false.           (d) Both A and R are false. 

1) Assertion: A delivery worker carrying a heavy parcel on his head while walking on a straight horizontal 
road does no mechanical work on the parcel. 
Reason:Work done becomes zero when force & displacement are perpendicular to each other 
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2)Assertion: During a complete lap on a circular track, the total work done by gravitational force can 
become zero. 
Reason: Conservative forces do not depend on the actual path followed. 

3) Assertion: A loaded truck and a motorcycle can have same momentum but different kinetic energies. 
Reason: Kinetic energy depends on both momentum and mass. 

4) Assertion: Instantaneous power delivered by an engine depends on both applied force and velocity. 
Reason: Instantaneous power is the dot product of force and velocity. 

5)Assertion: The kinetic energy gained by a football after being kicked equals the net work done on it. 
Reason: Work-energy theorem is valid only for single particle systems. 

6) Assertion: A stretched rubber band stores potential energy. 
Reason: External work done against restoring force gets stored as elastic potential energy. 

7)Assertion: Satellites revolve around Earth without loss of total mechanical energy. 
Reason: Gravitational force is conservative in nature. 

8)Assertion: Two collisions with same change in momentum can produce different impact forces. 
Reason: Force depends on rate of change of momentum. 

9)Assertion: Work done by gravity while lifting a body depends only on initial and final positions. 
Reason: Gravitational force is a conservative force. 

10)Assertion: Work done over a closed path is always zero. 
Reason: Work done depends on nature of force involved. 

 

EXERCISE QUESTIONS 

11) Assertion: The power of a pump which raises 100 kg of water in 10sec to a height of 100 m is 10 KW. 

Reason: The practical unit of power is horse power. 

12) Assertion: According to law of conservation of mechanical energy change in potential energy is equal 
and opposite of the change in kinetic energy. 

Reason: Mechanical energy is not a conserved quantity. 

13) Assertion: When the force retards the motion of a body, the work done may zero. 

Reason: Work done depends on angle between force and displacement. 

14) Assertion: In an elastic collision of two bodies, the momentum and energy of each body is conserved. 

Reason: If two bodies stick to each other, after colliding, the collision is said to be perfectly elastic. 

15) Assertion: A body cannot have energy without having momentum but it can have momentum without 
having energy. 

Reason: Momentum and energy have same dimensions. 

ANSWER - ASSERTION AND REASON 

1Q 2Q 3Q 4Q 5Q 6Q 7Q 8Q 9Q 10Q 11Q 12Q 13Q 14Q 15Q 
a a a a c a a a a d b c d d d 
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SHORT ANSWER QUESTIONS (2 MARKS) 

Q1 When a conservative force does negative work on a body, what happens to its potential energy? 

Q2 A body of mass 4 kg moves such that displacement is given by S = t³/2. Find the work done in first 2 s. 

Q3 A pump of power 5 kW raises water to a height of 20 m. Find amount of water raised in 1 minute. 

Q4 Two bodies of mass 50 kg each move in opposite directions with speeds 12 m/s and 8 m/s. Find common 
velocity after collision. 

Q5 A body explodes into fragments in the ratio 1:2:3. Two smaller fragments move perpendicular to each 
other with speeds 10 m/s. Find velocity of heaviest fragment. 

Q6 A resistive force-distance graph forms a triangle of area 40 J. If initial kinetic energy is 100 J, find final 
kinetic energy. 

Q7 Find potential energy stored in a spring in terms of force F and extension x. 

Q8 A spring stores 200 J energy when stretched by 4 cm. Find energy stored when stretched by 8 cm. 

Q9 If momentum of a body becomes double, how much does kinetic energy increase? 

Q10 Two springs of constants 1000 N/m and 2000 N/m are stretched by same force. Find ratio of energies 
stored. 

Q11 Which Spring stores more energy when stretched equally: soft spring or stiff spring? 

Q12 A force F=(3+x) acts along x-axis. Find work done from x=1 m to x=3 m. 

Q13 If kinetic energy increases by 200%, by what percent does momentum increase? 

Q14 In velocity-time graph, during which interval is work done negative? 

Q15 A body of mass 1 kg moving at 2 m/s compresses a spring of constant 200 N/m. Find maximum 
compression. 

ANSWERS / HINTS 

Q1: Potential energy increases. Hint: W = -ΔU 

Q2: Work done = 64 J Hint: Use v = ds/dt and KE theorem. 

Q3: Mass of water = 1500 kg Hint: P = mgh/t 

Q4: Velocity = 2 m/s Hint: Conservation of momentum. 

Q5: Velocity of heavier fragment = 7.45 m/s Hint:Resultant momentum of smaller fragments. 

Q6: Final KE = 60 J Hint: KEfinal = KEinitial – work done. 

Q7: PE = 1/2 Fx Hint: Elastic potential energy formula. 

Q8: Energy = 800 J Hint: PE ∝ x² 

Q9: Kinetic energy becomes four times Hint: KE ∝ p² 

Q10: Ratio = 2 : 1 Hint: PE ∝ 1/k for same force. 

Q11: Stiff spring Hint: Larger k stores more energy for same extension. 

Q12: Work done = 8 J Hint: Integrate force over displacement. 
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Q13: Momentum increases by 100% Hint: KE ∝ p² 

Q14: During decreasing velocity interval Hint: KE decreases.  

Q15: Maximum compression = 0.14 m Hint: KE = Spring PE 

SHORT ANSWER QUESTIONS (3 MARKS) 

Q1 A worker pushes a box with force 120 N for 8 m on a rough floor. Later the force decreases uniformly to 
60 N for next 8 m. Find total work done by worker and friction force of 40 N. 

Q2 A block attached to a spring compresses it by x. Find minimum mass required to just lift another block 
placed on spring platform. 

Q3 A particle rotates in a vertical circle of radius 1.5 m. If ratio of maximum to minimum tension is 3:1, find 
speed of particle. 

Q4 A body starts from height 5R and moves in frictionless loop of radius R. Find normal reaction at top of 
loop. 

Q5 A pendulum bob released from horizontal position loses 20% energy due to air resistance. Find speed at 
lowest point. 

Q6 A particle of mass 1 kg moves with velocity v = 3x². Find work done from x=0 to x=2 m. 

Q7 Show that for a car moving with constant power, displacement squared is proportional to cube of time. 

Q8 State and prove work-energy theorem. For which forces is it applicable? 

Q9 State whether following are true or false with reason: 
(a) Momentum of each body is conserved in elastic collision. 
(b) Work done in closed path is always zero. 
(c) Kinetic energy decreases in inelastic collision. 

Q10 A force F = (3i + 4j – 2k) N displaces a body from A(1,2,3) to B(4,–1,5). Find work done. 

Q11 A force F=(8+2x) acts on a body along x-axis. Find work done from x=1 m to x=4 m. 

Q12 A car of mass 1200 kg moving at 20 m/s collides with spring of constant 8×10³ N/m. Find maximum 
compression. 

Q13 A particle dropped from height H has kinetic energy double its potential energy at some point. Find 
height from ground. 

Q14 A bob attached to flywheel falls through height h. Find angular speed of flywheel in terms of h and r. 

Q15 A cyclist moving at 15 m/s applies brakes and stops in 5 s. If retarding force is 300 N, find work done 
by brakes. 

ANSWERS / HINTS 

Q1: Work done by worker = 1440 J Hint: Use area under force-displacement graph. 

Q2: Minimum mass = m/2 Hint: Spring PE = gravitational PE. 

Q3: Speed = 3√g m/s Hint: Use tension ratio equations. 

Q4: Normal reaction = 4mg Hint: Apply conservation of mechanical energy. 

Q5: v = √(1.6gL) Hint: Only 80% energy remains. 

Q6: Work done = 72 J Hint: W = ΔKE. 
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Q7: x² ∝ t³ Hint: Use P = dW/dt. 

Q8: Applicable for all forces. Hint: Work done equals change in kinetic energy. 

Q9: (a) False (b) False (c) True Hint: Conservation laws apply to system. 

Q10: Work done = 14 J  Hint: W = F·S. 

Q11: Work done = 33 J Hint: Integrate force over displacement. 

Q12: Maximum compression = 7.75 m Hint: KE converts into spring PE. 

Q13: Height from ground = H/3 Hint: Total energy remains constant. 

Q14: ω = (1/r)√(4gh/3) Hint: Use rotational kinetic energy. 

Q15: Work done = –22500 J Hint: Retarding force does negative work.   

LONG ANSWER QUESTIONS (5 MARKS) 

Q1 (a) Show that in case of one-dimensional elastic collision of two bodies, the relative velocity of 
separation after the collision is equal to the relative velocity of approach before collision. 

(b) Hence write expressions for the velocities of two bodies in terms of their initial velocities before 
collision.  

Q2 A body tied to one end of a string is made to revolve in a vertical plane. Derive the expression for the 
velocity of the body and tension in the string at any point. Hence find (i) tension at the bottom and top of the 
circle. (ii) Minimum velocity at the lowest point so that it is just able to loop the vertical loop and (c) the 
minimum velocity at the top. 

Q3 (a) Draw the graph of equation 𝐹𝐹𝑠𝑠 =  −𝑘𝑘𝑘𝑘 where 𝐹𝐹𝑠𝑠is the spring force and 𝑥𝑥is the displacement of the 
block from equilibrium position. Using the graph, show that maximum work done by the spring at 𝑥𝑥𝑚𝑚 is 
𝑊𝑊𝑠𝑠 =  −1

2
𝑘𝑘𝑥𝑥𝑚𝑚2     (k = spring constant) 

(b) What will be the work done by external force if the spring is displaced from x1 to x2? 

Q4 (a)  Define work done. How can we calculate work done by 

          (i) Constant force              (ii) Variable force and 

          (iii) From graph if an object is displaced along a straight line. 

(b) Find work done by a force F = 2x (SI unit) if it displaces an object from origin to a  

 Point (1, 2,-2) 

Q5 Define perfect elastic collision. Let one object of mass m1 moving with u undergoes perfect elastic 
collision with a stationary object of mass m2 in one dimension. After collision both stick together and move 
with velocity ‘V’. Prove that there will be some loss of kinetic energy in the collision. 

EXERCISE QUESTIONS 

Q6 A block of mass 2 kg is pulled up on a smooth incline of angle 30° with the horizontal. If the block 
moves with an acceleration of 1 m/s2, find the power delivered by the pulling force at a time 4 s after the 
motion starts. What is the average power delivered during the 4 s after the motion starts? 

Q7 A block of mass m is pulled along a horizontal surface by applying a force at an angle 𝜃𝜃 with the 
horizontal. The friction coefficient between the block and the surface is 𝜇𝜇. If the block travels at a uniform 
velocity, find the work done by this applied force during a displacement d of the block. 



  
ZIET MYSURU-SSM-PHYSICS-XI-2026-27 56 

 

Q8 A bob of mass m is suspended by a light string of length L. It is imparted a 
horizontal velocity v0 at the lowest point A such that it completes a semi-circular 
trajectory in the vertical plane with the string becoming slack on reaching the 
topmost point C as shown in fig. Obtain an expression for 

 (i) V0           (ii) The speeds at point B and C  

(iii) The ratio of kinetic energy is KB / KC at B and C. 

 Comment on the nature of trajectory of the bob after it reaches the point c. 

ANSWERS / HINTS 

Q1: Relative velocity of separation = Relative velocity of approach. 

Hint: Use conservation of momentum and coefficient of restitution e = 1. 

Q2: At bottom: T = mg + mv²/r 
At top: T = mv²/r – mg Minimum velocity at top = √gr 
Minimum velocity at bottom = √5gr  Hint: Apply conservation of energy and centripetal force. 

Q3: Maximum work done by spring = –½kx² 
External work from x₁ to x₂ = ½k(x₂² – x₁²) Hint: Work done equals area under F-x graph. 

Q4: Work done by constant force: W = F·S Variable force: W = ∫Fdx   

 From graph: Area under F-x graph Hint: For vector force use dot product. 

Q5: Perfect elastic collision conserves both momentum and KE. 
If bodies stick together, collision becomes inelastic and KE decreases. 

Hint: Compare initial and final kinetic energies. 

 

EXERCISE 

Q6: Instantaneous power = 24 W Hint: P = Fv and v = u + at. 

Q7: Work done = (μmgd cosθ)/(cosθ + μsinθ) 

Hint: Resolve forces horizontally and vertically. 

Q8: V₀ = √5gL ,VB = √3gL . VC = √gL , 
KB : KC = 3 : 1 Hint: Use conservation of energy at points A, B and C. 

 

CASE BASED QUESTIONS: 

Q 1. A block of mass m is kept in an elevator which starts moving downward 
with an acceleration a0 as shown in figure. The block is observed by two 
observers A and B for a time interval 𝑡𝑡0. 

(i) The observer B finds that the work done by gravity is 

  (a) 1
2
𝑚𝑚𝑔𝑔2𝑡𝑡02   (b) -1

2
𝑚𝑚𝑔𝑔2𝑡𝑡02   (c) 1

2
𝑚𝑚𝑚𝑚𝑚𝑚𝑡𝑡02   (d) −1

2
𝑚𝑚𝑚𝑚𝑚𝑚𝑡𝑡02 

(ii) The observer B finds that work done by normal reaction N is 

 (a) Zero      (b) - Na𝑡𝑡02   (c)   𝑁𝑁𝑁𝑁𝑡𝑡
2

2
   (d) none of these 
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(iii) The observer B finds that work done by pseudo force is 

      (a)  Zero      (b) – 𝑚𝑚𝑎𝑎2𝑡𝑡0     (c)  +𝑚𝑚𝑎𝑎2𝑡𝑡0            (d) – 𝑚𝑚𝑚𝑚𝑚𝑚𝑡𝑡0   

(iv) According to observer B, the net work done on the block is 

  (a) 1
2
𝑚𝑚𝑎𝑎2𝑡𝑡02   (b) -1

2
𝑚𝑚𝑎𝑎2𝑡𝑡02   (c) 1

2
𝑚𝑚𝑚𝑚𝑚𝑚𝑡𝑡02   (d) −1

2
𝑚𝑚𝑚𝑚𝑚𝑚𝑡𝑡02 

OR 

(v) According to the observer A 

(a) The work done by gravity is zero               (b) the work done by normal reaction is zero 

(c) The work done by pseudo force is zero     (d) all the above 

Q2. A block of mass m moving with a velocity v0 on a smooth horizontal surface strikes and compresses a 
spring of stiffness k till mass comes to rest as shown in the figure. This phenomenon is observed by two 
observers: 

A: Standing on the horizontal surface; 

B: Standing on the block 

(i) To an observer A, the work done by spring force is- 

(a) Negative but nothing can be said about its magnitude            (b)  −1
2
𝑚𝑚𝑣𝑣02 

(c) Positive but nothing can be said about its magnitude              (d)+ 1
2
𝑚𝑚𝑣𝑣02 

(ii) To an observer A, the work done by the normal reaction N between the block and the spring on the block 
is 

(a) Zero      (b)  −1
2
𝑚𝑚𝑣𝑣02        (c)−1

2
𝑚𝑚𝑣𝑣02             (d) None of these 

(iii) To an observing A, the net work done on the block is 

     (a) −𝑚𝑚𝑣𝑣02           (b) + 𝑚𝑚𝑣𝑣02             (c) −1
2
𝑚𝑚𝑣𝑣02    (d) zero 

(iv) According to the observer A 

(a) The kinetic energy of the block is converted into the potential energy of the spring 

(b) The mechanical energy of the spring–mass system is conserved 

(c) The block loses its kinetic energy because of the negative work done by the conservative force of spring 

(d) All the above     

OR 

(v) To an observer B, when the block is compressing the spring 

(a) Velocity of the block is decreasing        (b) retardation of the block is increasing 

(c) Kinetic energy of the block is zero    (d) all the above 
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EXERCISE CASE STUDY BASED QUESTION 

Q3. Two ice hockey pucks A (0.2 kg) and B (0.3 kg) move on a frictionless surface. Puck A moves at 4 m/s 
while B is at rest; after a perfectly elastic head-on collision, A rebounds with a velocity of 1 m/s to the left. 

(i) What is the velocity of puck B after the collision?   (ii) Verify whether kinetic energy is conserved.   (iii) 
What type of collision is demonstrated here, and why? 

(iv) What is the change in momentum of puck A? 

ANSWERS: Q1 : (i) c        (ii) d            (iii) a          (iv) b          (v) d 

Q2  : (i) b        (ii) b           (iii) c           (iv) d            (v) c 

Q3 (i) 3.3 m/s    (ii) yes (initial = final = 1.6 J)    (iii) perfectly elastic collision   (iv) -1 kg m/s 
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CHAPTER–6 



  
ZIET MYSURU-SSM-PHYSICS-XI-2026-27 61 

 

MULTIPLE CHOICE QUESTION 
1. A planet orbits the Sun in an elliptical path as shown in the figure. Let vₚ and vₐ be the speeds of the 

planet at perihelion and aphelion respectively. Which of the following relations is correct?   
(a) rₚ / rₐ = vₐ / vₚ    (b) rₚ / rₐ = vₚ / vₐ (c) rₚ / rₐ = √(vₚ / vₐ)   (d) rₚ / rₐ = √( vₐ/ vₚ) 

2. The centre of mass of a system of two particles of masses 2 kg and 3 kg located at (1, 0) m and (5, 0) 
m respectively is at:    

(a) (2, 0) m  (b) (3.4, 0) m  (c) (4, 0) m  (d) (5, 0) m 
3. A disc and a ring, both of mass M and radius R, are released from rest at the top of an inclined plane. 

Which one reaches the bottom first and why?   
 (a) Disc, because it has lower moment of inertia    (b) Ring, because it has higher moment of 
inertia 
(c) Both reach together     (d) cannot be determined 

4. If the net external force acting on a system is zero, which of the following must be true?  
(a) The centre of mass moves with constant velocity  (b) The system is at rest 
(c) The angular momentum is conserved   (d) The moment of inertia is zero 

5. A rod of length L and mass M is pivoted at one end. Its moment of inertia about the pivot is:    (a) 
(1/3) ML²  (b) (1/12) ML²  (c) (1/2) ML²  (d) ML² 

6. A ring is rotating about a diameter. The radius = 5cm & mass of ring = 1kg. A force is applied on the 
ring such that it is perpendicular to the axis and vector AB as shown in the figure. The magnitude of 
force is 10N. Find the work done by the torque, when the ring rotates by 90°. 
(a) 0.25π J               (b) 0.15π J                  (c) 0.2π J                       (d) 0 

7. Calculate the velocity of the centre of mass of the system of two 
particles each of mass 2 kg as shown in figure 
(a) 5 m/s (b) 10 m/s (c) 2.5 m/s (d) 15 m/s 

8. A disc is undergoing in pure rolling on a horizontal surface, then 
which of the statement about angular momentum of the disc is incorrect? 
(a) Angular momentum about A is conserved under any situation 
(b) Angular momentum about B is conserved only if surface is smooth 
(c) Angular momentum about any point on the disc is conserved 
(d) None of these 

9. If a spherical ball is under pure rolling on a table, then the fraction of its total kinetic energy 
associated with rotation is 
(a) 3/5  (b) 2/7  (c) 2/5  (d) 3/7 

10. A wheel starts from rest and attains an angular velocity of 20 rev/s after being uniformly accelerated 
for 20 s. The total angle in radian through which it has turned in 10 s is  

(a) 200 π (b) 40 π  (c) 150 π  (d) 100 π 
11. A solid cylinder, a solid sphere and a hollow sphere each of mass m and radius r are released from 

the top of a smooth inclined plane. Then which of the bodies has minimum acceleration down the 
plane?  
(a) Solid cylinder (b) Solid sphere  (c) Hollow sphere  (d) All have same 
acceleration 

12. A solid cylinder of mass m and radius r is rolling with angular speed ω on a 
horizontal plane. The magnitude of its angular momentum about origin O is  
(a) mr2ω (b) 1.5 mr2ω  (c) 2 mr2ω  (d) 2.5 mr2ω 
 
 



  
ZIET MYSURU-SSM-PHYSICS-XI-2026-27 62 

 

13. Calculate the torque acting on the disc in the given arrangement (Radius of disc 1m 
and mass m)  
(a) 2 mg/3 (b) mg/3 (c) mg  (d) 4mg/s 

14. Magnitude of angular momentum of a wheel changes from 2L to 3L in 5 sec. by a 
constant torque acting opposite to initial direction of rotation.  
What is the magnitude of the torque? 
(a) L/5    (b) L  (c) 2L/5 (d) 3L/5 

15. A shell following a parabolic path explodes somewhere in its flight. The centre of mass of fragments 
will move in  

(a) Tangential direction(b) Radial direction (c) Horizontal direction (d)Same parabolic path 
16. An elliptical disc shown in the figure is rotated in turn about x-x′, y-y′ and z-z′ axes passing through 

the centre of mass of the disc. Moment of inertia of the disc is 
(a) Same about all the three axes  (b) Maximum about z-z′ axes 
(c) Maximum about y-y′ axis   (d) Same about x-x′ and y-y′ axis 

17. Choose the incorrect statement 
(a) The centre of mass of a two particle system lies on the line joining the two particles, being closer 
to the heavier particle 
(b) In rolling, the point of contact of the rolling body remains at rest relative to the surface on which 
it is rolling 
(c) Parallel axis theorem is applicable only for laminar bodies 
(d) A particle moving on a straight line may have non-zero angular momentum about a point 

18. A stick of length L mass M initially upright on a frictionless floor, starts falling, then  
(a) Center of mass will fall vertically down(b) Center of mass will follow a circular path 
(c) Center of mass will follow any curve path(d) All of these 

19. A shell following a parabolic path explodes somewhere in its flight. The centre of mass of fragments 
will move in  
(a)Tangential direction(b)Radial direction (c)Horizontal direction (d)Same parabolic path 

20. If torque acting on a system about an axis of rotation is zero, then the quantity that remains constant 
about that axis is  
(a) Force (b) Linear momentum (c) Angular momentum (d) Angular velocity 

 
ASSERTION REASON TYPE QUESTIONS: 

(a) Both Assertion (A) and Reason (R) are true, and Reason (R) is the correct explanation of 
Assertion (A). 
(b) Both Assertion (A) and Reason (R) are true, but Reason (R) is not the correct explanation of 
AssertionA 
(c) Assertion (A) is true, but Reason (R) is false.  (d) If both, Assertion (A) and  Reason (R) are 

false. 
21. Assertion (A): It is harder to open and shut the door if we apply force near the hinge. 

Reason (R): Torque is maximum at hinge of the door.  
22. Assertion (A): An ice-skater stretches out arms-legs during performance. 

Reason (R): Stretching out arms-legs helps the performer to balance his or her body so that he or she 
does not fall. 

23. Assertion (A): When you lean behind over the hind legs of the chair, the chair falls back after a 
certain angle. 
Reason (R): Centre of mass lying outside the system makes the system unstable. 

24. Assertion (A): The speed of a whirl wind in a tornado is alarmigly high. 
Reason (R): If no external torque acts on a body, its angualr velocity remains constant 
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25. Assertion (A): If two particles have equal mass, their centre of mass lies at the midpoint. 
Reason (R): Centre of mass is inversely proportional to mass. 

26. Assertion (A): Friction is necessary for a body to roll on a surface. 
Reason (R): Friction provides the necessary tangential force and torque. 

27. Assertion (A): A body tied to a string is moved in a circle with uniform speed. If the string suddenly 
breaks, the angular momentum of the body becomes zero. 
Reason (R): The torque on the body equals the rate of change of angular momentum. 

28. Assertion (A): If there is no external torque on a body about its centre of mass, then the velocity of 
the centre of mass remains constant. 
Reason (R): The linear momentum of an isolated system remains constant. 

29. Assertion (A): Two cylinders, one hollow and one solid (wood), having the same mass and identical 
dimensions are released simultaneously to roll without slipping down an inclined plane from the 
same height. The hollow cylinder reaches the bottom first. 
Reason (R): By the principle of conservation of energy, the total kinetic energies of both cylinders 
are identical when they reach the bottom of the incline. 

30. Assertion — If the cylinder rolling with angular speed www suddenly breaks up into two equal 
halves of the same radius, the angular speed of each piece becomes 2 w. 
Reason — If no external torque acts, the angular momentum of the system is conserved. 

 
HINTS AND SOLUTIONS 

1Q 2Q 3Q 4Q 5Q 6Q 7Q 8Q 9Q 10Q 
A B A A A C B C B D 
11Q 12Q 13Q 14Q 15Q 16Q 17Q 18Q 19Q 20Q 
D B B B D B C A D C 
21 22 23 24 25 26 27 28 29 30 
C C C C C A D D D A 

 
SHORT ANSWER TYPE(2 MARKS QUESTION): 

1. Two blocks of masses 10 kg and 20 kg are placed on the x-axis. The first mass is moved on the 
axis by a distance of 2 cm . By what distance should the second mass be moved to keep the 
position of centre of mass unchanged? 

2. A car weighs 1800 kg. The distance between its front and back axles is 1.8 m. Its centre of 
gravity is 1.05 m behind the front axle. Determine the force exerted by the level ground on 
each front wheel and each back wheel. 

3. (i) Why do we prefer to use a wrench, having a long arm? 
          (ii) Under what condition, the torque due applied can be considered to be zero? 

4. (i) Is there any possibility of coinciding with the geometrical centre and C.M. of a body? 
          (ii) Does the C.M of a body necessarily have to lie inside a body? 

5. (i) What are the factors on which the M.I of a body depends? 
           (ii) When a cat can land on its feet after a fall, which property of Physics is   
 being used by her? 

6.  (i) What is a rigid body? 
           (ii) Why cannot a single force balance the torque? 

7. To maintain a rotor at a uniform angular speed of 200 rad s-1, an engine needs to transmit a 
torque of 180 Nm. What is the power required by the engine? 
 Note: Uniform angular velocity in the absence of friction implies zero torque. In practice, 
applied torque is needed to counter fricitional torque). Assume that the engine is 100 efficient. 
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8. A metre stick is balanced on a knife edge at its centre. When two coins, each of mass  5g are 
put one on top of the other at the 12.0 cm mark, the stick is found to be balanced at 45.0 cm. 
What is the mass of the metre stick? 

9.  Torques of equal magnitude are applied to a hollow cylinder and a solid sphere, both having 
the same mass and radius. The cylinder is free to rotate about its standard axis of  symmetry, 
and the sphere is free to rotate about an axis passing through its centre. Which of the two will 
acquire a greater angular speed after a given time?                                                    

10. What are the important features of angular momentum?                                                                 
 

ANSWERS (2 MARS) 
1  Two masses 𝑚𝑚1 and 𝑚𝑚2 are placed on the X-axis m1 = 10 kg ,  m2 = 20 kg 

   The first mass is displaced by a distance of 2 cm 

𝑋𝑋𝑐𝑐𝑐𝑐 =
𝑚𝑚1𝑥𝑥1 + 𝑚𝑚2𝑥𝑥2
𝑚𝑚1 + 𝑚𝑚2

=
10 × 2 + 20𝑥𝑥2

30
⇒ 0 =

20 + 20𝑥𝑥2
30

⇒ 𝑥𝑥2 = −1𝑐𝑐𝑐𝑐 

∴ The 2nd mass should be displaced by a distance 1 cm towards left so as to kept the  position of centre 
of mass unchanged. 
            2      Let F1 and F2 be the forces exerted by the level ground on front wheels and back     
                    wheels respectively. Considering rotational equilibrium about the front wheels, 
         F2 x 1.8 = mg x 1.05 ,  F2 = (1.05/1.8) x 1800 x 9.8 N =10290 N , Force on each      
                    back wheel is =10290/2 N or 5145 N. 
          Considering rotational equilibrium about the back wheels. 
          F1 x 1.8 = mg (1.8 – 1.05) = 0.75 x 1800 x 9.8, F1= 7350 N 
          Force on each front wheel is 7350/2 N or 3675 N. 
          3  We know, the turning effect of a force is τ = r × F 
     Now when the arm of the wrench is long, r is larger. Therefore, a smaller force will      be 
required to produce the same turning effect.(ii) As we know, τ = r Fsinθ Now, if  θ = 0 or 180, Or, r = 0, 
then τ = 0 Now, r = 0 refers to the applied force passing         through the axis of rotation. 
        4  (i) C.M. and geometrical centre may coincide when the body in consideration has a    

 uniform mass density. So, yes, they may coincide. For instance, C.M. and geometrical centre are the 
same in the case of a cube or a sphere or cylinder etc. 

          (ii) No, the C.M of the body in consideration does not necessarily be inside the body itself. I also 
may lie outside the body. In the case of the semi-circular ring, it is at the centre which is outside the ring. 
      5   (i) The M.I. of a body depends on the following factors- Position of the axis of the rotation, Mass of 
the body , Way of distribution of mass about the axis of rotation. 
 (ii) If the cat can land on its feet after a fall, she is using the principle of conservation of angular 
momentum. 
      6  (i) A rigid body refers to an object in which the distance between all the constituting   
           particles remains fixed under any influence of external force. Therefore, a  rigid body     
           conserves its shape during motion. 

(ii) The effect of torque can be seen to produce angular acceleration and its effect is entirely different 
from that of the force that causes linear acceleration. Therefore, a single force cannot balance the 
torque. 

     7         Here, a = 200 rad s-1; Torque, τ= 180 N-m 
     Since,Power, P = Torque (τ) x angular speed (𝜔𝜔)= 180 x 200 = 36000 W = 36KW. 
     8       Use the principle of moments about the new balance point at 45 cm 
            Coins produce moment on one side:  , Metre stick’s weight acts at 50 cm 

    M×(50−45)  , Now equate clockwise moment = anticlockwise moment. 
     9      Let M be the mass and R the radius of the hollow cylinder, and also of the solid sphere. Their 

moments of inertia about the respective axes are I1 = MR2 and I2 = 2/5 MR2 .Let τ be the magnitude 
of the torque applied to the cylinder and the sphere, producing angular accelerations α1and α2 
respectively. Then τ=I1 α1 = I2 α2                                                        
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 The angular acceleration α produced in the sphere is larger. Hence, the sphere will acquire larger angular 
speed after a given time. 

10.        The following are the important features of angular momentum-     The angular momentum of a 
particle with respect to a point provides an idea of the strength of its rotational tendency about the point. The 
magnitude of the angular momentum can be defined in terms of mass and velocity of the particle and its 
 distance from the reference point i.e. L = mvr The vector concept of angular momentum is 
 important and useful. Its direction is the axial direction portrayed by the right-handed rule. 

 
SHORT ANSWER TYPE 2 (3MARKS): 

1.  A solid cylinder of mass 20 kg rotates about its axis with angular speed 100 rad s-1. The radius of the 
cylinder is 0.25 m. What is the kinetic energy associated with the  rotation of the cylinder? What is the 
magnitude of angular momentum of the cylinder about its axis? 
2.  Using expression of power & K.E. of rotational motion, derive the relation τ = lɑ. 
3.  A circular ring having a diameter of 40cm and mass of 1 kg is rotating about an axis normal to its 
plane and passing through the center with a frequency of 10 rotations per second. Now, calculate the angular 
momentum about the axis of rotation. 
4.  Three separate particles of masses of 1g, 2g, and 3g have their center of mass at the precise point 
(2,2,2). What should be the position of the fourth particle of mass 4g so that the combined center of mass 
may be at the point (0,0,0). 
5. A man stands on a rotating platform, with his arms stretched horizontally holding a 5 kg weight in 
each hand. The angular speed of the platform is 30 revolutions per  minutes. The man then brings his arms 
close to his body with the distance of each weight from the axis changing from 90 cm to 20 cm. The moment 
of inertia of the man together with the platform may be taken to be constant and equal to 7.6 kg m2. 
 (a) What is his new angular speed? (Neglect friction)(b) Is kinetic energy conserved in the process? 
If not, from where does the change come about? 
6. The motion of binary stars, S1 and S2 is the  combination of  X 
and Y .What are X and Y refer to? 
 
7. The rod is to be set rotating about an axis perpendicular to it. 
 What is the position of point P on this rod through which the  axis 
should pass so that the work required to set the rod  rotating with angular velocity ω0 
is minimum? 
 (b) A force F =α î +3 ĵ +6 ƙ is acting at a point   r =2 î -6 ĵ -12 ƙ. Find the 
value of α  for which angular momentum about origin is conserved. 
8.  A solid cylinder of mass 50 kg and radius 0.5 m is free to rotate about the horizontal axis. A massless 
string is wound round the cylinder with one end attached to it and  other hanging freely. What is the 
Tension in the string required to produce an angular acceleration of 2 revolutions s– 2  
9. (a) A particle moving in a circular path has an angular momentum of L. If the frequency of rotation        
            is halved,then how its angular momentum changes. 
 (b)The instantaneous angular position of a point on a rotating wheel is given by the equation θ(t) = 
2t3 – 6t2. Then at what time torque on the wheel becomes zero? 
10. The angular speed of a motor wheel is increased from 1200 rpm to 3120 rpm in 16 seconds.  
 (i) What is its angular acceleration, assuming the acceleration to be uniform? 
  (ii) How many revolutions does the engine make during this time? 

 
ANSWERS (3 MARKS) 

1  Answer:  M = 20 kg  Angular speed, 𝜔𝜔 = 100 rad s-1; R = 0.25 m 
 M.O.I of the cylinder about its axis  =1/2 MR2 =1/2 x 20 (0.25)2  = 0.625 kg m2 
 Rotational kinetic energy,Er = 1/2 I 𝜔𝜔 2 = 1/2 x 0.625 x (100)2 J = 3125 J 
 Angular momentum, L = I 𝜔𝜔 = 0.625 x 100 Js= 62.5 Js. 
2  Answer: As we know that power is given by 
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 P = τ(ω)………………(i)                                   & K.E. = 1/2 Iω2………………(ii) 
 Now, the power of rotational motion is equal to time rate of work done during the  rotational motion. 
Since the work done is stored in the form of kinetic energy, 
 P= d/dt (K.E. of rotational motion) Using the equations (i) and (ii), we have, 
 τ(ω)=d/dt(1/2I(ω)2)=1/2I d/dt(ω2) =1/2×I×(2ωdω/dt)=Iωα(∵dωdt=α)……. … (iii) 
 From (i) and (iii), we get:  τω=Iωα     τ=Iα. 
3 Answer: From the question we can obtain, R = 40/2 cm = 20 cm = 0.2 m 
 M = 1 kg ,v = 10 rotations / sec Now, we can calculate the moment of inertia as  follows: 
 M.I = MR2  = 1 × (0.2)2 = 0.04 kg sq.m  ⍵ = 2π × 10 = 20π rad / sec 
 Thus, angular momentum can be calculated as, 
 ⇒ L= 0.04 × 20π   ⇒ L = 2.51 kg sq m / sec 
4  Answer: Given m1=1g   m2=2g    m3=3g    m4=4g  
 Centre of mass of three particle system rcm=(xcm,ycm, zcm )=(2,2,2)  
 Position of 4th Particle r4=?  If centre of mass of four particle is (0,0,0) 
 Centre of mass for 3 particle system is  
 Xcm=(m1x1+m2x2+m3x3)/(m1+m2+m3)= (x1+2x2+3x3)/(1+2+3)  
 2=(x1+2x2+3x3)/6        x1+2x2+3x3=12…………(i) 
 Similarly          y1+2y2+3y3=12…………(ii),            z1+2z2+3z3=12…………(iii) 
 Centre of mass for 4 particle system is  
 Xcm=(m1x1+m2x2+m3x3+ m4x4)/(m1+m2+m3+ m4)= (x1+2x2+3x3+4x4)/(1+2+3+4) 
   0=(12+4x4)/10  12+4x4=0  x4=-3  similarly y4=-3   z4=-3   
 Thus the new particle should be at (-3,-3,-3). 
5  Answer:  Here, I1= 7.6 + 2 x 5 (0.9)2 = 15.7 kg m2 
 ω1 = 30 rpm  I2 = 7.6 + 2 x 5 (0.2)2 = 8.0 kg m2   ω2 = ? 
 According to the principle of conservation of angular momentum,  I1ω1=I2ω2 
 ω2= (I1 ω1) /I2  = (15.7 x 30)/8.0 = 58.88 rpm 
 No, kinetic energy is not conserved in the process. In fact, as moment of inertia  decreases, K.E. of 
rotation increases. This change comes about as work is done by the  man in bringing his arms closer 
to his body. 
6  Answer: Here X and Y refer to motion of the CM and motion 
about the CM When no external force acts on the binary star, its CM 
 will move like a free particle [Fig. (a)]. From the CM frame, 
the two stars will seems to move in a circle about the CM with 
 diametrically opposite positions. 
 (a) Trajectories of two stars.   
 (b) The same binary system, with the centre of mass C at rest. So, to understand the motion of a 
complicated system, we can separate the motion of the system into two parts. So, the combination of the 
motion of the CM and motion about the CM could  described the motion of the system. 
7  Answer: (a) work required to set the rod rotating with angular velocity ω0 is K.E =1/2  Iω2 .Work 
is minimum when I is minimum, I is minimum about the centre of mass  Therefore    m1x= m2(L-x)= 
m2L- m2x x= m2L/(m1+m2) 
 (b)From Newtons second law for rotational mechanics 
  τ = dL/dt ,if L is conserved then dL =0 ,τ =0  τ = r × F =0  (2 î -6 ĵ -12 ƙ)   × 
(α î +3 ĵ +6 ƙ)=0 , On soling we will get α=-1 
8  Answer: Given mass m= 50 kg , radius r=0.5 m 
 Angular acceleration α= 2 revolutions s– 2= 2× 2𝜋𝜋 rad s– 2= 4𝜋𝜋 rad s– 2 , Tension T =? 

 We know that τ=I α   r × F (Tension)= I α   Tention = I α  / r ……..(i) 
 Here Icylider =½MR2 = ½ (50) (0.5)2 = 6.25 kg m2  , Therefore from eq (i) T=(6.25  ×4𝜋𝜋)/0.5 = 50 𝜋𝜋 
N= 157 N 
9 Answer: (a) Given angular momentum L1=L ,         Frequency f1=f  
                   Angular momentum L2=?                    If  Frequency f2=f/2 
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 W.K.T angular velocity ω1=2 𝜋𝜋f ,angular velocity ω2=2 𝜋𝜋f2= 2 𝜋𝜋f/2 = 𝜋𝜋f = ω1/2  
 and angular momentum L1=I ω1    angular momentum L2=I ω2=I ω1/2= L1/2 
 (b)When angular acceleration (α) is zero then torque on the wheel becomes zero. 
       θ(t) = 2t3 – 6t2,  ω = d θ(t)/dt=  6t2 -12t,  α = dω/dt =12t-12 , Here α=0  
       Therefore 12t-12=0,   12t=12, t= 1 sec 
10  Answer (i) We know ω = ω0 + αt 
  ω0 = initial angular speed in rad/s  = 2π × angular speed in rev/s =2π × 20 rad/s = 40π  rad/s 
Similarly ω = final angular speed in rad/s = 2π × 52 rad/s = 104 π rad/s  
 ∴ Angular acceleration  α= (ω− ω0)/ t = (104-40)π/16=64π/16=4π rad/s2  
 The angular acceleration of the engine = 4π rad/s2 
  (ii) The angular displacement in time t is given by   
 θ = ω0t+1/2 αt2= 40π × 16 + 1/2 (4 π ×16 ×16 )  = (640 π+ 512 π ) rad = 1152π rad  
 Number of revolutions = 1152 π/2 π= 576 

 
LONG ANSWER TYPE QUESTIONS: 

1.        (a) What are the differences between the centre of gravity and the centre of mass? 
 (b) A square plate of mass 120 g and edge 5.0 cm rotates about one of edges. If it has a uniform 
angular acceleration of 0.2rad/s2, what torque acts on the plate? 
2.  (a) A child stands at the centre of a turntable with his two arms outstretched. The  turntable is set 
rotating with an angular speed of 40 rev/min. How much is the angular speed of the child if he folds his 
hands back and thereby reduces his moment of inertia to 2/5 times the initial value ? Assume that the 
turntable rotates without friction.  
 (b) Show that the child’s new kinetic energy of rotation is more than the initial kinetic energy of 
rotation. How do you account for this increase in kinetic energy? 
3. (a) A rope of negligible mass is wound round a hollow cylinder of mass 3 kg and  radius  40 cm. 
What is the angular acceleration of the cylinder if the rope is pulled with a force of 30 N? What is the linear 
acceleration of the rope? Assume that there is no slipping. 
 (b) Torques of equal magnitude are applied to a hollow cylinder and a solid sphere, both having the 
same mass and radius. The cylinder is free to rotate about its standard axis of symmetry, and the sphere is 
free to rotate about an axis passing through its centre. Which of the two will acquire a greater angular speed 
after a given time. 
4.    (a) Why there are two propellers in a helicopter?                                                                                                     
        (b) Can a body in translatory motion have angular momentum? Explain.                                                               
        (c) A particle performs uniform circular motion with an angular momentum L. If the     
        frequency of particle’s motion is doubled and its K.E is halved, what happens to the  angular 
momentum? 

ANSWERS (5M) 
1       Answer: a) (i)The centre of gravity is a point in a body where weight distribution is  equal in all 
directions. It depends on the gravitational field.(ii)The centre of mass is a  point  where mass distribution is 
uniform in all directions. It does not rely on the gravitational field. However, a body’s centre of gravity and 
centre of mass is positioned at the same point in a homogeneous gravitational field. 
          (b)A square plate of mass 120 gm and edge 5 cm rotates about one of the edge. Let  take a  small area 
of the square of width dx and  length a which is at a distance x from the 
axis of  rotation. 
 Therefore mass of that small area   
 m

a2
× adx(m = mass,x=side) 

 𝐼𝐼 = ∫  𝑎𝑎0  (𝑚𝑚/𝑎𝑎2) × 𝑎𝑎𝑥𝑥2𝑑𝑑𝑑𝑑= (𝑚𝑚/𝑎𝑎)(𝑥𝑥3/3)] 𝑎𝑎
0

= 𝑚𝑚𝑎𝑎2/3 
           torque produced= 𝐼𝐼 × 𝛼𝛼 = (𝑚𝑚𝑎𝑎2/3) × 𝛼𝛼== 0.2 × 10−4 = 2 × 10−5 N − m. 
 n final moment of inertia I2= (2/5) I1 Angular speed n1= 40 rev/min Angular speed n2= 40 rev/min    
By principle of conservation of angular momentum I1ω1= I2ω2 
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 I1 (2 π n1)= I2 (2 π n2)  n2= (I1 n1) / I2  =(I1 40) /  (2/5) I1=100 rev/min     
 (b)Final K.E Rotation / initial K.E Rotation =½ I2ω2

2 / ½ I1ω1
2 =½ I2 (2 π n2 )2 / ½ I1(2 π n1 )2 

             = I2 n2 
2 / I1 n1

2 = (2/5) I1 (100) 
2 / I1 (40)2     Final K.E Rotation / initial K.E Rotation =2.5 

 From here we conclude that K.E becomes more because the child uses his internal energy 
 when he folds his hands to increase the kinetic energy. 
3  Answer: (a) Given Force applied F= 30 N , mass m=3kg  , radius r= 40 cm =0.4 m 
 Moment of inertia of the hollow cylinder about its axis. 
 I = MR2 = 3(0.4)2 = 0.48 kg m2  Torque τ = r × F=0.4×30=12 Nm 
 If α is angular acceleration produced ,then from τ= Iα  α= τ/I=12/0.48=25 rad s-2 

 Linear acceleration a =Rα= 0.4×25=10 ms-2 

 Let M be  mass and R the radius of the hollow cylinder, and also of the solid sphere. Their moments 
of inertia about respective axes are I1=MR2 & I2 = 2/5 MR2 
 Let τ be the magnitude of the torque applied to the cylinder and the sphere, producing angular 
accelerations α1and α2 respectively. Then τ=I1 α1 = I2 α2 
 The angular acceleration α2 produced in the sphere is larger. Hence, the sphere will acquire larger 
angular speed after a given time.  
4       Answer: (a) If there were only one propeller in a helicopter then, due to 
         conservation of angular momentum, the helicopter itself would have turned in the       
         opposite direction. 
          (b) Yes, a body in translatory motion shall have angular momentum, the fixed point about  which 
angular momentum is taken lies on the line of motion of the body.This follows from |L |= r p sin Ѳ ., L=0, 
only when Ѳ =00 or Ѳ=1800. 
           (c)L=mvr and v=r 𝜔𝜔=r(2Πn)   r=v/(2Πn)   
           L=mv[v/(2Πn) ]=mv2/(2Πn) ……….(I   , As K.E=  ½ mv2  …….(ii) , From (i) & (ii)         
           L=K.E / Πn when K.E is halved and frequency n is doubled then L2= (K.E/2)/( Π2n) ,L2=K.E / 4  Πn      
= L/4, Therefore The angular momentum becomes ¼  

 
COMPETENCY-BASED QUESTION 1: CENTRE OF MASS 

Two students are carrying a long wooden plank of mass 40 kg. One student holds it near one end while the 
other supports it at the opposite end. Their teacher explains that the plank remains balanced because its 
centre of mass lies at the middle of the plank. If one student moves closer to the centre, the other student 
experiences more load. This concept is useful in carrying goods, balancing objects and designing vehicles. 
1. The point where the entire mass of the body appears to be concentrated is called: 
   A) Axis of rotation  B) Torque C) Centre of mass D) Momentum 
2. For a uniform rod, the centre of mass lies: 
   A) At one end B) At the middle C) Outside the rod    D) Near the heavier side 
3. If one student moves closer to the centre of the plank, the other student: 
   A) Experiences more load  B) Experiences less load  
C) Experiences no load     D) Stops balancing 
4. A uniform rod is 4 m long. The centre of mass of the rod is located at: 
   A) 1 m B) 2 m    C) 3 m    D) 4 m 

 
COMPETENCY-BASED QUESTION 2: TORQUE AND ROTATIONAL MOTION 

A mechanic uses a long spanner to loosen a tight nut of a machine. He finds that applying force at the far 
end of the spanner makes the nut rotate more easily. His assistant learns that the turning effect of force is 
called torque. The magnitude of torque depends on the force applied and the perpendicular distance from the 
axis of rotation. 
1. The turning effect of force is called: 
   A) Momentum B) Torque   C) Energy   D) Pressure 
2. Torque depends on: 
   A) Mass only B) Speed only   C) Force and perpendicular distance D) Density only 
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3. A longer spanner helps because it: 
   A) Reduces force B) Increases torque C) Reduces mass    D) Stops rotation 
4. A force of 20 N is applied perpendicular to a spanner of length 0.5 m. The torque produced  is τ = rxF 
   A) 5 Nm   B) 10 Nm C) 15 Nm    D) 20 Nm 

 
CBQ 3: CONSERVATION OF ANGULAR MOMENTUM 

A dancer performing on a stage starts spinning with her arms stretched outward. As she pulls her arms closer 
to her body, her spinning speed increases. The audience observes that no external torque acts on the dancer 
during the motion. Her physics teacher explains that this happens due to the conservation of angular 
momentum, which is also observed in planets, spinning tops and athletes. 
1. The spinning speed of the dancer increases when: 
   A) She stretches her arms outward B) She stops rotating       
   C) She pulls her arms inward                D) She bends down 
2. The principle involved is: 
A) Conservation of energy   B) Conservation of angular momentum   
C) Newton’s first law    D) Archimedes principle 
3. Angular momentum remains constant when: 
   A) External torque acts               B) Mass becomes zero    
C) No external torque acts             D) Velocity becomes zero 
4. A wheel rotates at 2 rad/s. If its angular velocity becomes 6 rad/s due to decrease in moment of inertia, the 
angular velocity increases by: 
   A) 2 rad/s  B) 3 rad/s   C) 4 rad/s   D) 8 rad/s 
 

SOLUTIONS OF CBQ 
CBQ  1 :    ANSWERS   1Q C 2Q B 3Q  A 4Q  B 
CBQ 2 :    ANSWERS     1Q B 2Q C 3Q  C   4Q C 
CBQ 3 :    ANSWERS     1Q C 2Q B 3Q   C   4Q C 
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CHAPTER-7 
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MULTIPLE CHOICE QUESTIONS 
1. The gravitational force of attraction between two mass m1 and m2 kept at a Distance r from each other is 
F. What will be the gravitational force if m1 is Doubled, m2 is halved and the distance between them is made 
thrice?  
       a. F                        b. F/9                          c. 4F/9                        d. None of these  
2. The mass and radius of earth is reduced to half the acceleration due to gravity would  
        (a) Remains same                 (b) decreases by half      
        (c) Decreases by same amount       (d) increases by same amount 
3. At what point regarding earth the value of Force of gravitational attraction of earth is   
        a. At the equator                                            b. At the poles  
        c. At a point in between equator and any pole        d. At surface of earth.  
4. Which of the following relation is correct?   
        a. GM = g R2         b. GM   = gR3            c. gM =   GR2              d. GM = gR 
5. What will be the effect on acceleration due to gravity? When the average density of Earth    
        is doubled,  
        a)Remain constant     b)Will become doubled      c)Will become four times       d)None of these 
6. We have a planet whose mass is doubled and radius is halved to that of the earth Then What will be the 
value of gravity on its surface If acceleration due to gravity is g on the Surface of the Earth, 
       a . 8g                       b. 4g                         c. g                             d. 6g 
7. If the law of gravitation, instead of being inverse-square law, becomes an inverse-cube Law 
       (a)   Planets will not have elliptic orbits.       
       (b)   Circular orbits of planets is not possible. 
       (c)   Projectile motion of a stone thrown by hand on the surface of the earth will not be   
               Parabolic. 
       (d)   There will be no gravitational force inside a spherical shell of uniform density.  
8. for earth, Acceleration due to gravity   
       a. Decreases with depth                          b. Increases with depth  
       c. Remain constant with depth              d. May increase or decrease 
9. There have been suggestions that the value of the gravitational constant G becomes Smaller when 
considered over very large time period (in billions of years) in the future. If that happens, for our earth, 
       (a) Nothing will change.   
       (b) We will become hotter after billions of years. 
       (c) We will be going around in closed orbits. 
       (d) After sufficiently long time we will leave the solar system.  
10. At what height from the surface of the Earth, acceleration due to gravity is reduced by 36% to that of its 
value from the surface of the Earth? Given that radius of the Earth is R  
          a. R/4                    b. R                           c. R/2                           d. None of these 
11. Escape velocity of an object of mass m is proportional to  

(a) m²       (b) m     (c) m⁻¹      (d) m⁰  
12. An object of mass m is lifted at a height equal to the radius (R) of the earth. If the mass of the earth is M 
and acceleration due to gravity is g, then the change in gravitational potential energy of the object is 

(a) mgR            (b) 2MgR                   (c) MRg⁄2                   (d) mRg⁄2 
13. Two particles of equal mass m are moving along a circle of radius r under the action of Their mutual 
gravitational attraction. The speed of each particle is 

(a) √ (Gm/r⁴)  (b) √ (Gm/r²)  (c) √ (Gm/r)           (d) √ (Gmr)  
14. If R is the radius of earth, then the acceleration due to gravity will be g/4 at a height from the Earth 
surface. 

(a) R                       (b) 2R                         (c) 3R            (d) R⁄2 
15. The time period of an earth satellite in circular orbit is independent of (JEE 2004) 
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         (a) The mass of the satellite      (b) radius of its orbit 
         (c) both the mass and radius of the orbit 
         (d) neither the mass of the satellite nor the radius of its orbit. 
16. The escape velocity of a body depends upon mass as (AIEEE 2002) 
       (a) m (b) m¹  (c) m²  (d) m³. 
17 A satellite is revolving close to the surface of the Earth with speed v. If the radius of the earth is suddenly 
reduced to half while its mass remains unchanged, the new orbital speed will be:  
        (a) v   (b) √2v         (c) 2v             (d) v/√2 
18. The escape velocity from the surface of Earth is 11.2 km/s. The escape velocity from a planet having 
twice the radius and same mean density as Earth is:  
               (a) 11.2 km/s  (b) 22.4 km/s  (c) 15.8 km/s  (d) 7.9 km/s 
19. Two bodies of masses m and 4m are separated by a distance d. The point where the net gravitational 
field is zero lies:  
       (a) At midpoint      (b) Closer to mass m 
       (c) Closer to mass 4m    (d) outside the line joining them 
20. A body is projected vertically upward from the surface of Earth with a speed of 8 km/s     
      Given that the escape velocity from Earth is 11.2 km/, the maximum height attained by    
      The body is approximately:  
       (a) 1.04×10⁷ m  (b) 2.5×10⁶ m  (c) 6.4×10⁶ m  (d) 3.2×10⁷ m 

 
ANSWERS:- 

1 b.  F/9 (Hint: 2r
GMmF =

 )   

 2 d. (Hint: 2R
GMg =

 and 
2

2

2'









=
R

MG
g

= 2g   , % increase
100×

∆
=

g
gg

) 

3.  a., (Hint: Radius of earth is less at equator 2R
GMg =

) 
4.  a.    (Hint: GM = g R2) 

5.  b     (Hint -    
GRg πρ

3
4

=
) 

6.  a.     (Hint -  g= GM/R2) 
7.  a.   

8.  a.      (Hint -  




 −=′
R
dgg 1

 
9.  d     

10.a.  R/4   Hint - 
2









+

=′
hR

Rgg
 

11.d. Explanation: Escape velocity = √2gR, It is independent of mass. 
12.d. Use gravitational potential energy formula: U=−GMm/r  
        Initial distance = R, Final distance = 2R, Find: ΔU=Uf−Ui ,  Also use :  g=GM/R2 

13.a Gravitational force provides centripetal force. Gm2  /(2r)2=mv2 / r   Solve for v. 
14. a.. gh=g(R/R+h)2  , Given: gh=g/4 g  , Solve for h 
15.a. T=2π √r3/GM , Time period depends on orbital radius rrr, not on satellite mass. 

16 a. Hint:Escape velocity:,ve=√2GM/R ,Mass of the body does not appear in the formula. 

17.b..Hint: Orbital speed:,v=√GM/R , If radius becomes (R/2), v′=√(GM)/(R/2) =√2v 
18. c. 15.8 km/s ,Hint: Escape velocity: ve=√2GM/R , For same density: , M∝R3M,      
        Substitute in the formula and compare with Earth’s escape velocity. 
19.b. Closer to mass m 
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20.a. 1.04×107 m use this simpler formula:, h=Rv2   / ve2−v2 

EXERCISE MULTIPLE CHOICE QUESTIONS 
1. at what height above the earth's surface weight becomes 30 kg if he weighs 60 kg at  
       Earth’s surface. Given radius of earth is 6400 km.  

    (a) 2624 km            (b) 3000 km                    (c) 2020 km                (d) None the these 
2. There are two bodies of masses 1 kg and 100 kg seporated by a distance 1 m. At what  

Distance from the smaller body, the intensity of gravitational field will be zero 
     (a) 1/9 m                   (b) 1/10 m                          (c) 1/11 m                       (d) 10/11 m 
3. A particle falls towards earth from infinity. It's velocity on reaching the earth would be 
       (a) Infinity               (b) √2gR                            (c) 2 √gR                     (d) zero 
4. If g is the acceleration due to gravity on the earth's surface, the gain in potential energy  
       Of on object of mass m raised from the surface of earth to a height equal to radius R of the Earth is  
       (a) 1/4 mgR               (b) 1/2 mgR                       (c) 2mgR                         (d) mgR 
5. Assuming the earth to be a sphere of uniform mass density, how much would a body  
       Weigh half way down to the centre of earth, if it is weighed 250N on the surface. 
       (a) 240 N                  (b) 210 N                           (c) 195 N                          (d) 125 N 

 
ANSWERS OF EXERCISE QUESTIONS: 

1. (d)             2. (c)             3. (b)            4. (b)               5. (d) 
 

ASSERSSION – REASON QUESTIONS 
   1. Assertion (A): Two satellites A and B are in the same orbit around the earth, such that A Leads B. 
Satellite B can overtake satellite A by increasing its speed.  
    Reason (R): Orbital speeds of two satellites in same orbit may different 
2. Assertion (A): For a system of masses at some finite distance, gravitational field can be zero but 
gravitational potential cannot be zero. 
    Reason (R): Gravitational field is a scalar quantity while gravitational potential is a vector quantity.  
3. Assertion (A): Period of revolution of satellite in circular orbit around earth is inversely proportional to 
cube of its orbital speed.  
    Reason (R): Period of revolution in uniform circular motion is given by T = =2πr/v, where r is radius of 
orbit and v is speed. 
4. Assertion (A): Assuming zero potential at infinity, the gravitational potential at a point can never be 
positive.  
   Reason (R): The magnitude of gravitational force between two particles has inverse square  

             Dependence on the distance between two particles. 
5. Assertion (A): Gravitational field of a uniform spherical shell outside it is same as that of  
                   Particle of same mass placed at its centre of mass.  
    Reason (R): For the calculation of gravitational force between any two-uniform spherical shells, they can 
always be replaced by particles of same mass placed at respective centres. 
6. Assertion (A): The gravitational force between two finite bodies is necessarily along the  

      Line joining their centre of mass.  
    Reason (R):    The gravitational force between two particles is not central. 
7. Assertion (A): Moon revolving around earth does not come closer despite earths gravitational attraction.  
    Reason (R): A radially outward force balances earth’s force of attraction during revolution of moon. 
8. Assertion (A): Charged particles experience both electrical and gravitational force. But gravitational 
force is ignored.  
     Reason (R): Gravitational force is due to mass of particles while electrical force is due to charge of 
particles 
 9. Assertion (A): An artificial satellite of earth releases a packet. It will hit the earth exactly  
                            Below the satellite.  
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     Reason (R): Packet will move along a straight line towards earth's centre with respect to satellite. 
10. Assertion (A): If earth stops rotating about its axis, then the value of acceleration due to  
              Gravity increases everywhere, except at the poles.  
       Reason (R): The value of acceleration due to gravity is maximum at the poles 

 
ANSWERS: 

1 – D     2-  C    3- A    4- B    5- C   6- D   7- C     8- D    9- B   10- B 
 

EXERCISE QUESTIONS 
1. Assertion (A): At the centre of the earth, a body has centre of mass, but no centre of gravity.  
   Reason (R): Acceleration due to gravity is zero at the centre of the earth. 
2. Assertion (A): The mechanical energy of earth–moon system remains same when another  

   Heavenly body passes nearby the earth–moon system.  
    Reason (R): Force exerted by heavenly body on the earth–moon system is non-conservative. 
3. Assertion (A): Gravitational potential of earth at every place upon it is negative.  
    Reason (R): Everybody on earth is bound by the attraction of earth. 
4. Assertion (A): Gravitational potential energy of any mass particle may not be zero at earth  

  Centre.  
     Reason (R): Gravitational field intensity at earth centre is zero. 
5. Assertion (A): When planet moves in elliptical orbit around Sun. Its angular momentum  

About sun remains conserved.  
    Reason (R): Total mechanical energy of planet – sun system remains conserved. 
      Reason (R): There is no gravitational force on the satellite. 

ANSWERS:  1 – A     2- D     3-A    4-B     5-B 
 

 2 MARKS QUESTIONS 
1.If  existed a planet that went around the sun twice as fast as the earth. What would be its orbital size as 
compared to that of the earth?  
2. The gravitational force on the Earth due to the Sun is greater than that of the moon,       
    However, the tidal effect of the moon’s pull is greater than the tidal effect of the Sun. Why? 
3. Derive the expression for acceleration due to gravity at the earth’s surface. Given that M is   
    Mass and R is the radius of the earth. 
4. The figure shows elliptical orbit of a planet m about the sun S. The shaded area of SCD is  
    Twice the shaded area SAB. If t1 is the time for the planet to move from D to C andt2, is  
     Time to move from A to B, what is the relation between t1and t2? 

 
5. Prove that the weight of a body at the centre of the Earth is zero. 
6. Hydrogen escapes faster from the Earth than oxygen. Why? 
7. We cannot move even our little fingers without disturbing the whole universe. Explain  why.  
8. Explain why tennis ball bounces higher on hills than on plains. 
9. If the planet Earth is considered to have mass M and radius R. calculate the average  
    Density of Earth. 
10. Calculate the energy required to move a body of mass m from an orbit of radius 2R to 3R.  

 
ANSWERS 

1. Answer   : According to Kepler’s third law  
    If planets move faster with double speed then it will take half time period of revolution    
     Around sun as that of earth. Te  =1 yearTp = 0.5 year     re = 1A.U.    rp=re(Tp/Te)2/3  =      
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     1AU (0.5year/1year)2/3  = 0.63 AU  
2. Answer: .The tidal effect depends inversely on the cube of the distance, unlike the force  
     Which depends inversely on the square of the distance. The distance of the moon from the      
     Ocean water is very small compared to the distance of the sun from the ocean water on      
     Earth. Therefore, the tidal effect of the Moon’s pull is greater than the tidal effect of the      

     sun.  
3. Answer: Derivation 
4. Answer:  Using Kepler’s II Law t1=2t2 
5. Answer: An atmosphere means the presence of a mixture of a number of gases. The molecules of these 

gases are in a state of continuous random thermal motion moving at different velocities. As the value of 
escape velocity on the surface of the moon is small (only 2.5 km s-1), the molecules of gases with 
velocities greater than the escape velocity moved out of the atmosphere. As time passed, nearly all the 
molecules escaped from the moon’s atmosphere. 

6. The thermal speed of hydrogen is much larger than oxygen. Therefore, a large number of hydrogen 
molecules are able to acquire escape velocity than that of oxygen molecules. Hence hydrogen escapes 
faster from the Earth than oxygen.  

7. According to Newton’s law of gravitation, every particle of this universe attracts every other particle 
with a force that is inversely proportional to the square of the distance between them. When we move our 
fingers, the distance between the particle’s changes, and hence the force of attraction changes which in 
turn disturbs the whole universe 

8.The value of acceleration due to gravity is lesser on hills than on the plains, so the weight of the tennis ball 
at hills is lesser than that on the plains and hence its re-bounces more. In other words, the force with which 
the Earth attracts the ball on hills will be lesser than that on the plains. 

9.Newton’s law of gravitation can be used to estimate the mass and density of the earth. 

As we know 2R
GMg =

, so we have G
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10Answer:  
 

 
 
 
 
 
 
 

EXERCISE QUESTIONS 
1 The radii of two planets are R and 2R respectively and their densities ρ and ρ/2 respectively. What is the 

ratio of acceleration due to gravity at their surfaces ? 
2 If earth has a mass 9 times and radius 4 times than that of a planet ‘P’. Calculate the scape velocity at the 

planet ‘P’ if its value on earth is 11.2 kms–1. 
3 At what height from the surface of the earth will the value of ‘g’ be reduced by 36% of its value at the 

surface of earth. 
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4 The mean orbital radius of the earth around the sun is 1.5 × 108 km. Calculate mass of the sun.if G = 6.67 
× 10–11 N m2/kg–2 ? 

5 Why the space rockets are generally launched west to east? 
 

ANSWERS 
1.1:1, 2.7.47 km/s,  3.1600 km,  4.2.01 × 1030 kg. 
5. Since the earth revolves from west to east, so when the rocket is launched from west to east the relative 
velocity of the rocket increases which helps it to rise without much consumption of fuel. 

 
SHORT ANSWER QUESTION (3 MARKS) 

1. Three equal point masses, each of mass m, are fixed at the vertices A, B, and C 
of an equilateral triangle ABC. The centroid of the triangle is G, and the distance 
from the centroid to each vertex is 1 m, i.e., 

𝐴𝐴𝐴𝐴 = 𝐵𝐵𝐵𝐵 = 𝐶𝐶𝐶𝐶 = 1 m 
A particle of mass 2m is placed at the centroid G. 
Determine the net gravitational force acting on the particle of mass 2𝑚𝑚 due to the 
three masses placed at the vertices of the triangle. 
2. State the Kepler laws of the planetary motions.  
3. In a two stage launch of a satellite, the first stage brings the satellite to a height 
of 150 km and the 2nd stage gives it the necessary critical speed to put it in circular orbit. Which stage 
requires more expenditure of fuel? Given mass of earth = 6.0 × 1024 kg, radius of    Earth = 400 km. 
4. Derive the expression for the acceleration due to gravity at a depth’s’ from the surface of the Earth. 
5. Three equal masses of each mass m are placed at the three vertices of an equilateral triangle of each side      
     a. Find the gravitational potential at the centroid of the triangle.  
6. Derive the relation between escape and orbital velocities for a body revolving very close to the earth’s 
surface. Find the percentage increase in the orbital velocity by which the body escapes from its orbit forever.  
7. The gravitational field intensity at a point 10,000 km from the centre of the earth is 4.8 N kg–1. Calculate 
gravitational potential at that point. 
8. Assuming the globe is a sphere with constant mass density, how much would a body weigh halfway down 
to the planet's centre? Given that weight of the body on the surface of the planet is 250N. 
9. Write the expression for the potential energy of a body on the surface of the earth. A body of mass m has 
been elevated from the earth's surface to a height equal to the radius of the earth R. What will be the increase 
in the potential energy of the body? 
10. State and prove Kepler’s third law of planetary motion. 

 
ANSWERS 

1.  Three equal masses of m kg each are fixed at the vertices of an 
equilateral triangle ABC. What is the force acting on a mass 2m 
placed at the centroid G of the triangle 

 
          Net force F = FGA + FGB + FGC = 0 
 
 
 
2.Kepler’s 1st Law of Orbits: This law is popularly known as the law of orbits. 
The orbit of any planet is an ellipse around the Sun with Sun at one of the two 
foci of an ellipse. In an ellipse, there are two foci and Sun is situated at one of the 
foci of the ellipse.  
Kepler’s 2nd Law of Areas:This law is known as the law of areas. The line 

joining a planet to the Sun sweeps out equal areas in equal interval of time. The rate of change of area with 
time will be constant.  
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Kepler’s 3rd Law of Periods: This law is known as the law of Periods. 

The square of the time period (T) of the planet is directly proportional to 
the cube of the semimajor axis(a) of its orbit. T² ∝ a³ 

3. Work done on satellite in first stage = W1 = PE at 150 km – PE at the 
surface Ratio w1/w2    
    = 3/64 (less than one) W2 > W1, so second stage requires more energy. 
4. Acceleration due to gravity at the surface of the earth 

GR
R

GMg πρ
3
4

2 ==
  … (i)  

Acceleration due to gravity at depth d from the surface of the earth 
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3
4 dRGg −=′ πρ

  … (ii)       From (i) and (ii)  
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5. Gravitational Potential at point is given by r
GMV −=

 
Gravitational potential at centroid due all three masses will be equal and will be given by

x
GMVVV −=== 321

 

Now total gravitational potential at the centroid of the triangle. x
GMV 3−=

(Put x) 
 
6 Derivation 

7. E= 2R
GM

=
  , r

GMV −=
V= - 4.8 ×10000×103 = -4.8×107 Jkg-1 

 
8. Acceleration due to gravity at depth d is given by: g’ 
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R
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m   = 125N 
9.  The gravitational potential energy of a body at a point is defined as the amount of work   
      Done in bringing the body from infinity to that point against the gravitational force. 
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 This work done is stored inside the body as its gravitational potential energy 

r
GMmU −=∴

 
10. Derivation  
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EXERCISE QUESTIONS 
1. A body released at the distance r (r > R) from the centre of the earth. What is the velocity of the body 
when it strikes the surface of the earth ? 
2. Derive the expression for the acceleration due to gravity at height ‘h’ from the surface of the earth.  
3. Jupiter has a mass 318 times that of the earth, and its radius is 11.2 times the earth’s radius. Estimate the 
escape velocity of a body from Jupiter’s surface, given that the escape velocity from the earth’s surface is 
11.2 km s–1. 
4. The distance of Neptune and Saturn from the sun is nearly 1013 m and 1012mrespectively. Assuming that 
they move in circular orbits, then what will be the ratio of their periods. 
5. If the radius of earth shrinks by 2%, mass remaining constant. How would the value of acceleration due to 
gravity change? 

 
HINTS AND ANSWERS 
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   [As Rh << ]  
3.59.7 kms-1    

4.By Kepler’s III  law   Tn : Ts = 36.6 : 1. 
5. Taking logarithm log g = log G + 2 log m – 2 log R, differentiating it we get it 4% 

 
5-MARKS QUESTIONS 

1. Define the gravitational potential energy of a body on the surface of the Earth. A body of mass m is at a 
distance of r from the centre of the earth. If M is the mass of the earth and R is the radius of the earth, then 
find the gravitational potential energy of the body.  
2. Define escape velocity. Does the escape velocity of a body from the Earth depend on (a) the mass of the 
body, (b) the location from where it is projected, (c) the direction of projection, and (d) the height of the 
location from where the body is launched? Why the atmosphere of Jupiter contains light gases (generally 
hydrogen) whereas the Earth’s atmosphere has little hydrogen gas?   
3.(i)State Kepler’s second law of planetary motion. 
   (ii) Show that Kepler’s Second law is the law of conservation of angular momentum. 
   (iii)  A Saturn year is 29.5 times the Earth year. How far is Saturn from the Sun if the Earth      
   is 1.50 x 108 km away from the Sun? 
4. Derive the expression for escape velocity for a body projected from the surface of the earth. Calculate 
escape velocity on the surface of the earth if the radius of the earth is 6400 Km and acceleration due to 
gravity is 9.8 m/s2 on the surface of the earth. A body is projected out thrice the escape velocity. What will 
be the velocity of the body far away from the earth? Ignore the presence of the sun and other planets. 
5. Define orbital velocity. Derive the expression for the orbital velocity of a satellite orbiting   
     in an orbit at a height h from earth surface. 
    (ii) A rocket is fired from the earth towards the sun. At what distance from the earth’s    
     Centre is the gravitational force on the rocket zero? Mass of the sun = 2 x 1030 kg, mass of the earth = 6 x 

1024 kg. Neglect the effect of other planets etc.(orbital radius=1.5 x 1011 m). 
 

ANSWERS 
 1. Define the term and then derive the expression 
 2. Escape Velocity is the minimum velocity an object must have to escape a celestial body’s gravitational 
field permanently, or without ever falling back again. Escape velocity of the body is given by 

h⇒ gRve 2=   [As 2gRGM = ] 
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    Where M is mass of the earth and R is radius of the earth and g is acceleration due to gravity on the earth   
     surface.  
    (a)Escape velocity does not dependent upon mass of the body to be escaped  
    (b)Escape velocity does not dependent the location   
    (c)Escape velocity does not dependent the direction of the projection  
    (d)Yes, Escape velocity depends on the height of the location. 
    The escape velocity of Jupiter is much larger than the escape velocity of Earth. So in order  to escape 
from the surface of Jupiter, a very large velocity is required. Since the thermal       
    Velocity of hydrogen gas molecules is lesser than the escape velocity of Jupiter, therefore    
     Hydrogen can’t escape from the surface of Jupiter. 
 
3.Kepler’s 2nd Law of Areas: The second law states that    
    The areal velocity is constant i.e. area covered by the     
    Radius vector is the same in equal intervals of time. If the velocity and 

radius at the time, t1 is v1 and r1 while at another place these are v2 and 
r2 in the same time, then the area covered by the planet in these intervals 
are 

 
    (ii)   using     ½ (v1t) r1 = ½ (v2t) r2    (area of triangle = ½     
             base×height) , mv1 r1 = mv2 r2   , L1  =  L2 
    (iii)  A Saturn year is 29.5 times the Earth year. Earth is 1.50 x 108 km away from the Sun  
           Using Kepler’s III law       distance = 14.32 x 1011 m 
4. Escape velocity is the minimum velocity with which a body must be projected vertically   
   Upward so that it can just escape the gravitational field of the Earth.  
   Expression for escape velocity:  

R
GMve

2
=

⇒ gRve 2=   [As 2gRGM = ] 
   Total Kinetic energy by which body is projected   
   K1 =   ½ m V1

2 , Minimum Kinetic energy required by body to overcome earth   
   Gravitational field  ,K2 =   ½ m V2

2 , Kinetic Energy of body just after crossing earth    
   Gravitational field   
   K3 =   ½ m V3

2 , From conservation of energy  ,K1 = K2 + K3 
    ½ m V1

2 = ½ m V2
2 + ½ m V3

2  , V3
2      =     V1

2 -   V2
2 ,Here V = 11.2 km/s and V1 =     

    3×11.2 km/s V3 = 31.68 km/s 
5. The centripetal force mv2/r required by the satellite to move in a circular orbit is provided  
     by the gravitational force between satellite and the Earth. 

2

2

r
GMm

r
mv

= ⇒ r
GMv =

 

hR
gR

hR
gRv

+
=

+
=

2

                [As 2gRGM =  and hRr += ] 
        (ii)Using universal law of gravitation,X = 2.59 x 108 m 

 
EXERCISE QUESTIONS 

1.(a) A satellite moving with an angular speed equal to the angular speed of earth’s rotation.    
          Find the radius of its circular orbit  
    (b) find the time it takes to come over equatorial plane. If the satellite is directly above the        
          north pole at some instant, Mass of the earth= 6×1024 kg 
2. A satellite of mass 500kg is orbiting the Earth at a height of 300 km above the Earth's   
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        Surface. The radius of the Earth is 6400 km. Calculate: 
       (i) The gravitational potential energy of the satellite in orbit. 
       (ii)The kinetic energy of the satellite in orbit. 
       (iii) The total mechanical energy of the satellite. 

 
ANSWERS: 

1 (i) radius = 42.3km    (ii) time = 6 hours 
2 (i) – 2.97×109 J      (ii) 1.27×1010 J      (iii) -1.7×1010 J 

 
CASE STUDY-BASED QUESTIONS 

1. Origin of Gravitation  
     The origin of gravity evolved from Newton's description of a force between masses to Einstein’s 
conceptualization of gravity as the curvature of space time. While Newton's laws work well for everyday 
situations, Einstein's theory provides a deeper understanding of gravity, explaining phenomena that 
Newton's theory could not, such as the bending of light and the behaviour of objects near black holes. 
Today, gravity is understood as a result of the interaction between mass and the fabric of space time, a 
concept that has been validated through both theory and experiment. 
(i) Two astronauts are floating in gravitational free space after having lost contact with   
     their spaceship. The two will 
     (a) move towards each other        (b) move away from each other  
     (c) will become stationary        (d) keep floating at the same distance between them 
(ii) Two spheres of masses m and M are situated in air and the gravitational force  
       Between them is 2F. The space around the masses is now filled with a liquid of    
       Specific gravity 3. The gravitational force will now be  
      (a) 6F                        (b) 2F                 (c) F/6               (d) F/2  
(iii) Which of the following best describes gravity according to Newton’s Law of universal Gravitation? 
      a) It is a force that attracts two objects based on their mass and the distance between them 
      b) It is a force that repels objects based on their mass and the distance between them 
      c) It is caused by the curvature of space time around objects 
      d) It is a quantum mechanical effect between subatomic particles 
(iv) Why is gravity so much weaker than the other fundamental forces (strong nuclear force, electromagnetic 
force, and weak nuclear force) 
       (a) it acts specifically                        (b)it acts universally                    
       (c) its value decrease with height             (d) it obeys inverse square law 
2. ‘g’ IN OUR LIFE 
    Early in our lives, we become aware of the tendency of all material objects to be attracted to the earth. 
Anything thrown up falls down towards the earth, going uphill is lot more tiring than going downhill, 
raindrops from the clouds above fall towards the earth and there are many other such phenomena. 
Historically it was the Italian Physicist Galileo (1564-1642) who recognized the fact that all bodies, 
irrespective of their masses, are accelerated towards the earth with a constant acceleration. It is said that he 
made a public demonstration of this fact. To find the truth, he certainly did experiments with bodies rolling 
down inclined planes and arrived at a value of the acceleration due to gravity which is close to the more 
accurate value obtained later.  
   (i). Which of the following factors causes the acceleration due to gravity to be slightly    
        Weaker at the equator compared to the poles? 
     A) Earth's shape (oblate spheroid)    B) Earth’s rotation 
     C) Altitude above sea level              D) Both A and B 
    (ii). at which location will the acceleration due to gravity be the least on Earth? 
      a) At the North Pole            b) At the South Pole 
      c) At sea level at the equator                    d) At the summit of Mount Everest 
 (iii). which of the following is NOT a factor that directly influences the acceleration due to    
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          Gravity? 
          a) The mass of the object               b) The altitude above Earth's surface 
          c) The Earth's radius        d) the latitude of the location 
(iv). Does the gravitational force between two particles depends upon the medium between them?  
3. Case Study (ENERGY OF A SATELLITE)  
    we will explore the energy dynamics of a satellite in orbit around the Earth. The satellite is assumed to be 

in a circular orbit, and we will examine the key aspects of its energy—kinetic energy, potential energy, 
and total mechanical energy—over time. The total mechanical energy is negative, which indicates that the 
satellite is in a stable bound orbit. This energy remains constant as long as no external forces (e.g., 
atmospheric drag or orbital adjustments) affect the satellite's motion. 

    (i) What type of energy is primarily responsible for keeping a satellite in its orbit around the Earth? 
         a) Kinetic energy                   b) Gravitational potential energy 
         c) Elastic potential energy      d) Electrical energy 
    (ii) If a satellite in orbit loses energy due to atmospheric drag, which of the following is likely to happen? 

a) Its orbit will remain unchanged                  b) Its orbital altitude will increase 
c) Its orbital altitude will decrease                   d) Its velocity will increase 

   (iii)At what point in a satellite's orbit is its kinetic energy the greatest? 
         a) At the apogee (farthest point from Earth)     b) At the perigee (closest point to Earth) 

   c) At the center of the orbit                               d) At the equilibrium point 
    (iv) Which of following is true about the gravitational potential energy of a satellite in orbit? 
          a) It is always positive and increases with altitude 

b) It is always negative and decreases with altitude 
c) It is always zero 
d) It is positive and decreases with altitude 

  
ANSWER -CASE STUDY BASED QUESTIONS 
1. (ORIGIN OF GRAVITY) i.(d)       ii  (b)         iii ( a)     iv  (b)                                                  
2. (‘g’ IN OUR LIFE (i) d)Both A and B   (ii). c (iii).(a)   (iv).  No                                              
3(i) b)           (ii). c          (iii).(b)              (iv).  b                                              
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CHAPTER - 8: MECHANICAL PROPERTIES OF SOLIDS 
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MULTIPLE CHOICE QUESTIONS 
1. Modulus of rigidity of ideal liquid is  

(a) infinity          (b) Zero              (c) Unity                    (d) Finite small non-Zero constant  
2. With rise in temperature, the Young’s modulus of elasticity: [JEE Main 2024] 

(a) Changes erratically (b) Decreases (c) Increases (d) Remains unchanged 
3. One end of a metal wire is fixed to a ceiling and a load of 2 kg hangs from it. Another identical wire 

is attached below carrying a 1 kg load. The ratio of longitudinal strain in upper wire to lower wire is:
     [JEE Main 2024] 

(a) 1 : 1 (b) 2 : 1 (c) 3 : 1 (d) 1 : 2 
4. The stress–strain curve for a ductile material shows:   [NEET 2024] 

(a) Sudden fracture (b) Large plastic deformation (c) No elastic region   (d) 
Constant stress throughout 

5. The property of a material by virtue of which it can be drawn into wires is:  

(a) Elasticity  (b) Ductility  (c) Malleability (d) Brittleness 
6. Assertion (A): Elasticity is the property by virtue of which a body regains its original shape. 

Reason (R): Plastic bodies regain original shape completely after deformation.  

(a) Both A and R are true (b) Both A and R are false  
(c) A is true, R is false  (d) A is false, R is true 

7. The dimensional formula of stress is:  

(a) [MLT⁻²]  (b) [ML⁻¹T⁻²]  (c) [ML²T⁻²]  (d) [M⁰LT⁻²] 
8. The SI unit of Young’s modulus is:    

(a) N  (b) J  (c) Pa  (d) Watt 
9. The ratio of lateral strain to longitudinal strain is called:  [JEE Main 2022] 

(a) Shear modulus (b) Poisson’s ratio (c) Bulk modulus (d) Elastic limit 
10. A body returns to its original shape after removal of deforming force. The body is said to possess: 

       [NEET 2024] 

(a) Plasticity  (b) Viscosity  (c) Elasticity  (d) Rigidity 

11. Two wires A and B of the same material have radii in the ratio 1 : 2. If equal forces are applied, the 
ratio of their extensions will be: 

(a) 1 : 2  (b) 2 : 1 (c) 4 : 1  (d) 1 : 4 
12. Two wires A and B are of same materials. Their lengths are in the ratio 1 : 2 and diameters are in the 

ratio 2 : 1 when stretched by force and respectively they get equal increase in their lengths. Then the 
ratio should be  

                (a) 1 : 2  (b) 1 : 1   (c) 2 : 1  (d) 8 : 1     
13. An Indian rubber cord L metre long and area of cross-section A meter2 is suspended vertically. Density 

of rubber is D kg/m3 and Young's modulus of rubber is E  N/m2. If the wire extends by l metre under 

its own weight, then extension l is 

  (a) EDgL /2         (b) EDgL 2/2         (c) EDgL 4/2           (d) L 

14. To break a wire, a force of 106 N/m2 is required. If the density of the material is 3x103 kg/m3, then 

the length of the wire which will break by its own weight will be 
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  (a) 34 m (b) 30 m          (c) 300 m (d)3 m 

15. An elastic material of Young's modulus Y is subjected to a stress S. The elastic energy stored per unit 

volume of the material is        

(a) 2
2
S
Y                   (b) 

Y
S
2

2
                 (c)

Y
S

2
                (d)

Y
S2

  

16. The stress versus strain graphs for wires of two materials A and B are as shown 

in the figure. If AY  and BY  are the Young ‘s moduli of the materials, then 

 (a) AB YY 2=   (b) BA YY = (c) AB YY 3=  (d) BA YY 3=  

17. The diameter of a brass rod is 4 mm and Young's modulus of brass is 
210 /109 mN× . The force required to stretch by 0.1% of its length is  

  (a) Nπ360            (b)36 N      (c) N310144 ×π         (d) N51036 ×π  

18. Two wires of equal lengths are made of the same material. Wire A has a diameter that is twice as that 

of wire B. If identical weights are suspended from the ends of these wires, the increase in length is 

  (a) Four times for wire A as for wire B    (b)Twice for wire A as for wire B 

  (c) Half for wire A as for wire B              (d)One-fourth for wire A as for wire  

19. A 5 metre long wire is fixed to the ceiling. A weight of 10 kg is hung at the lower end and is 1 metre 

above the floor. The wire was elongated by 1 mm. The energy stored in the wire due to stretching is  

 (a) Zero        (b) 0.05 joule   (c) 100 joule         (d) 500 joule  

20. A wire undergoes longitudinal strain of 0.004 and lateral strain of 0.001. Poisson’s ratio is: 

(a) 0.25  (b) 0.5  (c) 0.75  (d) 1 
 

ANSWERS OF MULTIPLE-CHOICE QUESTIONS 
Q No. OPTION Q. No OPTION Q No. OPTION Q. No OPTION 

1 b 6 c 11 c 16 d 
2 b 7 b 12 d 17 b 
3 c 8 c 13 a 18 d 
4 b 9 b 14 a 19 b 
5 b 10 c 15 b 20 a 

 
HINTS OF MULTIPLE-CHOICE QUESTIONS 

1. Modulus of rigidity of ideal liquid is                                                  Answer: (b) Zero 
Solution: Liquids cannot resist shear stress, so modulus of rigidity = 0. 
2. With rise in temperature, Young’s modulus                                    Answer: (b) Decreases 
Solution: Increase in temperature weakens intermolecular forces, reducing elasticity. 
3. Ratio of longitudinal strain in upper wire to lower wire                          Answer: (c) 3 : 1 
Sol: Upper wire supports 3 kg while lower wire supports 1 kg.    Since strain ∝ force, ratio =3:1. 
4. Stress–strain curve for ductile material shows            Answer: (b) Large plastic deformation 
Solution: Ductile materials elongate considerably before breaking. 
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5. Property by which material can be drawn into wires                     Answer: (b) Ductility 
Solution: Ductility is the property of forming thin wires. 
6. Assertion–Reason                                                                                Answer: (c) A is true, R is false 
Solution: Elastic bodies regain original shape. Plastic bodies do not regain original shape completely. 
7. Dimensional formula of stress                                                  Answer: (b) [ML⁻¹T⁻²] 
Solution: Stress = Force/Area = [MLT⁻²]/[L²] = [ML⁻¹T⁻²]. 
8. SI unit of Young’s modulus                                        Answer: (c) Pa 
Solution: Young’s modulus has the same unit as stress, i.e., Pascal. 
9. Ratio of lateral strain to longitudinal strain                          Answer: (b) Poisson’s ratio 
Solution: Poisson’s ratio = lateral strain / longitudinal strain. 
10. Body regains original shape after removal of force                 Answer: (c) Elasticity 
Solution: This property is called elasticity. 
11. Ratio of extensions of wires                                                        Answer: (c) 4 : 1 
Solution: Extension is inversely proportional to area and area ∝ r². 
12. Ratio of forces applied                                                                    Answer: (d) 8 : 1 
Solution: Using ΔL = FL/AY and equal extensions, the ratio becomes 8:1. 
13. Extension of rubber cord under own weight                                  Answer: (a) 
Solution: Extension under self-weight is l = DL²g / 2E. 
14. Length of wire breaking under own weight                                    Answer: (a) 34 m 
Solution: Using σ = ρgL, the calculated length is about 34 m. 
15. Elastic energy stored per unit volume                                               Answer: S² / 2Y 
Solution: Energy density = ½ × stress × strain = S² / 2Y. 
16. Relation between Young’s moduli                                             Answer: Depends on graph slope 
Solution: Young’s modulus is proportional to slope of stress–strain graph. 
17. Force required to produce 0.1% strain                                            Answer: (b) 36 N 
Solution: Using Y = (F/A)/strain gives approximately 36 N. 
18. Increase in length of wires                             Answer: (d) One-fourth for wire A as for wire B 
Solution: Extension is inversely proportional to area. 
19. Energy stored in stretched wire                                                         Answer: (b) 0.05 J 
Solution: Using U = ½FΔL gives 0.05 J. 
20. Poisson’s ratio                                                                                 Answer: (a) 0.25 
Solution: Poisson’s ratio = 0.001 / 0.004 = 0.25. 

ANSWERS OF ASSERTION-REASON TYPE QUESTIONS 
 

Choose the correct option: 
(A) Both Assertion and Reason are true and Reason is the correct explanation of Assertion. 
(B) Both Assertion and Reason are true but Reason is not the correct explanation of Assertion. 
(C) Assertion is true but Reason is false. (D) Assertion is false but Reason is true. 

1. Assertion: Stress is directly proportional to strain within elastic limit. 
Reason: Hooke’s law is valid only within elastic limit. 

2. Assertion: Steel is more elastic than rubber. 
Reason: Steel has greater Young’s modulus than rubber. 

3. Assertion: Bulk modulus is applicable to liquids. 
Reason: Liquids can easily change their shape but not volume. 
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4. Assertion: A perfectly elastic body regains its original shape completely after removing deforming 
force. 
Reason: Elasticity is the property of permanent deformation. 

5. Assertion: The SI unit of stress is pascal. 
Reason: Stress is defined as force per unit area. 
Answer: 

1 2 3 4 5 
A A B C A 

 
 2-MARKS QUESTIONS 
1. Define Young’s modulus of elasticity. 
2. State Hooke’s law. Deduce expression for young’s modulus of material of a wire of length ‘l’, radius of 

cross-section ‘r’ loaded with a body of mass M producing an extension ∆l in it. 
3. Give reasons why the springs are made of steel and not of copper. 
4. A wire of length l area of crossection A and young’s modulus Y is stretched by an amount x. What is the 

work done ?  
5. Prove that the elastic potential energy per unit volume is equal to stress × strain.  
6. Define the term bulk modulus. Give its SI unit. Give the relation between bulk modulus and 

compressibility.  
7. Define shear modulus. With the help of a diagram explain how shear modulus can be calculated. 
8. Which is more elastic steel or rubber. Explain.  
9. Two wires P and Q of same diameter are loaded as shown in the figure. The length of wire P is L m and 

its young’s modulus is Y N/m2 while length of wire Q is twice that of P and its material has young’s 
modulus half that of P. Compute the ratio of their elongation. 

  
10. In case of emergency, a vacuum brake is used to stop the train. How does this brake works ? 

SOLUTION OF 2-MARKS QUESTIONS 
1. Young’s modulus is defined as the ratio of longitudinal stress to longitudinal strain within the elastic 

limit of a material. It measures the resistance of a solid to a change in its length. 
2. Derivation: Let a wire have length "l" and radius "r". Area of cross-section A = πr². 

When a mass M is hung, the stretching force F = Mg. 
Longitudinal Stress = F / A = Mg / πr² 
Longitudinal Strain = Δl / l Young’s Modulus (Y) = Stress / Strain 
Y = (Mg / πr²) / (Δl / l)  Y = (Mg × l) / (πr² × Δl) 

3. Springs are made of steel because steel is more elastic than copper. Steel has a higher Young's modulus, 
meaning it can withstand greater deforming forces and returns to its original shape more accurately. A 
steel spring will have a higher spring constant and will not undergo permanent deformation as easily as a 
copper one. 

Hint… 
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4. When a wire is stretched by an amount x, the work done (W) is stored as elastic potential energy.
 Average Force = (0 + F)/2 = F/2 Since F = YAx/l, 
Work Done = Average Force × Displacement = (½) (YAx/l) × x W = ½ (YAx²) / l 

5. Work Done (W) = ½ × Force × Extension  
Energy Density (u) = W / Volume = (½ × F × Δl) / (A × l) 
u = ½ × (F/A) × (Δl/l)  u = ½ × stress × strain 

8. Steel is more elastic than rubber. In physics, elasticity is defined by the resistance to deformation. For 
the same amount of stress, steel produces much less strain than rubber. Therefore, Young's modulus for 
steel is much higher than that for rubber (Y_steel > Y_rubber). 

3-MARKS QUESTIONS 

1. Define modulus of elasticity. Write it’s dimensional formula and S.I. unit. Explain its types. 
2. Stress and pressure are both force per unit area. Then in what respect does stress differ 
 from pressure? Also explain the types of stress. 
3. The stress versus strain graphs for two materials A and B are shown. Explain (i) Which material has 

greater Young's modulus ?  
(ii) Which material is more ductile ?  
(iii) Which material is more brittle ?  
(iv) Which of the two is the stronger material ?  
  

 
SOLUTIONS OF 3-MARKS QUESTIONS 

1. Answer: Modulus of Elasticity 
Recall the relation between stress and strain.  
Modulus of elasticity = ratio of stress to strain.  
Stress = Force/Area → derive dimensions using 𝐹𝐹 = 𝑚𝑚𝑚𝑚.  
Types: Young’s modulus → longitudinal stress/strain  

Bulk modulus → volumetric stress/strain  
Shear modulus (Rigidity modulus) → shearing stress/strain 

2. Answer: Both are force per unit area, but think about: Where they act  
 Pressure acts normally and equally in all directions in fluids.  

• Stress develops inside a body due to deforming forces.  
• Types of stress:  

o Longitudinal stress  
 Tensile stress  
 Compressive stress  

o Bulk stress  
o Shearing stress  

3. Answer: Stress–Strain Graph Questions 
 Use the graph carefully. 
 (i) Greater Young’s modulus 
 (ii) More ductile material 
 (iii) More brittle material 
 (iv) Stronger material 

• Stronger material can withstand greater stress before breaking.  
Compare ultimate/breaking stress values on graph. 
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CASE BASED QUESTIONS 
I. Engineers use steel cables in suspension bridges because steel can withstand large forces without 

permanent deformation. When heavy vehicles pass over the bridge, the cables stretch slightly and 
regain their original shape after the load is removed. 

1. The property by virtue of which steel regains its original shape is called: 
(a) Elasticity (b) Plasticity (c) Rigidity (d) Viscosity 
2. The restoring force per unit area developed inside the cable is called: 
(a) Strain (b) Pressure (c) Stress (d) Thrust  
3. Steel is preferred for bridges because it has: 
(a) Low density (b) High elasticity (c) Low strength (d) High plasticity 
4. Hooke’s law is valid only within: 
(a) Breaking point (b) Elastic limit (c) Plastic region (d) Melting point 

OR 
The SI unit of Young’s modulus is: 
(a) Pascal (b) Newton (c) Joule (d) Watt 

II. A student stretches a rubber band and a steel wire using equal forces. The rubber band stretches 
much more, while the steel wire shows very little extension. 

1. Which material is more elastic? 
(a) Rubber  (b) Steel (c) Plastic (d) Wood 
2. The ratio of change in length to original length is called: 
(a) Stress  (b) Pressure  (c) Strain  (d) Elasticity 
3. The material which undergoes permanent deformation is said to be: 
(a) Elastic  (b) Rigid  (c) Plastic (d) Perfect 
4. The SI unit of stress is: 
(a) N  (b) N/m (c) N/m² (d) J 

OR 
Stress is equal to: 
(a) Force × Area (b) Force/Area  (c) Area/Force  (d) Mass × Acceleration 

5-MARKS QUESTIONS 
1. Draw stress and strain curve. Explain the various region or points that are necessary to understand this 

graph (i) Proportional Limit (ii) Elastic Limit (iii) Yield Point                                                                                                                                      
(iv) Ultimate Stress Point (v) Fracture or Breaking Point. 

2. State Hooke’s law. What does it define?Is this only define for solid? If yes 
why? In a wire of length L, the increase in its length is l. If the length is 
reduced to half, What will be the increase in its length. 

  
3. A construction engineer is selecting a beam to support a heavy bridge. 

They have a choice between a solid rectangular bar and an I-shaped 
girder made of the same material and weight. 

(a) Using the expression for the depression (δ) of a beam loaded at the center,                    
δ = (Wl³)/(4bd³Y), explain why the depth (d) is more critical than the breadth (b) in reducing sag. 
(b) Why is the I-shape preferred over a solid rectangular bar of the same cross-sectional area? Discuss in 
terms of weight and strength. 
(c) A steel girder of length 5 m, breadth 10 cm, and depth 20 cm is loaded with 2000 kg at the center. 
Calculate the depression produced. (Y_steel = 2 × 10¹¹ N/m², g = 10 m/s²). 

4. A solid sphere is taken to the bottom of the Mariana Trench, where the pressure is 1.1 × 10⁸ Pa. 
         

B = -V(ΔP/ΔV). 
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(b) If the Bulk Modulus of the material is 1.6 × 10¹¹ Pa and the initial radius is 0.5 m, calculate the 
fractional change in volume. 
(c) What is the relationship between Bulk Modulus and Compressibility? Which state of matter has the 
highest compressibility? 

5. A rectangular block of gelatin is riveted to a table. A horizontal force is applied to the top face. 
(a) Describe the difference between Shearing Stress and Tensile Stress. 
(b) A metal cube of side 10 cm is subjected to a shearing force of 10⁶ N. If the top face is displaced by 
0.05 cm relative to the bottom, calculate the Shear Modulus (η) of the metal. 
(c) Why is the Shear Modulus typically much smaller than the Young’s Modulus for most materials? 

SOLUTIONS OF 5-MARKS QUESTIONS 

1.The Diagram and explanation 

2. Hint- Ll ∝  i.e. if length is reduced to half then increase in length will be .
2
l  

3. Part (a): In the formula δ ∝ 1/(bd³), the depression is inversely proportional to the cube of the depth but 
only linearly proportional to the breadth. Doubling the depth reduces sag by 8 times, while doubling 
breadth only reduces it by 2 times. Thus, increasing depth is much more efficient for structural stability. 
Part (b): An I-beam provides a large surface area for the load to be distributed on the flanges, while the 
vertical web resists shear. It provides a high Moment of Inertia (resistance to bending) while saving 
material and reducing the beam's own weight, preventing buckling. 
Part (c): W = mg = 2000 × 10 = 2 × 10⁴ N; l = 5 m, b = 0.1 m, d = 0.2 m.  
Calcul: δ = (2 × 10⁴ × 5³) / (4 × 0.1 × (0.2)³ × 2 × 10¹¹) = 25 × 10⁵ / 6.4 × 10⁸ ≈ 3.9mm . 

4. Part (a): Bulk Modulus is the ratio of Hydraulic Stress to Volumetric Strain. The negative sign indicates 
that as pressure increases (+ΔP), the volume decreases (-ΔV), ensuring the constant B is positive. 
Part (b): ΔV/V = P/B = (1.1 × 10⁸) / (1.6 × 10¹¹) = 6.875 × 10⁻⁴. 
Part (c): Compressibility K = 1/B. Gases have the highest compressibility because their atoms/molecules 
have large intermolecular spaces compared to solids and liquids. 

5. Part (a): Tensile stress acts perpendicular to the area (causing change in length), while shearing stress 
acts tangential to the surface (causing change in shape/angle). 
Part (b): Area = (0.1)² = 0.01 m². Shearing Stress = 10⁶ / 0.01 = 10⁸ N/m².  
Shear Strain = Δx/L = 0.0005 / 0.1 = 0.005. η = Stress/Strain = 10⁸ / 0.005 = 2 × 10¹⁰ Pa. 
Part (c): It is generally easier to slide layers of atoms over one another (shape change) than it is to pull 
them apart or compress them (length/volume change). Thus, materials offer less resistance to shear. 
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CHAPTER –9 MECHANICAL PROPERTIES OF FLUIDS 
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MULTIPLE CHOICE QUESTIONS 

1. Pressure at a depth ℎinside a liquid is given by: 

(a) 𝑃𝑃 = 𝜌𝜌𝜌𝜌ℎ  (b) 𝑃𝑃 = 𝜌𝜌𝜌𝜌/ℎ  (c) 𝑃𝑃 = 𝑔𝑔ℎ/𝜌𝜌  (d) 𝑃𝑃 = 𝜌𝜌ℎ/𝑔𝑔 
2. Hydraulic lift works on: 

     (a) Archimedes’ principle  (b) Bernoulli’s principle   (c) Pascal’s law  (d) Newton’s law 
3. In hydraulic brakes, pressure applied at one point is transmitted: 

(a) Unequally    (b) Only upward  (c) Equally in all directions  (d) Only downward 
4. Viscosity is the property of fluid due to which it opposes: 

(a) Compression (b) Relative motion of layers (c) Expansion  (d) Pressure 
5. A body attains terminal velocity when: 

(a) Acceleration is maximum  (b) Net force becomes zero           
 (c) Weight becomes zero   (d) Buoyant force vanishes 

6. Radius of a soap bubble is increased from R to 2R work done in this process in terms of surface tension 
is  

(a) 24πS R 2  (b) 48πS R2   (c) 12πS R 2  (d)  36πS R 2 

7. If pressure at half the depth of a lake is equal to 2/3 pressure at the bottom of the lake then what is the 
depth of the lake?  

(a)10 m   (b)20 m   (c)60 m    (d)30 m  
8. A cylindrical tank has a hole of 1 cm2 in its bottom. If the water is allowed to flow into the tank from a 

tube above it at the rate of 70 cm3/sec. then the maximum height up to which water can rise in the tank is  

(a)2.5 cm    (b)5 cm   (c)10 cm   (d)0.25 cm  
9. There is a hole in the bottom of tank having water. If total pressure at bottom is 3 atm (1 atm = 105N/m2) 

then the velocity of water flowing from hole is  

(a)  √400m/s  (b) √600m/s  (c) √60m/s  (d)None of these  
10. Water flows through a frictionless duct with a cross-section varying as shown in fig. Pressure p at points 

along the axis is represented by  

 
 

                                   

              (a)                                    (b)    (c)    (d) 
 

11. In streamline flow, every particle passing through a point follows: 

(a) Different path  (b) Circular path (c) Same path  (d) Zig-zag path 
12. Flow becomes turbulent when velocity exceeds: 

(a) Escape velocity (b) Average velocity (c) Critical velocity (d) Terminal velocity 
13. Reynolds number is used to determine: 

(a) Surface tension (b) Nature of flow (c) Pressure energy (d) Capillary rise 
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14. Bernoulli’s theorem is based on conservation of: 

(a) Charge (b) Momentum  (c) Energy  (d) Mass 
15. The equation 𝑃𝑃 + 1

2
𝜌𝜌𝑣𝑣2 + 𝜌𝜌𝜌𝜌ℎ = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐  represents: 

(a) Stokes’ law  (b) Bernoulli’s theorem (c) Pascal’s law (d) Hooke’s law 
16. Aeroplanes fly due to: 

(a) Buoyancy (b) Dynamic lift (c) Surface tension (d) Viscosity 
17. Surface energy per unit area is numerically equal to: 

(a) Pressure (b) Density  (c) Surface tension  (d) Viscosity 
18. Water flows faster through a narrow pipe because: 

(a) Pressure increases    (b) Area decreases       
  (c) Velocity increases due to continuity equation  (d) Density increases 

19. After terminal velocity is reached, the acceleration of a body falling through a fluid is 
      (a) equal to g         (b) zero       (c) less than g       (d) greater than g  
20. A wooden stick 2m long is floating on the surface of water.The surface tension of water 0.07 N/m. By 

putting soap solution on one side of the sticks the surface tension is reduced to 0.06 N/m. The net force on 
the stick will be 
(a) 0.07 N             (b) 0.06 N              (c) 0.01 N           (d) 0.02 N 

 
ANSWERS 

Q No. OPTION Q. No OPTION Q No. OPTION Q. No OPTION 
1 a 6 a 11 c 16 b 
2 c 7 b 12 c 17 c 
3 c 8 a 13 b 18 c 
4 b 9 b 14 c 19 b 
5 b 10 a 15 b 20 d 

 
HINTS OF MULTIPLE-CHOICE QUESTIONS 

1. Pressure in a liquid depends directly on density, gravity, and depth. Recall the hydrostatic pressure 
formula.  

2. Think about the law stating that pressure applied to an enclosed fluid is transmitted equally in all 
directions.  

3. In hydraulic systems, liquids transmit pressure uniformly throughout the fluid.  
4. Viscosity is related to internal friction between adjacent layers of a moving fluid.  
5. Terminal velocity is reached when all forces acting on the body balance each other.  
6. A soap bubble has two surfaces. Work done equals increase in surface energy.  
7. Use pressure relation:  

𝑃𝑃 = 𝑃𝑃0 + 𝜌𝜌𝜌𝜌ℎ  Compare pressure at half depth and full depth. 
8. At maximum height, inflow rate equals outflow rate. Use Torricelli’s theorem:  

𝑣𝑣 = �2𝑔𝑔ℎ 
9. Excess pressure at the hole causes water to flow out. Use: 

Convert pressure into equivalent water column height first. 
10. In a narrower section of a pipe, fluid speed increases and pressure decreases according to Bernoulli’s 

principle.  



  
ZIET MYSURU-SSM-PHYSICS-XI-2026-27 96 

 

11. In streamline flow, fluid particles crossing the same point move along identical trajectories.  
12. Turbulence starts when flow speed crosses a certain limiting value called critical velocity.  
13. Reynolds number helps classify flow as streamline or turbulent.  
14. Bernoulli’s theorem comes from conservation of mechanical energy in fluid motion.  
15. Identify the equation combining pressure energy, kinetic energy, and potential energy of a fluid.  
16. Air moving faster above the wing creates lower pressure, producing lift.  
17. Surface tension can also be defined as surface energy per unit area.  
18. Apply the continuity equation: 𝐴𝐴𝐴𝐴 = constant Smaller area means higher speed. 
19. At terminal velocity, net force becomes zero. What does that imply about acceleration?  
20. Net force due to surface tension depends on difference in surface tensions on both sides: 𝐹𝐹 = (𝑇𝑇1 −

𝑇𝑇2)𝐿𝐿   where 𝐿𝐿is the length of the stick. 
 

ASSERTION-REASON TYPE QUESTIONS- 
1.  

(a) If both assertion and reason are true and the reason is the correct explanation of the assertion. 
(b) If both assertion and reason are true but reason is not the correct explanation of the assertion. 
(c) If assertion is true but reason is false. 
(d) If the assertion and reason both are false. 
Assertion : The concept of surface tension is held only for liquids. 
Reason : Surface tension does not hold for gases. 

2. Assertion :At critical temperature, surface tension of a liquid becomes zero. 
Reason : At this temperature, intermolecular forces for liquids and gases become equal. Liquid can 
expand without any restriction. 

3. Assertion : A large soap bubble expands while a small bubble shrinks, when they are connected to each 
other by a capillary tube. 
Reason : The excess pressure inside bubble (or drop) is inversely proportional to the radius. 

4. Assertion : It is better to wash the clothes in cold soap solution. 
Reason : The surface tension of cold solution is less than the surface tension of hot solution. 

5. Assertion : Tiny drops of liquid resist deforming forces better than bigger drops. 
Reason : Excess pressure inside a drop is directly proportional to surface tension. 

 
SOLUTION OF ASSERTION-REASON TYPE QUESTIONS- 

1. (b) We know that the intermolecular distance between the gas molecules is large as compared to that of 
liquid. Due to it the forces of cohesion in the gas molecules are very small and these are quite large for 
liquids. Therefore, the concept of surface tension is applicable to liquid but not to gases. 

2. (a) Zero surface tension means no opposition to expansion. 
3. (a) Since the excess pressure due to surface tension is inversely proportional to its radius, it follows that 

smaller the bubble, greater is the excess pressure. Thus, when the larger and the smaller bubbles are put 
in communication, air starts passing from the smaller into the large bubble because excess pressure 
inside the former is greater than inside the latter. As a result, the smaller bubble shrinks and the larger 
one swells. 

4. (d) The soap solution, has less surface tension as compared to ordinary water and its surface tension 
decreases further on heating. The hot soap solution can, therefore spread over large surface area and also 
it has more wetting power. It is on account of this property that hot soap solution can penetrate and clean 
the clothes better than the ordinary water.  

5. (b) When a drop of liquid is poured on a glass plate, the shape of the drop is governed by two forces, the 
force of gravity. For very small drops, the potential energy due to gravity is insignificant compared to 
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that due to surface tension. Hence, in this case the shape of the drop is determined by surface tension 
alone and drop becomes spherical. 
 

2-MARKS QUESTIONS 
1. A truck carrying heavy loads has broader tyres than a small car. Explain why broad tyres are preferred 

for heavy vehicles. 
2. During a storm, the roof of a weak house may get blown away. Explain this using Bernoulli’s principle 
3. A student notices that honey flows much slower than water from a bottle. 

What property of liquids causes this difference? Explain. 
4. A parachutist opens the parachute before reaching the ground. 

Why does this help in safe landing? 
5. Water comes out with greater speed from the lower hole of a water tank than from the upper hole. Give 

reason. 
6. Small insects can walk on the surface of water without sinking. 

Explain this phenomenon. 
7. Modern cars and airplanes are given streamlined shapes. Explain the advantage of such shapes. 
8. A spinning cricket ball swings in air during a match. Explain the reason briefly. 
9. Hydraulic brakes are used in vehicles to stop them easily. Name the law involved and state its role. 
10. Soap is added while washing clothes with water. Why does soap improve cleaning action? 

SOLUTIONS OF 2-MARKS QUESTIONS 
1. Broad tyres increase the area of contact with the ground. This reduces pressure on the road and prevents 

sinking. 
2. Fast-moving air above the roof lowers pressure outside. 

Higher pressure inside pushes the roof upward. 
3. Honey has greater viscosity than water. 

Therefore, it resists flow more strongly. 
4. Opening the parachute increases air resistance. 

This reduces the speed of the parachutist. 
5. Pressure in a liquid increases with depth. 

Hence water flows faster from the lower hole. 
6. Surface tension acts like a stretched film on water surface. 

It supports the weight of small insects. 
7. Streamlined shapes reduce fluid friction or air resistance. This helps vehicles move faster and save fuel. 
8. The spinning ball creates unequal air speeds around it. This produces pressure difference and causes 

swinging. 
9. Hydraulic brakes work on Pascal’s law. Pressure applied to brake fluid is transmitted equally to all 

wheels. 
10. Soap reduces the surface tension of water. This allows water to spread easily and remove dirt better. 

3-MARKS QUESTIONS 

1. A car driver presses the brake pedal and the braking force is transmitted equally to all four wheels 
through brake oil. State Pascal’s law for fluids. Using this law, explain the principle and working of 
hydraulic brakes with the help of a neat labelled diagram.  

2. The terminal velocity of a tiny droplet is v. N number of such identical droplets combine together 
forming a bigger drop. Find the terminal velocity of the bigger drop.   
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3. Eight spherical rain drops of the same mass and radius are falling down with a terminal speed of 6 
𝑐𝑐𝑐𝑐𝑠𝑠−1 . If they coalesce to form one big drop, what will be the terminal speed of bigger drop? (Neglect 
the buoyancy of the air) 

4. Derive the expression for terminal velocity of a rain drop falling in a vessel filled with fluid. 
5. A water drop of diameter 2mm is split up into 109 identical water drops. Calculate the work done in this 

process. (The surface tension of water is 7.3 × 10−2 𝑁𝑁𝑚𝑚−1) 
6. Define Surface Energy and derive the expression of relation between surface energy and surface tension. 
7. Prove that excess pressure inside a soap bubble is inversely proportional to radius of bubble. 
8. Write the different type of flows of a fluid Hence define critical velocity. 
9. A bucket of water is suspended from a spring balance. Does the reading of balance change (a) when a 

piece of stone suspended from a string is immersed in the water without touching the bucket? (b) when a 
piece of iron or cork is put in the water in the bucke:t? 

10. Explain the correct reason behind these phenomena’s (i)Special design of wings of an aeroplane.(ii) A 
person standing near the railway track is pulled toward the train, when fast moving train passes close to 
him. 

11. Explain why the spinning ball deviates from its usual curved path. 
12. A large open tank has two holes in the wall. One is a square hole of side L at a depth y from the top and 

the other is a circular hole of radius R at a depth 4y from the top. When the tank is completely filled with 
water the quantities of water flowing out per second from both the holes are the same. Then what is the 
value of R. 

13. Derive by the method of dimensions, an expression for the volume of a liquid flowing out pers econd 
through a narrow tube. Assume that the rate of flow of liquid depends upon 

i) Coefficient of viscosity of the liquid 
ii) Radius of the tube 
iii) Pressure gradient along the tube. 

14. What amount of energy is released or absorbed when two mercury droplets of radii 0.1 cm and 0.2 cm 
collapse into one single drop? Given that the surface tension of mercury T = 435.5 × 10−3 Nm−1. 

15. Explain the reason behind it 
(i) Blowing off of roofs of houses during a storm 
(ii)How sprayer works? 

SOLUTIONS OF 3-MARKS QUESTIONS 

1. Pressure applied to an enclosed fluid is transmitted equally and undiminished in all directions throughout 
the fluid. Working with diagram. 

3. Terminal velocity of bigger drop = 𝑁𝑁2/3 v 
We have      8 × 4

3
𝜋𝜋𝑟𝑟3 = 4

3
𝜋𝜋𝑅𝑅3     =>      R = 2r and we know that terminal velocity 𝑣𝑣𝑇𝑇  ∝  (𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅)2 

We have 𝑉𝑉𝑇𝑇
𝑣𝑣𝑇𝑇

 = 𝑅𝑅
2

𝑟𝑟2
                       or  𝑉𝑉𝑇𝑇 =   𝑣𝑣𝑇𝑇  (2𝑟𝑟)2

𝑟𝑟2
    𝑉𝑉𝑇𝑇 = 

0.24 m/s 
4. Terminal velocity- when a body is dropped in a liquid, 

it, accelerates first due to gravity. In liquid it experience 
weight (force) ‘W’ along downward, buoyancy force 
‘U’ along upward. Since downward force is greater so 
the body moves along downward. As body in motion the layers of air in contact with body also set in 
motion due to this an upward viscous force ‘F’ act on the body. As velocity of the solid body increases 
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Value of ‘F’ increases.  But after same time the downward force ‘W’ become exactly equal to the total 
upward force (U+F). Now there is no net force acting on the body so from Newton’s first law the 
velocity becomes constant (and maximum).    The constant maximum velocity with which the body 
moves in a fluid is called terminal velocity.                                                                                                                                                             
When the spherical body of radius ‘r’ moving with constant terminal velocity vt.   
                           Then U + F = W    -    -    -  (1) 
U = weight of the liquid displaced = mass of the liquid displaces × g = σ V g 
W = weight of the solid = mass of the solid sphere × g = ρ V g 
From Stoke’s law F = 6 π η r vt  (Where  ρ    is density of ball,  σ   is density of liquid.) 
σ V g + 6 π η r vt = ρ V g   ⇒    6 π η r vt = σ V g −  ρ V g   ⇒  6π η r vt = V g (σ −  ρ )                    

6 π η r vt = 3r
3
4
π  g (σ −  ρ ) Hence 

( )
η

σρ
9

2 2 grvt
−

= From this formula: - 

1) vt ∝ r 2 .        2) vt  ∝ 1/ η               3)vt ∝ ( σ − ρ ) . 
i) If σ > ρ then r. h. s of equation is positive, then direction of terminal velocity is downward.   ii) If σ < ρ 
then r. h. s of equation is negative. Then direction of sphere is upward i.e. rising up. For this reason, air 
bubbles in a liquid are seen to move in upward direction. 

5. Let a water drop of radius R be split up into 109 identical water drops each of radius   ( R = D/2 
= 2/2 = 1 mm= 1 × 10−3m ,No. of droplets n = 109; T = 7.3 × 10−2N/m) 
 W = 4π𝑅𝑅2𝑇𝑇 [𝑛𝑛1 3�  -1] = 4π (10−3 )2  × 7.3 × 10−2 [(109 )1/3 -1] =9.17 × 10−4 J 

6. SURFACE ENERGY: Let us consider a rectangular frame of wire PQRS, where arm RS can slide on the 
arm PR and QS. If this frame is  dipped in a soap solution, then a soap film is produced in the frame 
PQRS.Due to surface tension, the soap film exerts a force on the frame.  
Let ‘l’ be the length of the arm RS, then the force acting on the arm RS towards the film is given by            
F=T×2l ……… (1) 
 Here the length is taken twice due to the two-surface area of soap film. Let the arm RS be displaced to a 
new position ‘AB’ through a distance ‘x’. Hence work done is W=Force× Displacement            or   
W=(T×2l) ×x …………(2)                                               W=T×(2l×x)Work E=T×ΔA ……...(3) Which is 
required expression for surface energy Where ΔA=2(l× x)= increase in the area of the film on both sides 
T= W /ΔA or T= E/ ΔA  
“surface tension of a liquid is numerically equal to the surface energy per unit area. 

9. Yes, the reading of the balance will increase but the increase in weight will be equal to the loss in weight 
of the stone )( gVσ  and not the weight of stone ] as[)( σρσρ >> gVgV . 

       (b)  Yes, the reading of the balance will increase but the increase in weight will be equal to the    
       weight of iron or cork piece. 
10. (i) Wings of an aeroplane are made such that the upper surface is made wing in as compared to the lower 

surface of the wing is made concave. Due to  
their shape of wing, the air currents at the top have a large velocity then at the 
bottom accordingly to Bernoulli their the pressure above the surface of the. 
This difference of pressure is helpful in giving avertical lift to the plane. But 
if upper surface is more covered then the airflow does not remain steady and 
turbulence is set in.  
(ii) A person standing near the railway track is pulled toward the train, when fast 
moving train passes close to him. The fast train large velocity decrees the pressure 

v large, P small 

v small, P large 
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between the person and the train while pressure on the other side of man is large which pushes the 
person towards the track.  

11. Curved path of spinning ball when a spinning ball is thrown with a large speed, then the layer of the air 
moving above the ball gets retarded and the layer below the ball gets accelerated due to spin motion 
because the layer above the ball moves in opposite direction and lower layer moves in the direction of 
the spinning ball so; the velocity of the ball decreases and hence according to the Bernoulli theorem 
pressure increases and due to increase in velocity below, pressure decreases .due to difference of 
pressure on the two sides of the ball , a path of the ball becomes curved. 

12. Ans:  Velocity of efflux when the hole is at depth h, ghv 2=  

Rate of flow of water from square hole 111 vaQ = = gyL 22  

Rate of flow of water from circular hole 222 vaQ = = )4(22 ygRπ  

and according to problem 21 QQ =  ⇒  )4(22 22 ygRgyL π=  ⇒
π2

LR =  

CASE BASED QUESTIONS 
III. A hydraulic lift is used in service stations to lift heavy vehicles. A small force applied on a small 

piston produces a much larger force on a bigger piston through the liquid. 

1. Hydraulic lift works on the basis of: 
(a) Bernoulli’s principle (b) Pascal’s law  
(c) Archimedes’ principle (d) Hooke’s law 
2. Pressure applied to a confined liquid is transmitted: 
(a) Only upward (b) Only downward (c) Equally in all directions (d) Only sideways 
3. The SI unit of pressure is: 
(a) Pascal (b) Joule (c) Newton (d) Watt 
4. Hydraulic brakes are commonly used in: 
(a) Aeroplanes  (b) Bicycles  (c) Vehicles  (d) Ships 

OR 
Pressure is defined as: 
(a) Force × Area (b) Force/Area   
(c) Area/Force  (d) Mass/Volume 

IV. A ship made of iron floats on water, while a small iron nail sinks. The ship is designed such that it 
displaces a large volume of water. 

1. The upward force exerted by water on the ship is called: 
(a) Viscous force (b) Surface tension (c) Buoyant force (d) Drag 
2. Archimedes’ principle relates buoyant force to: 
(a) Weight of displaced fluid (b) Mass of object (c) Density of object (d) Pressure 
3. The ship floats because its average density is: 
(a) Greater than water  (b) Equal to water (c) Less than water (d) Zero 
4. An iron nail sinks in water because: 
(a) Its density is less than water (b) Its density is greater than water 
(c) It has no buoyant force  (d) Water has no density 

OR 
The SI unit of density is: 

(a) kg m⁻³  (b) N m⁻²  (c) Pascal  (d) Joule 
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5-MARKS QUESTIONS 
1. (a)Define different units of pressure and also find the height of atmospheric pressure.                                                                                                                           

(b) Pressure decreases as one ascends the atmosphere. If the density of air is ρ, what is the change in 
pressure dp over a differential height dh?                             
(c) A fish is swimming 10 m below the surface of water in a lake. Estimate the pressure on it..  
 

2. (i)State and prove Bernoulli’s theorem.                                                                  
(ii)Explain any two applications of Bernoulli’s theorem.     

3. Explain capillary phenomenon and derive an expression for height of fluid in a capillary tube raised due 
to capillary action. 

4. Explain the torricelli’s theorem.How can we calculate the range and time taken by the liquid flowing out 
from a hole. Also tell at what condition the range of the liquid coming from the hole becomes maximum. 

5. A glass capillary tube of internal radius 0.5 mm is dipped vertically into a beaker of water. 
(a) Define Surface Tension in terms of surface energy. 
(b) Derive the "Ascent Formula" for the height (h) in a capillary tube. 
(c) Calculate the height of the water column (T = 0.073 N/m, g = 9.8 m/s²). 
(d) What happens if the tube length is less than calculated height h? 
 

 
SOLUTIONS OF 5-MARKS QUESTIONS 

1. (a) Units of pressure are: 1atm=Pressure exerted by 0.76m of mercury column=hρg 

=0.76×13.6×103×9.8   =1.013×105N/𝑚𝑚2                       

Height of the atmosphere: The atmospheric pressure, Pa =hρg  

or h= P a/ ρg = 1.013×105/ 1.3×9.8      = 7951m ≈ 8km 

(b) Consider a part (packet) of atmosphere of thickness dh, As the pressure at a point in fluid is equal in 

all directions. So the pressure on upper layer is p acting downward and on lower layer is (p+dp) acting 

upward. Force due to pressure is balanced by Buoyant force by air (p+dp) A−p.A=−Vρg 

              p.A+dpA−pA=−A(dh)ρg 

              dp.A=−ρpg(dh)A 

              dp/p=−ρg(dh) 

Negative shows that pressure decreases as height increases. 

(c)  𝑃𝑃𝑎𝑎 ≈ 105𝑃𝑃𝑃𝑃(1 atm), g = 10 𝑚𝑚𝑠𝑠−2  Density of water ρ = 103 kg𝑚𝑚−3 )  

Absolute Pressure 𝐏𝐏 = 𝑃𝑃𝑎𝑎 + h ρ g  Absolute Pressure 𝐏𝐏 = 105 + 10 × 103 × 10 Absolute Pressure 

𝐏𝐏 = 2 × 105≈ 2 atm 

2. Mathematically for unit volume of liquid flowing through a pipe.     =++ 2

2
1 vghP ρρ

 constant 
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To prove  
If 1P  and 2P  are the pressures at the two ends of the tube 
respectively, work done in pushing the volume V of 
incompressible fluid from point B to C through the tube will be 

VPPVPVPW )( 2121 −=−=  ......(i) 

This work is used by the fluid in two ways. 
(i) In changing the potential energy of mass m (in the volume V ) from mgh1 to mgh2,  
i.e.,   )( 12 hhmgU −=∆     ......(ii) 

(ii) In changing the kinetic energy from 2
12

1 mv  to 2
22

1 mv , i.e., )(
2
1 2

1
2
2 vvmK −=∆  (iii) 

Now as the fluid is non-viscous, by conservation of mechanical energy 

   KUW ∆+∆=      i.e.,   )(
2
1)()( 2

1
2
21221 vvmhhmgVPP −+−=−  

or        =++ 2

2
1 vghP ρρ constant 

This equation is the so-called Bernoulli's equation and represents conservation of mechanical energy in 
case of moving fluids. 

3. A very fine bore is known as the capillarity (hair like).  
The property of rise and depression of a liquid inside a capillary tube is called capillarity. 
In general the liquid that wet the glass rises inside the tube while those don’t wet the glass show a 
depression 
Ascent Formula: Consider a capillary tube dipped in a dish containing water. 
Pressure at points C and D just above and below the plane surface of liquid in the vessel is also P 
(atmospheric pressure). The points N and D are in the same horizontal plane in the liquid but the 
pressure at these points is different.In order to maintain the equilibrium, the liquid level rises in the 
capillary tube upto height h. 

If T is S.T of water, then on water outside be 
R
TP 2

=    -     -    -    -    -    -  -     ( 1 ) 

As the pressure on the liquid side is less, the liquid rises in the capillary. The height to which the 
liquid rises is such that the excess pressure 2T / R is equal to the pressure exerted by liquid column in 
the capillary tube. If ‘r’ is the radius of the capillary tube, ‘h’ is height of liquid rises, ’d’ is the 
density of the liquid and θ is angle of contact then, pressure exerted by the liquid column in capillary 
tube is Pliq = h d g             (2) 
For equilibrium, Pressure due to liquid column = pressure difference due to surface tension (excess 
of pressure) 

A1 
h1 

P2 
v2 

P1 B 

C 

A2 

h2 v1 
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So 

comparing eq1 and eq2. 
2

2 gdRhTor
R
Tgdh == -(2) 

In Triangle OAB     
θ

θ
Cos

rR
R
rCos =⇒=  Putting values in eq2                 

θCos
gdrhT

2
=  When volume of the liquid is taken into account then 

θCos
gdrrhT

2
)3/( +

=                

For pure water angle of contact is nearly zero. Cos 0 =  1. Then  

 
2

gdrhT =  

4. Torricelli's theorem:− Velocity of Efflux:−Statement− “The velocity of efflux of a liquid from a 
hole is equal to the velocity of a body falling freely from height h i.e. ghV 2= ”. 

Proof:− 
If a liquid is filled in a vessel up to height H and a hole is made at a depth h below the free surface of 
the liquid as shown in fig. then taking the level of hole as reference level (i.e., zero point of potential 
energy) and applying Bernoulli's principle to the liquid just inside and outside the hole (assuming the 
liquid to be at rest inside) we get 

 ∴  2
00 2

10)( vPghP ρρ +=++  or ghv 2=   

 Since the velocity that an object would acquire in 
falling from rest through a distance h is v then,  

  Sauv 222 += and hgv 2022 +=  or ghv 2=    
 

 Hence velocity of efflux is same as the velocity that an object would acquire in falling from 
rest through a distance h 
 ** Velocity with which liquid flowing out from a hole or orifice is called velocity of efflux or 
velocity of flow. 

  This result was first given by Torricelli, so this is known as Torricelli's theorem. 
(i) The velocity of efflux is independent of the nature of liquid, quantity of liquid in the vessel and the area of 
orifice. 

(ii) Time taken by the liquid in falling from hole to ground level 
g

hHt )(2 −
=  

 

 

M(P) 

N D(P) E(P) 
(P – 2T/R) 

h 
C(P) 

B 

A θ 
R 

r 

θ 

y 

 

H 
h 

x 

C 
 

ρ 
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(iii) The horizontal range covered by the liquid x = horizontal velocity (V) × time (t) 

)(2)(22 hHh
g

hHgh −=
−

×=  

(iv)  It become maximum when h=H/2
 

 
5. (a): Surface tension is the surface energy per unit area, representing work done to increase surface 

area by a unit amount. 

(b): 2πrT cosθ = πr²hρg => h = (2T cosθ) / (rρg). 
(c): h = (2 × 0.073) / (0.5 × 10⁻³ × 1000 × 9.8) ≈ 0.0298 m or 2.98 cm. 
(d): The liquid will rise to the top of the tube, but it will not overflow. The meniscus radius increases 
to maintain equilibrium. 

 
CHAPTER - 9 
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CHAPTER-10 

THERMAL PROPERTIES OF MATTER 
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MULTIPLE CHOICE QESTIONS 

1. The coefficient of linear expansion of a rod is 𝛼𝛼. The percentage increase in its length when heated 
through temperature 𝛥𝛥𝑇𝑇 is:    (NEET 2023) 
(a) 𝛼𝛼𝛼𝛼𝑇𝑇  (b) 100𝛼𝛼𝛼𝛼𝛼𝛼  (c) 𝛼𝛼𝛼𝛼𝑇𝑇

100
   (d) 10𝛼𝛼𝛼𝛼𝛼𝛼 

2.  A black body at temperature 𝑇𝑇 radiates energy at maximum wavelength 𝜆𝜆. If temperature becomes 
2𝑇𝑇, the wavelength of maximum intensity becomes:  

(NEET 2022) 
(a) 2𝜆𝜆   (b) 𝜆𝜆   (c) 𝜆𝜆

2
   (d) 𝜆𝜆

4
 

3. The SI unit of thermal conductivity is:     (NEET 2021) 
(a) 𝑊𝑊 𝑚𝑚−1𝐾𝐾−1 (b) 𝐽𝐽 𝑘𝑘𝑘𝑘−1𝐾𝐾−1  (c) 𝑊𝑊 𝑚𝑚−2𝐾𝐾−4       (d) 𝐽𝐽 𝑚𝑚−1 

4. Water has maximum density at:      (NEET 2020) 
(a) 0∘𝐶𝐶   (b) 4∘𝐶𝐶   (c) 100∘𝐶𝐶  (d) −4∘𝐶𝐶 

5. A leak-proof cylinder floats vertically in water at 0∘𝐶𝐶. When water temperature becomes 4∘𝐶𝐶, the 
cylinder rises slightly because:    (JEE Main 2020) 
(a) Water contracts    (b) Water expands   
(c) Density of water increases   (d) Density of water decreases 

6. A rod is heated and simultaneously compressed so that its length remains unchanged. The coefficient 
of volume expansion is related to linear expansion coefficient by: (JEE Main 2019) 
(a) 𝛾𝛾 = 𝛼𝛼  (b) 𝛾𝛾 = 2𝛼𝛼  (c) 𝛾𝛾 = 3𝛼𝛼  (d) 𝛾𝛾 = 4𝛼𝛼 

7. The dimensional formula of Stefan-Boltzmann constant is:    
(a) [𝑀𝑀𝑀𝑀𝑇𝑇−3𝐾𝐾−4] (b) [𝑀𝑀𝑇𝑇−3𝐾𝐾−4] (c) [𝑀𝑀𝐿𝐿2𝑇𝑇−2]   (d) [𝑀𝑀𝐿𝐿1𝑇𝑇−2]  

8. The heat required to raise the temperature of a body depends upon:  
(a) Mass only     (b) Nature of material only 
(c) Mass and specific heat capacity  (d) Volume only 

9. In solids, heat is mainly transferred by:      
(a) Convection  (b) Radiation  (c)Conduction  (d) Expansion 

10. If the temperature of a black body is doubled, the energy radiated per unit time becomes:   
       
(a) 2 times  (b) 4 times  (c) 8 times  (d) 16 times 

11. Two rods A and B of different materials are welded together as shown 
in figure. Their thermal conductivities are K1 and K2. The thermal 
conductivity of the composite rod will be 
(a) (2𝐾𝐾1𝐾𝐾2) 

(𝐾𝐾1+𝐾𝐾2)
  (b) 3(𝐾𝐾1+𝐾𝐾2) 

2
  (c) (𝐾𝐾1 + 𝐾𝐾2)/2 (d) 2(𝐾𝐾1 + 𝐾𝐾2) 

12. The coefficient of linear expansion of a crystalline substance in one direction is 2 × 10−4/0𝐶𝐶. The 
coefficient of cubical expansion of crystal is equal to 
(a) 2 × 10−4/0𝐶𝐶 (b) 4 × 10−4/0𝐶𝐶 (c) 6 × 10−4/0𝐶𝐶 (d) 1 × 10−4/0𝐶𝐶 

13. A cup of hot coffee is left on table after some time coffee cools down. What is the mode of transfer 
of heat for this cooling? 
(a) conduction  (b) convection  (c) radiation  (d) all of these 

14. A block of ice is heated until it melts completely. What happens to the temperature of ice-water 
mixture during this process? 
(a) It increases continuously    (b) it decreases continuously 
(c) it remains constant   (d) it increases and then decreases 
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15. The plots of intensity of radiation versus wavelength of three 
black bodies at temperatures T1, T2 and T3 are shown. Then, 
(a) T3 > T2 > T1  (b) T1 > T2 > T3   

  (c) T2 > T3 > T1  (d) T1 > T3 > T2 
16. A bimetallic strip is made of aluminium and steel. On heating, 

the strip will  
(a) remain straight    (b) will bend with aluminium on concave side  
(c) get twisted    (d) will bend with steel on concave side. 
For questions 17 to 20 , choose the correct option: 
(a) Both Assertion and Reason are true, and Reason is the correct explanation of Assertion. 
(b) Both Assertion and Reason are true, but Reason is NOT the correct explanation of 
Assertion. 
(c) Assertion is true, but Reason is false. 
(d) Assertion is false, but Reason is true. 

17. ASSERTION:  Specific heat capacity of a body is always lesser than its heat capacity. 
REASON:  Heat capacity is heat required to raise temperature of unit mass of substance by unity. 

18. ASSERTION:  Thermal coefficient of expansion for volume is approximately 3/2 times of 
superficial coefficient of thermal expansion. 
REASON: On heating if change in temperature is same then percentage rise in volume is greater than 
that in surface area.  

19. ASSERTION: If two different substances of equal mass at different temperature are mixed with each 
other equilibrium temperature is always different from their mean temperature. 

    REASON:  Two substances have different specific heat capacity. 
20. ASSERTION: The melting point of ice decreases with increase of pressure. 

REASON: Ice contracts on melting. 
21. ASSERTION: Woollen clothes keep us warm during winter. 

REASON: Wool traps air, which is a poor conductor of heat. 
22. ASSERTION: Shiny surfaces are used inside thermos flasks. 

REASON: Shiny surfaces are good absorbers of heat radiation. 
23. ASSERTION: A metal spoon kept in hot tea becomes hot after some time. 

REASON: Metals transfer heat mainly by conduction. 
24. ASSERTION: Water is used as a coolant in car radiators. 

REASON: Water has high specific heat capacity. 
25. ASSERTION: A black surface cools faster than a polished surface. 

REASON: Black surfaces are good emitters of heat radiation. 
ANSWER KEY- MCQ 

1 b 2 c 3 a 4 b 
5 c 6 c 7 b 8 c 
9 c 10 d 11 a 12 c 
13 d 14 c 15 d 16 d 
17 d 18 b 19 a 20 a 
21 a 22 c 23 a 24 a 
25 a       
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PRACTICE QUESTIONS- MCQ 

1.  Water has maximum density at: 
(a) 0∘𝐶𝐶    (b) 4∘𝐶𝐶   (c) 100∘𝐶𝐶  (d) −4∘𝐶𝐶 

2.  The SI unit of thermal conductivity is: 
(a) 𝐽𝐽𝐽𝐽𝑔𝑔−1𝐾𝐾−1  (b) 𝑊𝑊𝑚𝑚−1𝐾𝐾−1  (c) 𝑊𝑊𝑚𝑚−2𝐾𝐾−4  (d) 𝐽𝐽𝐾𝐾−1 

3.  During melting of ice, the temperature: 
(a) Increases continuously   (b) Decreases continuously 
(c) Remains constant    (d) First increases and then decreases 

4.  Assertion (A): Steam burns are more severe than boiling water burns at the same temperature. 
Reason (R): Steam contains latent heat of vaporization. 
(a) Both A and R are true and R is the correct explanation of A 
(b) Both A and R are true but R is not the correct explanation of A 
(c) A is true but R is false 
(d) A is false but R is true 

5. ASSERTION: During boiling, the temperature of water remains constant even when heat is 
continuously supplied. 
REASON: The supplied heat is used to convert liquid into vapour by overcoming intermolecular 
forces. 

2 MARK QUESTIONS 
1. "Water is a good coolant because of its high specific heat capacity." Is this statement true or false? 

Explain 
2. Calculate the heat energy required to raise temperature of 500g water from 20°C to 80°C. (Specific 

heat capacity of water = 4.186 J/g°C) 
3. Determine the coefficient of linear expansion of a metal rod given ΔL = 0.1m, L₀ = 1m, ΔT = 25°C. 
4. During winter, a lake freezes at the surface while aquatic life survives below it. Explain why. 
5. Two cooking pans, one black and one shiny, are kept in sunlight. Which one becomes hotter faster 

and why? 
6. A person standing near a fire feels warm even though air is a poor conductor of heat. Explain. 
7. In the construction of the "Iron Pillar of Delhi" or modern steel bridges, why are rollers used at one 

end of the iron beams instead of fixing both ends rigidly to the concrete pillars? 
8. Why are burns caused by steam at 100 oC much more severe than burns caused by boiling water at 

the same temperature? 
9. A railway blacksmith needs to fit a steel rail of length 20 m at a temperature of 25°C. If the 

maximum temperature expected in the summer is 45°C, calculate the minimum gap that must be left 
between two such rails so that they do not touch or buckle. 
(Given: Coefficient of linear expansion of steel = 1.2 ×10-5/ K) 

10. A student wants to cool 0.5 kg of water at 30°C by adding ice at 0°C.Calculate the mass of ice 
required to bring the final temperature of the water down to exactly 0°C. 

 (Given: Specific heat of water = 4200 J/kgK Latent heat of fusion of ice =3.36×105J /kg) 
 

SOLUTIONS OF 2 MARK QUESTIONS 
1. True.  

* Water has a high specific heat capacity (4.186 J/g° C), meaning it can absorb and release large 
amounts of heat energy without a large change in temperature. 
* This makes water an effective coolant, as it can absorb heat from surroundings without rising in 
temperature quickly.  

2. Given values: Mass of water (m) = 500g = 0.5 kg,Initial temperature (T₁) = 20°C    
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              Final temperature (T₂) = 80°C,  Specific heat capacity (s) = 4.186 J/g°C = 4186  J/kg°C 
 Calculate temperature difference (ΔT) = T₂ - T₁ = 80°C - 20°C = 60°C 
Apply formula Q = msΔT    Q = 0.5 kg × 4186 J/kg°C ×60°C =Q = 125580 J  

3. Formula: α = ΔL / (L₀ ΔT) given values: Change in length (ΔL) = 0.1 m 
    Original length (L₀) = 1 m,  Change in temperature (ΔT) = 25°C 

using values into formula: 
    α = 0.1 m / (1 m X 25°C) =α = 0.004 °C⁻¹ or 4 × 10⁻³ °C⁻¹ =α = 4 × 10⁻³ °C⁻¹ 
4. Water has maximum density at 4∘𝐶𝐶. The colder water and ice remain on the top while comparatively 

warmer water stays below, allowing aquatic life to survive. 
5. The black pan becomes hotter faster because black surfaces absorb heat radiation more effectively 

than shiny surfaces. 
6. Heat from the fire reaches the person mainly through radiation, which does not require any medium. 
7. Rollers are provided to allow for thermal expansion and contraction. When atmospheric temperature 

increases, the beam expands in length. If both ends were rigid, the resulting thermal stress could 
buckle the beam or crack the concrete pillars. The rollers provide the necessary space for this linear 
expansion. 

8. Steam at 100 oC carries significantly more energy than water at 100 oC. This extra energy is the 
latent heat of vaporization (22.6 ×105 J/kg). When steam hits the skin, it first condenses into water, 
releasing this massive amount of latent heat before it even begins to cool down as a liquid. 

9. Identify Given Values: 
Initial length (L) = 20 m 
Change in temperature ( ∆T) = 45°C - 25°C = 20°C 
α= 1.2 ×10 -5/ K     Formula:  ∆L = L α ∆T      :∆L = 20 ×1.2 ×10 -5×20 = 4.8mm 
The minimum gap required is 4.8 mm. 

10. Mass of water (m) = 0.5 kg 
o ∆ T for water = 30°C - 0°C = 30 K 
o Specific heat (𝑠𝑠𝑊𝑊)  = 4200 J/kgK 
o Latent heat of ice (𝐿𝐿𝑓𝑓) = 3.36 ×10 5 J /kg 

Principle of Calorimetry: 
Heat lost by water= Heat gained by ice to melt      ms∆𝑇𝑇 = m 𝐿𝐿𝑓𝑓 
0.5×4200 ×30 = m×3.36 ×105        m = 0.1875 kg  The mass of ice required is 187.5 g 

 
PRACTICE QUESTIONS- 2 MARKS 

1.  Why are gaps left between railway tracks? Explain. 
2.  Calculate the heat required to raise the temperature of  0.5 kg of water from 20 ∘𝐶𝐶 to 60 ∘𝐶𝐶. Given: 

Specific heat capacity of water sw = 4200 Jkg-1K-1 

3.  Why is the inside of a refrigerator made shiny? 
4. A ball and ring apparatus is heated. The metal ball passes easily through the ring before heating but 

not after heating. Why? 
5. Calculate the amount of heat required to raise the temperature of  2 kg of aluminium from 300C to 80 

0 C (s = 900 J kg–1 K–1) 
 

SOLUTION - NUMERICALS OF PRACTICE QUESTION 
2. 84000 J 
5. 90000 J 

3 MARK QUESTIONS 
 
1. Show that the coefficient of area expansion, (ΔA/A)/ΔT, of a rectangular sheet of the solid is twice its 

linear expansivity, 𝛼𝛼𝑙𝑙. 
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2.  Why is the triple point of water taken as a standard fixed point in modern thermometry? What is 
wrong in taking the melting point of ice and boiling point of water as fixed points? 

3. Explain why:  
(a) A body with large reflectivity is a poor emitter 
(b) A brass tumbler feels much colder than a wooden tray on a chilly day 
(c) The earth without its atmosphere would be inhospitably cold 

4. A copper vessel of mass 500 g contains 200 g of water at 20∘𝐶𝐶. Calculate the heat required to raise 
the temperature of both to 60∘𝐶𝐶. 
(sw= 4200 J kg-1 K-1,  sCu = 390 J kg-1 K-1) 

5. A brass rod of length 50 cm and diameter 3 mm is joined to a steel rod of the same length and 
diameter. What is the change in length of the combined rod at 250 oC, if the original lengths are at 40 
oC? (𝛼𝛼𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 = 2.0 × 10−5/°C, 𝛼𝛼𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 1.2 × 10−5/°C) 

6. How much heat is required to convert 10 g of ice at -10 0C into steam at 100 oC? (Given: sice= 0.5 
cal/g °C, Lf = 80 cal/g, Lv = 540 cal/g) 

7. Explain the concept of latent heat of fusion and latent heat of vaporization. Using these concepts, 
calculate the amount of heat required to convert 1 kg of ice at 0°C to water at 0°C.  

8. A calorimeter contains 200 g of water at 20°C. A 50 g metal piece at 100°C is placed in the 
calorimeter. The final temperature of the water and metal is 23°C. Determine the specific heat 
capacity of the metal. 

9. a) Explain why a steel rod and a copper rod of the same dimensions, when heated to the same 
temperature, will show different rates of expansion. 
b) Explain why a glass tumbler cracks when a hot liquid is poured into it, while a metal  tumbler 
doesn't. 

10. During a summer vacation, Rohan notices that the concrete segments of the highway have small gaps 
filled with a flexible tar-like material between them. On a particularly hot afternoon, he observes that 
these gaps seem much smaller than they were in the early morning. 
(a) Identify the physical phenomenon responsible for this observation and explain the physics behind 
it.  
(b) What would happen to the highway if these gaps were not provided during construction?  
(c) If a concrete slab is 10m long at 20°C, calculate the expansion in its length when the temperature 
rises to 45°C. (Assume 𝛼𝛼𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐= 1.2 ×10-5/°C) 

SOLUTIONS OF 3 MARK QUESTIONS 
1. Consider a rectangular sheet of the solid material of length 

a and breadth b (Fig.).  
When the temperature increases by ΔT,  

l increases by Δl = 𝛼𝛼𝑙𝑙.l∆𝑇𝑇  and  b increases by 
Δb= 𝛼𝛼𝑙𝑙.b∆𝑇𝑇.  
From Fig., the increase in area 

 ∆𝐴𝐴 =  ∆𝐴𝐴1 + ∆𝐴𝐴2 + ∆𝐴𝐴3  =  𝑙𝑙∆𝑏𝑏 + 𝑏𝑏∆𝑙𝑙 + ∆𝑙𝑙∆𝑏𝑏 =       
            𝑙𝑙𝛼𝛼𝑙𝑙.b∆𝑇𝑇.+ 𝑏𝑏𝛼𝛼𝑙𝑙.l∆𝑇𝑇 + 𝛼𝛼𝑙𝑙2𝑙𝑙𝑙𝑙∆𝑇𝑇2  
          = 𝑙𝑙𝑙𝑙𝛼𝛼𝑙𝑙∆𝑇𝑇(2 + 𝛼𝛼𝑙𝑙 ∆𝑇𝑇) = 𝐴𝐴𝛼𝛼𝑙𝑙∆𝑇𝑇(2 + 𝛼𝛼𝑙𝑙 ∆𝑇𝑇) 

Since 𝛼𝛼𝑙𝑙 ≃ 10–5 K–1, the product 𝛼𝛼𝑙𝑙 ∆𝑇𝑇 for fractional temperature is small in comparison with 2 and 
may be neglected. 

∴ ∆𝐴𝐴 = 𝐴𝐴  𝛼𝛼𝑙𝑙∆𝑇𝑇 ×2  
Hence,      ∆𝐴𝐴

𝐴𝐴
 1
∆𝑇𝑇

  = 2 𝛼𝛼𝑙𝑙 
2.  The triple point of water is used as a standard fixed point because it has a unique and accurately 

reproducible temperature of 273.16 K, where ice, water and water vapour coexist in equilibrium. 
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The melting point of ice and boiling point of water are not preferred because they vary with 
atmospheric pressure and other external conditions. Hence, they are less accurate and less reliable as 
standard fixed points. 

3. (a) A good reflector absorbs very little heat radiation. Since good absorbers are good emitters, a body 
with large reflectivity becomes a poor emitter of heat radiation. 
(b) Brass is a good conductor of heat and takes heat away from our hand quickly, producing a colder 
sensation. Wood is a poor conductor, so it does not remove heat rapidly from the hand. 
(c) The atmosphere absorbs and re-radiates heat emitted by the earth, preventing rapid loss of heat 
into space. Without the atmosphere, most of the earth’s heat would escape, making the earth 
extremely cold. 
 

4. Mass of copper vessel = 0.5 𝑘𝑘𝑘𝑘,Mass of water = 0.2 𝑘𝑘𝑘𝑘 𝛥𝛥𝑇𝑇 = 60 − 20 = 40∘𝐶𝐶 
Heat required for water:𝑄𝑄1 = 0.2 × 4200 × 40=33600 𝐽𝐽 

 Heat required for copper vessel:𝑄𝑄2 = 0.5 × 390 × 40 = 7800 𝐽𝐽 
 Total heat required:𝑄𝑄 = 𝑄𝑄1 + 𝑄𝑄2=33600 + 7800 = 41400 𝐽𝐽 

Total heat required = 4.14 × 104 𝐽𝐽 
 
5. Given: L1 = L2 = 50 cm, ∆ T = 250 - 40 = 210 0C. 

o ∆Lbrass = L1𝛼𝛼𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 ∆ T = 50×2.0 ×10-5×210 = 0.21cm 
o ∆Lsteel = L1𝛼𝛼𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ∆ T = 50×1.2 ×10-5×210 = 0.126cm 
o Total Change: ∆L = ∆Lbrass + ∆Lsteel = 0.21 + 0.126 = 0.336 cm. 

6. Heat to raise ice to 0oC:   Q1 = ms∆ T = 10 ×0.5 ×10 = 50cal. 
⮚ Heat to melt ice: Q2 = mLf = 10 ×80 = 800 cal. 
⮚ Heat to raise water to 100 o C: Q3 = 10 ×1 ×100 = 1000cal. 
⮚ Heat to convert to steam: Q4 = mLv = 10 ×540 = 5400cal. 
⮚ Total Heat: Q = 50 + 800 + 1000 + 5400 = 7250 cal. 

7. Step 1: Explain the concept of latent heat of fusion 
Latent heat of fusion is the amount of heat energy required to change the state of a substance from 
solid to liquid without changing its temperature. For ice, the latent heat of fusion is approximately 
334 J/g or 334,000 J/kg. 
Step 2: Explain the concept of latent heat of vaporization 
Latent heat of vaporization is the amount of heat energy required to change the state of a substance 
from liquid to gas without changing its temperature. For water, the latent heat of vaporization is 
approximately 2257 J/g or 2,257,000 J/kg. 
Step 3: Calculate the heat required to convert ice to water at 0°C 
The heat required to convert 1 kg of ice at 0°C to water at 0°C is given by Q = m × L, where m is the 
mass and L is the latent heat of fusion.Q1 = 1 kg × 334,000 J/kg = 334,000 J 

8. The heat gained by the water is Q = m × c × ΔT = 0.2 kg × 4186 J/kg°C × (23°C - 20°C) = 2511.6 J. 
The heat lost by the metal is Q = m × c × ΔT = 0.05 kg × c ×(100°C - 23°C) = 3.85c J. 
Equating the heat gained and lost: 2511.6 J = 3.85c J. 
Solving for c: c = 2511.6 J / 3.85 = 652.2 J/kg°C. 
The specific heat capacity of the metal is approximately 652.2 J/kg°C. 

9. a) The steel rod and copper rod will show different rates of expansion because they have different 
coefficients of thermal expansion. The coefficient of thermal expansion is a material property that 
determines how much a material expands when heated. Copper has a higher coefficient of thermal 
expansion than steel, so it will expand more than steel when heated to the same temperature. This 
means that the copper rod will show a greater rate of expansion than the steel rod. 
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b)A glass tumbler cracks when a hot liquid is poured into it because glass is a poor conductor of heat 
and has a relatively high coefficient of thermal expansion. When hot liquid is poured into the glass, 
the inner surface expands rapidly, while the outer surface remains cooler and doesn't expand as 
much. This creates stress in the glass, which can cause it to crack. 
In contrast, metal is a good conductor of heat and can distribute the heat evenly throughout the 
tumbler, reducing the stress caused by uneven expansion. As a result, a metal tumbler is less likely to 
crack when a hot liquid is poured into it. 

10. (a) Phenomenon: Thermal Expansion or Linear thermal Expansion. 
Explanation: When the temperature increases, the kinetic energy of the molecules in the concrete 
increases, causing them to vibrate more vigorously and occupy more space. This results in an 
increase in the length of the concrete slabs. 
(b) If gaps were not provided, the expanding concrete slabs would exert immense thermal stress on 
each other. Since the slabs have no room to expand, this internal pressure would cause the highway 
to buckle, crack, making it dangerous for vehicles. 
(c) Given: Original length (L) = 10 m   ∆T = 45°C - 20°C = 25°C 

𝛼𝛼= 1.2 ×10-5/°C     ∆L = L× α × ∆ T = 10 ×1.2 × 10-5 ×25 = 3 mm 
 

PRACTICE QUESTIONS- 3 MARKS 
1.  Explain why: 

(a) A body with large reflectivity is a poor emitter. 
(b) A brass tumbler feels colder than a wooden tray on a chilly day. 
(c) The earth without its atmosphere would be extremely cold. 

2.  A steel rod of length 2 𝑚𝑚 is heated from 20∘𝐶𝐶to 120∘𝐶𝐶. Calculate the increase in length.  Given: 
Coefficient of linear expansion of steel = 1.2 ×10-5 oC-1. 

3. A house owner notices that during summer, rooms with tiled roofs become much hotter in the 
daytime compared to rooms with roofs painted white. He decides to paint the roof white and also 
install a false ceiling made of wood below the roof. 
Answer the following questions: 
(a) Why does a white-painted roof keep the room cooler? 
(b) Why is wood used for making the false ceiling? 
(c) Name the modes of heat transfer mainly reduced by: 
(i) White paint    (ii) Wooden false ceiling 

 
SOLUTION - NUMERICALS OF PRACTICE QUESTION 

2. 2.4 mm 
 

5 MARK QUESTIONS 
1. (a) What is thermal expansion? Describe an experiment to demonstrate linear expansion in solids. (1 

mark) 
(b) Derive the relationship between change in length (ΔL) of a solid and its coefficient of linear 
expansion (α), initial length (L₀) and change in temperature (ΔT). (2 marks) 
(c) A metal wire of length 1.5 m expands to 1.502 m when heated from 25°C to 75°C. Calculate its 
coefficient of linear expansion. (α in 10⁻⁵/°C) (2 marks) 

2. (a) Define thermal conductivity of a material. 
(b) State the factors affecting the rate of conduction of heat through a rod. 
(c) A copper rod of length 2 m and area of cross-section 5 × 10−4 m2 conducts heat from a hot end at 
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150∘𝐶𝐶to a cold end at 50∘𝐶𝐶. If thermal conductivity of copper is 400 Wm-1K-1, calculate the rate of 
heat flow through the rod. 

3.  (a) Define latent heat of fusion and latent heat of vaporization. 
(b) Why does the temperature remain constant during change of state? 
(c) Calculate the heat required to convert 500 g of ice at −20∘𝐶𝐶into water at 50∘𝐶𝐶. 
Given:Specific heat capacity of ice = 2100 𝐽𝐽 𝑘𝑘𝑘𝑘−1𝐾𝐾−1 
Specific heat capacity of water = 4200 𝐽𝐽 𝑘𝑘𝑘𝑘−1𝐾𝐾−1 
Latent heat of fusion of ice = 3.36 × 105 𝐽𝐽 𝑘𝑘𝑘𝑘−1 

 
SOLUTIONS OF  5 MARK QUESTIONS 

1. (a) Thermal expansion is the change in dimensions of a substance due to change in temperature.  
An experiment to demonstrate linear expansion is by heating a metal rod clamped at one end and 
observing the expansion using a scale. 
(b) Let initial length = L₀, final length = L₀ + ΔL, initial temperature = T₁, final temperature = T₂      
ΔT = T₂ - T₁     ΔL = L₀ x α  ΔT          or α = ΔL / (L₀  ΔT) 
(c)   Given: ΔL = 1.502 m - 1.5 m = 0.002 m, L₀ = 1.5 m, ΔT = 75°C - 25°C = 50°C 
α = ΔL / (L₀ x ΔT) = 0.002 / (1.5 x 50)    = 2.67 x 10⁻⁵ °C⁻¹ 

2. (a)    Thermal conductivity is the quantity of heat conducted per second through unit area of a 
material of unit thickness when the temperature difference between its faces is 1 K. 
(b)   Rate of conduction depends on: 

⮚ Area of cross-section  
⮚ Temperature difference  
⮚ Length of conductor  
⮚ Nature of material  

(c)   Given:𝐿𝐿 = 2 𝑚𝑚         𝐴𝐴 = 5 × 10−4𝑚𝑚2      𝛥𝛥𝛥𝛥 = 150 − 50 = 100∘𝐶𝐶    K= 400  Wm-1K-1 
             Using,𝑄𝑄

𝑡𝑡
= 𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾

𝐿𝐿
          𝑄𝑄

𝑡𝑡
= 400×5×10−4×100

2
        𝑄𝑄

𝑡𝑡
= 10 𝑊𝑊     Rate of heat flow = 10 𝑊𝑊 

3.  (a) Latent heat of fusion: The amount of heat required to convert unit mass of a solid into liquid at its 
melting point without change in temperature.  
Latent heat of vaporization: The amount of heat required to convert unit mass of a liquid into vapour 
at its boiling point without change in temperature.  
(b) During change of state, the supplied heat is used to overcome intermolecular forces between 
particles rather than increasing kinetic energy. Hence the temperature remains constant. 
(c)  Given: 𝑚𝑚 = 500 𝑔𝑔 
Step 1: Heat required to raise temperature of ice from −20∘𝐶𝐶to 0∘𝐶𝐶 
Using,   𝑄𝑄 = 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚      𝑄𝑄1 = 0.5 × 2100 × 20𝑄𝑄1 = 21000 𝐽𝐽 
Step 2: Heat required to melt ice at 0∘𝐶𝐶 
Using,    𝑄𝑄 = 𝑚𝑚𝐿𝐿𝑓𝑓    𝑄𝑄2 = 0.5 × 3.36 × 105𝑄𝑄2 = 1.68 × 105 𝐽𝐽 
Step 3: Heat required to raise water temperature from 0∘𝐶𝐶to 50∘𝐶𝐶 
Using,  𝑄𝑄 = 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚   𝑄𝑄3 = 0.5 × 4200 × 50𝑄𝑄3 = 105000 𝐽𝐽 
Total Heat Required 

𝑄𝑄 = 𝑄𝑄1 + 𝑄𝑄2 + 𝑄𝑄3𝑄𝑄 = 21000 + 168000 + 105000 = 294000 𝐽𝐽 = 2.94 × 105 𝐽𝐽 
 

PRACTICE QUESTIONS- 5 MARKS 
1. (a) Define latent heat of fusion and latent heat of vaporization. 

(b) Why does temperature remain constant during change of state? 
(c) Calculate the heat required to convert 500 𝑔𝑔𝑔𝑔 of ice at −20∘𝐶𝐶 into water at 50∘𝐶𝐶. 
Given: Specific heat capacity of ice =2100 Jkg-1 K-1 

Specific heat capacity of water =4200 Jkg-1 K-1 

 Specific heat capacity of Latent heat of fusion of ice = 3.36 ×105 Jkg-1 
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2.  (a) State Stefan’s law of black body radiation. Explain why a hot object cools faster in the beginning 
and slower after some time. 

 (b) A black body radiates energy at the rate of 800 W at a certain temperature 𝑇𝑇. If its absolute 
temperature is doubled, calculate the new rate of energy radiation. 

SOLUTION - NUMERICALS OF PRACTICE QUESTION 
1.(c) 294000 J          2.(c) 12800 J 

 
CASE STUDY QUESTIONS 

1.  Standards in Thermometry and Anomalous Behavior 
In modern thermometry, the triple point of water is the sole standard fixed point 
because it occurs at a unique, reproducible temperature and pressure (273.16K 
at 611.66 Pa). Unlike the traditional ice and steam points used in the Celsius 
scale, the triple point is independent of external atmospheric fluctuations. This 
precision is vital for defining the Kelvin scale. Additionally, water exhibits 
anomalous expansion, where it reaches its maximum density at 4°C. This 
property is crucial for the survival of aquatic life in cold regions, as the denser 
4°C water remains at the bottom of lakes while ice forms on the surface. 

Questions: 
1.1. According to the phase diagram and the text, why is the triple point 
of water chosen as the standard fixed point? 
(a) It is the temperature at which water boils 1 atm. 
(b) It is a unique state where all three phases (solid, liquid, gas) coexist in equilibrium. 
(c) It is exactly 0°C regardless of pressure. 
(d) It is easier to achieve than the melting point of ice. 
1.2. At what temperature does water reach its maximum density, ensuring the survival of aquatic life 
as described? 
(a) 0°C  (b) 100°C (c) 4°C  (d)273.16 K 
1.3. If the temperature of a gas is 300 K, what is its equivalent temperature on the Celsius scale? 
(a)26.85°C (b) 300°C (c)573.15°C (d)27.16°C 
1.4.A  Based on the shift to modern standards, how does the "ice point" change if the atmospheric 

pressure is significantly increased? 
(a) It increases.   (b) It decreases. 
(c) It remains exactly at 273.15 K (d) It becomes equal to the triple point. 

OR 
1.4.B The triple point of water corresponds to a pressure of 611.66 Pa. If the pressure is increased 

significantly above this value while keeping the temperature at 273.16 K, what is the most 
likely phase of the water?  
(a) Sublimates directly into water vapor.  
(b) Remains as a mixture of all three phases.  
(c) Transitions completely into the liquid phase.  
(d) Converts into a supercritical fluid. 

2.  Cooling by Ice and Steam Burns 
Riya went for a picnic with her friends. She observed that ice keeps soft drinks cold for a longer time 
than chilled water. Later at home, while helping in the kitchen, she learned that burns caused by 
steam are more severe than burns caused by boiling water at the same temperature. 
Her physics teacher explained that both situations are related to the concept of latent heat. 
● Ice absorbs extra heat while melting and keeps the drink cool for a longer time.  
● Steam releases additional latent heat during condensation, causing severe burns. 
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2.1.  Ice cools drinks more effectively because ice: 
(a) Has lower density    (b) Absorbs latent heat while melting 
(c) Reflects heat    (d) Has lower temperature only 

2.2. The heat required to change unit mass of a substance from solid to liquid without change in 
temperature is called: 
(a) Specific heat capacity   (b) Thermal conductivity 
(c) Latent heat of fusion   (d) Latent heat of vaporization 

2.3.  Calculate the heat required to melt 100 𝑔𝑔 of ice at 0∘𝐶𝐶.Given: 𝐿𝐿𝑓𝑓 = 3.36 ×105 J/kg 
(a) 1.68 ×104 J  (b) 2.36×104 J  (c) 3.36×104 J  (d)4.36×104 J 

2.4.      Assertion (A): Steam burns are more severe than boiling water burns at the same temperature. 
 Reason (R): Steam contains latent heat of vaporization. 

(a) Both A and R are true and R is the correct explanation of A 
(b) Both A and R are true but R is not the correct explanation of A 
(c) A is true but R is false 
(d) A is false but R is true     OR 

2.4. B. During melting of ice, the temperature remains constant because the supplied heat is used to: 
(a) Increase molecular speed    (b) Increase density 
(c) Overcome intermolecular forces   (d) Decrease pressure 

SOLUTION OF CASE STUDY QUESTIONS 
1.1: (b)  1.2: (c)  1.3: (a)  1.4.A: (b)    1.4.B : (c) 
2.1: (b)  2.2: (c)  2.3: (c)  2.4.A: (a)    2.4.B : (c) 

PRACTICE QUESTIONS- CASE STUDY 
1. Riya observed that ice keeps soft drinks cold for a longer time than 

chilled water. Later, while helping in the kitchen, she learned that steam 
burns are more severe than burns caused by boiling water at the same 
temperature. Her teacher explained that these effects are related to latent 
heat. 

 
Answer the following questions: 
(1)  Ice cools drinks more effectively because it: 

(a) Reflects heat     (b) Absorbs latent heat while 
melting 
(c) Has lower density    (d) Has lower temperature 
only 

(2)  The heat required to change unit mass of solid into liquid without temperature change is called: 
(a) Specific heat capacity   (b) Latent heat of vaporization 
(c) Thermal conductivity   (d) Latent heat of fusion 

(3)  Calculate the heat required to melt 100 𝑔𝑔𝑔𝑔 of ice at 0∘𝐶𝐶.Given: 𝐿𝐿𝑓𝑓 = 3.36 ×105 J/kg 
(a) 1.68 ×104 J  (b) 2.36×104 J  (c) 3.36×104 J  (d)4.36×104 J 

(4)  During melting of ice, the supplied heat is used to: 
(a) Increase molecular speed   (b) Increase temperature 
(c) Overcome intermolecular forces  (d) Decrease density 

 
 

ANSWER1: (b)  1.2: (d)  1.3: (c)  1.4. (c) 
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https://notebooklm.google.com/notebook/59b44100-00d4-48c1-a081-1e7259e1d982/artifact/6ba213fa-3df6-46ca-9c97-c4803ed6dcc1?utm_source=nlm_web_share&utm_medium=google_oo&utm_campaign=art_share_2&utm_content=&utm_smc=nlm_web_share_google_oo_art_share_2_
https://notebooklm.google.com/notebook/59b44100-00d4-48c1-a081-1e7259e1d982/artifact/6ba213fa-3df6-46ca-9c97-c4803ed6dcc1?utm_source=nlm_web_share&utm_medium=google_oo&utm_campaign=art_share_2&utm_content=&utm_smc=nlm_web_share_google_oo_art_share_2_
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CHAPTER – 11 
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MULTIPLE CHOICE QUESTIONS 
1. In an isothermal expansion of an ideal gas, which of the following statements is correct regarding the 

internal energy (U)? 
a. Internal energy increases   c. Internal energy decreases 
b. Internal energy remains constant  d. Internal energy first increases then decreases 

2. Which of the following is an intensive property? 
a. Enthalpy     c. Molar heat capacity 
b. Volume     d. Internal energy 

3. For an ideal gas, the relationship between molar heat capacity at constant pressure (CP) and constant 
volume (CV) is given by: 

a. CP + CV = R     c. CP - CV = R 

b. CV – CP = R     d. 𝐶𝐶𝑃𝑃
𝐶𝐶𝑉𝑉

= 𝑅𝑅 

4. For an adiabatic process, which of the following is true? 
a. ΔQ = 0      c. ΔT = 0 
b. ΔP = 0      d. ΔW = 0 

5. First law of thermodynamics is based on? 
a.  Conservation of energy   c. Conservation of mass 
b. Conservation of momentum   d. Conservation of work 

6. Internal energy of a system is defined as? 
a. The sum of kinetic energies of all molecules of the system 
b. The sum of kinetic and potential energies of all molecules of the system 
c. The sum of potential energies of the system 
d. The average kinetic energy of all molecules 

7. The isothermal diagram of a gas at three different temperatures T1, T2 and 
T3, is shown in the given figure. Then: 

a. T1 < T2 < T3      c. T1 < T2 > T3 
b. T1 > T2 > T3        d. T1 > T2 < T3 

8. The relation between the slope of isothermal curve and slope of adiabatic curve  
a. slope of adiabatic curve =  γ times slope of isothermal curve 
b. slope of isothermal curve = γ times slope of adiabatic curve 

c. slope of adiabatic curve = 1
𝛾𝛾

 times slope of isothermal curve  

d. slope of isothermal curve = 
1
𝛾𝛾
 times slope of adiabatic curve 

9. In an adiabatic change the specific heat of a gas is: 
a. increase with increase in temperature 
b. decrease with increase in temperature 
c. not depend upon change in temperature 

https://drive.google.com/file/d/1nS6G_2GGcnP0vflMjGYwySNW0mqZ9CZP/view?usp=drive_link
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d. Always zero. 
10. During an adiabatic process, the pressure of a gas is found to be proportional to the cube of its absolute 

temperature. The ratio CP/CV for gas is: 
a. 4/3     c. 2 
b. 5/3      d. 3/2 

11. Which of the following is not a thermodynamic coordinate? 
a. Gas constant (R)     c. Pressure (P)   
b. Volume (V)     d. Temperature (T) 

12. Consider the process on a system shown in figure. During the process, the 
work done by the system  

a. continuously increases   c. continuously decreases 
b. first increases then decreases   d. first decreases then       

                                                     increases 
13. A sample of ideal gas (γ = 1.4) is heated at constant pressure. If 100 J of heat 

is supplied to the gas the work done by the gas is: 
a. 28.57 J     c. 56.54 J 
b. 38.92 J      d. 65.38 J 

14. An ideal gas having molar specific heat capacity at constant volume is 3
2
𝑅𝑅, the molar specific heat 

capacities at constant pressure is: 
a. 1

2
𝑅𝑅      c. 5

2
𝑅𝑅   

b. 7
2
𝑅𝑅      d. 9

2
𝑅𝑅  

15. Which of the following laws of thermodynamics introduces the concept of temperature? 
a. First Law of Thermodynamics c. Second Law of Thermodynamics 
b. Zeroth Law of Thermodynamics d. Third Law of Thermodynamics 

16. In an adiabatic process, the relation between pressure P and volume V is given by PVγ = constant. What 
does γ represent? 

a. The ratio of specific heat at constant pressure to specific heat at constant volume (CP/CV) 
b. The product of specific heats (CP X CV) 
c. The difference between CP and CV 
d. The sum of the specific heats CP and CV 

17. Which thermodynamic variable is defined by the Second Law of Thermodynamics? 
a. Enthalpy    c. Internal Energy 
b. Entropy    d. Temperature 

18. A Carnot engine works between a source at 1270C and a sink at 270C. What is its efficiency? 
a. 25 %     c. 50 % 
b. 75 %     d. 100% 

19. In an isochoric process, the work done by the system is: 
a. Positive     c. Negative 
b. Zero     d. Infinite 

20. For a cyclic process, which of the following is always true? 
a. W = 0     c. ΔU = 0 
b. Q = 0     d. ΔV = 0 
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SOLUTIONS: 
1. Answer: c  

Explanation: Since T is constant and U of an ideal gas depends only on T 
2. Answer: c 

Explanation: Intensive properties do not depend on the quantity of matter 
3. Answer: c 

Explanation: This is known as Mayer’s formula 
4. Answer: a 

Explanation: No heat enters or leaves the system 
5. Answer : a 

Explanation: The first law of thermodynamics is based on the conservation of energy. It deals with 
work done and heat energy supplied or removed from a system. It basically says that energy supplied 
to a system is conserved 

6. Answer : b 
Explanation: The internal energy of a system corresponds to the energy possessed by all molecules. 
Thus it is the sum of kinetic and potential energies of all molecules in the system considered.  

7. Answer: a 
Explanation: The given diagram shows that the curves move away from the origin at higher 
temperature 

8. Answer: a 
Explanation: For isothermal process, PV = constant, Differentiating both side PdV + VdP =0 
or dP/dV=- P/V  ...(i)  
Again for adiabatic process PVγ = constant  
Again differentiating both side dP/dV=- γP/V  
slope of adiabatic curve = γ × slope of isothermal curve 

9. Answer: d 
Explanation: In adiabatic process Q = constant, then ΔQ = 0 and specific heat s=0 

10. Answer: d) 
Explanation: As P ∝ T3 
or P /T3 =constant ⇒ PT-3 = constant ……..(1) 
For an adiabatic change, PVγ = constant 
For an  ideal gas PV=nRT 
Or, V=nRT/P        Thus, P(nRT/P)γ = constant 
Or, PTγ/(1-γ) =constant…………….(2) 
Comparing γ/(1- γ)=-3    ⇒  γ=3/2 

11. Answer: a 
12. Answer: a 
13. Answer: a 
14. Answer: c 
15. Answer: b 
16. Answer: a 
17. Answer: b 
18. Answer: a 
19. Answer: b 
20. Answer: c 
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ASSERTION AND REASONING TYPE QUESTIONS 
1. Assertion: The specific heat of a gas in an adiabatic process is zero. 

Reason: In an adiabatic process, there is no exchange of heat between the system and the 
surroundings (dq = 0). 

2. Assertion: Internal energy of an ideal gas depends only on its temperature. 
Reason: In an ideal gas, there are no intermolecular forces of attraction, so the potential energy is 
zero. 

3. Assertion: It is impossible to convert all the heat absorbed from a hot reservoir into work. 
Reason: The Second Law of Thermodynamics states that heat cannot flow from a colder body to a 
hotter body without external work. 

4. Assertion: Air becomes cooler when it expands suddenly from a punctured tyre. 
Reason: Sudden expansion is an adiabatic process where the work is done at the expense of internal 
energy. 

5. Assertion: An isothermal process must be carried out very slowly. 
Reason: For the temperature to remain constant there must be sufficient time for heat exchange 
between the system and surroundings to maintain thermal equilibrium. 

6. Assertion: In isothermal process whole of the heat energy supplied to the body is converted into internal 
energy. 
Reason: According to the first law of thermodynamics ΔQ = ΔU. 

SOLUTIONS 
1. Answer: a (Both Assertion and Reason are true and Reason is the correct explanation of Assertion) 
2. Answer: a (Both Assertion and Reason are true and Reason is the correct explanation of Assertion 
3. Answer: (b) [Both are true statements of the 2nd Law, but the Reason (Clausius statement) does not 

directly explain the Assertion (Kelvin-Planck statement).] 
4. Answer: a (Both Assertion and Reason are true and Reason is the correct explanation of Assertion) 
5. Answer: a (Both Assertion and Reason are true and Reason is the correct explanation of Assertion) 
6. Answer d (Both A and R is false. Explanation: if T=constant change in internal energy does not take 

place and ΔQ = ΔU + W) 
 

CASE STUDY BASED QUESTIONS 
 
THE PHYSICS OF PHASE CHANGE: A student performs an experiment by taking 1 kg of ice at -10°C 
and heating it at a constant rate until it becomes steam at 110°C. The student records the temperature at regular 
intervals and plots a Heating Curve. During the process, the student notices two distinct regions where the 
temperature remains constant despite a continuous supply of heat. They also note that the volume of the 
substance changes significantly during the transition from liquid water to steam, performing work against the 
constant atmospheric pressure. 
1. During the transition from ice at 0°C to water at 0°C, the heat supplied is used to: 

a. Increase the average kinetic energy of the molecules 
b. Increase the potential energy by breaking intermolecular bonds 
c. Decrease the temperature of the surroundings 
d. Increase both kinetic and potential energy equally 

2. In the region of the heating curve where water is boiling into steam (100°C), the specific heat of the 
water is mathematically: 

a. Infinite      c. 4186 J Kg-1K-1 
b. Zero       d. Negative 
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3. When 1 gram of water at 100°C turns into 1 gram of steam at 100°C, the internal energy of the system 
increases. This is because: 

a. The temperature has increased. 
b. The molecules are moving slower in steam. 
c. Heat is absorbed and the volume expands, doing work against atmosphere. 
d. Potential energy remains constant but kinetic energy increases. 

4. According to the First Law of Thermodynamics (ΔU + ΔW), during the boiling of water at constant 
pressure: 

a. ΔQ = ΔU because no work is done. 
b. ΔU = ΔQ – P(Vsteam - Vwater). 
c. ΔQ = ΔW because internal energy doesn't change during phase change 
d. ΔU is always zero for any phase change 

SOLUTIONS 
1. Answer: b (Explanation: During a phase change, the temperature remains constant, meaning the average 

kinetic energy does not change. The heat (Latent Heat) is used entirely to overcome the attractive forces 
between molecules, thereby increasing the potential energy) 

2. Answer: a (Explanation: Specific heat is defined as $c = ΔQ / (mΔT). During boiling, heat ΔQ is being 
added, but the change in temperature ΔT is zero. Dividing by zero gives a mathematical value of infinity.) 

3. Answer: c (Explanation: Internal energy increases because heat is added to the system (ΔQ > 0). While 
some of this energy is spent as work (ΔV) to push back the atmosphere as the volume increases, the 
majority goes into increasing the molecular potential energy.) 

4. Answer: b (Explanation: This is the standard application of the First Law. The change in internal energy 
is the total heat added minus the work done by the system during expansion (W = PΔV). Since steam 
occupies much more volume than liquid water, work is a significant factor.) 

    
QUIZ 

1 MARK QUESTIONS 
1. A gas is suddenly compressed in a container with perfectly insulating walls. Does the 

temperature of the gas increase, decrease, or remain constant? Justify. 
2. A person decides to cool a closed, thermally insulated room by leaving the refrigerator door open. 

Quantitatively, why will the room temperature actually rise? 
3. On a P-V diagram, two curves represent an isothermal and an adiabatic expansion of the same gas from 

the same initial state. Which curve will have a steeper slope? 
4. Explain why the molar specific heat at constant pressure (CP) is always greater than the molar specific 

heat at constant volume (CV) for an ideal gas. 
5. After completing one full cycle, a heat engine returns to its initial state. What is the net change in the 

internal energy of the working substance? 
6. You are given two different paths on a P-V diagram to take a gas from State A to State B. Will the work 

done by the gas be the same in both cases? Why or why not? 
7. If 100 J of heat is supplied to a gas kept in a rigid, non-expanding container, how much work is done by 

the gas, and where does the supplied energy go? 
8. Is it possible to create a heat engine that converts the entire heat absorbed from a source into work 

without rejecting any heat to a sink? Name the law that governs this. 

https://wayground.com/join?gc=09655505
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9. Between the variables Pressure (P), Volume (V), Temperature (T), Heat (Q), and Work (W), identify 
which are "path functions." 

10. For a diatomic gas like Oxygen, what is the value of the adiabatic index (γ = CP/CV) at room 
temperature? 

HINTS / SOLUTIONS 
1. Temperature increases → Sudden compression + insulating walls ⇒ Adiabatic process (Q = 0), so work 

done increases internal energy. 
2. Room temperature rises → Refrigerator releases more heat than it absorbs because electrical work is also 

converted into heat. 
3. Adiabatic curve is steeper → In adiabatic expansion, temperature also decreases, causing pressure to fall 

faster. 
4. CP > CV → At constant pressure, heat is used for both raising internal energy and doing expansion work. 
5. Net change in internal energy = 0 → Internal energy is a state function; cyclic process returns to initial 

state. 
6. No, work done may differ → Work depends on the path taken on the P–V diagram (area under curve). 
7. Work done = 0 → Rigid container ⇒ ΔV = 0 ⇒ no work. Entire 100 J goes into increasing internal 

energy. 
8. No, impossible → Governed by the Second Law of Thermodynamics (Kelvin–Planck statement). 
9. Path functions: Heat (Q) and Work (W) → depend on the process path followed. 
10. γ for diatomic gas ≈ 1.4 → For gases like Oxygen at room temperature. 
 

2 MARK QUESTIONS 
 

1. An ideal gas is compressed to half its initial volume. If this is done (a) isothermally and (b) adiabatically, 
in which case will the final pressure be higher? Provide a reason based on the governing equations for 
both processes. 

2. When heat is supplied to a gas at constant volume, the temperature rises quickly. However, when the same 
amount of heat is supplied at constant pressure, the temperature rise is slower. Explain this observation in 
terms of the work done by the gas. 

3. A system is taken from State A to State B via two different paths: Path 1 is a direct straight line, and Path 
2 is a curved path on a P-V diagram.(a) Is the change in internal energy the same for both paths? (b) Is the 
work done the same? Justify your answers. 

4. When air is pumped into a bicycle tire rapidly, the pump barrel becomes quite hot. Is this heat primarily 
due to friction, or is there a thermodynamic explanation involving the air inside? Explain using the First 
Law. 

5. A scientist claims to have developed a heat engine that operates between 600 K and 300 K with an 
efficiency of 55%. By calculating the maximum possible efficiency (Carnot efficiency), determine if this 
claim is valid. 

6. Define an isochoric process. If 200 J of heat is added to a system during an isochoric process, what is the 
change in internal energy? 

7. When a high-pressure bicycle tire suddenly bursts, the air escaping feels noticeably cold to the touch. 
Since there was no "refrigerator" involved, explain the drop in temperature using the First Law of 
Thermodynamics and the nature of the expansion. 

8. An ideal gas is contained in one half of an insulated rigid container, while the other half is a vacuum. If 
the partition is suddenly removed, the gas occupies the entire volume. 
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a. Calculate the work done by the gas. 
b. What is the change in the internal energy of the gas? Justify your answer. 

9. Two containers of equal volume contain 1 mole of Helium (monatomic) and 1 mole of Nitrogen (diatomic) 
respectively, both at the same temperature T.  

a. Which gas has higher internal energy? 
b. If the same amount of heat Q is supplied to both at constant volume, which gas will show a 

greater rise in temperature? 
10. Can the efficiency of a Carnot engine be increased more effectively by decreasing the sink temperature 

(T2) by 10 K or by increasing the source temperature (T1) by 10 K? Show the mathematical reasoning 
behind your choice. 

HINTS / SOLUTIONS 
1. Final pressure is higher in adiabatic compression 

Isothermal: PV=constant, Adiabatic: PVγ = constant 
Since γ>1, pressure rises more rapidly in adiabatic process. 

2. Temperature rise is slower at constant pressure 
At constant volume: no work done (W=0), all heat increases internal energy. 
At constant pressure: part of heat is used for expansion work (W=PΔV). 

3. (a) Change in internal energy is same → depends only on initial and final states (state function). 
(b) Work done is different → depends on path followed on P–V diagram. 

4. Main reason: adiabatic compression of air 
Rapid compression ⇒ little/no heat exchange (Q≈0). 
Work done on air increases internal energy → temperature rises. 
Friction may contribute slightly. 

5. Check Carnot efficiency η = 1 −  𝑇𝑇2
𝑇𝑇1

 = 1 – (300/600) = 0.5 = 50%.  

Claimed efficiency = 55% > maximum possible 50%. Therefore claim is invalid. 
6. Isochoric process: Constant volume process (ΔV=0). Work done W=0 

From First Law: Q=ΔU. Hence ΔU=200 J. 
7. Air feels cold due to sudden adiabatic expansion. Gas does work while expanding rapidly. No heat enters 

from surroundings (Q≈0). Internal energy decreases → temperature drops. 
8. (a) Work done = 0. Expansion into vacuum ⇒ no opposing pressure. 

(b) Change in internal energy = 0. Container insulated ⇒ Q=0. Since W=0, from First Law: ΔU=0. 
9.  (a) Nitrogen has higher internal energy. Diatomic gases have more degrees of freedom. 

    (b) Helium shows greater temperature rise. Monatomic gas has lower CV, so same heat causes larger ΔT. 

10.  Efficiency, 𝜂𝜂 =  1− 𝑇𝑇2
𝑇𝑇1

. Decreasing sink temperature by 10 K is more effective in increasing 
efficiency. 

 
 3 MARK QUESTIONS 

1. A sample of an ideal gas (γ = 1.4) at an initial pressure of 1.0 x 105 Pa and temperature of 270C is 
compressed suddenly to one-eighth of its original volume. Calculate the final pressure of the gas. (Ans: 
1.84 x 106 Pa Using𝑃𝑃1𝑉𝑉1𝛾𝛾 =  𝑃𝑃2𝑉𝑉2𝛾𝛾 ) 

2. An ideal gas undergoes a cyclic process represented on a P-V diagram. The process starts at point A (P1, 
V1), moves to B (P1, V2) isobarically, then to C (P2, V2) isochorically, and finally returns to A via a straight 
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line path. Data: P1 = 300 kPa, P2 = 100 kPa, V1 = 2 m3, V2 = 5 m3. Calculate the net work done by the gas 
during one complete cycle.  (Ans: 300 kJ) 

3. A thermodynamic system is taken from an initial state A to another state B. Along path ACB, 80 J of heat 
flows into the system and the system does 30 J of work. Along path ADB, the work done by the system is 
10 J. Calculate the heat flow into the system along path ADB. (Ans: 60 J) 

4. Two moles of an ideal monatomic gas (CV = 3
2
𝑅𝑅) are heated from 300 K to 600 K at constant pressure. 

Calculate (a) the heat supplied to the gas, (b) the change in internal energy, and (c) the work done by the 
gas. (Use R = 8.31 J mol-1K-1). (Ans: a .12465 J, b. 7479 J, c. 4986 J)  

5. An ideal monatomic gas occupies a volume of 4.0 L at a pressure of 2.0 x 105 Pa and a temperature of 300 
K. The gas is first heated at constant volume until its pressure doubles, and then it is expanded at constant 
pressure until its volume doubles. Calculate the total heat absorbed by the gas during this two-step process. 
(Use R = 8.31 J mol-1K-1 and CV = 3

2
𝑅𝑅). (Ans: 3600 J) 

HINTS / SOLUTIONS 
1. P1V1

γ = P2V2
γ
.  γ = 1.4, P1=1×105 Pa, V2= V1 / 8. On solving, P2 = 1.84 x 106 Pa. 

2. P1 – P2 = 2 x 105 Pa. V2 – V1 = 3 m3. W = 1
2

(𝑃𝑃1 − 𝑃𝑃2)(𝑉𝑉2 − 𝑉𝑉1) = 300 kJ. 
3. Using First Law of Thermodynamics, Q=ΔU + W 

80 = ΔU+30. ΔU = 50 J. Q = ΔU + W, Q = 50 + 10 = 60 J. 
4.  n=2, ΔT=300 K. Cv = 3

2
𝑅𝑅, CP = Cv + R = 

5
2
𝑅𝑅 

a. Q = nCPΔT = 12465 J 
b. ΔU = nCVΔT = 7479 J 
c. W = Q – ΔU = 4986 J 

5. At Constant volume, Pressure doubles ⇒ temperature doubles. 
T1 = 300 K, T2 = 600 K. Heat added = Q1 = nCVΔT = 1200 J 
At constant Pressure, Volume doubles ⇒ temperature doubles again. 600K → 1200K 
Q2=nCPΔT = 2400 J. Total = Q1 + Q2 = 3600 J 
 
 

5 MARK QUESTIONS 
1.   

a.  Distinguish between Isothermal and Adiabatic processes. 
b. A weather balloon containing Helium (γ = 1.67) at an initial temperature of 270C and pressure of 1.0 

atm rises to an altitude where the pressure is only 0.5 atm. Assuming the expansion is rapid enough to 
be adiabatic: Determine the final temperature of the gas in the balloon (in Celsius). (Ans: -45.750C) 

2.   
a. State the First Law of Thermodynamics and explain its physical significance as a restatement of the 

Law of Conservation of Energy. 
b. Show that for an ideal gas, the change in internal energy during an isothermal process is zero. 

3.   
a. Define molar specific heat at constant pressure (Cp) and constant volume (Cv). 
b. Derive Mayer’s Relation (Cp - Cv = R) for an ideal gas, clearly explaining why Cp is greater than 

Cv. 
c. A certain gas has a ratio of specific heats γ = 1.4. Identify the atomicity of the gas and calculate its 

degrees of freedom. 
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HINTS / SOLUTIONS 
1.   (a)  

Isothermal Process Adiabatic Process 
Temperature remains constant (ΔT=0) No heat exchange (Q=0) 
Heat exchange occurs with surroundings System is thermally insulated 
For ideal gas: ΔU=0 Internal energy changes 
Equation: PV=constant Equation: PVγ=constant 
Happens slowly Usually happens rapidly 

        (b) γ = 1.67, T1=27∘C = 300K 
P1 = 1 atm, P2 = 0.5 atm 

   𝑇𝑇1𝑃𝑃1
1−𝛾𝛾
𝛾𝛾 =  𝑇𝑇2𝑃𝑃2

1−𝛾𝛾
𝛾𝛾   T2 = 227.25 K = - 45.750C 

2. (a) Statement: The heat supplied to a system is used: to increase internal energy, and to do external work. 
Mathematically: Q = ΔU + W. 
Physical Significance: It is the Law of Conservation of Energy applied to thermodynamic systems. 
Energy cannot be created or destroyed. Heat supplied transforms into internal energy and mechanical 
work. 
(b) Change in internal energy during isothermal process 
For an ideal gas: Internal energy depends only on temperature. 
In an isothermal process: ΔT=0 Therefore: ΔU=0 
Hence, during isothermal expansion/compression of an ideal gas, internal energy remains constant. 

3. (a) Specific heat at constant volume (CV): Heat required to raise temperature of 1 mole of gas by 1K at 
constant volume. 
Specific heat at constant pressure (CP): Heat required to raise temperature of 1 mole of gas by 1K at 
constant pressure. 
(b) Derive Mayer’s Relation 
At constant volume: QV = CVΔT 
At constant pressure: QP = CPΔT 
From First Law: Q = ΔU + W 
For constant pressure: QP = QV  + PΔV 
Using ideal gas equation: PΔV = RΔT 
So: CP ΔT = CVΔT + RΔT 
Dividing by ΔT: CP − CV = R 
Why CP > CV ? 
At constant pressure, gas expands and does work. 
Extra heat is needed for expansion work. Therefore: CP > CV 
(c) γ = CP / CV = 1.4. For gases, γ = (f+2) / f, therefore f = 5. 
Degrees of freedom = 5. Gas is diatomic.  
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                               MULTIPLE CHOICE QUESTIONS (MCQ) 
1. Suppose ideal gas equation follows vp3= constant. Initial temperature and volume of the gas are T and V 

respectively. If gas expand to 27V then its temperature will be come     
a. T            b. 9T                c. 27T              d. T/9 

2. At what temperature, the mean kinetic energy of O2 will be the same for H2 molecules at – 73°C  
      a.127°C b. 527°C      c.  – 73°C d.  – 173°C 

3.  The temperature of a given mass is increased from 27OC to 327 OC.  The rms velocity the molecules 
increase 
            a.  √2 times   b.   2 times        c.   2 √2 times       d.   4 times 
4.   The ratio of rms speeds of two gases at same temperature is:  

              a.   𝑀𝑀1
𝑀𝑀2

                  b. �𝑀𝑀1
𝑀𝑀2

               c. �𝑀𝑀2
𝑀𝑀1

                   d. 𝑀𝑀2
𝑀𝑀1

       

5.   A container has two chambers of volumes 𝑉𝑉1 = 2𝐿𝐿 and 𝑉𝑉2 = 3𝐿𝐿, containing gases at pressures 𝑃𝑃1 =
1atm and 𝑃𝑃2 = 2atm respectively. After removing the partition, the equilibrium pressure becomes: 
            a.1.4 atm             b. 1.8 atm         c. 1.3 atm             d.1.6 atm 
6.   A gas mixture contains 2 moles of 𝑂𝑂2and 4 moles of Ar at temperature 𝑇𝑇. Neglect vibrational modes. 
Total internal energy is: 

a. 4𝑅𝑅𝑅𝑅              b. 15𝑅𝑅𝑅𝑅             c.  9𝑅𝑅𝑅𝑅                   d. 11𝑅𝑅𝑅𝑅 
7.  The dimensional formula of the gas constant 𝑅𝑅is:  
            a.  [𝑀𝑀𝐿𝐿2𝑇𝑇−2𝐾𝐾−1𝑚𝑚𝑚𝑚𝑙𝑙−1]        b.  [𝑀𝑀𝑀𝑀𝑇𝑇−2]       c.  [𝑀𝑀𝐿𝐿2𝑇𝑇−1]        d. [𝑀𝑀0𝐿𝐿0𝑇𝑇0] 
8. . A gas is filled in a container at pressure P.If the mass of molecules is halved and their rms  
      speed is doubled. The resultant pressure would be 

a. 2P      b.  4P             c.  P/4                 d.   P/2 
9.   At very high temperature, vibrational modes become active. Degrees of freedom of a diatomic gas become: 

a.  3                  b.   5              c.   6                    d.    7 
10. The mean free path of molecules of a gas (radius r ) is inversely proportional to: 
             a.    r3                  b.   r2              c.   r                     d.    √r 
11.  The pressure P for a gas is plotted against its absolute temperature T for two different volumes V1 and 
V2 where V1 > V2 . If P is plotted on y – axis and T on x – axis, then 
            a. the curve for V1 has greater slope than that for V2      
            b. the curve for V2 has greater slope than that for V1         
            c. both curves have same slope        
            d. the curves intersect at some point other than T = 0 
12.  Four molecules of a gas have speeds 1, 2, 3 and 4 km s–1. The value of the root mean square speed of 
the gas molecule is 

a. 1√15
2

 kms-1 ,    b. 1
2√10  kms-1       c. 2.5 kms-1     d. �15

2
  kms-1  

13.  For a gas if ratio of specific heats at constant pressure and volume is γ then value of degrees   
       of freedom is 

a. 3γ −1
2γ −1

            b.   2
γ −1

               c.   9
2
  (γ -1)    d. 25

2
  (γ -1)      

14.  If one mole of monoatomic gas γ = 
5
3
is mixed with one mole of diatomic gas γ =

7
5
, the value    of γ for the 

mixture is 
                a.  1.40                    b.  1.50               c.   1.53         d.  3.07                                                                   
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15.  A monoatomic gas molecule has  
                a. Three degrees of freedom   b. Four degrees of freedom  
                c. Five degrees of freedom               d. Six degrees of freedom 
16.  A gas behaves as an ideal gas at 
                a. Low pressure and high temperature  b. low pressure and low temperature 
                c.  High pressure and low  temperature  d. high pressure and high temperature 
17. A partition divides a container having insulated walls into two compartments I and II.      
      the same gas fills the two compartments. The ratio of the number of molecules in   
      compartments I and II is    
                a.  1 : 6 b. 6 : 1 
         c.  4 : 1                  d.  1 : 4 
18. . In kinetic theory of gases ,it is assumed that: 
               a.  The collisions are not perfectly elastic.  
                b. The molecular  collisions change the density of the gas. 
               c .The molecules don’t collide with each other on the well. 
               d.  Between two collisions the molecules travel with uniform velocity. 
19.  The pressure and temperature of an ideal gas in a closed vessel are 720 kPa and 40°C  
       respectively. If 

4
1 th of the gas is released from the vessel and the temperature of the   

       remaining gas is raised to 353°C, the final pressure of the gas is 
        a.   1440 kPa   b. 1080 kPa        c. 720  kPa         d. 540 kPa 

20. The mean kinetic energy of molecules of all gases is same at: 
                a.  Same pressure     b. Same volume    c.Same temperature    d. Same density 
                                               HINTS/SOLUTIONS 
1. b        2.   C      3.  b      4. c     5. d,     6. d     7. a      8. a    9. d   10. b      11. b         12.d 
13. b        14. b       15. a     16.a    17. d    18. d    19. b   20. C 
 

1. b, For the gas process:   𝑣𝑣𝑝𝑝3 = constant , Using the ideal gas law PV=nRT,  P = nRT/v 

    V⋅(𝑛𝑛𝑛𝑛𝑛𝑛
𝑉𝑉

)3  =  constant , so T3∝V2 ,  𝑇𝑇2
3

𝑇𝑇13
 = 𝑉𝑉2

2

𝑉𝑉12
  ,T2 = 9T                                                                                          

  2. c  The mean kinetic energy of gas molecules depends only on absolute temperature, not on the type  of gas.                                                                                                                                                             
3. b. Vrms ∝ √𝑻𝑻   , Convert temperatures to Kelvin:    𝑇𝑇1 = 27∘𝐶𝐶 = 300 𝐾𝐾    , 𝑇𝑇2 = 327∘𝐶𝐶 = 600 𝐾𝐾                     

  4,.the ratio of rms speeds of two gases at same temperature is:  𝑣𝑣1
𝑣𝑣2

= �𝑀𝑀2
𝑀𝑀1

                                                   

  5. Using conservation relation:     𝑃𝑃1𝑉𝑉1 + 𝑃𝑃2𝑉𝑉2 = 𝑃𝑃(𝑉𝑉1 + 𝑉𝑉2)      ,  𝑃𝑃 = 1×2+2×3
2+3

= 8
5

= 1.6 atm 

6.For gases:          Diatomic gas: 𝑈𝑈 = 5
2
𝑛𝑛𝑛𝑛𝑛𝑛         Monoatomic gas: 𝑈𝑈 = 3

2
𝑛𝑛𝑛𝑛𝑛𝑛 

𝑈𝑈 = 5
2

(2𝑅𝑅𝑅𝑅) + 3
2

(4𝑅𝑅𝑅𝑅) = 5𝑅𝑅𝑅𝑅 + 6𝑅𝑅𝑅𝑅 = 11𝑅𝑅𝑅𝑅                              

 7.a       [ML2T−2K−1mol−1]        
8. a  Using, P=1/3ρv2

rms=1/3mNv2
rms/V  ∴P∝mv2

rms                    

9. d     Translational = 3        Rotational = 2   Vibrational = 2      
Total = 7.                                                                                                       . 
11. PV=nRt = ; p =nRT/ V ,Slope of P – T graph ∝ 1/ V                                                                                            

12.   . 12.  V𝑟𝑟𝑟𝑟𝑟𝑟 = �1+4+9+16
4

= �30
4

                               

13.   13  γ = 1+ 2
𝑛𝑛
                                                  

14. 𝑛𝑛1+𝑛𝑛2
γ−1

 = 𝑛𝑛1
γ1−1

+ 𝑛𝑛2
γ2−1

   , γ = 
3
2
                             

P, V, T 2P, 2V, T 

I II 
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 15. Three                                                                 
16. a   Ideal Gas Behavior  A gas behaves as an ideal gas at low pressure and high temperature.  , A gas 
behaves ideally when its molecules are widely spaced, move freely, and do  not interact with each other.                                                                                                                    
 17. (d) 

kT
PVn =  Now, n

kT
PV

kT
VPn 44)2)(2(' ===  or 

4
1

'
=

n
n .             

 18. D               

 19. (b) ,7201 kpaP =  KCT 31340273401 =+=°=    
313
626

4
3

1

2

1

2

1

2 ×==⇒∝
T
T

m
m

P
P

mTP =1.5                                  ⇒ 

kPaPP 10807205.15.1 12 =×==              
 20.    A  Using, P=1/3ρv2

rms=1/3mNv2
rms/V  ∴P∝mv2

rms                                                    
                      ASSERTION & REASONING BASED MCQS 
For question numbers 1 to 10 , two statements are given-one labelled Assertion (A) and the other labelled 
Reason (R). Select the correct answer to these questions from the codes (a), (b), (c) and (d) as given below.  

(a) Both A and R are true and R is the correct explanation of A  
(b) Both A and R are true but R is NOT the correct explanation of A  
(c) A is true but R is false  
(d) A is false and R is also false 

1. Assertion (A) : Mean free path of gas molecules varies inversely as density of the gas.  
    Reason (R) : Mean free path of gas molecules is defined as the average distance   

                     travelled by a molecule between two successive collisions. 
2. Assertion (A) : Specific heat of a gas at constant pressure is greater than its specific heat at constant 

volume. Reason (R) : At constant pressure, some heat is spent in expansion of the gas. 
3. Assertion (A) : Absolute zero is not the temperature corresponding to zero energy. 

Reason (R) : The temperature at which no molecular motion ceases is called absolute zero temperature. 
4. Assertion (A) : Vibrational energy of diatomic molecule corresponding to each mode of freedom is 

kBT.  
Reason (R) : For every molecule, vibrational degree of freedom is 2 

5. Assertion: The ratio CP,/CV is more for helium gas than for hydrogen gas. 
 Reason: Atomic mass of helium is more than that of hydrogen. 
6. Assertion: An undamped spring-mass system is simplest free vibration system. 

 Reason:  It has three degrees of freedom 
7. Assertion (A) : The number of degrees of freedom of a linear triatomic molecule is 7.  

Reason (R) : The number of degree of freedom depends on number of particle in the system. 
8. Assertion (A) : For an ideal gas, the internal energy depends only on temperature. 

Reason (R):  In an ideal gas, intermolecular forces are absent. 
9. Assertion (A): At constant temperature, the pressure of a gas increases when its volume decreases. 

Reason (R): Gas molecules collide more frequently with the walls of the container when volume 
decreases. 

10. Assertion (A): The pressure exerted by a gas is due to collisions of molecules with the walls of the 
container.   
Reason (R): Gas molecules are in continuous random motion. 
 

                            HINTS/ SOLUTIONS (ASSERTION AND REASON )                                                                                              
1.b   RMS speed increases with temperature:    𝑣𝑣rms ∝ √𝑇𝑇 
        So, the Assertion is true.  The Reason is also true because it correctly defines mean                    
       free path.  However, the definition given in the reason does not explain why mean free   
       path varies inversely with density.                                                                                                       
 2. a    Mathematically:    𝐶𝐶𝑃𝑃 = 𝐶𝐶𝑉𝑉 + 𝑅𝑅                                                                                          
3. c  Assertion (A) is true because even at absolute zero, atoms and molecules possess  zero-     
       point energy due to quantum effects. Therefore, total energy is not exactly zero.      
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       Reason (R) is false because molecular motion does not completely cease at absolute   
       zero.    Classical kinetic motion becomes minimum, but quantum mechanical zero- point  
       motion  still exists. 
4.b   One degree of freedom contributes kinetic energy 1

2
𝑘𝑘𝐵𝐵𝑇𝑇  Another contributes potential  energy 1

2
𝑘𝑘𝐵𝐵𝑇𝑇  

Hence total vibrational energy per vibrational mode is: 𝑘𝑘𝐵𝐵𝑇𝑇 = 1
2
𝑘𝑘𝐵𝐵𝑇𝑇 + 1

2
𝑘𝑘𝐵𝐵𝑇𝑇 The Reason is also true in 

the sense that each vibrational mode contributes two quadratic degrees of freedom (one kinetic and one 
potential).However, the statement “for every molecule, vibrational degree of freedom is 2” is not the 
correct explanation because the number of vibrational degrees depends on the type of molecule and the 
number of vibrational modes. 

5.b    Both assertion and reason are true but the reason is not a correct explanation of the   assertion. 
Monoatomic helium has 3 degrees of freedom while diatomic hydrogen has 5  degrees of freedom 

6.C  Assertion is true and reason is false. An undamped spring-mass system is the simplest  vibration system 
with one degree of freedom.    

7. b   For a linear triatomic molecule:   Translational degrees of freedom = 3  Rotational degrees of freedom = 2 
Vibrational degrees of freedom (neglected in many cases at ordinary temperatures) = 2  Hence total 
active degrees of freedom: 
𝑓𝑓 = 3 + 2 + 2 = 7    The Reason is also true because the total degrees of freedom of a system are related to the  number 
of constituent particles and their possible motions.  However, the reason does not   specifically explain why a 
linear triatomic molecule has  7  degrees of freedom 

8. a   Since there are no intermolecular forces in an ideal gas, there is no potential energy.   Hence internal 
energy consists only of kinetic energy, which depends only temperature. 

9.  a    at constant temperature,   𝑃𝑃 ∝ 1
𝑉𝑉
  So, when volume decreases, pressure increases  From kinetic theory:   

Decreasing the volume reduces the space available for   molecular motion. Hence gas molecules strike 
the walls more frequently. Increased collision frequency increases pressure. 

10. a  Because gas molecules move continuously and randomly, they frequently collide  with the container 
walls, producing pressure. 

                                              CASE BASED QUUESTIONS 

1. Case Study     A research team is studying the behaviour of gases in a laboratory cylinder fitted with a 
movable piston. The cylinder contains an ideal gas. When the piston is pushed inward, the gas molecules 
collide more frequently with the walls, causing the pressure to increase. The average kinetic energy of the 
molecules depends only on the absolute temperature of the gas. The scientists also observe that lighter gas 
molecules move faster than heavier molecules at the same temperature. According to kinetic theory, gas 
pressure arises due to continuous random motion of molecules.                                                                          
1. According to kinetic theory, the pressure of a gas is due to:                                                         
  a. Mutual attraction between molecules          b. Collisions of molecules with container walls   
c. Weight of molecules                                   d. Shape of molecules                                          
 2. If the absolute temperature of an ideal gas doubles, the average kinetic energy of molecules    becomes:                                                                                                                                          
a. Half                b. Double           c. Four times               d. Unchanged                                     
 3. Which of the following gases will have the highest rms speed at the same temperature?       
A  . Oxygen          b. Nitrogen             c. Hydrogen              d. Carbon dioxide                             
4. Real gases behave nearly ideally under:                                                                                 
 a. High pressure and low temperature                   b. Low pressure and high temperature          
 c. High pressure and high temperature                  d. Low pressure and low temperature          
 5. The mean kinetic energy of gas molecules depends on:                                                        
 a. Pressure only                                            b. Volume only                                                       
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c. Absolute temperature                               d. Density only                                                       
6. Which statement is correct for an ideal gas?                                                                          
A. Molecules exert strong attractive forces               B. Molecules occupy significant volume     
C. Collisions are perfectly elastic                               D. Molecules are at rest 

2. Case Study    According to the Law of Equipartition of Energy, for any system in thermal equilibrium, 
the total energy is equally distributed among its various degrees of freedom. Each degree of freedom 
contributes an average energy of ½ kBT per molecule, where kB is the Boltzmann constant and T is the 
absolute temperature. The number of degrees of freedom (f) depends on the atomicity of the gas molecules. 
For instance, a monatomic gas has 3 translational degrees of freedom, while a diatomic gas at room 
temperature possesses 3 translational and 2 rotational degrees of freedom. These degrees of freedom directly 
influence the molar specific heat capacities (Cv and Cp) of the gas. The relation between specific heats and 
the ratio of specific heats (γ) is given by the degree of freedom as γ = 1 + 2/f. Understanding these thermal 
properties is crucial in thermodynamics for calculating work done and internal energy changes in various 
atmospheric and industrial processes.                 1. A diatomic gas molecule like Oxygen (O₂) at moderate 
temperatures has how many  degrees of freedom?                                                                                                                                                           
a.    3            b.   5              c.   6           d.  7                                                                                

2. According to the law of equipartition of energy, the average kinetic energy per  degree of freedom per 
molecule is:                                                                                                            

 a.  3/2 kBT          b.  kBT          c,    1/2 kBT            d.   5/2 kBT                                                   

 3. For a monatomic gas, the ratio of specific heats (γ = Cp/Cv) is:                                          

  a.   1.67               b. 1.40           c.  1.33                 d.   1.00                                                         

 4. If a gas has f degrees of freedom, then its molar specific heat at constant volume (Cv) is  given by:                                                                                                                                     
a.   fR                   b. (f/2)R         c.  (1 + f/2)R        d. 2fR                                                            

5. A gas mixture contains 1 mole of Helium (monatomic) and 1 mole of Hydrogen  (diatomic). The effective 
degree of freedom of the mixture is:                                                     

  a.   3                    b.   5               c.  4                        d.   8 
       ANSWERS   1. Case Study  1.b.    Collisions of molecules with container walls        2. b    Double      3. c . 

Hydrogen   4. b  Low pressure and high temperature            5. c.Absolute temperature   6.  Collisions are 
perfectly elastic              2.Case Study 1. b  5   2. c  1/2 kBT      3. a   1.67 (Calculation: γ = 1 + 2/3)      4. b    
(f/2)R  5.c    4   (Calculation: (3 + 5) / 2) 
                             1MARK QUESTIONS (PRACTICE QUESTIONS) 
1. When an automobile travels for a long distance the air pressure in the tyres increases. Why? 

2. The temperature of a given mass of a gas is increased. How is  the density affected, if the volume is kept 
constant ? 

3. Two different gases have exactly the same temperature. Does it imply that their molecules have the same 
r.m.s. speed ? 

4. Why do gas molecules not stick to the walls? 
5. According to the Law of Equipartition of Energy, what is the average kinetic energy associated with 

each degree of freedom for a molecule at absolute temperature T? 
6. For a rigid diatomic molecule (like N2 or O2 ) at room temperature, what is the total number of degrees 

of freedom? 
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7. What do you mean by mean free path of a gas molecule. 
8. Mention the different ways of increasing number of molecular collisions per unit time in a gas. 
9. The ratio of specific heats γ for a diatomic gas (rigid) is: 
10. How does the mean free path (𝜆𝜆)change with an increase in gas density? 

 
                                         2 MARK QUESTIONS 

1. State the two main assumptions of the Kinetic Theory of Gases that do not hold true for real gases. 
2. How does the mean free path of a gas vary with (a) Temperature at constant pressure and (b) Pressure at 

constant temperature? 

3. The root mean square (rms) speed of oxygen molecule at certain temperature ‘T’ is ‘V’. If temperature is 
doubled and oxygen gas dissociates into atomic oxygen what is the speed of atomic oxygen? 

4. Two vessels of the same volume are filled with the same gas at the same temperature. If the pressure of 
the gas in these vessels be in the ratio 1 : 2 then state 

(i) The ratio of the rms speeds of the molecules.  
(ii) The ratio of the number of  molecules. 

5. At what temperature will the RMS speed of oxygen molecules be sufficient so as to escape from the 
earth?             (The escape velocity from Earth is approximately:        𝑣𝑣𝑒𝑒 = 11.2 km/s, M for oxygen gas 
(𝑂𝑂2)is 32 × 10−3 kg/mol ) 

6. A gas molecule has f degrees of freedom. State the expression for its internal energy (U) and molar 
specific heat at constant volume (CV). 

7. Explain why a diatomic molecule has different degrees of freedom at room temperature versus very high 
temperatures. 

8. What is specific heat capacity (CV) of water in terms of degrees of freedom ? 
(assuming water behaves as a solid) 

9. Isothermal curves for a given mass of gas are shown at two different 
temperatures T1 and T2. State whether T1 > T2 or T2 > T1. Justify your answer.  

10.  Explain why    (a) there is no atmosphere on moon.   (b) there is fall in 
temperature with altitude  
                                       HINTS/SOLUTIONS                                                                                                

1.The volume occupied by the gas molecules themselves is negligible compared to the total       
   volume of the gas.  There are no intermolecular forces of attraction or repulsion between    
   the gas molecules.                                                                                                                             
2.  For an ideal gas, the mean free path 𝜆𝜆is the average distance a molecule travels between  
     collisions.  It is given by:   𝜆𝜆 = 𝑘𝑘𝑘𝑘

√2 𝜋𝜋𝑑𝑑2𝑃𝑃
    where:   𝑘𝑘= Boltzmann constant , 𝑇𝑇= absolute  

    temperature   𝑑𝑑= molecular diameter  𝑃𝑃= pressure   From this relation: (a) Variation with  
    Temperature at Constant Pressure At constant 𝑃𝑃,  𝜆𝜆 ∝ 𝑇𝑇So, the mean free path increases  
    directly with temperature.  Higher temperature , molecules move faster and gas expands  
    collisions become less frequent , larger mean free path. (b) Variation with Pressure at  
    Constant Temperature  At constant 𝑇𝑇,    𝜆𝜆 ∝ 1

𝑃𝑃
  So, the mean free path decreases inversely  

    with pressure                                                                                                                                       

 3. v = �3𝑅𝑅𝑅𝑅
𝑀𝑀

   c’ = �3𝑅𝑅(2𝑇𝑇)
𝑀𝑀/2

       c’ = 2v                                                                                         

  4. (i) v α √𝑇𝑇as the temperature is same rms speeds are same.           (ii) 𝑃𝑃1
𝑃𝑃2

 = 𝑛𝑛1
𝑛𝑛2

 = ½                 
 5. To escape Earth, the RMS speed of oxygen molecules must equal Earth’s escape velocity.   
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    The escape velocity from Earth is approximately:  𝑣𝑣𝑒𝑒 = 11.2 km/s = 1.12 × 104 m/s  For   

    a gas molecule, the RMS speed is:      𝑣𝑣𝑟𝑟𝑟𝑟𝑟𝑟 = �3𝑅𝑅𝑅𝑅
𝑀𝑀

    Where  𝑅𝑅 = 8.314 J mol−1K−1 𝑀𝑀for  

    oxygen gas (𝑂𝑂2)is 32 × 10−3 kg/mol     1.12 × 104 = �3(8.314)𝑇𝑇
32×10−3

      𝑇𝑇 ≈ 1.6 × 105 K           

 6. For an ideal gas molecule with 𝑓𝑓degrees of freedom:                                                                          

     Internal Energy  The internal energy of 𝑛𝑛moles of the gas is  𝑈𝑈 = 𝑓𝑓
2

 𝑛𝑛𝑛𝑛𝑛𝑛 
    where:   𝑓𝑓= degrees of freedom    𝑛𝑛= number of moles   𝑅𝑅= universal gas constant                      
    𝑇𝑇= absolute temperature   , 𝑈𝑈 = 𝑓𝑓

2
𝑛𝑛𝑛𝑛𝑛𝑛        The molar specific heat at constant volume is       𝐶𝐶𝑣𝑣 = 𝑓𝑓

2
𝑅𝑅    

𝐶𝐶𝑣𝑣 = 𝑓𝑓
2
𝑅𝑅    

7. A diatomic molecule can store energy in different ways called degrees of freedom:   1. Translational 
motion    2.   Rotational motion     3.  Vibrational motion The number of   active degrees of freedom 
depends on temperature because energy is quantized.       At Room Temperature   A diatomic molecule 
mainly has:  3 translational degrees of freedom 2 rotational degrees of freedom So, 𝑓𝑓 = 5 
The vibrational modes are usually not excited at room temperature because the thermal energy is too 
small to overcome the large energy gap between vibrational levels.             At Very High Temperatures 
: As temperature increases, molecules gain enough energy to excite vibrational motion. A vibrational 
mode contributes:  1 kinetic degree and  1 potential degree Thus, vibration adds 2 more degrees of 
freedom. So at high temperatures:  𝑓𝑓 = 7                                                                                                               

8. If water behaves as a solid, its molecules mainly possess vibrational degrees of  
    freedom. For a solid, each atom contributes: 3 kinetic vibrational degrees   ,  3 potential     
   vibrational degrees  So total degrees of freedom per molecule:  𝑓𝑓 = 6 
   Using the equipartition theorem, the molar specific heat capacity at constant volume i𝐶𝐶𝑣𝑣 =     𝑓𝑓

2
𝑅𝑅    

Substituting 𝑓𝑓 = 6,   𝐶𝐶𝑣𝑣 = 3𝑅𝑅  ,𝐶𝐶𝑣𝑣 = 𝑓𝑓
2
𝑅𝑅 Thus, for water treated as asolid, 𝐶𝐶𝑣𝑣 = 3𝑅𝑅  

9. Since, T = PV/ nR , \T ∝ P V       [ R = constant]  If area under PV is greater for the curve  
     at T2 than for the curve T1. Hence, T2 > T1                                                                                            
  10. The Moon has very small mass, so its gravitational pull is weak. Therefore, the escape velocity on the 
Moon is low(Escape velocity of the moon is 2.38 km s–1), and gas molecules move fast enough to escape 
into space. As a result, the Moon cannot retain an atmosphere.As altitude increases, atmospheric pressure 
decreases. Air expands in the lower-pressure region, and during expansion it cools (adiabatic cooling). 
Also, the atmosphere is heated by radiation from the Earth’s surface, so higher layers receive less  
    heat Hence, temperature decreases with increase in altitude 

                                     3 MARK QUESTIONS 
1. Demonstrate your understanding of the kinetic theory of gases by listing its fundamental assumptions 

and explaining the significance of each.  
2. Using assumptions of kinetic theory of gases find the expression for the pressure exerted by an ideal gas. 
3. A gas mixture consists of 2.0 moles of oxygen and 4.0 moles of neon at temperature T. Neglecting all 

vibrational modes, calculate the total internal energy of the system. (Oxygen has two rotational modes.) 
4. Derive expression for mean free path of a gas molecule. On which factors does the mean free path 

depends? 
5. Derive an expression showing relation between pressure and kinetic energy using Kinetic theory of gases 
6. At what temperature is the root mean square speed of an atom in an argon gas cylinder equal to the rms 

speed of a helium gas atom at -20 °C? (atomic mass of Ar = 39.9 u,                of He = 4.0 u). 

7. (a) How much volume does one mole of a gas occupy at NTP? (b) What are the essential characteristics 
of an ideal gas? (c) What are the conditions under which real gases behave nearly as a perfect gas? 
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                                           HINTS/SOLUTIONS                                                                                                       
3. For an ideal gas mixture, the total internal energy is the sum of the internal energies of                 each 
gas component.For a molecule with 𝑓𝑓degrees of freedom:  𝑈𝑈 = 𝑓𝑓

2
𝑛𝑛𝑛𝑛𝑛𝑛  Oxygen (𝑶𝑶𝟐𝟐)   Oxygen is a 

diatomic gas with:  3 translational modes 2 rotational modes  Vibrational modes neglected   So,  𝑓𝑓 = 5  
Given:   𝑛𝑛 = 2.0mol   , Internal energy of oxygen:   𝑈𝑈𝑂𝑂2 = 5

2
(2.0)𝑅𝑅𝑅𝑅 = 5𝑅𝑅𝑅𝑅   . Neon (Ne)  Neon is a 

monoatomic gas with only:   3 translational modes  So,  𝑓𝑓 = 3   Given:  𝑛𝑛 = 4.0mol ,  Internal energy of 
neon:  𝑈𝑈𝑁𝑁𝑁𝑁 = 3

2
(4.0)𝑅𝑅𝑅𝑅 = 6𝑅𝑅𝑅𝑅  Total Internal Energy  𝑈𝑈total = 𝑈𝑈𝑂𝑂2 + 𝑈𝑈𝑁𝑁𝑁𝑁,𝑈𝑈total = 5RT + 6RT =11RT 

4.  𝜆𝜆 = 1
√2𝜋𝜋𝑑𝑑2𝑛𝑛

= 𝑚𝑚
√2𝜋𝜋𝑑𝑑2𝜌𝜌

= 𝑘𝑘𝑘𝑘
√2𝜋𝜋𝑑𝑑2𝑃𝑃

. Hence:    𝜆𝜆 ∝ 1
𝑑𝑑2

 ,  𝜆𝜆 ∝ 1
𝜌𝜌
  , 𝜆𝜆 ∝ 𝑇𝑇, 𝜆𝜆 ∝ 1

𝑃𝑃
, 𝜆𝜆 ∝ 𝑚𝑚  (for fixed pressure 

and temperature conditions as applicable).                                            

   5. Starting from the pressure equation obtained from kinetic theory:  𝑃𝑃𝑃𝑃 = 1
3
𝑁𝑁𝑁𝑁𝑣𝑣rms2   Expression for 

Kinetic Energy - The translational kinetic energy of one molecule is: 1
2
𝑚𝑚𝑣𝑣2 

For 𝑁𝑁molecules, total kinetic energy is: 𝐾𝐾 = 1
2
𝑁𝑁𝑁𝑁𝑣𝑣rms2  ,                                                            From 

kinetic theory: 𝑃𝑃𝑃𝑃 = 1
3
𝑁𝑁𝑁𝑁𝑣𝑣rms2   ,    3

2
𝑃𝑃𝑃𝑃 = 1

2
𝑁𝑁𝑁𝑁𝑣𝑣rms2    But,         1

2
𝑁𝑁𝑁𝑁𝑣𝑣rms2 = 𝐾𝐾                    Therefore,  

𝐾𝐾 = 3
2
𝑃𝑃𝑃𝑃 Dividing by 𝑉𝑉:  𝑃𝑃 = 2

3
𝐾𝐾
𝑉𝑉

    Thus, the pressure of a gas is directly related to the translational    

kinetic energy of its molecules: 𝐾𝐾 = 3
2
𝑃𝑃𝑃𝑃    Or   𝑃𝑃 = 2

3
𝐾𝐾
𝑉𝑉

 

6. Let C and C’ be the rms velocity of argon and a helium gas atom at temperature T K and     TI   K 
respectively.  Here, M = 39.9; M’ = 4.0; T =?; T = -20 + 273 = 253 K 

  C =�3𝑅𝑅𝑅𝑅
𝑀𝑀

  =�3𝑅𝑅𝑅𝑅 
39.9

 C’ =�3𝑅𝑅𝑅𝑅′
𝑀𝑀′

  =�3𝑅𝑅 𝑥𝑥 253
4

  , Since C = C’ , T = 39.9 X 253 / 4 = 2523.7 K       7. a  

Volume Occupied by One Mole of a Gas at NTP At NTP (Normal Temperature and  Pressure):  
Temperature = 0∘𝐶𝐶 = 273 𝐾𝐾  ,   Pressure = 1 𝑎𝑎𝑎𝑎𝑎𝑎  One mole of an ideal gas occupies:   22.4 litres     
or  22.4 × 10−3 m3   This is called the molar volume of a gas at NTP.                                                                                                                                    
b.Main Characteristics of an Ideal Gas  -Volume of molecules is negligible compared to gas volume,  
No attraction or repulsion between molecules except during collisions. (No inter molecular force) , Total 
kinetic energy remains conserved (Elastic collision) , Motion is continuous and, in all directions, 
(Random motion), Obeys ideal gas equation  𝑃𝑃𝑃𝑃 = 𝑛𝑛𝑛𝑛𝑛𝑛 Internal energy depends only on temperature 
Real gases approach ideal behavior under:  1. Low Pressure  -  Molecules stay far apart.   
Intermolecular forces become negligible. 2. High Temperature -  Molecular kinetic energy becomes 
very large.  , Attractive forces become insignificant.  Thus, real gases behave nearly as ideal gases 
at Low pressure and high temperature  
Examples:    Hydrogen and helium behave most ideally under ordinary conditions 

                                         5 MARK QUESTIONS                                                                                         
1.  State the law of equipartition of energy for a dynamic system. Using this law, determine the expressions 
for the internal energy and the ratio of specific heats  γ=Cp/Cv  for the  following types of ideal gases: 
      (a) Monoatomic gas   (b) Diatomic gas   (c) Triatomic gas (assuming non-linear molecules) 

 Also, explain how the degrees of freedom influence the internal energy and heat capacities of each gas 
2.  State kinetic interpretation of temperature, define and derive expression for rms speed of   
     molecules of an ideal gas 

                                                       HINTS/SOLUTIONS                                                    
  1.The law of equipartition of energy states: “For a system in   thermal equilibrium, energy is equally 

distributed among all independent quadratic degrees of freedom, and each degree of freedom contributes 
an average energy of 1

2
𝑘𝑘𝑘𝑘per molecule.” For one mole of gas:   Energy per degree of freedom = 1

2
𝑅𝑅𝑅𝑅                                                    
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If a molecule has 𝑓𝑓degrees of freedom, then the internal energy of one mole is:  𝑈𝑈 = 𝑓𝑓
2
𝑅𝑅𝑅𝑅       For 

𝑛𝑛moles:   𝑈𝑈 = 𝑓𝑓
2
𝑛𝑛𝑛𝑛𝑛𝑛    From thermodynamics:  𝐶𝐶𝑉𝑉 = �∂𝑈𝑈

∂𝑇𝑇
�
𝑉𝑉

 

Hence,     𝐶𝐶𝑉𝑉 = 𝑓𝑓
2
𝑅𝑅        Also,       𝐶𝐶𝑃𝑃 = 𝐶𝐶𝑉𝑉 + 𝑅𝑅 

Thus,  𝐶𝐶𝑃𝑃 = �𝑓𝑓
2

+1� 𝑅𝑅          Therefore,       𝛾𝛾 = 𝐶𝐶𝑃𝑃
𝐶𝐶𝑉𝑉

= 𝑓𝑓+2
𝑓𝑓

                                                             (a) 
Monoatomic Gas ,Examples: He, Ne, Ar  A monoatomic molecule has only: 3 translational degrees of 
freedom  So,  𝑓𝑓 = 3  Internal Energy    𝑈𝑈 = 3

2
𝑛𝑛𝑛𝑛𝑛𝑛   Specific Heats   𝐶𝐶𝑉𝑉 = 3

2
𝑅𝑅      𝐶𝐶𝑃𝑃 = 5

2
𝑅𝑅   Ratio of 

Specific Heats  𝛾𝛾 = 5
3
   (b) Diatomic Gas   Examples: 𝑂𝑂2,  𝑁𝑁2,  𝐻𝐻2    Neglecting vibrational modes: , 3 

translational degrees  , 2 rotational degrees   Thus,   𝑓𝑓 = 5  Internal Energy     𝑈𝑈 = 5
2
𝑛𝑛𝑛𝑛𝑛𝑛      Specific 

Heats   𝐶𝐶𝑉𝑉 = 5
2
𝑅𝑅 ,  𝐶𝐶𝑃𝑃 = 7

2
𝑅𝑅 

Ratio of Specific Heats  𝛾𝛾 = 7
5
   (c) Triatomic Gas (Non-linear Molecules) Examples:𝐻𝐻2𝑂𝑂,  𝑁𝑁𝐻𝐻3 . For 

non-linear triatomic molecules:  , 3 translational degrees  , 3 rotational degrees  Hence,  f = 6   
(neglecting vibrational modes) Internal Energy     U = 3nRT   Specific Heats    CV = 3R   ,    CP = 4R     
Ratio of Specific Heats         𝛾𝛾 = 4

3
  Influence of Degrees of Freedom The degrees of freedom determine 

how energy is shared among molecular motions. More degrees of freedom ⇒more energy absorbed by 
molecules. Therefore: Internal energy increases with 𝑓𝑓,Specific heat capacities increase with 𝑓𝑓From:       
𝑈𝑈 = 𝑓𝑓

2
𝑛𝑛𝑛𝑛𝑛𝑛     we see:      𝑈𝑈 ∝ 𝑓𝑓    Similarly,              𝐶𝐶𝑉𝑉 = 𝑓𝑓

2
𝑅𝑅 ,       so,   𝐶𝐶𝑉𝑉 ∝ 𝑓𝑓    However,                    

𝛾𝛾 = 𝑓𝑓+2
𝑓𝑓

   Thus:         As 𝑓𝑓increases, 𝛾𝛾decreases.                                                                                   
 2. kinetic interpretation of temperature states:“The absolute temperature of a gas is directly proportional 

to the average translational kinetic energy of its molecules.”  Thus,higher temperature means greater 
molecular motion and greater kinetic energy.                    For one molecule of an ideal gas:   1

2
𝑚𝑚𝑣𝑣2‾ =

3
2
𝑘𝑘𝑘𝑘  where:   𝑚𝑚= mass of one molecule      ,   𝑣𝑣2‾ = mean square speed    𝑘𝑘= Boltzmann constant       𝑇𝑇= 

absolute temperatur   Hence,    Average kinetic energy ∝ 𝑇𝑇 
Root Mean Square (RMS) Speed  The RMS speed of gas molecules is defined as: “The square root of 
the mean of the squares of the speeds of all molecules.” Mathematically,   𝑣𝑣rms = �𝑣𝑣2‾                                                                                                                    
Derivation of RMS Speed  From kinetic theory of gases:  𝑃𝑃𝑃𝑃 = 1

3
𝑁𝑁𝑁𝑁𝑐𝑐2‾                             where:   𝑃𝑃= 

pressure ,  𝑉𝑉= volume    𝑁𝑁= number of molecules    𝑚𝑚= mass of one molecule Using ideal gas equation:    
𝑃𝑃𝑃𝑃 = 𝑁𝑁𝑁𝑁𝑁𝑁,   Equating both expressions:     𝑁𝑁𝑁𝑁𝑁𝑁 = 1

3
𝑁𝑁𝑁𝑁𝑣𝑣2‾ ,            𝑘𝑘𝑘𝑘 = 1

3
𝑚𝑚𝑣𝑣2‾        Thus,       𝑣𝑣2‾ = 3𝑘𝑘𝑘𝑘

𝑚𝑚
   

Taking square root:   𝑣𝑣rms = �3𝑘𝑘𝑘𝑘
𝑚𝑚

                     Expression in Terms of Molar Mass   Since       𝑚𝑚 = 𝑀𝑀
𝑁𝑁𝐴𝐴

          

and       𝑅𝑅 = 𝑘𝑘𝑁𝑁𝐴𝐴  Substituting:       𝑣𝑣rms = �3𝑅𝑅𝑅𝑅
𝑀𝑀

         where:  𝑅𝑅= universal gas constant     𝑀𝑀= molar 

mass of gas  The RMS speed of molecules of an ideal gas is:   𝑣𝑣rms = �3𝑘𝑘𝑘𝑘
𝑚𝑚

                                                       

or    𝑣𝑣rms = �3𝑅𝑅𝑅𝑅
𝑀𝑀
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MULTIPLE CHOICE QUESTIONS 
1. Which of the following examples represents periodic motion but not oscillatory motion? 

(a) The motion of a simple pendulum 
(b) The rotation of Earth about its axis 
(c) A wave traveling along a string 
(d) The motion of a mass attached to a spring 

2. For a particle executing Simple Harmonic Motion (SHM), what is the phase difference between its 
displacement and velocity? 
(a) 0 radians           (b) π/4 radians     (c) π/2 radians          (d) π radians 

3. A particle executes SHM with an amplitude \(A\). At what displacement from the mean position is 
its kinetic energy equal to its potential energy? 
(a) A/2            (b) A/√2            (c) A/√3            (d) A/2√2 

4. The total energy of a particle executing Simple Harmonic Motion is directly proportional to: 
(a) The frequency of oscillation   (b) The square of the amplitude 
(c) The displacement from the mean position   (d) The square root of the mass 

5. If the length of a simple pendulum is increased by 44%, what is the percentage increase in its time 
period? 

           (a) 20%        (b) 22%          (c) 44%         (d) 12% 
     6. Which of the following examples is not a simple harmonic motion? 
           (a) Vertical oscillation of a spring-block system. 
           (b) Motion of a simple pendulum with large angle. 
           (c) Motion of a particle moving in a straight line with (a = -2x). 
           (d) Oscillations of a liquid in a U-tube. 
     7. The acceleration of a particle executing SHM is given by (a = -16x), where (x) is the displacement in 
meters. What is the angular frequency of the motion? 
           (a) 16 rad/s            (b) 8 rad/s            (c) 4 rad/s                (d) 2 rad/s 
     8. The nature of the acceleration vs displacement graph for a particle is executing S.H.M. 
         (a) A straight-line            (b) A circle         (c) An ellipse               d) A hyperbola 
    9. The change (or changes) observed when the period of a simple pendulum is doubled is 
        (a) Its length is doubled                     (b) The mass of the bob is doubled 
        (c) Its length is made four times         
        (d) The mass of the bob and the length of the pendulum are doubled 
    10.  The period of oscillation of a simple pendulum of constant length at earth’s surface is 
           T. Its period inside a mine is 
         (a) Greater than T  (b) Less than T (c) Equal to T     (d) Cannot be compared 
   11. The total energy of a particle executing S.H.M. is proportional to 
         (a) Displacement from equilibrium position      (b) Frequency of oscillation 
         (c)  Velocity in equilibrium position              (d) Square of amplitude of motion 
   12. When a damping force acts on a vibrating system, what happens to the amplitude of the     
           oscillations over time? 
        (a) It increases linearly         (b) It decreases exponentially 
        (c) It remains constant          (d) It fluctuates randomly 
   13. Resonance occurs when the frequency of the external periodic force is: 
       (a) Much higher than the natural frequency of the system 
       (b) Much lower than the natural frequency of the system 
       (c) Equal to the natural frequency of the system 
       (d) Completely independent of the system 
14.  A particle executes simple harmonic motion along a straight line with an amplitude A.    
       The potential energy is maximum when the displacement is 
       (a) ±A  (b) Zero  (c) ±A/2  (d) ±A/√2 
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15. A particle is vibrating in a simple harmonic motion with an amplitude of 4 cm. At what displacement 
from the equilibrium position, is its energy half potential and half kinetic 
       (a) 1 cm               (b) 2/√2 cm  (c) 3 cm               (d) 2 √2cm 
                    

MULTIPLE CHOICE QUESTION: ANSWER KEY 
1. (b) Periodic motion repeats at regular intervals. Oscillations require a back-and-forth      
       Movement about a mean position. The rotation of Earth repeats every 24 hours (periodic)    
       but never reverses its direction (not oscillatory). Options A and D represent both periodic     
       and oscillatory motion. Option C represents wave propagation. 
2. (b)The displacement equation is (x = Asinω t). Differentiating gives the velocity equation 
           (v = Aωcosωt) = Aωsin(ωt + π/2). The phase angle difference between the sine and     
           cosine functions is π/2radians. 
3. (a) Kinetic Energy (KE)equals Potential Energy (PE). Therefore, 
         1/2 k (A2 - x2) = 1/2 k x2). Simplifying this gives A2 - x2 = x2        2x2 = A2 

         x = A/√2. 
4. (b) The total energy (E) of a simple harmonic oscillator is given by the formula 
           (E=1/2 mω2 A2). This shows that the total energy is directly proportional to the 
            square of the amplitude A2 

5. (a) The time period is (T = 2π�𝑙𝑙 𝑔𝑔� ), meaning T α √𝑙𝑙    If the new length is 

          (l' = 1.44l), the new time period becomes (T' =�{1.44)  ,T = 1.2T. The 
           increase is (1.2T - T = 0.2T), which is equal to a 20% increase. 
6. (b) Motion of a simple pendulum with large angle. 
      SHM requires a small angle (sinθ ≈θ) Large angle motions are periodic but not simple   
      harmonic 
7. (c)The standard equation for acceleration in SHM is (a = -ω2 x). Comparing this to the      
      given equation (a = -16x) shows that (ω2= 16). Taking the square root gives an angular  
      frequency=4rad/sec. 
8.  (a)The graph of acceleration vs. displacement for a particle in S.H.M. is a straight line  
        with   negative slope — indicating that acceleration is always directed opposite to    
       displacement. 

9.(c) The time period T of a simple pendulum is given by: T=2π�𝑙𝑙
𝑔𝑔
      ----------(1) 

        To make the time period 2T, let the length be changed to l’. Then ,2T = 2π�𝑙𝑙′
𝑔𝑔
  ---(2) 

        From (1) and (2),2= √l’/√l (or) l’=4l 
 
10. (a) T∝√1/ g.  If g increases, T decreases. If g decreases (like on the Moon or inside a 
             mine), T increases.  
11. (d)   The total energy E in S.H.M. is the sum of kinetic and potential energy, and is        
              constant for a given motion:  E=1/2mω2A2 ; E ∝ A2 
12.(c) Resonance occurs when the driving frequency matches the natural frequency of the  
          oscillator. This state enables maximum energy transfer, causing the system to oscillate  
          with its peak possible amplitude. 
13.(c) When two perpendicular or out-of-phase harmonic motions combine as 
           (x = a sinωt + bcosω t), the resulting amplitude is calculated using the vector sum            
              formula (A = √𝑎𝑎2+ √𝑏𝑏2). Here A=25. 
14. (a) The potential energy (P.E.) in S.H.M. at any displacement x is: 
             P.E.=1/2 kx2. So, P.E. is maximum when x is maximum, i.e., when x=±A 
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15. (d) Kinetic energy, K=1/2mω2(a2−x2)      Potential energy, U=1/2mω2x2 
             Given, KE = PE       1/2mω2(a2−x2) = 1/2mω2x2      x= a/√2 = 4/√2 = 2√2 

 
CHALLENGE CORNER 

1. Which of the following quantities remains constant in simple harmonic motion?  
       (a) Displacement (b) Velocity (c) Acceleration (d) Total Energy      
2. If a simple harmonic oscillator has got a displacement of 0.02 m and acceleration equal to    
    2.0 m/s2 at any time, the angular frequency of the oscillator is equal to  
       (a) 10 rad/s      (b) 1 rad/s     (c) 100 rad/s     (d) 1 rad/s  
3. For a magnet of time period T, magnetic moment is M. If the magnetic moment becomes  
     one fourth of the initial value, then the time period of oscillation becomes  
       (a) Half of initial value         (b) One fourth of initial value 248                                             
       © Double of initial value     (d) Four time initial value    
4. A particle executes SHM with amplitude 8 cm and time period 4 s. The maximum velocity    
       of the particle is: 
    (a) 4π cm/s       (b) 8π cm/s          (c)  6π cm/s             (d) 32π cm/s    
5.      A body oscillates between points A and B, 20 cm apart. The time taken to move from A  
         to B is 0.5 s. The time period is: 
      (a) 0.5 s          (b) 1 s         (c) 2 s              (d) 4 s    
 

ANSWER KEY OF CHALLENGE CORNER 
1.   d          2.  A         3.   C         4.  A            5.  B  

 
ASSERTION REASON TYPE QUESTIONS 

(a) Both Assertion and Reason are true, and Reason is the correct explanation of Assertion. 
(b) Both Assertion and Reason are true, but Reason is NOT the correct explanation of Assertion. 
(c) Assertion is true, but Reason is false. 
(d) Assertion is false, but Reason is true. 

 
1. Assertion (A): Every periodic motion is not necessarily a simple harmonic motion. 

Reason (R): Simple harmonic motion requires the restoring force to be directly proportional to the 
displacement. 

2. Assertion (A): In Simple Harmonic Motion (SHM), the velocity of the particle is maximum at the 
mean position. 
Reason (R): The acceleration of a particle performing SHM is zero at the mean position. 

3. Assertion (A): The total energy of an undamped spring-mass system performing SHM remains 
constant. 
Reason (R): Kinetic energy and potential energy transform into each other continuously during the 
oscillation. 

4. Assertion (A): If a pendulum clock is taken to the moon, it runs slower. 
Reason (R): The acceleration due to gravity on the moon is less than that on Earth. 

5. Assertion (A): If the amplitude of a simple harmonic oscillator is doubled, its total energy becomes 
four times. 
Reason (R): Total energy of a simple harmonic oscillator is directly proportional to the square of its 
amplitude. 

6. Assertion (A): Liquid in a U-tube executing vertical oscillations performs SHM. 
Reason (R): The restoring force on the liquid column is directly proportional to the height of the 
liquid level displacement. 

7. Assertion (A): Resonance occurs when the frequency of the external periodic force matches the 
natural frequency of the oscillator. 
Reason (R): At resonance, the amplitude of oscillation becomes exceptionally small. 
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8. Assertion (A): For a particle executing SHM, the graph between potential energy and displacement 
is a parabola. 
Reason (R): Potential energy in SHM varies linearly with the displacement from the mean position. 

9. Assertion (A): The time period of a simple pendulum inside a freely falling lift is infinite. 
Reason (R): The effective acceleration due to gravity inside a freely falling lift is zero. 

10. Assertion (A): When two identical springs are connected in parallel, the effective spring constant 
doubles. 
Reason (R): In a parallel combination, both springs experience the same stretching force. 

 
ASSERTION REASON TYPE:  ANSWER KEY 

1. (a)    2. (b)   3. (b)   4. (a)   5. (a)   6. (a)   7. (c)    8. (c)    9.(a)     10.(c) 
 

)(2 MARKSVERY SHORT ANSWER QUESTIONS  
 

1. Show that for a particle executing Simple Harmonic Motion (SHM), the acceleration is directly 
proportional to its displacement but directed opposite to it. 

2. A particle executes SHM with an amplitude (A). At what displacement from the mean position are 
its kinetic energy and potential energy equal? 

3. Plot a clean, labelled graph showing the variation of Kinetic Energy (KE) and Potential Energy (PE) 
of a simple harmonic oscillator as a function of its displacement. 

4. A linear harmonic oscillator has a total energy of (E). What will be its kinetic energy and potential 
energy when its displacement is half of its amplitude (x = A/2)? 

5. What is the fundamental difference between damped oscillations and forced oscillations? Mention 
one physical example of each. 

6. Explain why the time period of a simple pendulum becomes infinite if it is placed inside a 
geostationary satellite. 

7. What is the phase difference between: 
(a) Displacement and Velocity of a particle in SHM? 
(b) Velocity and Acceleration of a particle in SHM? 

8. A simple pendulum has a hollow bob filled with mercury. If a small hole at the bottom lets the 
mercury drain out slowly, how does the time period change? 

9. The maximum velocity of a particle executing SHM is (v0) and its maximum acceleration is (a0). 
Find the amplitude of its motion in terms of (v0) and (a0). 

10. How do damping forces affect the amplitude and the time period of a real-world harmonic oscillator 
over time? 
ANSWER KEY 
1. Correct derivation using (a =d2x/ d2t = -ω2 x)  
 Explanation of the negative sign indicating direction towards the mean position. 
2.  Setting 1/2mω2(A2 - x2) = 1/2mω2x2, Solving to find x 
3.  

 
 

4.  Calculating (PE = 1/2 mω2A/2)2 = E/4)      Calculating (KE = E - PE = 3E/4) 
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5.  Definition pointing out energy loss due to resistive forces vs. energy supplied by external 
periodic force. Correct examples (e.g., oscillating pendulum in water vs. a swing being pushed 
continuously). 

6. Explaining that a satellite is in a state of free fall, making effective gravity 

 (geff = 0) , Substituting into (T = 2π�𝐿𝐿
𝑔𝑔
  ). 

7. (a) π/2 radian  (b) π/2 radian   
8. Explaining that the centre of gravity first shifts down (increasing l) and (T)), then moves back up 

to the centre of the hollow shell once empty (decreasing (T) to original), Stating the sequence: 
first increases, then decreases. 

9. Using formulas (v0 = ωA) and (a0 = ω2 A)   
Eliminating ω by calculating (A = v0

2 / a0) 
10. Damping forces, such as friction or air resistance, continuously dissipate mechanical energy from 

the system. This causes the amplitude of the oscillations to decrease exponentially over time until 
the motion stops entirely. Additionally, damping slightly reduces the frequency, which causes the 
time period of a damped oscillator to be marginally longer than that of an ideal, undamped 
oscillator. 

 CHALLENGE CORNER 
1. A particle executing Simple Harmonic Motion (SHM) has a velocity of 8 cm when its 

displacement is 3cm, and a velocity of 6cm/s when its displacement is 4cm. Find the amplitude 
of its oscillation.  5cm 

2. A particle begins executing SHM from its mean equilibrium position at t = 0 with a time period 
T. Find the shortest time taken by the particle for its kinetic energy to become exactly equal to its 
potential energy.  t/8sec 

3. The equation of a particle executing SHM is given by (x=5sin2πt+π/4) where (x) is in meters and 
(t) is in seconds. Calculate the initial displacement of the particle at (t = 0) and the time when it 
first crosses its mean equilibrium position.  .375sec 

ANSWER KEY OF CHALLENGE CORNER 
1. a = 5cm     2. t = T/8sec               3. t = .375sec 

 
(3 MARKS)SHORT ANSWER QUESTIONS  

1.  Find the expression for the total energy of a particle executing S.H.M.  
2. A body is executing S.H.M of amplitude 1 m. Its velocity while passing through the mean 

position, is 10ms-1. Find its frequency. 
3. The kinetic energy of a particle vibrating in S.H.M. is 4 J when it passes the mean position. If the 

mass of the body is 2 kg and the amplitude is 1 m, calculate its time period. 
4. Two particles execute SHM of the same amplitude and frequency along the same straight line. 

They pass each other moving in opposite directions whenever their displacement is half of their 
amplitude. Find the phase difference between them. 

5. A bungee jumper oscillates up and down after the initial drop. Explain why this motion is 
considered Simple Harmonic Motion (SHM). State the condition required for it to remain strictly 
SHM. 

6. A harmonic oscillation is represented by y = 0.24 cos (6000 t+0.44), where y and t are in m and s 
respectively. Deduce: (i) the amplitude, (ii) the frequency and angular frequency, (iii) the period 
and (iv) the initial phase.   

7. At what displacement from the mean position is the kinetic energy of a particle executing SHM 
exactly three times its potential energy? Express your answer in terms of its amplitude A. 

8. A block of mass (0.5 kg) is attached to two identical springs connected in parallel, each having a 
spring constant of (100 N/m). Calculate the effective spring constant of the system and the 
frequency of oscillation. 
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9. A point object executes SHM with a time period of π seconds. If its maximum velocity is (4 m/s), 
calculate the amplitude of oscillation and the magnitude of its acceleration at a displacement of 
(1 m) from the mean position. 

10. Military troops are strictly ordered to break their uniform marching steps when crossing a 
suspension bridge. Explain the physical phenomenon behind this instruction and what would 
happen if they ignored it. 

 
ANSWER KEY 

1. Ans.  P.E. with a S.H.M.                   1 /2 ҝ𝑥𝑥2 = 1/2 𝑚𝑚𝑚𝑚2𝑥𝑥2                                     
 kinetic energy with SHM =1 /2 mv2    =1/ 2𝑚𝑚 (𝜔𝜔√𝐴𝐴2−𝑥𝑥2 )2                                                                                     
= 1 /2 m𝜔𝜔2(𝐴𝐴2−𝑥𝑥2)        

   where m is mass, A is amplitude, x is any position and Ꞷ is angular frequency                
               Total energy = 1/2 𝑚𝑚𝑚𝑚2𝑥𝑥2+1/2 m𝜔𝜔2(𝐴𝐴2−𝑥𝑥2)                                                                             

   1/ 2 ҝ𝑥𝑥2 = 1/ 2 𝑚𝑚𝑚𝑚2𝐴𝐴2   
2. Here a = 1 m, Vmax = 10m/s       Vmax = 𝑎𝑎𝑎𝑎=2𝜋𝜋𝜋𝜋𝜋𝜋        = 𝑣𝑣=𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣/ 2𝜋𝜋𝜋𝜋        

= 1.592Hz 
3. In its mean position, the kinetic energy of the particle in maximum.  

Given - EKmax = 1/2m 𝜔𝜔2a2 EKmax = 4J; m=2kg; A = 1m  
4J = ½ *2* w2 *1         w = 2, T = 2π/ω =𝜋𝜋𝜋𝜋𝜋𝜋𝜋𝜋 

4. Use the displacement equation: (x = A sin ωt). 
     Given (x = A/2), so   A/2 = A sin θ          sin θ = 1/2. 
     The two possible angles are θ1= π/6    θ2= 5π/6  
     Phase difference: θ2 - θ1= 5π/6- π/6 =4π/6 or 1200. 

5. The elastic bungee cord acts like a spring. 
It exerts a restoring force proportional to the displacement from the equilibrium position (F = -
kx). The motion is strictly SHM only if the displacement remains within the elastic limit of the 
cord. 

6. Ans. Given that, y = 0.24 cos (6000 t + 0.44) While the general expression for displacement is, y=a 
cos(ⱷt+Φ0) Comparing these two expressions,  

(i) Amplitude, a = 0.24m.  (ii) Angular frequency 𝜔𝜔 =6000𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑠𝑠𝑠𝑠𝑠𝑠-1  
Frequency = v = ω/2π = 30000/π iii) Period T =   1/ω =π/30000 iii) Initial phase 
Φ0 = .44    

7. Given Condition: KE = 3PE. 
Formulas: 1/2m 𝜔𝜔2(𝐴𝐴2−𝑥𝑥2) =3*1/2𝑚𝑚𝑚𝑚2𝑥𝑥2                                            
 Simplification: (A2 - x2 = 3x2        A2 = 4x2        x2 = A2 /4 

8. Parallel Formula: Kp = k1 + k2 = 100 + 100 = 200 N/m. 

Frequency Formula: μ=1/2 π �Kp
𝑀𝑀

. 

Calculation: : μ=1/2 π �200
0.5

 =3.18 Hz 

9. Angular Frequency: ω=2π/T    ω=2π/ π   = 2 rad/s. 
                Amplitude:(Vmax} = A ω      4 = A* 2       A = 2 meters. 

Acceleration: a = ω2 x = (2)2 * 1 = 4 m/s2. 
10. Phenomenon: This instruction is based on the phenomenon of mechanical resonance. Every 

physical structure, including a suspension bridge, has its own natural frequency of oscillation. 
                Mechanism: If soldiers march in unison, their periodic footsteps exert a periodic driving force on   
               the bridge. If the frequency of these steps matches the natural frequency of the bridge, resonance  
                occurs. 
                Consequence: Resonance causes the amplitude of the bridge's oscillations to increase drastically.  
                This structural stress can exceed design limits, leading to the collapse of the bridge. 
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CHALLENGE CORNER 
1. A particle executing Simple Harmonic Motion (SHM) has an angular frequency ω= 4rad/s. When it 

is at a distance of 3cm from the mean equilibrium position, the magnitude of its velocity is exactly 
equal to the magnitude of its acceleration. 
(a)Determine the amplitude of the oscillation.  
(b)Find the maximum velocity of the particle.  

     2.  A point object executes SHM with a time period T = 12seconds and    
          an amplitude A = 10cm. Assuming it starts from its mean position at t = 0: 

Find the time taken to reach a displacement of x = 5cm.  
Find the time taken to travel from x = 5cm to x = 5√3cm. 

2. A body of mass 0.5 kg executes SHM with a frequency of 10/π Hz. If     
its kinetic energy is 0.18 J at a displacement of x = 4 cm from the mean position, calculate: 
The angular frequency of the oscillator.  
The spring constant (force constant) of the system. 
The amplitude of the oscillation. 
ANSWER KEY OF CHALLENGE CORNER 
1. a =12.37cm  Vmax=49.48cm/sec   2.  ΔT= 1sec     3.  a =5.83cm 

CASE BASE STUDY 
1. ENERGY DYNAMICS IN A HORIZONTAL SPRING-MASS SYSTEM 
An ideal horizontal spring-mass system consists of a block of mass $m$ attached to a spring of force 
constant k, resting on a frictionless surface. When the block is pulled to a displacement A and released, it 
executes Simple Harmonic Motion (SHM). 
During this motion, the total mechanical energy (E) is conserved, shifting between Elastic Potential Energy 
(U = 1 /2 k𝑥𝑥2 ) and Kinetic Energy (K = 1/2mv2). The velocity of the block at any displacement x is given 
by v = 𝜔𝜔2(𝐴𝐴2−𝑥𝑥2) 
1. At which position does the oscillating block possess entirely Kinetic Energy? 

(a) At the extreme position (x = A)       (b) At the mean position (x = 0) 
(c) At the point where x = A/2          (d) At the point where x = A√2 

2. If the displacement of the block is exactly half of its amplitude (x = A/2), the ratio of its Potential Energy 
to its Total Energy U/E is: 

(a) 1:2          (b) 1:4      (c) 3:4                (D) 1:1 
3. A block of mass 1kg is attached to a spring with k = 100 N/m. If the amplitude is 0.1 m, what is the 
maximum Kinetic Energy of the system? 

(a) 0.5 J         (b) 1.0 J       (c) 0.05 J        (d) 5.0 J 
4. If the spring is replaced with one having double the spring constant 2k while keeping the same amplitude, 
the total energy of the system will: 

(a) Remain unchanged   (b) Become half     (c) Double    (d) Become four times 
2. SHOCK ABSORBERS IN AUTOMOBILES 

When a car hits a bump, the springs in its suspension system are compressed. Without any control, these 
springs would continue to vibrate up and down for a long time, making the ride uncomfortable and the car 
difficult to handle. To prevent this, engineers use Shock Absorbers (dampers). 
A shock absorber is essentially a piston moving inside a cylinder filled with oil. As the car oscillates, the 
piston forces the oil through tiny holes. This creates a viscous damping force (Fd = -bv) that opposes the 
motion and converts the mechanical energy of the vibration into heat. This ensures the car returns to its 
equilibrium position quickly. 
1. A car’s suspension is designed to return to its original position in the shortest possible time without any 
further oscillation. This state of damping is known as: 

(a) Underdamping      (b) Overdamping    (c) Critical damping     (d) Zero damping 
2. As the oil in a shock absorber heats up during a long drive on a bumpy road, its viscosity decreases (it 
becomes "thinner"). How will this affect the damping constant b and the vibrations? 
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(a) b increases; vibrations stop faster. 
(b) b decreases; vibrations persist for a longer time. 
(c) b remains constant; no change in vibrations. 
(d) b increases; the car becomes "bouncier." 

3. In a damped oscillation, the amplitude of the car's vibration decreases over time. Which of the following 
equations best represents the decay of amplitude A? 

(a) A = A0sinωt    (b) A = A0e-bt/2m      (c) A = A0+ kt     (d) A = A0/kt 
4. Why do military troops "break step" (stop marching in rhythm) when crossing a bridge? 

(d) To increase the damping of the bridge. 
(d) To prevent the frequency of their steps from matching the natural frequency of the bridge 
(Resonance). 
(d) To reduce the total mass acting on the bridge. 

     (d) To decrease the acceleration due to gravity on the bridge. 
ANSWER KEY 

1.   1.b     2.b    3. c     4. c    
2.   1.c     2.b    3. b     4. b    

CHALLENGE CORNER 
1. A group of soldiers is marching in step across a long suspension bridge. The rhythmic marching 

causes the bridge to begin oscillating slightly. The bridge is modelled as a large mass-spring 
system, with a natural frequency of 2 Hz. Each soldier exerts a force at a frequency of 2 Hz, in sync 
with the natural frequency of the bridge. This creates resonance. 

The oscillations gradually increase in amplitude until the soldiers are ordered to break step and walk 
randomly to stop the resonance. 
1. What kind of oscillation is exhibited by the bridge when soldiers march in step at its natural frequency? 
(a). Free oscillation    (b). Damped oscillation   (c) . Forced oscillation    (d). Resonant oscillation 
2. What will happen to the amplitude of the bridge's oscillations if resonance continues unchecked? 
(a).It decreases                (b). It remains constant   
(c). It increases gradually   (d).  It becomes zero 
3. Why are soldiers asked to "break step" while crossing bridges? 
(a). To increase the time period 
(b). To decrease the time period 
(c). To avoid synchronization with the bridge’s natural frequency 
(d).  To synchronize with the bridge’s natural frequency 
4. If the bridge’s mass is doubled, what happens to its natural frequency? 
(a). It remains the same  (b). It increases         (c). It decreases  (d). It becomes infinite  
2. In an ancient temple, a large pendulum clock has been swinging for decades. The pendulum consists of a 
metal bob of mass 2 kg suspended by a string 1.5 m long. The pendulum swings with a small amplitude, 
undergoing simple harmonic motion (SHM). A devotee notices that the pendulum completes one full 
oscillation in about 2.46 seconds. The air resistance is negligible, and the pendulum is considered ideal. 
1. What is the theoretical formula for the time period of this simple pendulum? 
(a).  T=2π√g/l  (b). T=2π√l/g  (c).  T=2π√l⋅g     (d). T=√2π⋅l⋅g     
2. Using the observed time period (2.46 s) and the length (1.5 m), estimate the local value of g near the 
temple. 
(a).  A. 9.8 m/s2  (b). 10.0 m/s2  (c).  C. 9.5 m/s2 (d). D.8.5 m/s2 
3. What is the nature of the restoring force acting on the pendulum bob during SHM? 
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(a).  A. Constant force  (b).Proportional to mass 
(c).  C. Directly proportional to displacement and opposite in direction 
(d).. Always equal to tension 
 4. What happens to the time period if the pendulum is taken to a mountain where g is lower? 
(a).  A. It increases      (b). It decreases (c).  C. It remains the same (d). It becomes zero  

 
ANSWER KEY OF CHALLENGE CORNER 

1.   1.d     2.c   3. c     4. c    
2.   1.b     2.c    3. c     4. a   

LONG ANSWER TYPE QUESTIONS 
1.    The acceleration due to gravity on the surface of moon is 1.7 ms-2. What is the time period of a 

simple pendulum on the surface of moon if its time-period on the surface of Earth is 3.5 s? (g on the 
surface of Earth is 9.8 ms-2.) 

2.     Show that for a particle in linear SHM the average kinetic energy over a period of oscillation equals 
the average potential energy over the same period. 
3.     (a) Define SHM. What are its characteristics? At what distance from the mean position in SHM of 

amplitude r the energy is half kinetic and half potential ? (b) A spring having a force constant K is 
divided into three equal parts. What would be force constant for each individual parts?  

ANSWER KEY 
1.  

 
 

 

 

2. Let the particle executing SHM starts oscillating from its mean position. Then displacement 
equation is 
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3. (a) Simple harmonic motion is the projection of uniform circular motion on diameter of a circle of 
reference. Characteristics of SHM: (I) Displacement: The displacement of a particle executing SHM 
at an instant is defined as the distance of a particle from the mean position at that instant. (II) 
Amplitude:  The maximum displacement on either side of the mean position is called the amplitude of 
the motion. (III) Velocity: The velocity of the particle executing SHM at any instant, is defined as the 
time rate of change of its displacement at that instant.  
(IV) Acceleration. The acceleration of the particle executing SHM at any instant is defined as the time 
rate of change of its velocity at that instant.                                                               
    1/2 ҝ𝑥𝑥2 = 1/ 2 𝑚𝑚𝑚𝑚2𝑥𝑥2  kinetic energy with SHM  
=1/ 2 mv2 =1 2 𝑚𝑚(𝜔𝜔√𝐴𝐴2−𝑥𝑥2)2                                                                                      
where m is mass, A is amplitude, x is any position and Ꞷ is angular frequency    
PE= KE         1/2 𝑚𝑚𝑚𝑚2𝑥𝑥2=1/2 𝑚𝑚𝑚𝑚2𝑥𝑥2                                                                           
  x = ±𝐴𝐴 √2                                      
b) force constant K = F/y          spring is cut into three equal parts therefore   
displacement = y/3                   k’ = 𝐹𝐹/ 𝑦𝑦 /3 = 3𝐹𝐹 𝑦𝑦  =3k                
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CHAPTER-14 

 



  
ZIET MYSURU-SSM-PHYSICS-XI-2026-27 155 

 

MULTIPLE CHOICE QUESTIONS 
1). A boy is swinging in a swing. If he stands, the time period will 
 (a)First decrease, then increase (b)Decrease (c) Increase (d)Remain same  
2). A wave pulse travels along a stretched string whose linear mass density decreases continuously from one 
end to the other. What happens to the frequency of the wave pulse as it propagates? 
(a) It increases continuously                      (b) It decreases continuously 
(c) It remains constant                              (d) It first increases then decreases  
3). A taut string fixed at both ends vibrates in its fourth harmonic. How many nodes and antinodes are 
formed inside the string, excluding the boundary endpoints? 
(a) 3 nodes, 4 antinodes                            (b) 4 nodes, 3 antinodes 
(c) 5 nodes, 4 antinodes                            (d) 3 nodes, 3 antinodes  
4).  An open organ pipe is suddenly closed at one end. What happens to the frequency of its third overtone 
compared to the original fundamental frequency of the open pipe? 
(a) It increases by a factor of 3.5            (b) It increases by a factor of 1.75 
(c) It decreases by half                           (d) It remains exactly the same    
5). Two tuning forks, X and Y, produce 4 beats per second when sounded together. When X is loaded with a 
little wax, the beat frequency increases to 6 beats per second. If the frequency of Y is 256 Hz, what is the 
original frequency of X? 
(a) 252 Hz         (b) 260 Hz           (c) 262 Hz               (d) 250 Hz   
6)In a resonance column apparatus, the first resonance occurs at a tube length of 16 cm and the second 
resonance occurs at 50 cm. What is the end correction of this tube? 
(a)  1.0 cm        (b)  2.0 cm          (c) 0.5 cm                (d) 1.5 cm    
7). A steel wire of length 1 m and mass 5 g is stretched under a tension of 80 N. What is the speed of a 
transverse wave on this wire? 
(a). 100 m/s     (b) B. 126 m/s      (c)  400 m/s            (d) 160 m/s    
8). Newton's formula for the speed of sound in a gas was corrected by Laplace because sound propagation is 
an: 
(a) Isothermal process     (b) Isobaric process     (c) Adiabatic process     (d) Isochoric process   
9). When a sound wave passes from air into water, which of the following properties of the wave does not 
change? 
(a) Wavelength            (b) Wave velocity            (c) Frequency                 (d) Amplitude      
10). A train blowing its whistle moves at a constant speed along a straight track passing a stationary 
observer on the platform. How does the pitch heard by the observer change as the train passes? 
(a) it rises continuously                      (b) It drops abruptly at the instant the train passes 
(c) It remains constant throughout the entire motion      
(d)  It drops continuously from a high pitch to a low pitch    
11)The sound intensity level at a point is increased by 20 dB. By what factor does the sound pressure 
amplitude increase? 
(a) 2                 (b) 10              (c) 20                     (d)  100         
12). A uniform rope of mass(M) and length (L) hangs vertically from a rigid ceiling. A transverse pulse is 
generated at the bottom free end. How does the velocity of the pulse change as it travels up the rope? 
(a) It remains constant                               (b)  It decreases linearly to zero 
(c)  It increases proportionally to the square root of the distance from the bottom 
(d)  It increases linearly with the distance from the bottom   
13). An ambulance with a siren of frequency 1000 Hz is moving at 30 m/s towards a vertical wall. The speed 
of sound is 330 m/s. The frequency of the echo heard by the driver is: 
(a) 1000 Hz         (b) 1100 Hz         (a) 1200 Hz         (a) 900 Hz          
14). When two waves of intensities I and 9I interfere, the ratio of maximum to minimum intensity in the 
interference pattern is: 
(a) 4 : 1              (b) 9 : 1          (c) 10 : 8                  (d) 16 : 1       
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15). The fundamental frequency in an open organ pipe is equal to the third harmonic of a closed organ pipe. 
If the length of the closed organ pipe is 20 cm, the length of the open organ pipe is            
 (a) 12.5 cm           (b) 13.2 cm          (c) 8 cm            (d) 16 cm    

ANSWER KEY WITH EXPLANATION 
1. (b) Time period (T ∝ √L) decreases. 
2. (c)Changing density: Frequency depends only on the source; medium properties do not change it. 
3. (a) 4th Harmonic: Has 5 nodes and 4 antinodes. Excluding 2 boundary endpoints leaves 3  nodes, 4 
antinodes. 
4.(b) Organ pipe shift: Open fundamental (fo =v/{2L}) Closed 3rd overtone (7th harmonic)     
               (fc = 7v/4L = 3.5 fo). 
5. (a)Tuning forks: Wax reduces X's frequency. Since beats increased (4), original X must be below Y: (256 
- 4 =252 Hz). 
6. (a) First resonance L1=16 cm           Second resonance L2=50 cm 
            Difference:    L2−L1=λ/2L, 50−16=34 cm        , λ=68 cm  
            For first resonance:     L1+e=λ/4      16+e= 17        e=1 cm         
7. (c)Linear density:    μ=mL=0.005  

          Wave speed:     v= �T
μ
        v=√160000≈ 126.5m/s 

8. (c) Laplace corrected Newton because sound propagation in gas is too fast for heat    
            exchange, so process is adiabatic. 
9. (c)   
10. (b) Approaching → higher pitch             Receding → lower pitch 
        At exact passing instant → sudden drop  
11. (b) Sound level relation: 
       β=20log(p2/p1)                    Given increase = 20 dB               20=20log(p2/p1) = 10 

12. (c) At distance x from bottom:   T=xμg            Wave speed:       v== �T
μ
  =  �𝑥𝑥𝑥𝑥            

           So velocity increases as square root of distance 
13. (c)           Double Doppler effect:     f′=f (v + u/ v−u)      Given:      f=100   u=30     v=330 
            f′=1000(360/300) =1200  
14. (b) Amplitude ratio:                √𝐼𝐼:√9𝐼𝐼     =1:3 
            Maximum: (1+3)2=16       Minimum: (3−1)2=4       Ratio: 16: 4 = 4:1      
15. (b)Closed pipe third harmonic:                fc=3v/4L  
          Open pipe fundamental:                       fo=v/2Lv  
          Given equal:          v/2Lo=3v/4Lc    ,     Lo=2Lc/3      =(2×20)/3=13.3cm 

 
CHALLENGE CORNER 

16). Two cars moving in opposite directions approach each other with speed of 22 m/s and 16.5 m/s 
respectively. The driver of the first car blows a horn having a frequency 400 Hz. The frequency heard by the 
driver of the second car is [vel of sound 340 m/s]   (NEET-2017)  
(a) 350 Hz             (b) 361 Hz        (c) 411 Hz               (d) 448 Hz        
17). A wave of frequency 400 Hz has a velocity of 320 m/s. The distance between the particles differing in 
phase by 90° is  
(a)20 cm             (b)40 cm                 (c)60 cm              (d)80 cm       
18). A tuning fork vibrating with a sonometer having 20 cm wire produces 5 beats per second.  The beat 
frequency does not change if the length of the wire is changed to 21cm, the frequency of the tuning fork (in 
Hertz) must be  
(a) 200             (b) 210             (c) 205            (d) 215                      
19). The 3rd overtone of a closed organ pipe is equal to the 2nd harmonic of an open organ pipe. Then the 
ratio of their lengths is equal to 
 (a) 7/ 4           (b) 3/ 5           (c) 3/ 2             (d) 7/ 6                         
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20). Four wires of identical length, diameters and of the same material are stretched on a sonometer wire.  If 
the ratio of their tensions is 1 : 4 : 9 : 16, then the ratio of their fundamental frequencies are 
 (a)16 : 9 : 4 : 1          (b)4 : 3 : 2 : 1        (c)1 : 4 : 2 : 16        (d)1 : 2 : 3 : 4   

 
ANSWER KEY OF CHALLENGE CORNER 

16. d      17. a        18. c        19. a             20. D 
 

ASSERTION REASON TYPE QUESTIONS 
(a) Both Assertion and Reason are true, and Reason is the correct explanation of Assertion. 
(b) Both Assertion and Reason are true, but Reason is NOT the correct explanation of Assertion. 
(c) Assertion is true, but Reason is false. 
(d) Assertion is false, but Reason is true. 
1. Assertion: The propagation of a longitudinal sound wave through a medium creates cyclic variations 

in local density and pressure. 
      Reason: Regions of compression exhibit an increase in medium density, whereas     
       regions of rarefaction exhibit a decrease in medium density. 
2. Assertion: Solid media can sustain both transverse and longitudinal waves, whereas gaseous media 

can only transmit longitudinal waves. 
     Reason: The propagation of transverse mechanical waves strictly requires the medium  
      to possess shear elasticity or rigidity. 
3. Assertion: Acoustic waves traveling through an air column serve as a classic example of mechanical 

longitudinal waves. 
     Reason: In a longitudinal wave architecture, the individual constituent particles of the  
     medium oscillate perpendicular to the vector of wave energy propagation. 
4. Assertion: In a progressive harmonic wave, both the individual particle velocity and the overall wave 

propagation velocity remain entirely independent of time. 
      Reason: A material medium must inherently possess both elasticity and inertia to   
       support and sustain mechanical wave propagation. 
5. Assertion: Two separate transverse waves propagating along the same uniform string under constant 

tension cannot travel at different velocities. 
      Reason: The inertial and elastic characteristics of a specific string are identical for all   
     waves, and the wave propagation velocity depends solely on these intrinsic medium   
      properties. 
6. Assertion: When transverse waves are continuously generated at one end of an exceptionally long 

string, only a progressive wave pattern is visible near the driven end. 
       Reason: The energy of the wave reflected from the distant fixed boundary is  
       completely dissipated before it can travel back to the source end. 
7. Assertion: High-energy acoustic explosions occurring on the surface of neighbouring planets cannot 

be detected or heard on Earth. 
      Reason: Mechanical sound waves lack the structural capacity to travel across vast,    
       long-distance spatial intervals. 
8. Assertion: Two astronauts standing on the lunar surface can easily communicate verbally with each 

other by utilizing specialized microphone radio headsets. 
       Reason: A microphone converts audio pressure signals into electromagnetic transverse   
        waves, which can freely propagate through a vacuum. 
9. Assertion: In a standing wave system, a stationary observer hears a significantly louder sound at the 

displacement nodes compared to the displacement antinodes. 
     Reason: During the execution of a stationary wave pattern, all vibrating particles across  
     the medium pass through their mean positions in identical phase. 
10. Assertion : The change in air pressure affect the speed of sound. 

Reason : The speed of sound in a gas is proportional to the square root of pressure.    
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ANSWER KEY 
1. a     2. a    3. c     4. d    5. a    6. a    7.c    8. a   9. b   10. d   

(2 MARKS)VERY SHORT ANSWER QUESTIONS  
1. Why can the sound of a distant train whistle or outdoor loudspeaker be heard much more clearly and 

over longer distances during a cold night than on a hot, sunny day? 
2. In a progressive wave, energy is transmitted continuously through the medium. How does the energy 

distribution in a standing (stationary) wave differ from a progressive wave? Specify the energy states 
at the nodes and antinodes. 

3. The frequency of the fundamental note of a closed organ pipe and that of an open organ pipe are the 
same. What is the ratio of their lengths?  

4. How will the fundamental frequency of a closed organ pipe be affected if instead of air it is filled 
with a gas heavier than air? 

5. Sound travels faster on a rainy day than on a dry day. Why? 
6. When a longitudinal sound wave traveling through an organ pipe hits a closed, rigid end, it 

undergoes reflection. What type of phase change happens to the displacement wave, and what 
happens to the pressure wave at this boundary? 

7. A piano tuner strikes a key and a standard 440 Hz tuning fork simultaneously and hears a rhythmic, 
pulsating sound that rises and falls in loudness 3 times every second. What wave phenomenon is 
occurring, and how does the tuner use this to fix the piano string? 

8. An open organ pipe has a physical length of 50 cm. If the velocity of sound in air is 340 m/s, 
calculate the fundamental frequency of this pipe. What will the fundamental frequency become if 
one end of the pipe is tightly closed? 

ANSWER KEY 
1. Sound speed is directly proportional to temperature v α √𝑡𝑡  . On a hot day, the air near the ground is 

warmer than the air above, causing upward refraction (bending) of sound waves away from the 
ground. 

     On a cold night, the ground cools down, making the lower air layers colder than the upper layers 
(temperature inversion). This causes downward refraction of sound waves back toward the earth, 
keeping the acoustic energy near the ground and allowing it to travel further. 
2. In a standing wave, energy is not transmitted forward; it remains confined within the loops between 
adjacent nodes.At the nodes, the displacement is always zero, meaning the kinetic energy is zero, and the 
energy is purely potential (maximum pressure variation). At the  antinodes, displacement is maximum, 
meaning the energy periodically shifts completely into kinetic energy. 

     3.  Ratio is 1:2 
     4. The fundamental frequency of the closed organ pipe will decrease when filled with a gas heavier than 
air. 
     5. Sound travels faster on a rainy day because moist air is less dense than dry air. The speed of sound is 
inversely proportional to the square root of the medium's density.  Therefore, with the lower density of wet 
air, sound travels faster. 
    6.  The displacement wave experiences a phase change of π radians 180 because the particles at the rigid 
wall are physically restrained from moving, creating a displacement node.The pressure wave undergoes zero 
phase change 00 because the compressions reflect as compressions, bouncing off the rigid wall to form a 
pressure antinode. 
   7.  The phenomenon is beats, caused by the interference of two sound waves of slightly different 
frequencies. The beat frequency is {𝛥𝛥 f = f1 – f2} = 3Hz.The tuner adjusts the tension of the piano string 
until the pulsating sound slows down and  
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      stops completely (beat frequency becomes (0 Hz), matching the string's frequency  perfectly to the 440 
Hz fork. 
  8. For an open pipe: The fundamental frequency is (fo = {v}/{2L}. 

Given: (L = 50 cm} = 0.5 m, (v = 340 m/s).  (fo = 340/{2 * 0.5} = 340Hz. 
When one end is closed: The new fundamental frequency is (fc = v/4L} = fo /2. 
(fc = 340/(4* 0.5) = 170Hz. 

(3 MARKS)SHORT ANSWER QUESTIONS  
1. Why are longitudinal waves called pressure waves? 
2.  Define stationary waves and explain why they are named so. 
3. State three essential differences between progressive waves and stationary waves. 
4.  A transverse harmonic wave on a wire is expressed as: 

y(x, t ) = 3 sin ( 36t +0.018x +π/4 ). 
(i) Is it a stationary wave or a travelling one? 
(ii) If it is a travelling wave, give the speed and direction of its propagation. 
(iii) Find its frequency and amplitude. 
(iv) Give the initial phase at the origin. 
(v) Calculate the smallest distance between two adjacent crests in the wave. 
[X and y are in cm and t in seconds. Assume the left to the right direction as the positive direction of 
x] 

5. A travelling harmonic wave is given as: y (x, t) = 2.0 cos 2π (10t – 0.0080x + 0.35). What is 
the phase difference between the oscillatory motion of two points separated by a distance of:   (i) 8 
m   (ii) 1 m  (iii) λ /2    (iv) 6λ/4 [ X & y are in cm, & t in secs  

6. A 1 m long pipe with a movable piston at one end and an opening at the other will be in resonance 
with a tuning fork vibrating at 340 Hz, if the length of the pipe is 79.3 cm or 25.5 cm. Calculate the 
speed of sound in the air. Neglect the edge effects. 

7. Steel wire has a length of 12.0 m and a mass of 2.10 kg. What should be the tension in the wire so 
that the speed of a transverse wave on the wire equals the speed of sound in dry air at 20 °C = 343 m 
s–1. 

8. Two tuni g forks give 6 beats/s when sounded simultaneously. The frequency of one of the forks is  
480 𝐻𝐻𝐻𝐻.  is loaded with a piece of wax When the other fork , the beats increase. What is the 
frequency of the second fork ? 

9. A guitarist finds that her string sounds flat (i.e., the pitch is lower than expected). Explain how she 
can correct the pitch without changing the string. If she tightens the string, which physical property 
of the wave on the string is directly affected? 
(a) Amplitude  (b) Frequency   (c) Wavelength    (d) Time period 

10. Using the formula for the speed of longitudinal waves in a given medium of density ρ, explain why 
the speed of sound in air (a) is independent of pressure (b) increases with temperature, and (iii) 
increases with humidity 

 
ANSWER KEY 

 
1. Longitudinal waves propagate through a medium via alternating compressions and rarefactions. In 
compressions, the density and pressure of the medium are higher than the average, while in 
rarefactions, they are lower. Because the wave propagation depends on these fluctuations in pressure 
and volume, longitudinal waves are referred to as pressure waves. 
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   2. Stationary waves (or standing waves) are formed by the superposition of two identical waves traveling 
in opposite directions in a bounded medium. They are "stationary"  because the waveform does not advance 
in the medium, and there is no net energy transport through any point in the medium.  
3.  Propagation: Progressive waves propagate through the medium, while stationary  waves do not. 
 Amplitude: In progressive waves, all particles vibrate with the same amplitude. In stationary waves, 
amplitude varies (zero at nodes, max at antinodes). 
 Phase: In progressive waves, phase changes continuously. In stationary waves, all  particles in a loop 
are in phase, but out of phase with adjacent loops.  

4. Given,y(x, t) =3 sin (36t +0.018x + π/4)                 . . . . . . . . .  . . ( 1 ) 
(i) We know the equation of a progressive wave travelling from right to left is: 
y (x, t) = a sin (ωt + kx + Φ)         . . . . . . . . . . . . . . . . . . .  ( 2 ) 
Comparing equation (1) to equation (2), we see that it represents a wave travelling from right to left 
and also we get: 
a = 3 cm,  ω = 36 rad/s , k = 0.018 cm and ϕ = π/4. 
(ii) Therefore, the speed of propagation, v = ω/k = 36/ 0.018 = 20 m/s. 
(iii) Amplitude of the wave, a = 3 cm Frequency v = ω / 2π  = 36 /2π = 5.7 hz. 
(iv) Initial phase at the origin = π/4 
(v) The smallest  distance between two adjacent crests ,λ = 2π/ k=2π /0.018= 349 cm. 

5. Given,  The equation for a travelling harmonic wave: 
y (x, t) = 2.0 cos 2π (10t – 0.0080x + 0.35) = 2.0 cos (20πt – 0.016πx + 0.70 π) 
Where,     Propagation constant, k = 0.0160 π,a = 2 cm      ω= 20 π rad/s 

      We know, Phase difference Φ = kx = 2π/ λ 
       (i) For x = 8 m = 800 cm   Φ = 0.016 π × 800 = 12.8 π rad. 
      (ii) For x =  1 m = 100 cm   Φ = 0.016 π × 100 = 1.6 π rad. 
     (iii) For x = λ /2      Φ = (2π/ λ)  x  ( λ/2) =  π rad. 
     (iv) For x = 6λ /4       Φ = (2π/ λ)  x  ( 6λ/4) = 3 π rad. 
6. Given, Frequency of the turning fork, νF = 340 Hz    

Length of the pipe, l1 = 0.255 m 
As the given pipe has a piston at one end, it will behave as a pipe with one end 
closed and the other end open, as depicted in the figure below: 

           This kind of system creates odd harmonics. We know that the       
            fundamental note in a closed pipe is written as l1 = λ / 4                       
             0.255 x 4 = λ = 1.02m 
            Therefore, the speed of sound, v = λ vF    = 340 × 1.02 = 346.8 m/s 

7. Given,       Length of the steel wire, l = 12 m 
Mass of the steel wire, m = 2.0 kg,Velocity of the transverse wave, v = 343 m/s 

           Mass per unit length, μ = M /l = 2.10/12 = 0.175 kg / m 
            We know, Velocity of the transverse wave , v =  Therefore, T = V*2 μ =343*2 *0.175  
            = 2.06 x 104 N Therefore, the tension in the wire is 3432 x 0.175 = 2.06 x 104 N. 

8. beat frequency is the absolute difference between the frequencies of the two forks.  
            frequency of the second fork can be either 480 + 6 = 486 Hz or   480 – 6 = 474 Hz.     
           Loading the second fork with wax decreases its frequency. If the second fork's    
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           frequency was 486 Hz, loading it with wax would decrease the frequency and the beat  
           frequency would decrease. Since the beat frequency increases, the second fork's   
            frequency must be 474 Hz.  

9. To raise the pitch, the guitarist needs to increase the frequency of vibration. She can do this by 
increasing the tension in the string (by tightening the tuning peg).This increases the wave speed v = 

�𝑇𝑇
𝜇𝜇
  and since f=v/(2L), the frequency increases, raising the pitch. (b) Frequency 

10. (a) Pressure: The speed of sound in air is independent of pressure because both pressure and density 
increase or decrease together. Their ratio P/ρ  remains constant at a fixed temperature, so the speed 
doesn’t change. 

      (b) Temperature: The speed of sound increases with temperature. This is because    
       higher temperature means molecules move faster, increasing the wave speed.  
        Mathematically, speed is proportional to the square root of temperature: v∝√T 
      (c) Humidity: The speed of sound increases with humidity. Water vapor is lighter than    
       dry air, so when air is more humid, its average molecular mass decreases. This makes  
         the air less dense and allows sound to travel faster. 

 
CASE BASE STUDY 

1. Acoustic Interference and Tuning Musical Instruments 
When two sound sources of slightly different frequencies emit continuous waves simultaneously, our ears 
do not perceive two distinct individual pitches. Instead, we hear a single, fluctuating sound that regularly 
rises and falls in loudness. This periodic variation in sound intensity is called beats. 
The phenomenon is a direct consequence of the superposition principle. At a given point in space, the 
sound waves alternately reinforce each other (constructive interference) and cancel each other out 
(destructive interference). 
The number of times the sound intensity reaches a maximum (or minimum) per second is known as the beat 
frequency. This frequency is exactly equal to the absolute difference between the frequencies of the two 
interfering waves  
fb = f1 - f2. Piano tuners and musicians use this physical principle extensively to tune instruments by 
adjusting strings until the audible beats vanish completely. 

1. To hear distinct and audible beats, what are the primary physical constraints on the two interfering 
sound waves? 
(a). They must have identical frequencies and travel in opposite directions. 
(b). They must have nearly equal frequencies and travel in the same direction. 
(c). They must have vastly different amplitudes and travel perpendicular to each other. 
(d). They must be longitudinal and transverse waves respectively. 

2. Looking at the sound envelope of a beat pattern, what mechanical event takes place at the point of 
minimum loudness (complete destructive interference)? 
(a). crest of one wave perfectly overlaps with a crest of the second wave. 
(b).  The phase difference between the two waves becomes zero. 
(c).  A crest of one wave perfectly overlaps with a trough of the second wave. 
(d).  The net amplitude of the combined sound wave doubles. 

3. Two sound waves are described by equations  (y1 = Asin2π f1) and    (y2=Asin2π f 2 t). When they 
superimpose, the mathematical time interval between two consecutive intensity maxima is found to 
be: 
(a).  1

f 1 +f 2
          (b). 2

f 1 +f 2
       (c). 1

f 1−f 2
                    (d) . f 1−f 2

1
 

4. A tuning fork of unknown frequency produces 4 beats/second when sounded alongside a standard 
fork of 256 Hz. When the prongs of the unknown fork are loaded with a small amount of wax, the 
observed beat frequency decreases to 2 beats/second.What was the initial frequency of the unknown 
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fork? 
(a). 252Hz     (b). 260Hz     (c).258 Hz   (d).254 Hz 

STANDING WAVES IN STRETCHED STRINGS (MUSICAL INSTRUMENTS) 

When a guitar string of length \(L\) is plucked, transverse waves travel along the string in opposite 
directions. These waves reflect off the fixed ends of the string and superimpose on each other. 
Because the waves have the same amplitude, frequency, and speed but travel in opposite directions, 
they form a standing wave or stationary wave pattern. 
The fixed ends cannot move, creating points of zero displacement known as nodes. The middle 
sections experience maximum displacement, creating antinodes. The string can vibrate at specific, 
discrete frequencies called natural frequencies or harmonics. The lowest frequency at which a 
standing wave forms is the fundamental frequency or first harmonic. Higher frequencies are integer 
multiples of this fundamental frequency, forming a harmonic series (fn = n .f1) 
1. For a string of length \(L\) fixed at both ends vibrating in its third harmonic, what is the total 

number of nodes (including the boundaries) and the distance between any two consecutive 
nodes? 
(a). 3 nodes, distance = L/3        (b). 4 nodes, distance = L/3 
(c). 4 nodes, distance = L/2        (d). 5 nodes, distance = L/4 

          2. A guitar player tightens a string, increasing its tension by a factor of 4 while   
              maintaining the same string length. How does the fundamental frequency of   
               this string change? 

         (a). It stays exactly the same          (b). It increases by a factor of 2 
         (c). It increases by a factor of 4     (d). It decreases to half its original value 

          3. Consider two particles located on the same string vibrating in a standing   
               wave pattern. If both particles lie within the exact same loop (between two  
               consecutive nodes), what is the phase difference between their motions? 

        (a). 0 rad (They are perfectly in phase)            (b). π/2 rad 
        (c). π rad (They are completely out of phase)  (d). 2π rad 

        4. The fundamental frequency of a stretched string fixed at both ends is    
             200Hz. What is the frequency of its third overtone? 

        (a).400 Hz        (b). 600 Hz        (c). 800 Hz          (d). 1000 Hz 
3. Organ Pipes and Resonance Columns 
 Organ pipes use the concept of longitudinal standing waves inside an air column to produce musical notes. 
These pipes are classified into two types: open organ pipes (open at both ends) and closed organ pipes 
(closed at one end and open at the other). 
The air at an open end is free to move, creating a displacement antinode (or pressure node). The air at a 
closed end is rigidly blocked, forcing a displacement node (or pressure antinode). Because of these distinct 
structural boundary conditions, open and closed pipes generate completely different configurations of 
harmonics. This variation changes the sound profile, which is why instruments like flutes (open) sound 
distinct from instruments like clarinets (closed at one end). 

1. Which of the following statements correctly details the allowed harmonic    
      frequencies generated inside a closed organ pipe? 
(a). It allows all integer multiples of the fundamental frequency (both even and odd). 
(b). It allows only even multiples of the fundamental frequency. 
(c). It allows only odd multiples of the fundamental frequency. 
(d). It does not generate any predictable harmonic series. 

2. An open organ pipe and a closed organ pipe have the exact same physical length     
     L. What is the mathematical ratio of their fundamental frequencies (fopen : fclosed}? 

(a). 1 : 1      (b). 1 : 2  (c). 2 : 1  (d). 4 : 1 
3. If the temperature of the air inside an open organ pipe increases, what happens to  
      the pitch (fundamental frequency) of the sound produced? 
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(a). The pitch increases because wave speed increases with temperature. 
(b). The pitch decreases because the air column expands significantly. 
(c). The pitch stays completely constant. 
(d). The pitch drops to zero. 

4. A closed organ pipe has a length of 0.25 m. Taking the speed of sound in    
     air to be 340 m/s, calculate the fundamental frequency of this pipe. 

(a). 170 Hz    (b). 340 Hz    (c). 680 Hz      (d). 1360 Hz 
       ANSWER KEY 

   
1.   1.b      2.c      3. c       4. b     
2.   1.b      2.b      3. a       4. c    
3.   1.c      2.c      3. a       4. b     

            LONG ANSWER TYPE QUESTIONS 
          1. (a)What is the principle of superposition of waves? 
              (b) Two progressive waves traveling in opposite directions overlap to form a   
                    stationary wave. Derive an expression for a stationary wave and prove that the   
                    distance between two consecutive nodes is λ /2. 
              (c) State two differences between a progressive wave and a stationary wave. 
          2. (a) State Newton's formula for the speed of sound in air. (b) Explain why it was             
                   incorrect and how Laplace corrected it. 

  (b)Discuss the reflection of a wave pulse from (i) a rigid boundary and (ii) an     
       open/free boundary. Include the phase change in each case. 

         3. (a) Define the phenomenon of beats. What is the essential condition for beats to    
                  occur? 
             (b) Mathematically prove that the number of beats produced per second is equal to    
                  the difference in frequencies of the two sounding bodies. 
             (c) A tuning fork of frequency (512Hz) produces (4beats/sec) with an unknown fork    
                 (A). When fork (A) is filed, the beat frequency decreases to (2beats/sec). What is   
                 the original frequency of fork (A)? 
                                                       ANSWER KEY 

1. (a) Principle of Superposition:When two or more wave pulses overlap in the same    
  medium, the resulting displacement at any point is the vector sum of the displacements produced 
by the individual waves.  
Mathematically: (y = y1 + y2+ ... + yn) 

               (b)Consider two waves of the same amplitude (a) and frequency (ω) travelling in   
                 opposite directions: Wave moving right: (y1 = asin(kx - ωt)        Wave moving left:    (y2= 
asin(kx + ωt)     According to the superposition principle: 
                   (y = y1 + y2)          (y = a sin(kx - ωt) + sin(kx + ωt ) 
                 Using the math identity: (sin(A-B) + sin(A+B) = 2 sin A cos B) 
                (y = [2a sin(kx)] cos ωt ]   In this equation, (A = 2a sin(kx)) represents the     
                 amplitude of the stationary wave, which depends on the position (x). 
          Distance between two consecutive Nodes:      
          At nodes, the amplitude is zero:          sin(kx) = 0   ,kx = nπ (where (n = 0, 1, 2...) 
         Since (k = 2π/λ)        , (2π/λ)*x = nπ   ,   x = nλ /2 

For (n=1), (x1 = λ /2)    For (n=2), (x2= λ )    Distance = (x2 - x1 = λ – λ/2 ) 
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(c) Differences 

Feature Progressive Wave Stationary Wave 

Energy Energy is transferred through the 
medium. Energy is "trapped" and not transferred. 

Amplitude  Every particle has the same 
amplitude. 

Amplitude varies from zero (nodes) to max 
(antinodes).  

2. (a)Newton's Formula: (v =�𝑝𝑝 𝜌𝜌⁄ . He assumed the process was isothermal (constant temperature). 
  Correction: Laplace argued that sound travel is an adiabatic process (no heat exchange) because it is very 
fast. 
  Corrected Formula: (v = �𝑝𝑝𝑝𝑝 𝜌𝜌⁄ , where 𝛾𝛾  is the ratio of specific heats (1.4 for air). This correction brought 
the theoretical value (approx. 332 m/s) close to experimental results.  (b)Rigid Boundary: The reflected 
wave is inverted. The phase changes by 180°  because the boundary exerts an equal and opposite reaction 
force. 
 Free Boundary: The reflected wave is NOT inverted. There is zero phase change because the end is free to 
move, acting like an antinode. 
3. a)Definition: When two sound waves of nearly equal frequencies traveling in the same direction 
superimpose, the intensity of the resultant sound waxes (increases) and wanes (decreases) periodically. 
These periodic variations in intensity are called beats. 
Condition: The difference in frequencies between the two sources should be small (typically less than 
(10Hz) for the human ear to distinguish them. 
(b) Consider two sound waves of same amplitude (a) but slightly different frequencies (n1) and (n2 )(where 
(n1> n2).    Their displacement equations at a point (x=0) are: 
(y1 = a sin(2π n1 t(y2 = a sin(2π n2 t ) 
By the Principle of Superposition: 
(y = y1+ y2)          (y = a [sin(2π n1 t + a sin(2π n2 t]) 
Using the identity (sin C+sin D=2sin {C+D}/{2}cos {C-D}/{2}): 
(y=2acos π(n1 – n2 )t sin π(n1 + n2 )t  
The term in the bracket is the Resultant Amplitude (A): 
(A = 2a cos π(n1 – n2 )t) 
For Maxima (Waxing):   (A)is maximum when (cos t = π(n1 – n2 )t pm 1) 
( π(n1 – n2 )t = k π ) (where (k = 0, 1, 2...)       (t = k/(n1 – n2 ) 
Time intervals for maxima: (0, 1/ n1 – n2, 2/ n1 – n2,……….) 
Beat Period (T): Time between two successive maxima =1/ (n1 – n2) 
Beat Frequency (b): (1/T = n1 – n2) 
(c) Frequency of known fork (n = 512 Hz). Beats =4. 
      Possible frequencies for (A): (512 + 4 = 516 Hz) or (512 - 4 = 508 Hz). 
      Filing a fork increases its frequency. If (A) was (516 Hz), filing makes it (517, 518) (Beat    
      count would increase). If (A) was (508Hz), filing makes it (509, 510) (Beat count decreases as it gets 
closer to (512). The original frequency of fork (A) is (508 Hz). 
 



  
ZIET MYSURU-SSM-PHYSICS-XI-2026-27 165 

 

   



  
ZIET MYSURU-SSM-PHYSICS-XI-2026-27 166 

 

DIGITAL RESOURCES 
 
CHAPTERWIS
E 
INFORGRAPHI
CS, FORMULA 
SHEET, 
INTERACTIVE 
WORKSHEETS 
AND 
QUESTION 
PAPERS 

FORMULA SHEET 
Inforgraphics XI 2026-27 
Interactive worksheets class XI 
Practice QP Class XI 

NCERT 
YOUTUBE 
OFFICIAL XI 
PHYSICS  

https://www.youtube.com/@NCERTOFFICIAL/search?query=physics%20class%20X
I 
 

XI 
PRACTICAL 

https://www.youtube.com/@NCERTOFFICIAL/search?query=physics%20class%20X
I%20PRACTICAL 
 

  

 
 
 
 

Physics Is Not Just About Formulas And Laws—It Is The Art Of Understanding Nature Through 
Curiosity, Observation, And Reasoning. This Support Material Has Been Developed With The 
Sincere Effort To Simplify Concepts, Strengthen Fundamentals, And Inspire Every Learner To Think 
Scientifically And Confidently 
 

https://drive.google.com/open?id=12JtQsh1wUlsxGpaUfngQdfamUbKeVPl6&usp=drive_copy
https://drive.google.com/open?id=1GYYojiY-0jwMx0xB8X7eyg8s5s7wdyih&usp=drive_copy
https://drive.google.com/open?id=1MAakyukcbBpPsdJdYOtxcyljatZBKqQ0&usp=drive_copy
https://drive.google.com/open?id=1Km5gRtiGRROFyMfawH-5frFA0aE2AxSx&usp=drive_copy
https://www.youtube.com/@NCERTOFFICIAL/search?query=physics%20class%20XI
https://www.youtube.com/@NCERTOFFICIAL/search?query=physics%20class%20XI
https://www.youtube.com/@NCERTOFFICIAL/search?query=physics%20class%20XI%20PRACTICAL
https://www.youtube.com/@NCERTOFFICIAL/search?query=physics%20class%20XI%20PRACTICAL
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	4. If a gas has f degrees of freedom, then its molar specific heat at constant volume (Cv) is  given by:                                                                                                                                     a.   fR      ...
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