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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

v Simple and student-friendly language

v/ Emphasis on conceptual clarity and scientific thinking
V' Step-by-step solutions to numerical problems

v Real-life applications of Physics concepts

v Competency-based and examination-oriented questions

v 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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CHAPTER-1

CBSE Class Xl Physics
Chapter 1: Units & Dimensions

Measure Correctly « Think Scientifically « Learn Visually

LT CELEE

@D NEED FOR MEASUREMENT

Measurement is important in Physics for comparing an
unknown quantity with a standard unit. It allows us to
express physical properties with precision.

Real-life examples

= v
[ea)

Sporting examples

I

School lab Temperature, = =
visuals and time and o oS nseningful
temperature mass Mass ofly When cuantities are

measured accurately.

9 S| FUNDAMENTAL QUANTITIES & UNITS

Length Mass Time

1 Electric
metre (m) kilogram (kg) second (s) Current
Memory Trick: Memory Trick: Memory Trick: ampere
‘Length is standard" | "Mass is quantity’ "Time is duration’ /(A)
— & <) @
Temperature Amount of Luminous
kelvin (K) Substance Intensity
mole (mol) candela (cd)
Memory Trick: Memory Trick: Memory Trick:
'Kelvin is temperature’ ‘Mole is quantity’ ‘Candela is brightness’

Mote: Electric current (A) is not a derived unit.
@ SIGNIFICANT FIGURES
_RULES BOX

MNon-zero digits are significant.

Zeros between non-zero digits are significant.
Leading zeros are NOT significant.

Trailing zeros after decimal are significant.

.
-
-
-

Solved examples: 0.0032 — 2 significant figures
2500 — 4 significant figures
100 — 1 significant figure

@) DIMENSIONS OF PHYSICAL QUANTITIES

Dimensional formula as [ Ma Lch ] (Mass, Length, Time)
¥ ¥ 1|' ¥ l
Velocity Acceleration Force Work ) Pressure
[LT-"] [LT?] [MLT?] [ML?T-?] [ML™? T_zl

Memory trick: Exponent highlighting
(Match exponents with the basic dimensions)

©) QuICK FORMULA REVISION ZONE

i Lenglh:n_'letre {m) 4

" Mass = I-:'llngran; flfgl ) Time = second (s_]-.

Electric Current = ampere (A) Temperature = kelvin (K) Pressure = pascal (Pa)
[ Fore on (N} || Luminous Intensity = candela (cd)

o

(2

. Quick
Recall

Accurate Measurements Lead to Accurate Physics!

@) SYSTEMS OF UNITS |

&

[

| Length Mass
| cas centimetre (cm) gram (g)

}‘ FRER  footi) | poundqb)

| RN cre(m) | mogramow) |
! sI metre (m) kilogram (kg) l

S| SYSTEM = Internationally Accepted System (60D

@) DERIVED UNITS

. Force  Pressure = P=
| Fema 1

kg m s72 = newton (N) L Unit = pascal (Pa)

- W

t

>

L Energy }—» E=Fs L Power " P
L Unit = watt (W)T
kg m? s~% = watt (W)

l Unit = joule (J)T
kg m? s72 = joule (J)

6 ERROR & UNCERTAINTY IN MEASUREMENT
Types of Errors

« Absolute Error (Aa) = |a,, — a,|
where a,, = measured value,
a, = true value

« Mean Absolute Error
Z|Aa,|
n

Mean absolute error:
closeness of repeated
measurements.

3 = _A3mean
= Relative Error = T Percentage error:
Ra i o accuracy of measurement.

+ Percentage Error = { ] * 100

Amean

MOST IMPORTANT: Experimental accuracy depends on least error. |

e DIMENSIONAL ANALYSIS & APPLICATIONS

+ Checking correctness

~ Converting units + Deriving relations

of equations
Checking equation: Converting units: Deriving relation:
Check dimensional validity of Use dimensional relations. Use dimensions to get
equations. valid relations.
1000 m)

Exampio: v =ui+at Example: 1"""11_;00_: ol T=2’IJ—T

=1 -1 = =1 a
ILT%) = 77 + L7207 = LT - 0.2778m s

{Simple pendulum)

Basis: DIMENSIONAL HOMOGENEITY PRINCIPLE
(Only dimensionally consistent equations are physically meaningful.)

@) PRACTICAL APPLICATIONS & PROBLEM SOLVING

=] il

= Aa, =|a, - a Aa = Zlfa| Aa, = B3mean
ua 1 I 1 mennr mean n |\ 1 aman

o ’

= Relative Error = Banean Percentage Error = ]ka:“'““ ) % 100

mean

EXAM
SUCCESS
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MULTIPLE CHOICE QUESTIONS
1. One of the combinations from the fundamental physical constants is he/ G . The unit of this
expression is
(a) ke’ (b) m’ (c)s™ (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

(@3 (b)5 (c)8 (d)7

5. Which number has 3 significant figures?

(a) 0.070 (b) 700 (c) 7.00 x 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) [ML’T ] (b) M L?T] (c) [ML?T™] (d) [MLT?]

9. Which of the following equations is dimensionally correct?
(a) v=utat’v (b)) v=u+at’> (c) v=ut+at’® (d) s=ut+1/2at?
10. If velocity v, time t, and acceleration a are fundamental quantities, the dimension of distance is:

(a) vt (b) at (c) at? (d) va
11. If = = 3.14, then the value of 7 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 + bt%. The dimensions of b is
(a) [L] ) [LT'] (@ [LT?]  (d)[LT7]
13. The dimensional formula for gravitational constant G is
(a) [ML’T?]  (b) [M'L°T?] (c) [M'L7T?] (d) [ML~T?]
14. If the force is proportional to square of velocity, then the dimension of proportionality constant is
(a) [MLT’]  (b) [MLT"] (c) [MLT] (d) [ML'T°]
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. kg  Explanation: Unitof L6 = US)ms™DH _ (Nms)ms™H _ , 2
Q2 - Answer: Option(A) is correct. G Nm?kg2  Nmekg2 9

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 x Distance = (mass % acceleration) x distance kg-m?/s?

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

QS5 - Answer: ¢ 7.00 x 10?

Explanation: All digits (7, 0, 0) in 7.00 are significant because trailing zeros after a decimal are significant.
Q6 - Answer: ¢ 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 =hv E=[M L2T?2],h=[ML2T"'],v =T"'RHS =LHS
Q9 - Answer: b Explanation:LHS = RHS
Q10 - Answer: ¢ Explanation:  From s=ut+1/2at’
QI1.Answer: c Explanation: 72=3.14 X 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 ; °=9.86
12.Answer :d Explanation : By the principle of homogeneity, Dimension of
v = Dimension of ‘at’ = Dimension of ‘bt2’ (i.e.) Dimension of ‘bt>> =[ L T"!]
So the dimension of ‘b’ =[ LT ' t2=[ L T '] [T*]=[ L T ]
13. Answer :b [M'L3T?]
14. Answer :d Explanation F o v (or) F=k v* (where k—constant) » Thus dimension of constant k=
FW*=[MLT?/[LT'P=[MLT?/[L>*T 3 =[ML"]
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 (¢)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 pm, respectively. Which of the following option(s) give(s) the volume of the strip in cm?® with
correct significant figures: JEE 2025
(@) 3.2x107°(b) 32.0 X 107° (¢)3.0x 107> (d)3 x 1075
Q3. If momentum (p), area (A) and time (T) are taken to be fundamental quantities, then energy has the
dimensional formula.
@ E'A'T) B EAT)  (©E'AT) (@) E'A”TY
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 cm?, respectively. The density of the material of the
body in correct significant figures is
(a) 1.6048 gcm™ (b) 1.69 gecm™ (¢) 1.7 gem™ (d) 1.695 g cm™
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 Gis [M ~1L3T 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 v = u + at?, the equation is dimensionally incorrect.

Reason (R): Velocity and acceleration have different dimensions.
ANSWERS
1. a 2.a 3.a 4d S5.b

SHORT ANSWER TYPE QUESTIONS (2 MARKS QUESTIONS)
1. Express Imm 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)

Ql. - Answer: Imm = 10°°m Ifm=10"m
Q2 - Answer: A.U. is average distance of the Sun from the Earth. 1 A.U=1.496 X 10"' m
Light year is the distance that light travels with velocity of 3 x 103 m s in 1 year.1 LY=9.467 X 10" m
Q3 -Answer: Following quantities have same dimensional formula: [M°L°T']. But they have different
units: (i) Angular velocity (rad s™') (ii) Velocity gradient (s™') (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/m?
Q5 - Answer: Diameter of Moon ; AB = d Parallax angle ; ZAOB = 0 Distance of Moon from » (oon
Earth s
OA =0OB =D « Hence, 6= AB/OA=d/ D d=D 6 >
Q6 - Answer: a) ML™'T b) MLT 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 '] RHS:[u]=[LT]
[a-t]=[LT 2] [ T ]= Both sides = [LT ']=[L T'][+[LT ] [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.

2
QI0.As WK.TF = [MLT 2] > M = XL
Unit of force = 1 kN = 103 N Unit of length = 1 km = 103> m
3 2)2
Unit of time = 100s = 102s M =2C80 = 10%Kg
CHALLENGE CORNER
1. Check whether the given equation F.s = %mv2 - %mu2 is dimensionally correct, or not where, m is mass

B

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 :-
QI - 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: [ML?*T 2K~ mol™']
QS5 - Ans: No.
COMMONLY MADE ERROR :
e Students should carefully use the dimension of all the quantities and then deduce the result
e 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 + viz) (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 aand b

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:

(1) 0.004376  (ii) 56.987 (iii) 12345

5. Fill in the blanks by suitable conversion of units :

(a)l kg m’s?=..gcm’s? (b) 1 m =...ly (light year)

()G =6.67x 10-11 Nm?*kg?=... cm’*s2 gL

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™'! Nm? kg 2, then find its value in CGS
System?.

ANSWER WITH SOLUTIONS(3 MARKS)

QI. Van der Waals equation:(P+Viz)/(V—b)=RT Dimensions of volume V=[V]=[L"] Dimensions of
pressure P = [P]=[ML'T 7] Dimensions of a: From Viz =P a=[L*]
[ML!T2]=[a]=[ML>T 2] Dimensions of b: From V—b the terms must have the same dimension
[bI-[VI=[L’]

Q2. 0=160° x=50 m, h=

h=xtan6=50tan60°=50 X \V3=50 X 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 (i) 56.987 — 57.0 (iii) 12345 — 12300
I
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Q5 — Ans (a) 107 (b) 1.053 x 107'¢ (¢) 6.67 x 10°®
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 Isystem, G=6.6 X 10" N m? kg? ; In CGS system, CGS = ? Dimensional formula of
gravitational constant ; [M*LbL¢] =[M 'L’ T2 Hence,a=-1,b=3,c=-2

G [MY Ll:f Ti] = Gegs [Mz Lb Tzc

Gegs = Gy MZ] [ ?2]

1kg
— -11
Gees = 6.6 X 10711 [1 Cm] [ ]

1000 11100 cm
=6.6X10711x g] ] [1]72

lem

=6.6X 107X [1 03] 11073

=66X10711X 1073 X 106

Gegs = 6.6X 1078 dyne cm® g2
CHALLENGE CORNER

1. A calorie is a unit of heat or energy and it equals about 4.2 J, where 1 J = 1kgm?s~2. Suppose we employ a
system of units in which the unit of mass equals a kg, the unit of length  m, the unit of time is y s. Show
that a calorie has a magnitude 4.2 &' 2 y? in terms of new units.
2. State the number of significant figure in :
(a) 0.007 m? (b) 2.64 x 10** (¢) 0.2370 g cm > (d) 6.320 J () 6.032 Nm™2 (f) 0.0006032 m?
3. Convert 76 cm of mercury pressure into Nm 2 using the method of dimensions

4. Check the correctness of the equation %mv2 = mgh 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 ‘1’ of the pendulum and (ii1) acceleration due to gravity g at the place where
the pendulum is suspended. (Constant k = 27)
Q2. A new system of units is proposed in which unit of mass is a kg, unit of length f m and unit of time vy
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 p.

ANSWERS(5 MARKS)

1. Hint: Assume, T «m?®1°g® Use dimensions: [T]=[MJ}[L]°[LT?]¢
Compare powers of M, L and T.
Solution: a=0, b=1/2, c=-1/2 Hence, T= k\/é Givenk=2n, , T= 27r\/é

2. Hint: Energy has dimensions: [ML*T"]

New units: M =« kg, L=Pfm, T= y s Solution:New unit of energy = af?y™
Therefore,5] = n(—) n= S?
3.(a) 1. Checkmg correctness of equations Example: s=ut+ 1/2 at®

2. Deriving formulae Example: T =2m \E

3. Conversion of units Used for converting one system of units into another.
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(b) Assume, v < T* p® where [T]=MLT? [u]=ML"
Compare dimensions. Solution:a=1/2, b=-1/2 Hence, v= \/%

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 m? s72, speed v is m s™!, & acceleration a is m s2. Which of the following
formulas for K.E (K) is WRONG on the basis of dimensional arguments?
(A K=({12mv? (b) K=m?*v" (c) K= (1/3)mv? (d) K= (1/5)mv?
Q2.. In the dimensional equation T = k I* g¥ m” (representing the time period of a simple pendulum), what is
the correct value of Z?
@zZ=0 ((b)z=1 (c)Z2=2 dz=12
Q3. A famous physical relation relates the 'moving mass' m to the 'rest mass' mo 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 m? s72. If we employ a new system of
units where the unit of mass equals o kg, the unit of length equals  m, and the unit of time is y s, what is the
magnitude of a Calorie in this new system?
(@o'p2y? (b)o' P2y’ (c)a?p?y>  (d)oPy?
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 = 2nV(1/g), where T represents the time period in seconds, | represents the length of the
pendulum in meters, and g represents the gravitational acceleration in m/s.

Q1 In the derived formula T = 2n \/g, 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 (41), 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:
e Radius of bottle opening = 2 cm Water speed from nozzle=5m s™
« Force applied while squeezing = 20 N Area of nozzle opening = 4 X 10~* m?
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.

1

Q1. The pressure inside the bottle is calculated using: P = g

What are the dimensions of pressure?

(@)[ML~1T 2] (b)[M1LT 2] () [M°L~1T 2] (d) [M*L™2T™1]

2. A student says that the kinetic energy of flowing water can be written as:E = %mv2

Which of the following represents the dimensions of energy?

(a)[ML?T~] (b)[ML?T 2] (©)[M?LT~?] (DIMLT]
3. During unit conversion, the intern writes: 1 litre = 1 m>.The statement is:
(a) Correct because both measure volume (b) Incorrect because 1 litre = 1073 m?

(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:s = ut + %at2

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=m?v® 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) o' 72 y*Hint: The dimensional formula for energy is [ML*T2].

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 =2n \E, 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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UNITS AND MEASUREMENT

CBSE CLASS Xl PHYSICS

Accurate measurement is the first step t of: tific di: Ty
1. PHYSICAL QUANTITIES 2. S| BASE (FUNDAMENTAL) QUANTITIES 3. DERIVED QUANTITIES
Fhiveicalquahtties] sk of two types] Baze Quantity Symbol S1 Unit Symbol  Dimension Derived quantities are obtai Igabrai
4. Fund ntal (Base) Q it + ' combination of fundamental quan!ltms.
~ They are independent of each other. Length g Mt m it Examples: |
i Bervad Clusntities Mags i kilogram kg ™) Physical Quantity | Formuls | SiUnit | Dimension
~ They are expressed in terms of | | ]
; Area Lxb S L%
fundamental quantities. Time 5 second % m 2 = L
Velume £ m* L
Electric Current 1 ampere A m :
Examples ! Valocity ! ms=! (-1
Fundamantal: length. mazz, time. :hem‘i’“wc 1 kelvin K 1e] Acceleration L ms? [Lr-2) |
current, tecnparatum- amount of fomperature ‘
1 1 = —2 -2
P v T : I i Force ma MNikg ms—)  [MLT ] ‘
n mele me
Derived: area, velocity, force, Substance Dansity "" kg m—3 ™ML3]
fe . d ity, etc.
energy, pressure, density, T Intensity I crasii cd m Energy F ol J (N m) MLAT—7]

=im

i s P PaiNm™2) [ML'T-?
é ﬁ 0 51 (Systéme International) is the modern form of the a5 Lakie i & !
metric eystem and iz used worldwide.

4. DIMENSIONAL ANALYSIS 5. SYSTEMS OF UNITS

= Ewery physical quantity can be exp H of some important quantities: |

terms of fundamental quantities. . . I (i) CGS System (i) FPS System |
- Dimensions help to check the correctness Veloclty. () [ET™3 E“_"'P ._ « Based on centimetre (em), « Based on foot (ft),
afiesustions. Acceloration (a) ~ [LT ?] Toifind irnanelon of gram (g) and second (). pound (Ib) and second (s). |
Force (F) - (MLT-?] GinF =G -'"—’;'2 = Units of force: dyne = Units of force: poundal |
Philes i . (1dyne = 1 gems=?) {1 poundal = 1 Ib ft 5-2) |
© Quantities added or subtracted Momentum (p) = [MLT—'} e + Mot an Sl unit. + Notan S unit.
@ must have the same dimensions. Energy (E) — [ML*T-2] [MLT 7] = (6] (M) [L7F) l
@ Both sides of a physical equation o (Bl = [ML?T-3] = [G] = [MLYT-7] S ElEveTEm
© must have the same dimensions. 2 5 g
@ The dimensions of L M. T. 1, ©, N, J PogssrailP). =ML T3] Hninief G Mok + Based on 7 base units.

are independent. * Coh ¥ (no ion f; ) |
*  Widely accepted and used.

6. MEASUREMENT 7. SOME COMMON MEASURING INSTRUMENTS 8. SIGNIFICANT FIGURES

B is the i of an I ity Measured Least Count ig 1t figures ina
unknown quantity with a standard all certain digits plus the last uncertain digit.

By iF the anmm Rl Motre Scale Length 1 mm or 0.1 em iy

Characteristics of Good Measurement Vorriler Calipers :T;’:“'.":":::": 0.1 mm or 0.01 cm @ Al non-zero digits are significant.

@ Accurate | a Zeros between non-zero digits are significant.
3 Micrameotor Screw =

© Precite Gouge Diameter, thickness 0.01 mm Leading zeros (before first non-zero digit)

(2]
(3]
are not significant.
@ Least possible error Spheromater Radius of curveturs 0.01 mm @ Trailing zeros to the right of decimal point
are significant.
© Trailing zeros in a whole number without

decimal point are not significant.

Types of Errors Stop Watch Time 0.1s

-

Systematic (or Determinate) Errors
~ Caused by faulty instrument,
wrong method, or personal bias,

Ammaoter Electric current (Waries with range) Examples:
0.0078 —+ 2 significant figures

=
-
@ Reproducible -9
&
&
@
@

~ Can be minimized. 102.03 — 5 significant figures
2. Random (or Indeterminate) Errors Veltrmater Potential difference Varies with range) 200 —+ 1 significant figure
- Cause fi in readi 200.0 —+ 4 significant figures

- Cannct be eliminated, only reduced.

5. ORDER OF MAGNITUDE KEY TAKEAWAYS

Order of magnitude of a quantity is the power Absolute Error (Ax) 1 @ Maeasuremant is the backbone
of 10 to which the given quantity is nearly equal. Difference between the measured = Velacity (v) - £ of all physical sciences.
value (£,,) and the true value {x,). ¥ © Use correct instrument and
. Av methed to reduce errors.
fr=ax10" (1=<a<10) Ax = |z — x| *  Acceleration (a) = T © Always e SO g
proper unit and uncertainity.
‘Order of magnitude = 10™ 7
9 < Mtattey Bovoy " Farce Ry Lo @ Dimensions help to check
Ratlo of absolute G'"’I' i I the validity of equations.
t racl) - - = —
Examples: FLHE (0 KM, "::" Pressure (P) =
- " - A ™M
« 0085 = 4.5 x 1072 — Order = 10~ Relative error = o 5 COMMON MISTAKES
. s e - = o : £ i
g 2 3 3 v lgnoring zero error of instruments.
5600 S:8610) =t gy 20 Percentage Error @  Using wrong unit.
* 0.0003 =3 x 10°% — Ordor = 107* Ax - * Energy (E) = Fa @ Taking too fow readings.
. Parcantage error = (-X‘ ) = 100% - @ Mot reporting uncertainties,
Uraadial B e I y = Power (P} = - Fuw @  Rounding off too early in
v vary small numbers conveniently. Result of a Measurement caleulations.
]
x = zm + Ax
(Read as: x,,, plus or minus Ax) Dimensions of physical quantities. “The more precise your
S CiEs convsrsiog o1 measurement, the closer
©r Significant figures. ¥ you are to the truth.”

[+

Ordor of magnitude.
#  Errors in measurement.

[
@ ACCURATE MEASUREMENT — RELIABLE RESULTS — SCIENTIFIC PROGRESS
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CHAPTER-2

@ FRAME OF REFERENCE
QUICK RECALL

% Motion depends
on the observer’s
frame of reference.

Frame of reference is the
observer and object relation.
Rest and motion are relative.

Include real-life examples

@ DISTANCE vs DISPLACEMENT

Distance

Displacement

Scalar quantity
Actual path length

Vector quantity
Shortest path

Can be positive,
negative or zero

Always positive

Memory trick: “Distance = Total path, Displacement = Final shift”
(5) UNIFORM & NON-UNIFORM MOTION

=
(% Uniform Motion Non-Uniform Motion
Equal distances in equal |

Unequal distances in
intervals of time

equal intervals
P>

Time ==

(D

EQUATIONS OF MOTION

PYQ MOST
IMPORTANT

CALCULUS IN MOTION

Visual introduction to elementary differentiation and integration

Velocity Acceleration Displacement
dx dv
vV=— '::>a=a '::>s:fvdt

Use beginner-friendly explanation suitable
ennnration suitable for school-level

CBSE Class Xl Physics
Chapter—z Motion in a Straight Line

“Understand Motion « Visualize Physics  Learn Smart”

Footer Section
& “Physics is Easy When Motion Becomes Visual!”

The entire mfographlc is scientifically accurate and strictly according to the latest CBSE syllabus.

a\

ikl
(2) MOTION IN A STRAIGHT LINE

One-dimensional motion along the X-axis only.
Positires with positive and negative direction.

‘-(—<,‘:| D—b:D—b‘

) el s e —1 0 1 2 3 4 5

v Distance v~ Speed
v Velocity

(4) SPEED & VELOCITY

/_\Avera e Speed = 1otal Distance
Em g ~F ~  Total Time

Displacement
Time

v~ Displacement

to dlstlnchon
between speed
and velocity

) Average Velocity =

>
=p=>

Instantaneous Velocity =
Velocity at a
particular instant

(6) ACCELERATION

The rate of change of velocity with the formula

u = initial velocity
v = final velocity
t =time

VAN

Negative
acceleration

o GRAPHICAL REPRESENTATION
OF MOTION

Position-Time Graph Velocity-Time Graph
= Slope gives * Slope gives

Retardation/
Deceleration

Positive acceleration

= " velocity ‘ acceleration
= / ey b « Area under
L& /:/Iv—é", i graph gives
Time Slope ‘ Axes displacement
: [GRAPH TRICK BOX )

QUICK REVISION ZONE

Important : Graph
formulas J { Stunits J [ J
tricks

relations
Key
definitions
1-Minute Recall

Common
mistakes

Exam Booster

Memory ]
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DISPLACEMENT-TIME GRAPH

VELOCITY TIME GRAPH

N Positive Velocity Positive Velocity
& Zero Acceleration Positive Acceleration
- -
N 2 g
£ E
he ne = =
, > > L
> ero s| 7= g = =
5 S Time (s) T Time (s)
bl trai =3 =3
nst: locity. ; g
> urve
> 0 o These objects are mowving These cbjects are rooving
cele with a positive velocity. with a negative velocity.
parabol.

o P o i

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 m; and mo fall from the heights h; and ho respectively.

The ratio of the magnitude of their momenta when they hit the ground is

@ /hihy (b) [ CERD @z

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) 2nR (c) 7mR (d) Zero
4. A ball is dropped from height h. The velocity attained by the ball just before reaching the ground is
(a)y2gh (b) \/3gh () gh (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) SKm/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
_ ax :
7. If t=\/x + 4, then (dt)t=4 is
(a) 4 (b) zero (c)8 (d) 16
8. A body moves with uniform acceleration, then which of the following graphs is correct —

(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?

N T
T~ =1
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QI10.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
QI1. 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 vo and another body B is
simultaneously dropped from a height H they meet at a height H/2,if vo is equal to

(@ y2gH  (b)gH (0)5+/9H (d)) \/%
Q14. A particle starts from rest with constant acceleration =2m/s2.Find displacement in 5"sec
(a) 9m (b) 18m (c) 15m (d) 6m
QI15.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/s*>  (b) 1000 m/s*>  (c) 2000 m/s? (d) 1500 m/s?
SOLUTIONS OF MCQ :-

1

; o - Y qj o - L
1. (a) 34.6 km/h Explanation tan 30° = s Since, tan 30° = N

Therefore,v = 60 X % v = % v = 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)+/2gh

5 (b) Vavg—X3% —24 Km/hr
20+30

6 (d) Total Distance=Length of train+ Length of Bridge

Total Distance=(100+1000)=1100m  Speed 45 km/hr=45x = = 2 /s

Time taken=Total distance/speed= %(/);;88 sec

7.(b) x=(t-4P=t-8t+16 = =2t -8 Att=4, = =0

8.(a) wv-t 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) Swn=u+Z (2n — 1) For freely falling body u=0 Therefore, Sun= 5 (2n — 1)

Distance travelled in first 5 sec S=ut+% gt2=22—5 g Given Spn =S
ANSWERS OF CHALLENGE CORNER
11.(a) 37.5 Km/hr  12.(d) 8a 13. (b) \/g_H 14. (a) 9m 15. (d) 1500 m/s?
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 + 9t>(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=3t>+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=v/x — 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 + 9t

v="2=2(6+18t + 9)=18+18t Att=2 sec v=18+18x2=54ms’!

4: Prove Sh =u+ a/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:-60ms!  7:48Km/hr  8:19.6m/s 9: 6m/s’ 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 s

30° and 60° with time axis respectively as shown in the figure i
(a) which line represents greater velocity _g_ A
(b) what is the ratio of the two velocities a s
[+]

(c) What is the nature of motion represented by each line? Time —»
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™! 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™'& from B to A at 60 ms™'. Calculate the average speed and average
velocity.
6.The position of and object moving along x-axis is given by x=a+bt?, where a=8.5m and b=2.5 ms™ 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+5t%. Calculate (i) the
instantaneous velocity t=2s (ii) average velocity between t=2s to t=3s
(ii1) instantaneous acceleration.
8.A body covers 12m in 2" second and 20m in 4" second. How much distance will it cover in 4 seconds
after the 5™ second ?

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

particle.

o N
= DAy b

] = feh 1

Talal path iengih

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 act. calculate the final
velocity of the particle after time t.

12.1dentify the types of motion in following cases :

A o E
ol

-

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+1/2at’> ,v’=u’+2as

dislacement—p
distance —

———

c

o) deplacement—»

9l
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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
tan 30 1

(b) Ratio of two velocities=4 = =
VB tan 60 3

(c) Nature of Motion : Each straight line on a displacement-time graph represents uniform motion.

3 . T
. =
T T E=] o
=8
2 = E
= = =3
s Time —> : Time —> Time —
@ [€23] (i)

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= =48 Km/hr

Total distance travelled _ 2v1v,

Total time v1+v;
Total displacement travelled

Avg Velocity= As body returns to its initial state Therefore net displacement is

Total time
zero  Hence Avg velocity=0

6: V(=0 == (a+bt?) =0+2bt Att=0;v=0 &Att=2s  v=2x2.5x2=10ms’

dt
Att=2s x=at4db & Att=4s x=at+16b Avg Velocity—gzz_f1 = a+164b‘za‘4b—6b
274 -

Hence, Avg Velocity= 6x2.5=15 ms™!
7iASX=ISHSE V(=2 =18+10t &  a(t)=o = 10 ms?

vel att=2 v (2) =18+10(2) =38ms™' v (3) =18+10(3) =48ms™' Since acceleration is constant

v aviw = 43 ms! & instantaneous acceleration a=10 ms™

8 :Case I: let initial velocity = u m/s ,distance=s=12m,Time =t=2sec

S= u+ta/2(2t-1) = 12=u+a/2 2x2-1) =12=ut+3a/2 = 2ut3a=24------—--—---- (1)

Case II: Time=t=4sec,distance =s=20m  20=u + a(2x4-1)/2 =20=ut+7a/2 = 2ut7a=40--(2)

from 1 and 2: -4a=-16 = a=4m/s® substitute the value of a in equation 1 we get : u=6m/s

Case iii:distance covered in 4sec after Ssecond=distance covered in 9th s-distance covered in 5sec = (6x
9+1/24 x9x 9)-(6 x 5+1/2x4x 5% 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 t™ second of motion = u+a/2 (2t-1)
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11, v=F2
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

. .. 1
(i) v=u+at (11)s=ut+;at2 (ii1) v?-u*=2as or v?>=u?+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: & 1667
(a) Draw a velocity-time graph for the entire motion.
(b) Calculate the total distance covered by the train.
(¢) 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 e
meaning

Velocity (m/s)
o

o 20 60 60 =le]

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 4™ 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™!

(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™ 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 betweent=0to 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. 2T

3.19. =

Choose the correct entries in the brackets below; R

(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?
(¢) Sketch the velocity-time graph.
(d) Suppose wind resistance causes a deceleration of 1 m/s? 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

_v-u_16.67-0

During acceleration (0 to 20 s): a ——0.8335 m/s? & si= ut+% t2=166.7 ms™!

During constant speed (20 to 60 s):  s3=vxt:=16.67x40=666.8 ms™
During deceleration (60 to 90 s): a=vt_—u =—0.556m/s>  s3= Vt3+§ t32=250.05 ms
3

Total distance: s=s;+s>+s3=166.7+666.8+250.05=1083.55 m

(¢) Total time t=20+40+30=90s =90 s

Total distance travelled 1083.55
Avg speed or vavg = = ~12.04m/s

Total time 90

(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=49m Time for a drop to reach ground t= \/%:m:,g =

1 sec
9

when the first drop lands on ground, the 4™ is ready to come down. Therefore there are 3 equal time gaps of

(%)between two consecutive drops. Time of travel of 2" and 3™ drops are 2 & érespectively. Separation
between 2" and 3™ dropszg (é)2 — (%)2 =1.63m

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~

(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 v -u*=2as =>s=44.1m, & Usingv=ut+at = t=3s
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

v-u?=2as = v’ —(0>=2x98x90 > v*=1764 = v=42ms!
Let #1 be the time taken by the ball in reaching the ground.

v=utat =42=0+9.8t = t1=4.28s.

(1)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 %X 42=42 (ie.,

42 — 4.2 =37.8) m/sThis is shown by the line 4B.
(i1) 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 £

v=utath = 0=37.8-98n :>tz=% =385s

Therefore, the speed of the ball goes on deéreasing at constant rate from 37.8 m/s to 0 for 3.85s. va=uz +
2
2as = (0P -(3782=-2x98xs =S8 g39m

2X9.8
Thus the ball rises to the height 72.9 m. The decrease in speed in the upward motion is shown by BC.

(ii1) 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 % of37.8=3.78 237.8 —3.78 =34.02 m/s

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

2
5:h=—=—% =441m (ms™)
2g  2x9.8
29.4

Initial speed = 29.4 ms™' Height the object attained = 44.1 m
Distance covered in last second = area under speed-time graph 196
9.8

= = x(6-5)x(19.6+29.4)=245m

oo ()

P~}

(]
'
'
’

5

1 2 3 4

ANSWERS OF CHALLENGE CORNER
6.Displacement in nth secondZSn-Sn-1=u+%(2n-l). Let S be the complete length of fall & t be the time taken

for it S=§gt2 (u=0).Also % is covered in last second % =0+ % (2t — 1) On solving we get t>-4t+2=0= t=

2 + /2 sec

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/s’> t=33.33s

Net acceleration ane=0.9—1=-0.1 m/s?

T,

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 A t (where A 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/s?, and
neglect air resistance.
(1) How does the gap between the balls change?
(a) Increases (b) Decreases (c) Becomeszero (d) Remains constant
(1))  Find the initial velocity of ball 1.
(a) 10m/s (b) 20m/s (c) 30m/s (d) 40m/s
(ii1))  With what velocity was second ball thrown?
(a) I0m/s (b) 20m/s (¢) 30m/s (d) 40m/s
(iv)  Calculate the time interval between their throw.

(a) 0.01s (b) 0.1s (¢) 1s (d) 10s
OR
(iv)  The type of motion of balls is
(a) accelerated (b)uniform (©) 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 Ax/At 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.

(1) 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) 80s (b) 68 s (c)56s (d)92s

(i1) 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

(ii1) 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)4n (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.

(1) 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
(i1) The time of descent of a body thrown vertically upward with initial velocity u is
(at=v/4dg b) t=u/g c)t=u/2g d) t=u/3g

(ii1) 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 (byv=2u (c)v=3u (d)yv=4u

SOLUTIONS
I:(1)) (d) The gap between the balls remains constant as their acceleration is the same.
(i1) (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.

Si=u(t +x) +1/2(— g) (t + x)> Similarly, for second ball, S, =u7t — %— gt?
. . t t
Taking difference,S| — So=u (t +x— ;) — % [(t+x)>—t)]= u (E + x) — % (2xt +x?)
Now, Si—S;=15matt=2s As x<2s, x=1s
15 =u(3+1)=2x102x1x2+1(1)2} = u=20 ms (velocity of first ball)

(1)  (a) Velocity of second ball = =10 m/s
iav) (¢ Time interval=x=1s. Or (iv) (a) accelerated
2.(i)a80sec (i) a50 Km/hr  (iii) d 17.14 sec (iv) b 2m/s?

HINTS OF CHALLENGE CORNER
3.31) ¢ (i) b (iii) ¢ (iv) a
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MOTION IN A STRAIGHT LINE

CBSE CLASS XI PHYSICS

The path may be straight, but the understanding makes it powerful.”

1. SCALAR AND VECTOR QUANTITIES 2. POSITION, DISPLACEMENT AND DISTANCE 3. VELOCITY AND SPEED 4. ACCELERATION

= Position (x): Location of a particle at a given time

Scalar Quantities Average Velocity Average Acceleration

with respect to a reference point (origin).

Have magnitude only. Total displacement Ax Change in velocity Av vy — vy
- s = ———— = — a=——""—"——®= — = ——
Examples: distance, speed, D“ﬁ"““"“_'_“ o 5""'_“’" T Sromintisl & Total time At Time taken at t
time, mass, temperature. 1o final position in a specified direction. .
P, Instantaneous Velocity Instantaneous Acceleration
Vector Quantities ! ! A e Av dir a2
| Hawve both magnitude and = Distance: Actual length of the path travelled v = h]jmo ,.-1_: e 4 A]:r_no At dt | de?
£ —
direction. {always positive). |

. ~2
Examples: displacement, 51 Unit: m s

Speed = |Velocity|

. " Xy o] Xr
velocity sccalaction; forsa: - : * (Speed is always positive) Significance of sign of acceleration
9 -2 -1 o 1 2 3 x (m)
In motion along a straight line, | Average Speed a >0 : Velocity increases with time
irection i > : sy it
direction is taken as either +ve W e ek i it tial padtian) iy Total distance a=<190 Velocity decreases with time
or =ve. = A rant = O bt dist # 0. Total time a =0 : Velocity is constant

p

5. EQUATIONS OF MOTION (For unfiormly accelerated motion)

Let initial velocity = u

6. GRAPHS IN MOTION

© v=u+at (i) Position-Time (x—t) (i) Velocity—Time [v—t) (iii) Acceleration-Time (a—t)

Final weloci v Derivation Hint Slope = velocity Slope = acceleration

: -2
Acceleration = a (constant) © s=ut+ %atz From equation (1), x (m) vims?t | (mizy=)
Time =t

g v—u
Displacement = s © v?=u?+ 2as '3
Substitute in equation (2)
L
SUVAT Equations (u+v) tis) tis) tis)
QO s=—F—1 orusev= 2% 4
2 dt dr Straight line Straight line Horizontal line

= constant velocity = constant acceleration = acceleration = constamt

10. IMPORTANT FORMULAS

9. COMPOUND MOTION
(IMPORTANT CONCEPTS)

(i) Uniferm Motion a=0 © Average velocity = Total displacement
Hinose v=constant || g b o ___ (i) Overtaking - Total time
1 When a faster body catches
| Total distance
() Motion with a>0 I up a slower body ahead. © Average speed = &
- 4 otal time
Positive Acceleration increases : : Relative velocity = v, — vy
with time b | 2 dx
] ] 5 {ii) Head-on Collision ©) Instantaneous velocity = =
O8] | Mo ity <0 0 4 L] ‘When two bodies move p &
MNegative Acceleration  jgcreases towards each other. © Instantanecus acceleration = o — -—':‘
with time * Area under v—t graph between t, and t; Relative velocity = v, + v dt dt
= displacement between t, and t.
(iv) Free Fall % a 7 {ili) Crossing a Point © Change in velocity = vy — v
(near Earth) a=g=98ms? * Area above time axis = +ve displacement Time taken by a body to ‘
downward s Area below time axis = —ve displacement reach a point. o Displacement (constant a) = ut + % at?

Use equations of motion. » & «

11. TYPICAL NUMERICAL EXAMPLES KEY TAKEAWAYS

Example 1 Example 2 Example 3 Motion in a straight line can be described

A, train starts from rest and sttains a velocity of A body maving with velocity 10 m s~ ' is uniformly A car has a uniform acceleration of 3 m s~2 completely by one dimension,

72 km h~" in 10 s with uniform to rest in 5 5. Find the distance travelled. Find its welocity after & s if it starts from rest. Displacement is a vector; distance is a scalar.
. - 7
Find (i} (i tr B Solution: Salution: Velocity is the rate of change of displacement.
Solution:
| g 5 u=10ms", v=0¢t=5s u=0a=3ms? t=8s

u=0 vr=72kmh™ =20ms™", t=10s Equations of motion are valid only for
0-10 v=u+at=0+(3)(8) =24ms"’

L]
(]
(]
& Acceleration is the rate of change of velocity.
(]
[

o r-u 20—-0 2 me-? a= = 5 = —2ms? constant acceleration.

L L Graphs provide visual understanding
(i) £ = ut + %mz =0+ 15[2](1cn’ =100 m s = ut+ %atz = (10)(5) + %{—2:(5]’ —=25m of motion,

COMMON MISTAKES PYQ FOCUS BOARD EXAM TIPS REMEMBER THIS
€ Using di instead of displ Derive equations of motion. @ Draw neat diagrams and graphs.
) in equations, " p Equations of motion are powerful tools.
€3 Ignoring the sign of acceleration. T Find acceleration, velocity, time £9) Wik bncwms(ciaayjlisfars aokiing:
© Caonfusing average with . or displacement from given data & Write formula first, then substitute. - Understand the concepts,
€ velocity. T Interpret v—t and x—t graphs. &  Always write units with final answer, 2 visuslize the graphs,
€3 Forgetting unit conversions.
o A o o ot 1r Concept based: Scalars vs vectors, & Check the sign of acceleration and problems bacome sasy!
issuming acceleration is zero witho

4 d_‘ukl_ﬂ;g e significance of negative value. and velocity.

CONCEPT + PRACTICE + GRAPH

MASTER MOTION IN A ST
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CHAPTER-3

MOTION IN A PLANE

Understanding 2D Motion through Vectors, Components and Scientific Thinking

1. INTRODUCTION TO MOTION IN A PLANE 3. POSITION VECTOR

2. SCALARS AND VECTORS

Motion ina.piane (two dimensi?:ns! oc.clurs Y SCALAR VECTOR The poslifion of a particle P at any time is given by
when an object moves so that its position 2 = the position vector:
changes along two mutually perpendicular {magrittude only} Imag_nltu.de L Y
directions, usually X and Y axes. ¥ Examples: distance, diisetion) r= xi + yj J
speed, time, mass, Examples: displacement, i
Examples temperature, welacity, acceleration, where,
= Projectile motion of a ball energy. force, momentum.

x = distance along X-axis

# A bird flying in the sky

¥y = distance along Y-axis
» An airplane taking off

Vector Representation . J = unit vectors along

= A boat crossing a river o X and Y axes
— = A“ |A] = magnitude
& Ve \ ™,
= \ z

T i 9= ditection Unit Vectors

P - L __ & 8 (angle with +X axis) f=1{+0j (along %)
3 3 2

Projectile Flying Moving River crossing A vector is fully described by its magnitude Ji=i0tko1y: along ¥)

motion bird airplane problem and direction.

4. VECTOR ADDITION & RESOLUTION

Triangle Law

KINEMATICS IN DIMENSIONS

If ¥ is velocity and d is acceleration, then motion
in X and ¥ directions are independent.

A projectile follows a parabolic path when projected
with initial speed u at an angle 8.

Parallelogram Law

H (Maximum Height)
Along X-direction Along Y-direction !

e
v = U, + agl vy = ay + ayt ] S
| ~
1 2 1 2 | LY
X = xp 4 b+ S oal ¥ =¥ UL+ Sal ' .
2 2 H i
1
vi=ui+2a,(x=-x) vy = u3 + 2a, (¥ = yo) ' ‘\
' X
Graph: i i
A, = Acos#@ raphs (for constant acceleration) R (Range) -—-—————- —
X-direction Y-direction (projectile example) Koy E E = =
A_»,u =i ey Equations (g = acceleration due to gravity)
Ut Yyt ¥t
Components of 7 : ¥ =
T Initial Velaeity Time of Flight (T) Maximum Height (H)
i 2 gin?
: u, = ucos@ T=2uslns qu sin® @
Resultant Components R, N o P c P c P e g 2g
5 4 3 - i s R i
FA=A1+A,] and B=Bi+B,j p
e v N " 5 Range (R) Special Case:
R=A+B=(A,+B)i+ (A, +B)j 2 u? sin 28 Maximum range when § = 457
Re Key Idea: Break a complex 2D motion into two simple Re=f—— ot
B B2 + BT o By e B . P Then, Rpex =
IRl = V’R, + Ry . ¢ =tan o 1D motions along X and Y. Solve separately, combine g
x

results.

) Think Like a Scientist

7. UNIFORM CIRCULAR MOTION (UCM)

An object maves in a circle of radiue r with constant speed v.

9. LEARNING SUPPORT
" i For Bright Students

| Shulbmee Yourself!

. For Slow Learners

s Important Formulae Take it Step by Step

« Broak complex motion into simple components.

Speed (v} = constant = Analyze X and ¥ directions independently. o A oa i toasetis rivar-ob it 1. Draw X and ¥ axes.
e O - - Observe pattemns in graphs and trajecteries. e bt RIS o with L. P b T TR
’ S - Use equations to predict and verify results. resultant path. e e
i L% = Ask questions. Explore. Explain! + An airplane flies with velocity ,, in still & Ulse -corract fommuli:
Angular ity:  w - air. Find ground velacity with wind i, o "
) 2er za ) ™ p 5. Solve one direction at a time.
Time Petiod: T = —= = == ¢ Curiosity Questions + Explore relative velocity:
Frequency: f = 1_'_ - ; « Why is projectile motion parabolic? Vrar = g — Tn Remember This
v
* Why does gravity affect only vertical motion? : = X — Horizontal — constant speed
Curiosity! = Why is range maximum at 45°7 Think Beyond: (if @y = 0)
= Even though speed i conatant, velocity is changing because + What happens if there is air resistance? How does changing :"9'9 @ affect range * ¥ — Vertical — affected by gravity
L £ i jectil i it! -
direction changes contiruously. & e doas changiogianiia o & affact in projectile motion? Prove it! (ay = -g)
» Examples: Ceiling fan, Earth around Sun, a stane whirled in a string. the path? = Always use units!
10. REAL-LIFE APPLICATIONS 11. SUMMARY
Pty /_-
@ I“ & > X I__. Z i :
/ »
. I
= Yy /V P [ \
Sports Missile Launch Satellite Motion Airplane Mavigation Rain at an Angle " in a Pl Vect Break into Projectile Motion Uniferm Circular
Mation
Aol ﬁ::‘fh Brises | o in prok et and velooty. ":‘d;“” fa "'"’::" is the combination | help us represent follows a parabolic
in varues games,. || iised i targeling n:uuemunlhrm vectors affect # from meving v R il | B X and ¥ pth . peed
and trajectory. cincular mation. flight path. appear slanted. jrarkiny g : g by S is constant along

a circle.

EXTRA FACTS & FUN CORNER

Did You Know? Interesting Comparisons € common Mistakes

@ Study Tips

« Practice diagrams daily.

Remember the Big Picture
» & bullet fired horizontally can travel
hundreds of meters|

= Car moving on a straight road — (10}
+ Car turning on a curve — (20 curved path)

©)

+ Forgetting vector direction Physics is not about formulae.

« The Apslio missions used precise
caleulations af metion in a plane
to reach the Moon,

» A Frishee’s flight is a combination
of circular and translational moticn!

ESTION + ANALYZE -«

CALCULATE =

= Fan blade tip — (UCM)
+ Ball thrown — (Projectile: 20 + gravity)

UNDERSTAND =«

+ Mixing up X and ¥ components
+ Using wrong signs in equations
+ Mot considering units j

Jjust farmulas.
+ Revise and revisit regularly.

APP] MOTION

+ Solve numericals step-hy-step.
= Understand concepts deeply, not

IS EVERYWHER

SCIENCE IS

It is about understanding how
nature works and using logic

to explain the world!

IN Y
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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 6. What is the value of 6?

(a) 6=90° (b)6=10° (c) 90°< 6 < 0° (d) 0°< 0 <180°
Q3.The square of resultant of two equal forces is three times of their dot product, the angle between the forces
is

(@)m = © 7 d =
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)5m (b) 200 m (c)100m  (d)50m

Q5. A particle moves in a circle of radius 25 cm at two revolutions per second. The acceleration of the particle
in m/s? is

(a) m’ (b) 2n? (c) 4n? (d) 8x?
Q6.1If 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.

P f L i+]

@i+ OF5 (k% (d) 7

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 / s?)

(a) 6.38 (b) 9.98 (c) 11.33 (d) 12.13
Q9. If the velocity is #=2f + t?j — 9k then the magnitude of acceleration at t = 0.5 s is
(a) Ims?  (b)2 ms? (c) zero (d) -1 ms™

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
QI12. 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?
2,,2
(a) 4m2v%R (b) = (c)2mvR (d) 2=

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=asin (wt) and y=acos (wt) 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/s?) [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/s*. Att=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/s?)
[NEET-2021]

(a) 20 m/s, 0 (b) 20 V2 m/s, 0 (c) 20 V2 m/s, 10 m/s> (d) 20 m/s, 5 m/s>
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) 0° (b) 90° (c) 45° (d) 180°
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 P=i +j and 6 =i—] 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?

(2) 0 ®5 K (d) 5
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: V2 (b) 2:1 (c)V2:1 (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?
1

@=(;) o=@ ©@6=@ @6=4
SOLUTIONS OF MCQ:

Ansl. 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 0° and less than 180°.
Ans3: Option (d) As, P=Q R? =3P(Q
Also R? = P? + Q% + 2PQ cos cos 8 = 3P? = P? + Q? + 2PQ cos cos 8 = cos cos 0 =%

Hence, 0 =60°=§

2 2
Ans4. Option (d) Rpax = u; =100m  Hpgy = ;‘—g =50m

Ans 5. Option (c) r=25 cm=0.25 m, £=2 s ! and a=w’r= (2nf)*r=(41)*x0.25=161*x0.25=4n>

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

i

Magnitude of vector is given by; |4%| = \/AX2+AYZ + AZ2 D+l = V12 +12=/2

e I e R e R LY B [CORTCR

2
Ans 8. Option (a) a = VT =62.5 m/s? ; a/g= 6.38
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= S @i+t —9k) =2t ]
Magnitude of acceleration; a =2 ; When t=0.5 s; a =2 (0.5)=1 m s 2
V2h

Vg
Ansl1. Option (¢) 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.

Ansl13. Option (A) is correct. As, a.=R w? Puttingw =2 wv a. =4mw%v?R

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 x? + y? =a? thus the particle follows a circular path

Ans 16. Option (a) Rel. speed =25+25=50 m/s, t= 1/2gt?>= 2s: Vertical fall in 2 s: 1/2gt’= 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/s%;  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 V2 m/s; at t=6s, g=10 m/s? (ball under free fall)

Ans 18. Option (b) |4 + B| = |4 — B| Applying A2+B2+2ABcos® = A>+B2- 2ABcosf

=>4AB cos0= 0. Since A, B =0 So cosf= 0 => 6=90°

Ans 9. Option (a) Acceleration; a =

Ans 10.Option (a) both will reach simultaneously As t = Hence, t does not depend on horizontal speed

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

(dIf 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.
2

REASON: Centripetal acceleration is represented as ac = %

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.

Q4. ASSERTION: If P. 6 = P.R Then P may not always be equal to R.

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 P + 6 +R= 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 8 = (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 8 and then at an angle (90° — 0), keeping the
initial velocity same. In both the cases, the range will be same.
REASON (R): Range of a projectile R =u*sin26/g.
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 Pand 6 are zero, it implies that one of the

vector P and 6 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 T, — 2usin 6 __ 2(nu)sin 0
=

>T=——=nT;
g
If you throw the ball twice as fast, it actually goes four times as far, not just twice as far.
u?6 ,  nu?g
R=—=R =——
g g
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
u?sin26

= n?R, Hence A is true R is false

Ans 3. Option (c) When a body is projected its range depends on R =

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 (¢) 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 A=2 i+3j and B =4 i-57

Q3. Calculate the angle @ 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 % 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 o
OPRQO as shown. If he maintains constant speed of 10 m/s, what is his acceleration at point E
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 P& 6 if resultant over the vector is given by R2=P* Q?

EXERCISE QUESTIONS
Q11. On a certain day rain was falling vertically with the speed of 35 ms™! a wind started blowing after some
time with the speed of 12 ms™ 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 A=3 i+2f and B =-3 i+77
QI13. 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.
QI15. 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
2

u?6 . . u
Ans 1. As, = 5 s R=Rmax, 8 =45°1.e., 0 =sin 90°=1; Rmax :;
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.
2
v?-u?=2as here,v=0,a=-g,s=H; H=§%= 50m

Ans 2. Condition for orthogonal vectors; A.B=0
A.B=Qi+3).(41-5))=8(1.0)-15(Gj)=4.B =8-15=-7
As, A.B # 0. Hence A and B 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 =2r rad.0= 2n/12 = /6 rad =30° so Angle between adjacent spokes = 30° & n/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. Rms—sR == 2X% 5 9 =2 _ Gin60 . 9 =30
' V3 g V3 g 2

Ans 6. 90° .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
2 2
Ans 7. Centripetal acceleration, a = 1;7 =% =0.1ms™ along 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 A, = Al &A, =A,j Also, A=A,0 +A,f

Ay =Acos§ & A, =Asind =A= /Ax2+Ay2

A
tan 6 = -~
Ay
2
Ans 9. Let R be the maximum Horizontal range, then szg

Since the water sprinkle on the ground around the fountain in circular area of radius=mR?
Ans 10. As we know that R?= P?" Q> +2PQcos 0 ; Given R’>=P*+ Q?
PZ* Q*=P?" Q*+2PQcos 8 ;2PQcos @ =0 = cos8 =0 = 0 = 90°

ANSWERS OF EXERCISE QUESTIONS
Ans 11.v=37ms" & 6 = 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
(1) 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 \/3P? + Q2.
Q8. Find the angle between the vectors A =1+2j — k and B =i+ —k?
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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
QI10. Find the angle of projection for which the horizontal range & maximum height are equal
QI11. A football is kicked at an angle of 30° with the vertical if the horizontal component of its velocity is 19.6
ms™! 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.
(1) Calculate the angular speed and the linear speed of the insect.
(i1) Determine the acceleration vector acting on the insect. Is it a constant vector? Also calculate its magnitude.
(ii1) 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™!. 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=10ms2)

SOLUTIONS: -

Ans 1: GivenA+B=4A—B
Taking square on both sides (4 + B)? = (4 — B)? = A2+ B224B6= A’ + B>-24B
44.B = 0 = A.B = 0 ;Therefore these two vectors are perpendicular to each other.
Ans 2. (1) When the angle of projectionis 8 = 45 + «

R_u29 _ u?(45+a) _ u?sinsin (90+2a) _ uZcoscos (2a)
) g 9 g

(i1) When the angle of projection is 8 = 45 —
2 2045 2cinci _ 2

R,_u 6 _u (45-a) _ ulsinsin (90-2a) _ ufcoscos 2a) Clearly R=R’
g g g )

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

_.. AT 1 v|AF] v |AT
la’l = Atz_At r T r At
el = 2=
T
R V-G
YT At

Ans 5.(a) From figure x - component =5cos45°1=5 V2 i
y - component =5sin45°j= 52 j

z - component =2 k

Then position vector 7 = \72 i+ ] )+ 2k

(b) |lly ,vector 7 = % (-7)+3k

(c) |[ly,vector 7= V2 (i+j)+4k

Ans6. Let Fi and F» be the two forces.
Then F1=3x,F>=5x,R=28N and 6=60°

R=/P% + Q2 + 2PQ cos cos @

=>28=\/(3x)2 + (5x)2 + 2(3x)(5x)c0s60°=>7x=28=>x=4; ~Fi1=12N,  F»=5x4=20N
Ans 7. Let FiandF> be the two forces.

Then Fi=P+Q,F2=P-Q, R=,/3P2+ Q2 R?=F,*+ F,* 4 2F,F, cos cos 6

=P2 - Q?=2(P?-Q?%coscos@ =coscosf = % s 0 =60°

Ans8.|A| =12+ 22 + (—1)?=V6 ; |B|=/(—1)2+ 12 + (-2)? =\6
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AB=1Xx(-1D+2x1+(-1)x(-2)=—-1+2+2=3
AB 3 3 1

= === — => =
cos cos 0 HERN AR 0=6
Ans 9. H=19.6 m R=39.2+39.2=78.4 m
2
E=ﬂ><ziz—1tané? =>tan g =2 = 2 _
R 2g " u20 4 R 78.4
2 2
~ 0 =45° As, H—uZ; 19.6—ZX:58 >u?=4x19.6 u=V78.4 = 8.85ms™?
ANSWERS OF EXERCISE QUESTIONS
Ans 10. 8 = 75°58 Hint : Horizontal Range=maximum height
Ans 11. Maximum height=58.8 m
Horizontal Range=135.8 m Hint: 8 = 90° — 30° = 60° & find u

Ans 12. Whour hand ' Weartn = 2:1
Hint : Hour hand of a watch completes one revolution in 12 hours and Earth complete one revolution in 24

6
hours & use w = <

Ans 13.Angular speed=0.44 rads' ; Linear speed=5.28 ms™ ; acceleration=2.32 cms™!
Linear displacement=0

Ans 14.Angle of sight a = (g) Hint: a = (g)

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 7 =3ti-2t?j + 4k m where t is in seconds and the coefficients
have the proper units for 7 to be in metres.
(a) Find the ¥ and @ of the particle?
(b) What is the magnitude and direction of velocity of the particle at t = 2.0 s?

Q 3. Two vectors A and B are inclined to each other at an angle 6. Using parallelogram law of vector addition,
find the magnitude and direction of their resultant. Calculate the magnitude and gives direction of R when

@) A and B act along the same straight line in the same direction.
(ii) A and B act along the same straight line but in opposite directions.

(iii) A and B 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 t; & t2 be the time of flight in the

R
two cases then prove that  t;t, = (27)

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/s>.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 0 &
90- 0(i) Range is same, (ii) Heights are in the ratio tan 20 : 1.

(b) If the range and maximum height are equal, then angle of projection is tan"!(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 = (7ti-5t*j+4k) 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 = g ps

Angular speed of revolution of the stone is w = 2nf = ® =2 x 22.7 x %ﬁ ®= % rad/s Magnitude of

acceleration produced in the stone will be equal to the magnitude of centripetal acceleration. = ro? = 0.80 x

(5)?=9.90 ms™

We know that, the direction of the acceleration is towards the centre of the circle along its radius.

Ans 2. Ans 2.(a) As 7 =3ti-2%] + 4k Also, ¥ = % = % (3ti-2t% + 4k) = 3i-4tj ms™!
Also,d =L = £ (31.41)) = —4f ms>
(b) velocity of the particle ¥ = 3{-4tj ms™! Att=2s = 3i-4x2j=31 — 8]

Magnitude ¥ = /32 4+ (—8)2 =9 + 64 =/73=8.544 ms™
Direction 8 = (%) = (_?8) = —70 with x axis
Ans 3. When two vectors A and B are inclined at an angle 6, the magnitude R of their resultant is given by

R =A% + B2 + 2ABcos0
Direction is given by 6 = (

B’ sinf )
A+B cos6
1. 6=0°(Vectors in the same direction):

Magnitude: R = VA2 + B2 + 2AB  Direction: Same as A or B
2. 8=180° (Vectors in opposite directions):

Magnitude R = VA% + B2 — 2AB  Direction: Along the larger vector
3. 6=90° (Perpendicular vectors):

Magnitude: R = VA? + B? Direction 6 = (%)
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). Ay = Acos 6 & A, = Asin 6

Example:-Flying of bird,Motion of catapult etc.
(b) Projectile Range and Time of Flight Relationship

2usiné 2usiné 2usin(90—-6) 2ucosO
6,=08&6,=90—6 1= | =20 2070
) g ) g g
2usin® 2ucos6 4u“sincosé 2 u“sin26 2R
lity = X = 2 ==( ) tit, = —
g g g g g g

Ans 5.(a) Projectile motion Assumptions:-Acceleration due to gravity (g) is constant and Air resistance is
negligible.
. . 29 in@ 2a; 2]
(b) Derivation H=%2 ; T= 24802 . p_tsin2®
29 g g
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EXCERSISE SOLUTION
Ans 6. (a) Correct definition (b) Correct derivation  (c) 0.86m/s? Hinta = {/a.? + a;?

24j 2
Ans 7. (a) Correct Proof Hint R = Usin2b (b) Correct Proof Hint H=%

(c) Correct Proof Hint a = (g)

Ans 8. (a) Velocity: v'(t)=71—10tf m/s  Acceleration: a”(t)=—10f m/s?
(b)Velocity at t=2 s; Magnitude of velocity: 21.19 m/s; Direction: 70.90 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/s? and ignore air resistance.
Q1.(1))What is the maximum height attained by the mortar shell?

(a) 80 m (b)160m  (c)40m (d) 320 m
(i1))  What would be the horizontal range of the mortar if launched on level ground (same velocity and
angle) ?

(a) 3203 m (b)5542m  (c) 640 m (d) 160 m
(i11)  What is the time of flight for the mortar shell if launched on level ground?
(@) 8s (b) 16s (c) 4s (d) 10s
(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/s?, ignore air
resistance, and take cos(35°) = 0.8192.
(1) What is the horizontal component of the initial velocity?
(a)26.2m/s (b)22.6m/s (c)18.7m/s (d)20.1 m/s
(i1) What is the maximum height (from the ground) reached by the javelin during its flight?
(A 157m (b)172m (c) 193 m (d)21.6 m

(ii1) 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

2 2
Ans 1(1) Option A; =89350 g

29 2x10

2¢7 2
(ii) Option (b) is correct, R=Sn20_80°(0) 64003 g5/ 5
g 10 10x2

(111)Option (a) is correct. T=2wml _ 2x80sin30 _ g

10
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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 (1) (a) ux=ucosf=32cos(35°) =26.2 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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‘=" MOTION IN A PLAN iy
NOT about Motion in a plane
memorising. involves two or more

s about : )
unde N CLASS XI PHYSICS — FORMULA SHEET e g
- VECTOR ALGEBRA

Scalars vs Vectors Position Vector (7) Displacement (AF) Unit Vector Resolution of Vector Triangle Law
Scalars — have only. Vector from origin O A= A " =
(] magnitude B g ROy m ¥4 i B
@ Vectors — have magnitude ¥ A
and direction. Plx, y) Rectangular Components PRt o )
A, = Asing ﬁ
"' Pr dostras
i"‘, o % A, = Acos@ La
A, =Asin@ e I
Velocity Vector (V) Acceleration Vector (&) o x i -
Rate of change of position Rate of change of velocity Vector in i, j form A= con)
= o ij =
RS F A
avg avg
At At Dot Product 8
Magnitude of Vector @ Quick Recall A-B = ABcose -
¥ A=Ai+Aj Vector — Directed quantity Resultant of Two Vectors Direction () of Resultant Memory Trick
Add using rules of J— Bsin@ "“Cos —+ x-axis
o~ ’ 2 = 2, B2 4+ 2AB = SO
Iﬁi +A wvector algebra. Ry AT 8 o coed) tang = A+ BcosB Sin —» y-axis™ |
~ 7 — =

9 MOTION IN A PLANE

Independent x—y Motion Resultant Velocity Initial Components
Motion along each axis = = u, = ucos@
is independent. v = V., + V =
is indepe o xx = 5 \ Vy—ﬂsiﬂﬂ
x
Equations of Motion Di R
Along x-axis (no acceleration) [ Equations of Motion Important Results
v, = o
 x = X, +u,t tana = -~ v *x = ucosf ¢ Time of Flight: T - 2using
¥x ey = usin® t—lg‘lz g
.-V, =u, (constant) 2 u?sin2 8
L * v, = ucos8 (constant) Maximum Height: H= ——2—9——-—-
Along y-axis (acceleration = —g) * v, = usiné - gt o fis u? sin 26
.y:yo-l-uyt—-;—gt: . v = iu:+v; g 3
o vx" 2 Trajectory Equation: y=xtan8-—L
vy, = u, —gt .‘ta.l'l.ll=TrL 2u?cos?@
ca, =g Key Point
Horizontal mation — unform —
L Vertical mation — uniformly Q # = 45° — R is maximum Horizontal (6 = 0°):
ccelerated downwards. - =
accelsratd by @ © = 90° — H is maximum *=ut, y="=0
) Vertical (8@ = 90°):
@ 0 and (90° - 9) give same R. L] iy y—ut——-—g'tz
h, v
0 QUICK RECALL FORMULA BOX
A e SRl N T . R e R
Projectile Motion Circular Motion Vector Formulas Graph Relations
- x=ucosd t = rw A=A d+Aj ® Slope (x-t) =v
= v < £
L= uslnﬂfﬁﬁgta = |A|=m ® Slope (v=t)=a
Centripetal Acceleration (a.) * V= ucosf 2n IR aBees ® Area under v—t
%!VTz!mz (towards centrs) + ¥, =using - gt Lo == graph = displacement
1 = A+ B+ 2ABc0s8
= I|| T .ot = * R = {A"+B"+2ABcosf
Time Period (T) Frequency (f) Relation LA T wy #® Area under a—t
2r 2 =R SFEE :
T= w f=? ﬁl=21‘l:f « y=xtanf - gx° £ t“"'ﬁ—,,_+smse graph = change in v

2u 2:05’8

\- Remember: In uniform circular motion, speed is constant
k but \felocuty & acceleration keep changing direction.

¥) MEMORY TRICKS + COMMON MISTAKES o _ R

Q Cos with x-axis Forgetting direction of vectors Master:

% sin with y-axis Confusing speed with velocity Oblique projection

: _ A 7 Time of flight
0 & (90° — @) — same R Using g = +9.8 m/s® in equations Maximum height

Resultant uses cosine (cos) Not resolving vectors into components Range

W MASTER THE BASICS. UNDERSTAND THE MOTION. %
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CHAPTER 4

Newton’s Laws of Motion

The Mechanics of Momentum and Friction

THE THREE PILLARS: o >
NEWTON’S LAWS OF MOTION posncE -t ®
A7
A — - £
F=ma _ 7
The First Law: The Law of Inertia The net force on an object is equal to its mass The Third Law: Action and Reaction
An object remains at rest or in uniform motion multiplied by its acceleration; acceleration is For every action, there is an equal and opposite
in a straight line unless acted upon by an directly proportional to force and inversely reaction; forces always exist as interactions
external, unbalanced force. proportional to mass. between two different objects.
Impulse-Momentum Theorem
Linear Momentum (p = mv) Apu— F g A Ap =F, - At
Described as the “quantity of motion," momentum E P = Fret * t y _ . ; 2
is the product of a system's mass and its velocity. Impulse is the product of the average mrbags.s ave s by lncreasul:lg th_e t'_me (89
B over which a stop occurs, which significantly
p net force and the time it acts (Ap = L
\! £ i) which lscual o chan decreases the net force acting on the occupant
i 7 — et * ), equal to the change a0
y /4 At short At long in an object's momentum. 800 OIS RN
— N\ "._/“"

0.410 kg

Engineering Safety: The Airbag Effect
Airbags save lives by increasing the time (At)
25 mls over which a stop occurs, which significantly

880 kg_ws 10.25 kg-rnfs decreases the net force acting on

the occupant.

8mfs

ANALYZING SYSTEMS: TOOLS AND FRAMES FRICTION: THE FORCE OF RESISTANCE

Inertial vs. The Atwood Rachine The Friction Hierarchy: f. < f, < f.
Non-Inertial Frames :

Free Body Di FBD
fu Bochy Deorams (FR0) Inertial Frame ~ Non-Inertial Frames
N
N Rolling friction is the weakest, followed by kinetic
sliding friction; static friction is strongest—
friction being the strongest force to overcome.
f F 9 9
o [riction is Self-Adjusting The Angle of Repose
mg g
w

Visual tools used to show the relative Inertial vs. Non-Inertial Frames The Atwood Machine
magnitude and direction of allforces—  Inertal frames are non-accelerating envronments | A classic aboratory device consisting of

3

like gravity (mg), normal force (N), where Newton's laws hold true; non-inertial two masses connected by a siring over f Fo;ce
and friction (f}—actingon 2 single object.  frames are accelerating (like a tuming car) 2 puley, used to verify laws of constant x
where “fictitious™ forces arise. acceleration and measure gravity (g). Static friction increases to match the applied The critical angle of an inclined plane at
force until it reaches its “limiting force,” f;, which an object just begins to slide down
which point the object begins to move. due to gravity overcoming static friction.

Ai NotebookLM
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MULTIPLE CHOICE QUESTIONS-
1) A body of mass 10 kg is moving with a velocity of Sm/s. The momentum of the body is-
(a)10 kgm/s. (b)5 kgm/s. (¢)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) SN (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) g*2a (d) g*/4a

5) Force produces an acceleration of a; in a body and the same force produces an acceleration of a, which is
twice to a; 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) ay ) (3/2) a (d) (2/3)a

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/s? (b) 5 m/s? (c) 10 m/s? (d) 20 m/s?

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)801J (c)81J (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™( g= 10m/s?)
(a)51.25 N (b)48.75 N (c) 52.75N (d) 47.25N

9) An object of mass 2 kg is at rest. Now a force of F = 12t + 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/s?)

(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™' 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! (b)80 ms™! (€)120 ms™! (d)160 ms™!

13) The linear momentum p of a body moving in one dimension varies with time according to the equation
p=a+bt?. 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) 13N (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

' C
%B/‘\

(a)Maximum at A (b)Maximum atB  (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

()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 SN 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: (¢) 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 = mv?/r
.- - - -
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Q.4 Answer: (d) g?/4a Hint: From Newton’s second law, find mass using F = ma.

Q.5 Answer: (b) (2/3)a: Hint: Same force acts on both bodies. Find masses and combine.
Q.6 Answer: (b) 5 m/s? Hint: Use centripetal acceleration formula: a = v¥/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: (¢) 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

1s brou%ht about.

ZIET MYSURU-SSM-PHYSICS-X1I-2026-27 39




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

= 12N
m sSm——>

~ ~ < <

~c

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 s2. 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?

(i1) Electron revolving around the nucleus.
(i1) 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 Scm 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=4t>+ 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 m[ ]
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. [T T

ANSWERS-

M —F

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 = 320n? cm s Hint: Use a = w?r and o = 2xf.

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

Q5: Answer: Resultant acceleration = 5 m/s? Hint: Use a = V(ac? + at?).

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 = Ap/t.
Q8: Answer: Retarding force = 1.25 x 10° N Hint: Use Work-Energy theorem.

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

Q10: Answer: 6 =45° Hint: Use tan6 = v?/rg.

Q11: Answer: Thrust =4 x 10° 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 = ro Hint: Linear velocity depends on radius and angular velocity.

Q15: Answer: Maximum force F = 50 N Hint: Use f = pumg, 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/s?.

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

QS 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
n/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 p.

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 Sm/s?acceleration.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. =
1)He increases the force gradually 1) Gives a jerk W
In both cases from where string shall break. Explain and state law of physics behind it. e

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

ANSWERS-
QI: Answer: Cyclist bends inward to obtain centripetal force. Angle =~ 42°
Hint: Use tan6 = v?/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 = v?/2ug Hint: Use v>-u? = 2as and a = -pug.

Q9: Answer: Centripetal acceleration =25 m/s?, Tension = 5 N Hint: Use a = v?/r
& T =mv/r.

Q10: Answer: Centripetal acceleration = 80 m/s?, Ratio with g = 8:1

Hint: Compare v*/r with g.
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QI11: 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 T, T, a1, az.
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 6. The coefficient of friction
between road and wheels is L.

Q3 A plane of mass 500 kg rises with a vertical acceleration of 5 m/s. 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/s?)

(c) A car of mass 1000kg is moving with a speed of 36 km h™! 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 Skg 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™! 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™' . 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. 2

Q6 (a) Write the laws of limiting friction.

5 4 é 8 1=o 12 1:4 16 Js:
(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 1s 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/s’and 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 v?-u? = 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 = FAt.
Q6(a): Answer: Limiting friction « normal reaction. Hint: fmax = pN.
Q(b): Answer: Minimum stopping time = 3 Hint: Maximum retardation = ug.
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.

(1) 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

(i1) Which law explains recoil of gun?

(a) Newton’s First Law (b) Newton’s Second Law ()
Newton’s Third Law (d) Law of Gravitation

(ii1) 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.

(1) 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

(i1) A person feels lighter in a lift when it:

(a) Accelerates upward (b) Accelerates downward

(c) Moves with constant speed (d) Stops suddenly

(i11)) 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.
|
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(1) The angle of banking depends mainly on:

(a) Radius and speed (b) Mass of vehicle (c) Colour of road (d) Atmospheric pressure
(i1) 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

(i11) What is the optimum speed on a banked road of radius 20 m & 45°?(Take g =10 m/s?)
(a) 10 m/s (b) 14m/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.

(1) Impulse is equal to:

(a) Force x Distance (b) Force x Time  (c) Mass x Velocity (d) Work done

(i1) 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

(ii1) A ball experiences impulse of 20 Ns for 0.2 s. Average force is:

(a) 10N (b) 50N (c) 100 N (d) 200 N
(iv) Think like a Doctor
Why do airbags reduce injuries during accidents?

ANSWERS / HINTS

Q1 (1) (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
(ii1) (b) 14 m/s (iv) To avoid skidding and provide safe turning

Q4 (i) (b) Force x Time (ii) (c) Increase collision time (iii) (¢) 100 N

(iv) They increase impact time and reduce force
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PR LAWS OF MOTION =

» Formula Based Questions

PHYSICS

FORMULA SHEET E-PAGE REVISI SMART LEARN SCORE HIGH + PYQ Favourite
1. NEWTON'S LAWS OF MOTION 2. MOMENTUM AND IMPULSE 3. FRICTION 4, NORMAL REACTION (N)
First Law (Law of Inertia) Momentum (5) Types Perpendicular force exerted by a
A body continues in its state of rest or of i A + Static Friction surface on the body in contact
uniform motion in a straight line unless P =my = Kinetic {Sliding) Friction with it.
acted upon by an external unbalanced Sl Unit: kg m g1 = Limiting Friction N
force. * Rolling Friction
Inertia: Tendency of a body to resist any Impulse (J ) Laws of (Dry) Friction F
> =R :
% change in its state of rest or of uniform j 23 F‘, At « Friction acts tangentially at the
maotion. == surface of contact. 3
e ; Special Cases
Sl Unit: N s « It opp lative (or impending) 5
Second Law mation. « Block on horizontal surface:
The rate of change of momentum of a body = For a given pair of surfaces, N =mg
is proportional to the net external force Impulse - Momentum Theorem limiting friction is proportional to * Block on inclined plane (angle 8):
acting on it and occurs in the direction i nermal reaction. N = mg cos @
of the force. J=Ap =p,— pP1 « Lift accelerating upward with a:
=5 df)' Area under F-t graph = Impulse Limiting Friction fs..mux = pN N =m(g + a)
Frer = % (General Form) N . » Lift accelerating downward with a:
t . F Kinetic Friction fi. = ;N
= i N = m(g — a)
For constant mass, an = ma (Hs = p)
Third Law €9 COMMON MISTAKES
To every action, there is an equal and g : t Coefficient of Friction (u) 1. Confusing weight (mg) with narmal
opposite reaction, L # y % reaction (M.
Dimensionless N g L fricti
= T Cha in momentum = Area under F-t curve No Unit 2- Jriening lrastion af mellon.
FAB = — FBA “z b andz f F 3. Applying Newton's 3rd law on same body.
between t, a c A o o
{Foices oot o ditterint bodies) i 4, Talc:ng fmtlcm as always p. N (it is p, N
Impending metion during motion).
to the right £
5. MOTION ON AN INCLINED PLANE 6. CONNECTED BODIES
Atwood Machine (ldeal string, frictionless pulley) 7. PSEUDO FORCE o« QUICK RECALL
An apparent force which arises in a = Inertia —+ Resist change
s (m; —m,}g non-inertial frame of reference. » More mass — Mare inertia
my + my = Net external force —
2m,m, Fpseuda = — Magam,e SHANENS motlon
T=———"g » Momentum is conserved
m; +m; (opposite to acceleration of frame) WE. =0
ext =
(mz = m;)
Key Formulas Used in:
+ Component of waight Two Blocks on Horizontal Surface - , @ PyaTIPs
i S 2 < = Accelerating vehicles
along plane = mg sin @ (Connected by light string) -
= N « Derivations: Impulse-Momentum,
+ Component of weight = Non-inertial frames i -
perpendicular to plane = mg cos 8 m T m; F 3 nachise
« Normal reaction: N = mgcos® L (Always remember: Real forces = Numericals: Inclined plane,
« If moving up: ma = mg sin@ + f cause motion, pseudo forces Cennected badies, Friction
« If moving down: ma = mgsin® — =l F __m F are just for analysis.) » Concept Based: Newton's laws,
{Adjust sign as per direction) m, + m, m, + m, Pseudo force, Inertia
o =
8. FREE BODY DIAGRAM (FBD) CONSERVATION OF MOMENTUM 10. WORK-ENERGY TIHEDREM POWER PUNCH (Mnemanics)
A diagram showing all the forces acting on a body IF et sxtennal forte Gn & SyBten i sera, (Useful Connection)
Tk 1 I the total momentum remains constant. Work done by net external farce on F = ma'

N i T
i a body = Change in kinetic energy F —+ Force creates

Z Pinitial = E Prinal m—+ Mass resists

F
. 1 a -+ Acceleration resuits
A Examples Wi = AK = 72'-111(‘;2 —u?)
A ik i * Recoil of gun “Inertia is natural,
Bk B RO — e SR | S * ElFll.DISiOf‘ {Helpful in many Law of Mation numericals) Change is external.”
Horizontal Surface  Inciined Plane Vertically Upward (a) = Collisions
Always show correct directions.
COMPARISON TABLE IMPORTANT FORMULAS BOX SYMBOLS & UNITS LAST MINUTE CHECKLIST (&
Property Inertia Mass Weight f‘m = mid (Newtens 2nd Law) Symbal Quantity Unit (S1)
A Resistance to change | Measureof | GrawiRational force Fan = —Fga  (Newton's 3rd Law) m Mass kg & Newton's 3 Laws (Statements
Mesning i moticn amount of matter on & body SR = oD v Velocity ms™ & Applications)
: P = mV  {Momentum) 3 Accsieration S 51 FBD drawing practice
i i M Onlyfonedy 9 (locotion} J = FAt = AP (Impulse) F Forca N (kg m s} 7 Inclined plane components
~ = Momant el "
Vector/Scalar Scalar Vector L R g ; : U'":" um :"‘ s [ Atwood machine formulas
51 Unit # ka N i i (A Friction cases
N = mgeos@ (Inclined Plane) - grcemal e L [ Impulse-Momentum thecrem
Chisnges withy Na No No = f Friction N I
velocity? a= T8 o Machine) " Coefficient of Friction Mo Unit g “Sorcaprclasit = Farmuld
with i - Yes (hanges my + my 8 Angle o memarization
location? with g} P powei
t
STUDY SMART PRACTICE DAILY %  ANALYZE MISTAKES REVISE REGULARLY STAY CALM
33 Goncept — Farmula — / Solve PYQs & NCERT Learn from errors & ®_J Short notes & Formula STAY FOCUSED
Diagram —+ Practice — Revise Examples weak areas sheets YOU CAN DO IT! =L

ZIET MYSURU-SSM-PHYSICS-X1I-2026-27 47




CHAPTER-5

MECHANICS ESSENTIALS:
A COMPLETE VISUAL GUIDE
TO WORK, ENERGY, & POWER

r N i ™ I
1. WORK, POWER, 2. ENERGIC AND CLA:;SI:IEIT:?AEI‘?&)NS
& INTEGRATION POTENTIAL ENERGY AND MOTION

Work Done by The Work-Energy Conservative vs.
Constant Force Theorem MNon-Conservative Forces

V-d F ® Initial Final i
s velecity velocity I $5$
| _— !
e et y Whnet - ")
e P P e [ ‘(’ i = —>
—_— T g g :
= = MNet Force |
e E I Conservative . Mon-conservative
W=F-d=F d COS(E) {e. ﬂ:rr.' Gravity, Spring) | (s.g., Friction, Air
The product of the displacement Whee = AK = Kgnal — Kinitial es are palhl_k ! Wesnstlnce}fm‘u;s are
magnitude and the force component F 15w ! F et i
(" paraier o rspracement- ) | | | Saies hatnet work done cquate | | | ey it TR SR
.. A

Work Done by

A Tt e Motion in a Vertical Circle

Potential Energy

Variable Force

B

Forces at key points:

x
w = | F(x)dx (To: Tugp = ™3 Bottom: Tuuon = ™)
Energy associated with the Conservation of Mechanical Energy
Represented as the area under configuration of a system, like \_ can relate speeds. )
a force-vs.-displacement Lposition in a gravitiani (U, = mgh}._J Min speed to complete 100p: Vy, = +/GFIGr

graph. . —
! g P -V G S — Elastic Collisions

Potential Energy of after
a Spring o o
AR

e, Kinetic Energy and Momentum
are conserved (AK=0, fip=0).
Watts - The balls have velocities beforefafter.
X
I > Inelastic Collisions
Power: The Rate of Doing Work:
P = dW/dt (instantaneous) or U. = Lpx2 *—@
P = W/At (average). s 2 Momentum conserved, Kinetic
Measures how quickly work is done. Stored energy dependent on the Energy not conserved (AK=0).
displacession or stretching) of Energy lost to heat or deformation.
Ll the spring from its equilibrium. 4 Perfectly Inelastic:
- - vs “ Objects stick together
2 o L (4p>=0, max K loss).
- Light Wurb Large Engine)J T
-~ One- vs.
_ Hooke's Law X2 X ) Two-Dimensional Collisions
'l' @

@ @—@®— | o,

Analysis uses system momentum

Isclated System components:
EMechanical = K + U = Constant (1 D Pisival = Piigas @lOng one axis;
(No Non-Conservative Work) J U 2D:3 P =3 Prand 3 py =2 Pyy) |
\ S
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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] (b) 147 ] () 117.61J (d)98 7]

17) A ball is thrown vertically downwards from a height of 20 m with an initial velocity vo . It collides with
the ground and loses 50% of its energy in collision and rebounds to the same height. The initial velocity vo
is : (Take g= 10 m 52 )

()20 ms! (b) 28 m 57! ()10 m s™! (d)14ms!

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 30° to the horizontal with a velocity of 200 m/s.
Through what height the block will rise

(a) 0.15m (b) 0.30 m (c)0.45m (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 1 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)ymgl /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 Vmass.
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 & x?, 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) Ais 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 = -AU
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.
QS5: 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 « x?
Q9: Kinetic energy becomes four times Hint: KE o p?
Q10: Ratio =2 : 1 Hint: PE o 1/k for same force.
QI11: 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 « p?
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 SR 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?

QO 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 = (31 +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 8x10° 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 = AKE.
|
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Q7: x* « t* Hint: Use P = dW/dt.

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

Q09: (a) False (b) False (¢) 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: ® = (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. (i) 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 F; = —kx where Fis the spring force and xis the displacement of the
block from equilibrium position. Using the graph, show that maximum work done by the spring at x,,, is

W, = — % kx2, (k= spring constant)
(b) What will be the work done by external force if the spring is displaced from x; to x2?
Q4 (a) Define work done. How can we calculate work done by

(1) Constant force (i1) Variable force and

(ii1) 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 mi moving with u undergoes perfect elastic
collision with a stationary object of mass m 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/s?, 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 6 with the
horizontal. The friction coefficient between the block and the surface is u. If the block travels at a uniform
velocity, find the work done by this applied force during a displacement d of the block.
|
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Q8 A bob of mass m is suspended by a light string of length L. It is imparted a
horizontal velocity vo 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 o

(1) Vo (i1) The speeds at point B and C

(i11) The ratio of kinetic energy is Kg/ 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 + mv¥/r
At top: T = mv¥/r — mg Minimum velocity at top = Vgr
Minimum velocity at bottom = V5gr Hint: Apply conservation of energy and centripetal force.

Q3: Maximum work done by spring = —/2kx?
External work from x: to x2 = Y2k(x2* — x1?) 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.

QS5: 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=1u + at.
Q7: Work done = (umgd cos0)/(cos + psind)
Hint: Resolve forces horizontally and vertically.

Q8: Vo=5gL ,VB =+3gL . VC=+gL,
Kg : 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 ¢,. A
(1) The observer B finds that the work done by gravity is ﬁ ﬂ

1 1 1 1
(a)3mg?td (b) 5mg*td (c)smgatd (d)—3mgat}

fa

(i1) The observer B finds that work done by normal reaction N is

(a) Zero  (b)-Nat? (c) N%tz (d) none of these
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(ii1) The observer B finds that work done by pseudo force is
(a) Zero (b)-ma?t, (c) +ma?t, (d) — mgat,
(iv) According to observer B, the net work done on the block is
(a) %maztg (b) -%ma2 t2 (c) %mgatg d) — %mgat%
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 vO 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: W,

. . k
A: Standing on the horizontal surface; m

AV RRRRVR AR RRRR AR AR

B: Standing on the block

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

(a) Negative but nothing can be said about its magnitude (b) — %mvg

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

(i1) 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) — %mvg (c)— %mvé (d) None of these
(ii1) To an observing A, the net work done on the block is

(a) —mv§ (b) + mv¢ (c) — %mvg (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.

(1) 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) ¢ (1) d (iii) a (iv) b (v)d

Q2 :(1)b (i) b (i) c (iv)d v)c

Q3 (1) 3.3 m/s (ii) yes (initial = final = 1.6 J)  (ii1) perfectly elastic collision (iv) -1 kg m/s
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PR WORK, ENERGY & POWER i

» Formula Based Questions
NE-PAGE REVISION | SMART LEARN | SCORE HIGH * PYQ Favourite

PHYSICS

FORMULA SHEET
1. WORK DONE (W) 2. WORK DONE BY VARIABLE FORCE 3. KINETIC ENERGY (K.E.) 4. WORK DONE BY
Work done by a constant force F Infinitesimal work done GRAVITATIONAL FORCE

Work-Energy Theorem

. o " Work done in raising a body of mass m
dW = F.ds = Fds cos#@ ‘Net wark done on a body = Change in through a height h
= its kinetic energy

on a body when displacement is §

W = F-§ = Fscosf

- - Total work done in moving from We = mgh
Where, 8 = angle between F and 8 position 1to 2 Whee = AK = K; — K| )
51 Unit: joule (J) 2 (Negative, as force is opposite to
1J=1N-m W, = j F -ds Kinetic Energy displacement)
=3 1
F
RS 3 For a force along x-direction: 1 Final
@ 1 1 K = = mv? '@
xq 2 " (h)
G T Wy ixa = f F(x) dx ]
-—  — G B | % |
Change in kinetic energy i
3 iRs |
Special Cases “,” QUICK RECALL 1 i h
+@=0" = W=+Fs (Maximum +ve work) S Work s s sealar quantiy AK = o m (vi—v]) |
=@ = 90° = W = 0 (Mo work) = Can be positive, negative or zero "
+ 8 = 180° = W = —Fs (Maximum —ve work) = Only the component of force along Where, m = mass, v = speed : Initial
displacement does work Sl Unit: joule () @ 0)
5. POTENTIAL ENERGY (P.E.) 6. CONSERVATION OF MECHANICAL ENERGY 7. POWER (P) POWER QUICK VIEW
Gravitational Potential Energy If enly conservative forces act on a body, Power is the rate of doing work.
(at height h from reference level) total mechanical energy remains constant. ;3 Instantaneous Power
U = mgh E echanical = K + U = Constant P = aw oy
dt P=FV
Elastic Potential Energy For a bedy falling freely from rest through height h: i :
(in a spring of spring constant k 1 For constant power (¥ = instantanecus velocity)
stretched/compressed by x} mgh = 3 mv? = v=./2gh
U= E! kex? Examples of Conservative Forces Examples of Non-conservative Forces P = E 25 For constant force
» Gravitational farce = Frictional force t
+ Elastic force + Air resistance P = Fvcos#®
S1 Unit: joule (J) * Applied force

SI Unit: watt (W)

a . k |—‘ MEMORY TRICK R i 0 = angle between F and ¥
Mechanical Energy (K + U) is conserved only when

NO energy is wasted (no friction, no air resistance).

8. WORK-ENERGY THEOREM APPLICATIONS :
IMPORTANT NOTES
(NET WORK = CHANGE IN KINETIC ENERGY) . = 0 P .
{8} Conatait Foice (b) Variable Force (1) + Work has no direction (scalar) 1. lgnoring direction (cos 8) in werk foermula,
F(x) KR ansot b Nepatine 2. Confusing work and energy.

3. Taking gravitational work as +mgh instead
of —mgh while raising a body.

.

P.E. depends on the reference level

| = Power can be zerc even when 4. Forgetting that kinetic energy depends
work is being dene (e.g., cireular on speed, not velocity (K = %mv”]_
= = riGtipivity constans Epekd] 5. Using final speed instead of velogity
Fscosf = o m{vi—u®) W, = f F(x)dx = AK in power formula.
x1
9. UNITS & DIMENSIONS 10. PYQ FAVOURITE TOPICS 11. KEY GRAPHS
Quantity DEnzion i & womhdaee:v variable force F vs s (Constant F) F{x) vs x (Variable F) P vs t (Constant Power)
Work (W) MLAT 2 Joule 1) toraph based) F Fix) P
Work-Energy theorem applications
Energy (K. U) ML*T? Joule (1) (block on rough surface, U-incline, et}
Power (P) MLET-? Watt (W) [¥ Ceonservation of mechanical energy
(problems on height, speed)
Force: (F} MLT? Newton (N) B Powar:in vahicis, rachines. and s x t
variable force motion W = Fscos@ W = Area under curve W= Pt
12. CONCEPT MAP
13. MNEMONICS 14. REAL LIFE APPLICATIONS

Work, Energy & Power
W — Work is done (in Joule)
1 I} 1 E = Energy is stored (in Joule)
Work (W] Enargy (3) Power (Wart) P=

== Think: WEP — Do — Store — Rate
i == J—L i b} ;

ByComstact Force. | ByVariblo Force  KineticEnwrgy  Potorsialfnorgy | Awerage Power | Instantancous = Another Trick: Ja
W “W on the move becomes E, -_Q.-

* Work-Energy theorem in cars (acceleration,
braking, climbing a hill}

Power is rate (Joule per sec)

Power in machines (cranes, lifts, engines)

Potential energy in springs, roller coasters

e o B {Fl'ds- 5 %mu2 or ‘ bt N PPy E at the rate becomes P » Energy transfarmation in sports
1 ] {running, jumping, cycling)
NEF 2020 FOCUS
MNet Work = Change in K.E. (Woey = AK) + Conceptual Understanding g * Mechanical energy conservation in
Mechanical Energy (K + U) is conserved [only conservative forces) : gf.:::;mﬂ'i'gm satellite motion (ideal case)
« Interactive & Experiential Learning
é@ STUDY SMART f PRACTICE DAILY //‘ AMALYZE MISTAKES 3 REVISE REGULARLY STAY CALM "1 ‘;;,I
> Understand Concepts Solve PYQs & NCERT I.DI Learn from errors & Short notes & formula STAY FOCUSED o
Deeply Examples weak areas sheets ¥YOU CAN DO IT! -
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CHAPTER-6

@~ System of Pardicle and Rotational Metion
e OYS Oﬁ Py

RIGID BODY ANGULAR VELOCITY (&) EQUATION OF ROTATIONAL MOTION MOMENT OF INERTIA (1)
= A rigid body is one in which the distances =+ @ — ) I about a given axis = Sum of the product
between different particles of the body a = de T = dL of masses of all particles and the square
‘do not change even though forces are dt net dt of their perpendicular distances from the axis.
acting on them. g
r
& Axis of rotation: The line along which the = Directed along the axis of rotation For rotation about a fixed axis { I constant ).
beody is fixed is known as the axis of rotation. {right-hand rule). 1
% : T =la it 2
* In pure rotation about a fixed axis, every « Slunit: rad 5™ | Dimensional: [T-1] net - SI_ unit: _kg m .
particle of the rigid body moves in a circle — . = Dimensional formula; [ML?]
in a plane perpendicular to the axis and Slunitofr=Nm * Depends on:
r E 3 3 . : F— 3 s "
has its centre on the axis. Every p.mrlt has LINEAR VELOCITY AND ANGULAR VELOCITY Dimensional formula: [ML*T-?*] — Pasition of axis of rotation
‘the same angular velocity at any time. — Orientation of axis
=1 =Y =1 — Shape, size and mass distribution
= x = 3
& @ & o A Axis
U] = wr
- m
P B CONSERVATION OF T,
where 7 is the position Yrlie. — ANGULAR MOMENTUM
vector of the particle r If net external torque on a system is zero,
s onia i from the axis. ) angular momentum is conserved.
a (€M) e = | RADIUS OF GYRATION (K)
The centre of mass of a body is a point where the L. = : 7 5
PR e AR - e i . i Lf Distance from axis at which, if the w:mle
concentrated. The nature of motion executed by ANGULAR ACCELERATION (&) ) mass were concentrated, moment ol
the body shall remain unaffected if all the forces r * Applies to a closed system. inertia would remain the same.
acting on the boady were applied directly at = de o * Useful in many applications. =]
this point. a = E o e K= L
Tweo-particle system My L J

= Also, root mean square distance of particles

For masses m, , m; at position vectors 1, I"‘z * Slunit: rad 52 r

- 5 « Dimensional: [T-2] | from the axis.
= m, Ty + M, ¢ I=MK?
L my + my | = Slunit: m | Dimensional: [L]
" s B F, + EQUATIONS OF ROTATIONAL MOTION 1
_"“ = ’"2'_ "'_ ey (Uniform angular acceleration) EQUILIBRIUM OF RIGID BODIES ‘ THEOREMS
(Lies at the mid-point of the line joining them) ©Q w-w +at e i oA e SR 1. Perpendicular Axes Theorem
s 8 " ‘9 ¥ 9 {Fer Planar Lamina)
2 — 2 2 i — - Memaent of inertia about an axis
© 8= wet + 5 at 3 F =0 (ransiational equilibrium) ‘ perpendicular to its plane equals the
2 = 2 | s sum about two perpendicular axes in
O w w; + 2ab . Z T = 0 (Rotational equilibrium) || the plane. =

aR= (w + wg) t

: 2
= where wp = initial angular velocity x
For masses m, at position vectors F| (i = 1to N) w = final angular velocity

N-particle system

N = 8 = angular displacement ’ x
& EIEI myT, t = time COMPARISON: LINEAR vs ROTATIONAL 2.Parallel Axis Theorem
R = N @ = angular acceleration r - — - Mament of inertia about any axis is equal
ZI:l my Linsar Motion | Rotational Motion | | to the moment about a parallel axis throwgh
" C.M. plus Md?.
Coordinates of C.M. (3-D} TYPES OF MOTION OF RIGID BODY Displacernent x a | L
_Emx _Emy _Zmz 1. Pure Rotation: Body rotates about a fixed axis. petodity, = | e n | I=Ipy,+ Md?
Xem = =pp + Vem == g+ Zem =" o5 All points have same w. Aceceleration a a z r
where M = 3m, | == Tr “Tarque (r) ©M)|—m
= = — 1 ——
Continuous distribution of mass (m) m Moment of inertia (1) | L5
2. Pure Translation: All points have same 1. | Mewtor's 2nd lw F = ma | t=la | 5 pal
Xem = g [ xdm, yom= L [ydm, = i | 2
M M | | Momentum p=mv | L=lw MOMENT OF INERTIA (1) AND
ur | | RADIUS OF GYRATION (K)
1 1 2 1 2
"M = E ; KE. > =1 — d =
Zem Mfzd'm where M = !dm ! | 7 mv ! 5 lw ||| G oty oot oerton : K=1i.= ey

3. General Plane Motion: Combination of

Moti f Centre of M 1 i) Cerire, L 2
; bl alinls dcid o translation and rotation. APPLICATIONS dm L o plame ArA e
" . 7 - dR 1 k . Pl I
| Velocity of CM.: Vo, = Et— b = Ceiling fan, electric motor | rodivn®) | Dismeter | 1\ opo | R . o
d 428 I| « Pubey and angulal systems L1 g2 e 8 [
Acceleration of C.M.: Q. = - o O R
de S + Torque (conservation of L) | T, | % MR? —'fz— O
plane V
- — — = ROLLING MOTION (without slippi r e
TORQUE (MOMENT OF A FORCE) b (without slipping) * Planetary motion F T T T 1
The turning effect of a force about an axis. = P 2 b ooy o %MR’ :2,=S-R Q
. =2 = raclius R)
T r xF @ "_, ’-‘ ? 1 1 I ! 1
T = rF sin@ _" Vem ¥ g |WiOme L L —,J;'-a— A——
Slunit: Nm | Dimensional formula: [ML?T 2] > SrgnL, | OO |12 | ¥ ’
P — =, masMl | i end, s Loz | L
ANGULAR MOMENTUM wiength | 3 va t
3 1 ﬁ |
L=rFxp . = linear velocutyofCM V 5 | Rect
arguler
For a rigid body about a fixed axis: e :“ - ! plate (In B, 3 —MTf | J B m
= angular velocity st M) o plane T 12-
L=1w R = radius of the body [ [ T 1
o - 2 . . - &
Slunit: kg™ | Dimensional formula: [MLT"] i-socd s Py e E
[mass M, efincles |
LAW OF CONSERVATION OF ANGULAR MOMENTUM SUMMARY OF UNITS KEY POINTS padbouit) | J
If the not external torque acting on a system is zero, )L I pure rotation, all paints have same angular velocity.
the total angular mementumn of the system remains constant. Tuque T M m [ML’T 2 w" Linear and angular quantities are related through v = wr.
I 5 37 ] Angular momentum L kg m¥s~! ML*TY) " Torque causes change in angular momentum.
initial final Momant of inertia I kg m* [MLY) w* Momaent of inertia depends on axis, shape and
Applications: Fi skating, collapsing of 1 Angulas veloci d sl ! T LriuCioey
ety Chop ke e b | & L ader] W1 1| o Commrretonsr e rtmtrto ik 5 coed i
s bl a rad & T J W' Rolling without slipping: .., = wh.
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10.

11.

12.

MULTIPLE CHOICE QUESTION
A planet orbits the Sun in an elliptical path as shown in the figure. Let v, and v, be the speeds of the
planet at perihelion and aphelion respectively. Which of the following relations is correct?
@) ry/ Fa=va/ vy O ry/ra=v/ve (@ rp/ra=Np/va)  (d) 7/ ra= (il V)

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
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

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

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

A ring is rotating about a diameter. The radius = Scm & 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) 0.25n ] (b) 0.157J (c) 0.2 ) (d)o

Calculate the velocity of the centre of mass of the system of two :
. . —25m/s +— 5 mis

particles each of mass 2 kg as shown in figure 2kg @ @2 kg

(a) Sm/s (b)10m/s  (c)2.5m/s (d) I5m/s Smooth surface

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

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

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 (b)40n () 150 n (d) 100 =
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

A solid cylinder of mass m and radius r is rolling with angular speed ® on a
horizontal plane. The magnitude of its angular momentum about origin O is
(a) mr’o b 1.5mr’e (¢)2mr’e  (d)2.5mr’e
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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?
(aL/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
10 [2Q [3Q [40 [50 J6Q [70 [8Q [9Q [10Q
A |B A |A |A C B C B D
11Q [12Q [13Q [14Q [15Q [16Q [17Q [18Q [19Q [200Q
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?

(i1) Under what condition, the torque due applied can be considered to be zero?

4. (1) Is there any possibility of coinciding with the geometrical centre and C.M. of a body?
(i1) 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?

(i1)) 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?
(i1) 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 m, and m, are placed on the X-axis m; = 10 kg, m, = 20 kg

The first mass is displaced by a distance of 2 cm
myx; + myx, 10 X 2 + 20x, 0 20 + 20x,
— — = =

M m+m, 30 30
~ 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 Fi and F> be the forces exerted by the level ground on front wheels and back
wheels respectively. Considering rotational equilibrium about the front wheels,
F2x1.8=mgx 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.
Fix1.8=mg (1.8 -1.05)=0.75x 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 forceist=r X F

= x, =—1cm

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, T =r Fsin Now, if 6 =0 or 180, Or, r =0,
then T = 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.
(i1) 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.L. 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.
(i1) 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.
(i1) 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, 7= 180 N-m
Since,Power, P = Torque (1) x angular speed (w)= 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
Mx(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 I = MR?and I, = 2/5 MR? .Let 1 be the magnitude
of the torque applied to the cylinder and the sphere, producing angular accelerations ajand o
respectively. Then =11 a1 = 1> a2
|
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The angular acceleration a 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 t = la.
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, 2¢g, 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 m>.
(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? s
6. The motion of binary stars, S1 and S2 is the combination of X = ¢ K /\
VAVAVAVAV,

1

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 o
should pass so that the work required to set the rod rotating with angular velocity wo m e

x ! (L—x)

is minimum?
(b) A force F=a1+3j+6 K is acting at a point r=21-6]-12 k. Find the
value of a 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 0(t) =
2t — 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.
(1) What is its angular acceleration, assuming the acceleration to be uniform?
(i1)) How many revolutions does the engine make during this time?

ANSWERS (3 MARKS)
1 Answer: M =20 kg Angular speed, w = 100 rad s'; R =0.25 m
M.O.I of the cylinder about its axis =1/2 MR?=1/2 x 20 (0.25)* = 0.625 kg m?
Rotational kinetic energy,E:=1/2 T w?=1/2x 0.625 x (100)> J = 3125
Angular momentum, L =1 w = 0.625 x 100 Js= 62.5 Js.
2 Answer: As we know that power is given by
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P=1(®).ccccevveenn.. (1) &KE.=1210%................. (i1)

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,

H(w)=d/dt(1/21(w)*)=1/21 d/dt(®?) =1/2xIxQedw/dt)=loa(-dodt=q)....... ... (iii)
From (i) and (iii), we get: to=loa = t=la.
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=MR? =1 x(0.2)*=0.04 kg sqm w =2m x 10 =20n rad / sec

Thus, angular momentum can be calculated as,

= 1L=0.04 x20nr = L=2.51kgsqm/sec
4 Answer: Given mi=1g mp=2g m3=3g m4=4g

Centre of mass of three particle system rem=(Xcm,Yem, Zem )=(2,2,2)

Position of 4" Particle rs=? If centre of mass of four particle is (0,0,0)

Centre of mass for 3 particle system is

Xem=(M1x1+max2+msx3)/(mi+me+ms3)= (x1+2x2+3x3)/(1+2+3)

2=(x11+2x2+3x%3)/6 x1H2x2+3x3=12............ (1)

Similarly y1+2y2+3y3=12............ (i1), z11220+3z23=12............ (111)

Centre of mass for 4 particle system is

Xem=(M1x1+maXo+msx3+ msx4)/(mi+me+ms+ mg)= (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, 1= 7.6 +2x 5 (0.9)* = 15.7 kg m?

0 =30rpm L=76+2x5(02*=80kgm?> w2=?

According to the principle of conservation of angular momentum, Iioi=lw>

2= (I1 ©1) /I =(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 4 \/ '
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 wo is K.E=1/2  Io? Work
is minimum when [ is minimum, I is minimum about the centre of mass  Therefore mx= ma(L-x)=
moL- mox =»x= myL/(m;+my)

(b)From Newtons second law for rotational mechanics

t=dL/dt ,if L is conserved thendL =0 ,1=0 > t=rx F=0 =(21-6]-12K) X
(1437 +6 K)=0, On soling we will get o=-1
8 Answer: Given mass m= 50 kg , radius r=0.5 m
Angular acceleration a= 2 revolutions s~ >= 2x 27 rad s >= 4w rad s~ 2, Tension T =?
We know that == o =» r x F (Tension)=1 o =» Tention=1a /r........ (1)

Here Leyiiger=2MR? = ¥ (50) (0.5)* = 6.25 kg m* , Therefore from eq (i) T=(6.25 x4m)/0.5=50
N=157N
9 Answer: (a) Given angular momentum Li=L , Frequency fi=f
Angular momentum L,=? If Frequency £r=1/2
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W.K.T angular velocity oi1=2 rtf ,angular velocity w,=2 nfr=2 f/2 = nf = w1/2

and angular momentum L;=I w; angular momentum Lo=I w>=I w1/2=L,/2

(b)When angular acceleration () is zero then torque on the wheel becomes zero.

0(t) =2t — 6t2, ® =d O(t)/dt= 6t -12t, a = dw/dt =12t-12 , Here a=0

Therefore 12t-12=0, 12t=12, t=1 sec
10 Answer (1) We know ® = wo + at

o = initial angular speed in rad/s = 2w x angular speed in rev/s =2m x 20 rad/s =40n  rad/s
Similarly o = final angular speed in rad/s = 2t x 52 rad/s = 104 = rad/s

- Angular acceleration a= (0— wo)/ t = (104-40)1/16=64m/16=4n rad/s>

The angular acceleration of the engine = 4w rad/s2

(i1) The angular displacement in time t is given by

0= wot+1/2 at’=40m x 16 + 1/2 (4 © x16 x16 ) = (640 n+ 512 ) rad = 11527 rad

Number of revolutions = 1152 n/2 n= 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/s?, 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.(i1))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 x
m _ . d
= X adx(m = mass,x=side) % *

1= foa (m/a?) X ax?dx= (m/a)(x3/3)]% = ma?/3
torque produced=1 X @ = (ma?/3) X a==0.2x 107* =2 x 107> N — m.
n final moment of inertia [= (2/5) I Angular speed ni= 40 rev/min Angular speed n2= 40 rev/min
By principle of conservation of angular momentum [1m1= Lhw>
-
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L2nn)=L 2an) = n=in;)/ I =1 40)/ (2/5) =100 rev/min
(b)Final K.E Rotation / initial K.E Rotation =¥2 Lw2?/ Y2 o> =% L (2 tn2 )/ % 1L1i(2 mny )?
=Lbn?/Iini?=(2/5) 11 (100)%/1; (40)*>  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=MR?=3(0.4)>=0.48 kg m?> Torque T=r x F=0.4x30=12 Nm
If a is angular acceleration produced ,then from 1= Io. = o= 1/1=12/0.48=25 rad s
Linear acceleration a =Ro= 0.4x25=10 ms™
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 [;=MR? & I, = 2/5 MR?
Let T be the magnitude of the torque applied to the cylinder and the sphere, producing angular
accelerations ajand oo respectively. Then 1=I; a1 =1 o
The angular acceleration a» 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 © ., L=0,
only when © =0° or ©=180°.

(¢)L=mvr and v=r w=r(2[In) =» r=v/(2IIn)

L=mv[v/(2IIn) ]=mv%/(2In) .......... (I ,AsK.E=Y%mv*...... (i) , From (i) & (ii)

L=K.E / IIn when K.E is halved and frequency n is doubled then Lo= (K.E/2)/( I12n) ,L,=K.E / 4 IIn
= L/4, Therefore The angular momentum becomes Y4

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)lm B)2m C)3m 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 distanceD) 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 T =rxF
A) 5 Nm B)I0Nm C)15Nm 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)2rad/s B)3rad/s C)4rad/s D) 8rad/s

SOLUTIONS OF CBQ
CBQ 1: ANSWERS 1QC 20B 3Q A 4Q B
CBQ2: ANSWERS 1QB 2QC 3Q C 4QC
CBQ3: ANSWERS 1QC 20B 3Q C 4QC
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T SYSTEM OF PARTICLES
lesss ® & ROTATIONAL MOTION

CBSE CLASS Xl PHYSICS
2 MOMENTUM CONSERVATION

A number of particles forming a system may interact with Linear Momemunor a:particle Types of Collision
one another through forces. The motion of each particle (a) Elastic Collision
is affected by external forces as well as forces due to Mation of Centre of Mass P =mv
3 @ Linear momentum conserved.
other particles of the system. 2 ont
Let F be the external force = s £ Particl @ Kinetic anargy consarved
stem of articles .
Centre of Mass (COM acting on i"™ particle. i
s asgl ) gk P S e.g., Collision of billiard balls.
For a system of n particles with masses m,, Mo, ... 7, Total external forea on system, = e
e e 5 Pi Before col
located at position vectors Ty . o, ..., Ty 2 z : ™
& > Fn " ity
with respect to an erigin O. = Tk FReRt i=1 = Q—-—
nilhs | RasNE )
| = = = =1 4 ) - ) my A my
= myTy + maTy + ... + W7, » Law of C ion of Linear M. m After collision
m; + my + ...+ my Erofnewiohy fomiar a If the resultant external force on a system | 0-—-— £ O -
. Foye = Méacar of particles is zero, the tatal linear y :
where M = m; + my + ... + m, (Total mass) 3 momentum of the systern remains constant. {b) Inelastic Collision
For a two particle system 3 - Foyt - " 4 @ Linear momentum conserved.
m, B ma acm = Fo.e =0 = P = constant @ Kinetic energy not conserved.
; . @ - g | @ eqg.. Collision of clay with wall.
1 | L) d Special Cases ) | (c) Perfectly Inelastic Collision
[ myF, + mof Applications © Bodios stick together after collision.
= L . - o -
R = —Lm—: mﬂ O Fo =0 = dcuw =10 © Recoil of a gun | @ w.g. Bullet fired into 3 wooden block.
L - = COM moves with constant velocity. © Explosion
Properties of Centre of Mass GHE, #0 = Geyisin & Collisian problams a___, m E =S
| @ The COM of a system abways lies on the line joining the particles. e 0
© I masses are oqual, COM Hes at the midpoint. direction of Fey. Bz = WX T3
| Q In absence of external force, COM meovas with constant veloeity. Aftar collise
If external force acts, COM accelerates as a single particle of mass M.
m A bullet of mass m s fired inte a block of mass M and gets embedded in it Find the velocity of the m Two trollays of masses m, and my moving with \ulwuos uy and u; collide and maove
combinad system. (No extermal herizontal forcs acts on the system.) [Ans. ) with ios 1y and vy re ivaly. Write the for conservation of linear
3. ROTATIONAL MOTION 4. MOMENT OF A FORCE (TORQUE)
| Angular Displacement (8) Kinematic Equations for Constant o v Momant of a force F about a point ©

@ 7 (out of plans)

| Angle through which a body

| retates about an awis. o= kog. it T =7 X F 4
i i 1 g
Sl Unit: radian (rad) 8 = wot + 5 at® . (2) Magnitude
. r = rFsin®
Angular Velocity () w? = w? + 2a8  _...(3) .
Wb of oasiga it sl £ ) where @ = angle between © and F
5 [ aly
displacernent. TP i S (4) Direction
- df Right Hand Rule
di _ Perpendicular to the plane
SE Uit rad s~ Retitans of ¥ and F (Right hand rule)
& Arc length, s = R@ |

Angular Acceleration ( o ) @ Tangential velocity, v = Re | Proparties Conditions for Rotational Equilibrium

Ra f welocity. : 3
‘ te o dﬂ:;m‘ ms:;: ooty @ Tangential acceleration, a, = Ra © 1 is maximum when & = 90°, @ 3 F=0 (Notransiational motion)

i :
& =—= — & Centripetal acceleration, a, = — = Rew? @ If line of action of F passes through Q. = 0.
e de? % R (b) E%’ =0  iNo rotational motion)
SI Unit: rad 5%
A wheel starts rotating with angular acceleration a fram rest. Find the angle turned A force of 10 N is applied on a rod of length S0 cm at an angle of 60° with the rod

- . 1
by the wheel in time t. (Ans. 5 ar?) Calculate the torque about the fixed end. {Ans. 2.5 Nm)

3. MOMENT OF INERTIA (1)

i Moment of inertia of Some Common Bodies
B is the property of a body by

viriue of which it resssts. any Thin Rod Thin Rod Sofid Diec fing Solld Sphare Rotational Analogue of M. 's 2 Law | Angular Momentum (L) Conservation of
ength L) aboat one end radies ) Aradiue ) (rodhes ) 1 M
change in its state of rotation. ol Cades ke et FroqeEal i emat akiat o s E - j’dj Angular Momentum
n - o is agual to the preduct of momaent W T = 0. then
= E mr? —| e ——— @ @ Q of inertia and angular scceleration. For & System of Particles 2 Te
it: 2 Mz r- Yar i Lur? §— MmR2 _ 2 uR? P L= 7 % myi L = constant
Sl Unit: kgm i IZML I SML I 2MR I MR I SMR
WAL A thin rod of length L and mass M is rotated about an axis perpendicular to the A disc is rotating with angular velocity w. I no external torque acts on it. what will happen
rod and passing through one end. Find its moment of inertia. (Ans l aret) to its angular mementum? [Ans. It will remain constant.)
I kevvakeawars IR FORMULA SUMMARY COMMON MISTAKES | BOARD EXAM TIPS SYMBOLS & UNITS
auanuq SI Unit |
’ . miF | I |
@ COM behaves as a single particle of mass M, l— o C:."r"\:lsa inear and angular i i .= e =
@ Linear momentum iz conserved in an * Fou = Micu ] A i . i T | iCianmof masivecnr: | T~ |
isolated system, » F =¥ p = constant (if Fope = 0) [>] F"":;';"’“’ vector nature of @ Write ol formules L bt | M Mass | kg
& Rotational motion Involves angulsr w_ e dw et @ Use sign convention carefully. B Linear momantum kg m st
quantities (&, w, «). de " dt . ) Wrong axis of rotation while P Angular displecement T e
¢ v=Rw, a = Ra, a, = Ruw? | using I formulas, @ State laws and conditions explicitly. t ==
& Torque causes rotation ¥ i Angular velacity rad s
@ Moment of inertia depends on mass ® FEneflrlsebeng © Asn:?.gc:::‘rg, s = @ In numarical problems, write units | = AL e ation red s
| distribution. o I=% mr? e with final answer: i T N
: : € lgnering direction in cross product 5 = < T 3
BT fﬂnwlmlfm‘malz!’ i . i (F = ﬁ}. & Practice PYQs of last 10 years, = kil ‘99:"
v L = I tror rigid body) L Angular momentum kg m® st
@ REMEMEER THIS "Translation of COM and rotation about COM completely describe the motion of any rigid system."” Q 300
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CHAPTER-7

'@ *GRAVITATION - &

€D KEPLER'S LAWS OF €3 UNIVERSAL LAW OF E) ACCELERATION €3 VARIATION OF g
PLANETARY MOTION GRAVITATION (NEWTON'S LAW) DUE TO GRAVITY (g) WITH ALTITUDE
(a) Kepler's First Law (Law of Orbit): It states that the gravitational force of It is an acceleration set up in a body Acceleration due to gravity
Every planet revolves around the sun attraction acting between two-point ‘while falling freely under the effect of decreases with altitude.
in an elliptical orbit with the sun - 2 gt et
S ':: e siacte e i mass bt:-vdles of the universe is dlre-ctly the gravitational force of the earth alone. Acceleration due to gravity at a
proportional to the product of their height 'h’ from the earth’s surface
masses and is inversely proportional to is given by
the square of the distance between them.
R 2
m m £ =¢(555)
@ - T
(b) Kepler'.s Second Law (Law of Area): g where M and R are the mass and P T
The radius vector drawn from the sun A B - + |
to a planet sweeps out equal areas in radius of the earth. '\ h
equal intervals of time. el
m,m, ¥
F=G
r2
The value of g changes with the
where G is the universal gravitational height, depth, rotation and shape
constant and in Sl unit, of the earth.
da [ G =6.67x10""" Nm? kg2 (i) As we go above the surface
Areal velocity = — =» constant. of the earth, the value of g
dt
WEIGHT OF A BODY On the surface of the earth, decreases because.
d E-SHE, ; =98 -2 n h .
(¢) Kepler's Third Law (Law of Period): It is the gravitational force of attraction g ms (ii) ¥ h =2 copthenig: =230,
exerted on a body by the earth towards i.e., at infinite distance from
The square of the time period of revolution 3 : i .0 the earth, the value of g
of a planet around the sun is directly its centre lying on or near the surface becomes‘zem.
proportional to the cube of the of the earth. - Y ) i
semi-major axis of the elliptical orbit. (i) If h << R i.e., heightis
1Y negligible in comparison to
- : S om the radius then
ok L ¥~s
Unit of weight: Newton (M) [Vvalid enly for h << R]
N o
& VARIATION OF g ) GRAVITATIONAL POTENTIAL ENERGY GRAVITATIONAL POTENTIAL
WITH DEPTH
The gravitational potential energy of a body at a point in the gravitational The gravitational potential at a point is the amount of
Acceleration due to gravity decreases field of the earth is the amount of work done in bringing the body from work done in bringing a body of unit mass from infinity
with the increase in depth d from the infinity to that point without acceleration. to that point without acceleration.
earth’s surface and it becomes zero —____GM
at the centre of the earth. V= ~
GMm
Acceleration due to gravity at a Uu=- r + Itis a scalar quantity.
depth ‘d" from the earth's surface + 5| unit: Jouleskg (J/kg)
is given by -l‘:f d At a point in earth’s gravitational field:

where M = mass of the earth G:'

m = mass of the body where M = mass of the earth
r = distance between the centre of the body r = distance of the peint from the
and the centre of the earth, centre of the earth.

V= —

—

L Gravitational Potential Energy, I/ = V x m |

- 3
| Atcentre(d = R) = g

il — -
) ESCAPE VELOCITY ENERGY OF SATELLITE
The arbital speed of the satellite is the minimum velocity The escape velocity is the minimum velocity required When a satellite revolves around a planet in its orbit, it
required tangentially to the circular orbit to put the satellite to project a body vertically upwards fram the surface possesses both potential energy (due to its position against
into an orbit around earth ?f:;e:artrl::o t;at it jusr::msses tl:grarviutional gravitational pull of earth) and kinetic energy (due to
e et k-ﬁ = 1eld ot ea and never urns on Its own. orbital mﬂtion).
-~ T Satellite GMm
oz L 2GM Py o . =
¢ - - otential Energy: U= —
/ vom 2 - gm @ - X
{ \ | A=
f [}
/ |
1 \r=R+h o - 1 —
\ ! in En : = LT — =
\ ) = w=sEw [As§= GM (2] Kinetic Energy K =2 mv =
\ /' where M = mass of the earth R?
. e R = radius of the earth P e i S e e — ‘¥
i e oA h = height of satellite from ! On the earth surface, g = 9.8 ms™ | (3] Total Energy : E—K+U-= — GMm
Sarive surface | R=64x10°m | 2r
=R+h [Asr>Randh>0] | !
T o K 'L'I11erefore, v, = 11.2 km 5! i
AN e e e S e e A\ A
G Universal gravitational M Mass of the earth R Radius of the earth vy Orbital velocity r  Distance from centre d  Depth below earth's 1
SYMBOLS & constant 6.4 x 10 m y of the earth surface
CONSTANTS 667 x 107" NmPkg~ m  Mass of the body el Escapeivelocity i Sis Height above earth's il

(or satellite) e + + K‘\:\- |

ZIET MYSURU-SSM-PHYSICS-X1I-2026-27 71




MULTIPLE CHOICE QUESTIONS

1. The gravitational force of attraction between two mass m; and m kept at a Distance r from each other is
F. What will be the gravitational force if m; is Doubled, m> 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 R? b.GM =gR? c.gM= GR? d. GM =gR

5. What will be the effect on acceleration due to gravity? When the average density of Earth

1s doubled,

a)Remain constant  b)Will become doubled  ¢)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.S8g b. 4¢g 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) m* (b) m (c) m™ (d) m°

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) MRg2 (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) V (Gm/r*) (b) V (Gm/r?) (c) Y (Gm/r) (d) V (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.

(AR (b) 2R (c)3R (d)R2
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)
(@) m (b) m' (c) m? (d) m?.
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:
(@) v (b) \2v (c) 2v (d) vN2
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) 1.04x10" m (b) 2.5%10° m (c) 6.4x10°m (d) 3.2x10" m

ANSWERS:-
_ GMm
1 b. F/9 (Hint: r’)
M
= A
gOM e g="5100
2 d. (Hint: R® and [Ej =2g , % increase g )

_GM
3. a., (Hint: Radius of earth is less at equatorg R
4. a. (Hint: GM =gR2)

4

g=—npGR
5. b (Hint- 3 )
6. a. (Hint- g= GM/R2)
7. a.

8 a  (Hint- -4
9. d

ey

10.a. R/4 Hint - Reh
11.d. Explanation: Escape velocity = V2gR, It is independent of mass.
12.d. Use gravitational potential energy formula: U=—GMm/r

Initial distance = R, Final distance = 2R, Find: AU=Uf-Ui, Also use: g=GM/R?
13.a Gravitational force provides centripetal force. Gm? /(2r)>=mv? /r Solve for v.
14. a.. gr=g(R/R+h)? , Given: gi=g/4 g , Solve for h
15.a. T=21 \r’/GM , Time period depends on orbital radius rrr, not on satellite mass.

16 a. Hint:Escape velocity:,ve=V2GM/R ,Mass of the body does not appear in the formula.

17.b. Hint: Orbital speed:,v=VGM/R , If radius becomes (R/2), v'=\(GM)/(R/2) =\2v

18. c. 15.8 km/s ,Hint: Escape velocity: ve=\V2GM/R , For same density: , MR3M,
Substitute in the formula and compare with Earth’s escape velocity.

19.b. Closer to mass m
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20.a. 1.04x107 m use this simpler formula:, h=Rv* / ve’—v>

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) 1/9m (b) /10 m (c) /Il 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 VgR (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) 240N (b) 210N (c) 195N (d) 125N

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 = =2nr/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 8D 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 #; is the time for the planet to move from D to C andty, is
Time to move from A to B, what is the relation between f1and t2?

m_.——= -

. Prove that the weight of a body at the centre of the Earth is zero.
. Hydrogen escapes faster from the Earth than oxygen. Why?
. We cannot move even our little fingers without disturbing the whole universe. Explain why.
. Explain why tennis ball bounces higher on hills than on plains.
. 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.

O 00 3 O\

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. r1y=re(Tp/Te)*? =
|
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1AU (0.5year/lyear)?® =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.

. Answer: Derivation

. Answer: Using Kepler’s II Law t1=2t>

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™), 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.

& W

_GM M= gR’
As we know R® . 50 we have G
. 4x10%)?
v = 28X (6.4x ?1) =5.98x10% kg ~ 10% kg
6.67x10"
4 3
g = mpGR p=—%
and as we know 3 , so we have 47GR
3x9.8
= =5478.4 kg / m*
P 4x3.14x6.67x10" x6.4x10° ¢
10Answer:

Citdwir
B

Granatational PE of mass mm arbit ef radius R=1T= —
__GMer
T

__GMe

T AR
}ﬁU=U-L‘=GM~r[l—l]
= 23

Gl

= Tar

EXERCISE QUESTIONS
1 The radii of two planets are R and 2R respectively and their densities p and p/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™".
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 x 10® km. Calculate mass of the sun.if G = 6.67
x 107" N m?/kg2 ?
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 x 10*° 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 Atm)
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.,
AG=BG=CG=1m
A particle of mass 2m is placed at the centroid G.
Determine the net gravitational force acting on the particle of mass 2m due to the
three masses placed at the vertices of the triangle. .
2. State the Kepler laws of the planetary motions. Maaom
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 x 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™!. 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. -

FGA = SR

B (m) C(m)

L3 Gz (2T
rGp = Cmm

(-i cos30" - j sin30%)

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

TGR = ’”'14 (i cos30° - § sin30°)

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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A
Areal Velocity=V = m

L
Areal Velocity = o where L = Angular momentum and m are mass of the planet

Kepler’s 3rd Law of Periods: This law is known as the law of Periods. ' _ T
The square of the time period (T) of the planet is directly proportional to /
the cube of the semimajor axis(a) of its orbit. T? « a? :‘\ e

3. Work done on satellite in first stage = W1 = PE at 150 km — PE at the
surface Ratio wl/w2 T

= 3/64 (less than one) W2 > W1, so second stage requires more energy.
4. Acceleration due to gravity at the surface of the earth

GM 4
g=—=—npGR
R® 3 .. (D)
Acceleration due to gravity at depth d from the surface of the earth
4 , d
g - 2 2GR~ d) ) NPT IE-]
3 ... (i)  From (i) and (ii) R
v-_CGM
5. Gravitational Potential at point is given by r
Gravitational potential at centroid due all three masses will be equal and will be given by
GM
Vi=V2=V3=——-
X
M
V= —3G—
Now total gravitational potential at the centroid of the triangle. X (Put x)

6 Derivation
GM GM

= V:__
7.E= R | r V=-4.8x10000x10°=-4.8x107 Jkg

8. Acceleration due to gravity at depth d is given by: g’

IR
=gll-=| =gl1-=
R, Rlm =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 agamst the gravitational force.

W[ GMm —GMm @ &
® X
GMm

W=—

This work done is stored inside the body as its grav1tat10nal potential energy
GMm
r

wU=-

10. Derivation
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EXERCISE QUESTIONS
1. A body released at the distance » (» > 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
11.2kms™
4. The distance of Neptune and Saturn from the sun is nearly 10'* m and 10"’mrespectively. 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?

, o] o) ]

3.59.7 kms™!
4By Kepler’s Il law Trn: Ts=36.6: 1.
5. Taking logarithm log g =log G + 2 log m — 2 log R, differentiating it we get it 4%

HINTS AND ANSWERS

Centre of earth mass (m)

[Ash<<R]

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.(1)State Kepler’s second law of planetary motion.
(i1) Show that Kepler’s Second law is the law of conservation of angular momentum.
(ii1) A Saturn year is 29.5 times the Earth year. How far is Saturn from the Sun if the Earth
is 1.50 x 10® 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/s? 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.
(i1) 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 10°° kg, mass of the earth = 6 x
10?* kg. Neglect the effect of other planets etc.(orbital radius=1.5 x 10! 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= e:\lzgR [As GM:ng]
|
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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, t; is vi and r; while at another place these are v, and
2 in the same time, then the area covered by the planet in these intervals
are

Bk
(1) using Y2 (vit)ri =" (vat) 2 (area of triangle = 2 JF Ny
basexheight) , mviri =mvar; L1 = L»
(iii) A Saturn year is 29.5 times the Earth year. Earth is 1.50 x 10% km away from the Sun
Using Kepler’s Il law  distance = 14.32 x 10! 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:

2GM
PTVTR oy =428R [As GM = gR’]

Total Kinetic energy by which body is projected
Ki= 'Y m V%, Minimum Kinetic energy required by body to overcome earth
Gravitational field Ko = % m V,?, Kinetic Energy of body just after crossing earth
Gravitational field
Ks;= Y m V3?, From conservation of energy ,K; = K> + K3
LmVie=%mVy2+%mVs? ,Vs2 = Vi2- V2 Here V=11.2km/s and V| =
3x11.2 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.

S
7 n ~
f\:.\r =
\\\' Earth 2 _GM_m i G_M
S r r2 = r
VR+h R+h [As GM =9R* and r=R+h]

(ii)Using universal law of gravitation,X =2.59 x 10 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= 6x10** 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:

(1) The gravitational potential energy of the satellite in orbit.
(i1)The kinetic energy of the satellite in orbit.

(ii1) The total mechanical energy of the satellite.

ANSWERS:
1 (i) radius = 42.3km (i1) time = 6 hours
2 (1)—2.97x10°) (i) 1.27x10'°J (i) -1.7x10'°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.
(1) 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
(i1) 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
(ii1) 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
¢) 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.
(1). 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

(i1). 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

(ii1). 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—Xkinetic 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.
(1) What type of energy is primarily responsible for keeping a satellite in its orbit around the Earth?
a) Kinetic energy b) Gravitational potential energy
¢) Elastic potential energy d) Electrical energy

(i1) 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

(i11)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(1) b) (ii). c (iii).(b) (iv). b
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Gravitation is a

fundamental force o - o

that exists between A \_) S
@ (- =

any two massses in

the universe. —— CBSE CLASSS XI PHYS'CS e

1. UNIVERSAL LAW OF 2. GRAVITATIONAAL FIELD 3. GRAVITATIONAL POTENTIAL 4. ACCELERATION DUE TO

GRAVITATION AND INTEINSITY AND POTENTIAL ENERIGY GRAVITTY (g)
Every particle in the universe attracts Gravitational field at a point: The region | Gravitational potenrtial (V): | Accelertation produwced in a body due to
every other particle with a force which around a mass within which another mass Potential energy per unit mass. gravitational pull of a planet.
is: experiences gravitational force. P f' h ¢
= Directly proportiomal to the product Gravitatiomal field intensity (3): V= 2 it a ‘Islance r from the centre of a
of thdif inasses 3 m spherical planet of mass M:
: = i Gravitational force experienced per unit |
= Inversely proportilonal to the square . A =
snae T P mass pbaced at that point. Due to a point mass M at distance r A GM
= {from infinity): 2
Mathematically, g Ir F
FegG iy ma m P % At the surface (r = R):
r? Due to a point mass M at distance r: T | GM
where, " " . E= pa
F — gravitational force (M) o Gravitational potential energy (U): R
5 i ; Energy posssessed by a body due to
m,, m, = massses (kg) g = T : = £ : Varigition of g:
- T its position in a gravitational field. 9:
r = distance between centres (m) =
G = universal tati (Radllally inward) + Inside the Earth (at depth d):
= gravitational constant GMm
= 6.67 x 107" Nm? kg2 ‘ Gravitational field lines: U=s ——— g = 1 = _)
my ) - my + Always directed towards the mass. L
Fy F1 * Mever intrersect each other. Properties: + Above the surfacce (at height h):
| + Closer lines = stromger field. 5
[l = V is negative (zero at infinity). ' "
P A o - Work done in bringi f g =4
N P ork done in bringing mass m from R+ h
= L & = —~ .- infinity to r is equal to U.
F, and F, are equal in magnitiude and b where R = radios of Earth
opposite in direcction (Newton's 37 Law). // J “u,
5. MOTION OF PLANETS (KEPPLER'S LAWS) 6. SATEDLITE ORRITS 7. ESCAPE VELOCITY
(i) Law of Orbits {ii) Law of Areas (iii) Law of Periods Orbital speed (v): Time period (T): Wi apaad reaiifed by s body 64 ascaps
Each planet The line joining the The square of the time For a satelllite of mass m from the gravitational field of a planet without
moves in an planet and the Sun period (T) of rewviolution revolving in a circular further propuilsion.
elliptical orbit sweeps out eqipaal is directly propoertional arbit of radius r T=2n GM
with the Sun areas in equal to the cube of the arocund Earth {mass M):
at one focus., interrvals of time. semi-major axis (a) of = 2GM =
the orbit. GM G R =~Zel
& _ Planet e 3 V= —_— Satelllite {m)
: - "q-\ f/h—; - A\".\ T ".-I'“\__\
B L | eI =z i I y For Earth: v, = 11.2 km s~ e v
‘z-,” '\%ﬂ "I T2 « a* .r'/ I i -
| L e g 7 ] l ]
- . i
—3 = constant \ .'
a n\ S
. Earth (M) 7
~ st
| o
gbddle dros ' Ll g b 9. GRAVITATIONAL COLLLAPSE 10. WEEIGHTLESSNESS
When a masssive star exhaussts its nuclear fuel, its core collapses under A body appeears to have zero weight when the
Foraisystemiol tho estes iy and ot its own graviity. normal reaction acting on it is zero.

sepairated by disitance r:
y Occurrs when:
7= — M o » Body is in free fall under gravity only.
Neumvon Star

L = Body and support both fall with same

Suppernova
For a system of m particiles: SHPIHQIE-M Explossion Blacls Hole accceleration.
Total potential energy of the system is the
sum of potential energies of all pairs. Neutron Star Black Hole Examiplees:
* Extremely dense + Extremely dense = Astronauts in
= Mass ~ 1-2 M, * Mass > 3 M (approx.) orblcirgt .
= Radius ~ 10 km + Escape velacity > ¢ « Lift falling freely
= Supported by neuttron = Formed when core collapses
degenerzacy pressure beyond a limit
QUICK REVISION FORRMULA SUNIMARY CONISTAMNTS & VALIUES PYQ TIPS COMMMON MISTARKES
| Gravitiational force is universal and =g Mums At gﬂ G =667 = 107" Nm*kg™* ¢ Deriivations are impportant, €3 Forgetting negative sign in Vand L.
ahiegystatiraccive: o " ¥ Draw diaggrams neatly.
) Field lines are rasdially inward, S GM Mass of Earth (M) . . & Using wrong distance r.
) g deccreases with height and T = 5.97 x 10° kg #r Rememiber sign conventions
Bageh: sy GM Radius of Earth (R} for potential energy. & Confusing mass and weight.
© Orbits follow Kepler's laws. (;Mm e ‘/__ = 6.37 % 108 m fr Undertstand physical meaning @ Ignroring vector nature of ..
: P 1 S " of each fermula.
% Escape velocity depends only on r . g at Earth's surface i d € Incorrect unit conversions.
mass and radius of planet. M T iy my =9.8ms? tr Practice numnericals
@ Energy of bound system is negative. tE€= 5T r Escape velocity (Earth) regularly.
=11.2 kms-*

INTERESTING FACT REAL LIFE APPPLICAATIONS REMEKMEBER THIS

= Inside a hotflow spherical shell, ‘ ;}:' \? 5f/ . Gravity is the weakest force, but it is

the gravvitational field is zero - bl . responsible for the largest struictures
Sattellite GPS Space Study of stars

communiccation techmology missions and galawies

in the universse!

at every point.
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CHAPTER - 8: MECHANICAL PROPERTIES OF SOLIDS

A comprehensive, exam-oriented summary for CBSE, JEE/NEET aspirants.

1. Fundamentals of Elasticity

Elasticity vs. Plasticity

Elasticity: Property to regain original
shape/size after deforming force
removal (e.g., Quartz fiber).

Plasticity: Inability to regain shape
(e.g., Putty, Mud).

The Elastic Limit

deformation.

The maximum deforming force up to which a body
retains its elasticity, exceeding this causes permanent

£

to solids.

Bulk Modulus (B or K)

Ratio of Hydraulic Stress to
Volumetric Strain; negative sign B= AV/V
indicates volume decrease.

Shear Modulus (G or n)

4. Moduli of Elasticity

Ratios of Stress to Strain for different types of deformation.

Young's Modulus (Y)

Ratio of Normal Stress to
Lungitudinal Strain; applies only

Perfect Materials (idealized) Ratio of Shearing Stress to Shearing G F/A
Phosphor bronze is the nearest approach to a perfectly Strain; represents the material's )
elastic body, while paraffin wax is nearly perfectly rigidity.
\_P|aSﬁC- 9 U Quick Moduli Reference
Modulus Definition | Formula | Applicable to
2. Quantifying Deformation: |§ 3. Hooke's Law & The Young's Lonotadn' Susst |y ML | setids ony
= = ongltudinal Strain m8l
Stress & Strain Stress-Strain Curve Dl | Wi Sess | _ PV | onasiques,
Volume Strain av Lol
Stress: The Internal Restoring Hooke's Law Sheer) | Sheming Swess | FIA ;
Force Within the elastic limit, Stress is | © | shearingswain | © =@ | Soteseny _

Defined as Restoring Force per

unit Area. @

Sl Unit: N/m? or Pascal (Pa).
Dimensions: [ML1T"?].

= L
Stress = A

Strain: The Relative Deformation
The ratio of change in configuration
to the original configuration; it is
dimensionless and unitiess.

[ 1L
I I+ AL
L

Types of Stress & Strain

Longitudinal (Length change),
Volumetric (Volume change), and
Shearing (Shape change via angular
displacement 8).

— have a small plastic range (glass).
O:O -L Elastomers (rubber) don't obey
Longitudinal ] Hooke's Law but return to shape.
Volumetric 3 ahi I
Shearing . Ductile | |  Brittle || Elastomer
\3 - /

directly proportional to Strain.
Stress o< Strain

Regions of the Stress-Strain
Curve

o Strain
Includes the Proportional Limit
(linear), Elastic Limit (Yield Point),
Permanent Set (plastic
deformation), and Fracture Point
(breaking).

Material Classification via Graph

Ductile materials have a large
plastic range (wire). Brittle materials

Compressibility (C) = %

Reciprocal of Bulk Modulus.

Energy per unit volume.

)
7. Exam Corner: Vital Formul

Energy Density = % x Stress x Strain or %Y x (Strain)?

Force Constant (k) = %

From F = kAl

5. Advanced Concepts:

Poisson’s Ratio & Energy

Poisson’s Ratio (o)
The ratio of Lateral Strain (change
in diameter) to Longitudinal Strain
(change in length).

o Lateral Strain

Longitudinal Strain

Practical values range between 0
and 0.5.
Elastic Potential Energy

Work done in stretching a wire is
stored as energy.

U= % x Stress x Strain x Volume
= i

6. Real-World Applications
(NCERT Case Studies)

Crane Ropes & Bridge Beams

Ropes are designed so load stress
never exceeds the elastic limit.
Load

—— Beams (I-shape)
I-shaped 2T€ used to reduce
beam  bending (5) which

depends on 1/Y.

Why Mountains have a Height
Limit

The maximum height (~10km on
Earth) is limited by the elastic limit
of the rock at the mountain’s base
under its own weight.
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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]
(@1:1 (b)2:1 (©)3:1 (d1:2
4. The stress—strain curve for a ductile material shows: INEET 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™] (b) [ML™'T?] (c) [ML*T™] (d) [M°LT?]

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)l:2 (b)2:1 (c)4:1 (d1:4
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 4 meter” is suspended vertically. Density
of rubber is D kg/m* and Young's modulus of rubber is £ N/m?. If the wire extends by / metre under
its own weight, then extension / is
(a) ’Dg/ E (b) ’Dg/ 2E (c)’Dg/4E (d) L
14. To break a wire, a force of 10° N/m? is required. If the density of the material is 3x10° kg/m?, then

the length of the wire which will break by its own weight will be
-
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15.

16.

17.

18.

19.

20.

(a) 34 m (b) 30 m (¢)300 m (d)3 m
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
2y s? S s?
@ 27 (b) > © 5 @3

The stress versus strain graphs for wires of two materials 4 and B are as shown v

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

Stress

(@) v, =2v, ) v, =v,(c) v,=3v, (d)  v,=3v, 50

[s]
@
&
g
3

The diameter of a brass rod is 4 mm and Young's modulus of brass is
9x10'" N/m*. The force required to stretch by 0.1% of its length is
(a) 3602V (b)36 N (c)1447x10° N (d)367x10° N
Two wires of equal lengths are made of the same material. Wire 4 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 4 as for wire B (b)Twice for wire 4 as for wire B
(c) Half for wire A4 as for wire B (d)One-fourth for wire 4 as for wire
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
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 (d1

ANSWERS OF MULTIPLE-CHOICE QUESTIONS

0. |OPTION | Q.No | OPTION | QNo. | OPTION | Q.No | OPTION

b 6 c 11 C 16

7 12 17

VAW~ |Z

=N onlfoN oy joN

b d

c 8 13 a 18
b 9 14 a 19
b 10 15 b 20

o |c|o |(c

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'T2]

Solution: Stress = Force/Area = [MLT?]/[L?] = [ML'T2].

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 o 2.

12. Ratio of forces applied Answer: (d) 8: 1

Solution: Using AL = 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 | = DL?g / 2E.

14. Length of wire breaking under own weight Answer: (a) 34 m

Solution: Using ¢ = pgL, the calculated length is about 34 m.

15. Elastic energy stored per unit volume Answer: S*/2Y

Solution: Energy density = 2 x stress % strain = S* / 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) 0.05J

Solution: Using U = 2FAL 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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10.

1.

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

2-MARKS QUESTIONS
Define Young’s modulus of elasticity.
State Hooke’s law. Deduce expression for young’s modulus of material of a wire of length ‘I’, radius of
cross-section ‘r’ loaded with a body of mass M producing an extension Al in it.
Give reasons why the springs are made of steel and not of copper.
A wire of length 1 area of crossection A and young’s modulus Y is stretched by an amount x. What is the
work done ?
Prove that the elastic potential energy per unit volume is equal to stress x strain.
Define the term bulk modulus. Give its SI unit. Give the relation between bulk modulus and
compressibility.
Define shear modulus. With the help of a diagram explain how shear modulus can be calculated.
Which is more elastic steel or rubber. Explain.
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/m? 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.

P Hint...
3mg L
r_\.IP _me =
[ Imkg ALY
AL _2mg 2L _8mgl
Q e A Y2 AY
al, g
Al g
2m kg !

In case of emergency, a vacuum brake is used to stop the train. How does this brake works ?
SOLUTION OF 2-MARKS QUESTIONS

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.

Derivation: Let a wire have length "I" and radius "r". Area of cross-section A = nr?.

When a mass M is hung, the stretching force F = Mg.

Longitudinal Stress=F / A = Mg / ar?

Longitudinal Strain = Al /1 Young’s Modulus (Y) = Stress / Strain

Y =Mg/nr?)/ (Al/1) Y =Mg x 1)/ (nr? x Al)

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.
.
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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/I,

Work Done = Average Force x Displacement = (*2) (YAx/I) x x W=7 (YAx?) /1

5. Work Done (W) =% X Force x Extension
Energy Density (u) = W/ Volume = (%2 x F x Al) / (A x 1)
u="%x(F/A) x (Al/l) u ="' x stress X 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 ?
(i1)) Which material is more ductile ?
(ii1)) Which material is more brittle ? Stress
(iv) Which of the two is the stronger material ?

Strain —

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 F = ma.
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.
o Stress develops inside a body due to deforming forces.
o 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
e Stronger material can withstand greater stress before breaking.

Compare ultimate/breaking stress values on graph.
[T e s e e e e e
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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/m? (d)J
OR
Stress is equal to:
(a) Force x Area (b) Force/Area (c) Area/Force (d) Mass x 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 (i1) 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 /. If the length is
reduced to half, What will be the increase in its length.

Stress —»

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 I e
girder made of the same material and weight.

(a) Using the expression for the depression (8) of a beam loaded at the center,
0 = (WI?)/(4bd*Y), 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 x 10" N/m?, g = 10 m/s?).
4. A solid sphere is taken to the bottom of the Mariana Trench, where the pressure is 1.1 x 10% Pa.

B = -V(AP/AV).
I
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(b) If the Bulk Modulus of the material is 1.6 x 10'' 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 10¢ N. If the top face is displaced by
0.05 cm relative to the bottom, calculate the Shear Modulus (1) 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-/« L i.e. if length is reduced to half then increase in length will be é

3. Part (a): In the formula 6 « 1/(bd?), 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 (¢): W=mg=2000% 10=2x%10*N;1=5m,b=0.1m,d=0.2 m.
Calcul: =2 x10*x 5% /(4 x 0.1 x (0.2> x2x 10")=25%x10°/6.4 x 10| =3.9mm .

4. Part (a): Bulk Modulus is the ratio of Hydraulic Stress to Volumetric Strain. The negative sign indicates
that as pressure increases (+AP), the volume decreases (-AV), ensuring the constant B is positive.

Part (b): AV/V=P/B=(1.1 x 10%)/ (1.6 x 10'") = 6.875 x 107
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)> = 0.01 m?. Shearing Stress = 10°/0.01 = 108 N/m?.

Shear Strain = Ax/L = 0.0005 / 0.1 = 0.005. ) = Stress/Strain = 108 / 0.005 =2 % 10'° 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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MECHANICS OF SOLIDS:

FORMULA SHEET

- ~N
FUNDAMENTAL

ELASTICITY & MODULI

Stress & Strain Equations

Stress =

9,
A

Longitudinal Strain =

ENERGY, LIMITS,
& COMPARISONS

Elastic Potential
Energy (U)

()

U= 15 x Stress x Strain x Volume

Measures a material’'s
resistance to linear
deformation.

Hooke’'s Law &
The Elastic Limit

Elastic Limit

r 4
.

J/
AV b’

Stress

Bulk (K) & Rigidity (n) Moduli
1F

B
>

Strain

F /
= .~ — B This law is valid only when the material
is within its elastic limit. |
% = . '
T . Material Elasticity: ,
o= P _ Shearing Stress Steel vs. Rubber
AV/V n Shearing Strain - KU |

S| UNITS & DIMENSIONAL PROPERTIES %
Quanti SI Unit Dimensional Nature
4 ==

Pascal (Pa) / - .
- N/m? ol Ml Steel is more elastic Rubber band
Strain None Dimensionless because its Young's because the lower
> modulus is higher Young's modulus
Moduli (Y, K, n) | Pascal (Pa) Same as Stress than rubber's. compared to steel.
o AN —
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CHAPTER -9 MECHANICAL PROPERTIES OF FLUIDS

FLUID STATICS &
SURFACE PHENOMENA

Pascal’'s Law & Hydraulic Systems

5 T
1 Az

Pressure apFIied to an enclosed fluid is transmitted
equally in all directions; used in hydraulic lifts and brakes.

Surface Tension & Capillarity

e T

Summarizes mechanical properties of fluids,
focusing on behavior at rest and in motion,
coverin%essential laws (Pascal's, Bernoulli's,
toke's) and critical formulas.

FLUID DYNAMICS &
VISCOUS FLOW

Conservation of Flow (Continuity & Bernoulli)

Asq A

Equation of Continuity Bernoulli’s Theorem

Aivy = Axva P+%pl‘2 + pgh = constant

Incompressible fluids follow the Equation of
Continuity and Bernoulli's energy conservation.

Viscosity & Stoke's Law

Surface Tension Capillary Rise Vo
A8 _ 2T cos8 e
T= 7 h = £
Liquids minimize surface area via g y
Surface Tension; drives capillary rise
and spherical raindrop shapes. Stoke's Law
F=é6nnrv

Hydrostatic Pressure & Buoyancy

Fg Pressure:

P =Py+ pgh
Buoyant Force:
Fg=pVg
Pressure increases with depth;

Buoyant force equals the
weight of the displaced fluid.

R L

COMPARISON:
SURFACE PHENOMENA & PRESSURE

Drop Bubble Acute Obtuse
(1 surface) (2 surfaces) (Water/Glass) (Mercury/Glass)

e > 90° -

Drop Bubble 2390
o7 aT Water: Mercury:
R R 0°-8° 130°-140°
A A L =
Gauge Pressure
The difference between absolute PR

L and atmospheric pressure

Viscosity is internal fluid friction;
Stoke's Law defines the dragging force
on a sphere moving through a fluid.

Terminal Velocity & Reynolds Number

Reynolds Number A -
determines flow type. Turbulent Flow
Objects reach a constant maximum speed (Terminal
Velocity) when viscous force equals net weight; flow

type is determined by the Reynolds Number.

" MOST COMMON STUDENT MISTAKES

2% Aircraft Wing Lift: Buoyant force acts downward.
(Corrected principle: Bernoulli's Theorem)

>¢€ Hydraulic Lift: Pressure depends only on force
it's F/A).
Corrected principle: Pascal's Law)

>< Raindrop Shape: Surface tension and viscosity
are the same.
(Corrected principle; Surface Tension)
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MULTIPLE CHOICE QUESTIONS
1. Pressure at a depth hinside a liquid is given by:

(@) P = pgh (b) P =pg/h () P =gh/p (d) P =ph/g

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) 24nS R ? (b) 487S R? (c) 12rS R ? (d) 36nSR?
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?

()10 m ()20 m (c)60 m (d)30 m
8. A cylindrical tank has a hole of 1 ¢m2 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 ()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/m?)
then the velocity of water flowing from hole is

(a) v400m/s (b) v600m/s (c) V60m/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

i | i r [ [

!
(a) (b) () (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 P + %pvz + pgh = constant 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 (¢) 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)equalto g (b)zero  (c)lessthang  (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) 0.07N (b) 0.06 N (¢)0.01 N (d)0.02 N
ANSWERS
QNo. | 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.
In hydraulic systems, liquids transmit pressure uniformly throughout the fluid.
Viscosity is related to internal friction between adjacent layers of a moving fluid.
Terminal velocity is reached when all forces acting on the body balance each other.
A soap bubble has two surfaces. Work done equals increase in surface energy.
Use pressure relation:
P =Py + pgh Compare pressure at half depth and full depth.
8. At maximum height, inflow rate equals outflow rate. Use Torricelli’s theorem:

NV AW

v=,/2gh
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.
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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: Av = 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: F = (T; —
T,)L where Lis the length of the stick.

ASSERTION-REASON TYPE QUESTIONS-

(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.

. 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.

. 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.
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.
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-
(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.
(a) Zero surface tension means no opposition to expansion.
(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.
(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.
(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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10.

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

. A truck carrying heavy loads has broader tyres than a small car. Explain why broad tyres are preferred

for heavy vehicles.
During a storm, the roof of a weak house may get blown away. Explain this using Bernoulli’s principle
A student notices that honey flows much slower than water from a bottle.

What property of liquids causes this difference? Explain.

A parachutist opens the parachute before reaching the ground.

Why does this help in safe landing?

Water comes out with greater speed from the lower hole of a water tank than from the upper hole. Give
reason.

Small insects can walk on the surface of water without sinking.

Explain this phenomenon.

Modern cars and airplanes are given streamlined shapes. Explain the advantage of such shapes.

A spinning cricket ball swings in air during a match. Explain the reason briefly.

Hydraulic brakes are used in vehicles to stop them easily. Name the law involved and state its role.

. Soap is added while washing clothes with water. Why does soap improve cleaning action?

SOLUTIONS OF 2-MARKS QUESTIONS

. Broad tyres increase the area of contact with the ground. This reduces pressure on the road and prevents

sinking.

Fast-moving air above the roof lowers pressure outside.
Higher pressure inside pushes the roof upward.

Honey has greater viscosity than water.

Therefore, it resists flow more strongly.

Opening the parachute increases air resistance.

This reduces the speed of the parachutist.

Pressure in a liquid increases with depth.

Hence water flows faster from the lower hole.

Surface tension acts like a stretched film on water surface.

It supports the weight of small insects.

Streamlined shapes reduce fluid friction or air resistance. This helps vehicles move faster and save fuel.
The spinning ball creates unequal air speeds around it. This produces pressure difference and causes
swinging.

Hydraulic brakes work on Pascal’s law. Pressure applied to brake fluid is transmitted equally to all
wheels.

Soap reduces the surface tension of water. This allows water to spread easily and remove dirt better.

3-MARKS QUESTIONS

. 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.
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
cms™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.

A water drop of diameter 2mm is split up into 10° identical water drops. Calculate the work done in this

N

process. (The surface tension of water is 7.3 X 1072 Nm™1)

Define Surface Energy and derive the expression of relation between surface energy and surface tension.

Prove that excess pressure inside a soap bubble is inversely proportional to radius of bubble.

Write the different type of flows of a fluid Hence define critical velocity.

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

1) Coefficient of viscosity of the liquid
i1) Radius of the tube
1i1) 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 x 107> Nm .

15. Explain the reason behind it

(1) Blowing off of roofs of houses during a storm

(i1))How sprayer works?

© % N o

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 = N2/3 v

We have 8 X %m‘3 = %nR3 => R =2r and we know that terminal velocity v; o« (Radius)?

Vr _R? . (2r)? _
We have;—r—2 or Vo = vyp = Vr =
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 Sphers faling iy i
weight (force) ‘W’ along downward, buoyancy force viscous fiuid
‘U’ along upward. Since downward force is greater so 4 8 Time
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

Terminal (constant)
welocity

S Acceleration
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10.

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.
ThenU+F=W - - - (1)

U = weight of the liquid displaced = mass of the liquid displaces x g=c V g
W = weight of the solid = mass of the solid sphere x g=p V g
From Stoke’s law F =6 n nr v¢ (Where p is density of ball, ¢ is density of liquid.)
csVg+tbnnrvi=pVg = 6nnrvi=cVg-pVg = 6anrvi=Vgc-op)
21’ (p-o)g

91
l)VtocI‘2. 2)Vtoc1/n 3)Vtoc(c5—p).
1) If 6 > p then 1. h. s of equation is positive, then direction of terminal velocity is downward. ii1) I[f o <p

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.

From this formula: -

67‘51’]I'Vt:§7'5r3g(6— p ) Hence |v, =

. Let a water drop of radius R be split up into 10° identical water drops each of radius (R=D2

=2/2=1mm=1x 1073m ,No. of droplets n = 10%; T=7.3 x 1072N/m)

W = 4nR?T [n1/3 -11=4n(1073)2 x 7.3 x 1072 [(10% )1/3 -11=9.17 x 107* ]

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 ‘I’ be the length of the arm RS, then the force acting on the arm RS towards the film is given by

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=Forcex Displacement or
W=(TX2I) XX ...onenen. (2) W=Tx(2Ixx)Work E=TxAA ......... (3) Which is
required expression for surface energy Where AA=2(Ix x)= increase in the area of the film on both sides
T=W /AA or T=E/ AA
“surface tension of a liquid is numerically equal to the surface energy per unit area.

Yes, the reading of the balance will increase but the increase in weight will be equal to the loss in weight
of the stone (Vog) and not the weight of stone (Vpg)[> Vogas p > o].

(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.

(1) 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. v small, P large

(i1) 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
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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 4, v=,/2gh
Rate of flow of water from square hole Q, = a,v, = L?,/2gy

Rate of flow of water from circular hole Q, =a,v,= 7R?,/2g(4y)

and according to problem @, =Q, = L[2,/2gy = 7R*,/2g(4y) = R= %
7T
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 (¢) Vehicles (d) Ships

OR
Pressure is defined as:
(a) Force x 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) kgm™ (b) Nm™= (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 p, 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.
(i1)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/s?).
(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=hpg

=0.76x13.6x103%x9.8 =1.013x10°N/m?
Height of the atmosphere: The atmospheric pressure, Pa =hpg
orh=Pa/pg=1.013x10%/1.3x9.8  =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=—Vpg

p-A+dpA—pA=—A(dh)pg

dp.A=—ppg(dh)A

dp/p=—pg(dh)
Negative shows that pressure decreases as height increases.

(c) P, =10%Pa(1 atm), g= 10 ms~2 Density of water p = 103 kgm™3)

Absolute Pressure P=P, +hpg Absolute Pressure P = 10> + 10 x 103 x 10 Absolute Pressure
P=2x10°=2atm
2. Mathematically for unit volume of liquid flowing through a pipe. P+ pgh+ % pv? =
constant
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To prove
If P, and P, 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
W=RPV-PV=(P -P)V ... (1)

This work is used by the fluid in two ways.
(1) In changing the potential energy of mass m (in the volume V') from mgh to mgha,
ie., AU=mg(h, —h,) ... (i1)

(ii) In changing the kinetic energy from %m\q2 to %mvg, ie, AK = %m(vg —vZ)  (iii)

Now as the fluid is non-viscous, by conservation of mechanical energy

W=AU+AK e, (P, —P2)V=mg(h2—h1)+%m(v§—v12)

or P+ pgh + % pv? =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 4.

If T is S.T of water, then on water outside be P = 27

S s e (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 6 is angle of contact then, pressure exerted by the liquid column in capillary
tubeis Pig=hd g (2)

For equilibrium, Pressure due to liquid column = pressure difference due to surface tension (excess
of pressure)
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So

R=T R=T
Tcos B¥ 2nr
*:U Bi
T sin g -2 Tsin g
TE
h AN

Meniscus

o

Weight=arfhpg

comparing eql and eq2. hd g = 2TT or T = %_(2)

In Triangle OAB  Cosé = % =

= Putting values in eg2
Cos 0 8 a

hrd Dl .
T = 2% & When volume of the liquid is taken into account then 7 = (htri3)rdg
2 Cos 0 2 Cos 0
For pure water angle of contact is nearly zero. Cos 0 = 1. Then
T hrdg
2

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 2 i.e. V = \/2gh ”.

Proof:—

If a liquid is filled in a vessel up to height H and a hole is made at a depth /# 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

(P, + hpg)+0=P, +%pv2 or v=,/2gh

Since the velocity that an object would acquire in
falling from rest through a distance 4 is v then,

v’ =u® +2aSand v’ =0 + 2gh or v=.[2gh

<« x—>

Hence velocity of efflux is same as the velocity that an object would acquire in falling from
rest through a distance 4
** 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.
2(H - h)
g

(ii) Time taken by the liquid in falling from hole to ground level ¢ =
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(ii1) The horizontal range covered by the liquid x = horizontal velocity (V) x time (¢)

2(H - h)

2gh x = 2./HH - h)

(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): 2nrT cosb = wr*thpg =>h = (2T cosB) / (rpg).

(¢):h=(2x0.073) /(0.5 x 107 x 1000 x 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 |
Fluid Mechanics:
The Essential Formula Guide

A comprehensive visual cheat sheet for the fundamental mathematical
laws governing fluid statics and dynamics, including pressure, velocity,
and surface phenomena.

FLUID STATICS VISCOSITY &
& DYNAMICS SURFACE PROPERTIES

BERNOULLI'S THEOREM TERMINAL VELOCITY
2r(p — o)g

P + pv2 + pgh

= constant . 9n
Represents the conservation of energy The constant speed reached by an
for a flowing fluid. object falling through a viscous fluid.
. A
PASCAL'S LAW & HYDRAULIC LIFT STOKES' LAW
F2 — 2 Fa + s, (7
= gk Az F = 6rmrtrnv 2
F1 A1 Aq
Pressure applied to enclosed fluids is Calculates the drag force acting on
transmitted equally in all directions. spheres moving through a viscous fluid.
- S

THE EQUATION OF CONTINUITY CAPILLARY RISE

Av = constant Vi h = 2Tpcg<:-se GC\ ‘|"

A,
Ensures mass conservation by relating Determines how high a liquid rises or
ﬂmd velocity to the cross-sectional area falls in a narrow tube.
. _J
EXCESS PRESSURE (aP) L _svweouke
Surface Type Excess Pressure (AP) Symbol Property
Liquid Drop = T p (rho) Fluid Density
@ gﬁgﬁle AP = g n (eta) Coefficient of Viscosity
©o ﬁ}irLliBuubigle AP = 2T T Surface Tension
. q r J — —
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CHAPTER-10

NS

QUICK REVISION CHART

1. HEAT & TEMPERATURE 2. TEMPERATURE SCALES 3. CONVERSION FORMULAS 4. HEAT CAPACITY
|

THERMAL PROPERTIES OF MATTER

A

lce malts under pressure, re-freezes

Regelation
when pressure is remowed,

* Heat is a form of energy that Celsius (*C) Fahrenheit (°F) Kelvin (K) | * Heat Capacity (S):
flows from higher temperature s [Bi= 9/5 C+ 32 S = AQ WK™
to lower temperature. 100°C 212°F 373K : AT -
e K=C+ 273 | « Specific Heat Capacity (s):
+ Temperature is the degree of S i W kg~ K1)
hetness or coldness of a body. 4 9
0°c 32°F 273K C=°C, F=°F K = Kalvin = Heat required:
| AQ = msAT
\. S L. A - —
5. THERMAL EXPANSION OF SOLIDS FORMULA BOX
Linear Expansion Area Expansion Volume Expansion Relations o F = - C + 32
5
B =2a
[m: o — ] @ — | ® K=C+273
L L+aL Y = 3a i
=, C =1:2:3 o failly = o AT
a:pB:y=1:2: I
AV
A S © 22 - par
Mote:
a = Coefficient of B = Coefficient of ¥ = Coefficient of e DN e 2Y - o aT
5 3 il
H b -1 - -1 o -1 s not strictly constant. It depends A"
linear expansion (K~') area expansion (K~1) volume expansion (K1)
on temperature, o ﬁ T
. — =
yomamem ey ) Q@ 7-3a
&. THERMAL STRESS 7. THERMAL PROPERTIES 8. EXPANSION OF GASES 9. WATER AS A © Stress — Ya AT
When expansion/contraction OF MATTER Gases axpand more COOLING AGENT
is prevented, thermal stress Water has maximum density than liquids and solids High specific heat © s-= %
develops. at 4°C. It expands when when heated. capacity — absorbs
Example: Rod fixed rigidly cooled below 4°C. large heat with small D s= %
at both ends — develops e e parara
‘ compressive stress on ] - Used in radiators of @ AQ=msAT
heating. 2 automobiles, engines,
I]’;E::m % | cocling systems. i il
Formula:
; ! 7 (gases) is highly ® Q=mL,
Stress = Y a AT o L s0 100 temperature dependent. i
e S rempersture ) e P~ ] @ n-Kast
10. CHANGE OF STATE (5] TV conatant
mT =
| @ Meltin . X i Heat absorbed or released during change
g (Fusion) Seolid — Liquid at constant temperature.
& o 4 | of state without change in temperature. @ H=AocT*
|
O Freezing Liquid — Solid at constant temperature. | * Latent Heat of Fusion (L):
X i @ is O Where,
P ) e : : Q =mL; (Solid = Liquid) ¥ = Young's modulus
u Vaporization Liquid — Wapour (Evaporation / Boiling).
K = Thermal conductivity (W m~' K~7)
* Latent Heat of Vaporization (L,): = . A o, L b ()
= F Temperature at which liquid changes r = Area , L = Length (m!
Boiling Paint F pe il — O
@ L ik completely inta vapour. Depends on pressure. Q =mL, (Liquid = Gas) u R T T
@ Sublimation :‘::’d ;::‘ e o e | Unit: J kg™ A = Wavelength of max intensity (m)
3 ; Where, m = mass of substance T = Absolute temperature (K)

Conduction
Temperature & pressure where solid,

i |

Heat transfer through y _ kAaT ]

liguid & gas coexist in equilibirum.
(Water: 273.16 K, 6.11 x 10° Pa)

IMPORTANT POINTS EXAM TIPS
* Heat always flows hot — cold. Wirite formulas first.
% Water is densest at 4°C. Lo oot anites
% Latent heat: changes state,
9 + Draw diagrams where useful,

not temperature.
% At boiling point, vapour pressure + Read question carefully.

= atmospheric pressure. + Check assumptions.
% Good absorbers are good emittars

of radiation. + Practice numericals.

a i y medium. L

Heat transfer through
bulk motion of fluid
(liquid or gas).

Heat transfer through
electromagnetic waves.
Na medium required,

COMMONLY CONFUSED

Heat vs Temperature

Heat = energy in transit,
Temperature = measure.

Heat Capacity vs Specific Heat
Heat Capacity depands on mass,
Spacific Heat is mass independent.
Boiling vs Evaporation

Boiling ocecurs at fixed temperature,
Evaporation at any tempearature.

12. HEAT TRANSFER 13. RADIATION LAWS

* Wien's Displacement Law
AynT = constant

« Stefan-Boltzmann Law
H=AoT*

Where, H = total energy radiated per

second (W), A = area (m?)
|

ONE-LINE CONCEPTS

+ Heat flows from high to low temperature.
+ Thermal expansion increases dimensions
of solids,

‘Water expands below 4°C.

Latent heat is hidden heat of change.

‘Conduction needs medium, radiation
needs none.

<

Stefan-Boltzmann: hotter — more

radiation (T).
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10.

11.

12.

13.

14.

MULTIPLE CHOICE QESTIONS
The coefficient of linear expansion of a rod is «. The percentage increase in its length when heated

through temperature AT is: (NEET 2023)
aAT

(a) adT (b) 100aAT (©) Too (d) 10aAT

A black body at temperature T radiates energy at maximum wavelength A. If temperature becomes
2T, the wavelength of maximum intensity becomes:

(NEET 2022)
(a) 22 (b) A OF @2
The SI unit of thermal conductivity is: (NEET 2021)
(@ Wm iK1 (b)J kg 1K1 CWm™2K* (d)Jm?
Water has maximum density at: (NEET 2020)
(a) 0°C (b) 4°C (c) 100°C (d) —4°C
A leak-proof cylinder floats vertically in water at 0°C. When water temperature becomes 4°C, the
cylinder rises slightly because: (JEE Main 2020)
(a) Water contracts (b) Water expands
(c) Density of water increases (d) Density of water decreases

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)

@y=«a d)y =2a (©y =3a (d)y =4a
The dimensional formula of Stefan-Boltzmann constant is:

(a) [MLT3K~*] (b) [MT3K4] (c) [ML?T~2] (d) [ML*T2]
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

In solids, heat is mainly transferred by:

(a) Convection (b) Radiation (c)Conduction (d) Expansion

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
Two rods A and B of different materials are welded together as shown «
in figure. Their thermal conductivities are K; and K». The thermal K 2 [
conductivity of the composite rod will be
(a) 22 (b) 22 © (K + K2 (d) 2(K; +Ky)
(K1+K32) 2

The coefficient of linear expansion of a crystalline substance in one direction is 2 X 10™*/0.. The
coefficient of cubical expansion of crystal is equal to

(@) 2x107*/0, (b) 4 x 107*/0, ()6 x107*/0, (d)1x107*/0,

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

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.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

The plots of intensity of radiation versus wavelength of three ‘e r,
black bodies at temperatures T1, T2 and T3 are shown. Then, . T,
(a) T3>T2>TI (b) T1>T2>T3

(c)T2>T3>TI (dT1>T3>T2

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.

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.
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.

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.
ASSERTION: The melting point of ice decreases with increase of pressure.
REASON: Ice contracts on melting.
ASSERTION: Woollen clothes keep us warm during winter.
REASON: Wool traps air, which is a poor conductor of heat.
ASSERTION: Shiny surfaces are used inside thermos flasks.
REASON: Shiny surfaces are good absorbers of heat radiation.
ASSERTION: A metal spoon kept in hot tea becomes hot after some time.
REASON: Metals transfer heat mainly by conduction.
ASSERTION: Water is used as a coolant in car radiators.
REASON: Water has high specific heat capacity.
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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10.

PRACTICE QUESTIONS- MCQ
Water has maximum density at:

(a) 0°C (b) 4°C (c) 100°C (d) —4°C

The SI unit of thermal conductivity is:

(a) Jkg 1K1 (b) Wm™1K™1t () Wm™2K~* (d)JK1
During melting of ice, the temperature:

(a) Increases continuously (b) Decreases continuously

(c) Remains constant (d) First increases and then decreases

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

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
"Water is a good coolant because of its high specific heat capacity." Is this statement true or false?

Explain

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)

Determine the coefficient of linear expansion of a metal rod given AL = 0.1m, Lo = 1m, AT = 25°C.
During winter, a lake freezes at the surface while aquatic life survives below it. Explain why.

Two cooking pans, one black and one shiny, are kept in sunlight. Which one becomes hotter faster
and why?

A person standing near a fire feels warm even though air is a poor conductor of heat. Explain.

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?

Why are burns caused by steam at 100 °C much more severe than burns caused by boiling water at
the same temperature?

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 X107/ K)

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 =3.36x10°J /kg)

SOLUTIONS OF 2 MARK QUESTIONS
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.

Given values: Mass of water (m) = 500g = 0.5 kg, Initial temperature (T:1) = 20°C
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10.

N —

(98]

N

Final temperature (T2) = 80°C, Specific heat capacity (s) =4.186 J/g°C =4186 J/kg°C

Calculate temperature difference (AT) = Tz - T1 = 80°C - 20°C = 60°C
Apply formula Q =msAT Q =0.5kg x 4186 J/kg°C x60°C =Q = 125580 J
Formula: a = AL / (Lo AT) given values: Change in length (AL) = 0.1 m
Original length (Lo) = 1 m, Change in temperature (AT) = 25°C
using values into formula:

a=0.1m/ (1 mX25°C)=0a=0.004°C'ord x103°C'=a=4x103°C"*
Water has maximum density at 4°C. The colder water and ice remain on the top while comparatively
warmer water stays below, allowing aquatic life to survive.
The black pan becomes hotter faster because black surfaces absorb heat radiation more effectively
than shiny surfaces.
Heat from the fire reaches the person mainly through radiation, which does not require any medium.
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.
Steam at 100 °C carries significantly more energy than water at 100 °C. This extra energy is the

latent heat of vaporization (22.6 x10° 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.
Identify Given Values:
Initial length (L) =20 m
Change in temperature ( AT) =45°C - 25°C = 20°C
o=1.2x10°/K Formula: AL=L o AT :AL=20 x1.2 x10 %20 = 4.8mm
The minimum gap required is 4.8 mm.
Mass of water (m) = 0.5 kg
o AT for water =30°C - 0°C=30K
o Specific heat (sy,) =4200 J/kgK
o Latent heat of ice (Lg) =3.36 x10° J /kg
Principle of Calorimetry:
Heat lost by water= Heat gained by ice to melt ~ msAT =m Ly
0.5%x4200 %30 = mx3.36 x10° m = 0.1875 kg The mass of ice required is 187.5 g

PRACTICE QUESTIONS- 2 MARKS
Why are gaps left between railway tracks? Explain.
Calculate the heat required to raise the temperature of 0.5 kg of water from 20 °C to 60 °C. Given:
Specific heat capacity of water sy = 4200 Jkg'K!
Why is the inside of a refrigerator made shiny?
A ball and ring apparatus is heated. The metal ball passes easily through the ring before heating but
not after heating. Why?
Calculate the amount of heat required to raise the temperature of 2 kg of aluminium from 30°C to 80
°C(s=900J kg ' K™

SOLUTION - NUMERICALS OF PRACTICE QUESTION
84000 J
90000 J
3 MARK QUESTIONS

Show that the coefficient of area expansion, (A4/4)/AT, of a rectangular sheet of the solid is twice its
linear expansivity, a;.
|
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10.

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?

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

A copper vessel of mass 500 g contains 200 g of water at 20°C. Calculate the heat required to raise
the temperature of both to 60°C.

(sw=4200J kg K1, scu=390J kg! K')

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 °C, if the original lengths are at 40
°C? (Aprass = 2.0 X 1073/°C, Qgpee; = 1.2 X 1075/°C)

How much heat is required to convert 10 g of ice at -10 °C into steam at 100 °C? (Given: sice= 0.5
cal/g °C, Lr= 80 cal/g, Lv = 540 cal/g)

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.

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.

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.

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 A gpperere= 1.2 X107/°C)

SOLUTIONS OF 3 MARK QUESTIONS

Consider a rectangular sheet of the solid material of length PRr—

a and breadth b (Fig.). AA, = 1(AD) | ‘
When the temperature increases by A7, 7 26 v

[ increases by Al = a;.IAT and b increases by b
Ab= a;.bAT. 7 N
From Fig., the increase in area |
AA = AA; + AA, + AA; = IAb + bAL + AlAb = AA, = b (AD

la;.bAT + ba; IAT + a?lbAT?
=lba;AT(2 + a; AT) = A;AT (2 + a; AT)

Since a; = 10-5 K!, the product a; AT for fractional temperature is small in comparison with 2 and
may be neglected.

~AA = A qAT X2
Hence, —— =20
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.

(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.

Mass of copper vessel = 0.5 kg,Mass of water = 0.2 kg AT = 60 — 20 = 40°C
Heat required for water:Q; = 0.2 X 4200 x 40=33600 J

Heat required for copper vessel:Q, = 0.5 X 390 x 40 = 7800

Total heat required:Q = Q4 + @,=33600 + 7800 = 41400 J

Total heat required = 4.14 x 10* J

Given: Li=L=50cm, A T=250-40=210"°C.
o ALbrass = L1tppgss A T =50%2.0 x10°x210 = 0.21cm
0  ALsteel = Li@gree; A T =50%1.2 x10%210 = 0.126cm
o Total Change: AL = ALprass + ALsteet = 0.21 + 0.126 = 0.336 cm.
Heat to raise ice to 0°C: Q1 =msA T =10 x0.5 x10 = 50cal.
> Heat to melt ice: Q2=mL¢= 10 %80 = 800 cal.
> Heat to raise water to 100 ° C: Q3 =10 x1 x100 = 1000cal.
> Heat to convert to steam: Q4 = mLy = 10 X540 = 5400cal.

> Total Heat: Q =50 + 800 + 1000 + 5400 = 7250 cal.
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 x L, where m is the
mass and L is the latent heat of fusion.Q1 =1 kg x 334,000 J/kg = 334,000 J

The heat gained by the water is Q =m x ¢ X AT =0.2 kg x 4186 J/kg°C x (23°C - 20°C) =2511.6 J.
The heat lost by the metal is Q =m % ¢ x AT =0.05 kg x ¢ x(100°C - 23°C) =3.85¢ J.

Equating the heat gained and lost: 2511.6 J =3.85c J.

Solving for 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.

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.
(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 AT =45°C - 20°C = 25°C

a=12x10°%°C AL=LxaxAT=10x1.2x 107 x25=3 mm

PRACTICE QUESTIONS- 3 MARKS
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.
A steel rod of length 2 m is heated from 20°Cto 120°C. Calculate the increase in length. Given:
Coefficient of linear expansion of steel = 1.2 x107 °C!,
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:

(1) White paint (i) Wooden false ceiling

SOLUTION - NUMERICALS OF PRACTICE QUESTION
2.4 mm

5 MARK QUESTIONS
(a) What is thermal expansion? Describe an experiment to demonstrate linear expansion in solids. (1

mark)

(b) Derive the relationship between change in length (AL) of a solid and its coefficient of linear
expansion (a), initial length (Lo) and change in temperature (AT). (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. (a in 1075/°C) (2 marks)

(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 X 10™* m? conducts heat from a hot end at
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150°Cto a cold end at 50°C. If thermal conductivity of copper is 400 Wm™'K"!, calculate the rate of
heat flow through the rod.

(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°Cinto water at 50°C.

Given:Specific heat capacity of ice = 2100 ] kg 1K1

Specific heat capacity of water = 4200 ] kg 1K1

Latent heat of fusion of ice = 3.36 X 10° ] kg™*

SOLUTIONS OF 5 MARK QUESTIONS
(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 = Lo, final length = Lo + AL, initial temperature = T, final temperature = T>
AT=T.-Ti AL=Loxa AT ora=AL/ (Lo AT)
(¢) Given: AL=1.502m- 1.5 m=0.002 m, Lo = 1.5 m, AT = 75°C - 25°C = 50°C
a=AL/(Lox AT)=0.002/(1.5x50) =2.67x107%°C!
(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

(¢) Given:L=2m A=5x10"*m? AT =150 —50 = 100°C K=400 WmK!
% = @ % = 4OOXSX120 1100 % = 10 W Rate of heat flow = 10 W

(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: m=500g

Step 1: Heat required to raise temperature of ice from —20°Cto 0°C

Using,

Using, Q =mcAT Q@ =0.5x%x2100 % 20Q, = 21000/

Step 2: Heat required to melt ice at 0°C

Using, Q=mLs Q,=0.5x%x336x 105Q, = 1.68 x 10° ]
Step 3: Heat required to raise water temperature from 0°Cto 50°C

Using, Q = mcAT Q3 = 0.5 %4200 x 50Q5; = 105000 J

Total Heat Required

Q =0, + Q, + Q30 = 21000 + 168000 + 105000 = 294000 ] = 2.94 x 105 ]

PRACTICE QUESTIONS- 5§ MARKS
(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 gm of ice at —20°C into water at 50°C.
Given: Specific heat capacity of ice =2100 Jkg™! K!
Specific heat capacity of water =4200 Jkg™' K!

SBeciﬁc heat caBacitz of Latent heat of fusion of ice = 3.36 x10° Jk%'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 T. If its absolute
temperature is doubled, calculate the new rate of energy radiation.
SOLUTION - NUMERICALS OF PRACTICE QUESTION
I.(c) 2940001J 2.(c) 12800171

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 Water Vapor
4°C water remains at the bottom of lakes while ice forms on the surface. (gas)

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?

(2)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?

Water
(liquid)

Pressure

Temperature

(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.

e Ice absorbs extra heat while melting and keeps the drink cool for a longer time.

e 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 g of ice at 0°C.Given: Ly = 3.36 x10° J/kg

(a) 1.68 x10*J (b) 2.36x10*J (c) 3.36x10*J (d)4.36x10*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) 1.4B: (¢)
2.1: (b) 2.2: (c) 2.3:(¢) 2.4.A: (a) 2.4B:(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 gm of ice at 0°C.Given: Ly = 3.36 x10° J/kg
(a) 1.68 x10*J (b) 2.36x10*J (c) 3.36x10*J (d)4.36x10*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
ANSWERI: (b) 1.2: (d) 1.3: (¢c) 1.4.(c)
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[} THERMAL PROPERTIES OF MATTER &

il - TEMPERATURE CONVERSION

B = %c+32

SR Entem )

J |

K=C+ 273

 (Kin Kelvin, C in °C)

THERMAL EXPANSION

€ LINEAR EXPANSION

Ay = Original area
Ly AA = Change in area

AT = Change in tempera

o [ AL=1L,0AT |
I L, - Original length
re———— e i AL = Change in length

AL a = Coefficient of linear expansion

AT = Change in temperature

1 [ A4=4,BAT |

B = Coefficient of area expansion

ture

[ AV=V,yAT |

Vo = Original volume
AV = Change in volume

AT

Change in tempera

¥ = Coefficient of volume expansion

ture

B=2a, y=3a
: g:piy=1:205 J

RELATIONSHIP BETWEEN COEFFICIENTS

M

~

FUSION (SOLID — LIQUID)

a solid into a liquid is given by:

b Quantity of heat required to convert
a liquid into vapour is given by:

Quantity of heat required to convert ‘ Q = mLf

Ly = Latent heat of fusion

VAPORISATION (LIQUID — VAPOUR) [ Q _ ?;IL_

CHANGE OF STATE

L, = Latent heat of vaporisation
= = e

HEAT TRANSFER = CONDUCTION

The time rate of heat flow in a material
T2 for a given temperature difference is

Q0 A(L-T

= ) H = Total radiant heat energy emitted per second
t L A = Area of the surface
-~ -8 -2 -4
¥i= Thermai:conccivity o = Stefan-Boltzmann constant (5.67 x 107 Wm ™ K™)
A = Area of cross-section T = Absolute temperature (in K)
T = Thickbnees ‘enpetsrite T, — T; = Temperature difference
Q/t = Rate of heat flow Ao Y,

[ THERMAL STRESS

P—-} Stress = YaAT}

Young’s modulus (modulus of elasticity)
Coefficient of linear expansion
Change in temperature

a
AT

LS

HEAT CAPACITY & SPECIFIC HEAT

@ HEAT CAPACITY (S) g = AQ
AQ = Heat added AT

AT = Change in temperature

° SPECIFIC HEAT CAPACITY (s) vt S
; m

S = Heat capacity
m = Mass of the substance

HEAT REQUIRED TO RAISE

0 TEMPERATURE AQ =msAT J
Quantity of heat required to increase the
temperature of m kg substance by AT K.

THERMAL RADIATION

WIEN’S DISPLACEMENT LAW

Ll T = constant J

Am = Wavelength at maximum intensity
T = Absolute temperature

STEFAN—BOLTZMANN LAW
| H=4AcT* |

@ These formulas describe how matter responds to temperature changes
= ‘and how heat is stored, transferred and radiated.
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CHAPTER — 11

"THERMODYNAMICS |

ENERGY. TRANSFORMATION. DIRECTION. =

THE ZEROTH LAW & - INTERNAL ENERGY, - FIRST LAW OF THERMODYNAMIC - A
THERMAL EQUILIBRIUM HEAT, AND WORK THERMODYNAMICS (FLOT) PROCESSES .
Understanding how a gas changes
The Law: Internal E“ergy (): This is essentially the Law of from one state to another is the
If two systems (A and B) The sum of kinetic and Conservation of Energy applied core of the chapter:
are in thermal equilibrium potential energies of to thermal systems.
with a third system (C), the molecules. It is a m ! S
then A and B are in R o i s sl B P - ' | Gonstae | Happen
- ly on the current I H |
thermal equilibrium o, S Ty ! | \ / Temperature slowly
with each other. ) g.ot there). | I; Q = AU B Aw ! Isothermal (AT = 0) (AU = 0)
I [ I !
] ] [
P Pt — S e ikt T S —
————————— Happens
[ No heat
@ Heat (Q): [ m ex:hange suddenly.
. "y PVY =
P % Energy transfer Interpretation: Adiabatic (aQ = 0) et
4 \/—\ due to temperature | The heat energy supplied to
{ difference. a system is used in two ways: - k Work done
> | 7 3
@ B | | Constant | is maximum
T e W~ e Pressure for a given
changing the internal 3 ‘ g
Work (W): @ == (ap =0) volume
@ energy of the system change
| Significance: Energy transfer
| This law justifies the ?ul‘;i::yd:i:::::em | o doing external work. Calaiant No work-is
g ol herpegtegs med moving in a cylinder). | | Volume pogeiin=2
provides a formal definition 9 Y g - & oriare — (AV = 0) All heat goes
| of temperature. S )} Energyisco 5 Isochoric to AU
& "W=PAV e eancharge | |
[ i e —————— forms! .
s /

6 HEAT ENGINES AND } o SECOND LAW OF * REVERSIBLE AND
REFRIGERATORS THERMODYNAMICS - IRREVERSIBLE PROCESSES

A pressure-volume (PV) diagram,

Heat Engine: This law sets the direction of Reversible: also known as an indicator

| Converts heat into work. physical processes and proves y diagram, is a graph that
e e frem arhires that 100% efficiency is impossible. A process that can be retraced visually represents changes in
(high T), does wark, and such that the system and pressure and volume during a
i ejicts TEE e e Kelvin—Planck Statement: surroundings return to their thermodynamic process.
(low T). No engine can convert all original states (idealized). P

heat from a reservoir into

ngll work without some rejection. Forward
_’ — wout Pﬂ:n:ess

/

I
]
[}
| Work Done =
am —.. — wout i (Area under !
i the curve) |
L 1 -
ns
1 4 o v, v, v
(s"'k} out Rmrse Key Features and Applications: R
———————————————————————————————————————————————— Process ® Work Done: The area under the 1
i i ina PV di represents
Refrigerators/Heat Pumps: Clausius Statement: (| e Ty B'
The reverse of an engine. Heat cannot flow spontaneously p thermodynamic process.
It uses external work to from a cold body to a hot body Irreversible: ® Efficiency: PV diagrams can be
move heat from a cold without external work. used to analyze the efficiency of @
s e All natural processes are engines and other thermadynamic .
T Y- irreversible due to friction systems.

volume change during various
ke

and turbulence. @ Understanding Thermodynamic
Low High cd:ruy - —X—-— m:rs;'dy Processes: They provide a visual
T = MIE i'mulh : T :) h representation of how pressure and
(Cold Body) (Hot Body) o i

P & P

and heat transfer.
@ Visualizing Changes: The slope of

- T (L N @ : - the line on a PV diagram can indicate
wih (g - r‘ T — T N the nature of the process. For example,
' Irreversibility = a steeper slope indicates a larger
- ~ Nature has C Y .
@ a preferred '€ Increase in disorder! l change in pressure for a given
\ dirsd!ion! . B — change in valume.

LS
p ’ Thermodynamics is about energy, its transformations,
CCORE IDEA and the direction of natural processes.
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MULTIPLE CHOICE QUESTIONS

. 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
. Which of the following is an intensive property?

a. Enthalpy c. Molar heat capacity

b. Volume d. Internal energy

. For an ideal gas, the relationship between molar heat capacity at constant pressure (Cp) and constant
volume (Cy) is given by:

a. Cp+Cv=R c.Cp-Cyv=R
b. Cy-Cr=R 4.2 =R
Cv
. For an adiabatic process, which of the following is true?
a. AQ=0 c. AT=0
b. AP=0 d. AW =0
. First law of thermodynamics is based on?
a. Conservation of energy c. Conservation of mass
b. Conservation of momentum d. Conservation of work

. 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

. The isothermal diagram of a gas at three different temperatures T1, T2 and g T\ To T,
T3, is shown in the given figure. Then: &
a. Ti<Ta<Ts c. Ti<T2>Ts
b. TI>T2>T; d.Ti>T2<T;s o v

. The relation between the slope of isothermal curve and slope of adiabatic curve
a. slope of adiabatic curve = vy times slope of isothermal curve
b. slope of isothermal curve =y times slope of adiabatic curve

. . 1 . .
c. slope of adiabatic curve = " times slope of isothermal curve

. 1 . . .
d. slope of isothermal curve = ” times slope of adiabatic curve

. 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

_____________________________________________________________________________________________|
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

d. Always zero.
During an adiabatic process, the pressure of a gas is found to be proportional to the cube of its absolute
temperature. The ratio Cp/Cy for gas is:

a. 4/3 c.2
b. 5/3 d. 3/2
Which of the following is not a thermodynamic coordinate?
a. QGas constant (R) c. Pressure (P)
b. Volume (V) d. Temperature (T)
Consider the process on a system shown in figure. During the process, the
work done by the system e
a. continuously increases c. continuously decreases ~ -
b. first increases then decreases d. first decreases then I

increases
A sample of ideal gas (y = 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. 28.571] c.56.541]
b. 38.92] d. 65.381]

An ideal gas having molar specific heat capacity at constant volume is %R, the molar specific heat

capacities at constant pressure is:
a. =R c¢.2R
2 2
b. IR d.2R
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

In an adiabatic process, the relation between pressure P and volume V is given by PVY = constant. What

does Y 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 Cpand Cv
d. The sum of the specific heats Cpand Cy
Which thermodynamic variable is defined by the Second Law of Thermodynamics?

a. Enthalpy c. Internal Energy
b. Entropy d. Temperature
A Carnot engine works between a source at 127°C and a sink at 27°C. What is its efficiency?
a. 25% c. 50 %
b. 75% d. 100%
In an isochoric process, the work done by the system is:
a. Positive c. Negative
b. Zero d. Infinite
For a cyclic process, which of the following is always true?
a. W=0 c. AU=0
b. Q=0 d.AV=0
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10.

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

SOLUTIONS:

Answer: ¢
Explanation: Since T is constant and U of an ideal gas depends only on T
Answer: ¢
Explanation: Intensive properties do not depend on the quantity of matter
Answer: ¢
Explanation: This is known as Mayer’s formula
Answer: a
Explanation: No heat enters or leaves the system
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
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.
Answer: a
Explanation: The given diagram shows that the curves move away from the origin at higher
temperature
Answer: a
Explanation: For isothermal process, PV = constant, Differentiating both side PdV + VdP =0
or dP/dV=-P/V ..(1)
Again for adiabatic process PVY = constant
Again differentiating both side dP/dV=- yP/V
slope of adiabatic curve =y X slope of isothermal curve
Answer: d
Explanation: In adiabatic process Q = constant, then AQ = 0 and specific heat s=0
Answer: d)
Explanation: As P « T3
or P /T3 =constant = PT = constant ........ (1)
For an adiabatic change, PVY = constant
For an ideal gas PV=nRT
Or, V=nRT/P Thus, P(nRT/P)" = constant
Or, PT"?) =constant................ (2)
Comparing y/(1-y)=-3 = y=3/2
Answer: a
Answer:
Answer:
Answer:
Answer:
Answer:
Answer:
Answer:
Answer:

o o ® o o 6 & P

Answer:
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ASSERTION AND REASONING TYPE QUESTIONS
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).
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.
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.
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.
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.
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 AQ = AU.

SOLUTIONS
Answer: a (Both Assertion and Reason are true and Reason is the correct explanation of Assertion)

Answer: a (Both Assertion and Reason are true and Reason is the correct explanation of Assertion
Answer: (b) [Both are true statements of the 2nd Law, but the Reason (Clausius statement) does not
directly explain the Assertion (Kelvin-Planck statement).]

Answer: a (Both Assertion and Reason are true and Reason is the correct explanation of Assertion)
Answer: a (Both Assertion and Reason are true and Reason is the correct explanation of Assertion)
Answer d (Both A and R is false. Explanation: if T=constant change in internal energy does not take
place and AQ = AU + 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
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 ] Kg'K"!

b. Zero d. Negative
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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.
. According to the First Law of Thermodynamics (AU + AW), during the boiling of water at constant
pressure:
AQ = AU because no work is done.
AU = AQ — P(Vsteam - Vwater).
AQ = AW because internal energy doesn't change during phase change

Ao op

AU is always zero for any phase change

SOLUTIONS

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)

. Answer: a (Explanation: Specific heat is defined as $¢ = AQ / (mAT). During boiling, heat AQ is being
added, but the change in temperature AT is zero. Dividing by zero gives a mathematical value of infinity.)
Answer: ¢ (Explanation: Internal energy increases because heat is added to the system (AQ > 0). While
some of this energy is spent as work (AV) to push back the atmosphere as the volume increases, the
majority goes into increasing the molecular potential energy.)

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 = PAV). Since steam
occupies much more volume than liquid water, work is a significant factor.)

QUIZ
1 MARK QUESTIONS

A gas is suddenly compressed in a container with perfectly insulating walls. Does the
temperature of the gas increase, decrease, or remain constant? Justify.

A person decides to cool a closed, thermally insulated room by leaving the refrigerator door open.
Quantitatively, why will the room temperature actually rise?

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?

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.

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?

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?

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?

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.
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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 (y = 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 = AV = 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. v 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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9.

10.

10.

1.

a. Calculate the work done by the gas.

b. What is the change in the internal energy of the gas? Justify your answer.
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?

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

. Final pressure is higher in adiabatic compression

Isothermal: PV=constant, Adiabatic: PV" = constant
Since y>1, pressure rises more rapidly in adiabatic process.
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=PAYV).
(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.
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.

T;
Check Carnot efficiency n=1 — T—z =1-(300/600) = 0.5 = 50%.
1

Claimed efficiency = 55% > maximum possible 50%. Therefore claim is invalid.
Isochoric process: Constant volume process (AV=0). Work done W=0

From First Law: Q=AU. Hence AU=200 J.
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.
(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: AU=0.
(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 AT.

Efficiency,n = 1 — T—z Decreasing sink temperature by 10 K is more effective in increasing
1

efficiency.

3 MARK QUESTIONS
A sample of an ideal gas (y = 1.4) at an initial pressure of 1.0 x 10° Pa and temperature of 27°C is
compressed suddenly to one-eighth of its original volume. Calculate the final pressure of the gas. (Ans:
1.84 x 10° Pa UsingP, V;" = P,V,")
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, V») isobarically, then to C (P2, V2) isochorically, and finally returns to A via a straight

_____________________________________________________________________________________________|
ZIET MYSURU-SSM-PHYSICS-X1I-2026-27 125




line path. Data: P; = 300 kPa, P, = 100 kPa, Vi =2 m®, Vo = 5 m>. Calculate the net work done by the gas
during one complete cycle. (Ans: 300 kJ)

. 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)

. Two moles of an ideal monatomic gas (Cvy = %R) 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'K™!). (Ans: a.12465 J, b. 7479 J, c. 4986 J)

. An ideal monatomic gas occupies a volume of 4.0 L at a pressure of 2.0 x 10° 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 I mol'K"! and Cy=2R). (Ans: 3600 J)

HINTS / SOLUTIONS
. PiVI"=P2Vy" y= 14, P;=1x10° Pa, Vo= Vi / 8. On solving, P> = 1.84 x 10° Pa.

L P —P2=2x10°Pa. Vo= Vi =3m’. W == (P, — Pp)(V — V1) = 300 kl.

3. Using First Law of Thermodynamics, Q=AU + W

80 = AU+30. AU=507. Q=AU + W, Q=50+ 10 =60 J.
5
n=2, AT=300 K. CV=%R,CP=CV+R=ER

a. Q=nCpAT =12465]
b. AU=nCvAT =74791]
c. W=Q-AU=49861J
. At Constant volume, Pressure doubles = temperature doubles.

T1 =300 K, T =600 K. Heat added = Q1 = nCvAT = 1200 J
At constant Pressure, Volume doubles = temperature doubles again. 600K — 1200K
Q2=nCpAT = 2400 J. Total = Q1 + Q2 =3600 J

S MARK QUESTIONS

®

Distinguish between Isothermal and Adiabatic processes.

b. A weather balloon containing Helium (y = 1.67) at an initial temperature of 27°C 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: -45.75°C)

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.

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 y = 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 (AT=0) No heat exchange (Q=0)
Heat exchange occurs with surroundings System is thermally insulated
For ideal gas: AU=0 Internal energy changes
Equation: PV=constant Equation: PV'=constant
Happens slowly Usually happens rapidly

(b) y=1.67, T:=27°C = 300K
P1 =1 atm, P, =0.5 atm

1y 1y
T\P," = T,P,” T, =227.25K=-45.75°C
2. (a) Statement: The heat supplied to a system is used: to increase internal energy, and to do external work.
Mathematically: Q =AU + 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: AT=0 Therefore: AU=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 = CvAT

At constant pressure: Qp= CpAT

From First Law: Q = AU + W

For constant pressure: Qp= Qv + PAV

Using ideal gas equation: PAV = RAT

So: Cp AT = CvAT + RAT

Dividing by AT: Cp— Cv=R

Why Cp>Cy ?

At constant pressure, gas expands and does work.

Extra heat is needed for expansion work. Therefore: Cp > Cy
(c)y=Cp/Cy=1.4. For gases, y = (f+2) / {, therefore f = 5.
Degrees of freedom = 5. Gas is diatomic.
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“Heat is not a substance, it is a mode of energy transfer.” — Clausius
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CHAPTER 12

‘4 - KINETIC THEORY OF GASES - ->.

1. BEHAVIOUR OF GASES 2. POSTULATES OF 3. CONCEPT OF PRESSURE 4. RMS SPEED OF
B, % KINETIC THEORY T i o T e GAS MOLECULES
h_;:st: O :ressus'rfs - total momentum imparted to unit area of the walls '

: Py Ui o The molecules of a gas are of the container per second due to molecular
ideal gas behavior. point masses, the size of a impacts (collisions). v 3RT
4 . molecule being negligible rms = |
: mﬂ‘ - doneo'\:rhen e l compared to the distance Consider an ideal gas (N molecules each of mass m) " M o
pressed or expa k. between them. enclosed in a cubical box of side L.
During compression, external g i o * where R = universal gas constant
force decreases the volume There is no force of attraction Ay T = absolute tem ture
of the gas and increases or repulsion between i
molaculas. i M = molar mass of the gas

its internal energy.

The molecules are in a state

+ The kinetic theory of gases
of random motion, moving with

explains the behaviour of

gases based on the motion all possible velocities in all 9
S atolscilas posslhle dlrectlorls f /
o During their motion, they collide .‘ Py
A P SN with one another and also with 6/’ SPEED ~ km/s
IDEAL GAS EQUATION | the walls of the container. These = v
PV = uRT i collisions are elastic. . W Ve, i of the order of km/s.
=p ] W Ve is /3 times that of speed

e Between successive collisions, A
of sound in gas.

Y
where p = number of moles l the moleenles move in ; z
R = universal gas constant | lines with uniform velocity. The W Vs does not depends on the
R = 8.314 Jmol™ K™ distance travelled between two RESULT pressure of gas (if temperature
! successive collisions is called S remains constant).

e ———e,

free path. Average distance

IN TERMS OF BOLTZMANN CONSTANT between the successive

collisions is called mean free path.

LTt WL D Y L. =
|

.

i

i

)

|
where p = AL (density) (P Goyiesiam |

If pressure is increased n times,
density increases by n times.
but v, remains constant.

PY = kBNT oo P= anT o Time for a collision is negligibly

small compared to the time

where n = F\F taken to traverse mean free path.
The mean KE of the molecule X :t::;:b:::ﬂ::::::;ir
is a constant at a given ! s 7T veloclty)
kg = 1.38 x 10723 JK* temperature and is proportional ! rms < Ve (€SCape
to absolute temperature. J
e - _/ -y

OF ENERGY

Quai of Kinetic energy The total number of independent modes (ways) in which a system can
Ol g energy is called the degree of freedom (f) or it refers to the
o= 3 posslbl.e |ndependent rnollons, s)rslems can ha\re Statement : At thermal equilibrium, energy is
@ 1Molecule (massm) | KE = E mv?: = E kgT i’ General e f 3N K B | equally distributed among all the degrees of
i (N = Number of independent particles, | freedom.
| K = Number of independent restrictions (constraints)) 'I — }T -------- -
&lmm.ﬂmgﬁs KE = ERT Type of Gas Description Degrees of Freedom (f} H E= EkBT i
1. Monoatemic gas Can mowve in any direction | ———————————
id o in space. (Translational) f=3 where E = average energy of the molecule
1 gram gas KE = M T 2. Diatomic gas 3 translational + 2 rotational | i degressiofiiteediony
H (rotation about 2 axes. f=5 ky = Boltzmann's constant
pespendicedartoibond) T = absolute temperature
3 translational + 3 rotational 6 |
m = mass of one molecule, M = molar mass in grams, 0/% Emt::cmmifa:e:s) P
N = Avogadro's number |
A 3 translational + 3 rotational +
polystonic g2 3 vibrational f 2 9
Lo J L
8. MEAN FREE PATH (A) 9. SPECIFICHEAT CAPACITIES OF GASES
Mean f“’z::‘h is defined as the' = di ! From equipartition of energy: Type of Gas f (h Cr Y
ot | —m————
2 [ S Cy = I—R Monoatomic 3 ER ER E
- - v = 2 2 3
I f Diatomic 5 E R l R l
C,,_CV+R=(E+1)R B i | 2 » 2 | S - TR,
:’ H Polyatomic [ 3R 4R i
! i (o 2 3
' ’ b A : f f 2
b 4! v Mon-linear M 4 Ll
where d = diameter of the molecule ’ pelyatomic (= 9) fz9 R ( 2 & I)R 1+ f
n = number of molecules per unit volume
f o E —— = — = T ™y
LEGEND / CONSTANTS SYMBOLS IDEAL GAS EQUATION KEY TAKEAWAY
R =8314 ] mol™! K™ z = ::m iy o SUMMARY + Pressure arises due to molecular impacts.
= ume Qo
kg =1.38 x 107 JK™' T = Absolute temperature (K) o0 PV = uRT JHr Temp izar of ge kinetic energy.
N = Avegadro’s number m = Mass of one molecule or Hi temperature — higher v, .
g Jr Higher tempe gher Vi,
4 N M = Molar mass (g mol™) F I
n = number density = ? Sy W AT PV kBNT 4 Energy is equally shared among degrees of freedom. s
d = Diameter of molecule T, * Kinetic theory ly explains m ic  — =
p = density = ﬂ A = Mean free path P = anT properties of gases from microscopic behavior - -~
v f = Degrees of freedom of molecules.
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MULTIPLE CHOICE QUESTIONS (MCQ)
1. Suppose ideal gas equation follows vp>= 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 O> will be the same for H, 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 27°C to 327 °C. The rms velocity the molecules
increase

a. V2times b. 2 times c. 2+/2times d. 4 times
4. The ratio of rms speeds of two gases at same temperature is:

2 M b (M c. Mz d Mz
M; M; My My

5. A container has two chambers of volumes V; = 2L and V, = 3L, containing gases at pressures P; =
latm and P, = 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 O,and 4 moles of Ar at temperature T. Neglect vibrational modes.
Total internal energy is:
a. 4RT b. 15RT c. 9RT d. 11RT
7. The dimensional formula of the gas constant Ris:
a. [ML*T 2K 'mol™1] b. [MLT 2] c. [ML*T™1] d. [M°L°T?]
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. P2

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. b. 1 c. T d. r

11. The pressure P for a gas is plotted against its absolute temperature T for two different volumes V1 and
V2 where Vi > 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'. The value of the root mean square speed of
the gas molecule is

12Ekms'1, b.%\/ﬁ kms!  c.2.5kms! d.\/lzE kms!

13. For a gas if ratio of specific heats at constant pressure and volume is y then value of degrees

of freedom is

3y-1 2 9 25
e b. — c. 3 (y-»H d > (y-1)

5 7
14. If one mole of monoatomic gas y = gis mixed with one mole of diatomic gas y =2 the value of y 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 ! It
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.
¢ .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

PV, T 2P, 2V, T

respectively. If %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 4c 5d 6.d 7.a 8a 9.d 10.b 1L.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: vp3 = constant , Using the ideal gas law PV=nRT, P = nRT/v
nRT TS V7§
V‘(—)3 = constant, so T3xV?, —23 = —22 ,
14 T2 Vf
2. c The mean kinetic energy of gas molecules depends only on absolute temperature, not on the type of gas.
3.b. Vims x VT , Convert temperatures to Kelvin: T, = 27°C = 300K ,T, = 327°C = 600K

T, =9T

. . M
4,.the ratio of rms speeds of two gases at same temperature is: Z—l = |3
2 1

5. Using conservation relation: P, V; + P,V, =PV, +V,) , P = % = g = 1.6 atm

6.For gases: Diatomic gas: U = gnRT Monoatomic gas: U = %nRT
U =2 (2RT) + 3 (4RT) = 5RT + 6RT = 11RT

7.a  [ML®T 2K 'mol™?]

8.a Using, P=1/3pv?ms=1/3mNv?ms/V - Poxmv?ims

9.d Translational =3 Rotational =2 Vibrational = 2
Total =7.
11. PV=nRt=; p =nRT/ V ,Slope of P — T graph oc 1/ V

’1+4+9+16 /30
12. .12. Vrms = — =7

2
14.nl+n2 — ni + n, ¥ :E
y—1 7,1 y,—1 2
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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) n=2Y Now, n=CPCY_, PV _4,or n_1,
KT KT KT no4

18.D
19. (b) P, =720kpa, T, =40°C =273 +40 = 313K Pocml == 2% Zx==1.5 =
P, =1.5P, =1.5x720 = 1080 kPa
20. A Using, P=1/3pvZms=1/3mNvZmg/V = Pomv?ims
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
kgT.

Reason (R) : For every molecule, vibrational degree of freedom is 2
5. Assertion: The ratio Cp,/Cy 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: vy < VT
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: Cp = Cy + R

3. ¢ 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.

ZIET MYSURU-SSM-PHYSICS-X1I-2026-27 133




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 %kBT Another contributes potential energy %kBT

Hence total vibrational energy per vibrational mode is: kgT = %kBT + %kBT 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 alinear 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:

f =342+ 2=7 TheReason 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 atconstant temperature, P oc% 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 2 kgT per molecule, where kg 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 (Cy and Cp) of the gas. The relation between specific heats and
the ratio of specific heats (y) is given by the degree of freedom as y = 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 (O:) 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 ksT b. kT c, 1/2kgT d. 5/2ksT
3. For a monatomic gas, the ratio of specific heats (y = 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+12)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.CaseStudy 1.b 5 2.¢c 12kgT 3.a 1.67 (Calculation:y=1+2/3) 4.b

(f’2)R 5.c 4 (Calculation: (3 +5)/2)
IMARK 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?
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 arigid diatomic molecule (like N2 or O2 ) at room temperature, what is the total number of degrees
of freedom?
|
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7.
8.
9.

10.

10.

What do you mean by mean free path of a gas molecule.

Mention the different ways of increasing number of molecular collisions per unit time in a gas.
The ratio of specific heats y for a diatomic gas (rigid) is:

How does the mean free path (1)change with an increase in gas density?

2 MARK QUESTIONS
State the two main assumptions of the Kinetic Theory of Gases that do not hold true for real gases.
How does the mean free path of a gas vary with (a) Temperature at constant pressure and (b) Pressure at
constant temperature?

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?

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

(1) The ratio of the rms speeds of the molecules.
(i1) The ratio of the number of molecules.

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: v, = 11.2 km/s, M for oxygen gas
(0,)is 32 x 1073 kg/mol )

A gas molecule has f degrees of freedom. State the expression for its internal energy (U) and molar
specific heat at constant volume (Cv).

Explain why a diatomic molecule has different degrees of freedom at room temperature versus very high
temperatures.

What is specific heat capacity (Cv) of water in terms of degrees of freedom ? T,

Ty
(assuming water behaves as a solid)
Isothermal curves for a given mass of gas are shown at two different P4
temperatures T and T». State whether T1 > T or T2 > Ti. Justify your answer.

Explain why (a) there is no atmosphere on moon. (b) there is fall in
temperature with altitude

>
\4

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.

4.
5

For an ideal gas, the mean free path Ais the average distance a molecule travels between

collisions. Itis givenby: A = where: k= Boltzmann constant , T= absolute

KT
2 d?p
temperature d= molecular diameter P= pressure From this relation: (a) Variation with
Temperature at Constant Pressure At constant P, 1 « T'So, 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 T, A « % So, the mean free path decreases inversely
with pressure

3RT ,3R(2T

..\ P n
(1) v a VTas the temperature is same rms speeds are same. (11) P—1 = n—l =
2 2

. 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: v, = 11.2 km/s = 1.12 X 10* m/s For

a gas molecule, the RMS speed is: Vs = % Where R = 8.314 J mol 'K~ Mfor

oxygen gas (0,)is 32 X 1073 kg/mol  1.12 x 10* = /% T ~ 1.6 x 105 K

6. For an ideal gas molecule with fdegrees of freedom:
Internal Energy The internal energy of nmoles of the gasis U = g nRT
where: f= degrees of freedom n=number of moles R= universal gas constant
T= absolute temperature , U = gnRT The molar specific heat at constant volume is €, = gR

¢, =%R

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, f = 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: f =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: f = 6

Using the equipartition theorem, the molar specific heat capacity at constant volume iC,, = gR

Substituting f = 6, C, = 3R ,C, = gR Thus, for water treated as asolid,{C,, = 3R]

9.Since, T=PV/nR ,\T« PV [ R=constant] If area under PV is greater for the curve

at T, than for the curve T;. Hence, T2 > T

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™!), 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 fdegrees of freedom: U = JgnRT Oxygen (0,) Oxygenis a
diatomic gas with: 3 translational modes 2 rotational modes Vibrational modes neglected So, f =5
Given: n = 2.0mol , Internal energy of oxygen: Uj,, = g(Z.O)RT = 5RT .Neon (Ne) Neonisa
monoatomic gas with only: 3 translational modes So, f =3 Given: n = 4.0mol, Internal energy of
neon: Uy, = %(4.0)RT = 6RT Total Internal Energy Ui = U, + Une,Uioral = SRT + 6RT =11RT

1 m

4. 1= = ==
T V2md?n T V2Zmd2p  \2Zmd2Pt
and temperature conditions as applicable).

Hence: Aoc%, AOC% ,AocT,Aoc%,/locrn (for fixed pressure

5. Starting from the pressure equation obtained from kinetic theory: PV = §N muv2ns. Expression for
Kinetic Energy - The translational kinetic energy of one molecule is: %mv2

For Nmolecules, total kinetic energy is: K = %varzms , From
kinetic theory: PV = %varzms , %PV = %varzms But, %varzms =K Therefore,

K = %PV Dividingby V: P = 2% Thus, the pressure of a gas is directly related to the translational

2K
~3v
6. Let C and C’ be the rms velocity of argon and a helium gas atom at temperature T K and T' K
respectively. Here, M =39.9; M’ =4.0; T=?; T=-20+273 =253 K

C= /ﬂ = /ﬂ0’=\/3”’ =J3Rx253 .Since C=C",T=39.9X253/4=25237K 7.a
M 39.9 M 4

Volume Occupied by One Mole of a Gas at NTP At NTP (Normal Temperature and Pressure):
Temperature = 0°C = 273 K , Pressure = 1 atm One mole of an ideal gas occupies: |22.4 litres

or [22.4 x 1073 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 PV = nRT 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 |

kinetic energy of its molecules:|K = %PV Or (P

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 y=C,/C, 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 % kTper molecule.”_For one mole of gas: Energy per degree of freedom = %RT
|
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If a molecule has fdegrees of freedom, then the internal energy of one mole is: U = gRT For

nmoles: U =LnRT From thermodynamics: C, = (a—U)
2 oT/y

Hence, Cy, = gR Also, Cp=Cy+R
Cp _ f+2

Thus, Cp = (§+1) R Therefore, Y=o =7 (a)
Monoatomic Gas ,Examples: He, Ne, Ar A monoatomic molecule has only: 3 translational degrees of
freedom So, f = 3 Internal Energy U = %nRT Specific Heats Cy = %R Cp = gR Ratio of
Specific Heats y = 2 (b) Diatomic Gas Examples: 0,, N,, H, Neglecting vibrational modes: , 3
translational degrees , 2 rotational degrees Thus, f =5 Internal Energy U = gnRT Specific
Heats Cy = gR , Cp = %R

Ratio of Specific Heats y = g (c) Triatomic Gas (Non-linear Molecules) Examples:H,0, NH5 . For

non-linear triatomic molecules: , 3 translational degrees , 3 rotational degrees Hence, f = 6
(neglecting vibrational modes) Internal Energy U = 3nRT Specific Heats Cy = 3R , Cp =4R

Ratio of Specific Heats y = % 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 f,Specific heat capacities increase with fFrom:

U= gnRT wesee: U x f Similarly, Cy = §R, so, Cy < f However,
y = ffi Thus: As fincreases, ydecreases.

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
: o . 1 =
molecular motion and greater kinetic energy. For one molecule of an ideal gas: Emv2 =

3 -
5 kT where: m=mass of one molecule , v2=mean square speed k= Boltzmann constant  T=

absolute temperatur Hence, Average kinetic energy < T
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, v.,s = V V?
Derivation of RMS Speed From kinetic theory of gases: PV = gch_z where: P=

pressure , V=volume N=number of molecules m= mass of one molecule Using ideal gas equation:

PV = NkT, Equating both expressions: NkT = %va‘z’ kT = %mv_z Thus, v2= KT

. 3kT . . M
Taking square root: Uy = — Expression in Terms of Molar Mass Since m=-_-
A

o RT .
and R = kN, Substituting: Vrms = 37 where: R= universal gas constant M= molar

mass of gas The RMS speed of molecules of an ideal gas is: |Vpps = / %

_[3rT
or |Vrms = [~
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KINETIC THEORY OF GASES
PFORMULA SHEET ;

CBSE
CLASS 11

PHYSICS
fta

Big Ideas. Smart Formulas. Top Scores!

1 ) IDEAL GAS EQUATIONS
P = Pressure

PV = nRT =
n = Number of moles

V = Volume

T = Temperature (K)
R = 8.314 Jmol ' K™

In terms of Boltzmann constant (kg):

~

PV =NkyT | or | P=nksT

ks =138 x 1072 JK!

3 ) RMS SPEED OF GAS MOLECULES

R = 8.314 J mol ' K™

('2) PRESSURE OF A GAS

Pressure is due to
molecular collisions !
with the walls.

-@- QUICK RECALL

Gas molecules move randomly
in all directions.

Collisions are perfectly elastic.

I
3

1
P= a0V,

where p = density of gas

Vpme = root mean
square speed

4 ) KINETIC ENERGY OF IDEAL GAS

No intermolecular forces.
2

000 O

Pressure o« number of
collisions & their
momentum change.

(<)

Temperature o« average
kinetic energy.

7 MOST IMPORTANT

3RT & -
Vsl = 7 T = Temperature (K) e N 5 )z * ldeal Gas Equation: PV = nRT
M = Molar mass (kg mol™) » Pressure Formula: P = % pv2.
N molecules % vafms 3RT

FACTS * rms Speed: v, = —-—M

3
& s is of the order of km/s. Bingis (W g) 2 L s Kinetic Energy (per mole): % RT
& Vpms = 3 % (speed of sound in gas) 3 R

2 = D f Freed

kmfs 1 gram 7 M T * Degrees of Freedom (f)

& For constant T, ¥, is independent of P.

& Higher T — Higher Vpmse

m = mass of one molecule

M = molar mass (g mol™')

* Equipartition of Energy
* Mean Free Path (A)

N, = Avogadro's number (6.022 x 102% mol™) » Specific Heats (C,, CP)

(6 ) LAW OF EQUIPARTITION (7) MEAN FREE PATH (A)
OF ENERGY

Average distance travelled by a molecule
Energy is equally shared among all

('5.) DEGREES OF FREEDOM (f)
T TN A

between two successive collisions.

Monoatomic 3 Translational 3 degrees of freedom.
™ d = diameter

Diatomic (Linear) i-l;;::lc::::::ll 5 Energy per degree of freedom = é— kgT = — _1 of molecule

2Y 2 Tl.'d2 n = number density
Non-linear 3 Translational 6 Total energy per molecule = .Jf kg T ~ 4 (No. of molecules
Triatomic + 3 Rotational 2 per unit volume)

i

Non-linear 3 Translational Per mole = ) RT
Polyatomic + 3 Rotational 3N-3 TIP

+ [3N—6) Vibrational

General Formula: f = 3N - K
N = No. of independent particles,
K = No. of independent constraints

(3 SPECIFIC HEAT CAPACITIES OF IDEAL GASES 3
A N PR T . 1Y

Higher pressure (or density) — More collisions
— Smaller mean free path

OUOIED @

Derivations: Pressure of gas, RMS speed,
Mean free path.

TRICK More f — More internal energy
—+ Higher specific heat!

Remember
C,-C, =R

o

Concept Based: Effect of temperature on
rms speed, dependence of pressure.

M tomii (For all ideal gases)
ki 3 3R/2 5R/2 R y Numericals: Ideal gas equation, Kinetic energy,
Diatomic - Specific heats.
(Linear) 5 5R/2 7R/2 R Units High Weightage Topics: Pressure derivation,
C.. C. — J mol ! K-1 degrees of freedom, Equipartition law.
v ep
MNon-linear
I oairas 6 3R 4R R R = 8314 J mol™ K™ <P EXAM STRATEGY
*  Write formula first, then apply.
Jv SHORT TRICKS * Draw neat diagrams for pressure derivation.
3 . . = . * Mention units.
Remember Pressure Trlck) Specific Heat Trick A Trick e Check calculations & significant figures.
jtme | Peemdethe | JT-CT-Gl | et
quare root of oul lensi! ways increasing Densi % 66
(3RT/M) or double rms speed with degrees of iy Understand molecules foday,

Mean free path A |

— Double pressure) freedom)

r-)gi 9

Easy to recall! Score full marks tomorrow!
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CH - 12 KINETIC THEORY OF GASES

FORMULA https://drive.google.com/file/d/1-
SHEET 5CIBZhPUu8Y WAbts4xCXadRsEn-OMl/view?usp=sharing
NOTES https://docs.google.com/document/d/1NSI9ZntnDk R4rr
gf3yELI3sGMRJ14yd/edit?usp=sharing&ouid=1072207552 n ’il:.-l:E
87004713439&rtpof=true&sd=true il e
VIDEO https://drive.google.com/file/d/1TxCOEApQ- — Jp—
BOOK a7BrFsnZCUco-aSgTC1JZAC/view?usp=sharing [ - [
[ |
AUDIO https://drive.google.com/file/d/1qo6QKfasZxRSVwjLW p
BOOK K29zvrTnxgV7j/view?usp=sharing
STUDY https://drive.google.com/file/d/131iRS87fUYSiFS4g43ahhk
MATERIAL | sqFYGbbV1 /view?usp=sharing
[ | [ |
1, |
[ |
QUIZ https://wayground.com/join?gc=38204465&sour
ce=liveDashboard
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CHAPTER-13

%\ ~=0SCILLATIONS = /"

1. PERIODIC MOTION -
TIME PERIOD, FREQUENCY,

DISPLACEMENT AS A
FUNCTION OF TIME

| A motion is periodic if it repeats itself after

regular intervals of time.

Time Period (T)
Time taken to complete one full
oscillation.

Unit: second (s)

Frequency (f)
Mumber of oscillations per second.
1
i

Unit: hertz (Hz)

T

Displacement as a function of time
(for S.H.M.)

x(t) = Asin(wt + ¢)

where,
x(t)
A
@

¢

displacement at time ¢

amplitude {(maximum displacement)
angular frequency = 2mf
initial phase

Graph of x vs ¢

A

0
T

x
LS
-

—A

| Commen Periodic Functions
= Sine functiont ¥ = sinx
= Cosine function: ¥ = cosx
= Tangent function: y = tan x

Applications

= Alternating current (AC)

+ Sound and music

= Vibrations in mechanical systems

= Electrical circuits (LC, RLC circuits)
= Signals and waveforms in electronics

2. SIMPLE HARMONIC MOTION
(S.H.M), UNIFORM CIRCULAR

MOTION AND ITS EQUATIONS
OF MOTION; PHASE

Simple Harmonic Motion (5.H.M.)

A maotion in which the restoring force (or
acceleration) is directly proportional to the
displacement from the mean position and
is directed towards it.

Mathematical form:

a=—wx
(or F = —kx)

where, w
k

angular frequency,
force constant.

Uniform Circular Motion (U.C.M.)

A particle moves along a circular path of
radius A with constant speed w.

Relation with 5.H.M. (Projection on x-axis)

The projection of U.C.M. on any diameter
results in S.H.M.

= Acos#

1L

Equations of Motion

-

Displacement: x = A cos(wt + ¢)
Velocity: v —Aw sin(ewt + ¢)
Acceleration: a

Phase (¢h)

—Aw?® cos(wt + ¢)

The phase determines the state of oscillation

at any time t.
= Initial phase ¢b is the phaseat t = 0

= Phase at time t: (wt + @)

3. OSCILLATIONS OF A LOADED
SPRING — RESTORING FORCE
AND FORCE CONSTANT; ENERGY

IN S.H.M. (KINETIC AND
POTENTIAL ENERGIES)

Loaded Spring

(a) Restoring Force

When the mass is displaced by x from the
equilibrium position, the spring exerts a
restoring force towards the mean position.

¥ —kx
where, k = force constant (N m~ ")

(b) Force Constant (k)

From Hooke's law, F = —kx
F
k= —
x

Unit: M m™*

{c) Energy in S.H.M.
Total mechanical energy (E) is constant.
Potential Energy (U)

Kinetic Energy (K)

1
K= mv®=

|
| = 5 k(A% — x7)

Total Energy (E)
- o

E=K+U-=

1, 42
zkA

== E(Total)
—— U (Potential}

3 ==+ K (Kinetic)
~
= x

A

———

4, SIMPLE PENDULUM -
DERIVATION OF EXPRESSION
FOR ITS TIME PERIOD

Simple Pendulum

A small bob of mass m suspended by a
light, inextensible string of length L.

mg sin @

Derivation (for small angles)
Restoring force (tangential component)
F

For small angles, sinf =

—mg sin &
@ {in radians)

F, —mgh

Linear displacement along arc,

x =1L
x mg
e —’"g(z) =
Comparing with F = —kax,
mg
k= —
L

Time period of a simple pendulum

hs

length of pendulum (m)

T=2n

where, L =

E = acceleration due to gravity (m s™)

(valid for small angular displacements)

KEY FORMULAS AT A GLANCE S.H.M. AT IMPORTANT POSITIONS UNIT SUMMARY w‘
=

= ,:, = 2mf = 2
x(t) = Asinf(ws + @)
a = —wx F = —kx
v = —Aw sin(wt + ¢)
a = —Aw?cos(wt + §)

= Lepzn . 8. ok
r= 3 kx K = 3 k(A x%)
- 1 z
E = 3 kA I

L

Tpcnduh.m = 2w b

4

Positi

Any

fon (x) = Time (T): second (s) What is the relation between frwuem:y
and time period?
| = Frequency (f): hertz (Hz)
2 1 2 w"  Why does a restoring force in 5.H.M.
+A o —wta ] kA 0 = Angular frequency (w): rad 57 always point tawards the mean position?
3 = Displacement (x): metre (m) s How is S.H.M. related to uniform
0 Ao o o 5 ka? - Velocity (v): metre per second (m s-') circular motion?
T +» Acceleration (a): metre per second W Why is sin @ = @ used in derivation of
: : P
_A o i 142 0 e ey the pendulum time period?
| ! 2 o h): MmY w How do kinetic and potential energies
= = T FEeE Foreeconetant (ks sienvun per metre vary in S.H.M.2
x \fw‘[n'—x’) —wtx | o kex Ek(}! —x*) « Energy: joule (J)

COMMON GRAPHICAL REPRESENTATIONS

/L

Displacement vs Time Velocity vs Time
x
A I/\ Aw
0 Y £ | 0
T T 3T a7 |
2 T
—A —Aw

Acceleration vs Time

Energy vs Displacement

—-— E (Total)
—— U (Potential)

——+ K (Kinetic)

x
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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) m/4 radians  (c) /2 radians (d) m 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) A2 (b) AN2 (c) AN3 (d) A/2V2
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) Equalto 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) +AN2
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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) 272 cm (c) 3 cm (d) 2 V2em

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 = Asino t). Differentiating gives the velocity equation
(v=Awncosot) = Awsin(ot + ©/2). The phase angle difference between the sine and
cosine functions is m/2radians.

3. (a) Kinetic Energy (KE)equals Potential Energy (PE). Therefore,

1/2 k (A% - x?) = 1/2 k x?). Simplifying this gives A% - x> = x> 2x2=A?
x=AN2.

4. (b) The total energy (E) of a simple harmonic oscillator is given by the formula
(E=1/2 mo? A?). This shows that the total energy is directly proportional to the

square of the amplitude A”

5. (a) The time period is (T =2=n l/ g)> meaning T a V1 Ifthe new length is

(I'=1.441), 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 (sinf =0) Large angle motions are periodic but not simple
harmonic
7. (c)The standard equation for acceleration in SHM is (a = -w® x). Comparing this to the
given equation (a = -16x) shows that (ow>= 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=2n \/g ---------- (1)

To make the time period 2T, let the length be changed to I’. Then ,2T = 2= \/g -(2)
From (1) and (2),2= VI’/N1 (or) I’=41

10. (a) TecV1/ 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=1/2mw?°A?; E « A?

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 sinot + bcoso t), the resulting amplitude is calculated using the vector sum
formula (A = va2+ vb2). Here A=25.

14. (a) The potential energy (P.E.) in S.H.M. at any displacement x is:

P.E.=1/2 kx?. So, P.E. is maximum when x is maximum, i.e., when x=+A
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15. (d) Kinetic energy, K=1/2mw?(a*>—x*)  Potential energy, U=1/2mw*x*
Given, KE=PE  12mo*(d®*x) = 12mo**  x=aN2=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
(@) 10rad/s (b) 1rad/s (c)100rad/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 em and time period 4 s. The maximum velocity
of the particle is:
(a) 4 cm/s (b) 8t cm/s (c) 6mcm/s (d) 32w 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)0.5s (b)1s (c)2s (d)4s

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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10.

10.

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.
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.

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
(a) 2.(b) 3.(b) 4.(a) 5.(a) 6.(a) 7.(c) 8.(c) 9.(a) 10.(c)

VERY SHORT ANSWER QUESTIONS (2 MARKS)

Show that for a particle executing Simple Harmonic Motion (SHM), the acceleration is directly
proportional to its displacement but directed opposite to it.

A particle executes SHM with an amplitude (A). At what displacement from the mean position are
its kinetic energy and potential energy equal?

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.

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)?

What is the fundamental difference between damped oscillations and forced oscillations? Mention
one physical example of each.

Explain why the time period of a simple pendulum becomes infinite if it is placed inside a
geostationary satellite.

What is the phase difference between:

(a) Displacement and Velocity of a particle in SHM?

(b) Velocity and Acceleration of a particle in SHM?

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?

The maximum velocity of a particle executing SHM is (vo) and its maximum acceleration is (ao).
Find the amplitude of its motion in terms of (vo) and (ao).

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 =d*x/ d*t = -0? x)

Explanation of the negative sign indicating direction towards the mean position.

2. Setting 1/2mw*(A? - x?) = 1/2mw?x?, Solving to find x

3.

Energy vs. Displacement for a Simple Harmonic Oscillator

Total
Energy Total Energy Potential Energy (PE)
(Er} d

Potential
Energy (PE)

Energy (E)

0
Displacement (x)

4. Calculating (PE = 1/2 mw?A/2)* =E/4)  Calculating (KE = E - PE = 3E/4)
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10.

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).

Explaining that a satellite is in a state of free fall, making effective gravity

(getr=0) , Substituting into (T = 2n \/g ).

(a) m/2 radian (b) /2 radian

Explaining that the centre of gravity first shifts down (increasing 1) 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.

Using formulas (vo = ®A) and (ap = ®* A)

Eliminating o by calculating (A = vo* / ao)

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. S5cm

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

The equation of a particle executing SHM is given by (x=5sin2nt+n/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

l.

N —

a=5cm 2.t=T/8sec 3.t=.375sec

SHORT ANSWER QUESTIONS (3 MARKYS)
Find the expression for the total energy of a particle executing S.H.M.

. A body is executing S.H.M of amplitude 1 m. Its velocity while passing through the mean

position, is 10ms™'. Find its frequency.

. 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.

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.

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.

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.

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.

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.

_____________________________________________________________________________________________|
ZIET MYSURU-SSM-PHYSICS-X1I-2026-27 147




9. A point object executes SHM with a time period of @ 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. witha S.HM. 1/2 kx? = 12 maw?x?
kinetic energy with SHM =1 /2 mv?> =1/2m (wVA>—x? )2
=1/2 mw*(A*x?)
where m is mass, A is amplitude, x is any position and (0 is angular frequency
Total energy = 1/2 mw?x*+1/2 mw*(A>—x?)
1/2 kx* = 1/ 2 mw?A?
2. Herea=1m, Vmax = 10m/s Vmax = aw=2nva = v=vmax/ 2ma
=1.592Hz
3. Inits mean position, the kinetic energy of the particle in maximum.
Given - EKmax = 1/2m w?a? EKmax = 4J; m=2kg; A = Im
4] = 1, *¥2% w? ¥ w=2,T=2n/ow=nsec
4. Use the displacement equation: (x = A sin ot).
Given (x =A/2),s0 A/2=Asin9 sin 6 = 1/2.
The two possible angles are 01=n/6  02= 51/6
Phase difference: 0, - 81= 51/6- n/6 =41/6 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(ot+®o) Comparing these two expressions,
(1) Amplitude, a = 0.24m. (ii) Angular frequency w =6000radian sec-1
Frequency = v = ®/2n = 30000/x ii1) Period T = 1/ =n/30000 iii) Initial phase
Oy = .44
7. Given Condition: KE = 3PE.
Formulas: 1/2m w?*(A*—x?) =3*1/2mw’x?
Simplification: (A? - x?=3x>  A?=4x> x’*=A%/4
8. Parallel Formula: Kp =k1 +k2 =100 + 100 =200 N/m.

Frequency Formula: p=1/2 \/%.

Calculation: : p=1/2 &t f% =3.18 Hz

9. Angular Frequency: o=2n/T ®=2n/m =2 rad/s.

Amplitude:(Vmax} =A o 4=A*2 A =2 meters.
Acceleration: a =0 x = (2)* * 1 =4 m/s°.

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 o= 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 = Scm.

Find the time taken to travel from x = 5cm to x = 5v/3cm.
2. A body of mass 0.5 kg executes SHM with a frequency of 10/x 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 Vma=49.48cm/sec 2. AT=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=1/2kx?) and Kinetic Energy (K = 1/2mv?). The velocity of the block at any displacement x is given
by v = w?(4>—x?)
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 = Av2
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) I: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] (b)1.0J () 0.05J] (d)5.0J
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 (Fq = -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 =Agsinot (b)) A=Ape®™?™  (c) A=At kt (d) A=Akt
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
I. 1b 2b 3.¢ 4.c

2. 1 2b 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=2m\g/l (b). T=2m\l/g (c). T=2m\l-g (d). T=\2n-1-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.9.8m/s? (b). 10.0 m/s? (c). C.9.5m/s? (d). D.8.5 m/s?

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.Itincreases (b). It decreases (c). C. It remains the same (d). It becomes zero

ANSWER KEY OF CHALLENGE CORNER
I. 1.d 2c 3.¢c 4.c
2. 1b 2c¢ 3.¢c 4.a
LONG ANSWER TYPE QUESTIONS

1. The acceleration due to gravity on the surface of moon is 1.7 ms. 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_ Here, : - g, = L7 ms;z ; £, =98ms2; T, =7%; T, =35 s71
Since, Tr = 2n 3 and T, = 2 1
gE‘ S:m
T _ Ze - = |8Be
£ &m T = T B
9.8
= 3.5 T7 = 8.4 s.

2. Let the particle executing SHM starts oscillating from its mean position. Then displacement

equation is
x = A sin ot

Particle velocity, v = Awm cos wt
1 1
Instantaneous K.E., K = Emvz = Eirm'lzlutruzc-:ls2 (1]

~ Average value of K.E. over one complete cycle
-

mA%w?
_l.-;':crs.2 ot dt
o

ay

T
17l 2.2 2 '
= — |=mA“w* cos” wf dt =

K T.c[z .

Az 2 } (1 + cos 2mt)
g
2T > 2

_ o mAZm? t+sir:—2a)t T
aT 2o o ’

mAZm® sin 2wt — sin O
= 2T {(T —0) + (_21.) J}

1
= ZrnA%vz D)
i = Lz L 2,2 _ 1 2 A2 gim 2
Again instantaneous PLE., T = 5 = me x = zmm sin ™= wi

- Average value of PE. over one complete cycle
kol ) .
1 1 -
LT = ?_!—m{.u AL sin™ wd =

EX
A

-
=T sin® wi J¢

e s ]_- (1 —cos2we) .
s 2

mwZA® {t _ si_n_'Zu)t]T
= 20 o

_ {sin 2wt —sind)
2o

- z [-o

1
- mezaz - (FEy

Simple comparison of () and (ii). shows that

F = I = —;—m(_ﬂzﬂz

ZIET MYSURU-SSM-PHYSICS-X1I-2026-27 151




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 kx? = 1/ 2 mw*x? kinetic energy with SHM
=1/2 mv? =1 2 m(wVA*x?)2
where m is mass, A is amplitude, x is any position and (0 is angular frequency
PE=KE 1/2 maw?x*=1/2 maw*x*

x=+A\2
b) force constant K = F/y spring is cut into three equal parts therefore
displacement = y/3 k’=F/y/3=3Fy =3k
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CBSE

CLASS XI
PHYSICS

@ Quick Revision

o PERIODIC MOTION
Time Period & Frequency

Time period (T) =
Time for one complete oscillation

Frequency (f) =
Number of oscillations _ 1
per second T

T =+ second (s}

f — hertz (Hz) = s

(for SHM)

Time Periad (T)
Displacement as a function of time

x(t) = Asin(wt + ¢)

PERIODIC MOTION & OSCILLATIONS £I7T5;
FORMULA SHEET

IMPORTANT

ﬁ’ High Score Smart Study ér Concept Clarity h; QUICK RECALL
t’ SIMPLE HARMONIC MOTION [S.H.M.] * MOST & Periodic motion repeats after equal
BACOHERNY: intervals of time.
Lol e @ S.H.M. is a special type of periodic
@ R ing force = displ. t and oppesite in direction. motion with restoring force.
F=—kx & Energy in SHM remains constant.
Equation of Mation 5 & Time period (T) = time taken for one
(i)x i e d ;: e oe) complete oscillation.
m dt & Frequency (f) = number of oscillations
per second.

where A = amplitude, w = angular frequency

¢ = initial phase

€ UNIFORM CIRCULAR MOTION (U.C.M.)

» o Linear speed (v) = wr

© Angular speed (w) = %—f

@ Angular displacement,
0 =cwt+ 8
@ Centripetal acceleration,

2

v
.= L = wir
r

© Centripetal foree,

2
’ i ¥
Fo=ma,=—— = maw?r

Remember
U.C.M. projected on a diameter gives S.H.M.
x = rcos(wt + ¢) (SHM form)

© OSCILLATIONS OF A LOADED SPRING

F=—-kx
k:£ (Nm™)
s x

Equation of Motion

d*x
m=— 4 kx =10
az *

k m 1 k
e R e

IMPORTANT FORMULA COMPARISON TABLE

Caoncept Formula
Time Period (SHM) T =2x
Frequency (SHM) =2 _.ff
Angular Frequency (SHM) w = JfE =2f
Displacement (SHM) x = Asinfwt + )
Energy (SHM) E = $kA?
Kinetic Energy (SHM) E = L k(A% — x?)
Patential Energy (SHM) U = Lkx?
Simple Pendulum (T) T'=2x ‘/E
U.C.M. Speed v = awr

EXAM SUCCESS MANTRA
" Understand Concept + &f Memorize Formulas +"

Hooke's Law (Restoring Force)

SHM Conditions
& Force must be directly proportional to displacement.

@ Force must act towards mean position.
& System must have constant mass.

@ Mo energy loss (ideal system).

 MOST

@) PHASE & PHASE DIFFERENCE % MosT

© Phase (¢) decides the *

position of the oscillator
at any instant.

@ For x,= Asin(wt + ¢,)

and x,= A sin{wt + @y) \X_/ T
Phase difference, at
Ag = ¢y — ¢y Relation between phase difference and time lag
At
Afh = wAt = 2 T

In-phase: Ag = 2nr Out-of-phase: Ag = (Zn+ L)w
(n=0,1,2,..})

@ smeLe PENDULUM
Restoring Torque
T = —mgl sinfl = —mgl @

{for small @ in radian)

Equation of Motion

d’8 g
—_—t=0=0
de* |
Time Period
Where

I = length of pendulurmn (m)

T=2n fl
g

SYMBOLS & UNITS

Symbal | Meaning Unit

; x ™ | _D_isplac\emerlt | _m
A | Amplitude m
T Time period s
I | Frequency Hz
w Angular frequency rad s°!
k Force constant Nm™?
m Mass kg
F Restoring force
E Mechanical energy J
a Acceleration due to gravity ms™*
i Length of pendulum m

Total mechanical energy (constant)

1 2
E=>FkA
2
At any displacement x
* Potential energy, [J = -!z-kxz
® Kinetic energy, K = %k(.&’ - x?)
® Relation: E=K+U

At mean position {x = 0): K = E (max), I/ =

At extreme position (x = £A): K =0, U = E (max)

3 COMMON MISTAKES
Using wrong unit of frequency (Hz not s~').

Iy

Fargetting negative sign in restoring force.
Using large angle formula in pendulum.
Confusing angular frequency {u) with
frequeney (f).

Adding K and U separately (E = K + U only).

@ 0000

MEMORY TRICKS
"F = —kx"

b.

-+ Force Fights Displacement
= ‘[}‘}" —+ Omaga = Spring / Mass

"T=2x \,IE}" —= 27 times length over gravity

@ pya TIPS (CBSE)

@ Derive time period of simpbe pendubum, (PYC)
* g = acceleration due to @ Find expression for time period of londed  (PYQ)
gravity (m ") spring.
o Olbtain expression for energy in SHM at (PYa)
@ Walid for small oscillations (8 < 5° or 0.09 rad) any position.
@ Time period is independent of mass and amplitude. e R_ahm u"’"'f"ahs“"' P?C" {Eyoy
@ Find phase difference / time lag between  (PYG)
twees THM,
CONCEPT MAP
= APPLICATIONS (REAL LIFE)
Periodic Motion | | S.HM e (i
(T, f. x = A sin{w! + ) e {F = —k=x, w, T, Encrgy) Siiple Pendilin:=ssclockar metronogie:
% Spring Oscillator — car suspensions,
o PERIODIC = vibration absorbars
Wniform Circular Loaded Spring : 3
Motion - MOTION & F==br Gerete)  SHM & Waves — sound, musical instruments
{v = wr, g, = wr) OSCILLATIONS r
T=2a | ;J @ U.C.M. —» rotating wheels, satellites

Sirmple Pandulum
T
(T=2nf E)

»f Practice PYQs « & Analyze Mistakes + & Revise Regularly +

3:""‘“ Periodic Functions

—» electricity (AC),
wave technology

STAY CONSISTENT,
SCORE EXCELLENT!
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CHAPTER-14

Displacement

1. TRANSVERSE AND
LONGITUDINAL WAVES

TRANSVERSE WAVES

Particles of the medium vibrate
perpendicular to the direction
of wave propagation.

Direction of |
propagation

+
Troeugh

[l LONGITUDINAL WAVES

\

Particles of the medium vibrate
parallel to the direction
of wave propagation.

£

T

LS ‘}1_. Direction of
propagation
\I

¢ Examples

Transverse: Wives on a string, clectromagretic
waves, ripples on water surfsce.

Longitudinal: Sound waves in air, waves in slinky.

| ==

2. SPEED OF TRAVELLING WAVE

The speed of a wave is the distance
travelled by the wave in unit time.

= speed of the wave (m s™")
frequency of the wave (Hz)
= wavelength of the wave (m)

\
i
|
i
|

|
|
|
L~ —3

where,

(T = time period)

(d = distance, t = time)

For waves on a stretched string

( T
v=_,|—
=

R e[

= tension in the string (N)

T
u = mass per unit length (kg m~*)

Key Point

The speed of a wave depends on the
properties of the medium, not on the |
frequency or wavelength,

5. REFLECTION OF WAVES

=

—

When a wave strikes a boundary between two
media, it returns back into the same medium,
This phenomenon is called reflection of waves.

Laws of Reflection
1. The angle of incidence (i) is equal to
the angle of reflection (r).
i=r

2. The incident wave, the reflected wave
and the normal at the point of incidence
lie in the same plane.

Normal

-

6. STANDING WAVES IN STRINGS

AND ORGAN PIPES

Standing waves are formed due to the superposition |

3. DISPLACEMENT RELATION
FOR A PROGRESSIVE WAVE

4. PRINCIPLE OF SUPERPOSITION
OF WAVES

A progressive wave travelling in the + x
direction is represented by

|" G e A e o

where,

¥ = displacement at position x

timet
A = amplitude
k = wave number = ZT“

w = angular frequency = 2rf
¢ = initial phase constant

For a wave travelling in the — x direction
| (x, £) = Asinlex + wt + ¢)

Rel b wave
Wave number | k= 2—;
Angular frequency | w=2nf
|
[ 1
Frequency f= F
I_ ey
|

| Speed

*

Note
Phase constant (@) determines the
initial state of the wawve.

7. FUNDAMENTAL MODE

AND HARMONICS

Any system that supports standing waves can
farate in a number of matwral modes.

of two waves of the same and fre
travelling in opposite directions.

(A} In Strings (fixed at both ends)

L
Nodes at both ends.
Condition for standing wave
L= "2—" (n=1,2,3,...)

J

(B) In Organ Pipes
(i) Open Organ Fipe (open at both ends)

Incident Refl d

-
~

Reflecting surface

Examples
Echo of sound, reflection of light,
reflection of waves on a string.

{A) In Strings and Open Organ Pipes
(Open at both ends)

Allowed wavelengths: A4, = %
rm-w‘ m _mw:mw_ Mg ._
v Fundaments
; ) & 3L | (st Harmnanic) |
| B First
2 2 L = G seend
L o s |
Second
3 3 & .3_" Orvertons
3 2L (Third Harenonic)

[ —
~ (B) In Closed Organ Pipes (one end closed)
L thee A, = b
Antinode at both ends. - 2n—1
Cnniit.iﬂ k- e [m.w m | Wovelength(d,) | Frequency () Mame
ni il Fundamentsl
| L=% @G=L23.) L& I L || A | )|
3 | ez 3v .
= . 2 2 et = Crvertane.
(ii) Closed Organ Pipe (one end closed) 3 4L Thieet Harmoric) |
Secand
e |1 2 |
5 A e |

L
MNode at closed end, antinode at open end.

Condition
[ P GRSWA S L

* Harmonics are integral multiples of

o

When two or more waves overlap while
travelling in the same medium, the resultant
displacement at any point is the algebraic
{sum) of the displacements preduced by
each wave individually.

Ynet = V1 + Y2+ Yz +---

Constructive Interference
(in phase)

AN\

+ =
AYE YA '

Resultant amplitude increases.

Derstructive Interference
(out of phase)

NN

+

RARS

Resultant amplitude decreases (can be zera).

~~ This principle is the basis of many wave |
phenomena such as standing waves,

beats, and interference patterns. J

=

8. BEATS

When two waves of slightly different
frequencies interfere, the resultant intensity

(or amplitude) at a point varies periodically.
This phenomenon is called beats. ‘

Key Points

= Let the frequencies be f, and f (f; = f2). l

* The resultant amplitude varies between
maximum and minimum periodically. ‘

= Mumber of beats per second (beat frequency): |

| S = 1= £l |

Waveform (variation of amplitude) ‘

Beat

Examples
Tuning of musical instruments,
acoustics of concerts, sound

QUICK RECAP

z L, 283 J the fundamental frequency. | P
~ (- .
i
Wave speed Wave relation Progressive wave String (fixed ends) Open pipe Closed pipe Beats i
= 2nm (+ x direction) | (both ends open) (one end closed) 1
A = Asi = =|fi — |
w = 2nf y(x, t) = Asin(kx — wt + ) i ﬂ i E i (2n—1)A Siear = |f1 = fal i
! (- x direction) 2 2 e _*hl,H ..qw..ﬂﬁ.}. i
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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

(¢) 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) 1.0cm (b) 2.0 cm (¢)0.5cm (d) 1.5cm

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). 100m/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 91 interfere, the ratio of maximum to minimum intensity in the
interference pattern is:

(a)4:1 b)9:1 (c)10:8 (d16:1
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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)8cm (d) 16 cm
ANSWER KEY WITH EXPLANATION
1. (b) Time period (T o VL) 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=M2L, 50-16=34 cm , A=68 cm

For first resonance: Ll+e=A/4  16+e=17 e=1 cm
7. (c)Linear density: p=mL=0.005

Wave speed: v= \/E v=v160000~ 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:

=20log(p2/p1) Given increase = 20 dB 20=20log(p2/p1) =10
12. (c) At distance x from bottom: T=xpg Wave speed: v== \/E = \/@
So velocity increases as square root of distance
13.(c) Double Doppler effect: f=f(v+u/v—u) Given: =100 u=30 v=330
£=1000(360/300) =1200
14. (b) Amplitude ratio: VInoI =13
Maximum: (143)*>=16 ~ Minimum: (3—1)>=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 =(2x20)/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

()20 cm (b)40 cm ()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 byd:3:2:1 (c)1:4:2:16 (d1:2:3:4

ANSWER KEY OF CHALLENGE CORNER
16.d 17.a 18. ¢ 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.¢ 4.d S5.a 6.a 7.c 8a 9.b 10.d
VERY SHORT ANSWER QUESTIONS (2 MARKS)

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 o v/t . 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. Ratiois 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 & 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 0° 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 {4 f=f1 — 2} = 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). (f, =340/{2 * 0.5} = 340Hz.
When one end is closed: The new fundamental frequency is (fc = v/4L} =1, /2.
(fc = 340/(4* 0.5) = 170Hz.
SHORT ANSWER QUESTIONS (3 MARKS)
Why are longitudinal waves called pressure waves?
Define stationary waves and explain why they are named so.

State three essential differences between progressive waves and stationary waves.

b=

A transverse harmonic wave on a wire is expressed as:

y(x,t)=3sin (36t +0.018x +m/4 ).

(1) Is it a stationary wave or a travelling one?

(1) If it is a travelling wave, give the speed and direction of its propagation.

(ii1) 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 2z (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 (i) Im (i) A/2 (iv) 604 [ 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,

8. Two tuni g forks give6 beats/s when sounded simultaneously. The frequency of one of the forks is
480 Hz.When the other fork is loaded with a piece of wax , 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 p, 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.

. Given, Frequency of the turning fork, vF = 340 Hz

4. Giveny(x,t) =3 sin (36t +0.018x+=n/4) ... ... ... .. (1)

(1) We know the equation of a progressive wave travelling from right to left is:
y(x,t)=asin(ot+kx+®) ... L. (2)

Comparing equation (1) to equation (2), we see that it represents a wave travelling from right to left
and also we get:

a=3cm, ®=36rad/s,k=0.018 cm and ¢ = /4.

(i1) Therefore, the speed of propagation, v = w/k =36/ 0.018 =20 m/s.

(ii1)) Amplitude of the wave, a =3 cm Frequency v=wo /2n =36 /2n=5.7 hz.

(iv) Initial phase at the origin = n/4

(v) The smallest distance between two adjacent crests ,A = 2n/ k=2m /0.018= 349 cm.

5. Given, The equation for a travelling harmonic wave:

y (X, t) =2.0 cos 27 (10t — 0.0080x + 0.35) = 2.0 cos (20xt — 0.0167x + 0.70 )
Where, Propagation constant, k =0.0160 t,a=2cm  ®= 20w rad/s
We know, Phase difference ® = kx =2/ A
(i) Forx=8m=800cm ®=0.016= x 800 =12.8 x rad.
(i) Forx= 1m=100cm ®=0.0167 x 100 = 1.6 7 rad.
(iii) Forx =A/2 ®=2n/A) x (AM2)= mrad.
(iv) For x = 6\ /4 ®=2n/A) x (6A4)=23 mrad. +

Length of the pipe, 11 =0.255 m I Na
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 11 =1/ 4
0.255x4=A=1.02m

Therefore, the speed of sound, v=AvF =340 x 1.02 =346.8 m/s

. Given,  Length of the steel wire, | =12 m

Mass of the steel wire, m = 2.0 kg, Velocity of the transverse wave, v =343 m/s

Mass per unit length, p =M /1=2.10/12=0.175 kg / m

We know, Velocity of the transverse wave , v = Therefore, T = V*2 u =343*2 *0.175
=2.06 x 10* N Therefore, the tension in the wire is 3432 x 0.175 =2.06 x 10* N.

. 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 =

\/% 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/p 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: vocN'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
fy, = f1 - 2. 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 = Asin2x f1) and (y2=Asin2x f; t). When they
superimpose, the mathematical time interval between two consecutive intensity maxima is found to

be:
1 2 1 f1-f2
(). f1+f2 (b). f1+f2 ©. f1-f2 (d). 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 .f)

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
(¢). 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). m/2 rad
(c). m rad (They are completely out of phase) (d). 2n 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 : felosed} ?
(@.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).340Hz (c). 680 Hz  (d). 1360 Hz

ANSWER KEY

1. 1.b 2.c 3.¢ 4.b
2. 1b 2.b 3.a 4.c
3. lc 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 A /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 =yi1 + y2+ ... + yn)
(b)Consider two waves of the same amplitude (a) and frequency (o) travelling in
opposite directions: Wave moving right: (y1 = asin(kx - ot) Wave moving left:  (y2=
asin(kx + ot)  According to the superposition principle:
(y=y1+ty) (y = a sin(kx - wt) + sin(kx + ot )
Using the math identity: (sin(A-B) + sin(A+B) =2 sin A cos B)
(y = [2a sin(kx)] cos ot ] 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 =nzn (where (n=0, 1, 2...)
Since (k = 2@/A) ,(2n/N)*x=nmt , x=n\/2
For (n=1), (x1 =A/2) For (n=2), (x>=A) Distance=(x2-x1=A—-A2)

_____________________________________________________________________________________________|
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(c) Differences

| Feature H Progressive Wave || Stationary Wave

Energy E;:iri%}r]l;s transferred through the Energy is "trapped" and not transferred.

Amplitude Every particle has the same Amphtude varies from zero (nodes) to max
amplitude. (antinodes).

2. (a)Newton's Formula: (v =,/p/p. 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 =+/py/p, where y 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>nz). Their displacement equations at a point (x=0) are:
(yi=asin(2rn; t(y2=asin2rna t)
By the Principle of Superposition:
(Yy=yi1ty2) (y=a[sin(2r n; t + a sin(2w n2 t])
Using the identity (sin C+sin D=2sin {C+D}/{2}cos {C-D}/{2}):
(y=2acos m(ni —ny )t sin t(n; + np )t
The term in the bracket is the Resultant Amplitude (A):
(A =2acos m(ni —np)t)
For Maxima (Waxing): (A)is maximum when (cos t =m(n; —n2 )t pm 1)
(n(ni—m)t=km) (where (k=0,1,2...) (t=k/(n1 —ny)
Time intervals for maxima: (0, 1/ni —n2, 2/ni—no,. ... )
Beat Period (T): Time between two successive maxima =1/ (n; — n2)
Beat Frequency (b): (1/T =n; —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).
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_CBSE

CLASS XI
PHYSICS

o PERIODIC MOTION
Time Period & Frequency ¥

@ Quick Revision

Time period (T) =
Time for one complete oscillation

Frequency (f) =
Number of oscillations _ 1
T

per second

T = second (s}

f — hertz (Hz) = 57!

(for SHM)

Time Period (T}

Displacement as a function of time

x(t) = Asin(wt + ¢)

where A = amplitude, w = angular frequency

b = initial phase

€ UNIFORM CIRCULAR MOTION (U.C.M.)

v o Linear speed (v) = wr

& Angular speed (w) = 5;—‘:

-

© Angular displacement,
8 = wt + By
& Centripetal acceleration,

¥
LB
—_ = w?r

a, =
& Centripetal force,
2
. mu ,
F.=ma_= = me?r

Remember
U.C.M. projected on a diameter gives 5.H.M.
x = rcos(awt + ¢) (SHM form)

© OSCILLATIONS OF A LOADED SPRING

Heoeke's Law (Restoring Force)

F=—kx
J:=E (Nm™1)
i x

Equation of Motion

d*x
m-d:—2+kx=0

IMPORTANT FORMULA COMPARISON TABLE

Cancept Formula
Time Period [SHM) T =27 2
Frequency (SHM) F= Ve
Angular Fraquency (SHM) wm oS E =2af
Displacement (SHM) x = Asin(wt + )
Energy (SHM) E = LkA?
Kinetic Enargy (SHM) E = LE(A® — x?)
Patential Energy (SHM) U= -%kz‘
Simple Pendulum (T) T=2x,/%
U.C.M. Speed v = wr

EXAM SUCCESS MANTRA

& Understand Concept + & Memorize Formulas & Practice PYQs « & Analyze Mistakes «

@) PHASE & PHASE DIFFERENCE

:

Phase (¢) decides the
position of the oscillator

at any instant.

For x, = A sin(wt + ¢, )
and x;= A sin{wt + @)

PERIODIC MOTION & OSCILLATIONS £ JT5:
FORMULA SHEET

ﬁ?‘ High Score

Smart Study

@ SIMPLE HARMONIC MOTION (S.H.M.) J Most

" Concept Clarity

Key Features
o R ing force o« displ, t and oppesite in direction.
F=-kx
Equation of Motion
d?x k d’x .
d?vl-(;)x:ill or Et?ﬂ}w x =10

SHM Conditions
& Force must be directly proportional to displacement.

@ Force must act towards mean position.
@ System must have constant mass.

@ No energy loss (ideal system).

W MOST
IMPORTANT

0 1

T

IMPORTANT

o QUICK RECALL

Periodic motion repeats after equal
intervals of time.

5.H.M. is a special type of periodic
motion with restoring force,

Energy in SHM remains constant.
Time period (T) = time taken for one
complete oscillation.

Frequency (f) = number of oscillations
per second.

SYMBOLS & UNITS

Symh;_ Meaning Unit
x | Displacement m
A | Amplitude m
T Time period s
F | Frequency Hz
w Angular frequency rads™!
k Force constant N m?
m Mass kg
F. Restoring force N
E Mechanical energy 4
g Acceleration due to gravity ms?
] Length of pendulum m

Total mechanical energy {constant)

(T, f, == A sin{wt+ @) | (F=
L5 ",

Phase difference, Al

Ag = ¢py — ¢ Relation between phase difference and time lag

A = wAt = 27

T

In-phase: Ag = 2na  Out-of-phase: ¢ = (2n+ Ljm
(n=0,1,2..}

© smpLe PENDULUM
Restoring Terque
T = —mgl sinf! = —mgl &

{for small @ in radian)

Equation of Motion

d’8 g
— 4 =0=0
det
Time Period
Where

I = length of pendulum (m)
= g = acceleration due to
gravity [m )

@ Valid for small oscillations (8 = 5 or 0.09 rad)
@ Time period is independent of mass and amplitude.

CONCEPT MAP

Periodic Motion | | S.HM.

—kx, w, T, Energy)

PERIODIC

Uniform Ciroular | Loaded Spring
- Mmh:w L0 P MOTION & e Gerenl
(v = wr, g, = w'r) OSCILLATIONS s
T=2x /%)

Simple Pendulum
_ T
(T =2n f 5:]

» Revise Regularly

=

&

1 2
E=_-FkA
2
At any displacement x
® Potential energy, [J = -:!Z-J'n:_\:2
* Kinetic energy, K = %k(.‘!z — x7)
® Relation: E=K+U

At mean position [x = 0): K = E (max), U =

At extreme position (x = £A): K = 0, U = E (max)

3 COMMON MISTAKES
Using wrong unit of frequency (Hz not s~ ).

1y

Forgetting negative sign in restoring force.
Using large angle formula in pendulum.
Confusing angular frequency (w) with
frequency (f).

Adding K and U separately (E = K + U/ only).

0 0000

RY TRICKS

b

-= Force Fights Displacement
o ‘/;5‘}" —+ Dmega = Spring / Mass

T
T =2n \,fé}" = 277 times length over gravity

@ pya TIPS (CBSE)

@ Derive time period of simple pendulum, (PYCH)

o Find expression for time period of loaded  (PYQ)
Spring.

) Obtain expression for energy in SHM at (PYQ)
any position.

€ Relate ucm. with SHM. (Fval PYQ)

@ Find phase ditference [ time lag between  (PYQ)

twe SHM,
APPLICATIONS (REAL LIFE)

Simple Pendulum —+ clocks, metronome

Spring Oscillator — car suspensions,
vibration absorbers

SHM & Waves —» sound, musical instruments

U.C.M. — rotating wheels, satellites

Periodic Functions —+ electricity (AC),

wave technology

STAY CONSISTENT,
SCORE EXCELLENT!
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DIGITAL RESOURCES

CHAPTERWIS
E
INFORGRAPHI
CS, FORMULA
SHEET,
INTERACTIVE
WORKSHEETS
AND
QUESTION
PAPERS

FORMULA SHEET
Inforgraphics XI 2026-27
Interactive worksheets class X1
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
1%20PRACTICAL

. ZONAL INSTITUTE OF EDUCATION AND TRAINING

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
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	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.
	2.1.  Ice cools drinks more effectively because ice:
	2.2. The heat required to change unit mass of a substance from solid to liquid without change in temperature is called:
	2.3.  Calculate the heat required to melt 100 𝑔 of ice at ,0-∘.𝐶.Given: ,𝐿-𝑓.= 3.36 ×105 J/kg
	2.4. B. During melting of ice, the temperature remains constant because the supplied heat is used to:
	(3)  Calculate the heat required to melt 100 𝑔𝑚 of ice at ,0-∘.𝐶.Given: ,𝐿-𝑓.= 3.36 ×105 J/kg
	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.
	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,...
	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. Ha...
	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
	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 mo...
	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      ...
	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

	1. ENERGY DYNAMICS IN A HORIZONTAL SPRING-MASS SYSTEM
	2. SHOCK ABSORBERS IN AUTOMOBILES
	3. Assertion: Acoustic waves traveling through an air column serve as a classic example of mechanical longitudinal waves.

