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About the Student Support Material

The Student Support Matersal (SSM) for Class X1 Phvsics has been developed for the academuc session
202627 under the gmdance of Kendriva Vidvalaya Sangathan (KVS), Headquarters, New Delhy. The
responsibility for preparing this material was entrusted to the KVS Zonal Institutz of Education and
Tramung (ZIET), Mysurn.

To ensure quality, accuracy, and student-fniendly presentation, ZIET Mysumu collaborated wath
sxperienced Physics feachers from vanous Kendrnva Vidvalavas across different regions. Their
collective expertise has helped in developing a comiprehensive. well-structured, and examination-
oriented resource for learners.

The SSM has been prepared in accordance with the latest CBSE cumculum and asséssment framework.
the Natiorial Education Policv (NEP) 2020, Competency-Based Education (CBE) principles, and
NCERT leamming outcomes. It amms to strensthen conceptual understanding. scientific reasoming,
prablem-solving skills_and the application of Physics in real-life situations.

The material has been organized systematically to make learming enpaging and effective Each
chapter generally includes:

« Infoegraphics

» Important Definttions. Laws, and Formulae

» Solved Numencal Problems

» Multiple Choice Questions (MCQs)

* Assertion-Reason and Case-Based Questions

« Competency-Based Questions

 Short and Long Answer Questions

» Practice Exercises and Reviston Material

Special Features

+ Simple and student-fnendly language

v Emphasis on conceptual clarty and scientific thinking
v/ Step-by-step solutions to mumenical problems

V' Real-life applications of Physics concepts

v Competency-based and exammation-onented gquestions

v Logical and svstematic presentation of content

This Student Support Material serves as both a study guide and a learning companion. It encourages
mnguiry, critical thinking and independent leaming while helpine students prepare effectively for
classroom assessments and exanmunations. Regular use of this material will help leamers develop
confidence, strengthen their conceptual foundations, and achieve academic success in Physics.

We hope that this collaborative effort by KVS ZIET Mysum and pamicipating Physics teachers will
significantly benefit students and contribute to thew academic growth and scientific temper.

S ————
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How to Use this Student Support Material (SSN)

Welcome 1o the Student Support Matenal for Class X1 Phyvsics. This resource has been
carefully designed 1o help you understand fundamental concepts. strengthen problem-sobvins
skills, and prepare effecuvely for school exammations and future competitive purshits.

Best Practices for Effective Leaming
To make the most of this material. follow the steps zrven below:

» Build Conceptual Understanding- Begin by reading the concept notes thoroughly and
focus on understanding the physical principles rather than memonzing facts and formulas.

* Learn Kev Defimitions, Laws and Formulas: Familhanzs vourself with important terms,
laws; principles, and mathematical relationships presented in each chapter.

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

* Strengthen Analytical Skills: Arnempt competencyv-based. application-oriented. and case-
study questions to connect Phvsies concepts with real-life sitnations.

+ Revise Systematically- Use concept maps, infographics, and chapter summaries for guick
revision and reinforcement of leammg.

* Evalnate Your Understanding Solve MCQs. short-answer, and long-answer questions to
assess your preparaiion and identify areas requuiring further attention

* Discuss and Explore: Engase in discussions with teachers and classmates to clanfy doubts
and deepen vour understanding of concepts.

Vearsatile Usage
Thas S5M can be sffectively used for

* Daily Clazsroom Learning and Homework

« Unit Tests and Periodic Assessments

» Half-Yearly-and Annual Exammations

*» Revision and Self-Assessment

*» Strengthening Foundations for Hisher Studies

Regular and sincere use of this matenal will kelp you develop conceptual clanty, scientific
reasonng. problem-solving abilities, and confidence m Physics. Most impeortantly, it wll
encourage vou to view Physics not merely as a subject buot a5 a way of understanding the
world arcund vou.

Happy Leaming and Best Wishes for Your Success!

S ————
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CHAPTER-1

@ NEED FOR MEASUREMENT

Measurement ls important in Plysics for comparing an
wirikrmbiwn guiaritity with & stendard wimt 11 allows g (o
expreas physical properties with precision.
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CBSE Class Xl Physics
Chapter 1: Units & Dimensions

Measure Correctly = Think Scientifically = Learn Visually

Accurate Measurements Lead to Accurate Physics!

€3 SYSTEMS OF UNITS
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MULTIPLE CHOICE QUESTIONS
1. One of the combinations from the fundamental physical constants is he/ G . The umit of this
eXpression is
(a) ke (b} m’ (e)s? (d)m
2. Which of the followings is the proper representation of a 10 cm long scale?
(a) The scale of the leneth 1s 10em (b)) This s a 10 cm long scale.
(e) This 2 10 c.m: long zcale. {d) The scale of the length1s 10 cm.
3. The unit of work is derived from which fundamental guantities?
{a). Mass & length (b). Force & distance () Mass, length, and time (d) Power & ume
4. Number of significant figures in 0.00243500 is

(&) 3 (B) 5 (c) 8 (d)y7

5. Which number has 3 significant figures?

(a) 0.070 (b) 700 (e) 7.00 = 10¢ (d) 0.007

6. The sum of the numbers 436.32, 227.2 and 0.301 in appropriate significant fisures is
fa) 663 821 (b) 664 (c) 663.8 (d) 663 82

7. Which of the followine gquantities is dimensionless?

{a) Force (b)) Stramn () Velocity (d) Pressur=

8. The dimensional formula of Planck’s constant (h) 15 :

(@ MLTY]  (B)MLTTH () ML*T] (d) MLT ]

9. Which of the following equations is d.i?l-EIl.Eiﬂ]llﬂ}' correct”
(a) v=u+atv (b)y=u+atr (c¢)v=ut+at (d)s=ut=lDat’
10. If velocity v, time t, and acceleration a are fundamental guantities, the dimension of distance is:

{a) wt (k) at {c) at? {d)va
11. If x = 3.14, then the value of ° is
{a)9.8596 (b)9.860 (c)986 {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
(=) [L] (b) [LT7] (e) [LT7] (d) [ET7]

13. The dimensional formula for gravitational constant G is

@ MTY] ()MILTY]  MILTY @) ML
14. If the force is proportional to square of velocity, then the dimension of proportionality constant is

@ MLT]  (b) [MLT] (c) IMLT] (d) [MLTT7]
15. 3.6453 and 3.6554 are rounded off to two decimal places. The results will be
{a)3.64.363 (b)3.63 366 {c)3.63, 365 (d)3.6.36

ANSWER (MCQ)
Q1 - Answer: a ko Explanation: Unitaf he _ Usims™) _ (NmsimsTh) kg*
Q2 - Answer: Option(A) 1s comrect. G Nm? kg=* Nm kg

Explanation: While units are symbolically represented, there should not be any dots: But 1f 1t appears at the
ends of a sentence. then a dot mav appear as a full-stop.

Q3 - Answer: c. Mass_ length, and time

Explanation:Work = Force ~ Distance = (mass * acceleration) = distance kg-m*'s®

Q4 - Answer: b. 3

Explanation: All the zeros on the night immedhate after the decimal are not sigmificant. All the zeros those
are on rizht of the last non zero diput, afier the decimal point, are sipnificant

Q5 - Answer: ¢ 7.00 =< 1(F

Explanzation: All digets (7, 0, () 1n 700 are significant because trailing zeros after a decimal are sigritficant.
Q6 - Answer: ¢ §63.8

Explanation: The final result after sum should have the same number of decimal places as the number with
the least decimal places 12 227 2 having one decimal place

Q7 -Answer: b

Explanation:Straun = chanoe in length ' onginal lensth = (L / L) = dimensionless

FAET MYSURT-S3M-PHY SICS. X120 17




QE -Answer:-a
Explanation:Enerov=hv E=[ML:T3]_ h=[ML:T ! +=T"'RHS =LHS
Q9 - Answer: b Explanation:L.HS =RHS
Q10 - Answer: ¢ Explanation:  From s=ut+12at"
Q11 Answer - ¢ Explanation: m—=3.14 X 3.14=9.8596 «
As the input data (3.14) has 3 sienificant figure, the answer should be restnicted to 3 significant figure by
rounding off as : =986
12 Answer :d Explanation : By the principle of homogeneity. Dimension of
v =Dimenston of ‘at’ = Dimension of 'bt2’ (Le.) Dimension of 'bt*" =[ L T '] »
So the dimension of ‘b =[ LT H 2=[ LT ] [T*]={ L T7]
13 Answer :b [ML°T=] '
14 Answer :d Explanation F w (or) F=k 19_1 (where k—constant) » Thus dimension of constant A=
Flr=[MLT LT =M LT LA T3 =M LY
15 Answer :b Explanation: If the digit from where the number 15 truncated 15 3. The digitaffer it 15 3 1n
one number and 4 in other number 1.2, both are non-zero digits. So, as per rule the digii before 3 15 to be
tncreased by 1
CHALLENGE CORNER

Q1.335.0 ke = 355000 g. Significant figures in the two numbers are

(ay4.6 M6 (c)3.3 (dy4.4
Q2. Length_breadth and thickness of a strip having a uniform cross section are measured 0 be 103 em, 0.035
min_and 6.0 pum_ respectively, Which of the following option(s) give(s) the valume of the strip m cm® with
cormrect sipnificant figures: JEE 2025
(8)3.2X 1075 (b) 32.0x107% (£)3.0x 107> (dy3x10"°
Q3. If momentum (p). area (A) and tume (1) are taken to be fundamental quantitizs, then eneroy has the
dimensional formula
@EAT) ®EA'T) ©@EANT) @A)
Q4. The numbers 2 745 and 2.735 on rounding off to 3 significant figures will give
(@275and 274 (b)274and 2.73.(c)2.75 and 2 73 (d) 2.74 and 2.74
Q5. The mass and volume of a bodv are 4237 g and 2.5 em”, respectively. The density of the matenal of the
body 1n correct sigmificant figures s
{a) 16048 gem™ (b) 169 g cem™ () 1.7 gem™ (d) 1695 g o™

ANSWERS
I. d 2.D 3d 4.d 5.6
ASSFRTION REASON BASFD QUESTION

In the followmng guestions a statement of assertion{A) 15 followed by a statement of reason(R) mark the
correct choice as

{a} If both assertion and reason are e and reason 15 the comrect explanation of the assertion

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

(£} If assertion 1s true but reason is false

{d) If asserhon 15 false but reason 15 trae

1. Assertion (A): The principle of dimensional homogeneity 15 useful 1n checking the comrectness of
phvsical =quations.

Reason (R): All terms in a correct physical equation must have the same dimensions.

Assertion (A): The dimensions of pressurs and stress-are the same.

Reason (R): Both ars defined as force per unit area

Assertion (A): The dimensional formula of gravitanonal constant Gis [M 22377

Reason (R): Gravitational fosce depends directly on the product of masses and nversaly on the
square of digtance between them.

1

g
i

S ————
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4 Assertion (A): Dimensional analvsis can be used tb dermve numerical constarnts m eguations.
Reason (R): Dimensional analysis srves relations between phvsical quaniiies onlv upto a
dimensionless constant.

5. Assertion (A): If v = & + at=, the equation 1s dimenssonally wicomect.

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

SHORT ANSWER TYPE QUESTIONS (2 MARKS QUESTIONS)
1. Express Imim and [im i meter
2 Define A U and hight year .
Mention two physical quantities havine samie dimensional formulae but different units.
4 Distinguish between fundamental units and derved unts?
5 How will vou 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 homogenety.
8. Check if the equation v—u + at 1= dimensionally correct
9 Gave the applications of the method of dimensional analysis
10. If the unit of force 15 taken as | kilonewton (kN), the umt of length as 1 kilometre (km), and the unit of
ume as 100 seconds, determine the corresponding unit of mass n this svstem of units
ANSWER(2 MARKS)
Q1 - Answer: lmm = 10%m fm=10"m
Q2 - Answer: A U. iz average distance of the Suni from the Earth. 1 AU=1496X 10" m
Light vear is the distance that light travels with velocity of 3 * 10 m s in 1 year I LY=9467 X 10" m
Q3 -Answer Following quantrties have same dimensional formula: [M'L*T™]. But they have different
umits: (1) Angular velocity (rad £ (11) Velocity gradsent (s7') (1i1) Frequency (Hz)
Q4 - Answer: The units in which the fundamental quannties are measured are called fundamental or base
umits Examples- m. s, ks, A mol
The umits mn» which all the phvsical guantities which can be obtained by a sustable multiplication or division
of power on fundamental units are called derived units Examiples- m's, ke/m”
Q3 - Answer: Diameter of Moon | AB = d Parallax angle | “AOB =8 Distance of Moon from pee==1
OA=0B =D+ Hence, 8= AB/0A=d' D d=D @&
Q6 - Answer: a) MLIT™ b) ML T
Q7 -Answer:The principle of dimensional homogeneity states that all terms in a physically meaningful
equation must have the same dimensions.
Qf -Answer: LHS [v]=[LT7] RHS [ul=[LTH
[a-t]=[LT7][T]= Both sides = [LT 'L T'HLT [T ]
Yes, the equation 15 dimensionally correct.
Q9 -Answer: To convert a physical quantity from one svstem of units to another
To check the dimensional comreciness of a given physical equation
To establish the relation among vanious physical quantities.

QI0As WKTF=[MLT ] = M="50

Unitofforce = 1kN=10° N Umtoflensth=1km =10 m

Unitoftime = 100s= 10°s M= %—;DE = 10Kz

CHALLENGE CORNER

1. Check whether the given equation £ 5 =%m11: - %muz s dimensionally corrsct, or not where, m is mass
of the body, v 15 us final velocity, u 15 115 in-i'li'_al 1‘&[&:;&31, F 15 applied force and s 15 distance coverad.

I el

S ————
ZIET MYSURT-SEM-PHY SICS- K1-2024 17 4




1. How many sigmficant figures are present m 0.020307
3. Round off 4.376 to 3 siznificant fiosures.
4. Deduce the dimensional formula for B, usme 1deal gas equation PV =nRT.7?
5. Mention sothe phvsical guantihies having same dimensional formulae but different units”
HINTS :-
Q1 - Ans: Yescomect LHS=RHS
QI - Ans There are 4 significant figures: 1,03, & the final 0 (after decumal & non-zero digns
Q3 - Ane Rounded value=4.18
Q4 - Ans' ML TK! mol™]
Q5 - Ans:- No.
COMMONLY MADE ERROR :
& Students should carefully uss the dimension of all the quantities and then deduce the result
*  Smdents mav commit mistake while calenlating the dimension of the given quantities.
SHORT ANSWER TYPE QUESTIONS (3 MARKS QUESTIONS)
I. The Van der Waal equation for I moleofareal gas s (P + ui:) { V—b ) where P 1z the pressure, V is the

volume, T 15 the absolute temperature, R 1s the molar gas constant and a. b are Van dar Waal constants.
Determune the dimensional formulae of the constants aand b
2 From a poant on the ground. the top of a tree is seen to have an angle of elevation 607, The distance
between the tree and a pomnt is 30 m. Calculate the height of the tree?
3. What are sspmficant figures? State any two rules for determining sipmificant fipures. Give one exampls.
4 Round off the following numbers to 3 significant fioures:
{1) 0.004376 (1) 36987 (1) 12343
3. Fill in the blanks by surtable conversion of units -
(@)l kg m’s==_gem's™ (b) 1 m=_ Iy (light year)
()G=667T=10-UNm ks~ = _em’ s-g "
6 Answer the following
(a) You are given a thread and a metre scale. How will vou estimate the diameter of the thread 7
(b) A screw gauge hasa pitch of 1 0 mm and 200 divisions on the ctreular scale Do vou think it 15 possible
to increase the accuracy of the screw gauge arbitranly by mcreasing the number of divisions on the circular
scale 7.
(c) The mean diameter of a thin brass rod 1= to be micasursd by vernier callipers Why 15 a set of 100
measurements of the diameter expected to yield a more reliabls estimate than a sot of 3 measurements onlv 7
7. If the value of universal gravitational constant in $11s 6.6x107! Nm” ke, then find its value m CGS
Swstem?.

ANSWER WITH SOLUTIONS(3 MARKS)
Q1. Van der Waals equauaﬂ:{P—:vi:}-' (V=b)=RT Dimensions of volumes V=[V]=[L"] Dhmensions of

pressure P = [PIEMLIT) Dimensions of a- From 1%_= P a=[L°T

ML-T = [aHIMﬂ.ﬁT_E] IDhimensions of b: From V=b the terms must have the samie dimension
BI=VIL]

Q2:8=60°, x=50m, b=

I=xtan8=50tan60°=30 X v3=30 X 1.732 =866 m

(3 — Ans Sipnificant fioures are the digits m a measurement that are known accurately.

Two Rules for Determiming Significant Figures:

All non-zero digits are always sigmificant. Example: In 436, =3 sigmificant figures.

Zeros between two nen-zero digits are sipmficant

Example: In 4003, the zeros between 4 and 3 are significant =4 significant fipures

Example Combining the Rules: Number: 204 03 Dagrs: 2,0,4,0,5

All non-zero digits (2. 4_ 5) are significant. Zeros between non-zero digits (the 0s) are also sionificam

=Number of significant figures =3

Q4 — Ans (1) 0.004376 — 0.00438  (i1) 36.987 — 57.0 (i) 12345 — 12300
T R ——

ZAET MYSURT-5EM-PHY SICS. X1 2024.27 3




Q5 —Ans (a) 107 (b) 1.053 = 107 () 6.67 = 1073
Q6 - Ans(a) By winding the thread in closs turns on a pencil and using the formula 1 e . Diameter = Average
length No. of tums
(b) Yes, by increasing the number of divisions on ewrcular scale as Least count = Pitch No. of divisions on
circular scale
(c) Random error 1s reduced on taking 1'a:[crf: number of observations.
Q7 -nS Isvstem. G=66X 10 N m’ kg™ ; In CGS system, CGE—”D:mmsmnal formula of
gravitational constant ; [M=L5<] —[.n'ri'_J'Ji!'.s T_‘] Hence a=—1, =3 ¢=-1

G [P 18 TF] = Gy [MF 1 i TJJ

T I“

1 hy
— =11
Ggps = 006X 107X ’l eril ’ ]

liggy = figy | W) T

=h6X 107y

i{!ll_iﬂ 0 F o0 .,rr:]
lg [
= 66X L07HY (107 [10*)P
=h6X L0°2Y 107 K108
Gegs = 6.6 X 107" dyne em? g™

Irmlll

CHALLENGE CORNER
1. A calone 13 a unit of heat or energy and it equalsabout 42 J, whete 1 J= lkom"s™, Suppose we =mplov a
system of unsts i which the unst of mass equals @ kg the unit of length f m, the unit of ime 15 v 5. Show
that a caloris has 2 magnitude 4.2 ™! i~ +* 1 terms of new units.
2. State the numher of significant foure in -
(@) 0.007 m~ (b) 2.64 = 10 {c) 0.2370 2 e (d) 6320 T (e) 6.032 N () 0.0006032 m
3. Convert 76 cm of mercury pressure mto Nm - 2 using the method of dimensions
4 Check the correctness of the equation ,1-;1'1'1'1-'2 = mgh using dimensional analysis method.
5. The radius of circle 15 3.12 m. Calculate the area of the circle regard to significant figures
LONG ANSWER TYPE QUESTIONS (5 MARKS QUESTIONS)
Q] Obtain an expression for the tme penod T of a simple pendulum The timse peniod T depends on (1)
mass m’ of the bob (ii) length *1" of the pendulum and (111) acceleration due to gravity g at the place where
the pendulum is suspended. (Constant k =7x)
Q2. A new svstem of units 15 proposed 1n which unitt of mass 15 @ ke, unit of length [ m and unit of time 7
&. How much will 3 J measure in this new system?”
Q3.(a) Explamn any three important applications of dimensional analyvsis with suitable examples
(b)Using dimensional analysis, derive an expression for the speed v of a wave on'a smng Assume that it
depends on Tension T in the stnng, and Mass per umit length p '
ANSWERS(3 MARKS)
1. Hint: Assume, Tom®*l®g® Usedimensions: [THEMPLPLT]®
Compare powers of M, Land T
Solution: a=0, b=12, e=-12 Henee, T= lnfé Givenk=2r. . T= .'-'i:rv%
2 Hint Energy has dimsensions; [ML*T=]
"Jewunus M=a kgc L=pm T=+vs SolutionNew unit of energy = afi*/~
Therefore 5T= n{_} n= 3;‘—;—
3(a L Chﬂ:lﬂﬂg correctness of equations Example: s=ut+ 1/2 ar

2 Deriving formulas Example: T=2x ‘Jg

3. Conversion of units Used for converting one system of units into another.
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(b) Assume, v oc T2 p° where [T]=MLT= [u]=ML"

Compare dimensions. Scolution:a=12, b=-12 Henece, v= Ji

SCIENTIST CORNER: CHANDRASEKHAR LIMIT
The Chandrasekhar Lirmit 15 the masimum 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 recetved the Nobel Prize
m Physics (1983) for hiz conmbution to stellar evohrtion

CASE STUDY BASED QUESTIONS

CASE STUDY 1: Principle of Homogeneiiy and Dimensional Consistency
Read the following passage and answer the guestions that follow: The principle of homogenssy of
dimensions 15 extremely usefnl 10 checking the correctness of an equation i phivsics. According to this
principle. if the dimensions of all the terms in an equaton are not the same, the equation 15 wrong, If an
equation fails this consistency test, it is proven wrong: however, if it passes, 1t is not necessanly proven
right. Thus, a dimensionally correct eguanion nesd not be an correct equation. but a dimensionally
mconsistent equation must be wrong
Q1 The STunit of energy 15 F=kzg m® s zpeed vis m 7%, & acceleration a 1s m 77 Which of the following
formulas for K E (K) 1s WRONG on the basis of dimensional arsuments?
@AEK=(12mv* (B)KE=m%? () K=(L3)a" (d) K=(1/5)mv*
Q2. Inthe dimensional equation T = k |* =¥ m™ (representing the fime period of a simple pendulum), what 15
the correct value of Z7
@y Z=0 (b)Z=1 (c)Z=2 (d)Z=172
Q3. A famous physical relation relates the 'moving mass' m to the 'rest mass' mo of a particle m terms of its
spesd v and the speed of hight c. This relanon first arose as a consequence of
(2} The Principle of Homogeneity (b)) Special relativty due to Albent Emnstemn
(c) Dimensional Analvsss (d) Quantum Machames
Q4. A calone 15 a unit of heat that equals about 4.2 ] where 1 J= 1 kg m* 57 Tf we employ a new system of
units where the unit of mass equals a ks, the unit of lensth equals f m_ and the unit of time 1s v s, what 15 the
magnitude of 2 Calorte in this new svstem?
@ fy B)a*Fre (a7 (d) &® By~
CASE STUDY 2: PHYSICAL QUANTITIES AND PENDULUM MECHANICS
Read the following passage and amswer the questions that follow: A researcher 15 studying the motion of
a particle in a oravitational field To understand the dependencies of different physical quantities, the
res=archer denives the mathematical expression for the time peniod of a sunple pendulum. The dermved
formula 1s T =2mv(l'g). where T represents the time peniod 1n seconds, | represents the length of the
pendulum in meters, and g represents the gravitational acceleration m m/'s®

Q1 In the denved formula T =2 E, what physical quantity does g represent”

{a) Mass of the pendulum {b) Acceleration due to gravity

{c} Veloctty of the pendulum {d) Time penod

Q2 If the sumple pendulum swings on the Moon, where gravity is weaker than on Earth, what
happens to 115 nms period T7

(a) It decreases (b) It increases  (c) [i remains unchanged  (d) It becomes zero

Q3 If the length of the pendulum 1s quadrupled (41). what happens to the time period?

(@) It doubles (b) It becomes four nmes (c) It becomes half  (d) It remains the same

(4 Based on the grven mathematical expression which of the following phvsical quantitizs will NOT affzct

the time peniod of a simple pendulum”®

(2} Length of the pendulum (b) Acceleration dus to gravity

(c) Mass of the pendulum bob  (d) Location of the pendulum (Earth vs Moon)
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CASFE STUDY 2 TESTING A NEW SPORTS DRINK BOTTLE
A sports company is desigming a new bottls for athletes Dunng testing, the physics team studies different
phvsical quantities related to the bottle such as volume, force apphied while squeezing. pressure inside the
bettle, and spead of water comung oot through the nozzle:
A student infern records the following observations:
+ Hadsus of bottle opeming= 2 cm Water speed from nozzle=5m g
+ Force applied while squeezing =20 N Area of nozzle opening = 4 X 107 m*
The intermn also proposes some equations during the experiment. The physics team checks whether the
equations are dimensionally correct & whether proper S1 units are used.
Q1. The pressure incide the bortle 1s calculated using: P = E—
What are the dimensions of pressure?
(@ (M LT (b)[MLT2] ()M LT @) M
2. A student says that the kinstic energy of flowing water can be written as:E = % my*
Which of the following represents the dimensions of energy?

(@) MLETT] (b)[ML*T 3] (e)[M*LT 3] (@)[MLT ]
3. Dunng unit conversion. the mtern wrtes: 1 litre = 1 m® The statement 15
{a) Corract because both measure volume (b) Incorrect because 1 litre = 107° m°

() Incorrect because litre 15 not aunit of volume  (d) Correct only in TGS svstem

4. The intem proposes the equation for distance travelled by water's = ut + é at?

Why 15 this equanon considered dimensionally correct”

(2) All terms have dimensions of forece (b)) All terms have dimensions of velocity

(c) All terme have dimensions of lensth  (d) All terms are dimensionless

SOLUTIONS CASE STUDY-1

1. (b) K=m*" Hint: According to homogeneity the dimensions of both sides must match.

1 Answer:(a) Z=10

Hint: The time period of a simple pendulum is independent of its mass.

3, Answer: (b} Spemal relativity due to Albert Einstem

Hint: The text 2xplicitly states that this mass-speed relahon first arose as a consequence of special relatvity
developed by Albert Emstein

4. Answer: (a) o' i 7"Hint: The dimensional formula for ensrgy is [MLT)].

CASE STUDY-2

L Answer: (b) Accelerahion due to graviy 2. Answer: (b) [t increases

3. Answer: (c) It increases

4. Answer: {d) Mass of the pendulum bob Hint: The term for mass (m) 1s completely absent from the

formuia T=2n :;-__ indicating that the T s independent of the bob's mass
CASE STUDY-3 I.{a) 2.(b) 3(b) 4.(c)
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CHAPTER-2

‘¥ A CBSE Class XI Physics {7 )
Chapter—2: Motion in a Straight Line _
W “Understand Motion « Visualize Physics « Learn Smart” i

(1) FRAME OF REFERENCE , (2) MOTION IN A STRAIGHT LINE
Frame of reference (s the st One-dimensional motion along the X-axis only.
observer and object relation. "7 "“,:‘:Lf“m“::;;‘;‘:; Positires with positive and na?;ntlua dlrullur{
Aest and motion are relative. frame of referenca, -

Include real-life examplos: S — S — :C!_" S [

=T

|'[-| _ - s 4 3 2 4 0 1 23 4 'S
-t | N Y M= b et ¢ Distance « Displacemant  « Spead
Al - v « Velocity

(3) DISTANCE vs DISPLACEMENT (4 SPEED & VELOCITY 7570

T dimnnohon

| Distance | Displacement mﬁm-ﬂ-!nﬂd L S

IEF;—* Scalar quanltity Vootor quantity
F i '] '
s | Actuslpathisngth |  Shortest path ﬂmvrﬂnt Velogity = m"",:%"! 353

i

= ; Can be positive,

(E—ED ‘ Always positive negative or zara Instantanoous Velocity = 5
=7

TS, | olociyats
particular instant

Momory trick: “DHEtance = Total gath, isplocgrmang « Foa) shin®

(5 ) UNIFORM & NON-UNIFORM MOTION (6) ACCELERATION
C&% Urilform Motion Nom Unitorm Hli;m The rate of ch ange of ve!n-r:try with the formula
1] ances in equal | L Ene - u = initial velocity
5 ﬂ:f;f:;.u of Iilmth : unu;l;ua: ?:tm:ur: i cﬁ) l%?» a= :::II:I:I velocity
B ) b5 | — Positive acceljtlun g:ﬂ'ﬁmﬂ; &
(7)  EQUATIONS OF MOTION (8) Gnnpun:%li: l:qeg_ﬁ%sneumnnﬂ
_ FDHMU MAETE B{IK Pasltion-Time Graph Velocity-Time Graph
Tincluse use £ inclues all 3 equations: = Slope gives = Slope gives
wnlocity ot nocoleration
uvat ) s w o S R
L1 I Tirm J‘f : ,.ﬁ-..| Elﬁpl‘.nl:vrn.unl
| " (GRAPHTRICKBOX) |
(9) CALCULUS IN MOTION @'J QUICK REVISION ZONE
Visual Intradoetion 1o slementary diffsrsmiathon and Il-1t-unr.rlll:un . »
Haluzi;y iccerle:fa:'lnn Displacement § Ifr:m:.tﬂ'l;t] [ Si units : Sg?i?:':m 1
V= -‘:3>f;=—f:f}s=jvdt : L -
ﬁﬁ ‘E Key Common Memory 1
Lhuw heglnmnairlnndly miplanation l.uH‘l 11 l definitions mistakes L tricks

ennnation suitoble for school-level 1-Minute Recall

Footer Section = —
ﬁ {@} “Physics is Easy When Motion Becomes Visual!” .|-='fg'

The antire infographic is scientifically accurate and strictly according to the lotest CBSE syllabus.
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MULTIPLE CHOICE QUESTIONS (MCQ)

1. A passenger in an automobile observes that raindrops make an angle of 30° LR S ,
with the horizontal as the auto travels forward with 2 speed of 60km b Compute | |7} || | Losbdd |
the terminal (constant) velocity of the ramn 1f 1t 15 assumed to fall vertically L :
(2)346kmh (b) 44 6kmh () S46kmh  (d)246kmh

2. Twe objects of masses m| and my fall from the heights h) and ho respectively.
The ratio of the magnitude of their momenta when they hit the sround is

(a) fhales (b) -:i? (c) ‘:T E (d) %

3. An athlete finiches a round of circular track of radis R 1n 40 sec. What 15 his displacement at the end of 2
miin 20 s8c?

(23 2R (b) 2:R (c) TaR (d) Zexo
4 A ball 1s dropped from height h The velocity attamed by the ball just before reaching the ground 1s
(a)/2gh (b) /3gh (c)/gh (d)zero
5. A cartravels from A to B at a speed of 20 Km/'hr and retums at a spaed of 30 Km'hr the averape speed of
the car for the whole joumey 15

{a) 3 Kmhr  (b)24 Km'hr {c) 25 KEm'hr (d) 30 Km'hr
& A 100 m long train 18 moving with a uniform velocity of 45 Em/'hr. The time taken by the tram to cross a
brdge of length 1 Km s

(a) 38 second (b) 68 second  (c) 78 second {d) £¢ second

7. Ift=yx + 4, then ( ) is

t=4
(@) 4  (b)zero ()& (d)16
8 A budv moves “:Ihumfmm acceleration, then w:lm:hﬂftht ﬁailamnt graphs 1s comrect —

© (d)

G A ball 15 thrown vertically upward, Ignoring the air resistance, which oneof the following plot represents
the velocity-time plot for the peniod ball remains i air?

HJ\_\_..L-: = vbw—-
e Lome . sl
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Q10 A stone falls freelv such that the distance covered by 1t in the [ast second of gs motion 15 equal to the
distance coversd by it in the first 3 seconds 1t remained m air for

(a8) 12 séc (b) 13 sec (c) 25 sec (d) 26 sec

CHALLENGE CORNER

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

() 3753 Kmhr (b)42Emhr (c)40Kmhr (d)49Kmhr
Q12. The motion of a particle 15 described by the equation v=at The distance travelled by the particle in first
4 second 15

(ay4a (b)12a (©6a  (d)8a
Q13. A body a1s thrown up vertically from the ground with a velocity v9 and another body B 1s
simultaneously dropped from a height H thev meet at a hewght H/'2 1 vo1s equal to

@ 2B () JoH (@) 3oH @) [Z
Q14 A particle starts from rest with constant acceleranon =2m's” Find displacement in 3%sec
(a} 9m {(b) 18m (c) 15m (d) 6m

Q15.A ball falls from 20 m height on fioor & rebounds to 5 m. Time of contact 15 0.02 sec. Find acceleranon
of the hall duning impact

(a) 1200 mi's®  (b) 1000 m's” (<) 2000 m/s (d) 1300 m/s"

SOLUTIONS OF MCQ :-

1.(a) 346 km'h Explanation tan 30" = E:IE Since, tan 30" = :-f—g
Therefore v = 60 X }E o= % v 346kmh
2 .(a) If the displacement of an object s proportional o square of tme, then the object 1s moving wath
constant acceleration
i@ R
4(a)\/2gh
5 1) v 2x20:¢30

20430 =24 Km/hr
6 (d) Total Distance=Length of tram+ Length of Bidge

Total Distance=(100+1000}=1100m  Speed 45 km/hr=45X == —in/s
Time taken=Total distance/speed= %s sec
7. (b) s=(1-47=£-8:+16 g =2t —8 Att=4, % =0

& (a) vt graph is astraight line — Correct
9 (a) During upward motion the magnituda of velocrty decreases while dunng downward motion magnitode
of velocity mcreases hence v-t graph is a straight line with a negative slope
10 {b}'quﬂg- (2n — 1) For fizely falling body v=0 Therefore. Smn= % (Zn—1)
Distancs travellad in first 3 sec s:urﬁ-%gt?ifg Given Sau=S
ANSWERS OF CHALLENGE CORNER

11 @) 375Kmhe 12 ()8  13.(b)gH 14.(2)%m 15 (d) 1500 m/s

ASSERTION REASON BASED QUESTION

In the following gquestions a statement of assertion(A) 15 followsd by a statement of reason(R) mark the
comect cheics as
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(e} If both assertion and reason are rue and reason 15 the comrect explanation of the assertion

(f) If both assertion and reason are true but reason s the not correct explanation of assertion

(g} If assertion 15 true bt reason 1s false

(k) If both assertion and reason are false
1. ASSERTION: The speed of 2 body can be negative.
REASON: If the bodv is moving in the opposite direction of positive motion, then {is spesd 1s negative.
2. ASSERTION: An object can have constant speed but vanable velocity.
REASON: ST unt of speed is m/'s.
3 ASSERTION: In real-life. in a number of situations. the objact is treated as a point object.
REASON: An object is treated as point object. as far as 11s size 1s much smaller than the distance. 1t moves
i & reasonable duration of tme.
4. ASSERTION: The speedometer of an automobile measures the average speed of the astomobile
REASON: Average velooity 13 equal to total distance divided by total time taken.
3 ASSERTION: A body can have acceleration even if its velocity 15 zero at that mstant of time.
REASON: The body will be momentanly at rest when reverses its direction of motion
6. ASSERTION: When a body is dropped or thrown honzontally from the same height 1t would reach the
oround at the same time
BEASON: Honzontal velocity has no effect on the vertical motion
7. ASSERTION: Displacement of a body may be zero when distance traveled by it 1s not zero
REASON: The displacement 1 the longer distance between initial and final positions

CHALLENGE CORNER
1 ASSERTION: Retardation 15 directly opposite to the velocity.
REASON: Retardation 1s equal to the time rate of decrease of speed
2 ASSERTION: In the presence of air resistance. 1f the ball 1s thrown vertically upward then time of ascent
15 less than the time of descent
REASON: Force due to air friction alwavs 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 15 a straight line
4. ASSERTION: It 1s not possible to have constant velocity and variabie 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 bodv 15 oppostts to velocity
SOLUTIONS OF A &R :-
1. (d) Speed can never be negative because it 15 a scalar quantiiv. So_ if & body 15 moving in negative
direction. then also the speed will be positive.
2. (b) Velocity 15 a vector quantity. 50 1f has both direction and magniude Hence, an object can have
vanable velocy by keeping its magnitude constant, 1 €. speed and by changing direction only.
3 (a) The approximanon of an object as point object 1s valid only. when the size of the object 15 much
smaller than the distance it moves 1n a reasonable duration of ime.
4.(d) The assertion that the speedometer measures average speed 15 mcorrect; 1t measures instantansous
speed. The reason, stating average velocity is total distance divided by total tme, 1s also incorrect.
3 (a) When a body thrown up vertically will have zero velocity at the hishest point but its acceleration will
be equal to g

_— e
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6. fa) Honzontzl velociy has no effect on ttme of flisht. Therefore both assertion and reazon atre true and
the reason 1s the correct explanation of the assertion
7.(c) As displacement is the shortest distance between the initial & final posiion
ANSWERS OF CHALLENGE CORNER
L (b) 2 (@) 3d) 4.(b) 3. (b}

SHORT ANSWER QUESTIONS (2 MARKS)
1. Two balls of different masses are thrown vertically upward with the same initial speed. Which one wall
rise to a greater height?
. Can a bodv have a constant speed and stll have a varying v=loenty?
. The position coordmate of a moving parficle 15 given by x=6+18t + 9t°(Where x 15 iIn meters and t is
seconds) what s the veloeity at =2 second?”
4. Denive an equation for the distance travelled by a bodyv moving with uniform acceleration dunng the nth
second of 1ts motion
3. Is 1t possible to have a constant rate of change of velocity when veloeity changes both i masnitude and
election if ves give one example

(5 B

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 11s
velocity
T.A student went on his bike from Delhi to Guga—:m at a spe=d of 60km hr and came back at'a speed of
40km'hr. What 15 his average speed for the enftire journey?
8.A particle 1s thrown upwards It attains a height (h) after 5 seconds and agawn after 9s comes back What 15
the speed of the parucle at a hesght h7
9 Displacement of a particle 15 grven by the expression 3.:3'.'.;'5'?‘!.::“‘13&[& * 18 i metsrs and 115 1m seconds.
What 1= accelerahon?
10 The dssplacement x of a particle moving 1 one dimension under the action of the constant force 1s related
to the tune by the equation t=v'x — 3 where x is in meters and 1 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 mnitial speed, both of
them will rise to a greater height
2: Yes, a particle in uniform eircular motion has a constant speed but varving velocity because of the change
its direction of motion at every pount
3:Given x=6+18t + 9
dx

v=""= (6418t 9=18418t  Att=2sec v=18§+18x0=54ms*

4 ProveS.=u+a2(ln- 1)
3. ¥es, in projectile motion a body has uniform acceleration in the downward direction while its velocity
changes both 1in direction and magmitude at every point of 1ts trajectory.

ANSWERS OF EXERCISE QUESTIONS
6 60 ms! T 48 Km'hr $-196m’s 9 6m's 10: 12m's

S ————
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SHORT ANSWER QUESTIONS (3 MARKS)

I A body 15 moving in a straight line and begins to slow down gradually. In such a situation:
{a) ldentify the condition of motion.
(b) Staie the directions of velocitv and acceleration vectors.
() Justify your answer with a surtable real-life example
2. Two straight lines drawn on the same displacement titne praph makes angls
30° and 60° with time axis respectively as shown m the fipure g

{a} which line represents greater velocity 5

(b) what is the ratio of the two velocities

(c) What 1s the nature of motion represented bv each line? £ w‘l‘l-nl-r prs
3 Draw following graphs representine motion of an object under freefall neclect air resistance
{a) variation of position with respect to tiume  (b) varmation of velocriv with respect 1o time
{c) variation of acceleranon with time
4 A car moving aleng a straight hishway with a speed of 126 km b is brought to a stop within a distance
of 200 m What 1s the retardation of the car (assumed uniform), and how long does 1t take for the car to stop?
3.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 1s given by x=a+bt, where a=8 S and b=23 ms™ and (t)
15 measurad in seconds. What 15 the velocity at t=0s and =2 (57 What 1s the averags velocrty
between =2 .0s and 4 .05 7
7. The displacement (in metre) of a particle moving along x-axis is grven by x=18t+5¢°. Calculate (i) the
mstantaneous velocity =25 (i1) average velocity between ='s to t=3s
{111} instantancous acceleration.
8 A body covers 12m 1n 2™ second and 20m in 4™ second. How much distance will 1t cover in 4 seconds
after the 3% second ?

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

particle.

$ @

f-lr s ) ::r —Ix} y 3’ % Y o N
= | “‘-—:-'"' 3 - H"x
] - b o L

10_A body starts accelerating uniformly with a from a valocity "'u” and travels 1n a straight line Prove that it
covers a length of uta/2 (2t-1 hn the tth second of monon.

11 If the initial velocity of a particle 1s'u and collinear acceleration at any time 1 18 axt. calculate the final
velocity of the particle after time t.

12 Tdennfy the types of motion in following cases

t pr—r . r == |

~ ¥ =

e i
g)/ 5,,;"' i

A o

i

13. Using caleulus, dervve the thres equations of monon for an object moving m a straight line with uniform
acceleration v=u=at _e=ur~12ar .v=n'‘las
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SOLUTIONS: -
Ans 1: (a) Condinon of Motion:
The body 15 underzoing retardation or deceleration—a condition where the speed of the body decr=ases with
tume.
(b} Direction of Vactors: The velocity vector 1s in the direction of motion of the body.
The acceleration vecior 1s opposite to the direction of velocity, as it acts to reduce the body's speed.
(e) Justification with Example: A common example is a car moving forward and gradually coming to a stop
when the brakss are apphied. While the car continues to move forward for a while, the acceleration due 10
braking acts in the opposite direction_ slowing it down until it stops
Ans 2 (a) The line with a greater slope (1.2.. 60%) represents greater velocny

= ; s tan3d 1
(b) Ratio of two velocitiss=— = —— =~
g tan 60 3

{c) Namure of Motion - Each straight line on a displacement-nme graph represents umiform motion.

3: X v é .

Thrmes —= 1 likue —= TEERE —
(] LILEA ] el

4 : The mtial velocity of the car =u Fmal veloctty of the car =+
Distance covered by the car before coming to rest=200m

Using theequation, v=u+@& =t={v—u)a=114 sec.

- Toml Soxtones rrovellsd = deg ity =43 Kiiihi

3: Avg Spead—

.. Tetml Bizplacemans travsiled

Toral time g

Axp Vel
zero  Hence Avg velocity=0

Gvit—r == (a+bt?) =0+2bt Are=0;v=0 &Ate=2s w=2x25x2=10ms’
Ar=2s x=a+4b & Arr=ls x=atlbb Avg T:lqcir!,—':: x4 _ at16b-=—4b g

— §—=

As body returns to its initial state Therefore net displacément 1s

Total tims:

Henice, Ave Velocity=6x2 5=15 ms™
7 Asx18tSt e = 18410t &  atEr = 10ms?

velat =2 v (2)=18+10(2) =38ms™ v (3)=18+10(3) =48ms" Since acceleration is constant

* AT v . g
Wg.:%-l = 43 ms! & instantaneous acceleration a=10 ms~

v
g Case [ let immal velocuity =u m's chstance=s=12m Time =t=2sec

S=utra2(2e:1)= 12=0+a2 (2x2-1) =212=03a?2 = 2etda=24 - (1)

Case II' Time==lsec distance ==20m 20=u+a(2=x4-1)2 =23}=u+7a2 = Ju+7a=340-(2)

from 1 and 2: 4= 16 = s=3Im/s substitute the value of a in équation | we gt - u=6m/s

Case mi-distance coverad in 4sec after Ssecond=distance coverad m 9th s-distance coveredin 5sec = (6x
9+124x9x0){6x3+12x4x5x5) = 34+-162-G0+50=1536 m

ANSWERS OF CHALLENGE CORNER
9 (&) It 1s not posstble because at the same time a body has two positions which 15 not pessible
(b) It 15 not possible because here a body at the same time possesses two different velocities.
(c) It 15 not possible as the total path length travelled by the particle cannot decrease with ime.
(d) It :s not possible as spesd cannot be negative
10: Length covered in 1= second of motion = u+a/2 (2t-1)

S ————
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5

12. A-Body 15 at rest B - Body has uniform motion - velocity s constant

C - Umiform motion but —ve velocsty D - Not possible | since x takes many values for same time E -
accelerated motion. since slope inc.  F - decelerated motion, since velocity dec

15 . Denvation using calculus method

(v=u+a (ii}Futi—;at—" (i) ¥2 - u

-
s

=2ag or vV=u "+ 2as

LONG ANSWER TYPE QUESTIONS (5 MARKS)
1. While waiting at a metro station. a student records the motion of a tramn
as it amves. The veloctty-time graph of the tran 15 as follows:
(a) Drasw a velocity-time graph for the entire motion.
(b) Calculate the total distance covered by the train.
(c) Find the total time taken and the average speed of the train | | "
(d) Identfy the nature of acceleration m =ach phase and expiain ns phvsical VA e
meaning
2. Water drops fall freely from a tap at a height of 4 9 m. [f imie mterval between successive drops 1s equal
and the 4™ drop 1s released when the first lands on the ground, find the separation batween the second and
third drops
3.A plaver throws a ball upwards with an initial speed of 29 4ms™
(&) What 1s the direction of acceleration duning the upward motion of the bali?
(b) What are the velocity and acceleration of the ball at the ighest point of 11s motion?
(c) Choose the x =0 m and t = [} 5 to be the location and time of the ball at its highest powunt, vertically
dovwmward direction to be the positive direction of x-axis. and give the signs of posttion, veloerty 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 handsT (Take g =
9 8 ms™~ and neglect air resistancs),
4 A ball 1s dropped from a height of 90 m on a floor. At each collision with the floor, the ball loses one-
tenth of tis spead. Plot the speed-time graph of its motion betwesnt=010 11
5. A poimnt object is thrown vertically upwards at such a speed that 1t returns the thrown afier 6 s=conds. With
what spsed was it thrown up and how high did it rise? Plot speed-time graph for the object and use 1t to find
the distance travellad by it in the last second of 115 joumey.

CHALLENGE CORNER

6. Denive an equation for the distance coversd by a uniformly accelerated body in nth second of 1ts motion.
A body travels half its total path in the last second of its fall from rest. Calculate the tume of its fall
1. The position-time (x-t) graphs for two children A and B returning from 4

their school O to their homes P and Q respectvely are shown in Fig. or
3.19 T
Choose the correct emtries in the brackets below,
{a) (A/B) lives closer to the school than (B/A) =
(b) (A/B) stasts from the school earlier than (B/A)

() (A/B) walks faster than (B/A)

(d) A and B reach home at the (same/different) time

(e) (A'B) overtakss (B/A) on the road (once twice).
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& An aucraft needs a sunmimum spead of 108 kmvh to rake off. The runmway 15 300 mieters lons. A pilot
begins from rest and accelerates umformly.
{a) What 1s the minimum acceleration required for the aircraft o fake off within the runway length?
(b) How long does it take to reach take off spead?
(c) Sketch the velocity-time graph.
(d) Suppose wind resistance causes a deceleration of 1 m's® during motion How would this affect the
atreraft's ability 1o tale off?
(e) Give one real-world precauhion engineers must consider when desipning munways based on this motion
concept

SOLUTIONS:
1:{a) Linearly nising from 0 to 16.67 m's in 20 s Honzontal line at 16.67 m/s for 40 s
Linearly decreasing from 16 67T msto0mm 30 s
(b) Total Dustance Covered
During acceleration (0 to 20 5): a—‘r—d-—&ﬁﬂ 8335 m's & si= ut—-—t“—lﬁﬁ 7 ms™

Dunng consiant speed (20 to 60 s): 5*—*. x{'_‘ 16.67=40=666 8 ms™
Dunng deceleration (60 10 90 s): a=_—_ =0336m's" s= 1.1:3-—; t37=250.05 ms

Total distance: s=s;+s:+s:=166 7=666 8230 05=1083 55 m
(c) Total time =20+-40+-30=002=90 s

) Toral distance travelled i0B3.55
Ave speed or vave = - - = =12 04m's
Total time: 30

(d) Nature of acceleration:

First 20 5: Positive uniform acceleration (speed mncreasing)

Next 40 51 Zero acceleration (constant speed)

Last 30 s: Negative uniform acceleration (deceleration to rest)

2. As h=49m Time for a drop to reach ground = i":?%-;-’-?_l sec

when the first drop lands on ground, the 4% is ready to come down. Th;'refure thers are 3 equal me gaps of
(E)bﬂﬂfﬂﬂ. two consecutive drops. Time of travel of 204 and 3™ drops are = = & = mﬁpechfd}‘ Separation

berween 2% and 3 drops=2 | 5)* — ()* 163 m

3 (a) Imespectrve of the direction of ﬂ:‘;e-mntjﬂﬁ of the ball acceleration (which 1s actually accelerabon 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 fo gravity at a given place is
constant 9.8 ms™

{c) Dunng upward motion. the sign of position is positive, sign of velocity is negative, and sign of
acceleration 1s posmive. Duning downward motion. the signs of posmion. velocity, and acceleration are-all
postiive.

x =0 for both upward and downward motions, v< 0 forupward and v = 0 for downward motion.a=0
throughout the motion

Using v -v'=2az =s=4lm &Usingv=urat = t=3s
Total ime of flight=time of ascent— time of descent=56 &

S ————
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4 -Let v be the speed on reaching the floor

—u=2as = vV-(0=2x98x90 = V=1764 = v=42ms"

Let 1 be the ume taken by the ball in reaching the ground.

v=u+at =41=0+98n = n=428s

{(1)The speed of the ball wall gqonmﬂeasmg-ata constant rate from 0 63 P 7

m's to 42 m's for 4 28 seconds. This 15 shown by the line OA. At A the £ " e g V.

ball strikes the floor and s speed 15 decreasad by %x 42=47 [ie, [ = =

42— 42 =137.8) m'sThis 15 shown bv the lins 4B

(11) The ball goes up veriically with a speed 1 =37.8 m/'s and at the highest pomnt 1ts speed v becomes zero.

Suppose it reaches the highest point in time 2

veEutan = 0=373-98z =p=1- =385s

Therefore, the speed of the ball goes on decreasing at constant rate ffom 37.8 m/s to O for 3.85s. v2=uwa +
{378y

Zas = (DF—(3787=-2%x98xs s="Zl=29m

%38

Thus the ball nses to the height 72 2 m The decrease in speed in the upward motion 1s shown by BC.

(111) After reaching the highest point, the ball will take the same time as mn (1), L2 3.85 s to coms down and
strike the floor. Tts speed will increase from 0 to 37.8 m/s. The speed with  swhich 1t bounced back This is
shown by CD.

(rv) On hitting the floor. its speed will decrease by '{15 of 378=378=378-378 =402 m/s

This 15 represented by DE

The total time since the ball was dropped =4 28s+385s+3.855=11985=125

2 = _ (2ma)?
Sh=2=0 —dd
Zg  Zwes

Initial speed = 29.4 ms™ Height the object atfained =44 1 m
Dustance covered 1o last second =area under speed-time praph
== x(B-3)=(196+294)=245m

1L0e
-
s
)|
T
1

]

b |

ANSWERS OF CHALLENGE CORNER
6 Displacement m nth SEtcmd_:Su—ﬁn.iqr{—'l'_ln—l_}. Let S be the complete length of fall & 1 be the nme taken

for it s%gﬁ (u=ﬂ}ﬁ]5t:§ is coverad in last second §= 0 +§ (2t — 1) On solving we get P-4t++2=0= =

= \E E8C

7. (2) 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 tims.
(e) B overtakes A once on the road

8(z)a=09%m/s =3333s

Net aceeleration a,.=0.9—1=—0.1 m/st

A i

LR

Runways are destgned longer than the minimum required length to account for resistive forces like wind,
friction, or emergency braking. ensuning safs takeoff

CASE STUDY BASED QUESTION
1. A person 1s standing on the terrace of a building 100 meters hugh At time =0_ he throws a ball vertcally
upward with an imnial velocity o After a fime, interval A t (where A £=2 sec). he throws a second ball
vertically upward with an mhial veloeny equal to half that of the first ball. At ttme =2 seconds (measured

S ————
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from the instant the first ball 15 thrown), the vernical separation between the two balls 15 observed to be =13
meters. with the first ball being above the second. Assume acceleration due to gravity g=10m/s”. and
negiect air resisiance.
(1) How does the gap between the balls change?
(a)  Increases (b) Decreases (c¢) Becomeszero (d) Remains constant
(1)  Find the mnitial velociy of ball 1.
(a) 10ms (b)) 20m's (c)} 30ms (d)y 40ms
(u1)  With what velocity was second ball thrown?
(a} 10m’s (b) 20m’s (<) 0ms (d) 40m’s
(w)  Calculate the time interval between ther throw.

{a) 001s (b) 01s (c} 1s {d) 105
OR
(1w)  The type of motion of balls 13
{(a) accelerated (b)uniform (€) periodic (d) random

2. When an object 15 1n motion. its posttion changes with tume_ So, the quantity that

describes how fast s the posthion changing w rt time and 1 what direction 15 grven

by averaze velocity. [t 15 defined as the change in position or displacement Ax/At mn which that displacement
occurs. However, the quantity used to descnibe the rate of motion over the actual path 1s average speed. It
defined as the total distance travellad by the object divided by the total time taken

{1) A 250 m long train is moving with a uniform velocity of 45 kmm'h. The time taken

by the tramn to cross'a bndge of length 730 m 15

{a) 80s (b)68s () 30s {dy92s

(1) A truck requures 3 br to complete a jouwmnsy of 150 krn. What 15 average speed”

() 30km'h (b)) > km'h {c) 13 km'h {d) 10 km'h

(111) Averags speed of a car between points A and B 15 20 m/s, between B and C 15 13

m's and betwesn C and D sz 10 m's. What 15 the averass speed between A and D, if

the tume taken in the mentioned sections 13 205, 10s and 35, respectively”

(a) 19m’'s (b) 16 m/s ()23 m's (d) 17 14 m's

() A cvchist 18 moving on 'a circular track of radiss 40 m completes half a revolunion in 40 s_Its average
velocity (inm's)1s

{a} zero (b) 2 () 4n (d) &

CHALLENGE CORNER
3 If vou tossed an object sither up or down and could semshow eliminate the sffects of air on its flight you
would find that the object accelerates downward at a certain constant rate. The rate 15 called the free fall
acceleranion and sts masmimude 1s represented by g The acceleration 15 independent of the objects
charactenstics such as mass density or shape 1t 15 the same for all objects.
(1) The tim= of ascent of a body thrown vertically upward with inihal velociiv u1s

{(a)t=ulg b)t=2u'e cyt=ulg d)=u3g:
(11) The time of descent of a body thrown vertically uvpward with mstial velocity u is
(at=uwdg btEug c)=wle d)=ui3g

(111) The total time of flight to come back to the point of projection of a body thrown
vertically upward with initial velocitv u s
(ay=2u3g (b)y=ulg (c)=2u'g (dy=u
{iv) Velocity of fall ar the pomnt of projection of a body thrown vertically upward with
_—
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mntial velocity s
(a) v=u (b) v=2u (ejv=3u (d) v="a

SOLUTIONS
1:(x)  (d)  The gap between the balls remains constant as their acceleranion is the same.
@@ (b Letvelocity of first ball be uand time gap of sceond ball be x.
Thus first ball has time (t +x) 1n upward motion.
ue 1 -

Si=u(t +x) +12(—g) (1+x)* Similarly, for second ball. Sz =——c g

Taking difference. Sy - Sy=u (£ + 2 —2) £ [t +x)’ - F]= u (S 4x) - £ 2m+ <)
Now, S1—S:=13matt=12s As x<2s x=1s

15 =u(341)-3x10Q2=1x2+1(12) = u=20 m's (velocity of first ball)

(i) (a) Velociy of second ball= =10m's

(w) () Tmemterval=x=1s ©Or (1) (a) accelerated

2 ()a80sec (i) 250 Kmhr (i) d17.14sec (iv) b2m/s?

Ly

HINTS OF CHALLENGE CORNER
341) ¢ (i) b (iif) ¢ (iv) a
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CHAPTER-3

MOTION IN A PLANE

Understanding 2D Motion through Vectors, Components and Scientific Thinking
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MULTIPLE CHOICE QUESTIONS (MCQ)

Q1. Whuch physical quantity remains unchanged during projectile motion?
(&) Momentum (b) Kinetic energy
(c) Vertical component of velocity (d) Horizontal compenent of velocity
Q2 A com 1s tossed into the air at some acute angle with the ground. At a certain moment duning its motion,
the angle between 1ts velocntv and the downward pull of gravitv 15 8. What is the valus of 87

ta) B=90" (bya=0" () 80%<p =0 (d) 0"< @ <180°
(J3.The square of resultant of two squal forces 15 three nmes of their dot product, the angle between the forees
15
(@) m (B) — {C} 3 (d)
Q4 A person can throw a bail up m a maximum range of 100 meter how high above the ground we can pour
the same ball 7
(2)d m (b) 200 m (c)100m  (d)30m
Q3 A Pﬂfude moves ma cirele of radius 25 em at two revolutions per second. The acceleration of the paricle

IﬂﬂlS |5

wiA

() " (b) 27 (e) 4" (d) 8
Q6_If a particle has negative velocrty and negative acceleration 1ts speed
{a) Zero (b) decreases (¢} remains same {d) increases
Q7 Idenufy the unit vector in the following.

@i+j (= (k=% @

Q8. An aircraft executes a honzontal loop of radius 1 00 km with a steady speed of 900 kmh. The ratio of
centripeial acceleration to acceleration due to gmvit_v is(2=98m/s9)

(a) 638 (b) 9.98 (e} 113 {d)12.13
Q9. [fﬂlex-eluut:,m =2i +t2j — 9k menthemagnﬂudenfaccdﬁmmﬂmthﬂjais
{a) Ims™~ (b) 2 ms™ (c) zero (d) -1 ms™
Q10. Two bullets are fired sumultaneously horizontally and with different speeds from the same place which
bullet will hut the ground first
{a)The faster one (b) depends on therr mass
() The slower ofie (d) both wll reach simultanzously

Q11 In uniform circular motion

(a) Both velocity and acceleration are constamt

(b) Acceleration and speed are constant but velocity changes

(c) Both acceleration and velocitv change (d) both acceleration and speed are constant

Q12. A particle is acted upen by a force of constant maenitude which 1s always perpendicular to the velocity
of the particle the motion of the particle takes place 1n a plane 1t follows that

{a} Tts veloctty 15 constant (b) Its acceleration 15 constant

() Its 15 kanetic energy 1s constant (d) It moves alongz a straight line

Q13- Which one of the following 15 the correct expression of centripetal acceleration?
(a) 4 v’R (by 2= (@2muR (dy =28

Q14. An object 15 movmg in a circle of radms 100m with 2 constant spe-ed of 31 4mis What 15 its averags
speed for one compleie revolution?

(a0 (b)314m's (c)3. 14m/s (d)314m's
Q135. A particle moves i xy plane according to the equations x=asin (wt) and v=acaos (wt) then
particle follows

(a2} An elliptcal path {(b) A circular path

{c) A Parabolic path: (d) straight line path inclined equally to x and v axis

S ————
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Q16. Two bullets are fired horizontally and simulaneously towards each other from roof tops of two buildings
100 m apart and of same height of 200m with the same velocity of 23 m's. Whean and where will the two
bullets collide? (g =10 m/s) [NEET —2019]

(@) After 2s ata height 180 m (b) after 25 atabeight 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 S m's” Att=4 ¢ a ball 15 dropped out of 2 window by a person
sitting in the car. What 15 the velocity and acceleranon of the ball at 1t = 657 (Take g = 10 m's’)

[NEET-2021]

(2) 20 my's, O (1) 20 V2 m/s. 0 () 20 V2 ms, 10 m/s” (d) 20 m/'s, 5 m's?

Q18. If the magnitude of sum of two vectors 15 equal to the magnitude of difference of the two vectors, the
angie between these vectors is: (NEET- 2016)

(a) 0° (b) 30° (c) 43° (d) 180°

EXERCISE QUESTIONS
Q19 A projectile 15 launched into the air At the highest point of its motion. its speed becomes half of whar 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 Theanglebetween P=i+j and g=i—j s
(ay 45° (b) 90° (€) —45° (d) 180°

Q21 A child throws a stone at an angle of 607 with the ground. srving it kinetic energy K. When the ball
reaches the topmost pomnt of sts flight, what will be 1ts lanetic energy?
" K

(@0 (b) < (@K (d) <
Q22 A hunter fires bullets at 30° and 45 with the honizontal respechively. reach the maximum height in the
same time the rano of their initial velocies 1s

(a} L:v2 (b) 2:1 (€)v2: 1 {d) 1:2
Q23. A ball 1s thrown into the air in such a way that the farthest horizontal distance 1t travels before landing
15 exactly squal to the highest vertical height 1t reaches. At what angle was the ball thrown?
(2)8 = G) ME=(4) @8=(2) (d)8=45
SOLUTIONS OF AMCQ:

Ans] Optiot (d) 1s comrect. Explanation: There is tio acceleration m honzontal direction Hence, the honzontal
component of veloctiv remains unchanged.
Ansl: Opuon (d) here veloeity is acting upwards when projectile 1s going upwards and acceleration s
downwards. The angle between vand g 1s more than 0 and less than 1807,
Ans3: Option (d) As P=Q R*=3P(Q
AlsoR* =P+ Q0+ 2P0 coscos 8§ =3P =P+ (Q*+ 2PQ coscos & =coscosB =

Hence, B =ﬁﬂ°=§

Ansd Opton (d) R, =“;' =100m  H._.. :—g= S0m

Aris 3. Option (¢) =23 em=025 m, £ s and a=e'r= Crlr={4ny =0 25=161"x0.25=41"

Ans 6 Option (d) An object which moves in the negative direction has a negative velocity. If the object 1s
speeding up then us acceleration vector is directed in the same direction as 1ts motion (in this case a negative
acceleration) also increases

Ans 7. Option (d) Explanation magnitude of Unit vector—= 1

|

a

k.,

Magnituds of vector is given by; 47| = J.{gi—i-ﬂyz -1—.4131 B4l =VIT 1552

el=& =3 c-d =G -

Ans & Opl‘m:l]. (ﬂ:l g= gzﬁﬂj m,’i_j': s 638
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Ans 9. Option (a) Acceleration: a =§- =§:—{2f +3j—9k)=2tj

Magnitude of acceleration: a=2 : When =0.55; a=2 (0.5=1 m s

Ans 10 Option (a) both will reach simultansouslv As ¢t = Yg‘ Hence, t does not depend on honizontal speed
Arnsll Option (c) In crculer motion with constant speed, acceleration s alwavs wward, 115 magnitude 15
constant but direction changes, hence aceeleration changes, zo does velocity

Ans 12 {C) Iis kanetic ensrgv 15 constant.

Ansl13. Option (A) is correct. As a: =R w® Puttingw =2 v & =4dr v R

Ans 14 (D) Average spesd = constant spead =31 4m's As during the circular motion speed remains constant
but velocity changes contimuously

Ans 15 (B) Asx® 4 y? =a’ thus the partcle follows a circular path

Ans 16, Option (a) Rel speed =25+25=30 m’s, t= 1/2gt'= 2s: Vertical fall in 2 & 1 2gt'= 20m

Hi at collision =200-20=180 m: me=t mdway (50 m from each building} aft 2sat 180 mht

Ans 17 Option (¢) Initial vel of car=0. a=3m's"; att=ds; v=0+5{4)=20m's; After X5 vo=20 m's (as
a=0)And v.= 0+10(2) = 20m/'s so mag of v=20 V2 m's; at =565, =10 m/s” (ball under free fail)

Ans 18. Option (b) |4 + B| = |4 — B] Applvine AB+ JABcost = A+B2 JABcosd

== 4AB cos6=0. Smnce A B =0 So cosi=0 = 8=2(F

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

{a)If both assertion and reason are true and reason is the correct explanation of the assertion

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

(c)If assertion is true but reason is false

{d)If both assertion and reason are false
Q1. ASSERTION -- Imamme vou throw a ball mto the awr. If vou throw it twice as fast, it will stay m the ar
for twice as long before hitting the sround For a Projéctile, the nme of flight bécomes n times the ongzinal
value if 1ts speed of projection 1s made n times,
REASON: Because vou threw 1t faster, the ball will also land twice as far away from where vou started For a
projectile. due fo this the range of the projectile which becomes n times
Q 2 ASSERTION - For uniform circular motion. the displacement and accsleration are directzd towards the
center along the radius.
REASON: Centmipetal acceleration is represented as a. = UT
Q 3. ASSERTION: To throw a javeln as far as possible, the athlete should ry to throw 1t at 437angle with the
ground. (Ignore height of the thrower and air resistance)
REASON: The distance a javelin travels doesn't chanoe no matter what angle you choose to throw 1t at.
Q4 ASSERTION: IfP.Q = 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.
Q3 ASSERTION: Two balls of different masses are thrown vertically upward with same speed, they will pass
throuzh theiwr point of projection 1n the downward direction with the same speed.
REASON: The maxium hetght and downward velocity attamed at the point of Projection are dependent of
the mass of the ball.
Q 6. ASSERTION: The path of a projectile on earth 13 parabolic but for a satelltte 1t 1selliptical
REASON: Accéleration due 1o gravity decreases with height from sarth's surface
Q 7 ASSERTION: Minimum number of non-equal vectors 1n a plane required to give zero resultant 1s three.
REASON: If P + ¢ + R = 0, then they must li in ons plane.
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Q 8. ASSERTION: If thers were no gravitational force. the path of the projected body alwavs 15 a straight
REASON: Gravitational force makes the path of projected bodv always parabolic

Q ¢ ASSERTION : In non-uniform cireular thotion. the total aceeleration of the particle 1s the vector sum of
the tangential acceleration anid the centripetal acceleration.
REASON : The tangential acceleration (along the tangent) and the centripetal acceleration (along the radms)
act perpendicularto sach other.

Q 10, Assertion (A): A body moving with odiform speed in a arcular path 15 said to be accelerating.
Reason (R): Acceleranon is defined only as the rate of change of speed with time,

EXERCISE QUESTIONS
Q11. ASSERTION. For ansular projection, when angle of projection # = (1) . the honizontal range Is four
times the maximum height.
REASON. The horizontal range of projectile 1s directly proportional to square of velocity and wnversaly
properiional to acceleration due to gravity.
Q12 ASSERTION (A): A projectile ts projected at an angle # and then at an angle (90° — 8), keeping the
mitial velocity same. In both the cases, the range will be same.
REASON (R): Range of a projectile R =usin28/g.
Q13. ASSERTION (A); The horizomntal range of a projectile 1s maxmimum when projected at an angle of 457
with the horzontal
REASON (R) At 457 the borizonal and vertical components of the initial velocsiv 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 honzontal velocity egual to that of the train when 1t 15 throvn.
Q15. ASSERTION (A): If dot product and cross product of P and Q are zero. it implies that one of the
vector P and amuﬂthe a mull vector
REASON (R): Null vector is a vector with zero magniiude .

_ SOLUTIONS
Ans |. Opuon () If vou double the speed, the ball stays in the air twice as long.

i g Zinutrin &

1f vou throw the ball twice as fast, 1t actually goes four times as far: not just twice as far.
" =ﬂ._=. R' = '-':E:E
g g

Ans 2 Optuon (d) As dunng uniform circular motion the centnipetal aceeleration duected towards the center
and velocity is along the tangent and in reason the formula 1s mcorrect Therefore both are incorrect

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

Ans 4 Option (2) As the dot product’s dependence on the angle between vectors.

Ans 5. Option (c) As motion is governed by force of gravity and acceleranon due to gravity (g) s independent
of mass of object

Ans 6. Option(b) As both asseriton and reason are correct but reason is the explaming the assertion for both
cases.

Arz 7. Option (a) s correct. The mimimum number of ton-equal vectors n a plane reguired to give a zero
resultant is three and they must be coplanar.

Ans & Option (a) 1s correct . In the absence of gravity, once a body is projected. no vertical acceleration acts
on it. The combmation of horizontal constant velocity and vertical acceieration due to gravity results m a
parabolic trajectory.

Anz 9 Option (2) In non-uniform cireular motion the total acceleration has two perpendicular components:
tangeniial (speed change) and centnipetal (direction change). Their vector sum gives the net acceleration

Answer 10 Option (¢) Assertion 15 troe but Reason 1= false.
=———————— — —  — — — — — ~»~ |
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In uniform circular motion, velocity changes due 1o changmp direchon, so the body accelerates. Acceleranon
depends on change in velocity (not speed alone).

ANSWERS OF EXERCISE QEESTIDNS
Ans 11: (b) Ans 12 (a) Ans 13: (a) Ans 14 (a) Ans 15 (b)

SHORT ANSWER QUESTIONS (2 MARKS)
Q1. A encketer can throw a ball to a maximum honrontal distance of 100 m How much high above the
eround can the cnicketer throw the sams bali?
Q2. Check whether the vectors are orthozonal ornot A =2 +3]  and B =4 i-37
Q3. Calculate the angle @ subtendead by the two adjacent wooden spokes of a bullock cart wheel | Express the
angle i both radian and degree.
Q4. A football s= kicked into the awr vertically upwards Find 1t
(a) Acceleration {h) velocity at the hishest pomnt?
Q5. A projectile achieves a maximum rangé that 15 %ﬂma it actual range. What 15 the angle of projsction
corresponding fo the actual range?
Q6. What 15 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 radss 1 km and moves along the path
OPRQO as shown. [fhe maintamns constant speed of 10 ms, what is his acceleration at post -~ | 2
R in magnitude & direction? ol
Q8. What do you mean by rectangular components of a vector? Explain how a vector can be
resolved into two rectangular components 1 a plane?
Q9. A fountam mnstalled at ground level spravs water umformly 1 horizomal direction with ﬁpefd v from
height h. Neglecting air resistance, what ground area around 1t gets wet?
Q10. Find the anele between two vectors P & Q if resultant over the vectoris siven by ~ R=PF Q?

EXERCISE QUESTIONS
Q11. On a certain day ram was falling vertically with the speed of 35 mis™' a wind started blowiniz 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+2j and B=3 i+1j
Q13. A stone ned at the end of the string 15 whirled in 2 circle. State the reason why the stone flies away
rangent:ally when the simng break
Q14 Define uniform circular motion? Also define time peniod. fiequency and anoular velocity”? Write the
relationship betwesn them
Q15 A basketball plaver takes two shots at the same angle In the second shot, the ball 1s thrown wath twice
the mitial speed as the first. If both land at the same height, by what factor doss the horizomal range change,
and why? '

SOLUTIONS

AnslAﬁ_—— R=Ro . B=45"1e 8 =smO0°=1; Rm——

Suppose H= hmght upto which the ball goss when the encketer thmws it with veloerty u: Since. the final
velocity of the ball v+=0.
iy3

v-u'=2as here.v=0 a=—gz s=H; H=-F—5'l}m
Ans 2. Cnndmunfnrorthﬁgﬂnal Vectors; A B=0

A B (2 i+3)). [—1‘1‘5}'} E('i i1— 13{;;}=A B =8-15=—
AE.A 8 ZE0. Hen:eAandEmenutnrﬂmgunﬂmeas:hmhﬁ
Ans 3. 12 spokes drvide the wheel into 12 equal arcs.

S ————
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Central angle of full circle =2n rad 6= 21’12 = /6 rad =30° s0 Angle betwveen adjacent spokes =30° & n'6
mad
Ans 4. (2) Acc. will always be vertical downward & s called acceleration due to gravity (g).

(b) When football reaches the highest point 1t 15 momentanly at rest velocrty, v=0. As, 1t 15
continuously retarded by acceleration due to gravity ().
Ans 5. Rmff—a_::::i?:j"—ﬁ?:} 6 =2 =sin60 » B =30

Ans 6 90° Ag the hgheﬂ puii]I the vertical component of velocity becomes zero the. projectile has only a
horizontal velocity while the aceceleration due to gravity acts vertical downwards

Anz 7. Centripetal acceleration, a =l—:_: _11nﬂn.n =0.1ms™ along RO

Ans 8. When a vector s resolved ‘along ? mumally perpendicular directions the
components 3o obtained are calied a rectangular component of the given véctor as shown
i the figure

Here A, = A1 &8A, = A, ] Also, A=4,1 +4,j

A, =Acos8 & 4, =Asinf SA= [47+4°

g=22
tan § =—
A

]

Ans 9. Let R be the maximum Horizontal range, then 'R—':
Since the water sprinkle on the ground around the fountain in circular area of radius=nR*
o (ar _mt
i . .
Ans 10. As-we know that R=P> Q*+2PQcos & ; Given R=P>+ @
P Q=P Q' +2PQcos § :2PQcos§ =0 =cosB =0 =8 =90°

ANSWERS OF EXERCISE QUESTIONS

Ans 11v=3Tms' & 8 = 19

Ans 12 27 3q umis

Ans 13 When a stons 15 tied at the end of 3 stnng that moves in a circular path. its veloony 15 tangent to
the curcle

Ans 14 The motion 15 considerad to be a unform circular thotion when an object rotates 1 a curcular path
with the same spead The toial time taken by the object to complsate one revaolution 15 considersd a ume
penod The total number of revolutions completed per second 15 termed “fraquency "The anoular velocity s
defined as the time rate of change of angular displacesnent.

Ans 15: Becomies 4 nmes .

SHORT ANSWER QUESTIONS (3 MARKS)
Q1. The sum & difference of two vectors are equal in magiirude. Mathematically prove that they are mutually
perpendicular to each other
Q2 Prove that the honizontal range 1s same when anele of projection is
(1) preater than 45° by certam valus and  (n) less than 43° by the same value.
Q3. Define ceéntripetal acceleration Denive an expression for the centripetal acceleration of a body moving
with uniform speed v along a circular path ef radmus ¢
Q5. Consider the x—ax1s as representing east, the y—axss as north and z—axis as verncallyv-upwards. Grve the
vector representing ach of the following points.
{a) 5 m north east and 2 m up (b) 4 m sowh sast and 3 mup (¢) 2 m nonth westand 4 mup
Q6. The resultant of two forces whose magmitudes are 1n the ratio 3:5 1s 28 W. If the angle of their inclination
18 607, then find the magnnuds of each force

Q7. At whart angle do the two forces (P + Q) and (P — Q) act so that the resultant 1s / 3P2 4+ Q2.
Q8. Find the angle between the vectors A =i+2j —kand B=14j—k ?
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Q9 A boy stands at 392 m from a building and throws & ball which just passes through a wmdow 196 m
above the ground. Calculate the velocsty of projection of the ball

EXERCISE QUESTIONS

Q10 Find ths angle of projeciion for which the horizontal moge & maximum height are equal
Q11 A football is kacked at an angle of 307 wiath the vertical 1f the horizontal component of sts velocity 1s 19.6
ms find the maximum height and horizontal range.
Q12 Calculats the angular speed of the (1) hour hand of a watch (11) the Earth above sts own axis. Also find
the ratio of the two speeds
Q13. An insect s trapped o a cwrcular groove of radius 12 em It moves with uniform speed along the groove
and completes 7 revolutions m 100 5.
(1) Caleulate the angular spead and the linear speed of the mnséct
(1) Determine the acceleration vector acting on the msect 15 11 a constant vector? Also calculate s magnimude.
(111) What 15 the displacement of the insect after 100 s7
Q14 A fighter plane 1s flving horizontally at an altitude of 1 3 kan wath speed 720kinh~! At what angle of
sight (wrt horizontal) when the target 15 seen, should the pilot drop the bomb in order to artack the
target? (Take s=10ms ™)

' SOLUTIONS: -
Ans | GrenA+B=A—F5
Tzking square on both sides (4 + )% = (4 — 5)2 = A2+ BY4245=A"< B2.245
-I-IE =0 =SABF=0 ; Therefore these two vectors are perpendicular to each other.
Ans 2 (1) When the angle of projectionis 8 = 45+ «

R_H.:E . u 4s+al . uimnaip (S0+2a) _ u-cescor (2a)
a g . 3 E
(11) When the angle of projecion s # =45 — &
R_._u:E' _ w={4E=a) _ urinsin (88=2a) : u=coress (2a) Clﬁ.‘&[l‘_‘i’ R=R

g g g g
Ans 3. Centripetal Acceleraton acting on the obyect undergomg uniform circular motion 1s called cetitnipetal
acceleration. Magnitude of centnipetal acceleration

|4 1 elAF] v A7 -

@ - S

e

ﬁi‘r At r ¥ A e o
bl = . =
4 s o
( Ll 3 g
i ar e e v . -
Ans 3 (a) From figure x - component =3cosd5%i=5v2 =g
v - component =354 3%f=5v2 j
= 3T 'I-I:P'-'\-l.:l"il
z - component =2 ik ¢
1} [ -.:i - -l'n i
Then position vector 7= (B j ¥+ 2k \J o
E - - 7 o~ ¥ "
(b) |[ly .veetor FZF (i-j)+3k Nt g

() |[ly.vector F=2 (i+=j)+4 i L.:.

Ansb. Let F: and F2 be the two forres.

Then F1=3x F>=3x R=2&N and 8=60~

R=+/P2+ Q% + 2P0 coscos @

=28=/(3x)% 4 (5x)2 + 2(3x)(5x)cos60°=Tx=28=x=4, +F;=12N, Fs=5x4=20N
Ans 7, Let FiandF7 be the two forces:

Then Fi=P+QF=P-Q. R=/3P2+ Q% R*=F +F° +2RF.coscast

=P — Q" =2(P*— Q%) coscos§ =cescosh = % s 8 =60°

Asstd| = JTTF2 F (1P =6 :  |B]= VD F 24 (2 =6
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AB=1Xx(-1)+2x1+ ()X (2)=—1+2+2=
_ AF a _3_1 _
cos cos 8 _J_-;rﬁ T = fg=6
An=9 H=106m R—39_b+39 2=TE84m
H  o*# 4 2x19.6
.E-_E_gx 4tan3 =tand = e = =1

u=g
g

» B8 =45% As H=

195:;%53 =u'=4%196 ©=V78.4=885ms"

ANSWERS OF EXERCISE QUESTIONS

Ans 10 ¢ = 75°58 Hint : Honzontal Range=maximum height
Ans 11 Maximum height=38 8 m
Horizontal Range=1338 m Hint: 8 =90°—30°=60° & find u

Ans 12, titphgue hand * “Earth = 2r1
Hint : Hour hand ;}f a watch completes one revolution in 12 hours and Earth complete one revalution m 24
hours & uwse w =
Ang 13 Angular speed=D_?t—1 rads! : Linear speed=3.28 ms ! acceleration=232 cms™
Linear displacement=0
V3 R |
Aﬂﬁl‘lﬂnﬂtﬂﬂfilgh‘lﬂ—(_‘) H.mr.a—(ﬂ]
LONG ANSWER TYPE QUESTIONS (5 MARKS)
Q1. (a) Define centnipetal acceleration Dervve an expression for the centripetal acceleranon of a body moving
with uniform spesd v along a circular path of radius r
(b) A sione tied 1o the end of a siring B0 cm long 15 whirled 1n 2 honizontal circle with a constant speed. I the
stons makes 14 revolutions m 25 5, what 1= the magnitude and direchion of acceleration of the stonz?
Q 2 The position vector of a particle is given by 7=3t1-2t] + 4k m where t is in seconds and the cocfficients
have the proper unis for 7 to be m metras:
(a) Find the ¥ and @ of the particle?
(b) What 15 the mam:umdi: and direction of velocity of the particle at1=2.05"

Q3 Two veetors A and B are inclined to each other at an angle 8 Usinz parallelegram law of vector addition.
find the macnﬁudc and direction of their resultant Caleulate the masnitude and gives direchon of R when

(i) A andB act along the same straight line i1 the same direction.

(1) Aand B act along the same straight line but in oppesite directions.

{111) jﬂﬂdg are perpendicular 1o each other
Q 4 (a) Define resolution of a vector with-an example 7

(b) A projectile can have the same range R for two angles of projection. If1) & t: be the time of flight 1n the

2%
two cases then prove that 4t = —]
g

Q 5. (a) An object 12 thrown with an initial velocity upwards and follows a curved path under the influence of
gravity alome. What motion 15 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. obtam expressions (1) masimum
vertical height (1) horizontal distance (111) Time of fight

EXERCISE QUESTIONS (5 MARKS)
Q6 (a) Define centripetal acceleration. What will be the direction and velocity?
(bjUsing diagram derive an expression for the centmpetal acceleration of a particle  moving with
umform velocity v alonz a circular path of radius

S ————
FAET MYSURT-S3M-PHY SICS. X120 17 L}




(c) A cyclist 1= nding with speed of 27km'h As he approaches a circular turn on the road of radms 80m,
he applies breaks and reduces his speed at constant rate 0.50m /s’ What is the maenitude of the net acceleration
of the eyclist on the circular turm?

Q 7. Prove the followmg:

{a) For a projectile launched with the same speed v, but at two complementary angles of  projection 8 &
90- 9(;) Range 1s same, (1) Heichts are i the ratio tan 26 - |

(b) If the range and maxsmum height ar= =qual. then angle of projection 1s tan™(4).

Q 8 Using analytical method of resoliution of vectors deduced the resultant of two vectors.

The position of a particle is given by r = (Tti-51°j+4k) m where t is in seconds and 1 to be in meters. (a) Find
the velocity and aceeleration

(b) What is the magnriude and direction of velocity at =257

SOLUTIONS
Ans | (a) Solution given on Q 4 of SAQ (3 M)

(b) Radus of the honzontal circle r =80 ey = 0 80 m, frequmcv=f=£zps

1-1-

Angular speed of revolution of the stone 1s w=2nf 2 @ =2 = 227 ~ el : rad/s Magnitude of
ﬂ;s:f:leralmn pmduced in the stone will be equal to the maenitude of centripetal aceeleration = o = 0.80 %
(;:_:}‘ =9 90 ms™

We know that, the direction of the accaleration is towards the centrz of the curele aiong s radius.

Ans 2. Ans 2 (a) As 7 =3ti:20] + 4k Also, ¥ = 5;—’ = —(3tr 2t +4k) = 314 me™

Alse,d === (3i-44) = —4jms™

(b) velocity of the pariicle ¥ = 3{—$tf ms™ Atr=2s5 = 3i4x2j=31—8f
Magnitude # = /3% + (—8)2 =10 + 64 =73=8.544 ms™
Direction § = (::] =(F) = —70 with x axis
Ans 3 When two vectors A and B are mnclined at an angle 8, the masninude R of their resultant 15 given by
R =vA4* + B= 4 2ABrosh
Directionis given by 8 = (Af;: g)
1. 8=0° (Vectors in the same direction):

Magnitude: R = VA + BZ + 24F  Direction: Same as A or B
2 E—Iﬂﬁqﬁeclmmoppasﬁedmum}

Magnitude B = A% + B2 — 248 Dirsction: Along the larger vector
3 8=90° (Pzrpendicular vectors}
Magnitude: R = VAT L 52 Direction 6 = (%)

Ans 4, (2) Resolution of a Vector

Resolution of a vector 1s the process of decomposing a vector into Two or more components along specified
dwrections (e:z., honzontal and vertical). 4, = Aces 8 & A, = Asinf

Example-Flying of bird Motion of catapult etc

(b) Projectile Range and Time of Flight Relanonship

Zuminf Fusng, Zusn(30—81 Tucozf
EI=E&E:=QE_H 1= = yi= = =
. g = &5 g
Inmng Zurosg Auninepzf z  uimmle R
titi — . = = — —( ] t]_fg T —
g g g & a &5

Ans 5.(a) Projectile motion  Assumphons=-Acceleration dus to gravoy (g) 15 constant and Aur resistanes s
neglizmble.
(b) Derivation H="" . T=

Zurmf 1w EinZs
T = R_

g g

S ————
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EXCERSISE SOLUTION |
Ans 6. (a) Correct defimution  (b) Correct denivation  (c) 0.-86m/c Etbiapag =3 m
Ans7. () Comect Proof  Hint R'=""""" (b) Corrcct Proof HintH=
(c) Correct Proof Hint a = (i)

H

Ans 8 (a) Velocity- v (1)=Ti—10tjm's  Acceleration a (t)=10f m/s®
(b)Velocity at =2 5; Magnitude of velocity: 21.19 m's; Direction: 70 95 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 2 lull The bunker 1z 200 m away and 50 m higher
than where the mortar 1= placed They fire a mortar shell with a speed of 80 m's at an angle of 30 above the
ground Take p= 10 m/s* and 1gnore ar resistance.
Q1 (1)What 15 the maximum height attamed by the mortar shell?

{a) 80 m b)160m  (c)40m (d) 320m
(1t) What would be the honizontal range of the mortar if launched on level ground (same velocity and
angle) 7

{a} 3203 m (b)3342m (o) 640m (d) 160 m
(1)  What 1= the time of fheht for the mortar shell if launched on level ground?
(a) 85 (b) 16s (e) 45 (d) 10s
(1) To ensure the mortar shell reaches the elevated bunker (30 m height), which adjpstment 1s most critical?
(a) Increase the launch angle () Deerease the launch ansle
(c) Increase the launch velocity (d)Both B and C
Q2. While practicing on the field. a student launches a javelin high o the air hke a fiying spear It leaves the
hand at a spead of 32 m's. nlted 35° above the ground. from a heizght of 2 m. Use g = 9.8 m's’, 1gnore air
resistance, and take cos(35%) =0 8197
(1) What 1s the honzontal component of the inihal velociy?
(@)262m's (B)Z226m's (c)i87m's (d)20.1m's
(11) What 15 the maximum height (from the ground) reached by the javelin dunng its flight”
(fa) 1537m (B)172m (©)193m (d)2]1 6m

(111) At the max height of the javelin's trajectory, which of the following statements 1s TRUE?
(a). Both honzontal and vernical componemts of velocttv are zero
(b). Only the vertical component of velocity 15 zero
{c). Only the honzontal component of velocity 1s zero
(d). The javelin comes to a complets stop momentanily
() Whach factor determines how long the javelin stays in the air (time of flight), assuming no ar
resistance” ' '

(a) Only the horizontal component of velocity (b)) Only the angle of projection

(c) Only the vertical component of velocity and mnithal height

(d) Both horizontal and vertical components equally

SOLUTIONS
Ans 1(i A BP0 g
: (1) Option g asin!
= uSsn2@ 80°(30) E400WE .
(1) Option (b) 15 correct. R= _; — _:l_ T =334 2m
(ii1)Option (a) is comrect. T==""0 = 22827 — g5

S ————
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(w)Option (d) 1= correctFor an elevated tarpet. reducing the anole or increasmp the velocuy compensates for
the addstional vertical displacement. A lowsr angle prioritizes honzontal distance. while higher velocity
extends the range.
Ans 2 (1) (a) vx=urosf=32cos(35=1 =262 m

2ii) (c) H% ==17 3m; 1otal Height from Ground=17.3+2=193m

2(111) (b) because no external force acts in the horizontal direction

2(1v]) () Only the vertical component of velocity and initial height

EXERCISE QUESTION
A basketball shot 15 a projecule and follows a parabolic path. Gravity pulls the ball down while the plaver’s
push sends 1t forward. The path up and down 15 simular unless the ball hits the backboard or a player. Knowing
the player’'s height, distance from the hoop, and hoop height healps choose the night angle and speed: A1 2 m
distance (player height 1 27 m_boop 3.05 m): 35°. 7 m's At 6 m distance: 60°. 2.5 m/s Players add backspin
so that if the ball hits the nm duning a soff shot. it drops into the hoop instead of bouncing out.
1. The trajectory of a basketball s alwayvs a
(A) Straight line (B) Cixle (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 plaver interfening with 1ts path
(C) If a backspin 1s apphied to the ball (D) Both (A) and (B)
3. To calculate the speed to be imparied to the ball and the angle for an accurate shot the required information
are
(A) Heizht of the plaver (B) Hortzontal distance of the hoop
{C) Height of the hoop (D) All of the above.
4. If the honizontal distance of the hoop from a plaver increases
(A} Velocity and angle both should mcrease (B) Veloaty and angle both should decrease
(C) Velocity should increase but angle should decrease
(D) Velocity should decreasa but anzle should mcreass
Solutions
1.C 2D iD 1 A
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‘== MOTION IN A PLANE
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CHAPTER 4

Newton’s Laws of Motlon

The Mechanics of Momentum and Friction

A
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MULTIPLE CHOICE QUESTIONS-
1) A body of mass 10 kg 15 moving with a veloaity of 3m's. The momentum of the body 1s-
(2310 kem's. (b)3 kem/s. ()30 kgm/s. (d) 23 kom's.
2) When the veloctty 15 tripled the banking angle should be
{ayl 3 (b) 1.2 (c) 3 tumes (d) @ umes

3) A stone of mass 0.5kg tied to the'end of the string in whirled round in the cirele of radius 03m with a
speed of 41ps in a horizontal plane The tension m the stmno-

() IN (b) 4N (c) 3N (d) 20N

4) A body of mass m 15 moving with an acceleration 'a' under the action of 2 force 'g/'4'. The weight of the
body 15~

(a) g/4a (b) g'da (c) £ 2a (d) e¥4a

3) Foree produces an aceeleration of a1 in a body and the same foree produces an acceleration of azwhich 15
twice to a1 i another body If the two bodies are combined and the same force is applied on the
combination, the acceleration produced m 1t 13-

(@G a (b) (273) a (€} B3 Da (d) (23}

6) A cyclist takes a turn on a circular road of radius 20m with a speed of 10m/'s. The centnipetal acceleranon
of the cychist 15

(a) 2 mis" (b) 5 m/s () 10m'& (d) 20 m/s”

7) Twe forces of magnrudes 4 N and & N are acting on a box, when the box
moves nghtvard across a frictionless horizontal support. The speed of the
box at tun= t is Im' 5 the change in kinetic ensrgy of the box is- 5. -

(2} Zero (b)80 7T (e)81]1 (d) 4

8) An object of mass 5 kg is artached to the hook of a spring balance and the
balance 15 suspended vertically from the roof of a luft. The reading on the spring
balance, when the lift 1s going up with an acceleration of .23 ms™( = 10m/s”)
(@312 N (b)48.75 N (€) 32775 N (d) 47 25N

9) An object of mass 2 kg 1s atrest. Now a force of F= 12% + 41 is applied on the object. Calculate the
velocity of object at t=3s.

N

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

10) A honzomtal force of 130.2 ¥ 15 apphied on a 20 kg block which rests on a honizontal surface, If the
coefficient of friction is 0.4, then the net force on the block 1s (2=9.8 m's?)

(@) 196 (b) 7T8AN {r)318 (d) 208.6

11) Which one of the following statements 15 in cor rect 7

(2) Frictional force opposes the relative motion.

(b) Limsting value of static friction 1s directly proportional to normal reaction

(c) Rolling friction is amaller than shiding fnction.
T T —————————
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(d) Cosfhicient of shding frichion has dimensions of length

12) A bullet of mass 10 g moving horizontally with a velocity of 400 ms™ strikes a wood bleck of mass 2 ke
which 1z buspemied by licht mextensible 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 spead of the bullet after 1t emerpes out horizontally from the
block will be

{23100 ms! (b)80 ms™* (€)120 ms™ (d)160 ms

13) The linear momenmm p of a body moving m one dunension vanes with time according to the equation
p=atbt" where a and b are positive constants. The net force acting on the body 15 (alA constam
{b}Propornonal to 21 (¢)Inversely proportional to t {d)Proporticonal 1ot

14) Three equal weights A, B and C of mass 2 kg each are hanging on a stning passing over a fixed pulley
which is frictionless as shown in ficure, The tenston in the sirine connecting weight B and C 15 7 (2)zero
() 13N {c)3 3N (d) 196 N

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

C
%ﬁ/\

(a)Maximum at A (Moximum at B (e)Maxmum at C  (d)Sameat A Band C

EXERCISE QUESTIONS
16) Maximum value of static friction is called
(allimiting fiction  (b)Roilng fiction  (c)Normal reaction  (d)Cosfficient of fnction
17) A body of mass m collides agamst a wall with velocity v and rebounds with same speed Change m 1ts

momeantum 15
(2}l mv (b) mv (c)—2mv (d) zero

18) Tswo bodies having masses m the ratio 2°3 fall freely under gravity from heights which are in the ratio
9-16. The ratio of their lincar momentum on touching the ground 1s-

(a) 2:9 (b) 3:16 @12 (@)3:2
19) The resultant force of 5N and 10N cannet be
{a)12N (b4 (c)8N {dy3

20) A car moving at a speed "% 15 stopped by a refarding force F in a distance S [f the retarding force were
3E The distance covered by the car before it comes to rest

(a)S3 (b) 8/6 (€) S (d)S/12

ANSWERS OF MCQ
Q.1 Answer (c) 50 kgm's Hint: Use momentum formula: p =mv
Q.2 Answer (d) 9 times Hint: Banking angle depends on square of velocity.
Q3 Answer (b) 4 N Hint- Use centripetal force formula: F =mv¥r
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Q.3 Answer (d) g7d4a Hmt From Newton's second law, find masz usimg F =ma

Q.5 Answer: (b) (2/3)a: Hint: Same force acts on both bodies. Find masses and combine.
Q.6 Answer: (b) 3 m/s® Hint: Use centripetal acceleranon formula a =v3r

Q.7 Answer: (a) Zero Hint: Net force becomes zero. s0 kinetic energv does not chanpe.
Q.8 Answer (a) 3125 N Hint: Apparent weight i upward acceleration: N =m{g+a)
Q.9 Answer (b) 63 Hint: Use F = ma and integrate acceleration to get velocity.
Q.10 Answer: (c) 51.8 N Hint: Net force = Applied force— fnenion force.

Q.11 Answer (d) Hint- Coefficient of fiction 15 dimensioniess:

Q.12 Answer (c) 120 m's Hint Apply conservation of momentum and energy congervation
Q.12 Answer: (d) Proportional to t Hint- Use F =dp/dt.

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

Q.15 Answer: (b) Maximum at B Hini: Apparent weight 1s maximum ‘at the lowest pomnt,
Q.16 Answer (a) Limsting friction Hint: Maximum static fnction 15 called imming friction
Q.17 Answer: (2) 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 S N and 10 N lies between SN and 15 N,

Q.20 Answer (a) 53 Hint- Stopping distarice 1s inversely proportional 1o 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 15 acting on the baock
Reason: The weight of the book and reaction force are acting m the same direction

2) Assertion” Due to friction between tyres and road there 1s wear and tear of tyres
Reason: Friction is 2 necessary vil

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

Reason: Change in momentum depends on mass and velocity.
4) Assertion: We know novice plaver tries to catch the enicket ball almost instantly and this hurts him

Reason: Force not only depends on the change 1n momentum but also on how fast the change 1n momentum
1s bro about.
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5) Assertion” When a fixed forcs 15 applied for a certamn interval of time on two bodies of different masses
mitially at rest the lighter body picks up a greater speed than the heavier body

Reason: Same force for the same time causes same change 1n momentum for different bodies
6) Assertion Driving at optimum speed on banked road will cause lirtle wear & tear of tyres.
Reason: Frictional force provides the necessary centripetal force.

T) Assertion: In a system of three forces m eqguilibrum, the resultamt of any two forces obtained by the
parallelogram law of forces must be equal and opposite to the thurd 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 mitial and final posihon of the object.

9) Assertion- when external force exceeds the maximum limit of static friction the body begins 10 move.
Reason: Static friction comes into plav the moment when we apply a force on a body

10) Assertion: Ball bearings 15 used 1n moving parts of a machine to reduce power dissipation

Reason: Rolling nction between ball beannp and surface m contact 15 small

FEXERCISE QUESTIONS-
11) Assertion. It 1s 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
1o accelerate the car

12) Assertion: Rolling friction 15 alwavs lesser than the shding frichion
Reason: In rolling frichion there 15 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 1s 1gnored body must come to rest after certain
tme.

Reason: Dunng 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 1t on same body

Reason: Action and reaction forces cancels each other

ANSWERS:
'..19_”_:59_;.;_9_ 4Q (5Q [6Q [7Q 8Q [9Q | 199{}}9 19|

a | a a b € a b a a b

13Q ld_g_ 15Q
| a d
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SHORT ANSWER TYPE QUESTIONS[2M]

Q1 A monkey ssems to chmbs up and another monkey seems to move down at same rope hanging overa
pulley with same uniforms acceleration. If the respective masses of monkeys are i the ratio 1:3. Find the
common aceeleration”

Q2 Can a body have zero velocity and non-zero acceleration? Expla:n with tiwo examples.

3 A particle moves in a circle.of radus 20 cm at 120 revolutions per minute: Calculate the linear
acceleranon of the parncle:

Q4 Ths tension in the string shown in fig

F o fed)

oy o

Q3 A scooter is moving with speed of 10m/'s on a circular track of radins 2 5m Its speed is increasing at the
rate of 3m 57 Calculate its resultant acceleration

Q6 What is a centripetal force. How it 15 different from centrifugal force. 1dentify source of the centripetal
force acting on respective objects in the following cases?

(11) Electron revolving around the nucleus

(1) Earth revolves around the sun.

Q7 A batsman hits A ball of mass 30ke moving with a speed of 20m's 15 hut by a batsman with a speed of
I0m/s ftime of contact1s 3

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

Q8 A bullet of mass 30 g penetrates Scm mside a wooden block with an mitial velocity of 300m/'s and finallv
comes to rest. Caleulate the average force exerted by the bullet

Q9 A force F=4£'+ 20 is applied on an object of mass 30 ke moving with inmtial velocity of 10m/s. Calculate
the velocity of the object after 10 seconds

Q10 Fustify the reason behind banking of tracks. A cvclist takes a turn of circular path of radius 10m with a
speed of 10m/s Through what angle he should bend his cvcle without skadding:

EXFERCISE QUESTIONS

Q11 A rocket 15 projected upwards with a lift mass of 20,000 kg with an imital aceeleration of 10m's.
Calculate the initial throst imparted to 1t

Q12 Whv does a fruit fall down when the branch of the tree is shaken? State and explain the law invelved i
this phenomena

Q13 A horse can pull a heavy cart on a road but on muddy field 1t is very difficult. Justifv using a sustable
diagram._

Q14 How linear velocity and angular velocity are different from each other Deduce a relation between
them.

S ————
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Q15 A sysiem of two blocks of mazses m=—2kg and M= 8 kg 15 placed on a smooth mf ]

table as shown m fig. The cosfficient of static friction between two blocks 1=

0.5 What is the maximum horizontal force F that can be applied to the block of o —

mass M so that the blocks move together. IH‘IIIIT LR IIHHII
ANSWERS-

Q1: Answer a=g/2 Hint: Apply Atwood machine formuia using mass ratio 1.3

Q2: Answer: Yes Hint: In circular motion. speed remains constant but direction changes continuously.
Q3: Answer a = 3208 cm 57 Hint: Uze a= o'r and @ = 2af

Q4: Answer- T=F/6 Hint: Draw Fres Body Dhagram and apply Newton's Second Law.

Q3: Answer: Resultant accelerahon=3 mv's* Hint Usea= *.'.(m:: +at?).

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

Hint Electron — Electrostatic force, Earth — Gravitational force.

Q7: Answer: Impulse = 2000 ke m/s. Force =400 N Hint: Use Impulse =m({v-u) and F =Ap/t
Q8: Answer: Retarding foree = 1.25 = 10° N Hint: Use Work-Enerov theorem.

0Q9: Answer: Velocity after 10 s = 214 m/s Hint: Integrare F dt = m(v-u).

Q10: Answer: 6 =45° Hint- Use tanf = +3'rz.

Q11: Answer: Thrust =4 = 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 remamn at rest
due to Newton's First Law.

Q12: Answer; Horse cannot move eastly on muddy road becaunse friction is very small.
Hini: Frictional force between horse and ground decreases on muddy surface.

Q14: Answer: Linear velocity is related to straught line motion and angular velocrty to rotational motion
Relation: v = reo Himt: Linear velocity depends on radius and angular velocity,

Q15: Answer: Maximum force F = 30 N Hint: Use f= ume. then apply F = (M=m)a.

SHORT ANSWER TYPE QUESTIONS [3 MARK]

Q]T]linkﬁkea{:}'dist : A biker takes a tum on a curved road of radius 25 m with speed 15 m/s;
Explain why he bends inward and calculate the angle of inchnation.

Ql A zun of mass 4 kg fires a bullet of mass 40 g with veloesty 300 m's. Caleulate recoil velocity of gun and
state the law mnvolved.

Q3 An athlete of mass 60 ke climbs a rope. The rope can withstand maximum tenston of 700 N. Determune
whether the rope breaks when athlete climbs upward with aceeleranon 4 m/s®

Q4 Explam why friction 15 called a necessary evil Write any three advantages and disadvantages from daily
Iife

Q5 A shell of mass 10 kg moving at 60 m's explodes into two fragments of masses 4 kg and 6 kg. [f smaller
fragment moves at 80 m's, find velocity of larger fragment.

S ————
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Q6 A machine sun fires bullets of mass 25 g wath velocity 500 m's A 50 ke ammal runs toward hunter at 5
m/s, Find number of bullets requirad to stop the animal

QT The force-time graph of a particle ts tnangular with base 4 s and herght 30 N. Calculate impulse
imparted to pariicle

QS Denve expression for stopping distance of a vehicle moving on rough horizontal road with coefficient of
fnetion u.

Q9 A stone tied 10 2 string of lensth 1 m moves m circular path with speed 3 m's. Caleulate centripetal
acceleration and tension in strne 1T mass e 0 2 ke

Q10 Think like a Pilot  : A jet plane loops in vertical circle of radms 500 m at speed 200 m's. Compare
centripetal acceleration with g
EXERCISE QUESTIONS

Q11 Why newton’s second law 1s called real law of motion Deduce first and second law of motion from 1t
to suppor your answer.

Q12 A balloon 1s descending down with 3m s’ acceleration Caleulate number of gases should be taken out
from 1t such that 1t starts ascending with same acceleranon. Give logic behind your answer

Q13 A child pulled a thread as shown i fiz from a point. just below B. i
DHe increases the force gradually  ii) Givesa jerk w
In both cases from where string shall break Explamn and state law of physics behind 1t e

Q14 Find tension a1_ a2, Ttand Tain the grven figure-

ANSWERS-
Q1: Answer: Cyclist bends imward fo obtain centnipetal force Angle = 42°
Hint: UsetanB =vieg.
Q2: Answer: Recoil velocity = 3 m/s Hint- Apply conservation of momentum.
Q3: Answer: Rope tension = 840 N, hence rope breaks. Huit Use T =mi(g+a).
Q4: Answer: Friction helps in walking, writing. braking but causes heat and wear.
Hint: Writs any 3 advantages and disadvantages.
Q5: Answer: Velocity of larser fraement =46 7 m/s Hint- Apply conservation of momentum.
Q6: Answer: Number of bullets reguired =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 viu=2as and a=-pug.

9: Answer Cenmipetal accelemtion= 25 m/s®, Tension =3 N Himt: Usea=+v"7
& T=mvr

Q19: Answer: Centripetal acceleration= 80 m/s”, Ratio with g = &:1
Hint: Compare v*/r with g

S ————
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Q11: Answer Newton's Second Law explamns force quantitatively and mcludes first law
Hint: F =dp/dt
Q12: Answer Gas must be removed to reduce weight so balloon nises.
Hint: Buovant force becomes greater than weight
Q13: Answer: Slow pull — upper thread breaks: sudden jerk — lower thread breaks.
Hint: Due to inertia
Q14: Answer: Apply Newton's Laws on both masses separately to find T1, T2, a1, as.
Hint- Draw Frez Body Diagram.
LONG ANSWER TYPE QUESTIONS-
Q1 Give the magnitude and direction of the net force acting on
(a) a drop of rain falling dovwn with a constant speed.
(b) a cork of mass 10210 g floating on water,
() a krte skllfully held stationary in the sky,
(d) a car moving with a constant veloctiy 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 electnic and magnetic fields.

Q2 What 1s meant by banking of roads? Explam the need for it. Obtain an expression for the maximum
spead with which a vehicle can safely negotiate a curved road banked at angle 8 The coefficient of friction
between road and wheels 15 4

Q3 A plane of mass 500 kg rises with a vertical acceleration of 3 m's”. The weight of pilot 1s 30 ke. Find-
{a} The maonitude of force on the floor of the plane by the pilot
(b) Action of the rotor of the helicopter on the surroundmg arr-{z=10 m/s%)

(€3 A car of mass 1000ke 1s moving with a speed of 36 km b on a level road. Calculate the retarding force
required to stop the car in a distance of 30 m .What 1s the nesd of banking?

Q4 What 1s the law of conservation of linear momentum? Write 1ts two applications. How does the law of
conservation of linear momentum related to Newton's third law of motion” A bodv of mass 15 Skg immitally at
rest explodes and breaks into three fragments of masses m the rabio 1:1:3. The two preces of equal masses
fly off perpendicular to sach other with a speed of 30m s each What 15 the velocity of higher frapments?

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 raquired to hold the guns in posttion?

{b) What 15 impulse and how it 15 related to angular momentum
One dimensional motion of a bodv of mass 0 3kg 1s shown by the
position tme (x-t). Find the masnimds of each mpulse. f

Q6 (a) Wite the laws of hmiting friction , . .

(b) A truck moving at 34km'h cames a steel beams which rests on a wooden floor What 1s the minimum
tume in which truck can stop without the beams moving forward? Coeflicient of static friction between steel

and wood 15 0.5.
_—_———————————
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(e) A mass of 1 kg 1s suspended by a string_ [t18 first lifted up with an acceleranon.of 4 9 m'sand then
lower=d down with same acceleration Find the ratio of tensions in the siring 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 bankine of roads formula
Q3(2): 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*=Tas
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- [mpulse = change 1 momentum_ Hint: ] =FAt,
Q6(a): Answer: Limiting friction o normal reaction. Hint: fmax=ulN.
Q(b): Answer Minimum stopping time =3 Hint: Maximum r=tardation = g
Q6(c): Answer: Tension ratio=3:1 Hint- T = m(g+a),

CASE BASED STUDY QUESTIONS:
Q1 Conservation of Momentum & Recoil

A nifle fires a bullet with very ligh speed: According to Newton's Third Law. the gun experiences recotl 1n
the opposite direction. This phenomenon explains conservation of momentum m isolated systems. Recoil 15
reduced by increasing the mass of the gun.

(1) A bullet of mass 25 g5 fired from a gun of mass 3 kg with veloesty 400 mv's. The recol velocity of the
oun 15

(a) ! m's (b)2m/s ()4 mls ()8 m's.

(11) Which law explains recoil of gun?

{a) Newton's Fust Law (b) Newton's Second Law (c)
Newton's Third Law {dy Law of Gravitation

{111} Why 1s recoul velocuty of gun smaller than bullet velocity?
{rv) Think like an Engineer Why are heavy rifles preferred over lighter nfles?

Q2 Lift and Apparent Weicht

A person standing inside a lift experiences changes m 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 veloerty. The apparent weight 15:

{a) Zero  (b) Less than actual weight (c) Equal to actual weisht (d) Greater than actual weight

(11) A person feels lighter 1n 2 lift when o

(2) Accelerates upward (b) Accelerates downward

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

{111) What happens to apparent weight dunine free fall?

(1v) Think like a Scientist ~ Why do astronauts feel weightless inside satellites?

Q3 Banking of Roads

Vehieles moving on curved roads require centnipetal force for safe tuming To reduce dependence on friction
and prevent skidding, roads are banked.
e —
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(1) The angle of banking depends mamnly on-
{a) Radrus and spead (b) Mass of vehicle (c) Colour of road (d) Atmosphenc pressure
(i1} A car moves safely on a banked road becauss:

(a) Friction disappears (b) Weight becomes z=ro
(c) Horizontal component of normal reaction provides centripetal force
(d) Geavity mncreases

(111) What 1= the optimum speed on a banked road of radius 20 m & 45 7(Take g =10 m/'s%)
{a) 10 mis (b)ldm=s (c)20ms (d}40m's

(iv) Think like an Engineer

Whyv are lughwavs and racing tracks designed with bankimg at curves?

Q4 Impulse and Collision

Dunng collisions, a large force acts for a very short time mterval producing mpulse. Awrbags and helmets
work on this principle

(1) Impulse 15 equal to:

{a) Force = Distance (b) Force = Tume  (c) Mass = Velocity (d) Work done

(11) A batsman moves his hands backward while catching the bail to:

{a) Increase force (b)) Reduce collision time (c) Increase collision ime (d) Increase momentum

{11} A ball experiences impulse of 20 Ns for (.2 s. Average force 1s:

(@) 10N (b) SON (€) 100N (d) 200 N
(1v) Think like a Doctor
Why do arbags reduce injunes dunng accidents?

ANSWERS / HINTS

Q1 (1) (b) 2 m/'s (11) () Newton's Third Law (111) Gun has larper mass (1v) To reduce recoul

Q2 (1) (c) Equal to actual weight (1) (b) Accelerates downward (111) Zero (1v) Due to free fall condition
Q3 (1) (a) Radios and spead (1) (¢) Honzontal component provides centnipetal force

(1) (b) 14 m's (1%) To averd skidding and provide safe turning

Q4 (1) (b) Force = Timz (11) (c) Increase collision time (1) (c) 100 N
() They mcrease impact ttme and reduce force

S ————
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CHAPTER-5

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

1. WORK, POWER,
& INTEGRATION
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~—

L parallel o dlsplacemant, y

Work Dorne by
Variable Force

W= fF(x)dx

Regresented as the ares under
a force-ys «dizplacement

graph.

P = Wk { .
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2. ENERGIC AND
POTENTIAL ENERGY
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3. FORCES,
CLASSIFICATIONS
AND MOTION
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MULTIPLE CHOICE QUESTIONS
1) Inwhich of the followme work 15 being not done?

(a) Shopping in the supermarket (b) Standing with a basket of frust on the head
() Chimbing a tree (d) Pushing a wheel barrow

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

{a) negative work (b) posittve but not maximum work

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

3) Two bodies of different masses are moving with same kinetic energy. Then the ratio of thewr momenta 15
equal to the ratio of thewr

(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) hetzht of the plane above the ground (b) angle of nchinaton of the plane

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

3} A particle 15 taken round a circle by application of force The work done by the force is

(a) positive non—=zera (b)) negative non—zero (¢ Zero (d) None of the above

&) Work done by a conservative force 15 positrveaf

(a) PE. of the body increases (b) PE. of the body decreasas

(c) EE of the body increases (d) K E. of the body decieases

7) The total mechanical enssgy of a svstem is conserved if the forcs, doing work on it is
(a)constanmt  (b) vartable (c) conservauve (d) non-conservatve

8) Which of the following must be known in order to determine the power output of an automohile?
(a) Firal velocity and height (b) Miass and amount of work performed

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

9) Which oné of the following statements is true?

(a) Momentum 1s conserved m elastic collisions but not m melastic collisions

(b) Total kinetic energy 15 conserved in elastic collisions but momentum s not conserved in elastic collistons
(c) Total kinetic énergy 1s not conserved but momentum is conserved in inelastic collisions

{d) Kinetic energy and momentum both are conserved 1n all tvpes of collisions:

10) Consider the elastic collision of two bodies A and B of equal mass. Initiallyv B 1s at rest and A moves
with velocity v. After the collision

{a) the body A traces 11s path back wath the same speed
(b)the body A comes to rest and B moves away n the direction of A's approach with the veloaity v

(c} both the bodies stick together and are at rest
T T ————————
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(d) B moves along with velocity v 2 and A retraces 113 path with velocity +/2

11) In a one-dimensional elastic collisson. the relative veloaity of approach before collision 15 equal to
(a) sum of the velocities of the bodies

(b) & times the relative velocty of séparation afier colhsion

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

(d) relative velocity of separation after collhision

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

{a) total K E of colliding bodies 15 conserved. (b) total K_E. of colhding bodies increases

(c) toral 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 thev will move

(a) opposite to one another (b) in the same direction (c) together (d) at night angle 10 each other

14) In an inelastic collision

{2} momentum 15 not conserved

(b} momentum 15 conserved but kinetic energy 1= not conserved

(c) both momentum and kinetic energy are conserved

(d) netther momentum nor kinetic epargy 15 conserved

15) In an elastic collision, what 1s conserved 7

(a) Kinetic energy  (b) Momentum  (c) Both (2) and (b) (d) Nesther (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 volumes 2
litre, will be

(a) 7351 (b) 1471 () 117.67 (d)98 J

17) A ball 1= thrown vertically downwards from a herght of 20 m with an imtial velocity vy . It colhdes with
the ground and loses 50% of 1ts enerpy 1n collision and rebounds to the same height. The initial velocy v
is: (Takeg=10ms")

(a) 20 m s (b) 28 m s~ (c) 10 m 57 (d) 14 m st

18) The potenual enerzy of a certain spring when stretched through distance S is 10 joule. The amount of
work done (1n joule) that must be done on this spring to stretch it through an additional distance s, will be

() 20 (b) 10 © 30 (d) 40 ectigress
19) A buller of mass 20 = hits at @ block of 1 98 ke suspended from w N
massless string of length 100 cm and sticks to 1t The bullet flies .'--_.1_‘ N 5
down at an angle of 30° to the honzontal with a veloaity of 200 m's. 2 "‘:;..Ea Eii -
Through what hetght the block will nse T

{(a) 0.1 m (b)D30m (c)045m (d)0.73m
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90) A uniforim chain is keld on s Frictionlass table withions-fifth of its lemuth hanging over the'edge, I the
chaimn has a length | and a mass m_how much work 1s required to pull the haneine part back on the table ?

(a)mgl / 10 (bymgl 5 (c)mgl’ 50 (d)mgl / 2

SOLUTIONS — MULTIPLE CHOICE QUESTIONS
Q.1 Answer: (b) Hint No displacement occurs while standing with 2 basket.
Q.2 Answer € Hint: Work done is zero because displacement 15 zero.
Q.3 Answer © Hint: For same kinefic enerov, momentum is proportional to Vmass.
Q.4 Answer: (a) Hint: Final speed depends only on vertical height
Q.5 Answer: € Hint: Forre 15 perpendicular 1o displacement 1 circular motion.
Q.6 Answer: (b) Hint: Work done by conservative force decreases potential ensrey,
Q.7 Answer: € Hint: Mechanical energy 1s 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 Anewer (b) Hint: In elastic collision of equal masses, velocities are exchanged.
Q.11 Answer (d) Hint- Relatrve veloaity of approach = relative veloaity of separation.
Q.12 Answer: (a) Hint: Kinetic energy remains conserved m elastic collision.
Q.13 Answer (d) Hint- After zlancing alastic collision. equal masses move at right angles.
Q.14 Answer: (b) Hint: Momeritum 1s conserved but kinetic energy is not conssrved.
Q.15 Answer € Hint: Both momentum and kinetic energy are conserved.
Q.16 Answer (b) 147 J Hint- Total mass = bucket + water =03 +2=25kg
Q. 17 Answer: (2) 20 mi's Hint: Tse conservation of energy before and after collision.
Q.18 Answer € 30 J Hint: Spnng encrey « x° doubling stretch increases enerpy four nmes.
Q.1% Answer (8) 0.15 m Hint Use conservanon of momentum and convert KE mito PE.
Q.20 Answer: © mel'50 Hint: Use center of mass of hanging part.

ASSERTION AND REASON TYPE QUES'II'DSS

Directions: In the following questions, Assertion (A) 1s followed by Reason (R). Choose the correct option:
(a) Both A and R are true and R 1s the correct explanation of A

(b) Both A and R are true but R is not the correct explanation of A

{c3A 15 true but R 1= false (d) Both A-and R are false

1) Assertion: A delivery worker carrving a heavy parcel on hus head while walking on'a straight horizontal
road does no mechanical work on the parcel
Reason:Work done becomes zero when force & displacement are perpeadicular to each other

S ————
FAET MYSURT-S3M-PHY SICS. X120 17 1]




2 Assertion: Dunng a complete lap on a curcular track, the total work dons by gravitanional force can
become zero.
Reason: Conservative forces do not depend on the actual path followead.

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

4) Assertion: Instantancous power delivered by an éngine depends on both applied force and velacity
Reason: Instantaneous power 1s the dot product of force and velocity.

5)Assertion: The kinenc energy gamed by a football afier being kicked equals the net work done on it
Reason: Work-energy theorem 1s valid only for single particle systems:

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

7)Assertion: Satellites revolve around Earth without loss of total mechanical energy.
Reason: Gmavitational force 1s conservative in nature:

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

9)Assertion: Work done by gravity while lifing a body depends onlv on inal and final positions.
Reason: Grasvitational forcs 15 a conservatve force.

10)Assertion: Work done over a closed path 1s 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 15 I0 KW
Reason: The practical unit of power 1s horse power.

12) Assertion: According to law of conservation of mechanical ensrey change 1 potential energy 15 equal
and opposite of the change m kinetic energy.

Reazon: Mechanical energy 15 not a conserved quantity.

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

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

14) Assertion: In an efastic collizion of two bodiss. the momentom and energvy of each body is conserved.
Reason: If two bodies stick to each other, after colliding, the collision 15 sa1d to be perfecthy elastic.

13) Assertion: A body cannot have energy without having momentum but 1t can have momentum without
having energy.

Reason: Momentum and energy have same dimensions.
ANSWER - ASSERTION AND REASON
1Q "fﬁ__?i@ ______ Q [5Q FQ:{ T9_1 EQ 19@ } HQ ’ 13Q 14Q 15Q
. =

a a |d Id

b
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SHORT ANSWER QUESTIONS (2 MARKS)
Q1 When a conservative foree does negative work on a body, what happens to its potential energv?
Q2 A body of mass 4 kz moves such that displacement 1s grven by S =82 Find the work done i first 2 5
Q3 A pump of power 3 kW raises water to-a hewght of 20 m_ Find amount of water rassed i1 1 munute.

4 Two bodiss of mass 30 kg each move mn opposite directions with speeds 12 m/s and 8 m's. Find common
velocity afier collision

Q3 A body =xplodes into frasments in the ratio 1:2:3 Twop smaller fragments move perpendicular to sach
other wath speeds 10 m's. Find velocity of heaviest frasment

Q6 A resistive force-distance graph forms a tnangle of area 40 J. If inmtial kinetic enerey 1s 100 J_find final
kmnetic enerzy.

Q7 Find potential energy stored in a spnng mn terms of force F and extension x
QB A spning stores 200 J energy when stretched by 4 cm. Find energy stored when stretchad by § cm.
Q9 If momentum of a body becomes double, how much does kinetic energy increass?

Q10 Two springs of constants 1000 N'm and 2000 N/m are streiched by same force. Find mtio of ensrmes
stored.

Q11 Which Spring stores more energy when stretched equally: soft spring or stiff spring?
Q12 A force F={3+x) acts alone x-axis. Find work done romx=! mtox=3m
Q13 If kinetic enerzy tncreases by 200%, by what percent does momentum increasz?
Q14 In velocity-time graph, during which interval 15 work done negative?
Q15 A body of mass ! kg moving at 2 m's compresses a spnng of constant 200 N/'m. Find maximum
comprassion.
ANSWERS / HINTS
Q1: Potential energy mereases. Hint: W =-AU
Q2: Work done = 64 T Hint: Use v = ds/dt and KE theorem:
Q3: Mass of water = 1500 ke Hint- P = megh't
Q4: Velocaty = 2 m/'s Hint: Conservation of momentum
Q5: Velocity of heavier frapment = 7 45 m's Hint:Resultant momentum of smaller frasments
Q6: Final KE = 60 J Hint; KEfinal = KEinitial — work dane:
Q7: PE = 1.2 Fx Hint: Elastic potential enerzy formula.
Q8: Eneroy =800 J Hint: PE oc x°
Q9: Kinetic enerpy becomes four times Hint: KE « p?
Q10: Ratio =2 - 1 Hint: PE ot 1k for same force.
Q11 Suff epring Hint: Larper k stores more energy for same extension
Q12 Work done =B ] Hint: Iitegrate force over displacement.

S ————
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Q13: Momentum increases by 100% Hint- KE o p®
Q14: Dunng decreasmg velocity interval Hint- KE decreases.
Q15: Maximum compression = .14 m Hintt KE = Spring PE
SHORT ANSWER QUESTIONS (3 MARKS)

Q1 A worker pushes a box with force 120 N for § 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 munimum mass required to just lift another block
placed on spring platform.

Q3 A particle rotates i a vertical circle of radius 1 5 m. [fratio of maximum to minimum tension 15 2.1, find
speed of particie.

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

Q35 A pendulum bob released from horizontal posttion loses 20%6 energy due to air resistance. Find spead &t
lowest point.

06 A pariicle of mass | kg moves with vélocity v = 3%°. Find wotk done from =D tox=—2 m_
Q7 Show that for a car moving with constant power. displacement squared 1s proportional to cube of time.
Q8 State and prove work-ensrey theorem. For which forces 1s it applicable?

39 State whether followmnz are true or false with reason:

(a) Momentum of each body 15 conserved mn elastic collision
(b) Work done m clesed path 1s always zero.

(c) Einetic energy decreases i inelastic collision

Q10 A force F = (31 + 4 — 2k) N displaces a body from A(1.23) 1o B(4—1.5), Find work done.
Q11 A force F=(8+1x) acts on a body along x-axis. Find work done from =l mte x=4 m_

Q12 A car of mass 1200 kg moving at 20 m/s collides with spring of constant 8x10° N'm. Find masximum
COMPIession

Q13 A particle dropped from height H has kinetic energy double 1ts potential energy at some pomnt Find
height from ground.

Q14 A bob attached to flyvwhes! falls throngh height h Find ancular speed of flywheel mterms of hand ¢

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

ANSWERS / HINTS
Q1: Work dons by worker = 1440 J Hint Use area under force-displacement graph
Q2: Minimum mass = m/2 Hint: Spring PE = gravitauonal PE.
Q3: Speed = 3vg m's Hmnt Use tension ratio equations.
Q4 Normal reaction =4mg Hint: Apply conservation of mechanical energy.
Q5: v =+/(1.6sL) Hint: Only 80% enerpy remains.

Q6: Work done = 72 ] Hint: W =AKE
e e e —
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Q7: x? cc i Hint: Use P=dW/dt.

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

Q9: (a) Ealse (b) False () Trus 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 compresston = 7.75 m Hint: KE converts into spring PE

Q13: Height from ground = H'3 Hint: Total enerey remains constant.

Q14 @ =(11)v{4gh3) Hint: Use rotational kinehc energy.

Q15: Work done =—22500 ] Hint Retarding force doss nepative work.
LONG ANSWER QUESTIONS (3 MARKS)

Q1 {a) Show that i case of ons-dimensional elastic colliston of two bodies. the relatve velocity of
separation after the colliston 15 egual to the relative velocity of approach before collision

(b) Hence write expressions for the velocities of two bodies in terms of their imitial velocities before
colliszon

Q2 A body tied to one end of a stning is made to revolve in a vertical plane Derive the expression for the
velocity of the body and tension in the string at any pomt Hence find (1) tension at the bottom and top of the
curele: (n) Mimmum velocity at the lowest peint so that st 15 just able to loop the vertical loop and (c) the
mintmum veloctty at the top.

A

Q3 (a) Draw the graph of equation F, = —kx where E1s the spring force and x1s the displacement of the
block from sgquilibriom posihon. Using the graph, show that maximom work done by the sprmeg at ¥, =
W = —%kx,"':,,_ (k =spring constant)
(b) What will be the work dons by external force 1f the spring 18 displaced from xj 16 x27
Q4 (a) Define work done. How can we calculate work done by
(1) Constant force {11) Vanable force and
(11) From graph 1f an object is displaced along a straight hine.
(b) Find work done by a force F = 2x (S unst) if 1t displaces an obiect from originto a
Paint (1, 2.-2)

Q5 Define perfect elastic collision. Let one object of mass mi moving with u undergoes perfect elastic
colhision with a srationary object of mass m2 in one dimension After collision both stick together and move
with velocity V' Prove that there will be some loss of kietic energy in the collision.

EXERCISE QUESTIONS

Q6 A block of mass 2 kg s pulled up on a smooth incline of angle 307 with the honzental If the block
moves with an acceleration of 1 m/s®, find the power delivered by the pulling force at a nme 4 s after the
miotion starts. What is the average power delivered during the 4 s affer the motion starts?

Q7 A block of mass m 1s pulled along a honzontal surface by applying a force at an angle £ with the
horizontal. The friction coefficient between the block and the surface 15 y. If the block travels at a uniform
velocity, find the work done by this applied force during a displacement d of the block.

S ————
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horizontal velocity vy at the lowest point A such that 1t completes a semi-circular
trajectory n the vertical plane with the stnng becoming slack on reaching the
topmost pomnt C as shown n fig. Obtan an expression for

(1) Vo (11) The speeds at pomnt B and C
(i) The tatio-of kinstic enerpy is Kn /K¢ at Biand C.

(8 A bob of mass m 18 suspendad by a light string of lensth 1. It 15 imparied a (ﬁ =
o

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

Q1: Relatrve velooity of separation = Relative veloaty of approach.

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

Q2: At bottom- T =me ~ mv™r
Attop: T =mv*r—mg Mimmmum velocity at top=ver
Minimum velocity at bottom = v3gr Hint: Apply conservation of energy and centripetal force.

Q3: Maximum work done by spring =—2kx®
External work from x: tox: = ¥ok({x="— x*) Hint: Work done equals area under Fx graph.

Q4: Work done by constant force: W =F-S Vanable force: W= [Fdx
From graph: Area under Fx graph Hint: For vector force use dot product.

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

Hint; Compare mitial and final kinetic energies.

EXERCISE
(6: Instantaneous power =24 W Hint P=Fvand v=u+at
Q7 Work done = (umgd cost)/(cost + psmb)
Hint: Resolve forces horizontally and vertically,

Q8: Vo=+5gL VB=+3gL VC=vglL._
Ks : Ko =3 : 1 Hint: Use conservation of energy at pomts A B and C:

CASE BASED QUESTIONS:
Q 1_A block of mass m 15 kept in an elevator which starts moving dowmrward
with an acceleration a) 2= shown i figure. The block 1s observed by two =,
observers A and B for & time mterval £, A
(1) The observer B finds that the work done by gravity 1z R D

=1]

@3mgt; ) —mg'ts (o)smgat; (d)—;mgat
(11) The observer B finds that work done by normal reaction N i1s

Nar®

(a) Zero  (b)-Natf (c) —— (d) none of these
—
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(111) The observer B finds that work done by pseudo force is
(2) Zero (by—ma’t, (c) +ma’t, (d)—mgat,
(3v) Accordini-to observer B, the net work dore on the Slockis
@zma*e (b)<ma’t] (c)zmgati (d)—imgati
OR
(v) According to the observer A
(aj The work dons by gravitv 15 zero (b) the work dene by nommal reaction is zero
(c) The work done by pseudo force s zero  (d) all the above

Q2. A block of mass m moving with a velocity v0 on & smooth honizontal surface strikes and compresses a
spring of stiffness k till mass comes to rest as shown mn the figsure. This ph:nuﬂ}tnnn is ohservad by tivo

observers: v,
—_—

A: Standins on the hotizontal surface: M

B: Standing on the block
(1) To an observer A, the work done by spring force 1s-

(a) Negative but nothing can be said about its maenitude (b) —% mud
(¢ Positive but nothing can be said about its magnitude (4 Zmvd

(1) To an observer A_ the wotk done by the nommal reaction N between the block and the spring on the block
15

{a)yZero (b)) — %m'l;é (c)— %mvf (d) None of these
(111) To an observing A_ the net work dons on the block is

(a) —mv§ (b) +mui (@) —Zmv (d)zero
(1) According to the observer A

{a} The kinetic enerpy of the block is converted info the potential ensrgy of the spring
(b) The mechanical energy of the spring—mass system 1s conserved
{c) The block loses its kinetic energy becanse of the negative work done by the conservative force of spnng
(d) All the above
OR
(v) To an observer B, when the block 15 comptessing the spring
(@) Veloaity of the block 1s decreasing {(b) retardation of the block 15 increasmyg
(c) Kinetic eneroy of the block is zero  (d) all the above

S ————
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EXERCISE CASE STUDY BASED QUESTION

Q3. Two 1ce hockey pucks A (0.2 kg) and B (0.3 kg) move on a fnctionless surface. Puck Amovesat 4 m/'s
while B 15 at rest; after a perfectly elastic head-on collision, A rebounds with a velocity of 1 m's to the l=ft

(1) What 15 the velocity of puck B after the collision? (u1) Verify whether kinetic enerpy 1s conserved. (1i1)
What tvpe of colliston 15 demonstrated hete, and why?

(rv) What 15 the change in momentum of puck A”?

ANSWERS: Q1 - (i)c  (i)d ida (Wb  )d

Q2:mb (Wb (1) ¢ (w)d e

Q3 (1)33m's (u)yes(minal=final=16J) () perfectly clastic collision (V) -1 kg m/s
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12 A solid evlinder of miass m and radius 1 1s rolling with angular speed © on a

AMULTIPLE CHOICE QUESTION
A planet orbits the Sun in an elliptical path as shown in the fipure Let v, and v, be the speads of the
planet at penthelion and aphalion respectively. Which of the following relations 1s correct?
(@) red re=mwa/ % (B red Fe=va/ va (el ri=V0ve/w) (@ 7/ =YV %)
The centre of mass of a svstem of two particles of masses 2 kpand 3 ko located at (1, 1) m and (3, 0)
m respectively 1s at:

| (a) (2, 0) i ®BL)m (@ 0)m @ G.0)m
A disc and a nng. both of mass M and radius R are released from rest ar the top of an inclined plane.
Which one reaches the bottom first and why?

{a) Dhsc, because 1t has lower moment of tnertia (b) Rins. because it has higher moment of
S £

(e} Both reach together {d) cannot be determunsd

If the net external force acting on a system 15 zero, which of the following must be trus?

(a) The centre of mass moves with constant velocity (b The system 15 at rest

{c)} The angular momentum s conserved () The moment of ineria 15 zero

A rod of length I and mass M 1s prvoted at one end. Its moment of inerma about the prvot 150 (a)
(1/3y MIL2 (b) (1/12) ML (c) (172) ML* (d) ML*

A ring is rotating about a diameter. The radius = S5cm & mass of ring = lkg. A force is'applisd on the
ring such that 1t is perpendicular to the axis and vector AB as shown in the figure. The magnsude of
force 15 10N Find the work done by the torgue. when the nng rotates by 907

fay025x ] (b)015x] (£)02n] (dyo
Calculate the velocity of the centre of mass of the system of two
. — 25 mis *-— 3 mfs
particles each of mass 2 ke as shown in fizure 2kg @ = @2k
(a} Sm's (k) 10 mifs {e)25m's (d)13ms Smaonth surface
A disc 16 undergomng mn pure rolling on a horizontal surface. then a

which of the statement about angular momentum of the dise 15 ncorrect?

(a) Angular momentum about A 1s conserved under any situation

(b) Angular momentum about B 15 conserved oaly if surface 13 smooth

(c) Anpular momentum about any point on the disc is conserved A
{d) None of these

If a sphencal ball 1s under pure rolling on a table, then the fraction of its total kinetic energy
assomated with rotation 15

(a) 3/3 (b) 277 (e) 25 (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 whach 1t has tumed in 10 s 15

(a) 200 = (b)40n (e} 150 () 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?
(&) Sohd cylinder (b) Salid sphere (c) Hollow sphers (d) All have same

acceleration

horizontal plane. The magnituds of its angular momentum about origin O 15
(A mroe iimre (©2mre (@)25mre

S ————
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13. Calculate the torgues acting on the dist in the siven arrangement (Radus of dise 1m

and mass m) d -
(@) 2mg3  (B)mg3 (¢) mg (d) 4mg/s :
14 Magnitude of angular momentum of a wheel changes from 2L 10 3L in 3 sec. by a -

constant torque acting opposite to mitial direction of rotation.
What 15 the masnitude of the torque?
(@ L's (L (c)2L/5 (d) 3L/5

15 A shell following a parabolic path explodes somewhere i its flicht The centre of mass of fragments
will move 1n

{a) Tangential direction{b) Radial direction (c) Hortzontal direction (d)Same parabelic path

16. An elliptical disc shown in the figure is rotated in tum about x-x'. v-v" and z-z' axes passing through
the centre of mass of the disc. Moment of inertia of the disc 15
(a) Same about all the three axes (b) Maximum about z-z" axes
(c) Maxmmum about v-v' axis (d) Same about x-x"and v-v axis

17. Choose the incorrect statement
{a) The centre of mass of a two particle system lies on the hine jomming the two particles; being closer
to the heavier particle
(b} In rolling_ the point of confact of the rolline body remmns at rest relative to the surface on which
it is rolling
(c) Parallel axis theorem 15 applicable only for laminar bodiss
(d) A particle moving on'a straight line may have non-zero angular momentum about a point

18 A shick of length I mass M mmitially upnight on a frictionless floor. starts flling_ then
(a} Center of mass will fall verncally dewn(b) Center of mass wall follow a circular path
() Center of mass will follow anv curve path(d) All of these

19 A shell following a parabolic path explodss somewhers tn 1= flight. The centre of mass of fragments
will move in
(ajTangential direction(b)Radial duection (c)Horzontal direction (d)Same parabolic path

20. If torqus acting on a system about an axis of rotation i1s zero, then the quantity that remams constant
about that axis 15
(a) Force (b) Linear momentum (¢} 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) i1s false. (d) If both, Assertion (A) and Reason (R) are
false.
21 Assemion (A): It is harder to open and shut the door if we apply force near the hinge.
Reason (R): Torque 1= maxonum at hinge of the door.
22 Assertion (A): An ice-skater siretches out arms-legs during performance.
Reason (R): Stretching out arms-legs helps the performer to balance his or her bodv so that he or she
does not fall.
23 Assertion (A): When you lean behind over the hind legs of the chair. the charr falls back afiera
certain angle.
Reason (R): Centre of mass |ying outside the system makes the system unstable.
24 Assertion (A): The speed of a whirl wind i a tornado 15 alarmugly high
Reason (R): If no external torque acts on a body, s angualr velocsty remams constant

S ————
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25 Asszertion (A): If two particles have equal mass thew centre of mass lies at the mudpoint
Reason (R): Centre of mass 1s mversely proportional to mass.

26 Assertion (A): Friction is necessary for a body to roll en a surface.

Reason (R). Friction provides the necessary tangential force and torgue.

27 Assertion (A): A body tied to a string 15 moved in a circle with pniform 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 extémal torque on a body about its centre of mass, then the veloctiy of
the centre of mass remams constant.

Eeaszon (R) The linsar momentum of an 1solated system remains constant.

29 Asseriion (A): Two cylinders, one hollow and one sohid (wood), having the same mass and wdentical
dimensions are released simultaneousty to roll without shippine 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 cvlinders
are 1dentical when they reach the bottom of the inchine,

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 pi=ce becomes 2w,

Reason — If no extemal torque acts, the angular momentum of the system 1s conserved.

HINTS AND SOLUTIONS
1Q _[20 [30 [4Q [5Q [6Q [7Q [8Q [9Q [10Q
A |B A |A A |C |B C | B D
11Q | 12Q 13Q | 14Q [15Q |16Q |17Q |18Q |19Q |20Q
D |B B |B D |B |C |A |[D |[C
21 |22 |23 |24 (35 |26 |27 |28 129 |30
c |c |€ C C A |D |p [D A

SHORT ANSWER TYPE(2 MARKS QUESTION):
1. Two blocks of masses 10 kg and 20 ko 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”
A car weighs 1800 kg, The distance between its front and back axles 13 1 8 m_ Itz centre of
gravity 1s 1.05 m behind the front axle. Determine the force exerted by the level ground on
each front wheel and each back wheal
(1) Why do we prefer to use a wrench, having a long arm?
{11) Under what condinon, the torque due applied can be considerad to be zero?
4. (1) Is there any possibhility of comnciding with the peometrical centre and C M. of a body?
(it) Does the C M of a body necessarily have to lie inside a bodv?
(1) What are the factors on which the M I of a body depends?
(1) When a cat can land on 1ts feet after a fall, which property of Physics s
bewng used by her?
6. (i) What 15 a ngid body?
{11) Why cannot a single force balance the torgue?
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 15 the power required by the éngine?
Note: Uniform anzular velocity in the absence of friction implies zero torque In practice,
applied torqus 1s needed to counter fncitional torque). Assume that the engine 1s 100 efficient.

=

Lad

et
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B A metre stick 18 balanced on a knife edge at its centre. When two coms_sach of mass Sg are
put one on top of the other at the 12.0 cm mark the stick 1s found to be balanced at 450 em.
What 15 the mass of the metre stick”?

9 Terques of equal magnitude are applied to a hollow cvlinder and a solid sphete, both having
the same mass and radius. The cvlinder is free fo rotate about its standard axis of symmetrv,
and the sphere 1s free to rotate about an axis passing through s centre. Which of the two wall
acquire 2 greater angular speed after a miven ume7

10. What are the importaint features of anrular momentum”

ANSWERS (2 MARS)

1 Two masses m, and m, are placed on the X-axis my; = 10 kg, m, = 20kg
The first mass is displacad by a distance of 2 em

—  myxy +maxz; 10X 24 20x; = 20 + 20x-

ms + Mz 30 30
= The Xnd mass should be displaced by a distance 1 ¢m towards left so as o kept the position of centre
of mass unchanged.

2  Let Fiand F: be the forces exeried by the level ground on front whesls and back
wheels respectively. Considenng rotational equilibrium about the front wheels,
Fix18=mex105, F-=(10518)x1800x 928 N=10290 N, Force oneach
back wheel 1s=10290/2 N or 3145 N.
Considering rotational aquilibrium about the back wheels
Fix18=me(18-105)=073x1800x28 F;=7350N
Force on each front wheel 1s 73502 N or 3673 N
3 We know. the mming effectofa forceist=r=F
Now when the arm of the wrench is long. ris larger. Therefore, a smaller force will be
required to produce the same turning effect (1) As we know, t=1 Fsinfl Now. if 8=00r 180, Or, r=0.
then = {1 Now, r =0 refess to the applied force passing through the axs of rotation.
4 (1) C.M and seometrical centre may coincide when the body m consideration has a
untform mass density. So, ves. they may comcide For instance, C M. and geometncal centre are the
same in the case of a cube or a sphere or cylinder et
(i1) No, the C M of the body in consideration does not necessanly be mside the body u=elf 1also
may le ourside the body. In the case of the sems-curcnlar ning. 11 15 at the centre which is outside the nng
3 (1) The M1 of a body depends on the following factors- Posimon of the axis of the rotation. Mass of

the body . Way of distribution of mass about the axis of rotation
{1n1) If the cat can land on 1ts feet after a fall she 1s usmg the principle of conzervation of anzular
momentum.

& (1) A nmd body refers 10 an object m whach the distance between all the consututing

pariicles remains fixed under any influence of external force. Therefore. a nizid body
conserves its shape dunng motion.

[11) The =ffect of torque can be seen to produce anpularacceleration and s ffect 15 entirely different
from that of the force that causes linear acceleration. Therefore. a single force cannot balance the
forque.

7 Here, a=200 rad s-1; Torgue. = 180 N-m

Since Power, P = Toraue (1) x anoular speed (w)= 180 x 200 = 36000 W =36KW.

§  Use the principle of moments about the new balance pownt at 45 cm

Coins produce moment on one side: | Meire stick’s weight acts at 50 cm
M=({50—3) , Now squate clockwise moment = anticlockwise moment.

2 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 respectrve axes are It = MR  and I: =25 MR? Let 1 be the magnitude
of the torque apphed to the ¢vlinder and the sphere. producing angular accelerations ajand a2
respectively. Then =l et =L a2
_————
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The angular acceleranion a produced in the sphers s larger. Hence| the sphere will acquire laroer angular
speed affer a given ime.
10 The followmng are the important features of angular momentum- The angular momentum of 2
particle with respect to a point provides an 1dea of the strength of its rotational tendency about the point. The
magnitude of the angular momentum can be definad in terms of mass and velocity of the particle and its
distance from the reference point te. L = mvr The vector concept of angular momentum s
important and useful Its direction 15 the axsal direcnion portraved by the nzht-hand=d mle.

SHORT ANSWER TYPE 2 (IMARKS):
I A solid evhinder of mass 20 kg rotates about 1ts axis with angular speed 100 rad s-1 The radins of the
eviinder 1s 025 m What 1s the kinetic energy assocuated with the  rotation of the cylinder? What 15 the
mapmitude of angsuiar momentum of the eylinder about 1ts axis?
2 Using expression of power & K E. of rotational motion. derive the relation t=la.
3. A circular ning having a diameter of 40cm and mass of 1 kg 15 rotating about an axis normal to 1ts
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 parncles of masses of 1g, 2. and 3g have thewr center of mass at the precise pomnt
(2.2.2). What should be the positnon of the fourth particle of mass 4g so that the combined center of mass
may be at the point (0.0.0).
3: A man stands on a rotating platform, with his arms stretched honizontally holding a 3 ke weight in
each hand. The angular speed of the platform 15 30 revolutions per munutes. The man then brings his arms
cloge to his body with the distance of =ach weight from the axis changing from 90 cm to 20) em. The moment
of wnertia of the man together with the platform may be taken to be constant and equal to 7.6 ks m”.
{a) What 15 his new angular spead? (Weglect fiction)(b) Is kinetic energy conserved m the process?

If not, from where doss the change come about?

6.  The motion of binary stars, S1 and §2 is the combimationof X oSS
and ¥ What are X and T refer to? /A r \ ( "\,?{
A AW,
7. The rod 15 1o be st rotating about an axis perpendicular to ot
What is the position of point P on this rod through which the axis rs

should pass so that the work requirad to set the rod mtatﬂ:lﬂ with angular velocity oy il
18 minimum? :
(b)AforceF=ni+3j-6kisactngatapomnt +=21-6j-12 & Find the
valueof o for which angular momentum about onzin 13 conserved.
8. A sohid cvlinder of mass 50 kg and radius 0.5 m 1= free to rofate about the horizontal axis A massless
string 15 wound round the cylinder with one end attached to it and other hangmng fresly. What 1s the
Tension in the string required to produce an angular acceleration of 2 revolutions s~
9 {a} A particle moving in a circular path has an angular momerntum of L. If the frequency of totation
15 hafved then how its angular momentum changes.
(b)The instantaneous angular posthon of a point on a rotating wheel 1s given by the equation 8(1) =
2t —6t’. Then at what time torque on the wheel becomes zero?
10, The angular speed of a motor wheel 15 mncreased from 1200 rpm to 3120 rpm m 16 seconds.
(1) What 15 1ts angular acceleration. assuming the acceleration to be umiform?
{(11) How many revolutions does the engine make dunng this time?

ANSWERS (3 MARKS)
1 Answer M=20ks Angularspeed. w=100rmds;R=025m
M 0.1 of the evlinder about ts mas =12 MR* =12 x 20(0.25¥ =0623 ke m”
Rotational Kinetic energy B = 121w~ =12 x 0.625 x (1005 J=31257
Angular momentum, L =1 w=10.625 x 100 Js=62.5 Js.
2 Answer: As we know that power 1s given by
= _ ______ _ ________ _____ __________— ____________________________|
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P=t(g)__. ... (1) EEE=12Ta" . ool (i)

Now, the power of rotational motion is equal to time rate of work done duning the rotational motion.
Since the work done s stored 1 the form of kinetic eneroy,

P=d'dt (K E. of rotanional motion) Using the equations (1) and (1), we have,

Heoj=ddi(1 2w =121 didt(e?) =1 21xQedo/d=lna(vdad=a) . . (iii)

From (1) and (111}, we get; to=loa 2 =la

Answer: From the queshon we can obtain R=402 em=20cm=02m

M=1kg v =10 rotations ' sec Now. we can calculate the moment of inertia as  follows:
MI=MR® =1 =x(02Y=004kgsqm w=2n=10=20n1ad sec

Thus, angular momentum can be caleulated as.

=[=004=20r =2L=251kesqgm/ sec

4 Answer Grvenmi=lg m=2r m=3g mi=le

Centre of mass of three particle system Tow={Xem Ve Zem )=(2.2.2)

Pasition of 4% Particle rs=7 If centra of miass of four particle 15 (0.0,0)

Centre of mass for 3 pariicle system is

X {mpxyrmexytmaxs) (mytmetmy = (R 2200 3x3) (1+4243)

2=Hx2x3x3)6 i+ dwt3xa=12 (1)

Similarly yitdvetdvs=lr L), 2z 3712 (1it)

Centre of mass for 4 particle svstem 1s '

Me—{mixrmie - maxsT mexa ) (mitmo—ms ma= (e 2xr- 34w (1234

= (=(12+4x2) 10 o 12+d0=0 ¥ x4=3 similarlv v4=3 z4=3

Thus the new paticle should be at (-3.-3.-3).

5 Answer: Here, =76+ 2x35(097=15T ke m*

@1=30mpm Lh=76+2x5(02F=80kem® =2

According fo the principle of conservation of angular momentum. Lyoi=la:

o= (T a1l =(157x30V80=5888 rpm

No. kinetic energy 1s not conserved mn the process. In fact, as moment of inertita  decreases. KE. of
rotation increases. This change comes about as work 1= done by the man in bringing s arms closer
to hus body.

6 Answer: Here X and ¥ refer to motion of the CM and motion

about the CM When ne extemnal force acts on the binary star, 1t CM
will move like a free particle [Fig. (a)]. From the CM frame,

the two stars will seems to move m a circle about the CM with : .
diametrically opposite positions. 1) )

(a} Trajectones of two stars.

(b) The same binary svstem. with the centr= of mass C at rest. So. to understand the motion ofa

complicated svstem: we can separate the motion of the svstem into two parts. So, the combination of the
motion of the CM and motion about the CM could descnbed the motion of the system.
7 Answer (a) work requirad to set the rod rotating with angular veloerty ©g1s KE =12 Ii:q: Work
15 mummum when I ss nummum, §1s mimmum about the centre of mass  Therefore mix=miL-xF
ml- mox = ml/(mi+m3)

(biFrom Newtons second law for rotational mechanics

t=dL/dt ifL is conserved thendL. =D 1=0 P t=rxF=) 2(2i6j-12K) =
(i3 ] -6 E)=0 . On soling we will get =1
s Answer Given mass m= 50 kg . radiis =0 5 m
Angular acceleranon o= 2 revolutions s~—=2= 27 rad s —=4m 1ad s~ , Tension T=?

Lay

Welknowthat =l o = r xF (Tensionj=Ia <@ Tenton=Ia /r........(1)
Here L ="MR" =% (30) (0.5F = 625 kg m" _ Therefore from eq (1) T={625 x4n)/05=530m
N=157TN
9 Answer: (a) Gwven angular momentum Li=L | Frequency fi=f
Angular momentum La=7 If Frequency f:=£7

S ————
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WEK.T angular velocity =2 ©f ,angular velocty =2 qfi=2 nf’) =ef=e12
and angolar momentum Li=] wi angular momentum L>=1 w=] @1 2=1.12
(b)When anpular acceleration (@) 1= zero then torgue on the wheel becomes zero.
B(t)=20 - 6. o=d8t)d= 6 -12t. a=dwn/d=12-12 , Here =0
Thérefore 121-12=0_ 12=12 =1 sec
10 Answer (1) We knmow o= wg+— at
cop = inttal angular speed 1n rad’s = 2xt x angular speed mm revis =2 < 20 rad’'s =40 rad's
Stmifarly o = final angular speed inrad’s =2n % 52 rad's = 104 xrad's
~ Angular acceleration o= (o @) t=(104-40)r'16=641/16=4x rad's’
The angular acceleraton of the engmne = dn radis2
{11) The anoular dispiacement in time t 15 given by
8=+l 2at=40n=< 16+ 12 (@ a=16=16) = (640 n= 512 1) rad= 1152n 1ad
Number of revohitons = 1132 2 =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 edeges. If it has a uniform
angular acceleration of 0.2rad /<%, what torque acts on the plate?

2 (a} A child stands at the centre of a tumtable with his two arms outstretched. The tumntable 1s set
rotating with an angular speed of 40 revmin. How much is the anpular speed of the child if he folds hus
hands back and thereby reduces his moment of ineitia to 25 times the initial valoe 7 Assume that the
rurntable rotates withour fniction

(b) Show that the child's new kinetic energy of rotation 1s more than the minal kinetic energy of
rotation How do vou account for this incsease in kinstic energy?

3 {a) A rope of neglieible mass 1s wound round a hollow cylinder of mass 3 ke and radius 40 em.
What is the angular acceleration of the cylinder if the rope is pulled with a force of 30 N7 What s the linear
acceleration of the rope? Assume that there s no shipping.

(b) Torques of equal magnitude are applied 1o a hollow cylinder and a solid sphere, both having the
same mass and radius. The eylinder 1s free to rotat= about 115 standard axis of symmetry, and the sphers is
free to rotate about an axis passmg through its centre. Which of the two will acquire a sreater angular speed
affera grven tume,

4 (a) Why there are two propellers in a helicopter?

(b) Can a body 1n translatory motion have angular momentum? Explamn.

(c) A particle performs uniform circular motion with an angular momentum L 1f the

frequency of parficle’s motion 15 doubled and 1ts K E is halved. what happens to the angular
momentum?

ANSWERS (5M)
1 Answer: a) (1)The centre of gravity is a point in a body where weight distribution is equai in ail
directions. [t depends on the eravitational fisld (11)The centre of mass 1s 2 pomnt  where mass distribution 15
vmiform mn-all directions: Tt does not rely on the gravitational field However, a body’s centre of gravity and
cenfre of mass 12 posihonad at the same pomnt in a homogensous gravitanonal fi=id.
{(b)A square plate of mass 120 gm and edge 3 cm rotates about one of the edee Let take 3 small arsa

of the square of width dx and length a which 15 at a distance x from the

! : —_———
axis of rotation

Therefore mass of that small area x

:—“; * adx(m = mass x=sude) = x

I=[ (mfa*)x ax*dx= (m/a)(x*/3)] - = ma’/3
torque produced=1 X a = (ma*/3) Xa=— 02X 107 =2 X 107> N—m1
n final moment of inertia = (2/5) It Anpular speed ni= 40 rev/min Angular speed n—= 40 rev/min
By ponciple of conservation of angular momentum lioi=To:
_—_— s —
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h2ampFL2am)Po=>Tim)/' L I 40) / (2/5) Ii=100 rev/min
(b)Final K E gopnog / tmitial KE poonen =% har/ M har =4 L2 am ¥/ 4L an ¥
=Tm?/ inrr =(23) 1 (100)?/ 11 (40 Final K E Rotstion/ mitial K E Retstion =23
From here we conclude that K E becomes mors because the child uses his internal enerov
when he folds his hands to increase the kinetic energv.
3 Answer (2) Given Force applied F=30 N  mass m=3kz . radius=40cm=04m
Moment of inertia of the hollow cvlindar about 1ts axis.
I=MR-=3{(04Y =048 ke m~ Torquet=rx F=04x30=12 Nm
If @ 15 angular acceleration produced then from = la @ = I=12048=25 rad 52
Linear acceleration 2 =Ra= 0 4%25=10 ms™
Let M be mass and R the radius of the hollow evlinder, and also of the solid sphere Thewr moments
of inértia about respective axes are I=MR? & I: =2'5 MR?
Let 1 be the magnitude of the torgue applied to the cylinder and the sphere. producing angular
accelerations ajand o respectively. Then =l ay=1 o2
The angular acceleration a2 produced in the sphere is larger. Hence, the sphere wall acquire lasger
angular spesd after a oiven ime.
4  Answer: (a) [f there were only one propeller in a hehcopter then. due o
conservation of angular momentum_ the helicopter 1tself would have tumed n the
opposite direchon.

(b) Yes, a body in translatory motion shall have anpular momentum. the fixed pomnt about whach
angular momentum is taken lies on the line of motion of the bodv This follows from L =rpsm & | L=0,
only when 8 =07 or &=180°

{(c)L=mvr and v=r w=r{21In) = =/(2[In)

L=prv[v/(2In) Jemv?/(2MIn) ... (1 _AsKE= ¥ mv __._...(1).From (1) & (i)

L=K E /IIn when K E is halved and frequéncy n is doubled then Ly=(K E/2)/(II2n) L:=K E /4 IIn
=14 Therefore The angular momentum becomes %

COMPETENCY-BASED QUESTION 1: CENTRE OF MASS

Two students are carrying a long wooden plank of mass 40 kg, One student holds 1t niear one end while the
other supports 1t at the oppostte end. Their teacher explains that the plank remains balanced because 1ts
centre of mass lizs at the middle of the plank If one student moves closer to the centre, the other student
experiences more load This concept 15 useful in cartving goods, balancing objects and designing vehicles.
1. The point where the entire mass of the body appears 1o be concentrated 15 called:

A)Axis of rotation  B) Torgue  €) Centre of mass D) Momentum
2. Fora unifornm rod, the centre of mazs lies:

A) At one end B) At the muddle €) Outside the rod D) Near the heavier side
3. If one student moves closer to the centre of the plank the other student:

A) Expenences more load B) Expenenices less load

C) Experiences no load D)} Stops balancing
4 A uniform rod 15 4 m long The centre of mass of the rod is located at:
A)lm  B)2m C)3m D)4m

COMPETENCY-BASED QUESTION 2: TORQUE AND ROTATIONAL MOTION
A mechanic uses a long spanner to loosea a tight nut of 2 machine. He finds that applying force at the far
end of the spanner makes the nut rotate more sasily. His assistant lzams that the tumning effect of force 15
called torque. The magniiude of torgue depends on the force applied and the perpendicular distance from the
axis of rotation
1. The turming effect of force 1= called:
A) Momentum B) Torque C) Enzrgv D) Pressure
2 Torque depends on: _
A) Mass only B) Speed only ) Force and perpendicular distanceD)) Densay only
T T —————————
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3 A longer spanner hielps because it
A) Raduces force  B) Increases torque  C) Reduces mass D) Stops rotation

4 A force of 20 N 15 applied perpendicular to a spanner of length 65 m The torque produced s t=rmxF
A)IF Nm BjlONm C)15Nm D) 20 Nm

CBQ 3: CONSERVATION OF ANGULAR MOMENTTUM
A dancer performing on a stage starts spinmng with her arms stretched ovtward. As she pulls her anms closer
to her body, her spmning speed increases. The audience observes that no external torque acts on the dancer
during the motion Her physics teacher explams that this happens due 1o the conservation of angular
momentum. which 1= also observed in planets, spinming tops and athletes
1. The spinning speed of the dancer mereases when:
A) She stretches her arms outward B) She stops rotating

C) She pulls her arms inward D) She bends down
2. The pnneiple involved 1s:
A) Conservation of energy B) Censervation of angular momentum
C) Newton's first law D) Archimedes principle
3. Angular momentum remains constamt when:
A) External 1orgue acts B} Mazs becomes zero
) No external torgue acts D) Velocity becomes zero
4 A whee! rotates at 2 rad's: If its anpular velocity becomes 6 rad's due to decrease in moment of mema_ the
angular velocity increases by

A)2rad's B)3rad's C)4rad's D)8 radis

SOLUTIONS OF CBQ
CBQ 1: ANSWERS 1QC 2QB 3Q A 4Q B
CBQ2: ANSWERS IQB  2QC 3Q C 4QcC
CBQ3: ANSWERS IQC  2QB 3Q C 4QC

S ————
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MULTIPLE CHOICE QUESTIONS
1. The gravitational force of attraction between two mass myand mo kept at a Distance r from each other 15
F. What wall be the gravitanonal force of my 15 Doubled, m; 15 kalved and the distance between them 1= made
thrice?

aF b.F9 c. 4F/9 d. None of these
2. The mass and radius of earth 15 reduced 1o half the acceleration dus 1o gravity would
(a) Remains same (b) decreases by half
() Decreas=s by same amoum {d) incr=ases by same amount
3. At what point regarding earth the value of Force of gravitational attraction of earth 1s
a. At the equator b. At the poles
c. At a point in between eguator and any pole d. At surface of earth
4 Which of the followmng relation is commect?
a GM=gR* b GM =gR’ ceM= GR? d GM=gR

[

What will be the effect on acceleration due to gravity? When the average density of Earth
15 doubled,
a)Remamn constant  b)Will become doubled  ¢)Will becoms four ttmes d)None of these
6. We havs a planet whose mass 15 doubled and radius 1s halved to that of the sarth Then What will be the
value of gravity on its surface If acceleration due to gravity 1s g on the Surface of the Earth.
a_ Bg b dg C.g d. 6g
7. If the law of gravitahon, instead of being inverse-square law, becomes an iverss-cubé Law
(a) Planets will not have elliptic orbits.
{b) Circular orbits of planets s 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 gravitanional force mnside a sphenical shell of vmiform densriy.
8. for earth, Accelaration due to gravity

2 Decreases wath depth b. Increases with depth
¢ Remam 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 penod (1 billions of vears) 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 m closed orbnts.

(d) After sufficientlv long time we will leave the solar svstem.
10. At what height from the surface of the Earth acceleration dus to gravity 15 reduced by 36% to that of 1ts
value from the surface of the Earth? Given that radius of the Earth 1R

a R4 bR c.R2 d. None of these
11 Escape velocity of an object of mass m is proportional to
(&) m* (b)m (c)m™ {d) m"

12. An object of mass m 1s hifted at a height equal 1o the radms (R) of the earth. If the mass of the esarth1s M
and acceleration due fo gravity is g, then the change in gravitational potential energy of the object 1s

{a) mgR (b) 2R (c) MRg?2 (d) mRg?2
132, Two particles of equal mass m ars moving along a circle of rados r under the action of Ther mutual
gravitational attraction. The speed of each pamcls is

(a)  (Gmr?) (6) ¥ (Gmur) @V (G (@) (Gmr)
14 If R 1s the radius of earth, then the acceleration due to gravity will be g/4 at a height from the Earth
surface.

(aiR {b) 2R (c) 3R (dyR2
15 The time period of an sarth satellite in circular orbit s independent of (JEE 2004)

S ————
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(a) The mass of the satellite  (b) radius of 1ts orbut
(c) both the mass and radius of the orbt
(d) neither the mass of the satellite nor the radius of 1ts orbat.
16. The escape velocity of a body depends upon mass as (ATEEE 2002)
{a)m (b) m' {c)m* (d) m?.
17 A satellite 15 revolying closs to the surface of the Earth with speed v, If the radius of the earth 1s suddenly
reduced to half while 1ts mass remains unchanged. the new orbital spead wall be:
[@a)w by v2% (e} 2v (d) w2
18 The escape velocity from the surface of Earth is 11.2 km's. The escape velocity from a planst having
twice the radius and same mean density as Earth s
(a) 11.2 km/'s (b) 224 km/s (e) 138 km's (d) 79 kam's
19 Two bodies of masses m and 4m ars separated by a distance 4 The point where the n=t gravitational
field 15 zero lies: _
[a) At mudpoint (b) Clozer to mass m
{c) Closer fo mass 4m (d) outside the line joining them
20. A body 1s projected vemceally upward from the surface of Earth with a speed of 8 km's
Given that the escape velocity from Earth 1s 11 2 k', the maximum height attamed by
The body 1s approximately-
(a) 1.04x10° m (b) 2.5<10*m {(c) 64=10°m (d)32=10°m

ANSWERS:-
_ BMm
1b. F'O (Hint =)
AS
G- :
=M g g= gxlﬂﬂ
24 (Hint ® and \2J) =2 ,%increase 5 )

GM

2, (Hmt: Radius of carth 15 less at Equatﬂr;- )
a (Hint: GM=gR2)

4
g:.-.

R
b (Hint- 377
a (Hint- =GMR2)
a-

o

-..Ill::l'q.l».ﬂ

a
d

o oo

| .. E"‘—F—-I|‘

10.a R4 Hinr- 5%

11.d. Explanation: Escape velocttv = v 2gR. Tt 1= independant of mass.

12 d. Use gravitational potential snergy formula: U=—GMm'r .
Initial distance = R_ Final distance = 2R, Find; AUSUFf1h ., Alsouse : e=GM/R"

13.a Gravitational force provides centripetal foree. Gm® /(2r)=mv~ 1 Solve for v

14 a_s=s(RR+h)’  Gven- m=z'd g , Solve forh

15a T=E:;‘ﬂ£|5'-‘GM . Time penod depends on orbiial radius o, not on satellite mass.

16 a Hint-Escape veloeity: v=V2GMR Mass of the body does not appear in the formula.

17 b Hint- Osbital speed: v=vGMTR .. If radius becomes (R 2}, v'=0(GM)/(R:Z) =\2v

18. c. 13.8 km/s Hint- Escape veloenty: v=2GMR _ For same densitv: | MoRIM.
Subsntuts in the formula and compare with Farth's escape vélocity

19b. Closer to mass m

S ————
FAET MYSURT-S3M-PHY SICS. X120 17 3




- -

208 104%10" m uvee this sympler formula:, h=R+" /vei—7

EXERCISE MULTIPLE CHOICE QUESTIONS
1. at what height above the earth's surface weight becomes 30 ke 1of he weighs 60 kg at
Earth's surface Given radius of earth 1s 6400 Jom
fa) 2624 km (b} 3000 km (c) 2020 km {d) None the these
. There are two bodies of masses 1 kg and 100 ke seporated bv a distance [ m_ At what
Distance from the smaller body_ the intensity of gravitational field will be zero

Il

(a) 1'9m (b) 1'10m (c)1/llm (d) 10/11 m
3. A particle falls towards earth from mfinity. It's velocity on reachmng the earth would be
(a) Infinity (b) V2eR (€) 2 ¥R (d) zero

4. 1f g 15 the aceeleration due to gravity on the earth’s surface, the gain in potential eneroy
Of on object of mass m raised from thesurface of earth to a height equal to radius R of the Earth is
(a) 1'4mgR (b) L2 mgR (¢) 2msR (d) mgR
. Assuming the sarth to be'a sphere of uniform mass density, how much would a body
Wetgh half way down to the centre of earth, 1f 1t 1s weighed 250N on the surface.
(a) 240 N (b) 210N ()19 N (d) 125N

It

ANSWERS OF EXERCISE QUESTIONS:
1.(d) 2 (o) 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 overiake satellite A by increasing 1ts speed.
Reason (R): Orbiial speeds of two satellites 1n same orbit mav different
2. Assertion (A): For asystem of mass=: ar some finite distance, gravitational field can be zero but
gravitanional potential cannot be zero.
Reason (R): Gravitational field 1= a scalar guantity while gravitational potential 15 a vector guantity
3 Assertion (A): Period of revolution of satellite in circular orbit around sarth 1s invers=ly proportional to
cube of its orhiial speed.
Reason (R): Penod of revolution in uniform circular motion 15 given by T ==2Xnr'v, where r 15 radins of
orhit and + 1s spéed.
4. Assertion (A): Assuming zero potential ar infinity, the gravitational potental at a point can never be
positive.
Reason (R): The mazsmimude of gravitational force betwesn two patrticles has inverse square
Dependence on the distance between two particles.
5. Assertion (A): Gravitational field of a uniform sphernical shell outside 1t 15 same as that of
Particle of same mass placed at its centre of mass.
Reason (R): For the caiculation 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 15 necessanly along the
Line joining their centre of mass
Reason (R): The gravitational force between two particles 15 not central
7. Assertion (A): Moon r=volvimg around earth doss not come closer despiie earths gravitational atiraction.
Reason (R): A radially outward force balances earth s force of aifraction during revolution of moon.
£ Assertion (A): Charged particles sxperience both electncal and gravitational force. But gravitational
force is 1gnored.
Reason (R): Gravitahional force 1s due to miass of particles while electrical force 1s due to charge of
particles
9 Assertion (A): An arnificial satellite of earth releaz2s 3 packst It wall hit the carth sxactly
Below the satellite.

S ————
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Reason (R): Packet will move along a straight line towards arth's centre with respect to satellits.
10 Assertion (A): If carth stops rotating about its axis, then the value of aceeleration due o
Gravity mcreases everywhere, except at the poles.
Reason (R): The valus of acceleration due to gravity 1s maximum at the poles

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

EXFERCISE QUESTIONS

I. Assertion (A): At the centre of the sarth, a body has centre of mass. but no centre of gravity,

Reason (R); Acceleration due to gravity 15 zero at the centre of the sarth.
2, Assertion (A): The mechanical energy of earth—moon svstem remains same when another

Heavenly body passes nearhy the earth-moon system.

Reason (R): Force exerned by heavenly body on the sarth—moon svstem 13 non-conservative.
. Assertion (A): Gravitational potential of earth at every place upon it 1s negative.

Reason (R): Everybody on earth is bound by the attraction of earth
4. Assertion (A): Gravitanonal potential energy of anyv mass particle mav not be zero at earth

Centre.
Reason (R): Gravitational fizld intensity at earth centre 15 zero.
Assertion (A): When planet moves in elliptical orbit around Sun. Its angular momentum
About sun remams conserved.

Reason (R): Total mechanical energv of planet — sun svstem remains conserved.

Reason (R): There is no gravitational force on the satellite.

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

led

2

2 MARKS QUESTIONS

LIf existed a planet that went around the sun twice as fast as the earth What would be its orbital size as
ca:}mpa.r@d to that of the earth?

2. The gravitational force on the Eanth due to the Sun 1s preater than that of the moon.

However, the tidal effect of the moon’s pull 1s sreater than the nidal effect of the Sun. Why?
3. Derive the expression for aceeleration dus to graviy at the earth’'s surface. Given that M s

Mass and R 15 the radius of the sarth.
4. The figure shows =lliptical orbit of a planet m about the sun S, The shaded area of STD 15

Twice the shaded area SAB. If 11 s the time for the planet to moeve from D to C andtz_ 1s

Time to move from A to B, what 1s the relation between fiand 127

0
e _wﬁ_w!,%;ﬁ iy

ﬁl-l.rF ;
A L

3. Prove that the weight of a body at the centre of the Earth 1s zero

6. Hydrogen escapes faster from the Earth than oxygen Why?

7. We cannot move even our litils finoers without disturbing the whole universe. Explain why.

£ Explain why tenms ball bounces higher on hills than on plams.

9. If the planet Earth 15 considered to have mass M and radius B calculate the average
Density of Earth.

10. Caleulate the enerpy requuired to move a body of mass m from an orbit of radws 2R 1o 3R

ANSWERS
1. Answer : According to Kepler s thud law
If planets move faster with double speed then 1t will fake half time period of revolution
Around sun as thatof earth. Te =l yvearIp=03vyear rn=1AU. r=r(lpTe 4 =
T T —————————
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1AU (0 5year/ lyeary~" =063 AU
2. Answer: .The tidal effect depends inversely on the cube of the distance. unlike the force:
Which depends mversely on the square of the distance. The distance of the moon from the
Ocean water 18 verv small compared to the distance of the sun from the ocean water on
Earth Therefore. the tidal effect of the Moon's pull is sreater than the tidal effect of the
Sl

3. Answer: Derivation

4. Answer: Using Kepler s [I Law t;=213

5. Answer: An atmosphers means the presence of a muxture of a number of gasss. The molecules of these

gases are in a state of continuous random thermal motion moving at different velocities. As the value of
escape veloeity on the surface of the moon 1s small (only 2.3 km s7*), the melecules of gases with
velocities greater than the escape velocity moved out of the atmosphere. As ime passed, nearly all the
molecules escaped from the moon’s atmosphere.

6. The thermal speed of hyvdrogen 15 much larger than oxygen Therefore, a large number of hydrogen
miclecules are able to acquire escape velocity than that of oxvzen molecules Hence hydrogen escapes
faster from the Earth than oxygen.

7. According to Newton's law of gravitation. every particle of this universe atiracts every other pamncle
with a force that 15 mversely 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 m
turn disturbs the whole vmiverse

8.The value of acceleration due to gravity 1s lesser on hills than on the plains so the weight of the tennss ball

at hills is lesger than that on the plams and hence 1ts 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 uszd to sstimats the mass and density of the earth:

7

GJ.H gﬂ‘
F=— M="—
As we know R*  szowehave G
:E-""- G :‘tiuﬁ 2 . g
¥ il ) =3598x10" ke = 10" ke
GaT=107
4 ig
g=—mapGR p=
and as we know 3 . 50 we have 47GR
Ix9.8 - : :
p= T F=34784 kg/m’
& $x3 1466872107 K410
10Answer: S
ittt PE of waw s abit of i R= 1= 'ih_
it
U=
Ohdss

L= —
4 iR

) o
FL-IU,—L,:E-HH[E 1]

= fl'f_'._"l_nl_

hi

EXERCISE QUESTIONS
I The radu of two planets are R and 2R respectively and their densmies pand p 2 respectively, What is the
ratio of aceeleration due to gravity at their surfaces 7
2 If arth has a mass 9 times and radius 4 times than that of a planet ‘P Calculate the scape veloctty at the
planet ‘P’ if its value on earth 15 11 2 kms™"
3 At what hewght from the surface of the sarth will the value of “g” be reduced by 36% of 1fs valus at the
surface of earth. '
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4 The mean orbital radws of the earth around thesun s 1.5 x 10% km. Calculats mass of the sun if G =667
* 10 Nmi ke ?
> Why the space rockets are generally launched west to east?

ANSWERS
1.1:1,2.747 km's, 31600 km. 4201 = 10™ ke
3. Since the sarth revolves from west to east. so when the rocket = launched from west to east the relative
velocity of the rocket increas=s which helps it to rise without much consumption of fuel.

SHORT ANSWER QUESTION (3 MARKS)
1. Three sgual point masses, each of mass m_ are fixed at the vertices A, B, and C S
of an equilateral triangle ABC. The centroid of the trianole 15 G, and the distance o
from the centroid to each vertex s 1 m, 1 e £\

A =86=0C6=1m \
A particle of miass 2m is placed at the centrond G /e
Determine the net gravitanional force acting on the particle of mass 2m due to the & '
three masses placed at the vertices of the mangle. ——
2 State the Kepler laws of the planstarv motions i
3 In a two stage launch of a satellite, the first stage brings the satellite to a heipin
of 130 km and the 2nd stape gives 11 the necessary critical speed to put 1t in carcular orbit. Which stage
requires more expenditiire of fuel? Given mass of earth =60 = 1024 ko radius of Earth=4001m_
4 Denve the expression for the acceleration due to gravity at a depth's” from the surface of the Earth.
3. Three equal masses of sach mass m ar= placed at the three vertices of an equilateral tnangle of each side

a Find the gravitational potential at the centroid of the tnangle.

6. Denive the relation between escape and orbital velocttiss for a body revelving very close to the sarth'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 =arth 15 4.8 N ke, Calculate
sravitational potential at that point.
8 Assuming the globe 15 a sphere with constant mass density, how much would a body weigh halfivay down
to the planet's centre? Given that wesght of the body on the surface of the planet 15 230N,
9 Whte 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 eanth's surface to a height equal to the radius of the carth B What will be the increase
i1 the potential energy of the body?
10 State and prove Kepler's third law of planetary motion

ANSWERS
1. Three equal masses of m kg each are fixed at the vertices of an
equilateral triangle ABC What 1s the force athing on'a mass Im
placed at the centroid G of the thangle

Net foree F=FGA ~FGB ~FGC =10

2 Kepler's 1st Law of Orbats: This law 15 popularly known as the law of orbits.
The orbit of any planet 15 an ellipse around the Sun with Sun at one of the two
foct of an llipse: In-an ellipse, there are two foct and Sun 15 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 planst to the Sun sweeps out equal areas in equal interval of ime. The mate of change of area with
tme will be constant.

T T —————————
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Attel Veluelty = I-" =

I
ifml\*cluull3=ﬁ where L= Aogder moementom i o e mass of e gl

Kepler’s 3rd Law of Periods: This law is known as the law of Periods. " | Tax
The square of the timie penod (T) of the planat s durectly proportional to |
the cube of the semiriajor axis(a) of ifs orbit. T° 6 | -
3. Work done on satellste in first stage = W1 =PE at 150 km — PE at the
surface Ratio wl/w2 —
=3/64 (less than ane) W2 > WL, so second stage requires more energy.
4. Acceleration due to gravity at the surface of the zarth
GM 4
=3 @
Acceleration due to gravity at -:iepth d from the surface of the sarth
g=§npﬁﬁ—m | g- g]i—EJ
—.(u) From (1} and (1) 2
v GH
5. Gravitational Potential at pomnt 15 given by r
Gravitational potential at centroid due all three masses will be equal and will be given by

F1 —V"—FE:—%
X

-
Now tatal gravitational potential at the centroid of the tnangle. ¥ (Putx)

S Disdvitit
GM oM

= W Fashh bl . -
7.E= R I V=-48>10000x10°=-4 8x10 Jkg!

8. Acceleration due to gravity at depth d ts given by g

I L .

9. The gravitanional potential énergy of a body atapnmt 15 defined as the'amount of work
Done in bringing the body from infinity to that point against the gm’rrmnuaal forca.

This work done is stored inside the body as 11s gravitational potential energy
Ghim
r

=

10. Derivation

FIET MYSURL-55M-PHY SICS. X1-2004-17

e




EXFRCISE QUESTIONS

1. A body released at the distance » (r > R) from the centre of the carth. What 15 the veloctty of the body
wben 1t strikes the surface of the earth 7
. Denive the expression for the acceleration due to gravity at height "h' from the surface of the earth
Jupiter has a mass 318 times that of the earth, and its radius 15 11.2 times the earth’s radius . Estimate the
escape vels?{:tty of a bodv from Juprer s surface, given that the escape velocity from the earth’s surface s
112kms™.
4. The distance of Neptune and Saturn from the sun 15 nearly 10 m and 10 mrespectively. Assuming that
Ihnw move in circular orbits, then what will be the rano of their peniods.

3. If the radius of earth shnnks by 2%, mass remaming constant How would the value of acceleration dueto
gfmftj. change?

led I‘U

HINTS AND ANSWERS
l L ._R ?'; -
9’ = 13* 1——_3 g
’F‘L”'I 51 H [Ash<< R]
3 39 7 kms!

4Bv Kepler's T law Ta:Te=366-1
3. Taking logarithm log g=log G+ 2 log m—2 log R_ differentiating it we get it 4%

5-MARKS QUESTIONS

1. Define the gravitational potential enerey of a body on the surface of the Earth A bodyv of massmisat a
distanre of r from the centre of the sarth If M 15 the mass of the earth and R 1s the radius of the sarth then
find the gravitational potential energy of the body,
2. Define escape veloaity. Does the escape velocity of a body from the Earth depend on (a) the mass of the
body. (b) the location from where 1t is projecied, (c) the direction of projection. and (d) the height of the
location from where the body 1s launched? Why the atmosphere of Jupiter contains light gases (generally
hvdrogen) whereas the Earth's atmosphers has little hvdrogen gas?
3 (1)5tate Kepler's second law of planetary motion.

{1t) Show that Kepler's Second law i the law of conservation of angular momentum.

{11) A Satum year 13 295 umes the Earth year. How far 1s Saturn from the Sun 1f the Earth

i= 1.50 x 10° km awav from the Sun?
4 Denve the expression for escape velocity for a body projected from the surface of the earth. Calculate
escape veloctty on the surface of the eanth +f the radius of the earth 15 6400 Km and acceleration due 1o
gravity 18 9.8 m/s” on the surface of the earth. A body 15 projected out thrice the escape velocity. What wall
be the velocity of the body far away from the earth? Ionore the presence of the sun and other planets.
3. Define orbital velocity. Derive the expression for the orbital velocity of a satellste orbiting

i an orbit-at 2 height h from sarth surface.
(11) A rocket 15 fired from the carth towards the sun At what distance fmm the earth’s
Centre 1s the gravitational force on the rocket zero? Mass of the sun=2 x 107" 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 derve the expression
2. Escape Velocity 1s the minunum velocity an object must have to escape-a celestial body s gravitational
field permanently. or without ever falling back again Fscape velocity of the body is given by

B ¥, =4/ 28R [As GM =97
R
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Where M 1= mass of the sarth and R 1s radius of the sarth and g 18 acceleration due to gravity on the eatth

surface, '

{a)Escape velocity does not dependent upon mass of the body to be escaped

(b}Escape velocity does not dependent the locahion

(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 1s much larger than the escape velocity of Earth So in order 1o escape
from the surface of Jupiter, a very large velocity 1s required. Since the thermal

Velocity of hydrogen gas molecules 1s lesser than the escape velocity of Jupiter. therefore

Hydrogen can't 2scape from the surface of Jupiter:

3.Kepler’s 2nd Law of Areas: The second law states that
The areal velocity is constant 1e. area covered by the
Radms vector 15 the same 1 egual intervals of ime. [f the velocity and
radiug at the nme, §1 is v1 and r; while at another place these are v2 and
r: in the same time, then the area covered by the planet 1n these miervals
are

() usmmg Yz(vityo=':2(eathr: (area of mangle =32
basexheight) . mvin=mwvinz Li1=1La
(1) A Saturn vear 15 295 times the Earth vear Earth 151,50 x 10® km away from the Sun
Using Kepler's I law ~ distance =14.32x 10" m
4. Escape veloaity s the mummum veloaity with which a body must be projected vertically
Upward so that 1t can just escape the gravitanonal field of the Earth
Expression for escape velocity:

TR =V, =422R [As GM =gR"]
Total Kinetic enerey by which bodv is projectad
Ki= ¥ mVy  Minimum Kinetic energy required by body to overcome earth
Gravitational field Kz= ¥am Vs Kinetic Enerov of body just after crossing sarth
Gravitational ﬁdd
K:= ’v‘rmV meccns:m*zuoncrfmecgg ,Kl—F._ K3
YmVii=%mV_E+%m Vs '5.3 = V: - Vi HereV=112km'sand Vi=
3x11 2 km/s V3 =31.68 km/s
5. The centripetal force mv2'r required by the satellite to move in a circnlar orbst is provided
by the gravitational foree between satallite and the Earth.

45’——!‘7 F.' h Ag GM =oR° and r=R=h]
{(11)Using umiversal law of gravitation X =239 x 10" m

EXERCISE QUESTIONS
1.(a) A satellite moving with an angular speed equal 1o the.angular speed of earth’s rotation
Eind the radius of its eireular orbat
(b) find the titme it takes to come over equatorial plane [If the satellite s directly above the
north pole at some mnstant, Mass of the eanth= 6«10 ke
2 A satellste of mass 300kg 15 orbiting the Earth at a height of 300 km above the Earth's

S ————
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Surface The radis of the Earth 15 6400 km  Calculate:

(t) The 'gravﬂ;_ltinniﬂ potential energy of the satellite n orbat.
{11)The kinetic energy of the satellite 1n orbit.

(111) The total mechanical energy of the satellite.

ANSWERS:
I (1) madms=423km (1) ime = 6 hours
2(0)—297=10°T (i) L27=10%T (i) -1. 71007

CASE STUDY-BASED QUESTIONS
1. Origin of Gravitation
The ongm of gravity evolved from Newton's description of a force between masses to Emstein’s
conceptualization of gravity as the curvature of space nme. While Newton's laws work well for everyday
sttuations, Emstein's theory provides a deeper understanding of gravity, explamming phenomena that
Newton's theory could not, such as the bending of light and the behaviour of objects near black holes.
Today, gravity 15 understood as a result of the interaction between mass and the fabnic of space time, a.
concept that has'been vahdared through both theory and experiment.
(1) Two astronauts are floating in gravitational fres 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 stationarv (d) kesp floating at the same distance between them
(11) Two spheres of masses m and M are situated in air and the gravitational force
Between them 15 2F. The space around the masses s now filled with a liguid of
Specific gravity 3. The gravitational force will now be
{a) 6F (b) 2F (c)F/é6 () F2
{111) Whach of the following best describes gravity according to Newton's Law of universal Gravitation?
a) It 15 a force that attracts two objects based on their mass and the distance between them
b) It s a force that repels objects based on their mass and the distance between them
¢) It 15 causad by the curvature of space time arcund objects
d) It s a quantum mechanical effect between subatomic particles
() Why s gravity so much weaker than the other fundamental forces (strong nuclear force, electromagnetic
force. and weak nucléar force)
{a) 1t acts specificaliy {b)it acts universally
(c) 1ts value decrease with height {(d) it obeys inverse square law
2. ‘¢ IN OUR LIFE
Early in our lives. we become aware of the tendency of all matenial objects to be attracted to the earth.
Anvthing thrown up falls down towards the earth, gomg uphill 1s lot more tinng than gomg downhall,
ramndrops from the clouds above fall towards the earth and there are manv other such phenorhena
Historically it was the Italian Physicist Galileo (1364-1642) who recognized the fact that all bodies,
wrespective of their masses, are accelerated towards the earth with a constamt acceleration. It 15 said that he
made a public demonstration of this fact. To find the tuth, he certamnly did expenments with bodies rolling
down mclined planes and amived at a value of the acceleration due to gravity whuch is close to the more
accurate value obtained later
(1), Which of the followmg factors causes the acceleration due to gravity to be shightly
Weaker at the equator compared to the poles?
A) Earth's shape (oblate spheroad)  B) Earth's rotation

©) Altirude above sea level D)BothAandB

(11).-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 z=2a leve] at the equator d) At the summit of Mount Eversst

(111). which of the followmng 158 NOT a factor that directlv influsnces 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
(). Does the gravitanonal force between twe particles depends upon the medium betwesn them?
3. Case Study (ENERGY OF A SATELLITE)
we will explore the energy dynamics of a satellite in orbat around the Earth. The satellite is assumed to be
in a circular orbit, and we will examine the kev aspects of ts enermy—kanetic energy, potential energy.
and total mechani¢al ensrgv—over ime. The total mechanical energy 1s negative, which indicates that the
satellite 15 in a stable bound orbit. This enerzy remains constant as long as no extemal forces (22
atmosphernc drag or orbrtal adjustments) affect the satellite’'s motion.
(1) What type of energy 1s pnmanly responsible for keeping a satellite 1 1ts orbit around the Earth?
a) Kinetic energy b) Gravitational potential eneroy
c) Elastic potennal energy d) Electrical energy
(1) It & satellite 1n orbit loses energy due to atmosphenc drag. which of the following 1s Iikely to happen?
a) Its orbat will remain unchanged b) Its orbital altitude will increase
) Its orbatal altitude will decreass d) Tts velocity will increase
(111 )At what point 1n a satetlite’s orbit 15 1ts kinetic eniergy the greatest?
a) At the apozes (farthest pomnt from Earth) b)) At the peniges (closest point fo Earth)
¢} At the center of the orbit d) At the equilibrium point
{(1v) Which of fellowing is true about the gravitational potential energy of a satellite 1n orbit?
a) It 15 always positive and mecreases with altrude
b) It 15 alwavs negative and decreases with altiiude
c) It 1s always zero
d) It 15 positive and dzereases with altiruds

ANSWER -CASE STUDY BASED QUESTIONS

1. (ORIGIN OF GRAVITY) 1.{d) u (b) w(a) 1w (b)
2. (‘a" IN OUR LIFE (i) )Both A and B (ii). ¢ (iii).(2) (iv). No
() b) G).c (ifi)(B) @v). b
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CHAPTER - 8: MECHANICAL PROPERTIES OF SOLIDS

A comprehensive, exam-oriented summary for CBSE, JEEJ' NEET aspircnts.

4. Moduli of Elasticity

El!l-l:l.lt.'—ltf va. Plasticity Fotiod of Stroas to Straln for dilferent types of deformuaton,
nunhr.' Property to regain odginogl Young's Modulus (Y)
shape/size after deforming force Ratio of Monmal Strees (0 E-L
removal (e.q., Quartz fiber). Lunghudinal Strain: applies anly Y= AAL
Plasticity: Inability to regain shape . to solids.
(=0, Putty, Mud), Bulk Modulus (8 or K)
The Elastic Limit Ft:;in ol lﬂiydr-ullu Stroas 1o 8 P
-rh' l'rlnﬂf‘l‘ll-ll'l"l d-ﬂiﬂ"ﬂlnﬂ {ﬂl’m up o) Whiﬂh i Mdy Valumetric a-l.ﬂ."‘; nﬂ‘ﬂﬂ“"ﬂ} Hﬂl‘l - nva
retaing |ts elasticity, exceeding this couses permangnt Indicotes volume decrense.
deformation Shear Modulus (G or rp)
Parfect Materials (idealized) Ratio of Shearing Stress 1o Shoaring - FIA
Strain; represents the moterinls G=-—2—
Fhonrhn bronze |s the nearest approach to a perfectly ; rep ;]
elistic body, while paraffin wax is naarly paifectly rigldity.
| plastic L Quick Moduli Reference
: | (Wwduls | DT e | Aot ie e
2. Quantifying Deformation: 3. Hooke's Law & The e 1311:.:: ¥ .ﬁl ST
Stress & Sirain Stress-Strain Curve P e
Ui Whinstie BApsiiis av Ewarn
Stress: The Internal Restoring Hooko's Low PrTR  Te— ~ THA | it o
s Within the elastic limir, Stress (s 107 | ey i ] |
Defined a3 Restoring Force par ‘direetly proportionnl 1o Strain. .
unit Aron, — ! o »
£ Stress o Strain E.Mﬂlllllﬁﬂﬁﬂnnﬂptl,
Stress = - =N , Paisson's Ratio & Energy
. Regions of the Siress-Strain :
51 Unit: Nfm? ar Pn“f" (Pa), Curve Poisson's Ratio (o)
Dimansions: (MLT2). il‘hglmtln n-thﬂfrnl ﬁh'lln l:l:?équnflq
Strain: The Relative Deformation iy lamnete)) 1o Longludinil Strain
| h),
The ratio of change in confliguretion (chanoe i Ign.ut : .
e the atlgingl configurstion; it is - Lateral Strain
dimanaionless and unitiess Lon inal Strain
I L o - Practical velues mnge betweén O
i —Lw AL Includes the Pfupnrllunnl Limit udndiatl
L ginnar}. El:lgm It.hfiﬁi:!{\'lad Paint), Elastic Potential Energy
ermanen A ko Wark done in atretching a wire ia
Types of Stress & Strain deformation), and Fracture Point '
{ortadem (v gharon, | | Gl ek g
umetrie (Volume change), an el :
Shearing {Shape change *En angulnr Material Classification via Graph U= Fl * Stress = Strain » Volume
digplacemant 8), Ductile materials have o lango ’
lastle range (wite), Brittle matorials
a 0 [ ﬂ I WE 0 “a:::l::mgﬂﬁ rlmgf{ biss) 6. Real-World Applications
Lenyiudinl " lekﬂrs Law but return to shape. (NCERT Case Studies)
—~ i J Crane Ropes & Bridge Beams
5 : / S Ropus are dnﬁk?nnd fo lodd stress
L‘ Shiaiing 1 ﬁﬁl—l - “I‘l'i-‘ﬁ-_.- t"l-'.-:.*m-r- | mﬂ:ﬂ:ﬂﬂl‘.‘ﬂ'ﬁl tie ﬂ*ﬂlﬂﬁ "ﬂ'l“r

Beams (|I-shopea)

- . \F - ’ are used 1o radiios
7. Exam Corner: Vital Formulae Box - fahaned. | ding (8) which

depends on 1/

Comproasibility (C) = é Force Constant (k) = 'f:l.
Why Mountaing have a Height

Reciprocal of Bulk Modulus, From F = kil Limit
= 1 i Tha maximum height (~100km on
Enorgy Density = 5 = Stress = Strain or = ¥ = (Strain)? Enrth) in limited by the etastic lmit
= = of the rach at the mountain's bagse
Energy per unit volume. under its own wieight
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MULTIPLE CHOICE QUESTIONS
1. Modulus of rizidity of ideal liquid is.

(a} mbniry (b) Zero (¢) Unity (d) Finiste small non-Zero constant
2. With rise in temperatore, the Youns's modulus of elasticity: [JEE Main 2024]
(a) Changes ermatically (b) Decreases (c) Incredases (d) Remauns unchanged

3. One 2nd of a metal wire 15 fixed to a ceiling and 3 load of 2 kg hanes from 1t Another identical wire
1s attached below carrving a 1 kg load. The ratio of longitndimnal stramn m upper wire to lower wire 1s:

[JEE Mam 2024]
(a)1:1 bB2:1 fe)3:1 (d)1:2
4. Thestress—strain curve for a ductile material shows: [NEET 2024}
{a) Sudden fracture  (b) Large plastic deformaton (c) No elastic rezion {d)
Constant stress throughout '
5. The property of a material by virtue of which 1t can be drawn into wires 1s:
(a) Elasticity (b) Ductility (¢) Malleabality (d) Brttleness

6. Assertion (A): Elasticity 1s the property by virtiue of which a body regans 1ts original shape.
Reason (R): Plastic bodies regam onginal shape completelv afier 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 1s:
() [MLT™] (b) [ML™T] (e) ML T] (d) [MLT]
8. The SIumt of Young's modulus 1s:
(a) N (b)J (e} Pa (d) Watr
9. The rano of lateral strain to longstudinal strain 15 calisd: [JEE Main 2022]

{2) Shear modulus (b) Poisson'sratio (¢} Bulk modulus (d) Elastc limst

10. A body retumns to 1ts origmal shape after removal of deforming force. The body 15 said to possess:

INEET 2024]

(a) Plasticity (b) Viscosity (¢) Elasticity (d) Rimdity

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

(@) 1:2 (b)2:1 fcyd 1 (dy1 4
12. Two wires 4 and B are of same matenials. Their lengths are in the ratio 1 ; 2 and diameters are 1n the

ratio 2 © | when stretched by force and respectively they set equal increase in their lengths. Then the
ratio should be

(@12 (by1:1 (€121 (d)8:1
13. An Indian rubber cord L metre long and area of cross-section A meter” is suspended vertically. Density
of rubber is D ke'm® 2nd Young's modulus of rubber ie E N/m~ If the wire extends by [ metre under
its own weight, then extension [ is
(a) L"DglE (b) iDgi2E () *Daf4E (d) L
14. To break a wire, a foree of 10° N/m® is required. If the density of the material is 3x10° ke/m”_ then
the length of the wire which wall break by its own weight wall be

e —
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(8134 m (b)30m (e)300 m (d)3m
15 An elastic matenal of Younz's modulus T 1s subjected to a stress §. The elastic energy stored per unit

volume of the material 13

2¥ = s g

(2) = (b) 7 (c} ¥ (d) Y

16. The stress versus strain graphs for wires of two materials A and B are as shown ,
m the figure. If ¥, and ¥; are the Young "s modul of the matenials. then

f_ﬂ} Ye=2Y, (b) Yas= Fa{t} Y2=3Y, fd) Ya=3Y:

17. The diameter of a brass rod s 4 wom and Youngs modulus of brass 1s
910" N/ m® . The force requited to stretch by 0.1% of its length is
(2) 3602V (336N (o)1Hzx10°N (d)367%10° N
18. Two wares of equal lengths are miade of the same matenal Wira 4 has a diameter that 15 twice as that
of wire B If identical weights are suspended from the ends of these wires, the increass in length s
(2) Four times for wire 4 as for wire B (b)Twice for wire 4 as for wire B
{c) Half for wire 4 as for wire B (d)One-fourth for wire 4 as for wire
19 A 5 merre long wire 1s fixed to the cailing. A weight of 10 kg 1s hung at the lower end and 15 | mermre
above the floor. The wire was elongated by 1 mm. The enecgy stored in the wire due to stretching 1s
(a) Zemo (b) 0.053 joule (¢) 100 joule (d) 500 joule
20. A wire undergoes longrtudinal stramn of 0.004 and lateral strain of 0.001. Poisson’s ratio 1s:
(a) 0.25 (b) 0.5 {c) 0.75 (d) 1

_ ANSWERS OF MULTIPLE-CHOICE QUESTIONS
OPTION | Q No | OPTION | QNo. | OPTION | Q. No | OPTION

) No:

1 b 6 c 11 c 16 d

2 b 7 b 12 d 17 ' b

3 E 8 € 13 | a 18 d

4 b g b 14 a 19 b

3 b 10 c 15 b 20 a

HINTS OF MULTIPLE-CHOICE QUESTIONS

1. Modulus of ngidity of 1deal hquid 1= Answer: (b) Zero
Solution: Liqmids cannot resist shear stress, so modulus of nedity =00
2. Wiih rise in temperature, Young s modulus Answer: (b) Decreasss
Solution: [ncrease mn temperature weakens intermolecular forces, reducing elasticaty.
3. Ratio of lonmitudinal stramn in upper wire to lower wire Answer:z (c) 3 - 1
Sol: Upper wire supports 3 kg while lower wire supports 1 ke Since stramn & force, ratio =3:1.
4. Stress—strain curve for ductile materal shows Answer: (b) Large plasuc deformanon

Solution: Ductile matenials elongate considerably before breaking.

S ————
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3. Property by which material can be drawn into wires Answer: (b) Ductility
Solution: Ductility 1s the property of formung thin wires.

6. Assertion—Reason Answer: (c) A is true; R 15 falee
Solution: Elastic bodies regain onginal shape. Plastic bodies do not regaan oniginal shape complstely.

7. Dimens:onal formula of stress Answer: (b) [ML™T ]

Solution: Stress = Forca/Area = [MLT =)L) = [MLPT]L

8. ST unst of Young s modulus Answer: (c) Pa

Solutien: Young s modulus has the same unit as stress. 1.2, Pascal

2 Ratio of lateral stramn to longitudinal strain Answer: (b) Poisson’s ratio
Solunon: Poisson's ratio = lateral stramn | longrudoal stram

10. Body regains original shape after removal of force Answer: (c) Elasheity

Solution: This property 15 called elasncty

11 Ratio of extensions of wires Answer: {(cy4: 1

Solunon: Extension 1s inversely proportional to area and area o r°

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

Solution: Using AL =FI/AY and equal extensions, the ratio becomes 8:1.

13 Exiension of rubber cord under own weight Answer: (a)

Solution: Extension under self-weight 1s | =DL%g / JE.

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

Solution: Using o= pgL.. the calculated length 1sabout 34 m.

15. Elastic energy stored peruntt volume Answer: §°/ 2V

Solution: Energy density = %: * stress = stramn = 5/ 2Y.

16. Relation between Young s moduli Answer: Depends on graph slope
Selunen: Young s modulus 1s propornonal to slope of stress—stram graph.

17 Force required to produce 0 1% strain Answer: (b) 36N

Solution: Using Y = (F/A)/strmin gives approximately 36 N.

18. Increase n length of wires Answer: (d) One-fourth for wire A as for wuwe B
Solution: Extension is inverssly properiional to area.

19 Energy stored 1n stretched wire Answer: (b) 0057

Solution: Using UV = %FAL gives 005 T

20 Poisson’s ratio Answer: (a) 0.25

Solution: Poizson’'s ratie=0.001 / 0.004 =025
ANSWERS OF ASSERTION-REASON TYPE QUESTION

Chooss the correct option;
(A) Both Assertion and Reason are true and Reason 18 the correct explanation of Asserhion
(B) Both Assertion and Reason are true but Reason is not the correct sxplanation of Assertion.
(C) Assertion 15 true but Reason 15 false. (D) Assertion 15 false but Reason is true.
1. Assertion: Stress 1s directly proportional to strain withun elastic himut,
Eeason: Hooke's law 15 valid only within elastic it
2. Assermnon: Steel 15 more elasnc than rubber.
Reason: Steel has greater Young s modulus than rubber.
3. Assemon: Bulk modulus 15 applicable te hiquids.
Reason: Liquids can easily change their shape but not volume.

S ————
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4. Assertion: A perfecily elastic body regains itz onginal shape completely after removing deformuing
force.

Beason:' Elasticrty 1z the property of permanent deformation

Assernion: The $1 unit of stress 1s pascal

Reason: Stress 15 defined as force per untt area.

Answer:

Ly
1

i | 2 3 1
A i. A '_ B C

L

2 MARKS QUESTIONS
Define Young s modulus of elastcity.
State Hooke s law. Deduce expression for voung s modulus of matenal of a wire of length 1, radios of
cress-section 't loaded with a body of mass M producing an extenston Alin it
Give reasons why the springs are made of steel and not of copper.
A ware of length | area of crossection A and voung's modulus Y s stretched by an amount x. What 1s the
work dons 7
Prove that the elastic potential energy per unit volume 1s equal to stress * stram
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 1s more elastic steel orrubber. Explain.
Two wires P and Q of same diameter are loaded as shown in the fioure The lensth of wire Pis L m and
its young's modulus 15 ¥ N/m? while length of wire Q is twice that of P and 1ts material has young's
madulus half that of P. Compute the ratio of their elongation.

P Hint__.
i, L
L_mkg
Jig 21 Kt 1
Al = *
Q A NTE MY
Q My 3
Al
2m kg ’

In case of emergency. a vacuum brake 15 used to stop the train How does this brake works 7
SOLUTION OF 2-MARKS QUESTIONS

. Young s modulus 15 defined as'the ratio of longitudinal stress to longitudimal strasn within the elasne

limit of 2 matenial Tt measures the resistance of a solid to a change in its length.
Denvanon: Let a wire have length "1™ and radius "r". Area of cross-section A = o™
When a mass M 15 hung_the stretching force F=Mp.
Longitudinal Stress=F ' A=Mg / ar’
Longitudmal Strain=Al /' | Young s Modulus (Y) = Stress /| Straun
Y=Mz/m?)/{Al/] Y=Mg=1)/(ar = Al)
Springs are made of steel because steel 1s more elastic than copper. Steel has a higher Young's modulus,
meaning it can withstand greater deforming forces and retums 10 185 onginal shape mors accuratelv. A
steel spring will have a higher spring constant and will not undergo penmanent deformation as easily as a
copper one.
T T —————————
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4. When a wire 15 stretched by an amount x_ the work donz (W) 1s stored as elastic potential eneray
Average Forece=(0 - F)Y2=F2 Smee F=YAx1

Work Done = Average Force » Displacement = () (YAx1) = x W= (YAx®) /1

Work Done (W)y="1% x Force = Extension

Ensrgv Density (u} =W/ Volume=(2=F = Al)/ (A =1)

a="4% = (F/A) ©« [AlT) u =% = stress * stran

£ Stesl 1s more elastic than rubber. In physics, elasticity 15 defined by the resistance to deformation For
the sames amount of stress; steel produces much less strain than rubber. Therefore, Young'= modulus for
steel 15 much higher than that for robber (Y _stesl = Y smubber).

3-MARKS QUESTIONS
1. Define modulus of elasticaty. Wnite it's dimensional formula and S 1 unit Explan 1ts tvpes.

(]
H

2. Stress and pressure are both foree per unit area Then in what respect does stress differ
from pressure? Also explam the tvpes of stress.

3. The stress versus stram graphs for two matenials A and B are shown Explain (1) Which matenial has

greater Young s medulus 7 A
{11) Which matenal 15 more ducnle ? t Pt H =
(11) Which material 1s more brttle 7 il RO S
(iv) Which of the two is the stronger material ? y/

Sliw s

SOLUTIONS OF 3 MARKS QUESTIONS
! Answer Modulus of Elasticity
Recall the relation between stress and strain.
Modulus of elasticity = ratio of stress to strain.
Stress = Force/Area — denve dimensions using F = ma.
Twvpes: Young's modulus — longtudinal stresa/'strain
Bulk modulus — volumetne stress/strain
Shear modulus (Rigidity modulus) — shearing stress stram
Ariswer: Both are force per umt area. but think about: Where they act
Pressure acts normmally and equally mn all directions mn flnds.
+ Stress develops tnside a body due to deforming forces
+ Types of stress:
Longitudinal stress
»  Tensile stress
» (Compressive stress
= Buolk stress
Shearing stress
3. Answer Stress Strain Graph Questions
Use the graph carefully.
(i) Greater Young's modulus
(11} More ductile material
(iii) More brittle material
(iv) Strenger material
+ Stronger matenial can withsiand greater stress before breaking.

Compare ultimate breaking stress values on graph
S —
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CASE BASED QUESTIONS

[.  Engineers use siesl cables m suspension bridges because steel can withstand large forces wathout

I

!‘x.l

permanent deformanon. When heavy wehicles pass over the bridge, the cables stretch shghtly and
regain thewr onginal shape after the load 15 removed.

1. The property by virtue of which steel regains its onginal shape 1s called:

(a) Elasticity (b) Plasticity () Ramdity  (d) Viscosity

2. The resforing force perunit arca developed mnside the cabie 5 caliad:

(a) Strain  (b) Pressure  (c) Stress (d) Thrust

3. Steel 15 preferred for bridges because it has:

{a} Low density  (b) High elasticity  (¢) Low stengih () High plasticity

4 Hooke's law is valid only wathin:

(a) Breaking point (b) Elastic limst {c) Plastic region {d) Melting point

OR

The ST unit of Young's modulus is:

(a) Pascal (b) Newton (c) Joule {d) Wart
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 matenal 15 more elastic?

(a) Rubber b} St=el (¢) Plastic (d) Wood
2 The ratio of change i lensth to onginal length 1s called:
(a) Stress (b) Praasure {¢) Strain () Elasticrty
3. The material which undergoes permanent deformation s sad to be:
(a) Elastic (b) Rigid (c) Plastic  (d) Perfect
4 The 51 unit of stress 1s:
@ N (b) N'm () N/m? (dy ]
OR
Stress 15 equal to:
{a) Force * Area (b) Force'Area (c) AreaForce (d) Mass = Acceleranon
S-MARKS QUESTIONS

Diraw stress and strain curve Explamn the various region or points that are necessary to understand this
graph (1) Proportional Limut (11) Elastic Limut (11) Yield Point

(iv) Ultimate Stress Point (v) Fracture or Breaking Point.

State Hooke's law. What does 1t define”ls this only define for solid? ' yes = -
why? In a wire of length [, the increase m its length 15 | If the lenpth 1s s N
reduced to half What will be the mcrease m its lensth. f|
A construction engineer 1s selecting a beam to suppeort a heavy brdee. :_.; )
They have a choice betwesn a solid rectangular bar and an I-shaped '

girder made of the same matenal and weight

{a) Usimg the expression for the depression (6) of a beam loaded st the center.
15)/(4bd*Y), explain why the depth (d) 15 more critical than the breadth (b) in reducing sag
(b) Why 15 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 3 m, breadth 10 em_and depth 20 cm 1s loaded with 2000 kg at the center.
Calculate the depression produced (Y _steel =2 = 10" N/m® g = 10 m/s%).

4. A solid sphere 1s taken to the bottom of the Manana Trench. where the pressure 1s 1.1 < 10 Pa.

B = V(AP/AV).
= :&= |
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(b) If the Bulk Modulus of the matenial 18 1.6 * 10** Pa and the mmal radius1s 0.5 m. calculate the

frachonal change m volume

(c) What 1s the relationship between Bulk Modulus and Compressibility? Which state of matier has the

highest compressibiliny?

A rectangular block of gelatin 15 riveted to a table. A horizontal force is applied to the top face.

{a) Descnibe the difference between Sheanng Stress and Tensile Stress:

(b) A metal cube of side 10 cm 15 subjected to a shearing force of 105 N_ If the top face 1s displaced by

0.05 cm relative to the bottom. calculate the Shear Modulus (n) of the metal

{c) Why is the Shear Modulus typically much smaller than the Young s Modulus for most matenals?
SOLUTIONS OF 5-MARKS QUESTIONS

1 The Diagram and explanation

ll'-u'l

Ly
H

Hint-/ L £ iflength is reduced to half thea increase in length will be

Part (a): In the formula & o 1/(bd"), the depression 15 mversely proportional to the cube of the depth but
only linearly proportional to the breadth Doubling the depth reduces sag by § times. while doubling
breadth only reduces 1t by 2 ttimes Thus, mecreasing depth 15 much more efficient for structural stability.
Part (b): An [-beam provides a large surface area for the load to be distnbuted on the flanges. while the
vertical web resists shear It provides a high Moment of Inertia (resistance to bending) while saving
matenal and reducing the beam's own weight, preventing buckling

Part (¢) W=me=2000* 10=2> 10*N:1=5m b=01m d=02m

Caloul, =2 = 10* =« 535 /(4 =01 = (02P =2 = 10" =25« 10°/ 64 = 10°=3 9mm

Part (a); Bulk Modulus is the ratio of Hydraulic Stress to Volumetne Strain. The negatrve sign indicates
that as pressure mncreases (+FAP), the volume decreases (-AV), ensuning the constant B 15 positive,

Part (b} AV V=PB=(1.1 = 10% /(16 = 10*) =6873 = 107

Part (c): Compressibiliy K = 1'B. Gases have the highest compressibility because their atoms melecules
have large intermolecular spaces compared to solids and hiquids

Part (a): Tensile stress acts perpendicular to the area (causing change in lensth), while sheanng stress
acts tangential to the surface (causing change in shape angle).

Part (b) Area=(0.1)"=0.01 m* Sheanng Stress =105/ 0.01 = 10* N'm?

Shear Strain = AxT. =0.0005 ' 0.1 =0.005. ny = Stress/Stramn = 10° /0.005 =2 x 10" Pa.

Part (c): It 15 generally easier to shde lavers of atomis over one another (shape change) than it 1s to pull
them apart or compr=ss them (length volume change). Thus, matenials offer less resistance to shear.

S ————
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MECHANICS OF SOLIDS:

FORMULA SHEET

FUNDAMENTAL
ELASTICITY & MODULI

Stress & Strain Equations

F
Stress = 2

Longitudinal Strain = %

ENERGY, LIMITS, |

Young's Modulus (Y) & COMPARISONS

L
A m Elastic Potential
- L AL
_ FxL
= A x AL

LI = — = Stress = Strain x Volumes

Measures a materlal's
resistance {o linear

deformation.

3
2

Hooke's Law &
The Elastic Limit

L

7 ™ Elastic Limit

e
.
e

Stress

Bulk (K) & Rigidity (n) Moduli
P

Strain

This law iz valid only when the material
ls withiri Its elastic Hmit

Material Elasticity:

= _ Shearing Stress
K= AV/V 1= “Shearing Strain Steel vs. Rubber

51 UNITS & DIMENSIONAL BROPERTIES

S Uit Deneraonsl Matumm
Foagul (Pa) 7 S a5 Pr ,
| NSm* e baoud ] Steel is more elastic k Rubberhl.:::nd
Sirain Mone Damenmroniess becauss 1S Young's IECalLEe 1 lower
: modiius is highm‘ Young's modulis
L Modudi {"F. H. n} i FPancal Wﬂ:‘ 1 Loy ns Srens J than rubbed's. cn mpmsd to =teel
. - -2 -
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CHAPTER -9 MECHANICAL PROPERTIES OF FLUIDS

FLUID STATICS &
SURFACE PHENOMENA

Pascal's Law & Hydraulic Systems

Pregsure applied to an enclosed Nuid is transmitted
agumlly i all directions: used in hydraulic s and brakes.

Surface Tension & Capillarity

e :
Surface Tension
=T

Caplllary

he a0
Liguids minimize surface area vie

Surface Tensior; drives capillary riss
and spherical rmindrop shapes

Hydrostatic Pressure & Buoyancy

Pressure
P=rys gl
Buoyant Force:

Fa=pVx

Pressure increases with depth;

Buoyant force eguals the
welght of the displaced fluid,

COMPARISON:
SURFACE PHENOMENA & PRESSURE

Summarizes mechanical propenties of fulds,
focusing on behavior at rest and In mofion,
coviring essential laws (Pascal’s, Bernoulli's,
Stoke's) and critical formulas.

™ Ecess Pressure |
Drop Bubbla Agule Obtusa
(1 mutace} (2 surfaces) (Waterzss) [Meorury/Eaas)
Drop: Bubble: g<90" 8= 80"
> AT Wates: Marcury:
® R || e Aseveos
II-|. = =
Gauge Pressure
The differance hatwoan ahgolite. w2 L.
| -and stmospheric pressure F—Fo=pgh )
. 4

FLUID DYNAMICS &
VISCOUS FLOW

Conservation of Flow (Continuily & Bemoulli)

A, Ay

Equstion of Continuity E-lrrluu!lt': Theormsm
Ay =Aws P SV pith = constant

Incompresaible fluids follow the Equation of
Continuity and Bernouwlli's enerdgy consarvation.

Viscosity & Stoka's Law

Sioke's Luw
E=amiry
Viseosity = internal fluid friction;

Sioke's Law defines the dmggm? force
on & sphiere moving through 2 Huid:

Terminal Velocity & Reynolds Mumber

Reynolds Number
deinrmines flow type.

ﬂxncts reach a constant masimum spead (Terminal
Velogity) when viscous fotce equals net welght: flow
type is detmrmined by the Reynolds :

MOST COMMON STUDENT MISTAKES

< Alrcraft Wing Lift: 8 force acts downward,
(Corrected principla: Bernoulli's Thearom)
ulie Lift: Piessure depends only on loree
{l s FfA). L
Comected principle: Pascals Law)
Raindrop Shaps: Surfoce tension and viscosity
arethe same.
(Corrested principle: Surface Tension)
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MULTIPLE CHOICE Q[TESTIGNS
1. Pressure at a depth hinside a ligmid 15 grven by

(a) P = pgh (b) P = pg/h (€) P=ghk/p (d)P =ph/g
2 Hywdraphe lift waorks onc

(a) Archimedes” principle (b) Bernoullt's principle {c) Pascal's law (d) Newton's law
3 In hydraulic brakes, pressure applied at one point is transmitted:

{a) Unequally (k) Only upward (c) Equally in all directions (d) Only downward
4. Viscosity 1sthe property of fhud due to whach it opposes:

{a) Compression (b) Relative motion of layers (¢) Expansion {d) Pressure
A body attains terminal velocity when:

2

(a} Acceleration 15 maximum {(b) Net force becomes zero
[c) Weight becomes zero (d) Buovant force vamshes
6. Radius ofa soap bubble is increased from R to 2R work done in this process in terms of surface tension
15

(a) 24rSR* (b) 48aS R? () 12a8R 7 (d) 36xSR°
7. If pressure at half the depth of a lake 15 equal to 23 pressure at the bottom of the lake then what 15 the
depth of the lak=?

(2310 m (1320 ms ()60 m ()30 m
8 A cylindncal tank has a hole of | ¢m2 in its bottom. If the water 1s allowed to flow into the fank from a
tube above it at the rate of 70 em2 sec. then the maumum hetght up to which water can nise in the tank is

(a}2.5cm (b3 cm ()10 cm (d)0.23cm
9. There is 2 hole in the bottom of tank having water. If total pressurz at bottom 1s 3 anm (1 atm = 103N/m)
then the velocity of water flowinz from hele s

(a) V300m's (b) 600m's (c) VEOm/s (d)None of these
10. Water flows through a fnctionless duct with a cross-section varyving as shown m fig. Pressurs p at points
along the axis is represented by '

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

11. In streamhine flow, every particle passing through a point follows:

(a) Different path (b) Circular path (a) Sams path (d) Zig-zag path
12 Flow becomes turbulent when velociiy exceads:
{(a) Escape veloaty (b) Average veloesty  (¢) Cntical velocuty  (d) Termunal velocity

13 Revnolds number s used to determine

{a) Surface tension (b) Nature of flow  (c) Pressure energy  (d) Capillary nse
e —
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14. Bernoulli's theorem 1= based on conservaton of

(a) Charge (b) Momentum (c) Energy (d) Mass
15 The equation 2 + %prz + pgh = constant represents:

{a) Stokes™ law {b) Bemoulli's theorem (c] Pascal’s law (d) Hooke's law
16 Aeropianes flv due to:

{a} Buovancy (b) Dvnamic lift () Surface tenston  (d) Viscosuy
7. Surface enerpy per unit area is numerically equal to:

{a) Pressure-  (b) Density {c) Surface tension {d} Viscosity
18 Water flows faster through a narrow pipe because:
(&) Pressure moreases (b) Area decreases
(c) Velocity increases due to continuity equation (d) Density increases

19 After termunal velocity 1s reached, the acceleration of a body falling through a fluid 15
(a)equal to g (byzero  (c)lessthang  (d) greaterthan g

20. A wooden stick 2m long is floating on the surface of water The surface tension of water 0.07 N By
putting soap solohon on one side of the sticks the surface tension 1s reduced to 0.06 N/m. The net force on

the stick will be
(a) 007 N (b) 0.06 N () 0.01 N (d)0.02 N
ANSWERS
_QNo. |OPTION | Q.No |OPTION | QNo. | OPTION | Q.No | OPTION
1 a 6 a 11 c 6 | b
2 c Fj b 12 c 17 c
3 £ 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

o

4o i

=l @ A

10.

formula.

Think about the law statine that pressurs applied to an enclosed fhud is transmatied equally inall
directions.

In hydraulic svstems, liquids transwist pressure uniformly throughouot the flusd.

Viscosity is related fo intemal friction between adiacent lavers of a moving flnd,

Terminal velocity is reached when all forees acting on the body balance each other.

A soap bubble has two surfaces. Work done eguals increase 1n surface energy.

Use pressure relation:

P =P+ pgh Compare pressure at half depth and full depth.
At maximum height, mflow rate equals cutflow rate. Use Torricellt's theorem:
=4 2gh

Excess pressure at the hole canses water to flow out. Tise:

Conver pressure info eguivalent water column height first

In a narrower section of a pipe, fluid speed increases and pressure decreases according to Bemoulli's
prnciple
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11. In streamline flow, thisd particles crossing the same pomnt move along identical trajectonss.

12. Turbulence starts when flow speed crosses a certain himiting value called cntical veloeity.

13 Revnolds number helps classify flow as streamline or turbulent.

14. Bernoulli's theorem comes from conservation of mechamcal energy m fud motion.

15 Identify the equation combining pressure energy, kinetic energy, and potential energy of a fliad.

16. Air moving faster above the wing creates lower pressure_ producing [ift

17. Surface tension can also be defined as surface energy per unit area

18. Apply the continusty equation: 41 = constant Smaller ares means higher speed.

19. At terminal velocity, net force becomes zero. Whiat does that imply about acceleration?

20. Net foree due to surface tension depends on difference in surface tensions on both sides: F = (T —
)L where Lis the lensth of the stick.

ASSERTION-REASON TYPE QUESTIONS-

(a3} If both assertion and reason are true and the reason is the cotrect explanation of the assertion
(b) If both assertion and reason are true but reason 1s not the correct explanation of the assertion.
(c) If assertion 15 trus but reason 1= false.

(d) If the assertion and reason both are false.

Assertion : The concept of surface tension 1s held only for liguids.

Reason : Surface tension does not hold for zases.

Assertion At critical temperature susface tension of a hamd becomies zero.

Reason : At this temperaturs, intermolecular forces for liquuds and gasss become equal. Liguid can
expand without anv restriction

Assertion : A large soap bubble expands while 2 small bubble shrinks, when they are connected to each
other by a capillary tube.

Reason : The exceys pressure inside bubble (or drop) 1s inversely proporiional to the radius.
Assertion : It 1s beiter to wash the clothes 1n cold soap selunon.

Reason : The surface tension of cold selution is less than the surface tension of hot solution
Assertion - Ty drops of liguid resist deforming forces better than bigger drops.

Reason : Excess pressure inside a drop 15 directly proportional to surface tension

SOLUTION OF ASSERTION-REASON TYPE QUESTIONS-
{b) We know that the imtermolecular distance between the gas molecules 1s large as compared to that of

liqusd. Due to 1t the forces of cohesion in the gas molecuoles are very small and these are quite large for
ligmds. Therefore, the concept of surface tension 1s applicable to liquid but not 10 gasss.

{a) Zero surface tension means no opposition (0 eXpPansion

(a) Since the excess pressure due fo surface tension is mversely proportional to its radivs, it follows that
smaller the bubble, greater 1s the excess pressure. Thus, when the larger and the smaller bubbles-are put
m commumication, air starts passing from the smaller into the large bubble becaunse excess pressure
wmside the former 15 greater than wmside the latter. As a result, the smaller bubble shrinks and the larger
one sweils,

(d) The soap solution_ has less surface tension as compared to ordinary water and 1ts 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 liguid s pourad on 3 glass plate, the shape of the drop 1s govemed by two forcss, the

force of gravity. For very small drops, the potential energy due to gravity 15 msigmficant compared to

S ————
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that due to surface tension. Hence, m this case the shape of the drop 15 deternuned by surface tension
alone and drop becomes sphenical.

2-MARKS QUESTIONS
A truck carryving heavy loads has broader tvres than a smhall car. Explamm why broad tvres are preferred
for heavy vehicles.
Dunng a stomm, the roof of a weak house may get blown away. Explan this using Bermnoulli’s principle
A smdent notices that honev Hows much slower than water from a bottle.
What property of liquids causes this difference? Explam.
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
feason.
Small insects can walk on the surface of water without sinking.
Explain this phenomenon
Modern cars and airplanes are given streamlined shapes. Explan the advantage of such shapes.
A spinning cricket ball swings 1n air duning a match Explain the reason brnefly.
Hydraulic brakes are used in vehicies to stop them easily. Name the law mvolved and state its role:
Soap 15 added while washing clothes with water. Why dees 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 mside pushes the roof upward.

Honey has greater viscosity than water

Therefore, 1t resists flow more strongly

Opening the parachute incieases ar resistance.

This reduces the speed of the parachunst.

Pressure in a liquid increases with depth.

Hence water flows faster from the lower hole.

Surface rension acts like a stretched film on water surfacs.

It supports the weight of small msects.

Streamlined shapes reduce fluid friction or air resistance. Thas helps vehicles move faster and save fusl
The spinning ball ereates unequal air speads around it. This produces pressure difference and causes
swingmng.

Hydraplic brakes work on Pascal’s law. Pressure applied to brake fluid 1s transmatted equally to all
wheels.

Soap reduces the surface tenston of water. This allows water to spread sasily and remove dirt betier.

J-MARKS QUESTIONS

A car dover presses the brake pedal and the braking force 15 transmutted equally to all four wheels
through brake o1l State Pascal s law for fluids. Using this law, explain the prineiple and working of
hydraulic brakes with the help of a neat labelled diagram_

The terminal velocity of a tiny droplet 13 v. N number of such identical droplets combine together
forming a bigger drop. Find the terminal velocity of the bigger drop

S ————
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Eigit spherical ram drops of the same mass and radius are falling down with a terminal speed of 6
cms™t  If they coalesce to form one big drop. what wall be the terminal speed of bigger drop? (Neglect
the buovancy of the air)

Derive the expression for fermunal velocity of a rain drop falling 1n a vessel filled with flwd

A water drop of diameter 2mm 1s split up into 107 identical water drops. Caleulate the work done in this

process. { The surface tension of water1s 7.3 X 1075 Nm™ 1Y)

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

Prove that excess pressure mside a soap bubble 15 mnversely proportional to radms of bubble.

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

A bucket of water 1= suspended from a spring balance. Does the reading of balance change (a) whena

piece of stone suspended from a stnng 15 immersed 1n the water without touching the bucket? (b) when a

piece of iron or cork 1s put in the water 1n the bucke t7

10. Explain the comrect reason belund these phenomena's (1)Special desion of wings of an acroplans (1) A
person standing near the ratlway track is pulled toward the train, when fast moving train passes close to

11. Explain why the spmmng ball deviates from 1= usual curved path.

12 A large open tank has two holes in the wall. One 1s 2 square hole of side L at a depth y from the top and
the other 15 a circular hole of radiis B at a depth 4y from the top. When the tank 15 completely filled with
water the quantities of water flowimng out per second from both the holes are the same Then what 1s the
value of K.

13. Derive by the method of dimensions, an expression for the volume of a hgud flowmg out pers econd
through a narrow tube. Assume that the rate of flow of higmd dependzupon

1) Coefficient of viscosity of the ligmd
1) Raduus of the tube
i) Pressure . gradient along the tube.

14 What amount of eneroy 15 releasad orabsorbed when two mercury droplets of radin 0.1 cmand 0.2 cm
callapse into one single drop? Grven that the surface tension of mercury T=433.5 % 107 Nm .

15 Explain the reason behind i

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

(ujHow spraver works?

=

L

el

SOLUTIONS OF 3-MARKS QUESTIONS

! Pressure applied to an enclos=d fluid 1s transmitted squally and wndimmished i all directions throughout
the flurd, Workang with diagram. _
3. Terminal velocity of bigger drop = N%3 +

Wehave 8 X-mr®=2zR® = R =21rand we know that terminal velocity vy o (Radius)”

3 3
Wehzr‘rﬁg=;:—z or Vo= vj-{i% Vr =
024 m's i
4. Terminal velocity- when a body is dropped in a ligmd, ”
it, accelerates first due to gravity. In hguid 1t experience Eahere fatlog I T
weight (force) "W along downward. buovancy force wieous s " Rnealnatinn
U along upward. Since downward force 15 greater so W > — -

the body moves alonz downward. As body in motion the layers of air in contact with body also set m
motton due to this an upward viscous force “F act on the body. As velocity of the sohid body increases
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Value of 'F increases  But after same timee the downward force "W become ‘exactly equal 1o the tofal
upward foree (U=F) Now there 1s 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 m a flusd 15 called termunal velocity.
When the sphenical body of radius v moving with constant terminal velocity v
ThenU+F=W - - - (1)

= wezght of the hquid displaced = mass of the ligumd displaces x g==V g
“ = weight of the solid = mass of the solid spherexg=p Vg
From Stoke’s lawF=6anrvi (Whete p is densitv of ball. ¢ 15 density of liquid.)
gVEg+banrwi=pVeg = bayru=sVeg-pVeg obanrvi=Vgile—p)

2r (p=clg
3n

Dwi=rs. 2w =iy Iwviele—p).

1) If = p then . h s of equation 15 positive, then direction of terminal velocity 1s downward. 1) Ifa=<p

thenr h s of equation is negatve. Then direction of sphere 1s upward 1.2 nising up. For this reason_ air

bubbles in a hiquid are seen to move mn upward direction.

L=t a water drop of radius R be split up into 107 identical water drops each of radius (R=D2

=22=1mm=1 = 10"°m No. af droplets n=10%, T=73 * 10~"N/m)

W= 4nR3T [n /3 1]=4n (1072 )2 * 73 » 1072 [{10% )13 -1]=9.17 % 107*7J

SURFACE ENERGY: Let us consider a rectangular frame of wirs PQRS, where arm RS can shide on the

arm PR and Q5. If this frame is dipped in a soap solution. then a soap film is produced in the frame

PQRS Due 1o surfiice ténston_ the soap film exerts a force on the frame

Lzt °I” be the length of the anm BS. then the force acting on the arm BS towards the film 1s given by

ﬁnnrz‘,=iﬁrig{c—pjﬂm5 v, = From this formula- -
3

=Tl ....... (1)

Here the length 1= taken twice due 1o 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 1s W=Forcex Displacement or
WT=2Dxx ..........(2) W=Tx=(21xx)Work E=T=AA .. __(3) Which s

required expression for surface energy Where AA=X(I» x)}= mcrease i the area of the nlm ot both sides
T=W/AA or T=E ' AA

“surface tension of a liquid 15 numencally equal to the surface enerzv per unit area.

Yes, the reading of the balance will mncrease but the merease in weight will be equal to the loss in weisht
of the stone (Vog) and not the weight of stone (Vog)[> Vogas 2 > o]

(b) Yes, the readine of the balance will increase but the merease m weizht will be equal to the

weizht of tron or cork prece.

(1) Wings of an asroplane are made such that the upper surface 13 made wing m 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 Vi Pl

bottom accordingly to Bemoull their the pressure above the surface of the. ._.._.{,f' o

This difference of pressure is helpful in giving avertical lift to the plane. But :T:f f::h
ifupper surfacs 15 more coverad then the aurflow does not remain steadv and == x:‘_“m_h:__—————"
turbulence 15 setan.

(11) A person standing near the railway track is pulled toward the tram_ when fast
moving train passes close to him The fast train large velocity decrees the pressure

S ————
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between the person and the train while pressure on the other side of man 1s large which pushes the
person towards the track.

Curved path of spinning ball when a spining ball 1s thrown with a laree speed. then the layér of the air
movitig above the ball gets retardad and the laver below the ball gets aceelerated 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 Bermmoulli theorem
pressure increases and duoe to mereaze in velocity below, pressure decreases (due to difference of
pressure on the two sides of the ball | a path of the ball becomes curved.

Ans: Velocity of efflux when the hole 15 at depth /1, v= 2gh

Rate of flow of water from square hole Q, = ajv,= L° ,ﬁﬁ
Rate of flow of water from circular hole @, =a,v.= =R/ 2g(4y)

and according to problem @, = Q; = L%2qy = #R°/20{dy) = R= .
iz

CASE BASED QUESTIONS
A hvdsaulic Iift 1s used in service stations to lift heavy vehicles. A small foree applied ona small

piston produces a much larper force on a bigger piston through the liquid

1. Hydraulie lift works on the basis of
fa} Bernoullt's principle (b) Pasecal’s law
(¢} Archimedes’ principle  (d) Hooke's law
2 Pressure applied to a confined hquid 1s transmatted:
(a} Only upward (b) Only downward (¢) Equally i all directions  (d) Only sidsways
3. The SI unit of pressure 1s:
(a) Pascal (b) Joule {c) Newton (d) Wan
4. Hydraulic brakes are commonly used 1n:

(a) Acroplanes  (b) Bicyeles () Vehicles (d) Ships
OR

Pressure 1= defined as:

{a) Force * Arsa (b) Force Area

(c) AreaForce () Mass Volume

A ship made of iron floats on water, while.a small 1ron nail sinks. The ship 15 designed such that 1t
displaces a large volume of water.

I The upward force exerted by water on the ship s called:

{a) Viscous force (b) Surface tension () Buovant force (d) Drag

2 Archimedes’ principle relates buoyant force to

{a) Weight of displaced fluid {b) Mass of obj=cy {¢) Density of abject  {d) Pressure
2. The shup floats because 115 average density 1s:

(a) Greater than water (b) Equal to water  (¢) Less than water  (d) Zero

4 An iron nail sinks in watér becanse:

(a) Its density s less than water  (b) Its density 15 greater than water

() It hias no buovant force (d) Water has no density
OR
The 51 unit of density is:
@) kg m= (b) N m™= () Paseal (@) Joule

S ————
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S-MARKS QUESTIONS
(a)Define different umits of pressure and also find the height of atmospheric pressure
(b) Pressure decreases as one ascends the atmosphere. If the density of air 15°p, what is the change in
pressure dp over a differential hesght dh™
() A fish 15 ssamming 10 m below the surface of water in a lake. Estimate the pressure on it

(1)State and prove Bemoulli's theorem.

(1)Explain any two applications of Bermoulli's theorem.

Explain capillary phenomenon and dertve an expression for height of fluid 1n a capillary tube raised due
to capillary action

Explain the tormcelli’s theorem How can we calculate the range and time taken by the ligumd flowing out
from a hole. Also tell at what condition the range of the higuid comung from the hole becomes maximum.
A olass capillary tube of internal radius 0.5 mm 1s dipped vertically into a beaker of water.

(a) Define Surface Tension m terms of surfacs ensrgy.

(b) Derive the "Asceni Formula” for the height (h) in a capillary tube.

(¢} Calculate the height of the water column (T =0.073 Nim. g =9 8 m's%),

(d) What happens if the tube length 1s less than calculated height b7

SOLUTIONS OF 3-MARKS QUESTIONS
1. (a) Units of pressure are; latm=Pressure sxeried by 0.76m of merciory column=hpg

=0 76=13.6%10°x0 8 =1013=10°N/m*
Height of the atmosphere: The atmospheric pressure, Pa=hpg
orb=Pa pe=1013=10°/ 1398 =7931m =8km

(b) Consider a part (packet) of atmosphere of thickness dh. As the pressure at a pomnt m fld 15 equal m
all directions. So the pressure on upper layer 1s p acting downward and on lower layer 1s (pt+dp) acting
upward. Force due to pressure 15 balanced by Buovant force by ar (prdp) A—p A=Vpe

p-A~dpA-pA=A(dh)pz

dp A=—ppg(dh}A

dp'p=pzidh)
Negative shows that pressure decreases as height increases.
(c) P, =10°Pa(l atm), g = 10 ms—= Density of water p = 10° kzm ™)
Absplute Pressure P=F2, +hpg Absolute Pressure P =10% + 10 % 10° % 10 Absolute Pressure

P=2x10%=2 atm

Mathemancally for unit volume of hiquid flowmg through a pipe. P ,f:gﬁ}+% oV =

constant

S ————
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To prove

If F, end P, are the pressures at the two ends of the tube
respectively, work done mm pushing the volume 7 of
mcompressible fmd from pomnt B to C through the ube wall be
W-RV-PV=(B-BV ()

This werk 15 used by the fluid in two wavs.

(1) In changing the potential energy of mass m (10 the volume ) from mgin to mghy.
i, AU =mgth; = By) .ol

() i chimnping the Kioetic snsegy Kam %rmff to %:wz ie, AK= %m{v;— v (D)
Now as the flind 15 non-viscous. by conservation of mechanical energy

W=alU+aK ie, {E,—PE]V=ng{nz-—h,}+%m{v§—uf]

1 =
or P+,;gh+5w=cmmt

This equation 15 the so-cailed Bemoullt's equation and represents conservation of mechanical enerpy in
case of moving fluads.
3. A very fine bore 15 known as the capillanty (hair hiks)

The property of nse and depression of a hiquid mside a capiliary tubs 15 called capillanty,
In general the liquid that wet the glass rnises mside the tube while those don't wet the glass showa
depression
Ascent Formula: Consider a capiltary tube dipped tn a dish contaiming water.
Pressure at pomts C and D just above and below the plane surface of liguid i the vessel ;s also P
{(atmospheric pressure). The points N and D are in the same horizontal plane m the Liquid but the
pressute at these points different In order to maintain the equilibrium the hguid level rises in the
capillary mube upto height /1.

If T 15 8. T of water, then on water gutside be P =

I e
As the pressure on the liquid side 15 less, the hquid nises in the capillary. The height to which the
ligoid ris2s 15 such that the excess pressure 2T/ R 15 egual to the pressure exerted by ligmd column in
the capillary tube. If " 15 the radius of the capillary tube. “h" 15 height of liquid nses, 'd™ 1s the
density of the liquid and 6 1s angle of contact then_ pressure exerted by the liquid column in capillary
tubs1s Py =hdg oh)
For equilibnum. Pressure due to hquid column = pressure difference due to surface tension (excess
of pressure)

S ————
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comparing eql and eq2 hd"g=% or T = %{2}
InTriangle OAB  Cosf=— = R=—" Putting valuss in 2q2.
R Cos 8

L EEAE When volume of the liguid 1s taken into account then 7 = (rrri3)rd g
20oc & 2Cos &
For pure water angle of contact 15 nearly zero. Cas 0= 1. Then
. hrd g

3
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4. Torricelli's theorem-— Velocity of Efflux —Statement- “The velocity of efflux of a hquid from a
holz is equal to the velocity of a body falling freely from height hie V= ,/2gh .

Proof —

Ifa liguid is filled m a vessel up to height H and a hole 1s made at a depth h below the free surface of
the liguid as shown mn fig. then taking the level of hole as reference level (e, zero point of potential
energy) and applving Bemoulli's pnnciple to the liquid just inside and outside the hole (assuming the
liguid te be at rest inside) we get

| . ATy
(P +Jty:.g}+0=P.;, +3_ PV or v=,/2gh

Since the veloeity that an object would acquire 1n
falling from rest through a distance / 15 v then,
v =u" +2a8and v' =0° + 2¢gh or 1'=,I-rlant

Hence velocity of efflux 15 same as the velocity that an object would acquure i falling from
rest through a distance /i
** Velocity with which liquid flowing out from a hole or onifice 15 calied veloeity of efflux or
velociy of flow:
This result was first given by Tomicelly, so this 15 known as Tormcelly's theorem
(1) The velocty of efflux 15 independent of the nature of liquid, quantity of liqumid in the vessel and the area of
onfics,
(i) Time taken by-the liguid in falling fom hole fo ground level #= JE‘:"'?’E
T T —————————
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(111} The horizontal range coverad by the liquid x = horizontal velocity (¥) » time (f)
- J2gh ,‘/% ~2JRH =)
() It become maximum when h=H 2

5. (a): Surface tension 1s the surface energy per umit area, representing work done to increase surface
arsa by a umt amount.

(b): 2arT cosB = nr'bpg ==-h = (2T cos8) / (rpg).

(e} h=(2 » 0.073) /(0.5 * 107 » 1000 = 9.8) = 0.0298 m or 2.98 em.

{d): The hgmd will nse to the top of the tube, but 1t will not overflow. The memscus radius mncreases
to maintam sguilibrium .

| ~ CHAPTER-9
Fluid Mechanics:
The Essential Formula Guide

A comprehensive visual cheat sheet for the fundamental mathematical
laws governing fiuld statics and dynamics, including pressure, velaaity,
' and surface phenomeana:a. '

FLUID STATICS VISCOSITY &
& DYNAMICS SURFACE PROPERTIES
k| 3 = - q
P+ Spv* + pgh T 2r?(p — o)g
= constant 9n
Represents the conasarvation of energy The constant speed renched by an
far a flowing fuid, object falling through & visoous fluid.
T, i - ar
STOKES LAW
Fa
Fz o A= i F = 6rtrnpv
F A'l
Presasure applied 1o enclosed fluids is Calculates the drag force acting on
tranzsmitted sgually in all directions. spheres imaving thiough a viscous Maid.
CAPILLARY RISE
- T
m 2T cos@
Av = constant - ﬂ'}% s h = -_—:l ‘ |
- As Pgr .
Ay
Ensures mass consaervalion by relating Delermines how high a liguid rises or
fluid vetlooity 1o the crass-seatlonal ares. 1 Fallz In & narrew tube, )
__ Surface Type Excoss Pressure (AP Symbal Property
@ Liguid Brop AP = Z‘r_T 2 (ho) Fluid Density
& 838k ap = 4T n (ews) Goeficient of Viscosity
! '@?: m'l_?q"{ﬁgle AP = grl 31 T Hurface Tensian |
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MULTIPLE CHOICE QESTIONS
The coefficient of linear expansion of a rod 15 o The percentage mcrease m 1ts length when heated
through temperature AT 15 (NEET 2023)
(a) @AT (b) 100aAT fe}% (d) 10@AT
A black body at temperature T radiates energy at maximum wavelength 4. If temperature becomes
2T . the waveiength of maximum mtensity becomes:

(NEET 2022)
(a) 2 (b) 4 ©3 @5
The ST it of therial conductivity is: (NEET 2021)
() Wm K (b) ] kg iK™t (g Wm=K* (djm?
Water has maximum densnv at: (NEET 2020)
(a} 0°C (b) 4°C (¢) 100°C (d) —4°C
A leak-proof cylinder floats vertically i water at 0°C. When water temperaturs becomes 4°C, the
evlinder nises shightly because: (JEE Main 2020)
{a) Water contracts (b) Water expands
(e} Densiiy of water increases (d) Density of water decreases

A rod = heated and simultaneously compressed so that its length remams unchanged. The coefficient
of volume expansion 15 related to linear expansion coefficient byv: (JEE Main 2019)

(a)y =a By =2a (¢) y = 3a (d)y = 4a

The dimensional formula of Stefan-Boltzmann constant is:

() [MLT K73 (b) [MT 3K %] (¢) [ML*T ] (@) [ML'T™]

The heat reqguired to raise the temperature of a body depends upon:

(a) Mass only (b) Nature of matenial only

(c) Mass and specific heat capacity (d) Volume only

In solids, heat 15 mamly mansferred by

{a) Convection (b) Radiation (e)Conduction {d) Expansion

If the temperature of a black body 1s doubled. the energy radiated per umit ime becomes:
(a) 2 umes. (b) 4 times (c) 8 nmes (d) 16'umes

Twe rods A and B of different matenials are welded togsther as shown

m figure. Thewr thermal conductivities are K1-and K2, The thermal “ i [
conductivity of the composite rod will be

@ py R © (K +E)2 () 2(Ke + Ka)

The coafficient of linear expansion of a crystalline substance in one direction is 2 X 167" /0.. The
coeffictent of cubical expansion of erystal ts equal to

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

A cup of hot coffee is 12ft on table after some time coffees cools down What 15 the mode of transfer

of haat for thus cooling?

(a) conduction (b) convection () radiation (d) all of thees

A block of ice is heated until it melts completely. What happens to the temperature of ice-water
mixture durng this procsss?

{a} It increases conunuously (b) st decreases continnously

(c) 1t remiains constant (d) 1t increases and then decreases

S ————
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17.

18.

19.

[
el

The plots of intensity of radiation versus wavelength of thres

black bodies at temperatures T1. T2 and T3 are shown Then. % N\ 5
@TI>T2>TI  BTIST2>T3 f N/ k\
(©)T2=T3=T1 (d) T1=T3=T2 = >
A bimetallic strip 1s made of aluminium and steel On heatng,

the stmip wall
(a) reman strasght (b) will bend with alumimum on concave suds
{c) get twasted {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 1s always lesser than its heat capacity.

REASON: Heat capacity 1s heat required to raise temperature of nmt mass of substance by umty.

ASSERTION: Thermal coefficient of expanston for volume is approxmmately 3/2 times of

superficial coefficient of thermal exparision.

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 sgual mass at different temperature are muxad with each

other equilibrium remperature 15 always different from their mean temperature.

REASON: Two subsrances have different specific heat capacity.

ASSERTION: The melting pownt of ice decreases with mcrease of pressure.

REASON: Iee contracts on meiting

ASSERTION: Woaollen clothes keep us warm during winter.

REASON: Wool traps air: which 1s a poor conductor of heat

ASSERTION: Shiny surfaces are used mside 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 15 used as a coolant in car radiators.

EEASON: Water has high specific heat capacity,

ASSERTION A black surface cools faster than a polished suiface.

REASON: Black surfaces are good emutters of heat rachanon
ANSWER KEY- MCQ

1 b 2 c 3 a 4 b

3 € 6 c 7 b 8. 3

9 c 10 d 11 a 12 ¢

13 d 14 c 13 d 16 d

17 d | 18 b 19 a 20 a
21 a 22 c 23 a 2 a
I3 a ’

S ————
FAET MYSURT-S3M-PHY SICS. X120 17 17




F-u.l

LAy

e

—d Eh

10

PRACTICE QUESTIONS- MCQ
Water has maximum density at:

(a) 0°C (b) 4°C (¢) 100°C (d) —4°C

The ST unit of thermal conductivity is:

(a} Jkg'K™? (b) WK™ (c) Wm =K% (@) JE1
Dunng meltimg of 1ee, the temperature:

(a} Increases comtimously {b) Decreases continuously

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

Assertion (A): Steam bumns are more severe than boiling water bumns at the same temperature.
Reason (R) Steam contaimns latent heat of vaponzation.
{a) Both A and R are true and R 1s the comrect explanation of A
(b) Both A and R are trues but R 1s not the correct explanation of A
{c) A 13 tnie but B 15 false
(d) A 1s false but R 15 true
ASSERTION- Duning botling, the temperature of water remains constant even when heat s
continuousiy supplied.
REASON: The suppli=d heat 1s used to convert ligmd into vapour by overcoming intermolecular
forces.

2 MARK QUESTIONS
"Water 15 a good coolant because of 1ts high specific heat capacity " [s this statement true or false?
Explain
Calculate the heat energy requured to raise temperature of 300z water from 20°C to §0°C. (Specific
heat capacity of water = 4.186 J/g°C)
Deternune the cosfficient of linsar expansion of a metal rod grven AL =0.1m, Lo = Im, AT =25°C.
During winter, a lake freezes at the surface while aquatic life survives below it. Explamn why
Two cooking pans. one black and one shinv_ are kept i sunlight Which ons 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 Dethi” or modem steel budees, why are rollers used at one
end of the 1ron beams instead of fixing both ends rigidly 1o the concrete pillars?
Why are burns caused by steam at 100 °C much more severs than bumns caused by boiling water at
the sams temperature’
A railway blacksmith needs to fit a steel ranl of iength 20 m at a temperature of 25°C. [f the
maximum femperature expected in the summer i1s 43°C, calculate the minimum gap that must be left
between two such rails so that thev do not touch or buckle.
(Given- Coefficient of linear expansion of steel = 1.2 107/ K)
A student wanis 1o cool 0.5 kg of water at 30°C by adding ice at (°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 ic2 =3.36<10°7 kg)

SOLUTIONS OF 2 MARK QUESTIONS

True.
* Water has a high specific heat capacity (4.186 J'g® €), meaning it can absorb and release large
amounts of heat energy without a large change in femperature
* This makes water an =ffective coolant, as it can absorb heat from surroundings without nsing 1n
temperature guickly
Given valuss: Mass of water (m) = 500g =03 k. Initial temperature (T1) = 20°C
T T —————————
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Final temperature (Tz) = 80°C, Specific ligat capacity (5) =4.186 J/'g®C = 4186 Jke*C
Calculate temperature difference (AT) =Tz - T = B0°C - 20°C =60°C
Apply formula Q=msAT Q=05kg » 4186 I'ke"C =60°C=Q =1255801J
Formula: @ = AL / (Lo AT) siven values: Change in length (AL)=0.1m
Onginal length (Lo) = I m. Change in temperature (AT) = 23°C
using valnes into formula
a=01m/(1lmX25C)=e=0004*Clord x 107 *C¥=a=4x 103 °C}
Water has maximum density at 4°C. The colder water and ice remain on the top while comparatively
warmer water stavs below, allowing aquatic life to sunvive.
The black pan becomes hotier faster because black surfaces absorb heat radiation more effectively
than shimy surfacss.
Heat from the fire reaches the person manly through radiahion. which does not require aimy mediom.
Rollars are provided to allow for thermal expansion and contraction When atmozphenic temperature
mcreases, the beam expands in length If both ends were ngid, the resulting thermal stress could
buckie the beam or crack the concrete pillars. The rollers provide the necessary space for this linear
EXPansion.
Steam at 100 °C ecarnes significantly more ensrov than water at 100 °C. This extra energy 15 the
latent heat of vaporization (22 6 x10° I'kg). When steam hits the skin_it first condenses into water,
releasing this massive amount of latent heat before it even begins o cool down as a liquid.
Idennfy Grven Values:
Initial length (L) =20m
Change in temperaturs ( AT) =45°C - 25°C =20°C
v=12x10"'K Formmula: AL=LaAT :AL=20x12x10 " x20=48mm
The minimum gap required 15 4.8 mm_
Mass of water (m) =03 ko
ATforwater=30°C-0°C=30K
Specific heat (5;;) =4200 JkgK
Latent heat of ice (L) =3.36 <10° J kg
Principle of Calonmetry-
Heat lost by water= Heat gamned by ice fomelt  msAT=m L,
0.5<4200 =30 = m=3 36 <107 m=0.1875 kg The mass of ice required 1s 1875 g

i [N} [N}

PRACTICE QUESTIONS- 2 MARKS
Why are gaps left between ratlway tracks? Explam.
Calculate the heat required to raise the temperature of (0.5 ke of water from 20°C to 60 °C. Given!
Specific heat capacity of water sy = 4200 Tk K
Why ts the inside of a refrigerator made shimy?
A ball and ring apparatus is heated. The mietal ball passes easily through the ring before heating but
not afier heating. Why? '
Calculate the amount of heat required to raise the temperature of 2 ke of aluminium from 30°C to 80
“C(s=900Tke 'K

SOLUTION - NUMERICALS OF PRACTICE QUESTION
24000 J
80000 J

3 MARK QUESTIONS

Show that the coefficient of area expansion. (A4 AVAT, of a rectangular sheet of the sohd 15 twice us
lin=ar expansivity. a;.
T T —————————
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Why is the triple pomt of water taken as a standard fixed point in modein thermometry? What 15
wrong in takine the meliing point of 1ce and botling point of water as fixad points?
Explain why:
(a3 A body with large reflectivity 15 a poor emriter
(b) A brass tumbler fecls much colder than a wooden trav on a chilly day
{c) The earth without s atmosphere would be mhospitably cold
A copper vessel of mass 300 g contmns 200 g of water at 20°C. Calculate the heat required to raise
the tempemture of both 1o 60°C.
(5:=4200 T ke T K. sca=3007 kst K'Y
A brass rod of length 50 em and diatnster 3 mm 15 jomned to a steel rod of the same length and
diameter. What 1s the change mn length of the combined rod at 250 °C. if the onginal lengths are at 40
T (tyrane = 2.0 X 1075°C. @ = 1.2 X 107°/°C)
How much heat 1s required to convert 10 2 of ice at-10 °C mto steam at 100 °C? (Given: si==0.3
cal'g °C.L¢=80 cal/g. L. =540 cal'g)
Explain the concept of latent heat of fusion and latent heat of vaponizanion Using these concepts.
calculate the amount of heat required to convert 1 kg of ice at 0°C to water at 0°C.
A calonmeter contains 200 g of water at 20°C. A 50 g metal piece at 100°C 1s placed in the
calormmeter. The final temperature of the water and metal 15 23°C. Determune the specific heat
capacty of the metal
a) Explain why a steel rod and a copper rod of the same dimensions, when heated to the sams
temperature, will show different rates of expansion
b) Explain why a glass tumbler eracks when a hot liquid 15 poured into 1t. while ametal  tumbler
doesn't.
Durmg a sumnmer vacation, Rohan notices that the concrete segments of the lughway have small gaps
fillad with a flexible tar-like matenial between them On a particularly hot afternoon, he observes that
thaze gaps seem much smaller than they were in the early moming.
{aj Idenufy the phvsical phenomenon responsible for this observation and explain the phymics behuind
jis
{b) What would happen to the highway if these gaps were not provided during construction”
(c) If a concrete slab s 10m long at 20°C, calculate the expansion in 1ts lenpth when the temperature
nises to 43°C. (Assume @5, o= 1.2 x10°7°0)

SOLUTIONS OF 3 MARK QUESTIONS
Consider a rectangular sheet of the solid matenial of length

sl = Al iabe

& and breadth & (Fig ). Ak, = 2 LABE - |
When the temperature increases by AT, — n T

{ increases by Al =a, JAT and o mereasesby | T =
Ab= oy bAT. ' 3 I i
From Fig.. the increass in area |
Ad = A4y +H AA- + A4y = [AB L BAl HAIAE= tky = BT

la, BAT + ba, IAT = af IBAT?

= [baiAT(2 + a; AT) = AmAT(2 + a; AT)
Since a; & 10-5 K7, the product a; AT for fractional temperatuse 15 small in comparison with 2 and
may be neglected.
Hence, -“:f- ;1;
The triple pounit of water 15 used as a standard fixed pownt because 1t has a umique and accurately
reproducible temperature of 273 16 K_where ic=, water and water vapour coexist in equilibrium.

=2ﬁ::

S ————
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The mezlting point of 1ce and botling pownt of water are not preferred because they vary with
atmospheric pressurs and other external condstions. Hence, they are less accurate and lsss rehiable as
standard fixed points:

(a) A good reflector absorbs very little heat radiation Since pood absorbers are good emutters, a body
with large reflectivity becomes a poor emitter of heat radiation

(b) Brass s a good conductor of heat and takes heat away from our hand quickly. producing a colder
sensation. Wood 1s a poor conductor. so 1t doss not remove heat rapudly from the hand.

(c) The atmosphers absorbs and re-radiates heat emitted by the earth. preventins rapid loss of heat
wnrg space. Without the atmosphere, most of the earth’s heat would escape, making the earth
extremeaty cold.

Mazs of coppervessel = 0.5 kg Mass of water = 0.2 kg AT = 60 — 20 = 40°C
Heat required for water:Qy = 0.2 X 4200 x 40=33600]

Heat required for copper vessel'Q. = 0.5 % 390 % 40 =7300]

Total heat required @ = @4 + ¢2=33600 + 7800 = 41400

Total heat required = 4.14 % 10% ]

Given: [1=T2=30em. AT=250-40=210°C.
o Alums=TLigsa, A T=530%20 xiqileﬂ =021lcm
s Algmi=Lia, . AT=50x12x10~>210=0.126em
= Total Change: AL = Aliwze +~ Al uet =021 +0.126=0336 cm.

Heat to raise ice to 0°C: Qu=msA T=10 =0.5 %10 =30cal.

> Heaattomeltics: Qr=mls=10 =80=800 cal

# Heat to raise water to 100 = C: Qg: 10 =1 =100 = 1000cal.

% Heat to convert to steam’ Qs =mL.= 10 <540 = 5400cal.

# Total Heat: Q=50+ 800 + 1000 + 5400 = 7250 cal
Step 1: Explam the concept of latent heat of fusion
Latent heat of fusion 15 the amount of heat ensrov required to change the state of a substance from
solid to liguid without changing its temperature. For ice, the latent heat of fusion is approximately
334 Jgor 334 000 T ke
Step 2: Explain the concept of latent heat of vaponzation
Latent heat of vaponization 1s the amount of heat energy required to change the state of a substance
from liquid to gas without changing 1ts temperature. For water, the latent heat of vaponzation is
approximately 2257 Ve or 2 257,000 Tke.
Step 3 Calculate the heat requured to convert ice 1o watsrat 0°C
The heat required to convert 1 ki of 1ce at 0°C to water at 0°C 15 given by Q =m = L, where m1s the
mass and L 15 the latent heat of fusion Q1 =1 ke = 334000 Tk =334.000]
The heat gained by the water s Q =m » ¢ » AT =02 kg = 4186 J'kg®C = (23°C - 20°C)=25116 1.
The hieat lost by themetal s Q=m * ¢ * AT=0.05 kg > ¢ *(100°C=237C) =385 I
Egquating the heat gamed and lost; 23116 J=385¢].
Solving forc: e =25116J/3.85=6522 JkeC.
The specific heat capactiy of the metal 1s approximately 632 2 Jke"C.
a) The steel rod and copper rod will show different rates of expansion because they have different
coefficients of thermal expansion. The cosfficient of thermal expansion 15 a matenal property that
detenmmines how much a matenal sxpands when heated. Copper has a higher coefficient of thermal
expansion than stegl. so 11 will expand more than stesl when heated 1o the sams temperamure. This
means that the copper rod will show a greater rate of expansion than the steel rod.

S ————
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b)A glass tumbler cracks when a hot hguid 15 pourad into 1t because glass 15 a poor conductor of heat
and has a relatively high coefficient of thermal expansion. When hot liguid 15 poured mnto the glass.
the mner surface expands rapidly. while the outer surface remams cooler and doesn't expand as
much This ereates stress in the glass, which can eause 1t to crack
In contrast, metal 1s a good conductor of heat and can distrnibute the heat evenly throughout the
tumbler. reducing the stress cansed by uneven expansion As a result, a metal tumbler 5 [=ss likely to
erack when a hot liquid 15 poursd mto st
(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
wncrease in the length of the concrete slabs.
(b) If saps were not provided, the expanding concrete siabs would exert immense thermal stress on
each other. Since the slabs have no room to expand. this internal pressure would cause the highway
o buckie, erack, making 1t dangerous for vehicles.
(c) Given Ongnal length (L)=10m AT=45°C-20°C =25°C

a=12x10°7€C AL=LxaxAT=10x12x10"x25=3mm

PRACTICE QUESTIONS- 3 MARKS
Explain why:
{a} A body with {arre reflectivity 15 a poor emitter.
(b) A brass tumbler feels colder than a wooden tray on a chilly day
(c) The sarth without 1ts atmosphers wounld be extremely cold.
A stez] rod of length 2 m s heated from 20°Cio 120°C. Calculate the increase in length. Given:
Coefficient of hinear expansion of steel = 1.2 <167 oL '
A house owner nonces that duning 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
matzlla false ceiling made of wood below the roof
Answer the following questions:
{a) Why does a white-painted roaf keep the room cooler?
(b) Why ts wood used for making the false ceiling?
{c) Name the modes of heat ransfer mainly reduced by
(1) White paint (i1) Wooden false ceiling

SOLUTION - NUMERICALS OF PRACTICE QUESTION

24 mm

5 MARK QUESTIONS

{2) What 1s thermal expansion” Describe an experiment to demonstrate linear expansion in soluds. (1
miark)
(b) Derrve the relahonship between change 1n length (AL) of a sohd and 1ts coefficient of linear
expanston (a), initial length (Lo) and change in temperature (AT), (2 marks)
(c) A metal wiure of length 1.5 m expands te 1. 502 m when heated from 25°C o 73°C. Calculate 1ts
coeffictent of linear expansion (e m 107=7C) (2 marks)
(a) Define thermal conductivity of a matenial
(b) State the factors affecting the rate of conduction of heat through a rod.
() 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°Ctoa cold end at 50°C. If thermal conductivity of copper 1s 400 Wm™ K", calculate the rate of
heat flow through the rod.

{a) Define latent heat of fusion and latent heat of vaponzation

(b) Whiv does the temperatiure remamn constant durine change of state?

(c) Calculate the heat required to convert 300 g of i1ce at —20°Cinto water at 5G°C.

Given:Specific heat capacity of ice = 2100 [ kg K1

Specific heat capacity of water = 4200 ] kg 'K}

Latent heat of fusion of 1ce = 3.36 X 107 J kg~ *

SOLUTIONS OF 5 MARK QUESTIONS

(a) Thermal expansion is the change in dimensions of a substance due to chiange in temperature.
An expennment to demonstrate linear sxpansion 15 by heatning a metal rod clamped at one end and
observing the expansion using a scale.
(b) Let ininal lensth =Lo, final lensth =1a + AL initial temperature = T, final temperature =T
AT=T:-T: AL=Loxwu AT ora=AL /(Lo AT)
(&) Givens AL=1502m-15m=0002m [o=13m AT=75°C-23°C=30°C
e=AL [ (Lex AT)=0002 /(1 5230) =267x10=°C"
{a) Thermnal conductivity is the guantity of heat conducted per zecond through unit area of a
material of unit thickness when the temiperature difference between 1ts faces 1z 1 K
(b) Rate of conduction depends on-

> Areaof cross-section

% Temperature difference

# Length of conductor

> Nature of matenal

(€) Gweml=2m A=5%10"*m" AT =150—50=100"C K=400 Wi 'K
o=
Using £ = R’tﬂ % mxm, == " =10W Rate of heat flow = 10 W

{ai Laient heat of fusion: The amount of heat quumed to convert urit mass of a solid mto liquad at 1ts
mielting point without change in temperature.
Latent heat of vaponization: The amount of heat required to convert unit mass of a liguid into vapour
at its boiling pomnt without chanpe n temiperature.
(b) During change of state_ the supplied heat 15 used © overcome mtermolecular forces betwesn
pariicles rather than increasing kinstic energy. Hence the temperaturs remains constant.
(c) Given: m =500 g
Step 1. Heat required to raise temperature of 1ce from —20°Cto 0°C
Using, Q = meAT @y = 0.5 X 2100 X 20Q; = 21000
Step 2: Heat required to melt 1ce at 0°C
Usine, @=mL, @Q,=0.5X3.36x105Q, =168 X10%]
Step 3: Heat required to ratse water tempetature from 07 Cio 50°C
Usine, Q = medT Qs = 0.5 X 4200 % 50¢; = 1050007
Total Heat Required
Q = @, + Qs+ Q;Q = 21000 + 168000 + 105000 = 294000 = 2.94 X 10° ]

PRACTICE QUESTIONS- 5 MARKS
{a) Define latent heat of fusion and latent heat of vaponzation
(b) Why doss temperature remam constamt durng change of state?
(c) Caleulate the heat required to comvert 500 gm of 1ce at —20°C into water at 50°C.
Given: Specific heat capacity of 1ce =2100 Jkg K 1
Specific heat capacity of water =4200 Jieg' K

Eﬁtﬂjc heat ﬁﬂﬂi’\ of Latent heat of fosion of 1ce=3.36 KlB’ E
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{a) State Stefan s law of black body radiation Explain why a hot obtect coals faster in the beginning
and slower afier some time
(b) A black body radiates energy at the rate of 860 W at a certain temperature T If 1ts absoluie
temperature 18 doubled, calculate the new rate of ensrgy radiation

SOLUTION - NUMERICALS OF PRACTICE QUESTION
Lic) 2940007 2(c) 128007

CASE STUDY QUESTIONS
L. Standerds in Thermometry and Anomalous Behavior
In modemn thermometry, the triple point of water 15 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 mn the Celsius l\ _ J
scale, the tnple point 15 independent of external atmosphenc fluctuations. This . \ Im /
i

IlI r
||. '

precision 1s vital for defining the Kelvin scale. Addmonally, water exhubiis 3 :
anomalous expansion,. Where it reaches its maumum density at 4°C. Thas H LBl | -
propertv 1s crucsal for the susvival of aquatic hifein cold regions, as the denser - o Wiktee Viopsar
4°C twater remains at the bottom of lakes while ice forms on the surface, i
Qliﬂi‘i_ﬂ'ﬂ_&: Tt slurs

1.1 According to the phase diagram and the text, why is the triple pomnt

of weater chosen as the standard fixed pomnt?

(a) It is the temperature at which wafer boils 1 atm.

(b) It 15 a umique state where all three phases (solid, liquud, gas) coexist in equilibnium.

(c) It 15 exactly 0°C recardless of pressure.

(d) It 15 =asier to achieve than the meinng point of ice.

12 Ay what temperature does water reach 1ts maximum density, ensunng the survival of aguanc life

as dazscnbed?

{ay 0°C (b) 100°C (e} 4°C (d)273.16 K

1.3 1f the temperature of a gas 15 300 K, what 15 115 equivalent temperature on the Celswus scale?

{a)26.85°C  (b) 300°C (e)373.15°C (d)27.16°C

14 A Based on the shifi to modem standards_ how does the "ice poinit” chanee if the atmasphanc
pressure 15 significantly increasad? '

(2} It 1tncreases. (b) It decreases.
(c) It remains exactlvat 273.15 K (d) It becomes equal to the mple pont.
ORr

14B The mple pount of water comresponds 1o a pressure of 611.66 Pa. If the pressure 15 increased
significantly above this value while keeping the temperature at 273 .16 K. what 1= the most
likely phase of the veater?
(a) Sublimates directly into water vapor.
(b) Remans as a muxture of all three phases
(c) Teansinons completely inte the higuid phase
(d) Converts into a supercritical Aod.
Cooling by Ice and Steam Bums
Buava wetnt for a premic with her friends. She observed that ice keeps soft drinks cold fora longer ime
thim chilled water. Later at home_ while helpmg in the kitchen, she learned that bums cansed by
steam are more severe than bums caused by boiling water at the same tfemperature.
Her physics teacher explamned that both situations are related to the concept of latent heat
¢ Iceabsorbs extra heat while melting and keeps the drink cool for a longer ime.
o Steam releases addstional latent heat dunng condensation, causing severe bums._

rtJ
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21 Icecools donks more effectively becanse ice;

(a) Has lower density (b) Absorbs iatent heat while melting
(c} Reflects heat (d) Has lower temperature only
2.2, The heat required to chanze unit mass of a substance from solid to liguid without change in
temperature is cailed:
(a} Specific heat capacity (b) Thermal conductivity
() Latent heat of fusion (d) Latent heat of vaporization
23,  Calculate the heat required to meilt 100 g of ice'at 0°C.Given: Ly =336 = 10° Jke
(a) 1.68 =10% T (b) 236x10% 3 (c)336=10%] (d)4.36%10% ]

24, Asseriion (A) Steam bums are mors severe than boiling water bums at the same temperaturs.
Reason (R): Steam contamis latent heat of vaponzation.
(a} Both A and R are true and R 1s the comrect explanation of A
(b) Both A and R are true but R is not the comrect explanation of A

(c) A s true but B 1s false
(d) A 1s fals= but R ss true OR
2 4. B. Dunng meltng of ice, the temperature remams constant because the supphed heat s usad to:
{a) Increass molecular speed (b) Increase density
(¢} Overcome itermalecilar forces (d) Decrease pressure
SOLUTION OF CASE STUDY QUESTIONS
Ll (b) L.2:(c) 13:{a) 14A:(b) 148 :(c)
2.1:(b) 22 () 23:(c) 244 (a) 248 ()

PRACTICE QUESTIONS- CASE STUDY
1. Riva observed that ice kesps soft dnnks cold for a longsr ime than
chilled water. Later. while helping in the kitchen, she learned that steam
bums ars more severe than bums caused by boiling water at the same
temperature. Her teacher explained that these =ffects are reiated to latent
heat.

Answer the following questions:
(1) Ice cools dnnks more effectrvely becanse st

(a) Reflects heat (b) Absorhs latent heat while
meltnng
(c) Has lower densaty (d) Has lower temperature
only

4 The heat required to change unit mass of solid 1nto hgmd without temperature change 15 called:
(a) Specific heat capacity (b) Latent heat of vaponzation
{(c) Thermal conductrvity (d) Latent heat of fusion

(3)  Calculate the heat required to melt 100 gm of ice at 0°€ Given: L. =336 x10° Jkg
(a) 168 <10 T (b) 236%16°] (c)3.36=10% 7 (d)436=10%T

() Diuring melting of 1ce, the supphied heat 15 used to:
{a) Increase molecular speed (b) Increase temperature
(c) Overcome intermolecular forces (d) Decrease density
ANSWERI: (b) 12:{d) 13:(c) 14 (e}
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[\ THERMAL PROPERTIES OF MATTER 4

TEMPERATURE CONVERSION

ﬂ ‘;_F=%C+32‘ ‘ I\ K=C+273

{F in °F. C in *C) (K in Kelvin, € in "C)
THERMAL EXPANSION i THERMAL STRESS
€D Linear ExPANSION 4

: Ly : | AL = Lya AT H | Stiegs = mar}
) L - Ol gt

it E————3 AL = Changs im et

Al @ = Comffcimnt of isar expamsin ¥ = Young's midulus {medulm of efasticity)
AT = Chahgein lormpetatun a = Ceoefficient of linear expansion
P Pt R B R o e SR U o S B oy AT = Chasge in tempusrai e
@) sreaexpansion . “ J
o Lo | Ad = Ay AT HEAT CAPACITY & SPECIFIC HEAT \
T Ay = Orlgiat shes S
| LU A4 = Chunes 1 urun
‘ l 3 = Ehaltiany of e oy st HEAT CAPACITY (S5} 5= z_i_@_
AT = Chang in termpes mim AQ = Heat sdded L AT
AT = Change @ emperste
€) VOLUME EXPANSION
AV =V, vy AT
L oy SPECIFIC HEAT CAPACITY (s) ‘ 3
Vi = Oregaral vokrme 5= —
Ly § = hinat capacity - il

AV = Changm inowoiumn
] e i v o= Coeficiend of vodling sapamslon
I " - AT = Chnpgein Emparstire

RELATIONSHIP BETWEEN COEFFICIENTS ‘

m = Maza ol tha substancs

HEAT REQUIRED TO RAISE

© 0 O

P B 2, y=3a TEMPERATURE _ AQ = msAT |

ﬂ:ﬁ: Y= I_:EE' | Cuandity of Bast reduirsd o Increase the
— = wmperaturg of g vwbsence by AT K,

. CHANGE OF STATE — —
THERMAL RADIATION
FUSIOH [SO410 — LiGU0)
@ il = WIEN'S DISPLACEMENT LAW

= molich inte @ fgumd & given Ty

Ly = Lasant heat of funion
' a Ay T = constant

r = Abbolule lomperaiue

o STEFAN-BOLTZMANN LAW
- H=AcT"

g — kAtTl_FTl} ‘ H = Tl racliont st ensrgy reritted per se—ored

® Rijubel iRt vapaur e pleen iy

VAFDRESATION fLAAND — YRPOLiR "
: = Ao = Wirvelemgth at ms=limam el
@ Cramcl |y ol Fret reopuited bo comvesid (‘.’ ”TL” = ; i

L = Lolwist Nusull of wispicii usdlinn |

HEAT TRANSFER — CONDUCTION

Tro ¥ ot af =l flor i o osiTeeind
e m gnin temparaties diffsends b

r L A= Kwn ol s aliflags
-~ - . . s o v e
B = Thamd coreinmidty @ = Stisthry-Baltiraainn cortan (567 = 07" Wm ' K
A = bbws o Crosesection T = Abmedube Ywrpseratui i &)
F = Tie=sbum dhmj et e T = Fo= lomgaininem defamnce
{2 =Hmse of ot Hiw JIL

Thesae formulas :l_n-m:-rihu how matter responds to temperature changes
it i el Storad, S naierrec andt tagiaead,
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MULTIPLE CHOICE QUESTIONS

In an 1sothermal expansion of'an 1deal gas. which of the following statements 1= correct regarding the

nternal energy (U)?

a. Internal enerzy increases c. Internal eneroy decreases

b. Internal enercy remamms constant d. Intemal energy first increases then decreases
Which of the following 1s an intensive properiy?

a. Enthalpv c. Molar heat capacity

b. Volume- d Intemnal enerzy

For an 1deal gas. the relanonship between molar heat capacity at constant pressure (Crp) and constant
velume (Cy) 18 given by

a. Cp+Cr=R ¢c. Cp- Cy=R
b. Cv—Cp=R LE_R
Cy
For an adiabatic process, which of the followmng 1s true?
a AQ=0 c.AT=0
b. AP=0D d AW=10D
First law of thermodynamaics 15 based on?
a  Conssrvation of energy c. Conservation of mags
b. Conservéation of momentum d. Conservation of work

Internal energy of a system 1s defined as?
a  The sum of kinstic 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 ensrgy of all molecules

The isothermal diagram of a zas at three differsnt temperatures T1, T2 and o
T3, 15 shovwn in the given figure. Then- ll"\k1\\‘\
i TyeTs<T & Ty Ty S
b Ty>Ty>Ts d T)>Ta<Ts & —vs

The relation between the slope of 1sothermal curve and slope of adiabatic curve
a_ slope of adiabatic curve = y umes slope of 1sothermal curve
b. slope of isothermal curve = ¥ nmes slope of adiabatic curve
i
c. slope of adiabatic curve = 3 umes slope of 1sothermal curve
|
d. slope of sothermal curve == tithes slope of adiabatic curve
¥
In an adiabatic change the specific heat of 2 gas 1s:
a mecrease with increase in temperature
b. decrease with increase in temperature
¢. not depend upon change in temperature

S ————
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d. Alwaye Zero.
10. During an adiabatic process, the pressure of a gas 15 found to be proportional to the cube of its absolute
temperature. The ratio Cp'Cy for gas 15

a 43 e 2
b. 33 d. 372
11. Which of the following is not a thenmodvnamic coordinate”
a (3as constant (R) c. Pressure (B)
b Volume (V) d. Temperature (T)

12 Consider the process on a system shown in figure Durning the process. the

work dons by the system F
a continuously increases ¢, continugusly decreases
b. first increases then decreases d. first decreasss then -
increases

13 A sample of 1deal gas (y = 1 4) 1s heated at constant pressure If 100 J of heat
15 supphied to the gas the work done by the gas 1s:
a 28571 c 36347
b. 38892] d 633817
14 Andeal gas having molar specific heat capacity at constant volume 15 %R, the molar specific heat
capacities at CONSant pressurs is:

a =R &R

P | o4n Pa |

b. =R d=-R
15. Which of the following laws of thermodynamics introduces the concept of temperature?
a. First Law of Thesmodynamics ¢ Second Law of Thermodvnamics
b. Zeroth Law of Thermodynamies d. Third Law of Thermodynamics
16 In an adiabatic process, the relation betwesn pressure P and volums V 15 ziven by P\ = constant. What
does Y represem?
a. The ratio of specific heat at constant pressure to specific heat at constant volume (Cp/Cy)
b. The product of specific heats (Cr X Cv)
c. The difference between Cpand Cy
d. The sum of the specific heats Coand Cy
17. Which thermodynamie variable is defined by the Second Law of Thermodvnamics?

a Enthalpy ¢, Internal Energy
b. Entropv d. Temperature
18 A Camot engine works between a source at 127°C and a sink at 27°C. What s its efficiency?
a 23% c. 50%
b. 73% d. 100%
19 In an sochoric process. the work done by the svstem s
a Positive c. Negative
b. Zero d. Infinste
20. For a cyclic proeess, which of the following is always true?
a W=0 c AUU=0
b. Q=0 d AV=40

S ————
FAET MYSURT-S3M-PHY SICS. X120 17 120




SOLUTIONS:

I, Answer c
Explanation: Since T 15 constant and U of an 1deal gas depends onlv on T
Answer ¢
Explanation: Intensive properties do not depend on the quantity of matter
3. Answer ¢
Explanation: This iz known a3 Mayer's formuls
4 Answer a
Explanation-: §o heat =nters or leaves the mystam
Answer - a
Explanation: The first law of thermodynamucs 15 based on the conservation of energy. It deals with
work done and heat enereyv supplied or removed from a svstem It basically says that snergy supplied
to a sysiem 1s conserved
6. Answer:b
Explanation: The mternal energy of a system corresponds to the energy possessad by all molecules.
Thus 1t s the sum of kanetic and potential energies of all molecules in the svstem considered.
7. Answer a
Explanation: The grven diagram shows that the curves move away from the ongin at higher

emperature
& Anzwer a
Explanation: For 1sothermal process, PV = constant, Differennanng both side PAV = VdP =0
ordPdV=DPV _(i) '
Agamn for adiabatic process P\ = constant
Again differentiating both side dP/dV=+P/V
slope of adiabatic curve =7 = slope of 1sothermal curve
8 Answer d
Explanstion: In adiabatic process QQ = constant. then AQ =0 and specific heat =0
10. Answer d) '
Explanation: As P o T?
or P T? =constant = PT> = constant ... (1)
For an adiabatic change, PV = constant
Foran ideal gas PV=nRT
Or, V=nRTP Thus, P(aRTP) = constant
Or, PT" ™' =constant ._._........__(2)
Companng y/(1-v)=3 = =312
11 Answer a
12 Ariswer a
13. Answer a
14 Answer ¢
I3 Answer: b
16. Answer a
17. Answer b
18 Answer-a
19 Answer b
20 Answer ¢

!‘u
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ASSERTION AND REASONING TYPE QUESTIONS
1. Assertion: The specific heat of a gas 1n an adiabatic process 1s zefo.
Reason: In an adiabatic process. there is no exchange of heat between the system and the
surroundings (dg =0).
Assertion: Internal erersv of an 1deal gas depends only on its temperature
Reason: In an ideal gas, there are no intermolecular forces of attraction, so the potential energy 1s
ZEO

Assertion: It is impossible o convert all the heat absorbed from a hot reservoir info work

Reason: The Second Law of Thermodynanucs states that heat cannot flow from a colder body to a

hotter bodv without external work
4 Assertion: Air becomes cooler when ot expands suddenly from a puncrurad tyre.

Reason: Sudden expansion is an adiabatic process where the work s done at the expense of mternal
Assertion: An 1sothermal process must be carned out very slowly.

Reason: For the temperaturs to remain constant there must be sufficient tune for heat exchange

between the system and surroundings to maintain thermal equilibnum.
6. Assertion: In 1sothermal process whole of the heat energy supplied to the body 15 converted mto internal
ENEFPy.
Reason: According to the first law of thermodvnamies AQ=AU.

SOLUTIONS

Answer a (Both Assertion and Reason are true and Reason is the correct explanaton of Assertion)
Answer: a (Both Assertion and Reason are true and Beason 15 the comrect explanation of Assermion
Answer (b) [Both are true statements of the 2nd Law. but the Reason (Clansius statement) does not
directly explain the Asserhion (Kelvin-Planck statement) ]
Ancswer a (Both Assertion and Reason are true and Reason is the correct explanation of Assertion)
Answer a (Both Asserfion and Reason are true and Reason 1s the correct explanation of Asseriion)
Arnswer d (Both A and R 15 false. Explanation: if T=constant change in internal energy does not take
place and AQ=AU+W)
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CASE STUDY BASED QUESTIONS

THE PHYSICS OF PHASE CHANGE: A student performs an experiment by taking 1 ke of 1ce at -10°C
and heating it at a constant rate until 1t becomes steam at 1 10°C. The student records the temperature at regular
mtervals and plots a Heating Curve. During the process, the student notices two distinct regions where the
temperature remams constant despite a continuous supply of heat Thev also note that the volume of the
substance changes significantly durine the transttion from liquid water to sieam, performing work against the
constant atmosphenic pressurs.

1. Dunng the tranzition from ice at 0°C to water at 0°C_ the heat supplied 15 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 kinenie and potential enersv equally
2 In the region of the heating curve where water 15 boiling imto steam (100°C), the specific hear of the
water s mathematically:
a Infinite c 4186 TKz K
b Zero d. Nepative

S ————
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. A pas 15 suddenly compreszed in a container with perfectly insulating walls Does the

When 1 gram of water at 100°C tums into 1 gram of steam: at 100°C, the internal energy of the system
mcreases. 1his 15 because:
a. The temperature has mereased.
b. The molecules are moving slowser 11 steam.
¢. Heatis absorbed and the volume expands, doing work agamst atmosphere.
d. Potenfial enerpy remains constant but kinetic enerpy increases.
According to the Fust Law of Themmodynamics (AU —AW). dunng the boiling of water at constant
pressure:
AQ = AU because no wotk 15 done.
AU =AQ — P(Viaam - Viater).
AQ =AW because internal energy doesn't change dunng phase change
Al 12 always zero for any phasze change

aopoo

SOLUTIONS

. Answer b (Explanation: During a phase change the temperature remains constant. meamng the average

kinetic energv does not change. The heat (Latent Heat) 1s used entirely to overcome the attractive forces
between molecules, thersby mercasing the potential enerpy)

Ariswer: a (Explanation: Specific heat 15 defined as $c = AQ / (mAT). Dunng boiling, heat AQ 15 baing
added, but the change in temperature AT s zero- Dividing by zero gives a mathematical value of mfinity )
Answer ¢ (Explanation' Internal sneroy mereases because heat 15 added to the svstem (AQ = 0). Whils
some of this energy 15 spent as work (AV) to push back the atmosphere as the volume mcreases. the
majonty goes into mcreasing the molecular potential energy,)

Answer b (Explanation: This is the standard application of the First Law. The change in imiernal energy
15 the total heat added minus the work done by the system dunng expansion (W = PAV). Since steam
occupies much more volumes than liquid water, work 15 a significant factor )

QUIZ
1 MARK QUESTIONS

temperature of the gas increase, decrease, or remam constant” Justify
A person decides to cool a closed. thermally insulated room by leaving the refrigerator door open.
Quantitatvely. why will the room tempemature actually rise?

. On aP-V diagram_ two curves represent an 1sothermal and an adiabatic expansion of the same gas from

the same mntial state. Which curve will have a steeper slope?

Explain why the molar specific heat at constant pressure {Cr) 15 alwavs greater than the molar specific
hear at constant volume (Cy) for an 1deal gas.

After complening one full cycle, a heat engine retumns to 11s ininal state. What 1s the net change 1n the
miternal energy of the working substance?

You are given two different paths on a P-V diagram 1o take a gas from State A to State B. Will the work
done by the gas be the same m both cases? Why or why not?

1f 100 J of heat 1= supplied to 2 zas kept 11 a ne:d, non-expanding contatner, how much work 15 dons by
the gas. and where does the supplied enerzy go?

Is 1t possible to create a heat enoine that converts the entirs heat absorbed from a source mnto work
without rejecting any heat to a sink”? Name the law that govems this.

= :&= |
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. Between the varables Pressure (P), Volume (V), Temperature (T), Heat (Q), and Work (W), identify

which are "path functions."
For a diatomtc pas like Oxyzen. what 15 the value of the adiabatic index (v = Ce/Cv) at room
temperature?

HINTS / SOLUTIONS

. Temperature increases — Sudden compression + msulating walls = Adiabatic process (Q = 0). so work

done increases internal energy.
Room temperature rises — Refrigerator releases more heat than it absorbs because electrical work is also
converted info heat.

. Adiabatic curve 1s steeper — In adisbatic expansion temperature also decreases, causmg pressure to fall

faster.

Cp = Cy — At constant pressure, heat is used for both raising internal energy and doing expansion work
Net change 1n internal energy = (0 — Internal energy 15:a state function: cyclic process returns to mitial
state. .

No_ work done may differ — Work depends on the path taken on the P~V diagram (area under curve)
Work done =0 — Rumd contamer = AV =0 = no work. Entire 100 J goes into increasing internal
ENETEyY.

No. impossible — Governed by the Second Law of Thermodynamics (Kelvin—Planck statement).

Path functions: Heat () and Work (W) — depend on the process path followed.

v for diatomic gas = | 4 — For gases like Oxyoen at room temperature.

2 MARK QUESTIONS

An ideal gas 1s compressed to half its mitial volume. If this is done (a) 1sothermally and (b) adiabatically,
m which case will the final pressure be hiphet? Provide a reason based on the governing equations for
both processes.

When heat 1s supplied to a gas at constant volume, the temperature nises quickly. However, when the same
amount of heat is supplied at constant pressure, the temperature rise 15 slower. Explain this observation in
terms of the work done by the gas.

A system is taken from State A to State B via two dufferent paths: Path 1 15 2 direct straight hine, and Path
2 15'a curved path on a P-V diagram {aj Is the change in infernal energy the sams for both paths? (b) Is the
work done the same? Jusufy vour answers.

When air 15 pumped into a bicvele tire rapudly, the pump barrel becomes guite hot Is this heat pnmanly
due to friction, or is there a thermodynamic explanation involving the dir mside? Explain using the First
Law.

A scientist clmms to have developed a heat enmine that operates hetween 600 K and 300 K with an
efficiency of 55% By calculating the maximum possible efficiency (Camot effictency), determune 1f this
clawm s valid

Define an 1sochoric process, If 200 J of heat 15 added to a system during an isochoric process, what is the
change in intemnal energy”

When a ligh-pressure bicyele tre suddenly bursts, the air escaping fesls noticeably cold to the touch.
Since there was no "refrigerator” mmvolved, explam the drop m temperature using the Fiust Law of
Thermodynamics and the nature of the expansion

An tdeal gas 15 contained mn one half of an insulated ngid container, while the other half is a vacuum. If

the partition 15 suddenly removed, the gas occupies the entire volume.
e —
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a. Calculate the work done by the gas.

b. What 1s the chanee in the internal energy of the gas? Justify vour answer
Two contamners of equal volumie contain 1 mole of Helium (monatomic) and | mele of Nitrogen (diatomic)
respectrvely, both at the same temperature T.

a  Which gas has higher intemnal eneroy?

b. Ifthe same amnount of heat () 1= suppli=d © both at constant volume, which gas will show a

Ereater rise in temperature’
Can the efficiency of a Camot engine be increased more effectrvely by decreasing the sink temperature
Tz) by 10 K or by increasmg the source temperature (T1) by 10 K? Show the mathematical reasoning
behind vour chowce.
HINTS / SOLUTIONS

. Final pressure 15 higher in adiabatic compression

Iothermal: PN=constant Adiabatic: PVT = constant
Since y=1, pressure nises more rapidly m adiabatic process.
Temperatire nse 15 slower at constant pressure
At constant volume: no work done (W=0),-all heat increasss internal energy.
At constant pressure; part of heat is used for expansion work (W=PAV}.
(a) Change in mtemal energy is same — depends only on init:al and fingl states (state function).
(b) Work done 15 different — depends on path followed on PV diapram.
Main reason adiabatic compresston of air
Rapid compression = little'no heat exchange (Q=0).
Wark done on air mncreases internal energy — temperature risss.
Friction mav comnbute slightly.
Check Camiot cficiency = 1 — % = 1 - (300/600) = 0.5 = 50%.
=
Claimed efficiency = 35% > maximum possible 50%: Therefore claim 1s mvalid
Isochone process: Constant volume process (AV=0). Work done W=0
From First Law: Q=AU Hence AU=2001
Aur feels cold due to sudden adiabatic expansion. Gas does work while expanding rapudly. No heat enters
from surroundings (Q=0). Intemal energy decreases — temperature drops.
(a) Work done= 0. Expansion info vacuum = no opposing pressure,
(b} Change in intemal energy = (. Contaner sulated = Q=0 Sinice W=0. from Fust Law- AU=0.
(a) Nitrogen has higher intemal enerey. Dhatomic gases have more degrees of freedom.

(b) Helium shows greater temperature nse. Monatomic zas has lower Cv, so same heat causes larger AT,

Efficiency, = 1 —%3. Deacreasing sink temperature by 10 K is more affective in increasing
i

efficiency.

3 MARK QUESTIONS

. A sample of an ideal gas (y = 1.4) ar an initial pressure of 1.0 x 10° Pa and temperature of 27°C i

compressad suddenly to one-sighth of its orizinal volume Calculate the final pressure of the gas. (Ans:
1.84 x 10°Pa UsingP, ;" = B.1,")

An id=al sas undergoss a cyclic process represented on a P-V diagram. The process starts at point A {(PL
V1), moves to B (Pi. Vi) 1sobancally, then to C (P2, V1) 1sochorieally, and finally retums to A via 2 straight

S ————
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line path Data: Py =300 kPa P:=100kPa. V=2 m’, Vi=5 m> Calculate the fist work dons by the gas
during one complete cyele (Ans: 300 kI)

A thermodynamic system 15 taken from an mitial state A to another state B, Alons path ACB, 80 J of heat
flows into the systeny and the svstem does 30 ] of work. Alone path ADB, the work done by the svstem 15
10 J Calculate the heat flow into the system along path ADB, (Ans: 60 J)

Two moles of an ideal monatomic gas (Cy = %R} are heated from 300 K to 600 K at constant pressare.
Calculate (a) the heat supplied to the gas, (b) the change m internal energy, and () the work done by ths
gas (Use R=831 Tmol'K?) (Ans- a 12465]. b 7479 1. ¢ 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 1s first heated at constant volume until 1ts pressure doubles. and then it 1s expanded at constant
pressure uniil its volume doubles Calculate the total heat absorbed by the zas dunng this two-step process.

(Use R =8.31 T mol 'K and Cv=2R). (Ans: 3600 J)
HINTS / SOLUTIONS

PIV{T=P3Vy' y=14 Pi=1=10°Pa, V:=V1/ 8. Onsolving. P2 =184 x 10°Pa
Py —P:=2x10°Pa V:—Vi=3m® W=21(p, —P,)(V. —V,) =300 kI
Using First Law of Thermodynamics, Q=AU + W
R0=AU+30. AU=350J. Q=AU+ W, Q=50+10=4601.
=2, AT=300K_Cv=-R, Cp=Cv+R=-R

a Q=nCeAT=12465]

b. AU=nCyAT=7479]

. W=Q—-AU=4986]
At Constant volume, Pressure doubles = temperature doubles.
T =300 K_ T2=600 K. Heat added =Q1 =nCvAT=12007

At constant Pressurs, Volume doubles = temperature doubles again 600K — 1200K
Qs=nCsAT = 2400 J. Total = Q; + Qs = 3600 ]

SMARK QUESTIONS

a  Distinouish between lsothermial and Adiabanic proceszes.

b. A weather balloon contaming Helum (7 = 1.67) at an mitial temperature of 27°C and pressure of 1.0
atm risés to an altiinde where the pressure 1s only 0.3 atm. Assummg the expansion 15 rapid enough 1o
be adiabatic: Determins the final temperature of the gas in the balloon (in Calsius) (Ans: —43 75°C)

a2 State the First Law of Thermodvnamics and explain its physical significance as a restatement of the
Law of Conzervanon of Energy.
b. Show that for an ideal zas, the change in intemal energy dunng an :sothermal process is zero.

a. Define molar specific heat at constant pressure (Cp) and constant volume (Cv).
b. Denve Mayer's Relahon (Cp - Cv =R) for andeal gas, clearly explamming why Cp is greater than
Cv
c. A certain gas has a ratio of specific heats y = 1. 4. Identifv the atonucity of the gas and calculate its
degrees of freedom.
T T —————————
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HINTS / SOLUTIONS

(a)

Isothermal Process Adisbatic Process
Temperature remains constant (AT=0) No heat exchangs (Q=0)
. Heat 2xchange occurs with surroundings  System is thermally insulated
For ideal gas: AU=0 Intemal energy changes
_Equanion: PV=constant | Equation. PV=constant
 Happensslowly Usually happens rapidly

(b) vy=1.67, T1=27°C =300K
Pi=1am P;=05atm
EF =r
BT =T.E" T:=22725K =-4575°C
(a) Statement: The heat supplied 1o a svstem is used: to mcrease mtemal energy, and 1o do extemnal work
Mathematically: Q=AU+ W.
Physical Significance: Tt 1s the Law of Conservanon of Energy applied to thermodynamic svstems.
Energy cannot be created or destroyed. Heat supplied transforms mnto internal energy and mechamcal
work.
(b) Change 1n internal energy dunng isothermal process
For an ideal gas: Internal energy depends only on temperature.
In an 1sothermal process: AT=0 Therefore: AU=D
Hence, during isothermal expansion compression of an :deal gas. mtemal energy remains constant,
(a) Specific heat at constant volume (Cy): Heat required 1o raise temperature of 1 mole of gas by 1K at
constant voluome.
Specific heat at constant pressure (Cp). Heat required to raise temperature of | mole of gas by 1K at
COomstant pressure.
(b) Derive Mayer = Relation
At constant volume: Quv= CvAT
At constant pressure: Qp=CpAT
From First Law Q=AU +W
For constant pressure: Q= Qv —PAV
Using (deal gas equation: PAV =RAT
So: CpAT=CyAT +RAT
Dividing by AT: Cp— Cy=R
Why Ce> Cy?
At constant pressure, gas expands and does work
Extra heat 15 needed for expansion work Therefore: Cz = Cv
() r=Cs/Cy =14 Forgases, y=(F+2)/{ therefore f=35.
Degrees of freedom = 5 Gas is diatomie
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“#4+ - KINETIC THEORY OF GASES

CHAPTER 12

}}:.

| 1. BEHAVIOUR DF GASES

Dl gl pretmaires ol

Tl jomminiit iy i Tamd b o gl fny b g o 1o
il rrmrmersiiirg el b il aiue sl B iy

4, CONCEPT OF PRESSURE

2, POSTULATES OF
KINETIC THEORY |

"
4. RMS SPEED OF
GAS MOLECULES

gty it e v Tl isolecild Gf & gas s =
ilbiad gl Lembuavice POinT INASELL Th s of & ::::hﬂl,:ﬂlm. u:mm‘“m - ART
& B A dont when & g R W.umb-"m etirigitale by g s Virmisl a1
wemrmeeer bo S iliszance Comecler s hiesl ge (N mndecides emih of s il
P t,m:-bu.-mld it et Whirrre eriizimsesd iy o culblist bos of sids L
il o= i e i L |
Herre o wod e Thimies b rats borwe i sy - L = ; il =
ol b= g v ey 16 F AL b setan ¥ T = ko flun Gy gy afyyee
qi.-m:.uw_ ntibe il M o= i wines ml the gay
& Bt dilnutie By of e ) T molecotes e i 8 S
ki T Denaemsir o (oF TRl A0, T i sy o L
Wears bas meck iy Tliee mmmrzezae ol mamsihle welsdiies b oall i -
A By ;-lﬂ'll'hhlﬂnrdmn W "rl.r j /
[4] hhﬂr‘ﬂ—kmm#m | ; -1'
--- —— weithy sy mnabiar el ifsss weivh &: v 27 SMEED - ks
TIEAL GAS EQUATION 1 e wally uf fhe contuineg These By '
caollizsors amr wtestc o L W Wy T o ol ey

PV = pRT B als 4T Dy et o sped

Mismmmmits mont ezl aflizune.,

wehnre .~ T ot ks e b s, yrpeme oy wldBiHIL z of mand in s
B = jmre=reel grs rorsims W etk L e s by, TTe W W, dOaN Ror dugea s s (e
Y BTN P RN o AFARTS §ri Ooeed D pl11 $ it ol g (W e paraiie
i cndlisinne s gulled . - ™~ --tulmzunu-lj
free gt Average dsiares H | e — —
FOR T LTSN U R TP TR R s | P = %F']’.ll ] b g = %? P —— | l'wjl ety sl |
PV = kNT P= kKT b o o s L - ol 1F|:|-I.|.|.|.|r'h}ur.-.u|dn|.n__
=¥ - = Kght Tirrer foe  collissn i regiigitiy —_ - - Iy (e s By B
N wmiall compaed o i tms Ao = _i. ',““_ﬁ s W H bisd d,y,,, i ganrimnd
w1 o= -i: TEIET] 10 LRI 1T S I ¥ ¥
& 1 e e ] P
Pmm e || (P
Ky o= 134 <1077 g tEmpesrEture and’ i progactanal Vi * | Wiaps 2, (e vallencity)
blﬂ:ﬂ_-n'mnn H

6. DEGREES OF FREEDOM ()

T Jertall it o] Wi gyl e To e D) i WO (1 s cy
i iy 8 called e deijeee ol lisedos L e i e 1wl
poainla

H. KINETIC EMNERGY OF IDEAL GAS

T. LAW OF EQUIPARTITION
OF ENERGY

Moo LA Can have Shamwrinin AL atrennl s, wihmpy
ey i i bt ey 28 the dogress of
rzrepenl SEpPEEEn S -
I I, = W ilindrl i '!I:.E.'H K _ | [ommpiren
| B o= b =F - samtrironn, il —_——
x I I |
| Lzt il imppmia bl Pt I I E= "_2' ki‘-‘r :
o i
b Mo gae e L e 1 |
u | Py ihlmllllllu_mﬂ f=1 wimmn | = JewSgn eresigry OoF Hn ookt
{ e THiy
I Dl s T pa— f=5 f—=tvgpweuli
|ttt b I e = By, = Bt cprie
9 [ e el T = ssavlute temperatire
1 Frbome: g 0 bl ¢ | et fat r
i e e e, W e — i, orﬂ‘o :-:::—-ru:::-n = -.
" o - I [remrE—
et b ] fg 9
l I

G. MEAM FREE PATH (&)

8. SPECIFICHEAT CAPACITIES OF GASES

Faan h.h::ﬂ- -"dunlluduw:mm e et e e T | Tree of s ' C, | c, T
=alimze [ = 1 5 5
f = = =
!:.- - [ - Cy= :l_n : Sl b i1 -:I.II | 2-II 3
[ - . 'f Teatifin ¥ -E_It 2k | 2
P ﬁ'-('oﬂ—-[idljn ] z | = b
1 P s Pp— a Al Ak ";
A=z — L T 7
| Vimit'n Y=t 7
S fz3 L (Laa)m | 142
wtins o - dmmmes i T Tregie — 2 % | I
® = spplber o ke e ee s wibiens
| — IDEAL GAS EQUATION
1] :;ﬂ]li_lmt_" K : = :;""""“‘ FUMMLARY AW PP e G ol T b
I k= 10m = 404 gl r = .'hl:::lﬂﬂlﬁi-'mﬂlﬂ . BV = pRT A Trrrpesuieies b 8 tnincasy of st ege Wads s
| N = swogsdoe's naimber - = el o i c o o bighes Lnmos atiie — Vegdhin ..,
0 i M : ‘-:. : Imlm:m:-. | '] = Ky W Enirgy o saganily shuses dmony degres uf fissim S
= Uy of medecdis ¥ LU W i ey e el ||y seplalee s ey I Y -
P = deEity - ” & = s T iy P= thT Jor e e ] o e s br— : .rJ
o ¥ I = Dlegriws iof famstiom ul bl

FIET MYSURL-55M-PHY SICS. X1-2004-17 2]




MULTIPLFE CHOICE QUESTIONS (MCQ)
. Suppose ideal gas equation follows vp'= constant. Inihal femperature and volume of the pas are Tand V
respectively. If gas expand to 27V then 1ts temperature will be come

[

a T b. 9T . 2T d T4
2. At what temperature_ the mean kinetic eneray of O will be the same for Hs molecules at — 73°C
al2’=C b. 327°C . -737%C d =173°C

led

The tempetature of a given mass is increased from 27YC 10327 °C. The rms velocity the molecules
merease

a V2times b 2timies ¢ 2VZ2times d. 4 times
4 The rano of rms speeds of two gases at same temperature 15

M N M- M-
3 —= B = o = d ==
M= -.,|| . 11] ML M,

3. A contaner has two chambers of volumes Vi = 2L and V5 = 3L, contaiming gases at pressures Py =
latn and P; = 2atm respectively, After removing the parttion. the equilibrium pressure becomes:

aldatm b. 1.8 atm c. 13 am d 1.6 atm
6. A gas mixture contains 2 moles of O,and 4 moles of Ar at temperature T. Neglect vibrational medes.
Total mternal energy 1s:

a 4R/T b. 15RT c SAHT d 11RT

7. The dimensional formula of the gas constant Ris:
a [MIFT*K 'mol™] b [MLT?] < [ML*TY] d [M°L°T?]
8 _ A pas s filled in a coniainer at pressure P If the mass of molecules & halved and thetr rms
speed is doubled. The resultant pressure would be

a 2P b 4P c P4 d P2

9 Atgvery high temperature, vibrational modes bécome active. Deprees of freedom of a diatomic gas become:
a 3 b 3 c. 6 d 7

10. The mean free path of molecules of a gas (rads 1 } 15 inversely proportional to:
L r b L d. ~r

11. The pressure P for a gas 1s plotied against 1ts absolute temperaturs T for two different volumes Vi and
Va2 where Vi > Va2 IfP s plotted on v — axis and T on x — axtis, 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

¢. both curves have same slope

d. the curves imtersect at somes point ather 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

115
2

kms | b.i'\ﬂ"_ﬁ!_ kmst e 25kms? 4 2—5 kms

13. For a gas if ratio of specific heats at constant pressure and volume is 7 then value of degrees

aof freedom 1s
I 2 e 5 4
o2 5 r—1 ¢ 3 (r-1) 4.5 (r-1)

: 5. = . U =i %
14, If one mole of monoatonuc gas ¥ = 315 mixed with ones mole of diatomic gas f = the value ofy forthe
MEHire is |

a. 140 b. 1.50 c 153 d. 3.07

S ————
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13. A monocatomic gas molecule has

a. Three degrees of freedom b. Four degress of freedom
c. Five degrees of freedom d. Six degrees of freedom
16. A gas behaves as andeal gas at
a Low pressure and hich temperature b. low pressure and low temperature
c. High pressure and low temperature d high pressure and high temperature
17 A parunon divides a container having insulated walls im0 two compartments [and 1T
the same gas fills the two compartments. The ratio of the number of molecules in
compartments [ and I 15
a l:6 b. 6:1
c. 4:1 d 1:4
18. . In kinetic theorv 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 velociy.
19, The pressure and temperature of an 1deal gas 1o a closed vessel are 720 &Pz and 40°C
respectrvely. If%th of the gas 1s released from the vessel and the temperature of the

remaining gas 1s raised to 333°C. the final pressure of the gas 15
a 140 &Pa b. 1080 kPa c. 120 EPa d. 340 iPa
20. The mean kinetic energy of molecules of all gases 13 same at: .
a -Same pressure b Same volume ¢ Same temperature  d Same density
HINTS/SOLUTIONS
1L b 2 €C 3b 4¢ 5d 6d 7a 8%a 9.4 100b 1l1b 12d
1I3.b 4 b 15a 16a 17.d 18d 19b 20C

1h Far the gas process: t,Pz = constant , Using the ideal gas law PV=nRT, P=nAT/v
nAT, 3 T2 wE
V(— = constant, so Teey, == =—= Ta=0T
v Tr Vi
I ¢ The mean kinetic ensroy of @51714::15:!.:155 depends gnly on abzolut= tempersture; not an the type of gas
3 b V4T |, Convert temperstures to Kelvin: T, =27°C =300 .T.=327°C =60DK

4. the ratio of ns speads of two gases at same temperature 1s. = = :ff-
5. Using conservation relfstion: BV + PaV: =P(Wi+Vy) | P=2""= E = 1.63tm

E.For gases: Diatomic gas: I = ZHHT Monoatomic gas: [ = E nfT
U =I{2RT)+Z(4RT) = SAT + 6AT = 11RT
Ta [ML*T K imel™?]
7 a Using. P=13pv =18 mN eV APomv e
3 d Translational =3 Fotattonal =2 Vibrational =2
Total = 7.
Ll pyepRt=:p=nRT/V Slopeof F—Teraph =1/ ¥

14449416 3
12. 12 Vrms = '%= /Tp

13. 13 y=142
n

ni+nd nt ns

14, =y T 23
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15, Three

16. @ Ideal Gas Behavior A gas behaves as an ideal gas at low pressurs and lugh temiperature. | A gas
behaves ideally when s molecules are widely spaced. move frezly, and do not inferact with each other
P 1

V 5+ {EH [;E'L‘} T n
T = L e T P 3
17.(d) n : Now, » T 4;: An Or i

1B D
19.(b) P =720kpe, T,=40°C=273+40=313K Pamr=2_Mel 3 86
E om T, 4 313

Ly
i

B =158 =15%720 = 1080 iP5
200 A Using. P=13pv me=13mNv m'V ~Potmime
ASSERTION & REASONING BASED MCQS

For question numbers 1 to 10 | two statements are given-one labelled Assertion (A) and the other labellad

Reason (R). Salect the correct answer to these guestions from the codes (a), (b), (c) and (d) as grven below.
(a} Both A and R, are tree and R 15 the correct explanation of A
(b) Both A and R are true but R is NOT the correct explanation of A
(c) A 15 true but B 1s false
(d) A 15 false and R 15 also false

1. Assertion (A) : Mean free path of gas molecules varies inversely as density of the zas.

Reason (R) : Mean free path of gas molecules 1s defined as the average distance
travelled by a molecule between two successive collisions,

2. Assertion (A) : Specific heat of a gas at constant pressure 15 greater than its specafic heat at constant
volume. Reason (R) : At constant pressure, some heat 1s spent iz expans:on of the gas:

3. Assertion (A) : Absolute zero 1s net the temperature corresponding to zero energy.

Reason (R) : The temperature at which no molecular motion ceases 15 called absolute zero temperature

4. Assertion (A) : Vibmational snerey of diatomic molecule corresponding to each mode of freedom 1s
kT,

Reason (R) : For every molecule, vibrational degree of freedom 15 2
3. Assertion: The ratio g /Cyy 158 more for helium gas than for hydrogen gas.
Reason: Atomic mass of hehum s more than that of hvdrogen
6. Assertion: An undamped spring-mass svstem 15 sumplest free vibration svstem.
Reason: It has three degrees of freedom

7. Assertion (A) : The number of degress of freedom of 2 linear triatomic molecule 15 7,
Reason (R) : The number of degr=e of fresdom depends on number of particie 1 the system

8. Assertion (A) : For an ideal gas, the internal energy depends only on temperature.

Reason (R): In anideal gas, intermolecular forces are absent.

9. Assertion (A): At constant temperature, the pressure of 2 gas mcreases 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 1s due to collisions of molecules with the walls of the
container.

Reason (R): Gas molécules are in continuous random motion.

HINTS/ SOLUTIONS (ASSERTION AND REASON )
I’k BMS speed increases with temperatare: v, T
So, the Acsertion is true. The Reason is also true because it comrectly defines mean

free path. However, the definition given in the reason does not explain why mean fr=e

path varies mversely with density.
2 8 Mathematically: Cp = Cy + R
3. ¢ Asserion (A) 15 true because even at absolute zero, atoms and molecules possess zero-

point enerzy due 1o quantum effects. Therefore, total enerey 1s not exactly zero.

T ————————
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Reazon (R) 1 false because molecular motion doss not completely cease at absolute
zero.  Classical kinetic motion becomes mnimum. but quanium mechanical zero- point
motion still exsts.

4b One decres of freedom contmibutes kinetic ensrzy % k5T Another coniributes potential energy ::-kET
Hence total mibrational energy per vibratonal mode 15: k5T = %kBT -1 % kgT The Beason 1s also true 1

the sense that each vibrational mode contnbutes two quadratic degrees of freedom (one kinetic and one
potential) However, the statement “for every molecule, vibrational dapree of freedom 1s 27 15 not the
correct explanation because the number of vibrational degrees depends on the type of molecuis and the
number of vibrational modes.

5b Both assertion and reason ars true but the reason 1s not a correct explanation of the  assertion.
Monoatomic helium has 3 degress of freedom while diatomic hvdrogen has 5 degrees of fresdom

6.C Assertion is true and reason 15 false. An undamped spning-mass system is the simplest vibration system
with one degree of freadom.

7.b Foralinear tristomic molecule.  Translational degrees of freedom = 3 Rotational degrees of freedom =12
Vibranional degrees of freedom (neglecied in many cases at ordinary temperaiures) = 2 Henee total
active degrees of freedom-

F=34+2+2 =7 TheReazon ic also true hecanse the totdl degrees of fesdom of 2 svitém are related to the mumber
of constituent particles and their possible motions. However, the reason does not  specifically explamn why a
linear triatonic molecule has 7 degrees of freedom

8. 2 Since there are no mtermolecular forces 1n an 1deal gas. there 1s no potential energy.  Hence mtemnal
energy consists only of kinehe energy, which depends only temperature.

9 a stconstanttemperature, P ooC :—r S0, when volome decreases pressure mereases From knetic theery:
Decreasing the volume reduces the space available for molecular motion Hence gas molecules stnike
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 reszarch feam (s studving the behaviour of gases 1 a laboratory cvlinder fitted with a
movable piston. The cylinder contains an ideal gas. When the piston is pushed inward, the gas molecules
collide more frequemntly with the walls, cansing the pressure to increase. The average kinstic energy of the
molecules depends oaly 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, zas
pressure anses due to continuous random motton of molecules.
1. According to kineiic theory, the pressure of a gas 15 due to:
a. Mutual attraction betwsen malecules b. Collisions of molecules with contamer walls
e. Weight of molecules d. Shape of molecules
2. If the absolute temperature of an1deal gas doubles, the average kinetic energy of molecules: becomes:
a Half b. Double c Four nmes d. Unchanged
3. Which of the followmnz sases will have the highest rms speed at the same temperature?
A | QOxzyegen b. Nitrogen ¢. Hydrogen d. Carbon dioxide
4 Real gases behave nearly 1deallv under:
a High pressure and low temperatur= b. Low pressure and high temperature
¢ High pressure and high temperatuse d Low pressure and low temperature
5. The mean kmetic energy of zas molecules depends on:
a Pressure only b. Volume only
e —
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c. Abszolute temperatire d. Density only

6. Which statement is correct for an ideal gas?

A Molecules exert strong attractive forces B. Molecules ocoupy sigmificant volume
C. Collisions are perfectly 2lastic D. Molecules are at rest

2 Case Study According to the Law of Equiparntion of Energy, for any system i thermal equilibrium,
the total ensroy is equally distributed among 1ts various degrees of fresdom Each degree of freedom
contributes an average energy of 2 kgT per molecule, where ks 15 the Boltzmann constant and T s the
ahsolute temperature. The number of degrees of freedom (f) depends on the atomicity of the gas molecules.
For instance, a monatomuc gas has 3 translational degrees of freedom. while a diatormic gas at room
temperature possssees 3 translational and 2 rotational degrees of freedom. Thes= degress of freedom directly
mfluence the molar specific heat capacities (Cy and Cp) of the gas: The relation between specific heats and
the ratto of specific heats () ts grven by the depree of freedom as v = 1 + 1'f Understandmg these thermal
properiies 15 crucial m thermodynamics for ealculatine work done and tntemnal enerzy changes i various

ammospheric 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. B d 7

2. According to the {aw of equiparmtion of enerpy, the average kinetic ensrgy per degree of freedom per
molecule 15

a 32ksT b. ksT c. 12ksT d 32ksT
3. For a monatomic gas, the ratio of specific heats (v = Cp/Cv) 1s:
a 1.67 b. 140 c. 133 d. 1.00

4_1f a gas has f degrees of fresdom, then s molar specific heat at constant volume (Cv) 15 given by
a R b. (FE2)R c: (I+£FR d 2{R

5. A pas mixture contams | mole of Helum (monatomic) and 1 mole of Hydrogen {diatomic) The effective
degree of freedom of the muxture 1s:

B 3 b 3 c. 4 d 8
ANSWERS [ CaseStudy 1b Collisions of molecules with container walls 2 b Double 3.c.
Hydrogen 4. b Low pressure and hugh température 5. ¢ Absolute temperature 6. Collisions are
periectly elastic 2CaseStudy 1. b3 2 c 12T 3 a 167 (Calculahon: v=1+23) 4.b

(FDR 5c 4 (Calculation: (3+35)/2)
IMARK QUESTIONS (PRACTICE QUESTIONS)
1. When an automobile travels for a long distance the air pressure in the tyres increases. Why?

Ir*..a

The temperature of a given mass of a gas 15 increased. How is the densiiy affected. if the volume is kept

constant 7

Two different gases have exactly the same temperature. Does it imply that their molecules have the same

rms speed 7

4 Why do gas melecules not stick to the walls?

3. Aeccording to the Law of Equparttion of Energy. what 15 the average kinetic energy associated with
each degres of freedom for a molecule at absolute temperature T7

6. Forangid diatemic molecule {like N2 or O2 ) at room temperature, what 1s the total number of degress

of freedom”
= & —— — — —  — — _|
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7.
8
9.

What do you mean by mean free path of a gas molecule.
Mention the different ways of increasmg number of molecular collisions per umt timein a gas,
The ratio of specific hears ¥ for a diatomic gas (nmd) 1s:

10. How does the mean free path (A)change with an increase in gas density?

!‘u

led

27

2 MARK QUESTIONS
Stat= the two main assumptions of the Kinenc Theory of Gases that do not hold trus for real gasss.
How does the mean free path of 2 gas vary with (a) Temperaturs at constant pressure and (b) Pressure at
constant tempearature”

The root mean square (rms) speed of oxygen molecule at certain temperature T 15 "V If temperature is
doubled and oxvgen gas dissociates o atomuc oxygen what 1s the speed of atomic oxygen?

Twa vessels of the same volume are filled with the same gas at the same temperature. If the pressure of
the zas in these vessels bein theratio 1 : 2 then state

(1) The ratio of the rms speeds of the molecules.
{i1) The ratio of the number of molecnlss.

At what temperature will the BMS speed of oxyzen molecules be sufficient so as to escape from the
earth? (The escape velocity from Earth ts approximately: v, = 11.2 km/s. M for oxygen gas
(02)is 32 x 1072 kg/mol ),

A zas molecule has f degrees of freedom. State the expression for its internal energy (L) and molar
specific heat at constant volume (Cy).

Explain why & diatomic molecule has different degrees of freedom at room temperature versus very hugh
temperatures.

What 15 specific heat capacity (Cv) of water in terms of degress of fresdom ?

(assuming water behaves as a solid) Il
Isothermal curves for a given mass of gas are shown at two different I \
temperatures 11 and T2 State whether Tt > Tz or T2 = T). Justufy vour answer. N

10. Explain why (a) there i1s no atmosphliere on moon.  (b) these 1s fall in

temperature with altituds
HINTS/SOLUTIONS

1.The volume occupied by the gas molecules themeelves 1z neglimble comparad to the total

2

volume of the gas. There are no intermolecular forces of attraction or repulsion between
the gas molecules.
For an ideal gas. the mean free path Ats the average distance a moizcule travels between

collisions, Itisgwvenby: A= f'::TP where: le= Boltzmann constant . 7= absolute

temperature  d= molecular diameter P= pressure  From this relanion: (a) Vanation with
Temperature at Constant Pressure At constant P, A & TS50, the mican fres path increases
directly with temperature. Higher temperature | molecules move faster and gas expands
collisions become less frequent | larger mean free path (b) Vanation with Pressure at

Constant Temperature Atconstamt 7, A @« % So, the mean free path decreaces inversely

with pressure
/T sR{zT) :
3v= |/— = |— c =2y
M M/2
P [ = . a . - - F . 5
4 (1) v @ v Tas the temperature 15 same rms speeds are same, (11) E"-=—5 =14

3. To escape Earth, the RMS speed of axygen molecules must equal Earth’s escape velocity.
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The escape velocity from Earth 1s approximately;, v, = 11.2km's =112 X 10*m/s For

a gas molecule, the RMS spead 12 v . = 22T Where R = 8.314 Jmol 'K Mfor

s I

: (2,314} -
oxyeen gas (0:)1532 X 10 2 kg/mol  1.12 X 10% = /% T®16%x10°K

6. For an ideal gas molecule with fdagreas of fresdom;

Internal Energy The intemal enerey of imoles of the gas is U == nRT

whete: f=degrees of freedom n=nmumber of moles R=universal gas constant

T= absolute temperature | U = gnHT The molar specific heat at constant volumes €, =

p— &
c,=%ir

P ey

R

[

7. A diatomic molecule can store enerzy 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 temnperature because energy 1s quantized. At Room Temperature A diatomic molecule
mainly kas® 2 translational degress of freedom 2 rotational deprees of freedom So. f =5
The vibrational medes are usually not excited at room temperature because the thermal energy 1s too
small to overcome the large energy zap between vibrational levels. At Very High Temperatures
. As temperature increases, molecules gam enough energy to excite vibrational motion. A vibrational
mode contributes: | kinetic degree and 1 potennal degree Thus, vibration adds 2 more degrees of
freedom. So at high temperatures: £ =7

8. If water behaves as a solid, 115 molecules mainly possess vibrational degrees of
freedom. For a solid, sach 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 10, = %R

Sybsttunnes f =6, C. =3R ,C, = %R Thus, for water treated as _ﬂmi.td,
9 8mee T=PVinR ' TPV  [R=constant] If arsa under PV 15 greaier for the cunve
at T> than for the curve Ty Hence, T2 =T
10. Ths Moon has verv small mass, so its graviiational pull 15 weak Thersfore, the sscape velocity on the

Moon is low(Escape velocity of the moon is 2 38 km s7), and zas molecules move fast enough to eacape
into space. As a result, the Moon cannot retain an atmosphers As altitude increases, atmosphenc pressure
decreasas. Atr expands in the lower-pressure recion and during expansion it cools (adiabatic cooling).
Also, the atmosphere is heated by radiation from the Easth's surface. so higher lavers recesve lass

heat Hence. temperature decreases with increase in altitude

3 MARK QUESTIONS
1. Demonstrate vour understanding of the kinetic theory of gases by listing 1ts fandamental assumptions
and explaining the sionificance of each.

2. Using assumptions of kinetic theory of gas=s find the expression for the pressure exerted by an 1deal gas

3 A pas mixture consists of 2.0 moles of oxvgen and 4.0 moles of neon at temperature T. Neglecting all
vibrationzl modes. calculate the total internal snergv of the system (Oxygen has two retational modes.)

4 Denve expression for mean free path of a gas molecule. On which factors does the mean free path
depends?

3. Denve an expression showing relation between pressure and kinetic energy using Kinetic theory of gases

6 At what temperatuge 15 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=399 u of He =4.0u).

7. (aj How much volume does one male of a gas occupy at NTP7 (b) What are the essential characteristics
of an ideal gas? (¢) What are the conditions under which real gases behave nearly as a perfect zas?
e —
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HINTS/SOLUTIONS
3._For an 1deal gas mixture, the total internal energy 15 the sum of the internal energies of zach
‘gas component For a molecule with fdeprees of freadom; U = EﬁHT Oxygen (0,) Oxygeniza
diatomuc gas with: 3 translational modes 2 rotational modes Vibrational modes neglected So, f =5
Given: n = 2.0mol . Intemal energy of oxygen: U, = i{" 0)RT = 5RT .Neon (Ne) Neonisa
monoeatomic gas with only: 3 translational modes S0, f =3 Given: n = 4.0mol . Intemal energy of

neon” Oy, =~{4G)RT 6RT Total Internal Energy Uy = U, + Unelliq = S5RT + 6RT =11RT

4. A= ._1__ = =|,._‘T « Henca: A-x— p , A ecT, ).ac—.lirm {for fixed pressure
yard™n JiEdis o Znds P I

and temperature conditions as applicable).

5. Srarting from the pressure equation obtained from kinetic theorv: PV = %Hmtrnzni_ Expression for
Kinetic Ensrgy - The translational kinetic energy of ons molecule 1s: %mvl

For Nmolecules, total kinetic ensrgyvis: K = % Nmuvs, . From
kinetic theorv: PV = iﬁmvfme . EPF = %Nmtme But, iﬁmzﬁmg =K Therefore,
K= %PV Dividingby V: P = iij Thus, the pressure of a gas 1s directly r=lated to the translational
kinetic encrgy of its molecules|K =2PV| Or [P =22

6 Let Cand C* be the rms velocity of arzon and a helium gas atom at temperature TK and T K
respectively, Here, M =399 M =40, T=2,T=-20+273=253K

./ )Z:"; = 3’“"’ —J“’fﬂ SmeeC=C . T=390X253/4=25237K 7.a

Volume Occupied by DﬂE ‘d{:rlf: of a Gas at NTP At NTP (Normal Temperature and Pressure):
Temperature = 0°C = 273 K , Pressure = 1 atn One mole of an 1deal gas occupies. |2_2.4 litﬁ:sl
or |22.&~ * 1077 m?® | This 15 callad the molar volume of a gas at NTP.
b Main Characferistics of an Ideal Gas -Volume of molecules 1s neghizible compared to zas volume,
No attraction or repulsion between molecules except during collisions. (No inter molecular force) , Total
kinetic energy remams conserved (Elastic collision) | Motion 1s continuous and. in all directions,
{(Random motion), Obevs ideal gas equation PV = nRT Internal en=srpy depends only on temperature
Real gases approach ideal behavier under: 1. Low Pressure - Molecules stay far apart.
Intermolecular forces become neglhizible. 2. High Temperature - Molecular kinetic energy becomes
very large. , Attractive forces become msipnificant. Thus, real gases behave nearly as 1deal gases
at[ Low pressure and high temperature
Examples: Hydrogen and helinm behave most idzally under ordinary conditions
S MARK QUESTIONS
! Siate the law of equiparution of energy for a dynamic system Using thus law, determuine the expressions
for the internal energy and the ratio of specific heats v=C./C- for the following types of ideal gases:
{a) Monoatoniic gas  (b) Diatomic gas  (c) Tristomic gas (assuming non-linsar molecules)
Also, explam how the degrees of freedom influence the internal energy and heat capacities of each gas
2. State kinstic iterpretation of temperature, define and denive expression for nms spead of
molecules of an 1deal gas

HINTS/SOLUTIONS
1. The law of equipartition of energy states: "For a system in  thermal equilibnium_ energy 1s equally
distributed among all independent quadratic degrees of freedom, and each degree of freedom contnbutes
an average enerey of % kTper molecule ™ For one mole of gas: Energy per degree of freedom = %'R'T
—m————
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If a molecule has fdegrees of freedom, then the intemal energy of one mole 1s: U = é_ET For
nmoles: U= %nRT From thermodynamics. €, = (g .
Hence, Gy =IR Ao, C,=Cy+R

Thus, Cp = (5 +1)R  Therefore, y= -;-E == (a)

Monoatomic Gas Examples: He, Ne. Ar A monoatonmuc molecule has only: 3 wranslational degrees of
freedom So, f =3 ImtemalEnergy U =ZnRT SpecificHeats G =2R Cp =2R Raioof
Specific Heats y = g (b) Diatomic Gas Examples: 0,, N,, H. Neglecting vibrational modes: 3
translational degrees | 2 rofational degrees Thus, f =5 Imtemal Energv U=§nR_T' Specific

Heats Gy =-R, Cp=-R
Ratie of Sp&éﬁc Heats y-: =£ (¢} Triatomic Gas (Non-linear Molecules) Examples'H-0, NH; . For
non-linear matomic molecules: | 3 translational degrees | 3 rotational degrees Hence, [ =6

(neglecting vibrational modes) Internal Hnergy U = 3nRT Spectfic Heats €, =3R . Cp; =4R
Rato of Specific Heats ' :% Influence of Degrees of Freedom The degrees of freedom determune

how energy 15 shared among molecular motions. Mare degrees of freedom —more energy absorbed by
molecules. Therefore: Internal enerzy increases with [ Specific heat capacities increase with fFrom:

u =§nﬂ5“ weeee: oo f Similarly Gy = §R , $0, Cptx f However
¥= % Thus: As fincreases, ydecreases,

2. kinetic interpretation of temperature staies: [ he absolute temperature of a gas 1s directly proportional
to the average translational kinetic energy of 1ts molecules,” Thus lngher temperature means greater
molecular motion and greater kinetic ensrgy. For one molecule of an 1deal gas: é]'m;.:E =
g kT where: mi=mass of one molscules . t¥=mean square speed k= Boltzmann constant 7=
-;lbmlﬂ!;é temperatur  Hence, Average kmenc energy o T
Root Mean Square (RMS) Speed The RMS speed of gas molecules 1s defined as: “The square root of

the mean of the squares of the speeds of all molecules ™ Mathematically, v,.. = N

Dernvation of RMS Speed From kinetic theory of gages: PV = &Nh‘tc_z where: P=
pressure . V=volume N=number of molecules m= mass of one molecule Using ideal gas squanon
PV = NkT, Equating both exprassions.  NAT = = Nmv2, kT=-mr?®  Thus, vi=—
Taking square root: v, = oL Expression in Terms of Molar Mass Since m = ;:_'j-
m Na

and R = kN; Substituting. Vpme — f% where- R=—universal gas constant M=—molar

- 3T

mass of gas The RMS speed of molecules of an sdeal gas is; |v,. = [—

m
: 3RT
or Wibs — —'M—
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MULTIPLE CHOICE QUESTIONS
1. Which of the followine examples represents peniodic motion but not escillatory 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
For a particle execunng Simple Harmonic Motwon (SHM), what 15 the phase difference between 1ts
displacement and velocity”
{a) 0 radians (b) w'd radians  (c) w2 radians (d) ® radians
3. A pamticle executes SHM with an amphitude \(A'). At what displacement from the mean position 1s
its kinetic energy equal te its potential eneray?

(@) A2 (b) AWZ () AV (d) A72:/2
4. The total energy of a particle executing Simple Harmoniie Motion s directly proportional to:
(a} The frequency of oscillanon  (b) The square of the amphitude
(c) The displacement from the mean position (d) The square root of the mass
1f the length of a2 sumple pendulum 1s mereased by 34%, what 15 the percentage tnerease 1 1is tume
period?
{a) 20%% (b} 22% {(c) 44% (d) 12%
6. Which of the following examples 1s not a simple harmonic motion?
(a) Vertical oscillation of a spring-block svstem
(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 1 a U-tube.
7. The acceleration of a particle exzcuting SHM 15 piven by (2 =-16x)_ where (%) is the displacement in
meters. What 1s the angular frequency of the motion?

1

bt

{a) 16 rad's (b) & rad's {c) 4 rad's (d) 2 rad’s
8. The nature of the acceleration vs displacement graph for a parmmcle 15 executme SH M
(a) A straighi-line (b) A circle {c) An ellipse d) A hyperbola
9 The change (or chanees) observed when the peniod of a stmple pendulum is doubled 1s
(a) Its length 1= doubled (b) The rhass of the bob 15 doubled
(c) Its length 15 made four times

{d) The mass of the bob and the length of the pendulum are doubled
10. The period of oscillation of 2 simple pendulum of constant length at earth’s surface 1s
T It period mnside a mine 15
(2) Greater than T (b) Less than T (¢)Equalto T (d)Cannot be compared
11. The total energy of a particle executing 5. H M. 15 proportional to
(a) Displacement from equilibrium posihon  (b) Frequency of oscillation
() Velocity m equilibrium posifion (d) Square of amplitude of motion
12. When a damping force acts on a vibrating system. what happens to the ampliude of the
oscillanons over time?
(a} It increases linearly (b} It decreases exponentially
(¢} It remains constant {d) It fluctuates randomly
13. Resonance ocours when the frequency of the external periodic foree1s:
(a) Much higher than the natural frequency of the system
(b) Much lower than the natural frequency of the system
{c) Equal 1o the natural frequency of the sysiem
(d) Completely independant of the svstem
14. A particle executes simple harmonic motion along a straight line with an amplitude A
The potential enerpy 15 maximum when the displacement 1s
fa) =A (b) Zero (c)=AZ (dy=A2

S ————
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15 A parmcle 13 vibrating m a sumple harmonic motion with an ampliude of 4 cm At what displacement
from the equilibrium position, is its energy half potential and half kinetie
ia) l em (b) 22 cm (c) 3:cm (d) 2 v 2cm

MULTIPLE CHOICE QUESTION: ANSWER KEY
I (b) Penodic motion repeats at regular mtervals, Oscillations require a back-and-forth
Movement about a mean position. The rotation of Earth repeats every 24 hours (periodic)
but never reverses ifs direchion (not oscillatory). Options A and D represent both periodic
and oscillatory motion. Option C represents wave propagation
2. (b)}The displacement equation 15 (x = Asine t). Differentiating sives the velocity equation
(v = Awcosat) = Aosin(wt = 11'2). The phase angle difference between the sine and
cosine Tunciions 15 7w 2radians.
3 (a) Emnetic Energy (KE)equals Potental Enerzy (PE). Therefore,
12 k{A?-x)=12kx) Smplifving thisgrves A’ -x'=x  2x'=A?
x=AVZ
4. (b) The total energy (E) of a simple harmonic oscillator 45 grven by the formula
(E=1/2 me~ A%) This shows that the total energv 1s directly proportional to the
square of the amplitude A*

3. (a) The ume penod 5 (T=2n [;"glnleaning'l'ﬂﬁ 1f the new length 15

(I'=1.441), the new timie period becomes (T =/ [1.44) . T=12T The
mereass 15 (1 2T - T=02T), which 15 equal 1o 2 20% increass.
6. (b) Motion of a simple pendulum with large angle.
SHM requirss a small angle (sinf =0) Larse angle motions are periodic but not simple
harmonic
7. (c)The standard equation for acceleration in SHM 1s (a=-n’x), Comparing this to the
given equation (a=-16x) shows that (o™= 16). Takinz the square root Zives an anzular
frequency=irad'sec.
& {a)The graph of acceleration vs. displacement for a parmicle in S H M. 15 a strasght line
with negative slope — indicating that acceleration 15 always dirscted opposite to
chsplacement.

9 (c) The time penod T of a simple pendulum 15 given by: T=In E (1)

To make the ume peniod 2T, let the length be changed 1o I”. Then 2T = .}.IIJE -
From (1) and (2),2= "1 (or) I'=41

10. (a) Tocy'l ‘g I g mcreases. T decreases. If g decreases (like on the Moonorinside 2
ming), T mereases,
11.(d) Thetoalenergy Ein SHM 15 the sum of kinetic and poiential ensrzy. and 1s
constant for a @ven motion: E=12me A E o A
12.(c) Resonance occurs when the doving frequency matches the natueal frequency of the
oscillator. This state enables maximum energy transfer, causing the system to oscillate
with its peak possible amplitude.
13.4c) When two perpendicular or eut-of-phase harmonic motions combing as
{x =2 sinmt—+ beoswm t), the resulting amplituds is calculated using the vector sum
formuta (A = yaz+vb2). Here A=25.
14 {a} The potential energy (P E) m S HM at any displacement x 15:
PE=12 k=" So PE is maximum when x is maximum_: & when x==A

S ————
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15. (d) Kinetic etierey, K=12me(a )  Potential enetgy, U=12mwx"
Given, KE=PE 12me*(a—)=12mers x=a2=4N2=242

CHALLENGE CORNER
1. Which of the following quantities remains constant in simple harmonic moetion?
{a) Displacement (b) Veloctty (¢} Acceleration (d) Total Energy
2. If a simple harmome oscillator has gota displacement of 0.02 m and acceleranion squal
2.0 m/s2 at-anv tme, the angular frequency of the oscillator 15 equal to
{(a)10rads (b)lrad's (c)100mads (d)]rads
3. For a magnet of time period T, magaetic moment 15 M. If the macnetic moment becomes
one fourth of the intial value, then the time penod of oscillation becomes
(a) Half of imtial value (b) One fourth of inthal vaiue 248
€ Double of mitial value (&) Four time 1utial value
4. A pamicle executes SHM wath amplitude 8 em and time period 4 s. The maximum velocity
of the particle 1s:
(a)4necm's (b)) Brcm's (c) 6rcmis (d)32n cm's
3. A body oscillates between pomnts A and B, 20 cm apart. The ume taken to move from A
10 B 15 0.5 5. The tume penod 15
(2)03s (b)1s {e)2s (d)4s

ANSWER KEY OF CHALIENGE CORNER
1. d 2 A 3. € 4 A 5. B

ASSERTION REASON TYPE QUESTIONS
(a) Both Assertion and Reason are trus, and Reazon is the correct explanatnon of Assertion.
(b) Both Assertion and Reason are true, but Reason is NOT the comrect explanation of Assertion
(c) Assertion 1s true, but Reason 15 false.
{d) Assertion 1s false. but Reason s true.

1. Assertion (A): Every periodic motion 15 not necessarily a simple harmonic motion
Reason (R): Simple harmonic motion requires the restoning force 1o be directly proportional to the
displacement.
2 Assertion (A): In Simple Harmonic Motion (SHM), the velocriy of the particle is maxuwnum at the
mean position.
Reason (R): The acceleration of a particle performing SHM is zero at the mean position.
Assertion (A): The total snergy of an undamped spring-mass svstem performing SHM remams

lad

constant.
Reason (R): Kinetic energy and potential energy transform into each other continuously duning the
oscillation

4. Assertion (A): If a pendulum clock is taken to the moon_ 1t mns slower.
Reason (R): The acceleranon dus to gravity on the moon 15 less than that on Earth.
Assertion (A}: If the amplhitude of 2 simple harmontc osciliator 1= doublzd, 1ts 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): Liqmd ina U-tube executing vertical oscillations performs SHM.
Reason (R): The restoning force on the hiquid column s directly proportional to the height of the
Liguid level displacement.
7. Assertion (A): Resonance occurs when the frequency of the extemal penodic force matches the
natural frequency of the oscillator.
Reason (R): At resonance, the amplitude of oscillation becomes exceptionaily small.
T T —————————
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10.

Assertion (A): For a particle executing SHM . the sraph between potential enerov and displacement
15 a parabola.

Reason (R): Potential enerey m SHM vartes linearly with the displacement from the mean position.
Assertion (A): The ime peniod of a simple pendulum inside a freely falling It s mfinde.

Reason (R): The effective acceleration due to gravity inside a freely falling Lift is zero

Assertion (A): When two identical springs are connected 1n parallel, the effectrve spnine constant
doubles.

Reason (R): In a parailel combination, both springs expenence the same stretching force

ASSERTION REASON TYPE: ANSWER KEY

Cfa 2.(b) 3 4@ 5@ 6.(3) T.(c) 8. (c) 9(a) 10(c)

VERY SHORT ANSWER QUESTIONS (2 MARKS)

Show that for a particle executing Simple Harmonie Motion (SHM), the acceleration 15 directly
proportional to its displacement but directed opposite to 1t

A particle executes SHM with an amplitudzs (A). At what displacement from the mean position are
its kanetic energy and potential energy equal?

Plot a clean_ labelled graph showmg the vanation of Kinetic Energy (KE) and Potential Enersy (PE)
of a sumple harmonic ascillator as a function of its displacement.

A hinsar harmonic oscillator has a total eneray of (E). What will be iis kinetic energy and potential
energy when its displacement 15 half of its amplude (x = A2)7

What 1s the fundamental difference between damped oscillations and forced oscillations? Mention
one physical exampls of each

Explain why the nme penod of a simple pendulum becomes infinite 1f 1t 15 placed nside a
geostationary satellite.

What 1= the phase ddference between:

(a) Displacement and Velocity of a particle i SHM?

(k) Velocity and Acceleration of a particle in SHM?

A simple pendulum has-a hollow bob filled with mercury. If a stmall hole at the bottom lets the
mercury drain out slowly, how does the time peniod change?

The maximum velocity of a particle executing SHM 15 (vo) and 1ts maximum acceleration 1s (ag).
Find the amplituds of ns motion i terms of (vp) and (a0).

How do damping forces affect the ampliude and the time period of a real-world harmome oscillator
aver time”?

ANSWER KEY

1. Corect defivation using (a =d'x’ dt=-w"x)

Explananon of the negative sizn indicating direction towards the mean position.

2. Setting 1 2me (A” -x7) = 1 2me™x’, Solving te find x

i

Awwryy il TR s T o & T =TT O

Rinit el [Ap—r —

4. Calculating (PE=12mwo A7 =E4) Calculating (KE=E-PE=3E4)

S ————
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5. Defimtion pointing out enetey loss due 1o resistive forces vs. energy supplied by sxtemal
periodic force. Correct examples (2.g.. oscillatine pendulum in water vs. a swing being pushed
continuously).

6. Explaining that a satellite 15 1n a state of free fall, makne effective gravity

{g=ir= () . Substituting into (T = Eu\[g b §

7. fay w2 radian (b) =2 radian

8. Explaiming that the centre of gravity first shifis down (mcreasing 1) and (T)). then moves back up
to the centre of the hollow shell once empty (decreasing (T) to onginal), Stating the sequence:
first mcreases, then decreases.

9. Using formulas (v =wA) and (ag= o~ A)

Eliminating © by calculating (A =vo° / ag)

10. Damping forces, such as friction or air resistance. contimuously dissipate mechanical energy from
the svstem This canses the amplitude of the oscillations to decrease exponentiaily over time until
the motion stops entirely, Additonally, damping shightly reduces the frequency. which causss the
time penod of a damped oscillator to be marginally longer than that of an 1deal. undamped
oscillator

CHALLENGE CORNER

1 A particle executing Simple Harmonie Motion (SHM) has a velocity of 8 cm when its

dizplacement 15 3om_and a veloorty of Scmis when its displacement 15 dem . Find the amplitude

of tts oscillation. Sem

A particle begins executing SHM from its mean equilibrium posstion at t= () with a time penod

T. Find the shortest tune taken by the particle for 1ts kinetic energy to become exactly equal to nts

potential ensrgy. tUBsec

The equation of a pariicle executing SHM 15 given by (x=3sinlat~n'4) where (x) 15 in meters and

{t) 1s 1n seconds. Calculate the imittal displacement of the particle at (t = 0) and the time when 1t

first crosses its mean eguilibrium posittion.  373see

ANSWER EEY OF CHALLENGE CORNER

. a=2em 2 t=T/8sec 3.1=_373s5ec

[t

14a
0

SHORT ANSWER QUESTIONS (3 MARKS)
Find the expression for the total enserpy of a particle executing SHM.

A body 1z executing SH M of amplitude | m. lis velocity whale passing through the mean

position, is 10ms™. Find its frequency

3. The lunetic energy of a particle vibratine in S HM. 15 4 I when i passes the mean position [fthe
mass of the bedy is 2 kg and the ampliiude 1s | m. calculate its time penod.

4 Twe particles execute SHM of the same amplitude and frequency along the same straight line.

Thev pass sach other moving 1n oppesite directions whenever their displacement is haif of their

amplitude, Find the phase difference between them.

A bunges jumper cscillates up and down afier the mitial drop. Explain why this monton 15

considered Simple Hatmonie Motion (SHM). State the condition required for 1t to remain strictly

SHM.

6. A harmonic oscillation is represented by y =024 cos (6000 t+0.44), where vandtareinm and =
respectively. Deduce: (1) the ampliude, (11) the frequency and angular frequency, (11) the penod
and (1v) the inihal phase

7. At what displacement from the mean position is the kinetic energy of a pamticle execunng SHM
exactly three imes 1ts potential enerev? Express vour answer in terms of its amplitude A

8. A block of mass (0.5 kg) is attached to two identical springs connected in parallel each having a
spring constant of (100 N'm). Calculate the efféctive spring constant of the system and the
frequency of oscillation.

ol

!JI
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9. A pomt object executes SHM with a ime period of & seconds. If 115 maximum velocity s (4 m/'s),
calculate the amplitude of osciliation and the magnitude of its acceleration at a displacement of
(I m) from the mean position.

10. Milstary troops are strictly ordered to break their umiform marching steps when cressing a
suspenston bridge. Explain the phyvsical phenomenon behind this instruction and what would
happen of they 1gnored it

ANSWER EEY
L Ans. PE withaSHM 128 =12 me'y
kinetic energy with SHM =1 2 mv® =1/ 2m (e VA 2
=172 mwi{a—x")
where m is mass, A 15 amplitude, x 15 any position and (9 15 angular frequency
Total eneray = 1.2 metr+12 mmli;l:—f‘)']
1/ 2xx"=1/ 2 masA?
2 Herea=1lm Vmax=10m's Vmax=ae=Imra = =vmax 2na
=1392H=
In 1tz mean posmon, the kinetic energy of the particle m maximum.
Given - EKmax = 1'2m w-a EKmax = 47: m=2ks; A=1m
AT =1 %2 gl ») w=2 T =2n'e =nsec
4 Use the displacement equation” (x = A =m ot).
Given{x=A2).s0 A2=Asmb stn =12
The two possible angles are 8]=a/6 82=5m6
Phase difference: 2 - 81= 3/6- /6 =4/6 or 1200.
The glastic bungee cord acts like 3 spring.
It exerts a restoning force proportional to the displacement from the equilibrium position {(F =-
kx). The motion 15 smctly SHM only 1f the displacement remains within the slastic it of the
cord.
6. Ans Given that, v =0.24 cos (6000 t= D 44) While the seneral exprassion for displacement is_y=a
cos{et+®g) Companng these two expressions,
(1) Amplitude, a=024m (1) Angular frequency w =6000radian sec-1
Frequency = v = .21 = 30000/ 1i1) Perzod T =  1'e =x30000 111) Initial phase
D= 44
7. Given Condition: KE = 3PE.
Formulas® 1/2m w*(4°—x") =3* 1/ 2nw'x
Simplification (A*-x=3x" A’=4x" x=AM
8 Parallel Formula: Ep=k1+k2 = 100+ 100 = 200 N'm_

Frequency Formula: p=12=w E.

Calculation: - u=12 71 }% =318 4z

8 Ansulaf Frequency o=28T 6=2n'a =2 rads.

Amplitude(Vmax} =Aw 4=A%*2 A=2 msters.
Accelemation: a=w” x=(2F * 1 =4m's

10. Phenomenon: This instruction 1s based on the phenomenon of mechanical resonance. Every
phvsical structure, including a suspension bridge, has its own natural frequency of oscillation.
Mechanism: If soidiers march in umison_ their peniodic footsteps exert a penodic driving force on
the bndge. If the frequency of these steps matches the natural frequency of the bndge. resonance
CCCUrs,
Consequence: Resonance causes the amplitnde of the bridge's oscillations to increase drastically.
This structural stress can exceed dessgn limits. leadmg to the collapse of the bridge

!.J.'l

S
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CHALLENGE CORNER
1. A particle executing Simpie Harmonic Motion (SHM) has an anpular frequency o= 4rad’s. When nt
1s at a dstance of 3cm from the mean equulibrium position, the magnitude of its velocsty 1s exactly
egual to the magmtude of its acceleration
(aiDetermine the amplitude of the osacillation
(b)Find the maximum velocity of the particle
2. A pomnt object executas SHM with a ime penod T = 12seconds and
an amplitods A = 10cm. Assuming it starts from {ts mean posion at t =0
Find the nme taken to reach a displacement of x = Som.
Find the time taken to travel from x = Sem 1o x = 5v3cm.
A body of mass 0.5 kg executes SHM with a frequency of 10z Hz If
its knetic energy 15 0.18 T ata displacement of x = 4 cm from the msan posthion_ calculate:
The angular frequency of the csoillaior
The spring constant (force constant) of the system.
The amplimde of the oscillation
ANSWER KEY OF CHALLENGE CORNER
1. a=1237Tem V=19 48cmisec 2 AT=lsee 3. a=53%3em

CASE BASE STUDY
1. ENERGY DYNAMICS IN A HORIZONTAL SPRING-MASS SYSTEM

An ideal horizontal spring-mass system consists of a block of mass SmS attached to a spring of force
constant k. resting on a frictionless surface. When the block 15 pulled to a displacement A and released. 1t
executes Simple Harmonic Motion (SHM).
During this motion_ the total mechanical energy (E) is conserved, shifting between Flastic Potential Energy
(U=1 2 kx" ) and Kinetic Energy (K = 1201}, The velocity of the block at any displacement x is given
by v=w’(A—x)
1. At which position does the escillating block possess entirely Kinetic Enerpy?

{a) At the extreme postion (xk=A4)  (b) At the mean position (x=0)

(c) At the point where x = A2 (d) At the point where x = Ay/2
2 If the displacement of the block 1s exactly half of 11s amphitude (x = A2). the ratio of 1ts Potential Energy
to 11z Total Energy U/'E 15

(a3} 1:2 14 (c)34 (D) 1:1
3. A block of mass lke is attached to a spring with k = 100 N'm. I the amplitude 15 0.1 m. what 15 the
maximum Kinetic Energy of the system?

(a)031 MIO0T (20057 (d)3.01]
4. If the spring is replaced with one having double the spring constant 2k while keeping the same amplitude,
the total ensrgy of the system will

{a) Remaimn unchanged (b) Become half (c) Double (d)Become fourtimes

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 15 essentially a pston moving inside a cvlinder filled with o1l As the car oscillates, the
piston forces the oil through tiny holes. This creates a viscous damping force (F4 = -bv) that opposes the
motion and converts the mechanical snersy of the vibration into heat This ensures the car retums 1o 1t
equilibrium position guickly.
1. A car’s suspension 15 designed 10 retum o 1ts onginal positton in the shortest possible time wathout any
further oscillanon This state of damping s known as:
{a) Underdamping  (b) Overdamping (<) Cntical damping (d) Zero damping
2. As the ol 10 a shock absorber heats up dunng a long drive on a bumpy road, s viscosity decreases (1t
becomes "thinner”), How will this affect the damping constant b and the vibrations?
R —
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{aj bancreases; vibrations stop faster
(b} b decreases. vibrations persist for a lonzer ime:
(c) b remains constant; no change mn vibrations.
{d) b tncreases: the car becomes "bouncier.”
3 In a damped oscillanion, the amplitude of the car's vibmation decreases over time. Which of the following
equations best represents the decay of amplhitude A7
(@) A=Agmet (b)A=Ar™™ (A=Artk (dA=Auk
4. Why do mulitary troops "break step” (stop marching m rhythm) when crossmg a bnidge?
{d) To increase the dampmg of the bridee.
(d) To prevent the frequency of their steps from matching the natural frequency of the brnidge
(Resonance).
(d) To reduce the total mass acting on the bridge.
{d) To decrease the acceleration due to gravity on the bnidge.
ANSWER KEY
1. 1b 2b 3¢ 4¢
2. 1e 2b 3B 40
CHALLENGE CORNER
1. A group of soldiers 1s marching in step across a long suspension bndge. The thythmic marching
causss the bnidge to begin oscillatine shightly. The bndge 1s modelled as a large mass-spring
system, with a natural frequency of 2 Hz Each soldier exeris a force at a frequency of 2 Hz i sync
with the natural frequency of the bridge. This creates resonance

The oscillations gradually increase in ampliude until the soldiers are ordered to break step and walk
randomly to stop the resonance.

1. What kind of oscillation 15 exhibited by the bndge when soldiers march in step at 15 natural frequency?
(a). Free oscillation  (b). Damped oscillation () . Forcad oscillation  (d). Resonant oscillation

2 What will happen to the amplitude of the bridge's osciliations if resonance confinues unchecked?
(a) It decreazes (b). It remains constant

{c3. It mereases gradually (d). It becomes zero

3. Why are soldiers asked to "bseak step” while crossing bridges?

{&). To increase the time perod

(b). To decrease the time period

(c). To avoid synchromzation with the bridge s natural frequency

(d). To synchronize with the bnidge's natural frequency

4 If the bridee"s mass 15 doubled. what happens to us natural frequency?

(&) It remans the same (b). It increases {e). It decreases (d). It becomes infintte

2 Inan ancient temple, a large pendulum clock has been swinging for decades. The pendulum conststs of a
metal bob of mass 2 kg suspended by a siring 1 5 m long. The pendulum swings with a small amplitude,
undergoing simple harmonic motion (SHM). A devotes notices that the pendulum completes one full
oscillation in about 2 46 seconds. The air resistance 15 negligible, and the pendulum 15 considered 1deal
1. What 15 the theoretical formula for the time penod of this simple pendulum?

(2). T=2mvgl (b). T=2mvlig (c). T=2nvl-g (d). T=2a-lg

2 Using the observed tume period (2 46 s) and the length (1.3 m), estimate the local value of g near the
temple.

(2), A 9.8 m/s’ (b). 10.0 m/s? (¢). C.05m's (d). D83 m's

3. What 15 the nature of the restoring force acting on the pendulum bob dunine SHM?

S ————
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{a). A Constant force (b) Proportional 1o mass

(c). C. Directly proportional to displacement and opposite in dirsction

(d).. Always =qual 1o tension

4. What happens to the time penod if the pendulum 15 taken to a mountain where g 15 lower?
(a) A Ttincreasee (b)) It decreases (¢). € It remams the same (d), It becomes z2ro

ANSWER KEY OF CHALLENGE CORNER
I1d 2& 3¢ 4e
b 2¢ 3¢ 4a

ol

LONG ANSWER TYPE QUESTIONS
1. The acceleration due to gravity on the surface of moon 1s 1.7 ms™. What 1s the time pertod of a
simple pendulum on the mn'ﬁace of moon 1f 1ts ime-penod on the surface of Earth 15 3 5 37 (o on the
surface of Earth 15 2 8§ ms™ }
Show that for a particle in linear SHM the average kinetic energy over a penod of oscillation equals
the average potential energy over the same penod.
3 (a3} Define SHM. What are its characteristics? At what distance from the mean pesition in SHM of
amplitude r the energy 1s half kinetic and half potential 7 (b) A spring having a force constant K 1s
dividad mto three egual parts. What would be force constant for =ach individual parts?

e

ANSWER KEY
1 Here, ’ B = 17 a2 L —wE med: f_ =7 T,= 35 gl
Sirvce, T, = 111'.|| arel T, = 2.
Eﬂl
B, T - J R i
I- e ) B

- 35 JT; = 84 5

2 Let the particle execunng SHM starts oscillating from 1ts mean position. Then displacement

squation 1s
r = Agin ol
Particle velocity, v = Am cos ait
1 = 1

Instantaneous K.E, K S = Emdnmﬂms?ml

+. Average value of KE. over one complete cycle

T g T
I B S .. ..t
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3. {a) Sumpie harmonic motien 15 the projection of umform circular motion on diameter of a circle of
reference Characteristics of SHM: (I) Dispiacement; The displacement of a particle exeepting SHM
at an instant is defined as the distance of a2 pamicle from the mean posinon at that instant. (II)
Amplitude: The maxunum displacement on erther sade of the mean position 1s called the amplitude of
the motion (IIT) Velacity- The velacity of the particle executing SHM at any instant_ is defined as the
tume fate of change of its displacement at that instant
(IV) Acceieration. The acceleration of the particle executing SHM at any instant 15 defined as the time
rate of chanee of it3 velocity at that instant.

12 xx'=1 2 mew’x’ kinetic enerey with SHM
=1/ 2 mv® =1 2 m{eoVt?=x)2
where m 1s mass, A 15 amplitode, x 1sany position and (D 1s angular frequency
PE=KE 12 me'r =12 ma’xc

x==A~v2
b)force constamt K =F /v spring 15 cut into three equal parts therefore
displacement = v/3 K=Fy/3=3Fy =3k
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MULTIPLE CHOICE QUESTIONS
1). A boy s swinging in a swing. If he stands, the nme penod wall
(a)First decrease, then mcrease (b)Decrease (¢) Increase (d)Remam same
2). A wave pulse travels along a stretched string whose linear mass density decreases continuously from one
end to the other. Whar happens to the frequency of the wave pulse as it propagates?
(a) It ncreases continuously (b) It decreases continuously
(c) It remnins constant (d) It first increases then decreases
3). A taur stning fixed at both ends vibrates in its fourth harmonic. How many nodes and antinodes ars
formed inside the string. excluding the boundary endpomnts?
{a) 3 nodes, 4 antunodss (b) 4 nodes_ 3 antinodes
() 5 nodes, 4 antinades (d) 3 nodes_ 3 antinodes
4). An open organ pipe is suddenly closed at one end What happens to the frequency of 1ts 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 factorof 1.75
(c) It decreases by half {d) It remamns exactly the same
5). Two tuning forks, X and Y. produce 4 beats per second when sounded together. When X 15 loaded wath a
little wax, the beat frequency increases to 6 beats per second. If the frequeney of Y 18 256 Hz. what 15 the
onginal frequency of X7
(2) 232 Hz (b) 260 Hz (c) 362 Hz (d) 250 Hz
6)1h a resonance column apparatus, the first resonance ocours at a tube lenoth of 16 em and the second
resonance occurs at 30 em. What 1s the end correction of this tube?
() 1.0em {b) 20cm (c)05em (d)l5em
7). A steel wire of iength | m and mass 5 g 15 stretched under a tension of 80 N. What 1s the speed of 2
transverse wave on this wire7
(@) 100m's (BB 126 m's (c) 400m's (d) 160 m’s
8). Newton's formula for the speed of sound 1n 2 gas was corrected by Laplace because sound propagation 1s
an-
(a) Isothermal process  (b) Isobarnic procezss (o) Adiabatic process (d) Isochonic procass
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) Amplriude
10), A train blowing 115 whistle moves at a constant speed along a straight rack passing a stationary
observer on the pladorm. How does the pitch heard by the observer change as the tramn passes?
{a) it nses contmuously (b) Tt drops abruptly at the instant the train passes
{c3 It remans constant throughout the entire motion
(d) It drops continuously from a high pitch to a low puch
11)The sound intensity level at a pount is imcreased by 20 dB. By what factor does the sound pressure
amphtude increase?
(a) 2 (b} 10 (e) 20 (d) 100
12). A gniform rope of mass(M) and length (L) hangs vertically from a nmd ceiling. A transverse pulse s
generated at the bottom free end. How doss the velocity of the pulse change as it travels up the rope?
(@) It remains constant (b) Trdecreas=s linearly 10 zero
{c) It mmcreases proportionally to the square root of the distance from the bottom
{(d) Tr increases linearly with the distance from the bottom
13). An ambulance with a siren of frequency 1000 Hz & moving at 30 m/s towards a vertical wall The spe=d
of sound 15 330 m/s. The frequency of the echo heard by the driver 15
(a) 1000 H= (b) 1100 Hz (a) 1200 Hz {a) 900 Hz
14). When two waves of intensities [ and 91 interfere, the ratio of maximum to mintminm intensity in the
mterference pattem is:
(a4:1 b19:-1 (c)10:8 (dyi6:1

S ————
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13). The fundamental frequency in an open organ pips 15 equal to the third harmonic of a closed orzan pipe.
I the length of the closed u:gaﬁ pipe is 20 em, the lenzth of the open organ pipe 15
(a) 12 5em (b)13 2 cm (c) 8 cm (d) 16 cm
ANSWER KEY WITH EXPLANATION
1. (b) Time peniod (T @ VL) decreases.
2 {c)Changing densrty: Frequency depends only on the source; medium properties do not change 1t
3. (a) 4th Harmomc: Has 3 nodes and 4 antmodes. Excludmg 2 boundary endpoints leaves 3 nodes. 4
4 (b) Organ pipe shifi- Open fundamenzal (fo =v/{2L}) Closed 31d overtone (7th harmomic)
(fc="1vd4L =335 fo).

5. (@)Tuning forks: Wax reduces X's frequency. Since beats increased (4), original X must be below Y: (236
-4=252 H7).
6. (a) First resonance L.1=16 cm Second resonance L.2=30 cm

Diffetence: L2-L1=w2L. 50-16=34 cm  +=68cm

For firét resonance: Ll+e=i/4  16+e=17 =l cm
7. (c)Linear denssty:  p=mI=0.003

Wave spead: = \Fu_ =V 160000= 126 5m’s

8. (c) Laplace corrected Newton because sound propagation in gas is oo fast for heat
exchange, so process 15 adiabatic,
2 (c)
10 (b) Approaching — higher pitch Receding — lower pitch
At exact passing instant — sudden drop
11 (b} Sound level relation:

p=20log{p2pl) Given increase = 20 dB 20=20log(p2'pl) =10
12. (c) At distance x from bottom: T=xug Wave speed: eSS E = \r"ﬁ
So veloesty mereases as square root of distance
13. (c) Double Doppler effect:  f=f(v+u' v—u) Gmen: £100 v=30 +=330
F=1000(360.300) =1200
14 (b) Amplitude ratio: Viner =13
Maximum:® (143)=16  Mmimum (3-1y=4%  Ratio: 16: 4=4-1
15. (b)Closed pipe third harmonic: fe=3vAL
Open pipe fundamental: fo=v/2Lv
Given squal: wWle=Fv/e . La=TeR =2x20)3=133cm
CHALLENGE CORNER

16). Tweo cars moving in opposite directions approach sach 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
dover of the second car1s {vel of sound 340 m's] (NEET-2017)

(2) 350 Hz (b)361Hz: (c)411H=z (d) 448 Hz

17). A wave of frequency 400 Hz has a velocuty of 320 m's. The distance between the particles diffening in
phase by 90 is

(2)20 cm {(b)40 cm ()60 cm (d)80 em

18). A tuning fork vibrating with a sonometer having 20 cm wire produces 3 beats per second. The beat
frequency doss not change if the length of the wire 15 changed to 2 lem. the frequency of the tuning fork (in
Herz) must be

(a) 200 (b) 210 (c) 205 (d) 215

19). The 3rd overtone of a closed organ pipe 1s equal to the 2nd harmonic of'an open organ pipe Then the
1atio of their lengths 15 equal to

(a) 74 (b)3/5 (c)3/2 (d) 7' 6

e —
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20). Four wires of 1dentical length. diameters and of the same matenal are stretched on a sonometer wirs, If
the ratto of their tensions 15 1 4 : 9 16 then the rano of their fundamental frequencies are
(a)l6:9:-4:1 (bEL-3:2:1 fe)l:4:-2:-16 (d31:2:3:4

ANSWER KEY OF CHALLENGE CORNER
I6d 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. Assemtion: The propagation of a longitudinal sound wave through-a medium creates cyclic vanations
it local density and pressure.
Reason: Repions of compression exhibit an increase in medium density, whereas
regions of rarefaction exhibit 2 decreass i1 medium densiiy.
2. Assernion: Solid media can sustamn both transverse and longitudmmal waves. whereas gaseous media
can only tranzmit lonoitodmal waves.
Reason: The propagation of transverse mechamical waves stnctly reguares the medium
to possess shear elasticity or niomdity.
3. Assertion: Acoustic waves traveling through an air column serve as a classic examiple of mechanical
longrudinal waves.
Reason: In a longitudinal wave architecture, the individual constituent particles of the
meadim ascillate perpendicular 1o the vector of wave ensroy 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 matenal medium maust inherently possess both alasticity and mema to
support and sustan mechanical wave propagation.
5. Assemion: Two separate ransverse waves propagatng alonp the same uniform string under constant
fension cannot travel at different velocities.
Reaszon: The mernal and elastic characteristies of a specific string are identical for all
waves, and the wave propagation veloctiv depends solely on these intrinsic medium
properties.
6. Assertion: When transverse waves are continuously generated at one end of an exceptionallv long
stnng. only a progressive wave pattern 18 visible near the drven end
Reason® The enerey of the wave reflected from the distant fixed boundary 15
completely dissipated before 1t can travel back to the source end.
7. Assertion: High-energy acoustic explosions occurning 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 spanal miervals.
8. Asserion: Two astronauts standing on the lunar surface can =sasily communicate verbally with sach
other by unilizing 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 systein, a stationary observer hears a sigmificantly louder sound at the
displacement nodes compared to the displacement antinodes.
Reason: Duning the execution of a stationary wave pattern, all vibsating particles across
the medium pass through their mean positions in 1dentical phase.
10. Assemion . The change in air pressure affect the speed of sound.
Reason - The speed of sound 11 a gas 1s proportional to the square root of pressurs.
T T —————————
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ANSWER EEY
.a Xa 3¢ 4d 5a 6.a Tc 8.a 9b 1l0.d
VERY SHORT ANSWER QUESTIONS (2 MARKS)
. Why can the sound of a distant tramn whistle or cutdoor loudspeaker be heard much more clearly and
over longer distances during a cold mght than on a hot, sunny day?
. In a progressive wave. energy is transmiited continuously through the medium. How does the eneroy
distnbution mn a standing (stationary) wave differ from a progressive wave? Specify the ensrgv states
at the nodes and antinodes.
. The frequency of the fundamemnial note of a closed orzan pipe and that of an open organ pips are the
same_ What 15 the ratio of their lengths”
. How will the fundamental frequency of a closed organ pipe be affected 1f instead of air 1t 1s filled
with 2 gas heavier than air?
. Sound travels faster on a tamny day than on a dry dayv. Why?
. When a longrtudinal sound wave traveling through an organ pipe hits a closed, ngid end, 1t
undergoes reflection. What type of phase change happens o the displacement wave, and what
happens to the pressure wave at this boundary?
. A piano tuner strikes a kev and a standard 440 Hz runing fork ssmultaneously and hears a rhythmic:
pulsating sound that rises and falls in loudness 3 tmes every second. What wave phenomenon is
occurring. and how does the taner use this to fix the piano string?
. An open organ pipe has a physical length of 50 cm. If the velocity of sound 1n air1s 340 m's,
calculate the fundamental frequency of this prpe. What will the fundamental frequency become if
one end of the pipe 15 tightly closed?

ANSWER KEY
. Sound speed is directly proportional to temperaturs v @ v/t . On a hot day, the air near the sround 1s
warmer than the awr above, causing upward refraction (bending) of sound waves away from the
ground.
On a cold night, the ground cools down, making the lower air lavers colder than the upper iavers

(temperature inversion). This causes downward refraction of sound waves back toward the carth,
keeping the acoustic ensroy near the ground and allowing 1t to travel further
2. In a standing wave, energy 15 not transmutted forward; 1t remams confined within the loops between
adjacent nodes At the nodes, the displacement 15 always zero. meaning the kinetic energy 15 zaro. and the
energy 15 purely potential (maximum pressure vanation). At the antinodes. displacement is maximum_
meaning the energy penodically shifis completely into kinetic energy.

3. Ratio s 12

4. The fundamental frequency of the closed organ pipe will decrease when filled wath a gas heavier than

3. Sound travels faster on a rany dav becanse moist air is less dense than drv air. The speed of sound is
wmversely proportional 1o the square root of the medium's density. Therefors, with the lower densnv of wet
air, sound travels faster

6. The displacemernt wave expenences a phase change of ot radians 180 because the particles at the ng;d
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 ngid wall to form a
pressufe antinods,

7. The phenomenon is beats, capsed by the mterference of two sound waves of shightly different
frequencies. The beat frequency i1s {4 = fi — £} = 3Hz The tuner adjusts the tension of the piano sting
until the pulsating sound slows down and

S ————
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stops completely (beat frequency becomes (0 Hz), matching the sting's frequency perfectly to the £40
Hz fork
& For an open pipe: The fundamental frequeney 1s (6= {v}/{2L}.
Given: (L=50em)=05m. (v=H0m's). (=340/{2* 05} =340H=
When one end is closed: The new fundamental frequency is (£ =v/A4L) =£/2

(£

[y

He b

ol

10.

= 340/(4* 0.5) = 170H=

SHORT ANSWER QUESTIONS (3 MARKS)
Why are longitudinal waves called pressurs waves?
Define stationary waves and explmn why they are named so.
State three sssential differences between progressive waves and stationary waves.
A transverse harmonic wave on a wire 15 expressed as:
vix. t)=3sin (360 +D.018x+x'4 ).
(1) Is 1t a stationary wave or a travelling one?
(11) If 1t 15 3 travelling wave, give the speed and direction of it= propagation.
(1) Find s frequency and amplituds.
(1v) Give the mnitial phase at the orizmn.
(v) Calculate the smallest distance between two adjacent crests 1n the wave:
[X and vy are in.cm and tin seconds: Assume the left to the nght direction: as the positive direction of
x]
A travelling harmonic wave s givenas: v (x, 1) = 2.0 cos 2 (10t —0.0080x + 0.35). What 15
the phass difference between the oscillatory motion of two points separated by a distance of: (i) 8
m () Im ()22 {(w)6Ld[X & yvaremem. & tinsecs

. A 1 m long pipe with 2 moevable pisten at one end and an opemng at the other wall be 1n resonance

with a muning fork vibrating at 340 Hz, if the length of the pupe 15 79.3 cm or 25 3 cm_ Caiculate the
speed of sound in the air. Neglect the edge effects.

Stesl wirs hasa length of 12.0 m and a mass of 2.10 kg. What should be the tension n the wire so
ﬂ:l;:ltthﬂ speed of a transverse wave on the wire equals the speed of sound mdryv awr a1 20 °C =343 m
5

Two tum g forks grvef beats's when sounded simultanecusly. The frequency of one of the forks 1s
430 HzWhen the other fork 15 loaded with a piece of wax . the beats increase. What is the
frequency of the second fork?

A gmtanst finds that her string sounds flat (12, the pitch 13 lower than expected). Explain how she
can correct the pitch without changing the string. If she tightens the stning, which physical property
of the wave on the stning s directly affected?

(a) Amplitude (b) Frequency {c) Wavelength (d) Time peniod

Using the formula for the speed of longitudinal waves mn'a given medium of densay p. explain why
the spesd of sound 10 air (a) 1s independent of pressure (b) mcreasss with temperature, and (111)
increases with humndity

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, thev are lower. Because the wave propagation depends on these fluctuations m pressure
and velume, longitudinal waves are referred to as pressure waves.
e —
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2 Stationary waves (or stanching waves) are formed by the superposihion of two idenncal wavss raveling
mn opposite directions 1n a bounded medium. They are "stationary” because the waveform does not advance
n the medium_ and there 1s no net enerzy transport through any point in the medism
% Propagation: Progressive waves propagate through the medium_ while stationarvy  waves do not.

Amplitude: In progressive waves, all particles vibrate with the same amplitude. In statonary waves,
amplitude varies (zero at nodes, max at antinodes).

Phase: In progressive waves, phase changes connnuously. In stationary waves. all particles in a loop
are1n phase, but out of phase with adjacent loops.

4 Giveny(x t) =3 sin (36t H0.018x + n'4) (1)
(1) We know the equation of a progressive wave travelling from right to left 1s:
vixt=asm(ot+kx+d) ... (2)

Companng equation (1) to equation (2). we see that it represents a wave travelling from night to left
and also we get:
a=3cm. o=3b6rads k=0018 cmand d =4
(11) Therefora_ the speed of propagatnon, v=wn/k=36'0.018=20m's
(11) Ampliude of the wave, a=3 cm Frequency v=n /lx =36 2a=3Thz
{1v) Initial phase at the ongmn =w'4
(v) The smallest distance between two adjacent crests =2/ k=25 /0.018= 349 cm_
5. Given, The equation for a travelling harmonic wave:
vz, t1)=20¢cos 2m (10t —0.0080x+035) =20 cos (20mt — 0.016mx +0.70 w)
Where., Propagation constant k=00160na=2cm @=20nrad’s
We lmow, Phasze difference @ =kx =274
MForz=8m=800cm $=0016x=800=128 rrad
(W)Forx= lm=100em @®&=0016r«100=16nrad
()Forx=4/2 @®=(1x/d)x (N2)= mrad

(Ww)Forx=86L4 @=(2n'L) x (61L4)=3 nrad p y
6. Given, Frequency of the tuming fork «F =340 Hz
Length of the pipe. 11 = 0255 m f, A

As the siven pipe has a piston at one end, 1t will bekave as a pipe with one end
closed and the other =nd open, as depicted 1n the fipure below:
This kind of svstem creates odd harmonies. We know that the
fundamental note 1n a closed pipe s witten as 11 =5, /' 4
0255 x4=n=1.02m
Therefore, the speed of sound, v=0+F =340=102=3468m's
7. Given, Length of the steel wire, | =12 m
Mazs of the steel wire. m = 2.0 kg Velocity of the transverse wave, v=343 m's
Mass per unit length, uy =M /1=210112=0175kg/m
We know, Velocity of the transverse wave . v = Therefore. T=V*2 i =343%2*).175
=206 x 10* N Therefore, the tension in the ware1s 3432 x0.175=206 x 10° N.
£  beat frequency is the absolute difference between the frequencies of the two forks,
frequency of the second fork can be etther 480 - 6 =486 Hz or 480-6=474Hz
Loading the second fork with wax decreases ifs frequency, If the second fork's

S ————
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frequency was 486 Hz, loading 1t with wax would decrease the frequency and the beat
Frequency would decrease. Since the beat fraquency increases, the second fork's
frequency must be 474 Hz.

9  To rause the prich, the gurtanst needs to increase the frequency of vibrahon She can do this by
mcreasing the tension in the string (by tichtening the tuning peg) This increases the wave speed v=
.f;f and since f=v/(2L), the frequency mncreases, rarsing the prch. (b) Frequency

10. (a) Pressure- The speed of sound in air 1s independent of pressure because both pressure and density
mcrease or decreass together Thewr ratio P'p remans constant at a fixed temperature, so the speed
doesn 't change.

(b) Temperatre: The speed of sound increases with temperature. This 1= becanse
higher temperature means molecules move faster, increasing the wave speed.
Mathematically, speed 15 proportional to the square root of temperature: voouT
(c) Humudity: The spéed of sound increases with humidity. Water vapor 1s lighter than
dry air, so when air 15 mors humad, 115 average molecular mass decreases. This makss
the asr 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 simultansously, our sars

do not percenve two distinct mdividual pitches Instead. we hear a single; flucmating sound that reoulariy

rises and falls in loudness, This penodic vanation in sound mtensity is called beats.

Ths phenomenon 15 a direct consequence of the superposition principle. At a grven pout 1n space, the

sound waves alternately reinforce sach other (constructive interference) and cancel each other out

(destructive interference)

The number of tmes the sound miepsity reaches a maxmum (or munimum) per second 15 known as the beat

frequency. This frequency s exactly squal to the absolute difference between the frequencies of the two

mterfermes waves '

fi =f; - £ Piano tuners and musicians use this physical pnnciple extensively to fune instraments by

adjustng strings untl the audible beats vanish completely
1. To hear distinct and andible beats, what are the primary physical constraints on the two mterfening

sound waves”

(a). They must have 1dentical frequenciss and travel m opposite directions.

(b). They must have nearly equal frequencies and travel m the same direction

(c). They must have vastly different amplitudes and travel perpendicular to each other.

(d). They must be longitudinal and ransverse waves respectivaly.

Looking at the sound envelope of a beat pattern, what mechanical everit takes place at the powmt of

minimum loudness (complete destructive interference)?

(a), crest of one wave perfectly overlaps with a crest of the second wave.

(k). The phase difference between the twe 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 (vi =Asinlz fi)and (v=Asinlx ;1) When they
supenmpose, the mathematical tme interval between two consecutive intensity miaxima 15 found to
be:

. | 2 1 F1-f2
(a). f1+f2 (®). f1+f2 ). Fi-f2 ). 1

4. A tumng fork of unknown frequency produces 4 beats'second when sounded alongside a standard
fork of 256 Hz. When the prongs of the unknown fork ars loaded with a small amount of wax. the
observed beat frequency decreases o 2 beats/second What was the mtial frequency of the unknown

[
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fork?
(2).232Hz (b). 260Hz (c)258Hz (d)254 Mz

STANDING WAVES IN STRETCHED STRINGS (MUSICAL INSTRUMENTS)

When a guitar string of length (L)) 1s plucked. transverse waves travel along the string in opposite
directions. These waves reflect off the fixed ends of the string and superimpose on ach other
Because the waves have the same amplitude. frequency. and speed but travel in oppesite directions,
they form a standing wave or stationary wave patism.

The fixed ends cannot move, creating pounts of zero displacement known as nodes. The muddle

sectiofns experience maximum displacement. creating antinodes The string can vibrate at specific.

discrete frequencies called natural frequencies or harmeonics. The lowest frequency at which a

standing wave forms 15 the fundamental fregquency or first harmome. Higher frequencies are integer

multiples of this fundamental frequancy, formung a harmonic senzs (fn=n £;)

1. Forastnng of length (L) fixed ar both ends vibrating in its third harmenic. what 1s the total
number of nodes (including the boundarnies) and the distance between any two consscutrve
nodes?

(a). 3 nodes, distance =13 (b) 4 nodes_distance =13
{c). 4 nodes. distance=1.2 (d). 3 nodes, distance=1.4
2. A gustar plaver nghtens a string. increasmg its tenston by a factor of 4 while
mainfaining the same siring length How does the fundamental frequency of
this string change?
(a). It stavs exactly the same (b). It increases by a factor of 2
(). It increases by a factorof 4 (d). It decreases to half ifs onginal value
3. Consider two particies locaied on the same sinng vibrating n a standing
wave pattern. If both particles lie within the exact same loop (between two
consscutive nodes), what s the phase difference between thewr motions?
(a}. 0 rad (They are perfectly in phase) (b) =2 rad
{c), m rad (They are completely out of phase) (d). 2n sad
4. The fundamental frequency of a stretched stnng fixed at both ends 1=
200Hz What 1= the frequency of its third overtone?
{2} 400 Hz {b). 600 H=z (c). 800 H=z (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 ar= classified mto two types: open organ pipes (open at both ends) and closed organ pipes
{closed at one end and open at the other),
The asr-at an open end 1= free to move, creanng a displacement antinode (or pressure node). The airata
closed end 15 nzidly blocked, forcing a displacement node (or pressure antinode). Because of these distinct
structural boundary conditions, open and closad pipes gensrate completzly different confisurations of
harmonics. This vanation changes the sound profile; which 15 why mmstruments like flutes (open) sound
distinet from mstruments hike elannets (closed at ene end).
1. Which of the following statements correctly details the allowed harmonic
frequencies generated mswde a closed organ pipe?
(a}. It allows all integer multiples of the fundamental frequency (both even and odd).
(b). It allows only even mulnples of the fundamental frequency.
(c). It allows only odd multiples of the fundamental frequency.
(d). Tt does not gensrate any pradictable harmonic senies.
2 An opert organ pipe and & closed orzan pipe have the exact same phvaical length
L. What 15 the mathematical ratio of their fundamental frequencies (fipm | Gt} ?
fa).1:1 (b)1:2(c)2:1(d)4:1
3_If the temperature of the air inside an open organ pipe mereases, what happens to
the piich (fundamental frequency) of the sound produced?
T T —————————
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{ai. The pitch increases because wave speed increases with temperature.
(b}, The pitch decreases because the air column expands siemificantly.
(c). The pitch stavs completely constant.
(d). The pitch drops to zero.

4. A clozad organ pipe has a length of 025 m Taking the speed of sound in
air to be 340 m/s. caleulate the fundamental frequency of this pipe.
(a). 170 Hz (b).340Hz (c).680Hz (d). 1360 Hz

ANSWER EEY

1. 1b 2 B 4 b
2 1b 2b 3 a 4 ¢
3 1c 2c 3 4 b

LONG ANSWER TYPE QUESTIONS
1. {ajWhat 15 the principle of superpositton of waves?

(k) Two progressive waves traveling in opposste directions overlap to form a
stanonary wave. Derive an expression for a stahionary wave and prove that the
distance betwesn two consecutive nodes is 2. /2

(¢} State two differences between a progressive wave and a stationary wave.

2. {a) State Newton's formula for the speed of sound m ar. (b) Explamn why it was
tcomect and how Laplace corrected 1t

(b)Discuss the reflection of a wave pulse from (1) a rizid boundary and (1) an

open free boundary. Include the phase change in cach case,
3. (a) Define the phenomenon of beats. What is the essennal condition for beats to
occur?

{t) Mathemancally prove that the number of beats produced per second 15 equal to

the difference m frequencies of the two sounding bodiss.

(c) A tumng fork of frequency (512Hz) produces (4beats/sac) with an unknown fork
(A). When fork (A) is filed, the beat frequency decreases to (2beats/sec). What is
the onginal frequency of fork (A)7

ANSWER KEY
1. (a) Principle of Superpostion When two or more wave pulses overiap in the same
medmm, the resulting displacement at any point 1s the vector sum of the displacements produced
bv the individual waves.
Mathematicallv: (¥ =vi + v+ .. +34q)
{b)Consider two waves of the same amplitude (g) and frequency (w) travelling in
opposite directions: Wave moving nght: (y; = asin{lox - ) Wavemoving left:  (yr=
asm(kx +ot) According to the superposifion principle:
F=viT¥yd) (¥ =a sm(kx - 1) + sinflx +—at )
Using the math sdentity: (sin{A-B) +sm(A+B)=2sin A cos B)
(v =[2asin(kx)] cos ©t ] Inthis equation (A = 2asin(kx)) represents the
amplitude of the stationary wave, which depends on the position (x),
Dhistance between two consecutive Nodes:
At nodes, the amplituds 1s zero: sinfkx)=0 Jkx=nr({whers(n=0.1.2..)
Simce (k=2n7) 2x)*x=nn |, x=mpk/2
For(n=1L(x1=2.2) For(n=2) (x—=4) Distance=(x:-my=4—1L3)

S ————
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() Dafferences

Feature | Progressive Wave Stationaty Wave
Ehgy  (oEy b aRd ouEh O [ o e bR,
medim.
! E . - i E
Every parficle has the same Amplitude vanes from zero {nodss) to max
Ampliude amplitude. (antmodes).

2 (ajNewton's Formula: (v ﬁm He azsumed the process was 1sothermal (constant temperature).

Correction- Laplace argued that sound travel 1s an adiabatic process (no heat exchange) because 1t 15 very
fast.

Corrected Formula: (v=1/py/p. where y 15 the ratio of specific heats (1.4 for air). This correciion brought
the thearetical value (approx. 332 m/s) close to expenmental results. (b)Rigid Boundary: The reflectad
wave 15 inverted. The phaze changes by 1807 because the boundary exerts an equal and opposite reaction
force.

Free Boundary: The reflected wave 1s NOT inverted. There is zero phase change because the end 1s free to
move, acting like an atitinode
3. a)Definiion: When two sound waves of nearly equal frequencies traveling in the same direction
superimpose, the mtensity of the resultant sound waxes (increases) and wanes (decreases) penodically.
These peniodic vanations 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 ampliude (a) but shightlv differemt frequencies (n1) and (nz }where
(mi=nz). Thetr displacement equations at a pourt (x=0) are.
{(vi=asin(Zzmit(yvz=asm{2rnit)
By the Principle of Superposition:
(v=wv1=%2) (v=a [sin(2w a1 t + 2 sin(2m 12 t])
Using the sdentity (sin Crsin D=2sm {€+D}/{2}cos {C-D}/{2}):
(v=2acos m{n; —nz Jt sin wing + op )t
The term 1n the brackst 1s the Resultant Amplituds (A):
(A =2a cos m{m —n2)t)
For Maxima (Waxing): (A} maximum when (cos t=a{n; —m Jtpm 1)
(mni—mit=k=a)(where(k=0,1,2..) (t=k/(n1—nz)
Time mtervals formaxama (0, 1'nj—n2 2mt—n3 )
Beat Peniod (T): Time between two successive maxima =1 (n; —nz)
Beat Frequency (b)Y (1 T =n1—n1)
(c) Freguency of known fork (n =512 Hz). Beats =4

Pousible frequencies for (A): (312 +4 =516 Hz) or (512 -4 =508 Hz).

Filing a fork increases its frequency. If (A) was (316 Hz), filing makes 11 (317, 31%) (Beat

count would increase). [f (A) was (308Hz), filing makes 1t (508, 510) (Beat count decreases as 1t gets.
cloger to (512), The onginal frequency of fork (A) 1s (508 Hz).

S ————
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