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About the Student Support Material

The Student Support Material (SSM) for Class XT Phvsics has been developed for the academur session
2026-27 undes the gundance of Kendriva Vidvalava Sangathan (KVS). Headquarters, New Dellun. The
responsibility for prepaning this matenial was entrusted to the KVS Zonal Institute of Education and
Trammng (ZIET), Mysuru.

To ensure quality, accwracy, and student-friendly presentation, ZIET Mysumu collaborated with
expertenced Phvsics teachers from vanous Kendnya Vidvalavas across different regions. Therr
collective expertise has helped in developine a comprehensive, well-structured. and examination-
ortented resource for learners.

The SSM has been prepared m accordance with the latest CBSE cumiculum and assessment framework,
the Natopal Education Pelicy (NEP) 2020, Competency-Based Education (CBE) prnciples, and
NCERT leaming outcomes. It aims to strengthen conceptual understanding, scientific reasoning,
problem-solving skills, and the application of Physics in real-life situations.

The matenial has been orgamred svstematically to make learming engaging and effective. Each
chapter generally includes

+ Infocraphics

» Important Definttions, Laws, and Formulae

* Soived Numernical Problems

» Multiple Choice Questions (MCQs)

» Aesertion-Reazon and Case-Basad Questions

* Competencv-Based Questions

* Short and Long Answer Questions

*» Practice Exercises and Revision Matenal

Special Features

v Simple and student-fniendly lanzuage

' Emphasis on conceptual clanty and sciennfic thinkimg

v Step-by-step solutions to numerical problems

' Real-life applicanons of Physics concepts

v Compstency-based and exammation-oriented quastions

v Logical and systematic presentation of content

Thiz Student Support Matenal serves as both a study zwde and a3 learmming compamon Tt encourages
mquiry, crtical thinking, and independent leaming while helping students prepare effectively for
classroom assessments and exammations. Regular use of this matenal will help leamers develop
confidence. strenothen their conceptual foundations, and achieve academic success m Physics.

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

Welcome to the Student Support Matenal for Class XTI Physica. This resource has been
carefully desioned 1o help youunderstand fundamental concepts, strengthen problem-selving
skille. and prepare effectively for schoal exammations and future competitive pursuits.

Best Practices for Effective Learming
To make the most of this matenal, follow the steps given below:

» Build Conceptual Understanding: Begin by reading the concept notes thoroughly and
focus on understanding the physical principles rathér than memonzme facts and formulae,

* Learn Key Definitions, Laws, and Formulae: Familiarize yourself swith important terms,
laws, pnnciples. and mathematical relanonships presented in each chapter

* Practice Numerical Problems: Solve the worked-out examples and numenical questions
regularly to develop accuracy, logical thinking, and confidence m problem-selving

* Strengthen Analvtical Skills: Attempt competencyv-based, applhication-onented, and casa-
study guestions to connect Physics concepts with real-life stiuations.

* Revise Svstematically: Use concept maps, infoeraphics. and chapter summanes for qumek
revision and remnforcement of learming

» Evaluafe Your Understanding Solve MCQs, short-answer, and long-answer questions 1o
assess vour preparation and identify areas requnng further attention.

* Discuss and Explore: Engage 1n discussions with teachers and classmates to clanfy doubis
and deepen your understanding of concepts.

Versatile Usage
This S5M can be effectively used for:

* Daatly Classrobm Learming and Homework

* Unit Tests and Periodic Assessments

» HalfYearly and Annual Examinations

» Revision and Seli-Assessment

* Strenethening Foundations for Higher Studies

Regular and sincere use of this material will help you develop concepiual clarity, scientific
reasoning, preblem-solving abilines, and confidence m Physics: Most importantly, it will
encourage you to view Physics not merely as a subject but as 3 way of understanding the
warld atound vou.

Happy Learming and Best Wishes for Your Sucesss!
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CHAPTER-1

CBSE Class Xl Physics
ZJ8

)

Chapter 1: Units & Dimensions

Measure Carrectly = Think Scientifically = Learn Visually @
&P NEED FOR MEASUREMENT &> sysTEMsoFuNTS
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_ MULTIPLE CHOICE QUESTIONS
1. One of the combinations from the fundamental physical constanis is he/ G . The unit of this.
expression s
(a) ke {b) m* (c) s (d)m
2. Which of the followings is the proper representation of a 10 ¢cm long scale?
(a) The scale of the length s 10 cm.  (b) This 15 a 10 cm. long scale.
{c) This a 10 c.m. long scale. (d) The scale of the lengthas 10 cm.
3. The unit of work is derived from which fundamenial quantities?
(a). Mass & length (b)), Force & distance (c) Mass, length, and ttme (d) Power & tume
4. Number of significant figures in 0.0024500 is

(a)3 {b}3 {ct8 d)7

5. Which number has 3 significant figures?

(a) 0070 (b) 700 {c) 7.00 = 10° (d) 0.007

6. The sum of the numbers 436.32, 227.2 and 0.301 in appropriate significant figures is
(2) 663.521 (b) 664 (c) 6638 (d) 663.82

7. Which of the following quantities is dimensionless®

{a) Force: () Strain {c) Velocity {d) Pressure

8. The dimeunsional formula of Planck's constant (h) 15

(a) [MLT] (&) [ML*T7] (€) MLT ] (d) MLT ]

9, Which of the following eguations is dimensionally correct”

(a)v=ntatv (byv=u=at (&)v=mat (d)s=at+12a"

16. If velocity v, fime t, and acceleration a are fundamental quantities, the dimension of distance is:
(a) vt (b)at (c) at* {dyva

11. If ¥ = 3.14, then the value of 7’ is

(2)9.8596 (b)9.860 (c)9.86 (d)9.9

12. The velocity of a particle v at an instant t is given by v=at + bt'. The dimensions of b is

(a) [L] (b) [LT7] () [LT7] () LT

13. The dimensional formula for gravitational constant G is

fa) [ML'T] (b) [M'L*T7] (e) MLT) (d) [ML=T]

14. I the force is proportional to square of velociiy, then the dimension of proportionality constant is
(2) MLT]  (b) MLT] (c) [ML7T] (d) [ML™T]

15. 3.6453 and 3.6554 are rounded off to two decimal places. The results will be

{a)3.64. 365 (b)3.65 366 (c}3.65.3.65 (d)3.46.36

ANSWER (MCQ)

QI - Answer: a ko~ Explanation: llnttnfE‘: Ua)ims™%) _ (Nms)ims=1) b a?

Q2 - Answer: Option{A) 15 correct. G Nt kyg=? Noan#E k=2 g
Explanation: While units are symbolically represented, there should not be any dots. Bt 1f 1t appears af the
enids of a sentence. then a dot may appear as a full-stop.

Q3 - Answer: ¢. Mass_ length, and time

Explanation:Work = Force ¥ Distance ={mass * acceleration) ¥ distance kg-m? s°

<4 - Answer: b 5

Explanation: All the zeros on the right immediate affer the decimal are not significant All the zeros those
are on nght of the last non zero digt, after the decimal point, are significant

Q3 - Answer: ¢ 7.00 = 10¥

Explanation: All diests (7, 0, 0) m 7.00 are sigmficant becanse tratling zeros after a decimal are significant.
Q6 - Answer: c 663 8

Explanation: The final result after sum should have the same number of decimal places as the mumber with
the least decimal places 1.2 227 2 having one decimal place

Q7 -Answer: b

Explanation:Stramn = change m length | enigmnal lenpth = (L | L) = dimensionless

R R —
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25 -Answer: a _
Explanation:Enersy =hv E=[ML*T=] h=[ML*T"].¢=T" RHS =LHS
Q9% - Answer: b Explanation:LHS = RHS
Q10 - Answer: ¢ Explanation: From s=ut~1 2at"
Q1! Answer -c  Explanation: 7=3.14 X 3.14=0.8306 « _
As the input data (3.14) has 3 sigmificant fizure, the answer should be restncted to 3 sigmificant fizure by
roundmg off as ; =986
12.Answer :d Explanation : By the pnnciple of homogenerty, Dimenston of
v = Dimension of *at’ = Dimension of ‘bt2" (Le) Dimension of *bt*" =[ L T7] »
So the dimension of ‘b =[ L T 1 e2={ LT [T 5[ LT]
13. Answer :b [M“L°T7]
14. Answer :d Explanation F = (or) F=k v {where k—constant) » Thus dimension of constant k=
Fi@=[M LT [L TP =M L T3] J[L° T3] S[M L]
15. Answer :b Explanation: If the dizmit from where the number is truncated 15 5. The digst afteritis 3 m
one number and 4 n other number 1.2, both are non-zero digits. So. as per mule the digif before 5 ts 10 be
mcreased by |
CHALLENGE CORNER
Q1. 355.0 kg= 355000 ¢, Sionificant figures in the two numbers are
C {a)4.6 (M)3s  (2)3.3 (d)4.4
Q2. Length, breadth and thickmess of a stnip having a uniform cross section are measured to be 105 cm_ 005
mm, and 6.0 pm, respectively. Which of the following option(s) give(s) the volume of the stnp in cm® with
correct significant figures: JEE 2025
fa) 3.2 x 10~% (b) 32.0x 10~% (0)3.0x 105 (d)3 % 10-5
Q3. If momentum (p), area (A) and time (T) are taken to be fundamental quantities, then enerpy has the
dimtnsiuﬂal formula
(@ (ATH  MEATY  @6ATTH @) et
Q4. The numbers 2.745 and 2 735 on roundme off to 3 sizmficant figures will give
(a) 2.75 and 2.74 (b) .74 and 2.73 () 2.75 and 2.73 (d) 2.74 and 2.74
Q3. The mass and volume of a bodv are 4.237 g and 2 3 om’, respectively. The density of the matenal of the
body 1n correct sionificant figures 15
(a) 16048 sem™ (b) 168 gem™ ()1 7gem™ (d) 1.695 gem™
ANSWERS
1. d 2D 3.d 4.d 54
ASSERTION REASON BASED QUESTION
In the followng questions a statement of assernion{ A ) 15 followed by a statement of reazon{R ) mark the
cofrect chowce as
(a) If both assertion and reason are true and reason 15 the correct explanation of the assertion
(b) If both assertion and reason are true but reason is the not comect explanation of agsertion
() If assertton 15 true but reason s false
(d) If assertion 1s false but reason 15 true

1. Assertion (A): The principle of dimensional homogeneity 15 useful m checking the comrectness of
phiysical equations. '
Reason (K): All terms 11 a comrect physical equation must have the same dimensions.

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

3. Assertion (A): The dimensional formula of gravitational constant Gis [M~2L3T 2]
Reason (R): Gravitational force depends directly on the product of masses and inversely an the
square of distance between them.

o e |
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4. Assertion (A): Dimensional analysis can be used to derive numencal constants 1n equations.
Reason (R): Dimensional analysis gives relations between physical quantines onlvup to a
dimensionless constant.

5, Assertion (A): If v = u + at®, the equation is dimensionally incorréct.

Reason (R): Velocity and acceleration have different dimensions.
ANSWERS
1. a 2.a da 4d 5.b

SHORT ANSWER TYPE QUESTIONS (2 MARKS QUESTIONS)

. Express lmm and Ifm i meter
2 Define A U. and light vear..
3. Mention two phvsical guantities having same dimensional formulaz but different unsts.
4. Distinzush between fundamental units and derrved units?

5 How will vou measure the diameter of the Moon using Parallax method?
& Deduce the dimensional formula for the fllowmez physical quantities
a) coefficient of viscostty b) surface tension

7. State the pninciple of dimensional homogeneity.

8. Check if the equation v=u ~ at 15 dimensionally comrect.
9. Give the applications of the method of dimensional anslvas

10. If the umt of foree 1s taken as 1 kilonewton (KN, the unit of length as | kilometre (km), and the unit of
nme as 100 seconds, determine the corresponding unit of mass in this system of units.
ANSWER(2 MARKS)

Q1. - Answer: lmm = 107%m Hm=10"m
Q2 - Answer: A U. is average distance of the Sun from the Eanth 1 A u =1496X 10" ' m
Light vear 15 the distance that Light travels with velocity of 3 x 10 m s  m 1 vear 1 LY=8467 X 10 m
Q32 -Answer: Following quantities have same dimensional formula: IML*T ], But they have different
umits: (1) Angular velocity (rad s (11} Velocity gradient (57%) {111) Frequency (Hz)
Q4 - Answer: The umts in which the fundamental quantities are measured are called fundamental or base
unrts Examples- m. s ke, A, mol
The units in which all the physical quantities which can be obtained by 2 Euimhlf nmltiplication or division
of power on fundamental units are caJ_'EEd dettved units Exz:mpleg— m's, ke/m’
Q5 - Answer: Diameter of Moon : AB = d Parallax anole : £ AOB = 6 Dustance of Moon from (=
Earth WA
OA =0B=D+Hence §= AB/OA=d/' D a=i & —
Q6 - Answer: a) ML T by ML
Q7 -Answer:The principle of dimensional homogensity states that all terms 1n 3 physically meanineful
equation must have the same dunensions.
Q8 -Amswer: LHS:[v]=[LT"] RHS:[u]=[LT]

[a-t]=[LTZ][ T ]= Bothsides=[LT  }=[L P'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 correctness of a given physical eguation.

To establish the relation among vanous physical quantities.

QLOAsWKTF = [MLT %] = M =225
Unmtof force = LN = 10° N Umtoflength=1km = 10°m
Unit of time = 1005 = 1075 ¢ =200 _ 403,
CHALLENGE CORNER
1. Cherk whether the piven equation F s = —:- mys — éﬂl'm'E 1= dimensionally correct, or not whers, m 13 mass
of the body, v 15 1ts final veloenty, s 1ts imtial velocity, F 15 applied force and s 15 distanece covered.

- —
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2. How many sigmficant figures are present m 0,020307
3. Round off 4.376 to 3 significant fipures.
4. Deduce the dimensional formula for R, using 1deal gas equation PV =nRT.?
5. Menthon some physical guantities having same dimensional formulae but different units?
HINTS :-
Ql-Ans: Yescomect LHS=RHS
02 - Ans:There are 4 significant figures:2.0.3, & the final 0 (after decimal & non-zero digits
Q3 - Ans: Rounded value = 4.38
Q4 - Ans: [MLTK mol™']
Q3 - Ans: No.
COMMONLY MADE ERROR
» Stodents should carefully use the dunension of all the quantities and then deduce the result
* Students may commit mistake while calculating the dimenson of the given guantities.
SHORT ANSWER TYPE QUESTIONS (3 AMARKS QUESTIONS)
1. The Van der Waal equation for 1 mole of a real gas s ( P *f—f_} ( V—b ) whera P 15 the pressure. Vs the

volume, T is the absolute temperature, R 15 the molar gas constant and a, b are Van dar Waal constants.
Detarnune the dimensional formulae of the constants aand b
2. From a point on the zround, the top of 2 tree 15 seen to have an angle of elevation 60°. The distance
befween the tree and 2 point 15 30 m_ Calculaiz the height of the tree?
3. What are sionificant fioures? State any twe rules for determining siomificant fioures. Give one example
4. Round off the following aumbers to 3 significant ficures:
(1) 0.004376 {u) 56987 (1) 12345
5. Full in the blanks by surtable conversion of units ;
@l kems== _pem's- (Billm=_ hﬂ:!ﬂﬂ}"ﬂﬂr}
(©G=667=10-1I Nm kg™ =__em’ 5™
6. Answer the following
(2) You aze miven a thread and a metre scale. How will vou estimate the diameter of the thread 7 2
(b} A screw zauge has a pitch of 1.0 mm and 200 divisions on the carcular scale: Do vou think 1t 15 possible
to increase the accuracy of the screw gauge arbitrarily by mcreasing the number of divisions on the circular
scale ?
{c) The mean diameter of a thin brass rod 15 to be measured by vernier callipers. Why 15 a s=t of 100
measurements of the diameter expected to yield a more rehiable eﬂimate than a set of 5 measurements only 7
7. If the value of universal gravitational constant in ST 15 6.6x107" Nm*® kg™ then find 1ts value 1n CGS
System?
ANSWER WITH SOLUTIONS(3 AMIARKS)

Ql_ Van der Waals equalmn:ﬂ?%}-ﬂ'—b_]:RT Dimensions of velume V={[V]=[L] Dimensions of
pressure P = [PJEMLT'T 7] Dtmensions of a: From :;%= B a=[L°]
ML T "= [2}=[ML*T ] Dimensions of b: From V—b the terms must have the same dimension
I=[VI=IE]
Q2. 8=60° =30 m. =
h=xtang=50tan60°=50 X \3=50 X 1.732 h=36.6 m
(33 — Ans Sigmificant figures are the digits i a measursment that ar= known aceurataly,
Two Rules for Determning Significant Figures:
All non-zero digts are always siemficant Example: In 456, =3 sizmficant figures.
Zeras between two non-zero dIEH:S are significant
Examgple: In 4003, the zeros between 4 and 3 aré signtficant =4 sipnificant figures.
Example Combining the Rules: Number- 204.05 Digits: 2, 0.4, 0,5
All non-zero digits (2, 4, 3) are sigmficant. Zeros between non-zero dizits (the Os) are also siznificant
=Number of sizmificant figures =35
©4— Ans (i) 0.004376 — 0.00438 (i) 56987 — 37.0 (i) 12335 — 12300

]
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Q3 —Ans (a) 107 (b) 1.053 = 107" (¢)6.67 = 10°7°
Q6 - Ans{a) By windmng the thread 1n close tums on a pencil and ustng the formula 1.2, Dhameter = Average
length No. of tums
(b) Yes. by increasing the number of divisions on circular scale as Least count = Pitch No. of divisiens on
circular scale
(c) Random error 1s reduced on taking larpe aumber of observations.
Q7- InS Isystem, G=6.6 X 107"" N m® ke ; In CGS system. CGS = 7 Dimensional formula of
gravitational constant ; [MLEL"] =[M L7 T¥] Hence.a=—1,b=3,c=-2

Gar[ME LY TE] = g |ME 25 7%]

ML i l. i Tl ©
Geps = Gy Lﬁ h E]

e =b6 X 10-32) Ligy™ o T
s =2 Ju[ hrrr 1%

=66 10y

=66 X 107K [107 :*' [10%)
=64 X 1071 1870 ¥ 100
Gegs =6.6X10 *dyneem® g-*

Iil{il'llql [I[Ji.h,ml ]

CHALLENGE COENER
1. A calone1s a unit of heat or energy and 1t equals about 4.2 J, where 1 J = lkem*s™. Suppose we employ a
systen: of uniis i which the unit of mass equals @ kz. the unit of length P m, the unit of time 15 v 5 Show
that a calorie has 2 magnitude 4.2 ¢! f~ 7° in terms of new units.
2, State the number of stonuficant fioure 1 -
(3) 0.007 m~ (b) 2.64 = 107 () 02370 gem™ (d) 6:320 J {e) 6.032 Nm™ (f) 0.0006032 m"
3. Convert 76 cm of mercury pressure into Nm ™ using the method of dimensions
4. Check the correctness of the equation = mv? = mgh using dimensional analysis method.
5. The radius of circle 15 3.12 m. Calculate the area of the circle regard fo significant ficures.
LONG ANSWER TYPE QUESTIONS (5 MARKS QUESTIONS)
Q1. Obtain an expression for the ume penod T of a simple pendulum. The time penied T depends on (i)
mass ‘m’ of the bob (u) lengih ‘1" of the pendulum and (11) acceleration due to graviry g at the place where
the pendulum s suspended. (Constant k= 2n)
Q2. A new svstem of units is proposed in which unit of mass 1s « kg, unit of length f m and unit of time y
s. How much will 5 J measure m this new system?
Q3.(z) Explain any three important applications of dimensional analysis with suitable examples.
(b)Using dimensional analysis, derrve an expression for the speed v of 2 wave on a string. Assumethat it
depends on Tension T 1n the string_ and  WMass per umit length |1
ANSWERS(S MARKS)
| Hint Assume, Tom®Pg Ussdimensions: [TIE[MPLPLT]C
Compare powersof M. Land T.
Solution: 2=0, b=12, e=-12 Hence, T=k/- Givenk=2n, . T=2m/
2 Hint: Energy has dimensions: [ML T}
Newunits: M=aks, L=fm, T=ys SolutionNew unit of enerzy = of*r”
Therefore. 5] =n ~—-} fi= %
3.(a) 1 Checking corrertness of equations Example: s=ut~+ 1.2 at*

2. Denving formulae Example: T= EnJé

3. Conversion of units Used for converting one system of units into another.

o e |
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(b)Assume. vc T i® where [T]=MLT? [p]=ML}
Compare dimensions. Solutionra=12, b=-12 Hence, v= E

SCIENTIST COENRER: CHANDREASEEHAR LIMIT
The Chandrazekhar Limit 15 the maximuom mass of astable white dwarf star, equal to about 1 4 times the
mass of the Sun_ If 3 star exceeds this limit, 1t collapses further to form a nentron star or a black hole. This
concept was proposed by Indian astrophysicist Subrahmanyan Chandrasekhar, who received the Nobel Prize
m Physies (1983) for hus contribution to stellar evolution

CASE STUDY BASED Q'[‘ESHGES

CASE STUDY 1: Principle of Homogeneiiy and INimensional Consistency
Read the following passage and answer the questions that follow: The pnnciple of homeogzeneity of
dimensions 1s extremely useful in checking the comectness of an equation w physics According to this
principle. 1f the dimensions of all the terms i1 an equation are not the same, the equation 15 wrong. If an
equation fails this consistency test. 1t is proven wrong: however, if 1t passes. 1t 15 not necessanly proven
nght. Thus, a dimensionally correct equation nesd not be an correct equation, but a dimensionally
mconsistent equation must be wrong.
Q1 The SIunit of enerzy s J=ko m® 5=, speed v is m 7', & acceleration a 1s m s Which of the following
formulas for K E (K) 1s WRONG on the basis of dimensional arguments?
@E=(12m" BEK=m" (HE=(13m*  (d)K=(15m
Q2.. In the dimensioral squation T = k I* 28 m® (representing the nme pened of a simple pesdulum ), what 13
the correct value of Z7
fa)Z=0 (HZ=1 (e} Z=2 dHZ=12
Q2. A famous physical relanon relates the 'moving mass' m to the 'rest mass' me of 2 particle 1 terms of 113
speed v and the speed of light ¢ This relation first arose as a conseguence of:
(a) The Principle of Homogenenty  (b) Special relattvity due to Albent Emnstemn
(c) Dimensional Analysis (d) Quantum Mechanics
Q4. A calone 15 a unit of heat that equals about 4 2 J, where 1 7 =1 kg o* 57 If we emplov a new system of
units where the unit of mass eguals o ke the unit of length equals § m_and the umit of tme 15 7 5. what 15 the
magnitude of a Calonte in this new system?
@o f2 BB Qe @apr
CASE STUDY 2: PHYSICAL QUANTITIES AND PENDULUNM MECHANICS
Read the following passage and answer the questions that follow: A researcher 15 studving the motion of
a particle 1n a gravitational field To understand the dependencies of different phyvsical quantities_ the
researcher denves the mathematical expression for the tume peniod of 2 simple pendulum. The denved
formula 1s T = 2rv(Vg), where T represents the time peniod in seconds. | represents the length of the
pendulum i meters, and g represents the gravitanonal acceleration 1in m/s*

Q1 In the derved formula T = .?.FE_J’ what physical quantity dozss g represent”

(a) Mass of the pendulum (b} Acceleration due to gravity

i) Veloetty of the pendulum (d) Time pernod

Q2 If the simple pendulum swings on the Moon, where gravity is weaker than on Earth. what
happens to its time peniod T7

(a) |t decreases (b) It increases (c) It remains unchanged  (d) It becomes zero

Q3 1f the length of the pendulum 15 quadrupled (41), what happens to the ime period?

{a) It doubles (b) It becomes four ttmes (c) It becomes half  (d) It remams the same

Q4 Basad on the given mathematical expression. which of the following phvsical quantiies will NOT affect

the time period of a simple pendulum?

(a) Length of the pendulum (b) Acceleration dus to zravity

(c) Mass of the pendulum bob  (d) Location of the pendulum (Earth vs Moon)

o e |
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CASE STUDY 3 TESTING A NEW SPORTS DRINK BOTTLE
A sports company 1s destgning a new bottle for athletes. Durme testing, the physics team studies different
physical quantities related to the bottle such as volume. force applied while squeezing, pressure miside the
batite, and speed of water coming out through the nozzle
A student mntem records the following observations:

» Radius of bottle opening = 2 cm Water speed from nozzle=5m s

« Force applied while squeszine =20 N Areaofnozzle opening =4 x 107 m™~
The mtern also proposes some equations during the experiment The physies team checks whether the
equations are dimensionally correct & whether proper S1 units are used.
QL. The pressure inside the bortle is calculated using: P = =
What are the dimensions of pressure?
(a)[M*LTT ] (BI[AMLT ] (O[MPL=T =] (@) [ML=T]
2. A student says that the kinetic eneroy of flowing water can be written as:F = %_mi.'
Which of the followine represents the dimensions of energy?

z

(@iM2r 1] WMET ) (QIM2LT ] (d{MLT ]
3. Dunng unit conversion. the intem writes: 1 litre = 1 m® The statement 15:
(2) Correct because both measure volume (b) Incorract because 1 fitre = 107° m°

(c) Incorrect because litre 1s not a unit of volume  (d) Correct only in CGS system

4. The intern proposes the equation for distance travelled by waters = ut + %a!‘:

Why s this equanhon considered dimensionally correct?

(a) All terms have dimensions of force (b)) All tenmns have dimensions of velocity

(c) All terms have dimensions of length  (d) All terms are dimensionless

SOLUTIONS CASE STUDY-1

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

2. Answer: (a) Z=10

Hint: The time penod of a simple pendulum 15 mdependent of s miass.

3. Answer: (b) Special relativity due to Albert Einsten

Hint: The text explicitly states that this mass-spesd relation first arose a5 a consequence of special relativity
developad by Albert Einstein

4. Answer: {(a) a™ §~° y"Hint: The dimensional formula for enerov 15 [MLT]

CASE STUDY-2

L Answer: (b) Acceleration dus to gravity 2. Answer: (b) It increaszes

3. Answer: (c) It mncreases

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

formulaT=2 \E: indicating that the T 15 independent of the bob's mass
CASE STUDY-3  1.(a) 2.4(b) 3.(b) 40

o e |
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CHAPTER-2

N7 = .ﬁ' CBSE Class Xl Physics

“Understand Motion « Visualize Physics = Learn Smart”
(1) FRAME OF REFERENCE (2) MOTION IN A STRAIGHT LINE
[ auick nicact T

4 One-dimensional mothon along the X-axis only.
observer and objoct relation. w7 ,:T,::",f,‘m Poaitires with positive and negative direction.
Aeat and motion are relative. \ 1......1- = whrm:,.-

Include real-life examplos: s

? Chapter—z' Motion in a Straight Line

Frame ol reference s the

A '4—-{:2 B—bl.:"‘.,;}—h

5 4 3 -2 4 0 1 2 3 4 &
« Distance « Displacement o Spead
| « Velocity
(3) DISTANCE vs DISPLACEMENT (4) SPEED & VELOCITY =10
" itarcs | Do | 7T e TS ST
: i =g Toud =
&— Sealar quantity | Vector quantity 4 : “_EEH:T":
; " Actual mp:::h { ::“::::a 'ﬂ"‘“““’?"’.““.‘ r'i..'"u‘“" >
Aoy ogative or zeTo | . Instantnnocus Velooity = ’
Mmmery trick: “Dlstance = Totsl path. Dinplocement = Fmal shitt '-m ﬂﬂm’:'m'-‘m
( 5 ) UNIFORM & NON-UNIFORM MOTION E'ﬁ ) ACCELERATION
2 ;rb SRR | e un':':n- The rate of change of ualm:lnr with the formula
istances jn e - nces = mitial velocity
TR | CEMEEE ff = [a- Y50 RS
j'{ 7 Positive acceteration Emlnnl: &
1 = i
Thee :a‘az.f,‘j L. o= anwmn
(7)  EQUATIONS OF MOTION (8) GRAPHICAL REPRESENTATION
- : OF MOTION
Position-Time Graph : Velocity-Time Graph
| Ry o
Sl
J‘Ll (T —SEE Ingl*;grmum
Ii (GRAPHTRICKBOX| |
(9} CALCULUS IN MOTION (10) QUICK REVISION ZONE
Viausd introduntion to stementary diftarentianion and integration -l == .
mporta
Ueiu;t;y Anu!u::::un Dizplacement g[ mportan } l St units ] [ Graph J
= a—-—-— r;i-b:" = = f’-’ df =

Wt .
fz’ ‘f 3 j Key Common Memory
w:m.ﬂm sxplanation sultsbie definitions mistakes tricks

ennnuztinn sultehle for sihool-level = T-Minute Arcall

Footer Section
s Physics is Easy When Motion Becomes Visual!” @ L 3
The entite miographic is sclemifically accurate and strictly according to the iatest CBSE syllabus,
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MULTIPLE CHOICE QUESTIONS (MCQ)
1. A passenger in an automobile observes that randrops make an angle of 30° fixstsh L
with the honzontal as the auto travels forward with a speed of 60km'h Compute 1 P80,

the terminal (constant) velotity of the rain if it is 2ssumed to fall vertically ! s
()336kmh (h)446kmh ()546kmh  (d)246kmh ; |

2. Two objects of masses my and m; fall from the heights b and h; respectively.
The ratic of the magmtude of their momenta when they hit the ground 15
(@) sz ® [ @5 [ (d) 2=

3. An athlete fimishes a2 round of circular track of radius R m 40 sec. What 13 hus displacement at the end of 2
min 20 sec?

(a) 2R (b) 2rnR. {c) T=R (d) Zero
4. A ball 1s dropped from height h- The velocity aftained by the ball just before reachmg the ground 15
@Zgh (b) \/3gh (e gh (d)zero

5. A car travels from A to B at a speed of 20 Km/hr and returns at a speed of 30 Km/hr the average speed of
the car for the whole journey is

(2) 5EmMbr (b)) 24 Em'hr {e) 25 Em/hr (d) 50 Emhr
6. A 100 m long train 15 moving with a wrform velocity of 45 Km hr. The time taken by the train to cross a
bridge of lenath | Km s

{a) 58 second (b) 68 second  (c) 78 second (d) B8 second

dx

7. =T + 4, then (E)p:,, is

(a)4  (b)=zero {c)8 (d) 16
8 A bﬂd!. moves with umfuml acceleration, then which of the fullmmg graphs 15 correct —

(c) (d)

9. A ball 15 thrown vertically upward. Iononing the air resistance; which one of the followms plot répresents
the velocity-ume plot for the penod ball remamns in an?

-~ -~ - T~
- L~ . I/\
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Q10.A stone falls freely such that the distance covered by it in the last second of #ts motion 1s equal to the
distancs covered by 1t m the first 5 seconds 1t ;temamed i awr for

(a) 12sec  (b)13sec ()25 sec (d) 26 sec

CHALLENGE CORNER

Q11 A car travels first half of the distance between two places with a speed of 30 Em/hr and remamimg half
with the speed of 30 Kmvhr the average speed of the caris

(2) 37 5Kmhr (B)42Kmhr (c)40 Kmhe (d) 49 Km'hr
Q12. The motiont of a particle 1s desenbed by the equation u=at The distance travelled by the particle 1 first
4 second 15

(a) 4a (b} 123 {e)6a (d) 8a
Q13 A body a1s thrown up vertically from the sround with a velocity vo and another body B is
sumiltaneously dropped from a height H they meet at a height H 2 if vois equal to

(@) J2ZgH  (b)/gH ()2 /gH d) ':E
Q14. A particle starts from rest with constant aceeleration =2m/s” Find displacement in $%ze¢
(a) 9m (b) 18m (c)15m (d) 6m

Q13.A ball falls from 20 m height on floor & rebounds te 3 m. Time of contact 15 0.02 sec. Find acceleration
of the ball dunng umpact
(a) 1200 m's” (b)1000ms (c)2000ms (d) 1500 m's”
SOLUTIONS. DF AICQ -

1. (a) 346 km’h Explanation tan 30° = E Since, tan 30° = T’l“'
Therefore.v = 60 x - v = ;—L & Fdakmh
% o ol

2.(a) K the displacement of a1 object 1s proportional to square of time, then the object 15 moving with
constant acceleration
3(a) 2R
4(a) \’Im
5 (B) Vrr=no o =24 Kl
6 (d) Total Distance=Length of train+ Length of Bridge

Total Distance=(100-1000)=1100m  Speed 45 kmh—45x = == m/s

1100

Time taken=Total distance speed= — —88 sec
7.(0) x=(r4y=tt8-16 S =2t—8 At =0

8.(a) w-t oraph s a straight line — Correct
9.(a) During upward motion the magniude of velocity decreases while durms downward motion maenitude
of velocity increases hence v-t graph 15 a straight line with a negative slope
10 (k) smﬁ (2n—1) For fresly falling body u=0 Thersfore, sm,,:% (2n —1)
Distance travelled in first 5 sec S=ut+ gr?=5§g Given Sat=S
ANSWERS OF CHALLENGE COENER

11 (2)375Kmbhe 12 (d)8a 13 (b)) /gA 14.(3)Sm 15 (d)1500m's’

ASSERTION REASON BASED QUESTION
In the following questions a statement of assertion(A) 15 followed by a statement of reason(R) mark the

correct choce as
_—
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(e) If both assertion and reason are true and reason s the correct explananon of the assermon

(f) If both assertion and reason are true but reason 15 the not comrect explanation of assertion

(g) If assertion 15 true but reason s false

(h) If both assertion and reason are false
1. ASSERTION: The speed of a bodv can be negative.
REASON: If the body is moving in the opposite direction of positive motion. then its speed i= negative.
2. ASSERTION: An object can have constant speed but vanable veloeity
REASON: STunit of speed 15 m/s.
3. ASSERTION: In real-life. in 3 number of situations, the ohject 15 treated as a pomnt object
REASON: An object 15 treated as point object. as far as its size 15 much smaller than the distance, it moves
in a reasonable duration of tume.
4, ASSERTION: The speedometer of an automobile measures the averaze speed of the automobile.
REASON: Average velocrty 15 equal to total distance divided by total time taken.
5. ASSERTION: A body can have acceleration even if its velocity 15 zero at that instant of time.
REASON: The body will be momentanly at rest when reverses its direction of motion
6. ASSERTION: When 2 body 15 dropped or thrown horizontally from the same height 1t would reach the
ground at the same tima
REASON: Horizontal velocity has no effect on the vertical motion
7. ASSERTION: Displarement of a bedy may be zere when distance traveled by it 1s not zefo
REASON: The displacement 15 the longer distance between initial and final positions

CHALLENGE COENER
1. ASSERTION: Retardation 15 directly opposite to the velocrty.
REASON: ERetardation 15 equal to the ume rate of decrease of speed
2 ASSERTION: In the presence of air resistance. if the ball is thrown veriically upward then time of ascent
15 less than the time of descent.
REASON: Force due to air friction always acts opposite to the motion of body.
3.ASSERTION: The area under acceleration-time graph 1s equal to veloaty of object.
REASON: For an object moving with constant acreleration position-time graph 15 a straicht line.
4. ASSERTION: Tt 1= not possible to have constant veloctty and vanable acceleration
REASON: Accelerated body cannot have constant velocity.
5. ASSERTION: A bodv moving with decreasing speed may have increased accelération
REASON: The speed of body decreases when acceleration of body is opposite 1o velocity
SOLUTIONS OF A &R :-
1. {d) Speed can never be negative because 1t is a scalar quantity. So, if a body 1s moving in negative
direciion, then also the spead wall be positive
2. (b) Veloctty 15 3 vector quantify, so it has both direction and magnitude. Hence, an object can have
variable velocity by keeping 1is magmitude constant 1 & speed and by changing direction onty
3.(a) The approximation of an object as point object s valid only, when the size of the object 15 much
smaller than the distance it moves in a reasenable duratien of time
4. (d) The assertion that the speedometer measures average speed 15 incofrect; it measures instantaneous
speed. The reason. stahine average velocity 1S total distance divided by total ume. 15 also meomect.
5.(a) When a body thrown up vertically will have zero velocity at the highest poant but its-aceeleration wall
be egual to o

o e |
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6.{a) Honzontal veloesty has ne effect on time of flight Therefore both ascertion and reason are true and
the reason 1s the comect explanation of the asserhon
7.{c) As displacement 5 the shortest distance between the mitial & final posstion.
ANSWERS OF CHALLENGE COENER
L (b) 2. (a) 3.(d) 4(b) 3.

SHORT ANSWER QUESTIONS (2 MARKS)
L. Two balls of different masses are thrown vertically upward with the same initial speed. Which onewall
rise to a greater height?
2 Can a body have a constant speed and still have a varvine velocity”?
3. The position coordinate of 2 moving particle 15 given by x=6+18t =~ 9t5(Whers x 15 1n meters and t 1s n
seconds) what 1s the veleciiy at =2 second?
4. Denive an equation for the distance travelled by a body moving with umform acceleration during the nth
second of its motion
3. Is vt possible to have a constant rate of change of velocity when velocity changes both in magnitude and
alection if yes give one example
CHALLENGE CORNER
6.A bowl huts a ball with 3 velocity of 30 m's and re bounces with the same velocaty what 15 the change in its
velocity
7.A student went on his bike from Deliu to Guroaon at a speed of 60km hr and came back at a speed of
40km/hr. What 15 his average speed for the entus journey?
&.A particls 15 thrown upwards. It attains a height (h) after 5 seconds and again after 95 comes back What i3
the speed of the particle at a beight b7
9 Displacement of 2 particle is given by the expression x=3t"7¢, where X is in meters and 1 is in seconds.
What 13 acceleration?
10 The displacement x of a pariicle moving in one dimension under the action of the constant force is relatéd
to the time by the equation t=yx — 3 where x 15 n meters and t 1s in seconds. Find the velocity of the
particleatt=13s
SOLUTIONS (2 MARKS):-
1: Ans: When two balls of different masses are thrown vertically upward with the same initial speed, both of
them will ris2 to 3 greater heighi
2: Yes. a particle 10 untform circular motion has a constant speed but varying velocity because of the change
its direction of motion at every point
3:Given x=6-18t— 9t
v === 2 (618t 9P )=18-18t Att=2sec v=18-18x2=54ms’
4 Prove Su=w—a2{ln- 1)
5: Yes, in projectile motion a body has uniform acceleration in the downward direction while its velocity
changes both 1n direction and magnitude at every point of its trajectory.

ANSWERS OF EXERCISE QUESTIONS
6 -60mst 7 48Kmhr 8£°196ms 9 6ms 10: 12m's

o e |
ZIETAMYSURLSRALPHYSHCS-X1:2008.27 I4




SHORT ANSWER QUESTIONS (32 AMARKS)

L A body 1s moving in a strascht line and bezins to slow down gradually In such 2 sitnation:
(a) Identify the condition of motion.
(b) State the directions of velocity and acceleration vectors.
{c) Jusufy vour answer with a surtable real-life example
2. Two straight lines drawn on the same displacement time graph makes angle
307 and 60° with time axis respactively as shown m the fizure

{a) which line represents greater veloeity ;

{b) what 1s the ratio of the two velocities A

{c) What 15 the nature of motion represented by each ling? ° ———
3. Draw followmg graphs representing motion of an object under freefall neglect air resistance
(2) vanmation of postion with respect to time  (b) variation of velocity with respect to time
(c) vanation of acceleration with time
4. A car moving alone a straight hichway with 2 spead of 126 km h™ 1s brousht to a stop within a distance
of 200 m. What 15 the retardation of the car (assumed uniform), and how long does 1t take for the car to stop?
5.A body travels from A to B at 40 ms™& from B to A at 60 ms” Calculate the averaoe speed and averace
velocnty.
. The posiion of and object moving along x-axis 1s ziven by x=2+bt", where a=8 3m and b=2 5 ms~ and (1)
15 measured in seconds. What is the velocity at =05 and =2 057 What 15 the average veloctty
between =2 .0s and =4.0s 2
7. The displacement (1n metie) of 2 particle moving along x-axs 15 given by x=181+5t Calculate (1) the
mstantanecus velocity t=25 (i) average velocity between =25 to =35
(1) mstantanecus acceleration.
8.4 body covers 12m mn 2* gecond and 20m 1n 4™ second. How much distance will it cover in 4 seconds
after the 5™ second 7

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

ZaN

{ """-r“" 1 L \/_/
10.A body starts accelerating umformiy with a from a velocity ‘v’ and travels in a strarght line. Prove that it
covers 3 length of w22 (2¢-1)in the tth second of motion.

111 the instial velocity of 2 particle is u and collinear acceleration at any time 1 is act. caleulate the final
velocity of the pamicle after tme t

12 Tdentify the types of motion mn followmng cases :

-,i' -

] & Ll

+ b = 1 b P t e
W \\‘-\\ ; C i K o

[ Pad i f /

ot N = t wm

13. Using calculus, denive the three equations of motion for an object movme 1o a straight hine with uniform
acceleration” y=u+at _s=ut—1/2 at’ :T'.'|=EF:3_'2?E

L]
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SOLUTIONS: -
Ans 1: (3) Condition of Motion:
The body 1s undergoing retardation or deceleration—a condition where the speed of the body decreases with
time.
(b} Direction of Vectors: The velocity vector 1san the direction of motion of the body.
The acceleration vector is opposite to the direction of velocity, as it acts fo reduce the body’s speed.
(c) Justfication with Example: A common example s a car moving forward and gradually coming to a stop
when the brakes are applied Whale the car continnes to move forward for a whule, the acceleration due to
braking acts in the opposite-:direction. slowing it down unul 1t stops
Ans 2 (a) The line with a g‘mtcr slope (1.e.. 60°) represents greater velocity
(b) Ratio of two veloctiies—— sg8a30 1

TH ::m:lﬁl:ll E]
{c) Nature of Motion - Each straight Line on a displacement-time: graph represents umiform motion

N, —

ok qiiy

4 : The initial velocity of the car =u _Final velocity of the car=v
Dhstance covered by the car before coming to rest =200 m
Using the équation. v=u~at = t={v—u)a=1144 ser
=48 KEm'hr

Toral dirrgnos nravad 'ﬂt o dwgws

5 AV £ EFEEﬂ: Total time: F:_l‘i"l-'l-

Toral dirph rraveiisd S . . .
s m;,:::]:: = As body returns to 115 mitial state Therefore net displacement 15

zeio Henee Ave veloany—=0

& T(t}::—-: = i(a +bE2) =04 25t Ate=Dv=D &AtE=ls  =2x25x2=10 ms!

. +igb—a—ih
.'l'_ b B _ﬁb

Avz Velocity—

At=2s x=a2—4b & Att=3s x=a-16bAvp ‘.Tflamw—t‘ —
=g 2

Hence, Ave Velocity= 6x2.5=15 ms™

7:AsxlSESY VRS =18+10t & Al =10ms”

velat =2 v{2)=18+10(2)=38ms" v {'3} =18+-10(3) =48ms"’ Since acceleration is constant
= 3FeI)

8 :Casze I let izl veloety = v m's _distance=s=12m Time =t=2sec

S u-a22-l)= 12=u—a2(2x2-1) =212=533a2 = Ju—3a=24— (1)

Case II: Time=t=4sec distance =s=20m  20=u = a(2x4-1)/2 =20=u+7a2 = Ju+Ta=10—(2)

from 1 and 2: —$a=16 = a=4m s  substitute the value of 3 in equation | we get - v=6m’s

Case uidistance covered in 4sec dfter Ssecond=distance covered in 9th s-distance coveredn Ssec = (6x
O-124 x990 x -1 2x4x5x5) = H4-162{30—30)=136m

= 43 ms" & mstantaneous acceleration a=10 ms™

ANSWERS OF CHALLENGE COENER
9: (a) It ts not possible because at the same time a body has two positiens which 15 not possible.
(b) It 1s not pessible becauses here 2 body at the same time possesses two different velocities.
(e) T 15 not possible as the total path lang{h travelled by the particle cannot decrease with tme.
(d) It 1s not possible as speed cannot be negative
10: Length covered in t™ second of motion =u—2 2 (2t-1)

o e |
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et

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

C - Uniform motion but —ve velocty D - Mot possible | since x takes many values for same tima E -
accelerated motion_ since slope inc. F - decelerated motion. since velocity dec

13 : Denvation using calculus method

= § el v o = _ A
f)v=u-+at [ﬂ)FlIt“i“Eﬂ.l"’ (m)yv-p*=2as or V=9 2as

LONG ANSWER TYPE QUESTIONS (5 MARKS)
. While waiting at a metro station, a student records the motion of 2 train
as it armves, The velooity-tume graph of the tram 15 as follows: 4 13
(a) Draw a velocity-time zraph for the eatire motion. E »
(b) Calculate the total distance covered by the tramn. = \_‘
(c) Emnd the total time taken and the average speed of the train e Lt L
(d) Identify the nature of acceleration 1n each phase and explan 1ts physical-
meaning
2 Water drops fall freely fromatap at a height of 4.9 m If time mnterval between successive drops 1s egual
and the 4® drop 15 released when the first lands on the ground, find the separation between the second and
third drops
3.A player throws 2 ball upwards with an initial speed of 29 4me™
(a) What 15 the direction of acceleration durme the upward motion of the ball?
(b) What are the velocsty and acceleration of the ball at the highest point of 1ts motion?
(c) Chooszs thex = 0 m and t=0 5 to be the location and time of the ball at its highest potmt. vertically
downward direction to be the positive direction of x-axis, and prve the sizns of posinon, veloctiy and
acceleration of the ball durmme its upward, and downward motion.
(d) To what height does the ball rize and afier how long does thie ball retum to the player's hands? (Take 2=
5.8 ms™ and neglect air resistance).
4. A ball 1s dropped from a heicht of 90 m on a floor. At =ach collision with the floor, the ball loses one-
tenth of 1ts speed. Plot the speed-time graph of its motion between t=0t0 12 s
5. A point object is thrown vertically upwards at such a speed that 1t retumns the thrown after 6 seconds. With
what speed was 1t thrown up and how high did it nise? Plot speed-time graph for the object and use 1t to find
the distance travelled by 1t i the last second of its joumey.

CHALLENGE CORNER

6. Derive an 2quation for the distance covered by a uniformly acecelerated body in ath second of 1ts motion.
A body travels half its total path in the last second of its fall from rest. Calculate the time of 115 fall
7. The position-time (x-t) graphs for two children A and B returnme from
therr school O to thewr homes P and Q) respectively are shown in Fig. ?
312 g
Choose the correct eatries w the brackets belows
(2) (A B) Lives closer to the school than (B/A)
(b) (A'B) starts from the school eatlier than (B/A)
(c) (AB) walks faster than (B/A)
{d) A and B-reach home at the (same'different) time
(e) (A B) overtakes (B A) on the road (onca twice),
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8. An aireraft needs 3 minimum speed of 108 km'h to take off. The runway 1s 500 meters long. A pilot
begms from rest and accelerates uniformiy
(a) What i5 the mnimum acceleration required for the aircraft to take off within the munway length?
(b) How lonz does it take to reach take off speed?
{c) Skeich the velocsy-time graph
(d) Suppose wind resistance causes a deceleration of 1 m s® during motion How would this affect the
arrcraft's abthity to take off?
(€) Give ane real-world precantion enginesrs must consider when desigming runways based on this motion
concept:

SOLUTIONS:
1:(a) Lmearly nsing from 010 16:67 muvs 1n 20 s Honzental line at 16.67 m/s for 4035
Linearly decreasmg from 16.67 m/s ta 0 m 30 s
(b) Total Distance Covered
During acceleration (0 to 20 s): a—‘—“u"b“;’q: 8335m's & 5= ui+= t7=166.7 ms®

During constant speed (20 to 60 :::I' fw:.xts—lﬁ 67#40=666.8 ms™
Durinz decaleration (60 to 90 5): a= - = =05m/s 5= vttty =230.05 ms

E =
Total distance: s=s;-5:5:=166. 7-666.8—2350.05=1083 55 m
(c) Total time =20-40-30=00:=905s

Toral disz rravelled 1068355
Aveo speed or vav: = o T-::IE:mg = = o =12 04dmis
(d) Nature of acceleration:
First 20 5: Pesitive uniform acceleration (speéd increasing)
Next 40 s° Zero acceleration (constant speed)
Last 30 5: Negative umiform acceleration (deceleration to rest)
2h_+23%%8

2. As 4=49m Time for a drop to reach ground t= '—T_l sec

when the first drop lands on ground, the 4% 15 ready 1o come down Therefore there are 3 eqoal time oaps of
Gl}bem‘em rwo consecutive drops. Time of travel of 2°% and 3™ drops are é & Emapegnmiy. Separation
between 2 and 3 drops=2 (57 - (§)°
3.(a) Irrespective of the direction of the motion of the ball, acceleration (which 15 actually acceleration doe
to gravity) always acts i the downward direction towards the centre of the Eanth.

=1l6im

(b) At maximum height, velocity of the ball becomes zero. Acceleration due to gravity at 2 given place is
constant 9.8 ms=

(¢) Dunng upward motion, the sign of posttion 1s positive, sign of veloaity is negative, and sign of
arceleration 15 positive During downward motion, the signs of posiion_velocity, and acceleration are all
positive

%> 0 for both upward and dewnward motions, v < 0 for upward and v >0 for downward metion, a >0
throughout the motion

Usmgv'-vw'=2as =54 1m &LUsmngvu-at = =3¢
Total time of flight=time of ascent~ time of descent=5 s
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4 -Let v be the speed on reaching the floor

vY_—ur=23 = v-(0F=2%x98x90 = +v=1764 = v=32ms"

Let 13 be the time taken by the ball in reaching the oround.

v=utat =42=0+91y = 1i=428s

(1)The speed of the ball will zo on increasing at a constant rate from O o y

m's to 42 m's for 428 seconds. This 1s shown by the lins OA_ At A, the x: f h“'-.) s

ball strikes the floor and s speed 15 decreased by fah' 42=42 (Le, FrTTTETE T e

42 42 =137.8) m/sThis :5 shown by the line 48

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

Suppoza 1t reacheas the highest point in time =

veuvanr = 0=378-98: mu=—2r =385s

Thersfore. the speed of the ball goes on decreasing at constant rate from 37.8 m's to 0 for 3.85s: va=wuz —
(37AF

2as = (0F—(378rF=—2%938%=3g Fm:?z.gﬂl

Thus the hall rises to the height 72.9 m. The decrease in speed n the upward motion 15 shown by BC.

(1) After reaching the highest point_the ball will take the same time as 1n (1), 12, 3:85 s to come down and
strike the floor. Its speed will increase from 0to 37.8 m s The speed with which 1t bounced back This s
shown by CD.

{(1v) On hiting the floor, its spead will decrease by 1—:;-'-:}1:'3?_3 =378 =378—-3.78=34.02 mis

This 15 represented by DE.

The total ime since the ball was dropped =428 s+ 3855 -3855=11983=123,

_ﬂ_(za-ﬂ.: o
T 2p  zxua =4.1m

Initial speed =29 4 mis” Height the object attamed =44.1m
Dhstance coverad 1n last second = area under speed-time graph
= = % (6=5)= (196 +294)=245m

.
=

ANSWERS OF CHALLENGE COENER
6.Dizplacement in nth mﬂd:EE—Sn—[:u-_g{lﬂ—l}. Let S be the complete length of fall & t be the time taken
for it S_=-Egt: {Fﬂ}.&h&é is covered in |ast second ; =0+ ‘%{Et — 1) On selving we get £-412=0= i=
24 2 sec |
7. (a) A lives closer to schoal than B (b) A stans from school earlier than B
{c) B walks faster than A.  (d} A and B reach home at the same time.
(2) B overtakes A once on the road 3 .
8(a)a=09%m's’ =3333s ! |
Net acceleration a,=0.5-1=0.1 m/s "o .

Runways are desioned longer than the mmsmum required length to account for remsstive forres like wind,
frichion. or emergency braking. ensuring safe takeoff

CASE STUDY BASEFD Q["ESTIGN
L. A person is standing on the terrace of 2 building 100 meters high. At time =0, he throws a ball verucally
upward with an tmtial veloerty u: After a ime; interval A t (where A t=2 szc), he throws a second ball
vertically upward with an iimal veloeity equal to half that of the first ball. At tme =2 seconds (measured

o e |
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from the instant the first ball 1s thrown), the vertical separation between the two balls is observed to be =13
meters, with the first ball being above the second. Assume acceleration due to gravity =10m's", and
neglect air resistance.
(1}  How does the gap between the balls change?

(a) Increases (b) Decreases  (c) Becomeszero (d) Remains constant
(i)  Find the initial veloerty of ball 1.

(a) 10m's (b) 20ms (c) 30m's (d) 40ms
(i)  With what velocity was second ball thrown?

(a) 10ms (b)) 2ms (c) 30m's (d) 40mis
(iv)  Calculate the time mterval between their throw.

(a) 001s (b) 0l1ls (c) 1s (d) 10s

OR

(1v)  Thetvpe of motion of balls 15

(a)  accelerated (b)uniform {c)  pernodic (d) random
2. When an object 13 iIn motion. 1ts pesthion changes with tme. So, the quantity that
describes how fast 1s the position chansing w1 timeand 1o what direction 1s given
by average velocity. It 15 defined as the change m position or displacement Ax At m which that displacement
occars. However, the quantity used to descnbe the rate of motion over the actual path, 1s sverage speed. It
defined as the total distance travelled by the gbject divided by the total time taken
(1) A 250 m long train 1s moving with a uniform velocity of 45 km'h. The ume taken
by the tram to crossa bridee of lensth 750 m 15
(a) 80s (b) 68 5 {c}56s (d)92s
(1) A trick requures 3 hr to complete a joursey of 150 km. What 15 average speed?
(a)50km'h (b} 25 kmh (c) 15 km'h {(d) 10 kmh
(1) Average speed of a car between points A and B 15 20 m/s, between B and C s 15
m's and between € and D is 10 m s. What is the average spead between A and D, of
the time taken m the mentioned sections 1s 205, 10s and 35, respectively?
(a) 19m's (b) 16 m's fc)2ims (d) 17.14 m's
(1v) A cyclist 1s moving on a circular track of radios 40 m completes half a revolution in 40 s Tts average
velocity (1nmys) s
() zero (b)2 (c) 4= (d)s

CHALLENGE CORNER
3. If vou tossed an obyect either up or down and could somehow eliminate the effects of air on s flisht you
would find that the object accelerates downward at 2 certain constant rate. The rate 15 called the free fall
accelerstion and itz magnitude 15 represented by g The aceeleration 1s tndependent of the objects
charactenistics such as mass density or shape it is the same for all objects.
(1} The time of ascent of a bodv thrown vertically upward with inthal velocity v is

fajyt=ulg bit=2ug c)j=ung dit=uig
(11} The time of descent of a body thrown vertically upward with mitial velecity uis
(at=wn4dz bit=ws= cit=ule d)t=u'lg

(1ii) The total time of flight to come back to the point of projection of a bodv thrown
vertically opward with imtial velocity was
(a)t=2Zu3z (bit=ulsz (e)t=2u'g @e=u
(1v) Velocity of fall at the point of projection of a body thrown vertically upward with
]
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mitial velocity u is
falv=u (byv=2u {cv =3u (dyv=4u

SOLUTIONS
I:(xy  (d)  The gap between the balls remans constant as thewr acceleration 15 the same.
(i1} (b)  Letvelocity of first ball be u and time gap of sécond ball bex.
Thus first ball has time:(t — x) 1n upward motion

Seu(t=x)~1/2(-g) (1=xF Similarly, for second ball, §: ==L g2
Taking difference 1 — S==u (r +x— f) 1 (e R (~:—+ xJ 2+ )
Now, S:—S5:=15matt=2s As x=25 x=1s

15 =u(3+1)=3*10{2%1x2=-1(1)2} = u=20m's (velocity of first ball)

() (a) Velocnv ofsecond ball= =10ms
(tv) (¢) Tmemterval=x=1s Or () (a) accelerated
2.(Da80sec (1) a30Kmhr (m) d17.14sec (v) b2ms

HINTS OF CHALLENGE CORNER
300 ¢ (i) b (iii) ¢ (iv) a
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CHAPTER-3

MOTION IN A PLANE

Understanding 2D Motion through Vectors, Cotmpanants and Scientific Thinking
1. ENTRODHICTION T MOTICOM I A PLANE 2 SCALATS AND VECTORS
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MULTIPLE CHOICE QUESTIONS (MCQ)

Q1. Which phvsical guantity remains unchanged dunng projectile motion”
(2} Momentum (b) Kinetic energy
(c) Vertical component of velocity {d) Horizontal component of velocty
Q2. A coin 15 tossed inte the air at some acute angle with the ground. At a certain moment dunng its motion
the angle between its velocity and the dowmward pull of gravity 1s 8. What 13 the value of 87

(a) G=90° Hre=0° (c)90°<g =0° (d)0*< & <180°
Q3 The square of resultant of two equal forces 1= three times of their dot product, the angls betwesn the forces
15
(a)m G5 @ 3 @ 3
Q4. A person can throw 3 ball up to 3 maximum rance of 106 meter how high above the ground we can pour
the same ball 7
{a)5 m (b) 200 m (e)100m (d)50m
Q5. A particle moves in a carcle of radius 25 em at two revolutions per second. The acceleration of the particle
5T 05

@ () 27 fc) 422 (d) 8n°
Q6 1f a particle has negative velocity and negative acceleration. 1ts speed
(a) Zero (b) decreases (c) remains same (d) mcreases
Q7 Idenniy the unit vector in the followimng.

Mo : =y 43

fa)i+j (b) = (c) k=2 (d) =

QE_ An arcraft executss 2 honzontal loop of radius 1 00 km with 2 steady spead of 200 km'h. The ratio of
centripetal acceleration to acceleration due to gravity is (2 =5%.8m | 57)

(2) 6.38 (b) 9.98 (© 1133 (d)12.13
Q9. If the velocity 1s 7=2i + t%j — 9% then the magnitude of acceleration att=0.5 s 15
(a) Ims™ (b) 2 ms~ {c)zero (d) -1 ms™

Q10. Two bullets are fired simultansously honzontally and with different speeds from the same place which
bullet will hit the ground first
{a)The faster one (b) depends on thewr mass
{c) The slower one {d) both will reach simultaneously
Ql I. In umiform circular motion
(a) Both velociy and acceleration are constant
(b) Acceleration and speed are constant but velocity changes
(c) Both acceleration and velocity change (d) both acceleration and speed are constant
Q12 A particle 15 acted upen by a force of constant magnitude which 15 always perpendicular to the valoeity
of the particle the motion of the particle takes place 1n a plane 1t follows that

(a) Its veloeity 15 constant {b) Itz acceleration 15 constant
(c) Its 15 kanetic energy 1s constant (d) It moves dlong astraizht lne
@13, Which one of the following 15 the correct expression of centnpetal accelemation?

Y 2miR

(2) 4v=v°R (b) = (e)2wvR () —
Q14. An object 15 moving 1 a circle of radius 100m with a constant speed of 31 4m's. What 1s 1ts average
speed for one complete revolution?

(2)0 (b} 314ms (€)3.14m's (d) 31 4m/s
Q15 A particle moves i xv plane according 1o the equations x=asin (wf) and v=aros (wt) then
particie follows

(a) An ellipucal path (b) A circular path

(e} A Parabolic path (d) straight line path inclined squally 10 x and v axis

o e |
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Q16 Two bullets are fired honzontally and s:mu
100 m apart and of same height of 200m with
bullets collide? (2 =10 m's%)

(a) After 25 at a heieht 130 m
(c) After4s at aheight of 120 m

ltaneously towards each other from roof tops of two butldings
the same veloenty of 25 ms. When and where wall the two
[NEET — 2019]

(b) after 25 at a heisht 6f 20 m
(d) they will not colhide

Q17. A car starts from rest and accelerates at S m/'s”. Att1=4s, 3 ball s dropped out of 3 window by a person
sitting in the car. What s the velovity and accelerstion of the ball at t = 657 (Take z = 10 m's))
[NEET-2021]

@)20ms. 0 (b) 202 m's, 0 (c) 202 m's, 10 m's (d) 20 m's, Sm/s’

Q18 If the magnitude of sum of two vectors 1s equal to the magnitude of difference of the two vectors, the

angle between thess vectors 15: (NEET- 20168)
fa) 0°F (b) 90° (c145° (d) 180°
EXERCISE QUESTIONS

Q19 A projectile is launched nto the air. At the hishest point of 1ts motion. its speed becomes half of what it
was at the moment of release. At what angle to the ground was the projectile thrown?

(a) 60° (b) 15° _(0)30° (d) 45¢
Q20 'I'hean.ﬂ_lehﬁwrmf’—i—t—j and Q—I—j 15
(a) 452 () 90¢ (c)—45° (d) 1802

Q21. A child throws a stone at an angle of 60° with the ground, gving it kinetic enerzy K. When the ball
reaches the topmost pont of its flight what will be 1ts kinetic energy?

@0 ®E @K @5
22 A hunter fires bullets at 30° and 45° with the horizontal respectively, reach the maximum height mn the
same time the ratio of their initial veloeities 15

@ 1:42 (b) 2:1 (ey42:1 @t:2
Q23 A ball is thrown mio the air in such a way that the farthest horizontal distance 1t travels before landing
15 exactly equal to the hichest vertical hesoht it reaches. At what angle was the ball thrown?
@e=(;) ®oI=@ ©@I=@ (@e=4s
SOLUTIONS OF MCQ):

Ansl Option (d) is correct. Explanation” Thers 15 no acceleration in honizontal dirertion. Hence, the honzontal
component of velocity remamns unchanged.
Ans2: Opuon (d) here velocity 1s acting upwards when projectile 13 going ppwards and acceleration 1s
downwards. The anzlz between v and 2 15 more than (% and less than 180°
Ans3: Option (d) As, P=Q R? = 3P0
Also RF=P*+ Q° +2PQcoscos 6 = 3P = PP + Q2+ 2PQ coscos & = roscosf =~

Hence, & =60"=

Ans4. Opfion (d) Ryoy ;= 100m  Hyp =
Ans 3. Option (¢) =25 cm=025 m. =2 ¢~ and s=w’r= Cnfy=(4n)**x025=16r"%0.25=47"

Ans 6. Option (d) An object which moves 1 the negatrve direction has a negative veloctty. If the object 15
speedmz up then its acceleration vector 15 directed  the same direction as its motion (m this case 2 negative

acceleration) also increases
Ans 7 Ogtion (d) Explanation magnitude of Unntvector—= 1

a2
—=s50m

Magnituds of vector is given by, [47] = J Al a4

F\:Jz— 2+(z) ,F

Ans 8. Option(a)a = -""r—'~=ﬁ"-'_5 m/'s® ; ae=6.38

1 s

1
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2
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Ans9 Ogption {3) Accaleration: a=":—f == - (2 + 13— 9k) =2t ]
Magnitode of acceleration; a= W]Eﬂ t={] 55a=2(0. 5] 1 s
Ans 10.Option (2) both will reach simultaneously As ¢t = _n Henes, t does aot depend on horizontal speed

Ansll. Option () In circular motion with constant speed, acceleration 15 always mmward, 1ts masnitude 15
constant but direction chanses_hence acceleration changes. so does velocity

Ans 12 (C) Its kinetic energv 15 constant

Ans13. Option (A)ss comrect. As a. =R @’ Pumnge=2nv a.=4x’v?R

Ans 14 (D) Average speed = constant spead =31 4m's. As dunng the circolar motien speed remains constant
but velocity changes continuoushy

Ans 15 (B) Asx® + y* =z thus the particls follows 2 circular path

Ans 16. Option (a) Rel. speed =25-25=50 ms, t= 1 2g™=2s. Verucal fall in 2 s: 1/2gt™=20m

Ht. at collision =200-20=180 m: meet mudway {5 >0 m from each bmlding) aft 2 sat 180 m ht

Ans 17. Opnien () Imtial vel of car=0.a=3 mis:  att=ds = 0+5(4) = 20m's; After 25 - v»= 20 m's (as
a&=0)And vw=0-10{(2) = 20m's so mag g of v=20 \J'-Em’s',at t=6s, z=10 m's" (ball under free fall)

Ans 18 Opuon (b) [4 + B| = |4 = B| Applving A™B%+ 2ABcost = A>~B* 2ABcos8

== 4AB cosf=0 Since A T =0 50 coso=0 ==7=90"

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

ASSERTION REASON BASED QUESTION

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

(a)If bath assertion and reason are frue and reason is the correct explanation of the assertion

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

(c)If assertion is troe but reason is false

(d)If both assertion and reason are faise
Q1. ASSERTION - Imagine you throw a ball inte the air If vou throw it twice as fast, 1t will stay in the air
for twice as long befors hiting the zround For a Projectile; the time of flight becomes n times the onginal
value if 15 speed of projection 15 made n hmes.
REASON: Becauss vou threw it faster, the ball will also land twice as far away from where vou started For a
projectile, due to this the ranze of the projectile which becomes n times
Q 2. ASSERTION - For uniform circular motion, the displacement and acceleration are directed towards the
center along the radms.
REASON: Centripetal acceleration s represented as ac= %
Q 3. ASSERTION: To throw a javelin as far as possihle, the athlete should try to throw it at 45°angle with the
ground. (Tenore height of the thrower and air resistance)
REASON: The u:lmt:mce a _;at'ﬂlm travels doesn't change no matter what angle vou choose to throw 1t at.
Q4. ASSERTION IfP.Q = P.R Then P may not always be equal to 7 _
REASON: The dot product of twe vectors mvolves sme of the angle between the two vectors.
Q3 ASSERTION: Two balls of different masses are thrown vertically upward with same speed, they wall pass
thtough their point of projection in the downward direction with the same speed.
REASON: The maximum height and downward velocity attaimned at the point of Projection are dependent of
the mass of the ball
Q 6. ASSERTION: The path of 3 projectile on earth is parabelic but for a satellste st s elliptical.
REASON: Acceleration due to gravity decreases with kesght from earth’s surface.
Q ?..%.SSERH_?N._}&HJJ}P}HE mamber of non-equal vectors i 2 plane required to give zero resultant 1s thiee.
REASON-IfP + § + R = 0, then they must li= in one plans.

o e |
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Q §. ASSERTION: If there were no gravitational force, the path of the projected body always 15 2 straight
line:

REASON: Gravtational force makes the path of projected body always parabelie.

Q 9. ASSERTION : In non-uniform circular motion_ the fotal acceleration of the particle is the vector sum of
the tangential acceleration and the centripetal acceleration
REASON : The tangential acceleration (along the tangent) and the centripetal acceleration (along the radius)
act perpendicular to each other.

Q 10. Assertion (A). A body moving wrth uniform speed 1 @ curcular path 15 said to be accelerating.
Rezson (R): Acceleration 15 defined only as the rate of change of spead with time

EXERCISE QUESTIONS
Q1! ASSERTION. Forangular projection, when angle of projection & = (1), the honzontal range Ts four
times the mavimum height.
REASON. The horizontal range of projectile 15 directly proportional to square of velooity and inversely
proportional 1o acceleration duz to gravity. '
Q12 ASSERTION (A) A projecule is projected at an anele § and then at an angle (96° — 8), keeping the
mitial velocity same. Tn both the cases, the range will be same.
REASON (R): Range of a projectile R =u’ain28/g.
Q13 ASSERTION (A) The horizontal range of a projectile 15 maximum when projected at an angle of 45°
with the honzontal
REASON (R Ar 43° the honizontal and vertieal components of the minal veloerty are egual
Q14 ASSERTION (A): A stone thrown vertically upward from a moving tram follows 3 parabolic path as
seer by an observer on the zround.
REASON (R): The stone has a horizontal velocity equal to that of the train when 1t 15 thrown,
Qli ASSERTION (A). I dot product and cross product of P and 5 are zero, it implies that ope of the
vector P and E.'; must be a mull vector
REASON (R} Null vector 1s 2 vertor with zero magmitude

SOLUTIONS
Ans | Ogtion (c) If vou double the spead, the ball stays 1n the air twice a3 lonz
__"2u=ind ¢ Zimulzind
I vou throw the ball twice as fast, it actually goes four times as far, not yust twice as far.

we g nig=g

R=—=R =—
g g

Ans 2. Option (d) As dunng vmform circular motion the centnipetal acceleration directed towards the center

ani velocity 15 along the tangent and 1n reason the formula 15 incoméct Therefore both aré meorract

Ans 3 Option (c) When 2 body is projected ifs range depends on R = ”";"3“'

Ans 4 Ogtion (c) As the dot product's dependence on the angls between vectors:

Ans 3. Option (c) As motion is governed by force of gravity and acceleration due to gravity (g) is independent

of mass of object

Ans & Opuen(b) As both assertion and reason are correct but reason 15 the explaming the assertion for both

cases.

Ans 7. Option (3) 15 correct. The mumimum number of non-equal vectors m a plane required to give a zeto

resultant is three and thev must be coplanar.

Ans 8, Option (a) 15 correct . In the absence of gravity, once a body is projécted, no vertical acceleration acts

on it. The combination of honzontal constant velocity and vertical acceleration due to gravity results in 2

parabolic trajectory.

Ans9. Option () In son-umiform circular motion. the total acceleration has two perpendicular components:

tanzential (speed change) and cemtnipetal (direction change) Thetr vector sum gives the net acceleration.

Answer 10: Option (¢) Asserfion i1s true buf Reason s false. '
]
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In uniform circular motion, velocity changes due to changing direction,_ so the body accelerates. Acceleration
depends on change in velocity (not speed alone).

ANSWERS OF EXERCISE QUESTIONS
Ans 11:(b) Ans 12.:(a) Ans 13- (3) Ans 14: (3) Ans 130 (b)

SHORT ANSWER QUESTIONS (2 MARKS)

Q1. A cricketer can throw a ball to a maxumum horzontal distance of 100 m. How much high above the
ground can the cricketer throw the same ball?
Q2. Check whether the vectors are orthogonal or not A=2 i3] and B=4 1-3]
Q3. Calculate the anzle @ subtended by the two adjacent wooden spokes of a bullock cart wheel . Express the
angzle in both radian and degres.
Q4 A foothall 15 kicked into the air vertically upwards. Find its
(a) Acceleration  (b) velocity at the hishest pﬁini“

5. A projectile achieves a maximum range that is -—~t:me5 its actual range. What 15 the angle of projection

correspondme to the actual ranze?
Q6. What is the anzle between the direction of v elocity and aceeleration at the highest point of projactile path”
Q7. iqdm;in:ﬁﬁnmc&niﬂﬂﬂfa:ucuiarpaﬂ:nfradms]km:mﬂnima;alnﬂgﬂ:u:paih %
OPRQO as shown. If he maintains constant speed of 10 m's, what 15 his acceleration at poumt B i
R 1n magnitude & direction? | . .'Il'

Q8. What do vou mean by rectangular componamts of a vector? Explain how a vector can be

resolved into two rectangular components 1n a plane?

Q9. A fountan msialled at sround level spravs water uniformly i honzontal direction with Speed ¥ fmm
height h. Neglecting air resistance, what pround area around 1 gets wet?

Q10. Find the angle between two vectors P & a if resultant over the vector 1s miven by RE=p@Q°

EXERCISE QUESTIONS
Q11 On a certain day rain was falling vertically with the spead of 35 ms™ a wind started blowing after some
time with the speed of 12 ms™ in 2ast to west direction 1n which direction should a boy waiting at a bus stop
hold lus umbrella. B
Q12 Find the area of a parallelogram formed by vectors 4 =3 i=2j and 5 =3 i=7j
Q13. A stonc tied at the end of the strine 15 whirled 1n 3 cirele. State the reason why the stone flies away
tatizenttally when the string break
Q14 Define yniform circular motion” Also define time period, frequency and angular velocity? Wite the
relationship between them.
Q15 A basketball player 1akes twe shots at the same angle. In the second shot, the ball is theown with twice
the mitial speed as the first If both land at the same hesght, by what factor does the honizontal range change,
and why?

SOLUTIONS

Ans | As =— "R=Rmee. =45 12, 6 =sm50°=1: R.-_.—_.;——

Suppoze H= hﬂ]@t upto which the ball goes when the encketer th:ﬁwr- it with velocity u. Since, the final
veloeity of the ball. v=0.
- Ut =233 hﬁe,1'=ﬂ=a=—g,s=ﬂlﬂ=§§=5ﬁlm

Aﬂ:." Condion for orthogonal vectors; A §=B

A E @ 3)). (4 1P =8(F. 1)~ 15(jj)=4 B =8-15=—7
As, .ﬂ E =0 Heaczﬂandﬂarenmurﬂwzanafmmchmh&r
Ans 312 spokes divide the wheel into 12 equal arcs.

o e |
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Central ancle of full cirele =27 rad 8= 2112 = /6 rad =30° so Ancle between adjacent spokes =30° & 6
rad .
Ans 4 (a) Acc. will:always be vertical downward & 15 called acceleration due to gravity (g).

(b) When football reaches the highest point it 15 momentarily at rest velocity. v=0. As, 1t iz
contirmously rct:mi:‘.d b"n, acceleration due to gravity (g).
Ans S, Rmn——f? %i—azaﬂ =13—smﬁﬂ =30

Ans 6, 90° _.-5|1 the l:ughm point the W_mtal component of velocity beromes zero the projectile has onlv a
hornizontal velocty while the Eﬂ!:&i&ranen dut to grav ity acts vertical dowmwards

Ans 7. Centripetal acceleration, a =— = 11:&1: — =0.lms= along RO

Ans § When a vector 15 resolved alonz 2 mutually perpendicular directions the
components so obtamed are called a rectangular component of the given vector as shown
i the figure _

Here A, = A0 &A, = A, Also, A=4,0 +A,]

Ar —=AcosF & A, =Asinf =A= ‘.4‘1.:: & ‘4'}7:

4
tﬂnﬂ_ﬂ,

Ans 9 Let R be the masimum Hﬂﬂztﬁﬂlfﬂﬂgﬁrlhﬂn.ﬁ:‘f
Since l:hem!:ar sprinkle on the ground arcund the fountam m circular area of radius=n R~

z  xt
=ne) =%
Ans 10. As we know that R*= P Q°~2PQcos @ ; Given R=P*~Q’
P Q=P Q" +2PQcos¥ ;IPQrosf =0 = cosd =0 = § =90°
ANSWERS OF EXERCISE QUESTIONS

Aps 11 v=3Tms &&= 19

Ans 1227 sg umts

Ans 13 When a stone 15 tied at the end of a strinz that moves mn a cuwrcular path. its veloerty 15 tangent 1o
the circle:

Ans 14: The motion 15 cansidered 10 be 3 uniform circular motion when an object rotates in 2 circular path
with the same speed The total time taken by the object to complete one revolunon 15 considered a3 nme
period The total number of revolutions:completed per second 15 termed “frequency “The angular velooity 1s
defined as the tme rate of chanee of angular deplacement

Ans |5 Becomes 4 times

SHORT ANSWER QUESTIONS (3 MARKS)
Q1 The sum & difference of two vectors are equal 1n magmitude. Mathematically prove that they are mutnally
perpendicular to each other.
Q2 Prove that the honzontal ranee 15 samé when ancle of projecuon is
(1) zreater than 45° by certamn value and (11) less than 43° by the samé value
Q3. Define ceninpetal acceleration Dernve an sxpression for the centnpetal acceleration of 2 body moving
with umform speed v along a circular path of radins .
Q5. Consider the x—axis as reprasenung €ast. the v—axis as north and z—axis as verncallv upwards. Give the
vector represeating each of the following points.
(3) 5 m north 2ast and 2 mup (b) 4 m south cast and 3 m up (c) 2 m north west and 3 m up
Q6. The resultant of two forces whose maonitudes are tn the ratio 325 5 28 N, [£the anvle of their inclination
15 60°, then find the magnstude of each force
Q7. At what ansle do the two forces (P - Q] and (P - Q) ast 50 that the resultant is /322 + Q2.

QE. Finrd the angle between the vectors a =i+2j—k and B =i+ —k 7

o e |
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Q9. A boy stands at 392 m from 2 building and throws 2 ball which just passes through 2 window 196 m
above the ground. Calculate the velocuty of projection of the ball

EXERCISE QUESTIONS
Q10. Find the angle of projection for which the horizontal range & maximum height are equal
Q11 A football is kicked at an angle of 30° with the vertical if the honzontal component of 1ts velocitvis 19.6
ms™ find the maximum height and honzontal range.
Q12. Calculate the angular speed of the (1) hour hand of a watch (11) the Earth above its own axis. Also find
the ratio of the two speeds
Q13. An insect 1= trapped in 2 circular sroove of radius 12 em It moves with uniform speed alang the eroove
and completes 7 revolutions m 100 s,
(1) Calculate the angular speed and the binear speed of the tnsect
(1) Determmne the acceieration vector acting on the nseet. Is i a constant vector? Also caleulate tts magmiude.
(1ii) What 15 the displacement of the insact after 100 57
Q14 A fighter plane 15 flying horizontally at an altitude of 15 km with speed 720kmb™. At what anzle of
sight (w1 horizontal) when the target 1s seen. should the pilot drop the bomb in arder to attack the
target? (Take g=10ms™)
- SOLUTIONS: -

Ans| GivenA+BE=A—F . . . _
Taking square on both sides (4 +B)? = (A— B)® = A®~ B*=24F= A"+ B224F
AR = 0= Iﬁ = 0 ;Therefore these twp vectors are perpendicular to sach other.
Ans 2. (1) When the angle of projection s 8 =45+ @
R_u’ﬁ' _ wr35+eE) _ wu*Eingin [9042a) _ urcozdicr {2a)

8 g 2 I
(1) When the angle of projection1s 8§ = 45— @
FL_._:.l"TE _ u”[35—m) _ ursimsin (F0—2a) _ U rnregs (2a) Cleariv B=R’

g = g -

Ans 3. Cam:ripita] Acceleration acting on the object undergomng uniform circular motion 1= called centripetal

acceleration. Magnutiude of centnipetal acceleration

[ = IAF1 1 wilaF] e [AF) L'*-*,_;
"= A AE v Ar T £ 2
o e :
I” F = T - ¥
(s = I#'-?'i) 27N
' At s G -
Ans 5.(a) From figure x - component =5cos43%= 5 V2 "

v - component =3sin45°f=3 12

7 - comiponent =2 k _ T;
Then position vector 7 =— (i }+ 2k | 1
(b) lly vector 7= (-j 3 E AT

() |ty vector 7= v2(i=j -4k —
Anss. LetFyand F: be the two fﬂIEﬁE..,

Then Fi=3x Fr=5x R=28N and 6=60°

R=.P2+ Q% +2PQcoscos B

=28=(3x1% + (52)° + 2(3%)(5x)c0s60°=>Tx=28=x=4; ~Fi=12N, Fs=5x4=20N
Ans 7. Let FiandF; be the two forces.

Then Fi=P-QF=P-Q, R=/3P*+ Q> R=F"+F" +2FF-coscos@

=P* —Q° =2(P* - Q%) coscosf =coscosd =§ ~8=860"

A.ns'E_I;‘l*[ = -.flg +22 4+ (—1)2 =6 r ]Ei = _',f|:_]'_:|z + 134 (=2)7 e
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AB=1x{-1D+2x1+(~1)x(-2)=—-1+2+2=3

. _ 48 3 3 1 _ _
SRl ~pEr R e 2 - -8
Ans 2 H=196m R=392-352=784m
= .
£ty 2 tan8 =tanf = =21
R 2g " u%@ 4 R 754

L 8=45% As H—FEE 19.5:3—*5-:; u*=4 %196 ©=/784 = 885ms~*

ANSWERS OF EXERCISE QUESTIONS

Ans 10 & = 7558 Himt - Honizontal Range=maximum height
Ans 11 Maxmum height=58.8m
Honzontal Ranee=1358m Hint: §=90°—30° =60 & find

Ans 12 Whour hang i Waaren = 231

Himt : Hour hand of a watch completes ene revolution m 12 hours and Earth complste one revolution m 24
hours & use w = ;

Ans 13 Angular speed=044 rads™ : Linear speed=528 ms™ : acceleration=2.32 cms™

Linear displacement=0

Ans 14 Angle of sight o = () Hint 2 = (£)

LONG ANSWER TYPE QUESTIONS (SAARKS)

Q1. (3) Define centnipetal acceleration. Denive an expression for the centnpetal acesleration of a body moving
with uniform speed v alone a circular path of radius £
(b} A stone tied 1o the end of a sting 80 cm long 1s whirled 1n a honzontal circle with a constant speed. If the
stone makes 14 revolotions m 25 5, what 1s the magnitude and direction of acceleration of the stone?
Q 2. The position vector of 2 particle is given by 7 =3ti-2t% + 4k m where t is in seconds and the coefficients
have the proper units for T 1o be in metres.
(a) Find the ¢ and & of the particle?
(b) What 15 the mﬁgmmdf and direcnon of velocity of the pamticle att=2.057
Q 3. Two vectors 4 and 5 are inclined to each other at an angle §. Using parallelogram law of vector addition.
find the Enagm_tludf and direction of their resultant. Calculate the magnitude and gives dirsction of R when

(1) .-i and B act along the same strarght line in the same direction.

() A and B act along the same straight line but 1 opposite directions:

(i) A and B are perpendicular to each other.
Q 4. (3) Define resolution of a vector with an example 7

{b)-A projectile can have the same ranse R for two angles of projection. If ty & t; be the time of flight in the

two cases then prove that 6, = (3;)
Q 5. (3) An object is thrown with an mntial velocity upwards and follows a curved path under the influence of
gravity alome. What motion is used to descnbe motion of such an object? State the key assumptions for
analvzinz motion of object.
(b} Dertve the mathematical equation representing the trajectory of the object. obfain expressions (i) maximum
vertical height (i) hmznﬂnl distance (1ii) Trme of flicht

EXERCISE QUESTIONS (3 MARKS)
Q6 (a) Define centnpetal acceleration. What will be the direction and veloeity?
(b)Usmyg diagram derive an expression for the centnipetal acceleration of a particle  moving with
umform velocity v alons a eircular path of radms 1,

o e |
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(c) A cyclist 1s riding with speed of 27km/h As he approaches a circular tum on the road of radms §80m
he applies breaks and reduces hus speed at constant rate 0.50mys” What 15 the magnitude of the net aceeleration
of the cyclist on the circular tom?

Q 7. Prove the following:

(2) For a projectile launched with the same speed v, but at two complementary angles of projeciion & &
90- @(1) Range 15 same, (1) Heights are w0 the ratie tan 26.© 1

(b) If the ranes and maximum height are equal. then angsle of projection s tan(4).

Q 8.Usme analviical method of resolution of vectors deduced the resultant of two vettors.

The position of a particle is given by r = (7ti-5C7-4k) m where 1 1s in seconds and r to be in meters. (3) Find
the velocity and acceleration

(b) What 15 the magnitude and direction of velocity at =257

SOLUTIONS
Ans 1. () Solution given on Q 4 of SAQ (3 M)
(b) Radius of the honzontal circle, t = 80 em =0.80 m, frequency = fzgrps
Angular speed of revolution of the stone i5  =2nf = @ =2 % 22.7 X == 0 = == rad/s Magnitude of
acceleration produced m the stone will be equal to the masnitnde of centnipetal acceleration. = ro” = 0.80 =
(E)*=950ms™
We know that, the direction of the accelzration 1s towards the centre of the circle alongz s radius.

Ans 2. Ans 2.(2) As 7 =3t5-26 + 4k Also, ¥ = %:i{&ﬁ—:ﬁj+4§} = 3i-dtjms

- i
Also.a = d_ == E(3I—4-tﬂ = —-"j :I.'l:I.E

i

(b) velocity of the particle ¥ = 3i-4tj ms™ Att=2s = 3i9x2j=3 — 8
Magnitude & = /32 + (—8)% =9+ 64 =+/73=854d ms™"
Direction 8 = [ ) (— =—70 with x axis

Ans 3 When two 1edmsAandEaﬁ:mf;hnﬂdatan angle & the magnitude R of thetr resultant 15 zwven by
B =+A2+ B2 + 2ABcosh

7 miné

Direction 1s.given by 6 = (A—_,_—f——)

B ozl
1. =197 (Vectors in the same direction});
Mamnitude: R =+/A% + B= + 248 Direction Sameas A or B
2. 8= 180° (Vectors n opposite directions):
Magnitude # = vA® + B? — 2AF  Dursction Along the larger vector
3. 8 =90° (Perpendicular vectors): .
Magnitude: & = A= + B2 Direction 8 = (=)

Ans4 (a) Resolution of a Vector

Resolution of a vector is the process of decomposing a vector o Two or more components slong specified
directions (¢.¢, horizontal and vertical). 4, = Acos § & A, =Asin €

Example-Flying of bird Motion of catapult etc.

(b} Projectile Ranse and Time of Flizht Relanonship

Zu=mf Tusink o 2 4
Bj_ —a &Hg —00—8 f=- =imidf . t":._m s _ woin(30—F) Zucos
2% v g g
2using®.  2ucosh __ AuSsinoos wising g
Lz = e === =“( ) b tﬂ“—?

Ans 5.43) Prn]ncul.e motion J5".:&u.1:|:|;|:|1.1J:.u:|_rr "I{:ﬂlﬂzhﬂﬂ due to zravity (g) 1s constant and Air resistance is
neghaible.

=g 2y=ml - Ersin2d
(b} Dersvatian H=‘-I:; = ; 7 R=~';+~
=5

o e |
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EXCERSISE SOLUTION
Ans 6. (a) Comrect definition (b) Correct derivation  (c) 0.86m's> Hinta= a7 +a.°
s T : ) . ) H
Ans 7 fﬂ:l- Correet Proof Hint B = wainEd {b} Cofrect Proof H H_u“j

(c) Comect Proof  Hint @ = (£)
Ans 8 (a) Veloestv-v (1)=Ti—10tfm/s  Acceleration a ({=—10j ms*
(byVelocity a1 t=2 5. Magnitude of velocnty: 2119 m's; Direction: 70.9¢ below the x-axis

_ CASE STUDY BASED QUESTIONS

Q 1. Projectile Motion in the era of war:

Dunng a battle, soldiers need to hut 2 bunker on top of a lull The bunker 15 200 m away and 50 m lugher
than where the mortar s placed They fire 2 mortar shell with a speed of 80 m s at an angle of 30 above the
ground Take g= 10 mv's® and 1gnore air resistance:

Q1 (1)What is the maximum height attained by the morntar shell?

(a) 80m (b) 160m (c)40m (d) 220m
(1)  What would be the henzontal range of the mortar 1f launched on level ground (same velocity and
anzle} ? '

(a)3205m  (b)5342m (c)640m (dy 160 m
(1)  What 15 the time of flisht for the mornar shell if launched on level ground?
(a) 85 (b} 163 (cy 43 (d) 10s
(1v)To ensure the mortar shell reaches the elevated bunker (30 m height), which adjustment 1s most criical?
(a) Increase the launch angle (b) Decrease the launch anole
(c) Increase the launch velecity (d)BothBand C
32. While practicine on the field. 3 student launches a javelin hioh into the air like a flying spear It leaves the
hand at a speed of 32 m/'s, tilted 35° above the oround, from a height of 2 m. Use g= 5.8 m's*, 1gnore air
resistance. and take cos(35°) = 0.8192.
(1) What 1= the honzontal component of the tnial velocity?
(@)262m's (b)226ms (c)187m's (d)20.1m7s
(11) What 15 the maximum heicht (from the zround) reached by the javelin durine its flight?
(@) 15.7m (b)172m (c}193m (d) 21.6m

(111) At the max height of thejavelin's trajectory, which of the followms statements 1s TRUE?
{a). Both honizontal and vertical components of velocity are zero
(b). Only the vertical component of velooity s Zero
(). Only the horizontal component of velotity & zero
(d). The javeln comes to a complete stop momentarily
(1v) Which factor determnes how lonz the javelin stays in the arr (time of fhight), assumme no mr
resistance?

(d) Only the horizontzl component of velocity (b) Only the angle of projection

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

(d) Both honizontal and verfical components equally

SOLUTIONS
= . e 8 80PE0 o
Ans 1{1:} Gp‘l’.‘:ﬂﬂ A E{W =80m. )
(1) Option (b) is comeet. R=S2EtE0) G005 oo, o,
(iii)Option () is correct T=_2u:_"9-: g

o e |
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(1v)Option (d) is correctFor an elevated target, reducing the angle or increasing the velocity compensates for
the additronal vertical displacement. A lower angle priontizes honzontal distance. while higher veloeny
Ans 2 (1) (a} mmsﬁ‘—j’*msﬁic} 2262.m

i) () H=2 ‘“:F =17 31: total Height from Ground=17.3+2=193m

2{i) (b) bzcausfna extermnal force acts in the horizontal direction
2(w) () Only the vertical component of velocity and initial height

EXERCISE QUESTION
A basketball shot 15 a projectils and follows a parabelic path Gravity pulls the ball down while the plaver’s
push sends it forward. The path up and down 15 similar unless the ball hits the backboard or a player. Eﬂnwmg
the players height, distance from the hoop, and hoop heigit helps choose the rizht angle and speed: At 2
distance (player height 1 27 m, hoop 3.05 m); 35° 7 m's At 6 m distance: 60°, 9.5 m/s I‘ha}m:a&dhackspm
so that if the ball hits the nm dunng a soft shot, it drops into the hoop mnstead of bouncing out
1. The trajectory of a basketball 15 alwavs a
(A) Straight line (B) Curcle  (C)Parabela (D) Mav be d circle, may be a parabolza
2. When the basketball deviates from 1ts parabolic path?
(A) I the ball collides with the backboard
(B) If the ball colhde with another plaver interfening with its path
(C) If a backsptn 15 apphed to the ball (D) Both (A) and (B)
3. To calculate the speed to bie imparted 1o the ball and the anzle for an accurate shot the required information
are
(A) Height of the plaver (B) Honzontal distance of the hoop
(C) Hesght of the hoop (D) All of the above,
4. If the hornizomtal distance of the hoop frem a player increases
(A) Velocity and angle both should increase  (B) Velocity and angle both should decrease
(C) Veloaity should mneréase but anste should decrease
(D) Velocity should decrease but anole should merease
Solutions
LC 2:BD B 4 A
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CHAPTER 4

Newton’s Laws of Motion

The Mechanics of Momentum and Friction
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MULTIPLE CHOICE QUESTIONS-
1) A body of mass 10 kg s moving with a veloaty of 3m's. The momentum of the body 15-

(a)10 kem's. (bi5 kgmis: (c)50kem's. (d) 25 kom's
2) When the velocity (s tnpled the banking angle should be
(a)1:3 (by19 (c) 3 times (d) & umes

1) A stone of mass 0.5kz tied to the end of the stnngz w1 whirled round 1n the cirele of radius 0.5m with a
speed of 41ps 1n a honzontal plans. The tension in the stnng-

(a) 2N (b) 4N (c) SN (d) 208

4) A body of mass m 15 moving with an acceleration '’ under the action of a force 'g/4". The weight of the
bady is-

(a) g'4a (b) g'4a (c)a/2a (d)z"4a

5) Force produces an acceleration of 2; m a body and the same foree produces an accelefation of 2; which 1s
twice 1o a; 1 another body. If the two bodies are combined and the same force 15 applied on the
combination_the acceleration produced i 1t 15-

(2)(3/2) a (b) (273) a (c) 32)a (d) (2/3)az

6} A cvclist takes a tum on a circular road of radius 20m with a speed of 10m's. The centripetal acceleration
of the cvelist i3

(a)2m's (b) 5 mis” (c) 10m's (@) 20m's

7) Two forces of magnitudes 4 N and 8 N are acting on a box. when the box
movss nghtward acress a fnictionless honzontal support. The speed of the
box at time t 15 1mi 5 the chanpe in kinetic ensrey of the box 15- b 5 P g

(2) Zero (b) 8017 (c)87J (d) 4
8) An object of mass 5 kg is antachad to the hook of a spring balance and the
balance 15 suspended vertically from the roof of 2 Iifi. The readine on the spring

L

balance, when the lift 1s gomng up with an acceleration of 0.25 ms ¥ p= 10m/s™)
@35125N (b)48.75N (€)32.75N (d) 47258

9} An object of mass 2 kg 15 at rest Now a force of F = 12t° — 4t 15 applied on the object. Calculate the
velocrty of object att =35

(a) 144 (b)a3 (c) 60 (d) 32

10y A honizontal force of 1302 N s appliad on a 20 kg block which rests on a honizontal surface. Ifthe
coefficient of fnction 15 0.4, then the net force on the block 18 (=% 8 m's=)

(a) 196 N (b) 784N (c) 5138 (d)208.6

11) Which one of the following statements 15 10 cor rect 7

(a) Frictional force opposes the relative motion.

(b) Limiting value of static frichion 15 directly proportional to normal reaction.

(c) Rolhing friction 15 smaller than shiding frichon.
e
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(d) Coefficient of sliding friction has dimensions of length

12) A bullet of mass 10 z moving honzontally with 2 velocity of 400 ms™ strikes 3 wood block of mass 2 ke
which is suspended by light inextensible string of length 3 m_ As a result, the centre of gravity of the block
found to nise a vertical distance of 10 cm. The speed of the bullet after it emerzes out honzontally from the
block will be

(a)100 ms* (b)80 ms™* (c)120 ma™ (160 ms™

13) The linear momentum p of 2 body moving :n one dimens:ion vanes with time according to the equation
p=a—bt*. where 2 and b are positive constants. The net force acting on the body 15 (a)A constant
(b)Proportional to 2t (c)Inversely proportional to t (d)Propormonal to t

14) Three equal weights A. B and C of mass 2 ks each are hanging on a siring passing over z fixed pulley
which s frictionless as shown in figure. The tenston in the stnng connecting weight B and C 15 7 (a)zero
(b) 13N (©33N  (d)196N

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

c
Li_\ﬁ/‘\

(aMaxmmuom at 4 (b)MaxmumatB  (o)Maximum at C  (d)Sameat A Band C

EXERCISE QUESTIONS
16) Maxumum value of static friction 15 called
(a)Limiting fnchion  (bjRolling fnctton  (c)Nomal reaction (d)Cocfficient of fnctien

17) A body of mass m collides asamst 2 wall with velocity v and rebounds with same speed Change m its
momartim 15

(a)2 mv (b) mv (€)= 2eriv (d) zeto

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

(a) 2:9 (b) 3:16 (©1:2 (d)3:2
15) The resultant force of 3 and 10N cannot be
(a)12N (bMN (c)SN (dis

20} A car moving at a spead "“v™ 15 stopped by a retarding force F in a2 distance °S° If the retarding force were
3F.The distance covered by the car before it comes to rest.

(a)S3 (b) S/6 (c) §9 (d)s12

ANSWERS OF MCQ
Q1 Answer (¢) 30 kg-m s Hint: Use momentum formula p=mv
Q.2 Answer. (d) $ tmes Hint: Banking angle depends on square of velocity.

Q23 Answer (b) 4 N Hint Use centripetal foree formula F =mo=r
]
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Q4 Answer (d) g° 42 Hint: From Newton's second law, find mass using F =ma

Q35 Answer (b) (2/3)a: Hint: Same force acts on both bodies. Find masses and combme.
Q.6 Answer (b) 5 m's® Hint: Use centnipetal acceleration formula: a=+v3r

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

Q.8 Answer (3) 3125 N Hint Apparent weight in upward accelerstion: N = m(z—a)
Q.% Answer. (b) 63 Hint: Tfse F = ma and mitegrate arceleration to get velocity.
Q.10 Answer (c) 51.8 N Hint- Net force = Applied force — fniction force.

Q.11 ‘Answer: (d) Hint: Coefficient of fnction 15 dimensionless.

Q.12 Answer (c) 120 m/s Hint: Apply conservahon of momentum and enercy conservation
Q.13 Answer (d) Proportional to t Hint: Use F = dp/dt.

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

Q.15 Answer (b) Maximum at B Hint: Apparent weight 1s maxunum at the lowest pomt
Q.16 Answer (2) Linutmg friction Hint- Maxmum static fnction 1s-called limiting fnction.
Q.17 Answer: (a) 2mv Hint- Momentum changes from —mv to —mv.

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

Q.15 Answer (b) 4 N Hint; Resultant of 5 N and 10 N Lies between S N and 15 N,

Q.20 Answer: (2) 53 Hint: Stoppuing distance 15 wiversely proportional to retarding foree.

ASSERTION AND EEASONING:

Directions-Each of these questions contain two stalements, Assertion and Reason. Each of these questions
also has four altemanve choices, only one of which s the cormrect answer You have to select one of the codes
(a), (b). (c) and (d} grven 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 reasen 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 15 at rest on a study table means no net force 15 acting on the book
Reason: The weight of the book and reartion force are acting in the same direction.

2) Assertion: Due to fnction between tyres and road there 15 wear and tear of tyres
Reason: Friction 15 a nécessary evil

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

Reason: Change in momentum depends on mass and velocity
4) Assertion: We know novice player tries to catch the cricket ball almost instantly and this horts him.
Reason: Force not only depends on the change m momentum but also on how fast the change m momentum

15 broucht abount.
R ——m—
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<} Assertion: When a fixed force is applied for a certam interval of time on two bedies of different masses
imitially at rest the lighter bodv picks up a greater speed than the heavier body

Reason: Same force for the same time causes same chanoe in momentum for different bodies
6} Assertion-Drving at optimum speed on banked road will cause hittle-wear & tear of tyres.
Reason: Frictional force provides the necessary centripetal force.

7} Assertion: In-a system of three forces i equilthnum, the resultant of any two forces obtamned by the
parallelogram law of forces must be equal and oppostte to the third foree.

Reason: These forces are non-concurrent forces.

%) Assertion: Frictional force 1s non conservative force

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

%) Assertion: when external force excesds the maximum bmn of static fiction the body begins to move.
Reason: Static frction comes mnto play the moment when we apply a force on a body.

10 Assertion: Ball beanings 15 used 1n moving parts of a machine fo reduce power dissipation

Reason: Rolling frichion between ball beaning and surface 1n contact 15 small |

EXFRCISE QUESTIONS-
11} Assertion® 1t 15 difficalt to drive 2 car on shippery road than an ordinary road.

Reason: An ordmary road the fnction between the tvres and the road provides the necessarv external force
to accelerate the car

12} Assertion: Rolling friction 1s always lesser than the shiding friction
Reason: In rolling fncthion there 15 one pomnt of contact betwéen the body and the plans

13) Assertion: For 2 projectile under the vertical Gravitational force the honzontal component of velocity
remains unchanged

Reason: the compaonent of velocity normal to the force remams unchanged

14) Assertion: In ideal rolling even when effect of friction is sznored body must come to rest after cerfam
timie.

Reason: During collision between point of contact and floor kinetic energy of the body gradually decreases.
15) Assertion: Action 15 the cause and reaction 1= alwavs the effect of it on same body.

Reason: Action and reaction forces cancels each other

ANSWERS:
1Q [20 130 (40 /50 [6Q [7Q [3Q [2Q [10Q [ 11Q 120 [13Q [14Q [15Q |
¢ b |a [a |[a b e [a [b [a |a b |a a d |

o e |
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SHORT ANSWER TYPE QUESTIONS[2)

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

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

Q3 A particle moves in a circle of radius 20 em at 120 revolutions per mimute: Caleulate the linear
acceleration of the particle

Q4 The tension in the stning shown m fig

- F B
m = s m— =
e TR T S T EER wmme L e -z m
3 A scooter 15 moving with speed of 10m/'s on a circular track of radius 25m Its speed 15 mcreasing at the
rate of 3m s~ Calculate its resultant acceleration.

Q6 What 15 a centripetal force How it 1s different from centrifugal force, Identify source of the centripetal
foree acting on respective objects in the following cases?

(11) Electron revolving around the nuclens.
(11} Earth revolves around the sun.

Q7 A batsman hits A ball of mass 50ke moving with 2 speed of 20m's is hit by a batsman with a spead of
10ms: If nme of contact1s 3

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

Q8 A bullet of mass 30 g penetrates Scm mside a wooden block with an mtial velocity of 500m's and finally
comes to rest. Calculate the average force exerted by the bullet

Q3 A force F=4t°— 20 15 applicd on an object of mass 5C kz moving with intial velocity of 10m's. Calculate
the velocty of the object after 10 seconds,

Q10 Justify the reason behind banking of tracks A cyelist takes a tum of circular path of radiys 10m with a
speed of 10m:s Through what angle he should bend his cyele without skidding

EXERCISE QUESTIONS

Q11 A rocket 1s projected upwards with a lift mass of 26,000 kg with an initial acceleration of 10m's.
Calculate the imnial thrust smparted 1o 1t

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

Q13 A horse can pull'a heavy cart on a road but on muddy field it 15 very difficult. Justifv using a surtable
diagram.

Q14 How linear velocity and angular velociry are different from each other. Deduce 3 relation between
them.

o e |
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Q13 A system of two blocks of masses m=2kg and M= 8 ke 1s placed on a smooth m
table as shown m fig: The coethicient of stanic fnction between two blocks 1=

0.5 What 15 the maximum honzontal force F that can be applied to the block of " "
mass M so that the blocks move together.
: g Trr'rn'rl
ANSWEERS-

Q1: Answer a=z/2 Hint- Apply Atwood machine formula using mass ratio 1.3

Q2: Answer Yes Hint: In circular motion, speed remans constant but direction changes continuously.
Q3: Answer a=3208° cm s Hintt Use a = «°r and @ = 2af

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

Q5: Answer: Resultant acceleration = 5 m's® Hint: Use a = V(ac® + at%).

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

Bt Electron — Electrostatc force, Eanth — Gravitanonal force

Q7: Answer Impulse =2000 ke m's. Force =400 N Hint: Use Impulse =m{v-u)and F =Ap't
Q8: Answer: Retarding force = 1.25 x 10f N Himt: Use Work-Energy theorem.

Q9: Answer Velocity after 10 s =214 m/'s Hint- Inteprate F di = m{v-u),

Q10: Answer; 8 =45 Hint: Use tané = v 12

Q11: Answer: Thrust =4 * 10° N Hint: Use F =m/(g+2),

Q12; Answer. Fruit falls due to merma of rest Hint- Branch moves suddenly but fruit fends to remain at rest
due to Newton’s Furst Law.

Q13: Answer Horse cannot move eastly on muddy road because friction is very small
Hint; Frictional force between horse and ground decreases on muddy surface.

Q14: Answer Linear velocity 1s related to straight line motion and angular velocity to rotational motion
Relation: v = red Hint Linear veloaity depends on radius and angular veloerty,

Q15: Answer: Maximum force F = 50 N Hint: Use f = umg, then apply F = {M-m)a.

SHORT ANSWER TYPE QUESTIONS [3 MARK]

Q1 Think like a Cvelist  : A biker takes a um on a curved road of radius 25 m with speed 13 m's.
Explam why he bends inward and calcolate the angle of inclination.

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

Q3 An athlete of mass 60 ke climbs a rope. The rope can withstand maximum tension of 700 N. Deternune
whether the rope breaks when athlete climbs upward wath acceleration 4 m's®

Q4 Explain why friction s called 3 necessary evil Write any three advantages and disadvantages from daily
hife.

Q3 A shell of mass 10 kz moving at 60 m s explodes into two frapments of masses 4 ko and 6 kg If smaller
frapment moves at 80 m's, find velocity of larger fraoment.

o e |
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Q6 A machine zun fires bullets of mass 25 g with velocsty 500 m's_A 50 kg animal runs toward hunter at 3
m's. Find number of bullets required to stop the animal.

Q7 The force-time graph of a particle is triangular with base 4 5 and heipht 30 N. Calculate impulse
mnparted 1o particle

Q8 Denve expression for stopping distance of a velucle moving on rough borizontal road with coefficient af
friction |

Q9 A stone tied to a string of lencth 1 m moves in circular path with speed 3 m s Calculate centnipetal
acceleration and tenston mn stnng i mass1 0 2 ke

Q10 Think like a Pilot  : A jet plans loops in vertical circle of radius 200 m at speed 200 m's, Compars
centnpetal acceleration with =
EXERCISE QUESTIONS

Q11 Why newton's second law is called real law of motion. Deduce first and second law of motion from it
to SUPpOTt VOUT answer.

Q12 A balloon is descending down with Sm/s*acceleration Calculate number of pases should be taken cut
from 1t such that it starts ascending with same acceleration. Give logic behind vour answer.

Q13 A child pulled a thread as shown in fiz from a point, just below B. A
i)He increases the force gradually 1) Gives a jerk *@
In both cases from where string shall break- Explam and state law of physics behind 1t "

Q14 Find tension a1, 3:. Trand Tam the given figure-

ANSWERS-
IQl: Answer: Cychist bends inward to obiain centnipetal force Angle = 42°
Hint: Use tanf=+v 1z
Q2 Answer: Recoil velocity = 3 m s Hint: Apply conservation of momentum
Q3 Answer: Rope ténsion = 830 N, hence rope breaks. Hint: Use T =m(g~a).
Q4: Answer: Friction helps tn walking, wnting, braking but causes heat and wear.
Hint: Wiite afiy 3 advantages and disadvantaces.
Q3 Answer: Velocity of larger fragment = 46.7 m/s Hint' Apply conservaton of momentum.
Q6: Answer: Number of bullets tequired = 2 Hint: Bullet momentum = animal momentum.
Q7 Answer: Impulse = 60 Ns Hint: Area under force-time graph.
Q3: Answer: Stopping distance = v° 2pg Hint: Use viuw®=2as and a=-ug

Q9: Answer: Centnipetal acceleration = 23 m/s", Tenston= 5§ N Hint- Use a=+v"r
& T=mvr

Q10: Answer: Centripetal acceleration = 80 m's®, Ratio with z =8:1
Hint- Compare vvr with g

o e |
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Q11: Answer: Newion's Second Law explains force quantitatively and meludes first law,
Humt- F =dp/dt
Q12: Answer: Gas must be removed to reduce weight so balloon rises.
Hmt: Buovant force becomes greater than weight.
(213 Answer: Slow pull — upper thread breaks, sudden jerk — lower thread breaks,
Hmt: Due to mmertia
Q14 Answer: Apply Newton's Laws on both masses separately to find Ty T». a1, 2=
Hut: Draw Free Body Diagram.
LONG ANSWER TYPE QUESTIONS-
Ql Give the magnitude and direction of the net force acting on
{a) a drop of ram falling down with a constant speed,
(b a cork of mass 10 g10 g floating on water,
(c) a kite skaltfully held stationary i the sky,
(d) a car moving with a constant velocity of 30 km-h—130 kn'h—1 on a rough road, and
() a high-spead eléctron 1n space, far from all matenial objects, and free of electric and magnetic fields

2 What 15 meant by banking of roads? Explain the need for 1t Obtain an expression for the maximum
speed with which a vehicle can safelv negotiate a curved road banked at angle 6. The coefficient of friction
between road and wheels 131

Q3 A plane of mass 300 ke rises with a verfical acceleration of 5 m/s®. The weight of pilot is 50 kg Find-
(a) The magnitude of force on the floor of the plane by the pilot
(b) Action of the rotor of the helicopter on the surrounding air-(z=10 m/s”)

() A car of mass-1000ke 13 moving with a speed of 36 km b on a level road. Caleulate the retardme foree
requured to stop the car in a distance of 50 m What 15 the need of banking?

Q4 What 15 the law of conservaton 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 body of mass 15 Skg mially at
rest explodes and breaks into three fragments of masses i the ratio 1:1:3. The two pieces of squal masses
fiv off perpendicular to each other with a speed of 30m 57 each What 15 the velocity of lngher fragments?

EXERCISE QUESTIONS-

Q3 A machine gun of mass 10 kg fires 20 z bullets at the rate of 10 bullets per second with a spesd of a 800
ms~  What foree 1s required o hold the zuns in position?

(b) What 1s mpulse and how 1t is related to angular momentum
One dimensional motion of a body of mass 0.4kz 15 shown by the
position time (x-t). Find the maegnitude of each impulse. ¥

(96 (3) Wirte the laws of imitine friction. S YT e~ T e

(b)A truck moving at S4km'h carries a steel beams which rests on a wooden floor What 15 the mmimum
tme 1o which truck can stop without the beams moving forward? Coefficient of static fiction between steel
and wood 15 0.5
- —
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(c) A mass of ! ke 15 suspended by a string. Tt s first lifted up with an acceleration of 4.9 m's"and then
lowered down with same aceeleration. Find the rato of tensions m the stnng in the two cases:

ANSWERS-
Q1: Answer: Nei force s zero mnall cases: Hint: Constant velocity or rest = net force=10.
Q2: Answer Banking helps provide cemtripetal force. Hint: Use banking of roads formmla.
Q3(a): Answer; Force:on floor = 750 N Hint- Use F =m(z+a).
Q3(b): Answer: Rotor force on air= 8230 N Hint: Newton's Third Law.
Q3(c): Answer Retarding force = 1000 N Hmnt: Use v-u® = Zas:
Q4: Answer Velocity of heavier fragment = 1414 m/s Hint: Conservation of momentum
Q5(a): Answer Force required = 160 I Hint Force = rate of change of momentum.
Q5(b): Answer: Impulse =change in momentumn Hint: J=FAL
Q6(a): Answer Limiting friction o normal reaction. Hint fmax = N,
Q(b): Answer: Mimmum siopping time = 3 Hint: Maxmmum retardation = g
Q6(c): Answer Tension ratio =3:]1 Hint: T=m(z+a).

CASF BASED STUDY QUESTIONS:
Q1 Conservation of Momentum & Recoil

A nifle fires a bullet wath very high speed According to Newton's Third Law, the gun expenences recotl m
the opposite diteciion. This phenomenon explains conservation of momentum i 1solated svstems. Recoil 15
reduced by increasine the mass of the pun

(1) A bullet of mass 25 o 15 fired from a zun of mass 5 kg with velocity 400 m/s. The recoil velocity of the

U 5T

(a)ims (by2mus ()4 mrs (d)8m's

(1) Whach law explams recoil of zun?

(a) Newton's First Laiw (b) Newion’s Second Law (<)
Newton's Third Law (d) Law of Gravitation

(111) Why 15 recoil velocity of zun smaller than bullet velocity?
(1v) Think like an Engineer =~ Why are heavy rifles preferrad over Lighter rifles?

Q2 Lift and Apparent Weight

A person standing nside 2 Iift expenences 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 velocity. The apparent weaght is:

(a) Zere (b)Less than actual weight (c) Equal to actual weight (d) Greater than aetual weight

{11} A person f=els lighter in'a hit when 1t-

(a) Acecelerates upward (b) Accelerates dowmward

() Moves with constant spead {d) Stops suddenly

(1ii) What happens to apparent weizht during free fali?

(av) Think like a Scientist  Why do astronauts feel weightless mside satellites?

Q3 Banking of Roads

Vehicles moving on curved roads reguire centnipetal force for safe twmuing . To reduce dependence on friction
and prevent skadding, roads are banked.
e
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(1) The angle of banking depends mainly on:

(a) Radius and spead (b) Mass of vehicle (¢) Colour of road (d) Atmosphenic pressure
(1t) A car moves safely on a banked rdad because:

(a) Friction disappears (b) Weight becomes zero

(c) Horizontal component of normal reaction provides centnipetal force

(d) Gravity mcreases

{111) What is the optimum speed on a banked road of radms 20 m & 45°7(Take g =10 nys)
{a) 10m's (B)14ms () 20m's (d)Hm's

(1v) Think like an Engineer

Why are highways and racmg tracks designed with banking at curves?

Q4 Impulse and Collision

Durinz collisions, a large Torce acts for a very shori ume interval producing impulse Awbazs and helmets
work on this pnnciple.

(1) Impulse 15 equal to:

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

(1) A batsman moves lus hands backward while catching the ball to:

(2) Increase force (b) Reduce collision time (c) Increase collision time (d) Increase momentum

(111} A ball experiences impulse of 20 Ns for 0.2 ._-!i.tﬂage force 1s:

(a) 10N (b) SON () 100N (d) 200N

(1) Think like a Doctor

Why do atrbags reduce myuries during accidents?

ANSWERS / HINTS
Q1 (1) (b) 2 m/s (11) (c) Newton's Third Law (1it) Gun has laroer mass (i) To reduce recoil
Q2 (1) (c) Equal to actual weight (1) (b) Accelerates downward (u1) Zero (3v) Dus to free fall condition

Q3 (1) (a) Radius and speed (1) (c) Horzontal component provides centnipetal force
(111} (b) 14 mv's (iv) To avoid skidding and ptmlde safe turming

Q4 (1) (b) Force » Time (11) (c) Increase collision ime (111) {c) 100 N

(1v) They increase impact tims and reduce force

o e |
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CHAPTER-5

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

r' o o F -
3. FORCES,
1. WORK, POWER, 2. ENERGIC AND CLASSIFICATIONS
& INTEGRATION POTENTIAL ENERGY AND MOTION
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MULTIPLE CHOICE QUESTIONS
1} In which of the following work 15 being not done?

(a) Shopping 10 the supermarket (b) Standing with a basket of fruit on the head
(c) Climbing 2 tree {d) Pushing a wheel barrow

2} A man pushes a wall and fails to displace 1t, he does

(a) nezative work (b} positive but not maximum work

(c) no work at ail (d) maximum positrve work

3) Twe bodies of different masses are moving with same kinetic enetrgy. Then the rano of their momenta 1s
equal to the rato of their

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

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

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

(c) mass of the obyect {d) All of theze

5) A particle 15 taken round a circle by application of force. The work done by the force 1

(a) posttive non—zere  (b) negative non—zero  (c) Zero {d) None of the above

6) Work done by a conservative force 15 positive if

(a) PE. of the body increases (b) PE. of the bodv decreases

(c) KE. of the body increases (d) KEE. of the bedy decreases

7) The total mechanical energy of a system s conzerved 1f the force, doine work on 1t is

(2) constant  (b) vanahbie (e} conservative (d) non-conservative

8) Which of the following must be known m order to determne the power output of an automobile?
(a) Fmal velocity and heisht (b) Mass and amount of work performed

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

9} Which one of the following statements 15 true?

(a) Momentum 1s conserved n elastc collisions but not m 1nelastic collisions.

(b) Total kinetie energy 15 conserved m elastic collisions but momentum 15 not conserved m elastic collisions
(c) Total kinetic enerpy is not conserved but momentum 15 conserved in inelastic collisions

(d) Kinetic energy and momentum both are conserved 1n all tg'i_:m's-bf colliziens

10) Consider the elastic collision of two bodies A and B of egual mass. Tnatially B 15 at rest and A moves
with velocity v Afier the collision

(a) the body A traces 1tz path back with the same speed
(bjthe body A comes to rest and B moves away 1 the direction of A's approach with the velocity v

(c) both the bodies stick together and are at rest
e
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(d) B moves along with velocity v/ 2 and A retraces 1ts path with velocuy v2

11) In 2 one-dimensional elastic collision, the relative veloaty of approach before collision 15 equal to
(a) sum of the velocities of the bodies

(b} & times the relative veloctty of separation after collision

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

(d) relative velocity of separation after collision

12) In case of elastic collision_ at the time of smpact.

(a) total K E. of colliding bodies 1s conserved. (b) total K E. of colliding bodies increases

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

13) When two spheres of egual masses undergo glancing elastic collision with one of them at rest. after
collision thev will move

(3) opposite to one another (b) in the same direction  (c) together (d) at nght ansle to each other

14) In an wmelastic colhizion

(2) momentum s not conserved

(b) momentum is conzerved but kinetic energy 18 not conserved

(c) both momentum and kinetic energy are conserved

{d) neither momentum nor kinefic energy 15 conserved

15) In an elastic collision, what 15 conserved 7

(a) Kinetic energy  (b) Momentum  (c) Both (a)and (b)  (d) Nesther (3) nor (b)
EXERCISE QUESTIONS

16)The work done in lifting water from 3 well of depth 6 m psing 3 bucket of mass 0.5 kg and volume 2
Irtre, wall be

(@) 7333 (b)Y 147 1 (£)117.67 (d)98 3

17} A ball s thrown vertically downwards from a height of 20 m with-an mitaal velocity vo . It colhides with
the ground and loses 0% of 1ts enerzy 1 collision and rebounds to the same height The mutial velocrty v
15 (Takeg=10ms=)

(a}20 m s (b)y28 m 5! () 10ms* (d) 14 m st

18) The potential enerzy of 2 certam spring when stretchad throush distance S 15 10 joule. The amount of
work done (in joule} that must be done on this spring to siretch it through an additional distance 5, will be

(a)20 (b) 10 (e) 30 (d) 40 P
19) A bullet of mass 20 g hats at 3 block of 1.98 kg suspended from B N
massless string of length 100 cm and sticks to 1t The buliet flies ‘"':‘.__ B
down at an anele of 30° to the horizontal with 2 velocity of 200 m's. b e fﬁ s
Throueh what height the block will rize . :
(a) 0.15m (b) 0.30'm (© 045m (d)0.75 i
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20) A unform cham 15 held on a frictionless table with one-fifth of 11s length hanging over the edge. I the
cham has a length | and a mass m, how much work 1s required to pull the hanging part back on the table 7

(admed / 10 (bymel /5 (c)mal/ 50 (d)mel ' 2

SOLUTIONS — MULTIPLE CHOICE QUESTIONS
Q-l ‘Answer (0) Hint: No displacement occurs while standing with a basket.
Q2 Answer € Hint Work done 15 zero because displacement is zero,
Q3 Answer £ Hint: For same kinetic energy, momentum is proportional to vmass,
Q4 Answer: (a) Hint Final speed depends only on vertical height
Q.5 Answer £ Hint: Force 1s perpendicular to displacement in ¢irenlar motion
Q.6 Answer: (b) Hint: Work done by conservative force decreases potential energy.
Q.7 Answer £ Hint: Mechanical energy is conserved only under conservative forces.
Q.8 Answer: (d) Hint Power = Work | Time.
Q9 Answer £ Hint: Momenium 15 conserved i all collisions, KF only in elastic collistons.
Q.10 ‘Answet: (b) Himt: In elastic collision of equal masses;, velocitiss are exchanged.
Q.11 Answer (d) Hint® Relative velocity of approach = relative velocitv of separation
Q.12 Answer (a) Hint: Kinetic ensrey remains conserved in elastic collision.
Q.13 Answer (d) Hint- After glancing elastic collision, equal masses move at nght ancles.
Q.14 Answer: (b) Hint: Momentum 15 conserved but kinetic energy is ot conserved,
Q.15 Answer £ Hint Both momentom and kinstic enerzy are conserved,
Q.16 Answer (b) 147 J Hint: Total mass = bucket —water=05-2=25 kg
Q.17 Answer: (a) 20 m's Hint: Use conservation of enefgy before and after collision
Q.18 Answer £ 30 J Hint Spring enerpy ¢ x°, doubling stretch increases enerzy four imes.
Q.19 Answer: (a) 0.15 m Hmt: Use conservation of momentum and convert KE wto PE.
20 Answer © mel S0 Hint: Usa center of mass of hanging part

ASSERTION AND REASON TYPE QUESTIONS

Darections: In the following questiens, Assertion (A) 1s followed by Reaszon (R). Chooze the correct option:
{a) Both A and R afe true and R 15 the correct explanation of A

(b) Both A and R are troe but R 15 not the correct explanation of A

() A is true but R iz false. (d) Both A and R are false

1} Assertion: A dzlivery worker carrving a heavy parcel on his head while walking on a strasght horizontal
road does no mechanical work on the parcel
Reason: Wotk done becomes zero when force & displarement are perpendicular 1o each other

o e |
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2Assertion: Dunag a complete lap on 2 circular track, the total work done by gravitational force can
become zero.
Reason: Conservative forces do not depend on the actual path followed.

3) Assertion: A loaded truck and a mi:itmt‘_r.f'cie can have same momentum but different kinetic enerpmies.
Reason: Kinetic energy depends on both momentum and mass.

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

FAssertion: The kinetic energy gained by a football after bemng kicked equals the net work done on o
Reason: Wark-energy theorem 1s valid only for single particle systems.

6} Assertion: A stretched rubber band stores potennial energy.
Reason: External work done against restoning force gels stored as elasiic potennal energy

TiAssertion: Satellites revolve around Earth without loss of total mechanical energy.
Reason: Gravitational force (5 conservative in nature.

8)Assertion: Two collisions with same change 1n momentum can produce different impact forces.
Reason: Force depends on rate of chanre of momentom.

9)Assertion: Work done by gravity while lifting 2 body depends caly on initial and final posthons.
Reason: Gravitational force 1s a conservative force

10)Assertion: Work done over a closad path 12 always zero.
Reason: Work donie depends on nature of force involved.

EXERCISE QUESTIONS
11) Assertion: The power of a pump which rases 100 kg of water m 105ec to a herght of 100 m 1510 KW,
Reason: The practical unit of power 15 horse power

12) Assertion: According to law of conservation of mechanical energy change mn potential energy 15 egual
and opposite of the change in kineticenergy.

Reason: Mechanical energy 1s not a conserved quantity

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

Reason: Work dene depends on angle between force and displacement

14) Assertion: In an elastic collision of two bodies; the momentum and enerzy of 2ach body 1s conserved.
Reason: If two bodies stick to each other, after colliding, the collision 15 satd to be perfectly elastie.

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

Reason: Momentum and energy have same dimensions.
ANSWER -ASSERTION AND REASON
10 [2Q (3Q |4Q |3Q 6Q |7Q (8Q [9Q |10Q | 11Q  12Q  13Q | 14Q|15Q

a a |a |a |e |= a 3 a d |b c |-d d d

o e |
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SHORT ANSWER QUESTIONS (2 MARKS)
Q1 When a conservative force does negative work on a body, what happens to its potential energy?
Q2 A body of mass 4 kg moves such that displacement is given by § =192, Find the work done in first 2 5.
Q3 A pump of power 5 kKW raises water to'a height of 20 m. Find amount of water raised in | minute

Q4 Two bodies of mass 30 ke each move in opposite directions with speeds 12 m/s and 8 m/s. Find common
velocity after collision

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

Q6 A resistive force-distance graph forms a tnangle of area 40 J, Tf mitial kinetic energy 15 100 J, find final
knstic enargy.

Q7 Find potennal energy stared in a spring i terms of force F and extension x
Q3 A spring stores 200 J energy when stretched by 4 em. Find energy stored when steetched by 8 em.
Q3 If momentum of a body becomes double_how much does kinetic energy mcrease?

Q10 Two springs of constants 1000 Nm and 2000 N'm are stretched by same force. Find ratio of enerzies
stored.

Q11 Which Spring storss more energy when stretched equally: soft spring ar stff spring?
Q12 A force F={3-x) acts alonz x-axis. Find work done from =1 mtox=3 m_

Q13 If kinetic enerzy increases by 200%, by what percent does momentum increase”
Q14 In velocty-ime graph, durmeg which mterval 1s work done negatve?

Q15 A body of mass 1 kr moving at 2 m/s comprésses a spnng of constant 200 N/'m. Find maximum
COIMpPIEssion.

ANSWERS / HINTS
Q1: Potential enerov increases. Hmt W =AU
Q2: Work done = 64 J Hint: Use v =ds dt and KE theorem.
Q3: Mass of water = 1500 kg Hint- P=msh1t
Q—i: Velooity = 2 nu's Hint: Conservation of momentum.
Q
Q6: Final KE =60 J Hint: KEfinal = KEinimal — work done.
Q7: PE = 12 Fx Himt: Elastic potential energy formula.
Q8: Energy = 800 J Hint: PE o« x°

L

- Velocity of heavier fragment = 7.45 m s Hint Resultant momentum of smaller fragments.

Q9. Kinetic energy becomes four times Hint: KE o« p?

Q10: Ratio =2 : 1 Hint: PE o L'k for same force.

Q11: Suff spring Hint- Larper k stores more energy for same extension
Q12: Work done = 8 J Hint: Integrate force over displacement.

o e |
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Q13: Momentum increases by 100% Hint; KE « p*
Q14 Durmg decreasing velocry mterval Hint: KE decreases.
Q13 Mamimum compression= 014 m Hmt- KF = Spring PE
SHORT ANSWER QUESTIONS (3 MARKS)

Q1 A worker pushes 2 box with foree 120 N for 8 m on a rough floor. Later the force decreases uniformly to
60 N for next 8 m. Find total work done by worker and friction force of 40N,

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

Q3 A parucle rotates in a vertical circle of radros 1.5 m. If ratto of maumum to mimimum tension 15 3:1, find
spead of particle.

34 A body starts from height SR and moves in frictionless loop of radmus B Find normal reaction at top of
locp.

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

Qﬁ A particle of mass | kg moves with velocity v = 3x* Find work done from x=0 to x=2 m.

7 Show that for a car moving with constant power. displacement squared is proportional to cube of time.
Q8 State and prove work-energy theorem. For which forces is it applicable?

Q9 State whether following are true or false with reason

(2) Momentum of each body is conserved in elastic collision.
(b) Wotk done 1n closed path 1s always zero.

(c) Kinetic energy decreases in inelastic colhision

QI0A forca F= (31— 4) — 2k) XN displaces a body from A(1 2 3) to B(4 -1.5), Find work done

Q11 A force F={8-2x) acis on 3 body alonz x-mas, Find work done fiom x=! mte =4 m.

Q12 A car of mass 1200 kg moving at 20 m's collides with spnng of constant 8%10° N/'m. Fmd maximum
COMpression

Q13 A particle dropped from heicht H has kinetic energy double 1ts potential energy at some pomt. Find
height from zround.

Q14 A bob attached to fiywheel falls throush heicht h. Find aneular speed of flywhesl in ferme of h and ¢

Q15 A cyelist moving at 15 m's apphies brakes and stops 1n 5 s. If retarding foree 1s 300 N, find work done
by brakes

ANSWERS / HINTS
Q1: Work done by worker = 1440 ] Hint- Use area under force-displacement graph
Q2 Minimum mass = m/2 Hint: Spring PE = gravitational PE.
Q3: Speed = E*u!g m's Hint: Use tension ratic 2guations.
Q4: Normal reaction = 4mg Hint: Apply conservation of mechanical energy.
Q3: v=1(1.62L) Hint: Only 80% enetgy remains:

Q6: Work done = 72 JHint: W=AKE
_—————————————-—
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Q7 x* x t* Hint: Use P=dW.dt.

Q3 Apphcable for all forces Hint: Work dons equals change m kinetic energy.

Q9: (a) False (b) False (¢) Trus Hint: Conservation laws apply to system.

Q10: Work done =14 J Hmnt: W=F-5.

Q11 Work done =33 J Hint- Imtegrate force over displacement.

Q12: Maximmum compression = 7.75 m Hint: KE converts into spring PE_

(Q13: Height from ground =H'3 Hmt: Total energy remains constant.

Q14: &= (L r)v(4zh 3) Hint: Uss rotational kinetic snergv.

Q15 Work done =—22500 J Hint Retarding force doés negative wotk.
LONG ANSWER QUESTIONS (5 MARKS)

Q1 (a) Show that in case of one-dimensional elastic collision of two bodies, the relative velocity of
separation after the collision 15 equal to the relative velocnty of approach before collision

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

2 A body tied to one end of a stung i1s made to revolve in a vertical plane. Denve the expression for the
velocity of the body and tension in the string at any pownt Hence find (1) tenston at the bottom and top of the
cirele (1) Minimum velocity at the lowest point se that it 1s just able to loop the vertical loop and (c) the
mummum velocity at the top.

Q3 (2) Draw the graph of equanon F, = —kx where Fis the sprng force and x1s the displacement of the
block from equilibrium position Using the graph, show that maxymum work done by the spning at x,, s

W, = —Zkxf (k=spring constant)
(b) What will be the work done by extemnal force if the spring 15 displacad from x; to %27
Q4 (a) Define work done. How can we caloulate work done by

(1) Constant force (11) Vanable force and

(1) From graph if an object 1s displaced along a straight line.
(b) Find work done by a force F = 2x (SI unnt) :f it displaces an object from onmm to 2
Pomnt (1, 2,-2)

Q3 Define perfect elastic collision Let oneobject of mass my movimg with u undergoes perfact elastic
collision with 2 stationary obiect of mass m: 1 one dimension Afier collision both suck together and move
with velocity “V" . Prove that there will be some loss of kinetic enerzy in the collision.

EXFERCISE QUESTIONS

Q6 A block of mass 2 kg is pulled up on a smooth incline of angle 30° with the horizontal Ifthe block
moves with an acceleration of 1 m/'s”, find the power delivered by the pulling force at a time 4 s afier the
motion starts. What 15 the average power delivered dunng the 4 s after the motion starts?

Q7 A block of mass m 15 pulled along 3 honzontal surface by applving a forca at an angle & with the
horizontal. The friction coefficient between the block and the surface 15 y, 1f the block travels at 2 umform
veloctty, find the work done by this applied force dunnge a displacemant d of the block.

o e |
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Q8 A bob of mass m is suspended by a light stnng of lenoth T It 13 imparted a
honizontal velocity vo at the lowast pomnt A such that 1t completes a semi-carcular
trajectory in the vertical plane with the stnng becoming slack on reaching the
topmost point C as shown in fig. Obtain an expression for

(1) Ve (11) The speeds at pomnt B and C
(11) The ratio of kinetic eneroy 13 Ke Kc at B and C.
Comment on the nature of trajectory of the bob after 1t reaches the pomt ¢
ANSWERS /HINTS
Q1: Relatrve velocity of separation = Relative velocity of approach.
Hmt: Use conservation of momentum and coefficrent of restitution e = 1.

Q2: At bottom: T=mg ~ v 1 )
At top: T=mv¥r —mg Minimum velocity at top = var

s

Minimum velocity at bottom = 35zr Hint Apply conservation of energv and centmpetal force.

Q3% Maximum work done by spring = —2kx?

External work from x: to 8= = *tk(x* —x:°) Hint- Work done squals area under F-x oraph.

Q4: Work done by constant force: W =F -8 Vanable force: W= [Fdx
From graph’ Area under F-x praph Hint: For vector force use dot product.

Q3: Perfect elastic collision conserves both momentum and KE.
If bodies stick together, collision becomes welastic and KE decreases:

Hint- Compare tminal and final kinetic enermes.

EXERCISE
Q6: Instantancous power =24 WHint: P=Frand v =u + at.
Q7: Work done = (umed cosB)/(coss + psing)
Hint: Resolve forees honzontally and vertically.

Q8: Ve=+5gL VB =+3gL. VC =4l _
Ke: Ee=3 ' | Hint Use conservation of enerzy at points A B.and C.

CASE BASFD QUESTIONS:

Q 1. A block of mass m 15 kept 1n an efevator which starts moving dowmward
with an acceleranon a0 as shown 1o figure. The block 15 observed by two
observers A and B for 2 ume mterval .

(1) The observer B finds that the work done-by gravity 1=
(a) Emggtg (b) —-;-m_ﬁitg (c) %mgﬂtg (d) — imgufg
(1t) The observer B finds that work done by normal reaction N is

Nat®

(2} Zero  (b) —Hatg (e) — (d) none of these

i=
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(111) The chserver B finds that work done by pseudo force s
(a) Zero (b}—ma?ty; () +mai; (d) =mgat;
(1v) According to observer B, the net work done on the block 15
(a) imﬂ.ztﬁq‘ (b) %mazrﬁf (e) imgutﬁ? (d) —imgﬂrg
OR
(v} According to the observer A
(a) The work done by gravity is zero {b) the work done by nommal reaction 1s zero
(¢) The work done by pseudo force 1s zero  (d) 2ll the above

Q2. A block of mass m moving with 2 veloaity v0 on a smooth horizontal surface strikes and compresses a
sprng of stiffness k nll mass comes 1o rest as shown n the fizure. This phenomenon 1s observed by twe
observers: vy '

—

A Standing on the horizontal surface; M

B: Standing on the block
(1) To an observer A the work done by spring force 13-

(a) Negative but nothing can be said about ifs masnitude (b) —smv
(e) Positrve but nothing can be said about its maonyude (d)e %mug

(1) To an observer A, the work done by the normal reaction N between the block and the spring on the block
5

(3)Zero  (b) —zmvi  ()—imvd (d) None of these
{111) To an observing A the net work done on the block s
@-mvg  @+mei  @—Imf (@zr
(1v) According to the observer A
(a) The kinetic energy of the block is converted into the potential eneigy of the spring
(b) The mechanical energy of the spring—mass system 1 conserved
(c) The block loses its kinetic energy because of the segative work done by the conservative force of spring
(d) All the above
OR
(v) To an obeerver B, when the block 15 compressing the spring
(a) Velocty of the block 1= decreasing (b) retardation of the block 15 tncreasing
(c) Kinziic eneroy of the block 15 zero  (d) all the above

o e |
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EXFERCISE CASE STUDY BASED QUESTION

Q3. Two ice hockey pucks A (0.2 kg) and B (0 3 kz) move on a frictionless surface. Puck A moves at4 m’'s
whale B 15 at rest; afier a pedfectly elastic head-on collision. A rebounds with a velocity of | m's to the left

(1) What 1s the veloctty of puck B after the collision? (n) Verify whether kinetic enerzy is conserved. (1)
What tvpe of collision 15 demonstrated here, and why?

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

ANSWERS: Q1 : (i) ¢ (u) d (1) a ()b (vid

Q2 (b ()b (i) e (o) d (v)e

Q3(1)33m's (u)yes(intial =final =1.67) (1u1) perfectly elastic collision (iv)-1kzm's
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10.

11.

MULTIPLE CHOICE QUESTION
A planet orbits the Sun m an elliptical path as shown tn the fizure. Let v; and v, be tha speeds of the
planet at perihelion and aphelion respectively. Which of the followans relations 1s correct?
()7 Fa=% ¥ (Byrp i ra=vg vy (E) vl rs=vlwp! v) (B)ra/ ra=nN{v %))
The centre of mass of a system of two particles of masses 2 kg and 3 ko located at (1, 0) m and (5, 0)
m respectively is at
(a} (2, 0)m (B) (3.4, 0)m () {4, 0)m (d)(5.00m

. A dist and 3 ring_ both of mass Af and radius R, are released from rest at the top of an inclined plane.

Which one reaches the bottom first and why?

(a) Dise, because it has lower moment of inertia (b) Ring, because it has higher moment of
meria

(c) Both reach together (d) cannot be determined

If the net external force acting on a system 1s zero. which of the following must be wue?

(2) The centre of mass moves with constant velocity (b} The system 15 at rast

(c) The angular momentum t5 conserved (d) The moment of inertia 1s zero
A rod of length £ and mass M 15 pivoted at one end. Its moment of inertia about the pivot 1s: (a)
(1/3) ML= (b) (1/12) ML* (c) (L2) ML= (d) ML*
A ning 1s rotating about a diameter. The radius = Sem & mass of nng = lkg. A force is applied on the
ring such that it is perpendicular to the axis and vector AB as shown in the firure. The magnitude of
force 1s 10N. Find the work done by the torque. when the ning rotates by 90°.

(2) 0257 § (B)0.15% 7 (c)02x] @0

Caleulate the velocity of the centre of mass of the system of two .
: > : — 25 mis o 3 my

particles each of mass 2 kg as shown n fizure 2k @ &5

(a) 5 mis B)10m'ss  (c)25ms  (d)15mis Smooth surfsce

A dist 1s undergoing in pure rolling on a horizontal surface. then

which of the statement about angular momentum of the disc 1s incomrect?

(a} Anzular momentum about A 15 conserved under any situation Yor
(b) Anoular momentum about B 15 conserved enly if surface is smooth

(c) Angular momentum about any point on the disc s conserved A

(d) None of these:

If 2 spherical ball 1s under pure rolling on a table, then the fraction of its totdl kinetic ensrgy
associzted with rotation is

(2) 3/5 b 27 (c)2/5 (d) 37

A wheel starts from rest and attains an angular veloctty of 20 rev/s after being uniformly accelerated
for 20 s The total angle m radian through which 1t has tumed mn 10515

{a) 200 = (b) 40w (c) 130 R (d) 100 =
A solid cvlinder, a solid sphere and a hollow sphere each of mass m and radius 1 are released from
the top of a smooth inclined plane Then which of the bodiss has minimum accaleration down the
plane?
(a) Solid cylinder (b) Solid sphere {c) Hollow sphere (d) All have same

acceleration 4

A sold cvlinder of mass m and radius 1 1s rolling with angular speed @ ena -
honizontal plane: The magniude of 1ts angular momentum about onzin Q1 0 .
(2) mr'm Mi1smre (©2mreo (d)25mre
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13, Calculate the torgue acting on the disc 1nthe siven arrangement (Radius of disc 1m
and mass m) e —_—
(a)2Zmg3  (b)mgz3 (c)mg (d) 4mg/s

14 Magmitude of angular momentum of a wheel changes from 2L to 3L mSsec bya
constant torque acting oppostte to inial direction of rotation.
What 1s the magnitude of the torque?
(@) LS ()L (c) 2175 (d) 3L/

15. A shell following a parabolic path explodes somewhere in 1ts flisht The centre of mass of fraoments
will move in

{a) Tanzennial direction(b) Radial direciion (c) Horizontal direction (d}Same parabolic path

16. An elliptical disc shown in the ficure is rotated 1 tum about x-x’, y-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
() Maximum about v-v' axis {d) Same about x-x" and ¥-v' axis

17. Choose the incosrect statement
(a) The centre of mass of a two particle svstem hes on the hine joiming the two particles, being closer
to the heavier particle
(b) In rolling_ the pomt of contact of the rolling bodv remams at rest relative to the surface on which
it 15 rolling
(c) Parallel axis theorem ts applicable only for lammnar bodies
(d) A particle moving on a straight line may have non-zero angular momentum about a point

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

1% A shell follewing a parabolic path explodes somewhere 1n 1ts fligcht The centre of mass of fraocments
will move in
(2)Tangential direction(bjRadial direction (c)Honzontal direction (d)Same parabolic path

20. If torgue acting on a system about an axis of rotation 1s zero. then the quantity that remains constant
about that axis 15
(a) Force (b) Linear momentum (¢} Angular momentom (d) Angular velooty

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
AsszerfionA
(c) Assertion (A) is true, but Reason (R) is false. (d) If both, Assertion (A) and TReason (R) are
false.
21 Assertion (A): It 15 harder to open and shut the door if we apply force near the hinge.
Reason (R} Torque 15 maximum 3t hinge of the door,
22 Asseriion (A): An ice-skater stretches out arms-legs dunng performance.
Reason (R): Stretching out arms-legs helps the performer to balance lus or her body so that he or she
does not fzll.
23, Assertion (A): When vou lean behind over the hind legs of the chair, the chair falls back after 3
certamn angle.
Reason (R): Centre of mass lying outside the system makes the system unstable.
24. Assertion (A): The speed of a whirl wind in a tomado 1s alarmigly ugh
Reason (R): If no external torque acts on a body, s angualr velocity remamis constant

o e |
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25. Assertion (A): If two particles have equal mass, thetr centre of mass lies at the midpomnt
Reason (R): Centre of mass 15 inversely proporfional to mass,

26. Assertion (A): Fniction 15 necessary for a bedy to roll on a surface.

Reason (R): Friction provides the necessary tangential force and torque:

27 Assertion (A): A bedy ted 1o 3 stnng 15 moved m a circle with umform speed. I the stning suddenly
breaks. the angular momentum of the bodv becomes zero.

Reason (R): The torque on the body eguals the rate of change of angular momentom.

28 Assertion (A): If there 1s ne external torque on a body about 1ts centre of mass, then the velocity of
the centre of mass remains constant
Reason (R): The lingar momentum of an 1solated system remains constant.

29 Assertion (A): Two cylinders, one hollow and one solid (wood), having the same miass and dentical
dimensions are released stmultanecusly to roll without shpping down an mchned plane from the
same height The hollow cyvlinder reaches the bottom first
Reason (R): By the pninciple of consarvation of energy, the total kinetic energies of both cvlinders
are wdentical when they reach the bottom of the mcline.

30. Assertion — If the evlinder rolling with angular speed www suddenly breaks up mto two equal
halves of the same radius, the angular speed of each piece becomes 2 w.

Reason — Ii no external torque acts, the anoular momentam of the system 15 conserved.

]IE\"'I'S 31"-"]] 5ﬂLI."]__ID°\S
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SHORT ANSWER TYPE(2 MARKS QUESTION):
1. Two blocks of masses 10 kg and 20 kg are placed on the x-ax:s. The first mass 13 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 unchanoed?
A car weighs 1800 ke The distance between 1is front and back axles 1s 1 8 m_ Its centre of
gravity 15 1.05 m behind the front axle Determine the force exerted by the level ground on
each front wheel and each back wheel
3. (1) Why do we prefer to use a wrench, having a lone arm?
(1) Under what condition, the torque due applied can be considered to be zero?
4. (1) Is there any possibility of comeiding with the zeometrical centre and € M of a body?
(1) Dioes the C M of 2 body necessanly have 1o lie mside 2 body?
5. (1) What are the factors on which the M1 of a body depends?
(1) When a cat can land on 1ts feet after a fall. which property of Phvsics s
betng used by her?
6. (1) What 1s a rigid body?
(11} Why cannot a single force balance the torque?
7. To maintam a rotor at a uniform angular speed of 200 rad 5-1. an engine needs to transmit a
torque of 180 Nm. What 15 the power required by the engine?
Note: Uniform angular velocity i the absence of fnction mphes zero torgue. In practce,
apphed forque 15 needed to counter fricitional torque). Assume that the engine is 100 efficient

b

o e |
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8. A metre stick 1s balanced on 2 knife edge at 11z centre. When two coins, each of mass 5g are
put one on top of the other at the 12.0 em mark. the stck 15 found 1o ba balanced at 45 0 em.
What 15 the mass of the metre stick?

9. Torques of equal magnitude are applied to 2 hollow cvlinder and a solid sphere. both having
the same mass and radius. The cvlinder 15 free to rotate abopt its standard axis of  symmetry,
and the sphere 15 free to rotate about an axis passing through s centre Which of the two will
acquire a greater anzular spead after a given time?

10, What are the important features of angular momentum?

ANSWERS (2 MARS)
1 Two masses my and m- are placed on the X-axismy = 10 kg, m=. = 20 kg
The first mass s displaced by a distance of 2 cm
— myxy+tmax; 10X 2+20x; 20+ 20x»

X = = B 0= —— =¥, = —1em
. iy + T 3u 3'}
~ The 2nd mass should be displaced by 3 distance | cm towards left so as to kept the position of centre

of mass unchanged.
2  LetFy and Fs be the forces exerted by the level ground on front wheels and back
wheels respectively. Considening rotational equilibrium about the front wheels,
Frx18=mex 105, F2=(10518)x1800x%8 N=10290 N, Force on each
back wheel 15=102902 N or 5145 N,
Constdenng rotattonal equilibrium about the back wheels.
Fix18=mg{18—-105)=075x1800x98 F:=7350N
Torce on each front wheel 315 73302 N or 3675 N,
3 We know, the aming effect of 2 forceis t=r = F
Now when the arm of the wrench 15 long, r 15 larger. Therefore, 3 smaller force wall be
required to produce the same tuming effect (it) As we-know, T=rFamé Now, if 8=00r 180, Or.r=0,
then T = 0 Now, r = 0 refers to the apphed force passing through the axiz of rotation.
4 (1) C M and geometrical centre may comncide when the body in consideration hasa
uniform mass density. So, yes, they may coincide. For instance, € M. and geometrical centre are the
same in the case of a cube or a sphere ﬂfﬂll.lldﬁf et
(11) No, the € M of the body in consideration does not necessarily be inside the body nself 1also
may lie cutside the bodv. In the case of the semi-circular ning. 1t 1s at the centre which 1s outside the ning.
5 (1) The M1 of a body depends on the following ﬁﬂm:s Position of the aus of the rotatton, Mass of
the body , Way of distribution of mass about the axis afmianﬂti_
(1) If the cat can land on its feet after a fall. she 15 using the pnnciple of conservation of angular
momentum.
6 (1) A nzd bodv refers to an object in which the distance between all the constituting:
pariicles remams fixed under anv influence of exiemal force. Therefore. 3 nzid body
conserves its shape during motion.
(11} The effect of torque can be seen to produce angular acceleration and its effect 15 entirely different
from that of the force that causes linear acceleration Therefore, a single foree cannot balance the
terque.
7 Hare, 2 =200 rad s-1; Torgue, = 180 N-mn
Since Power, P =Torque {t) x anoular speed (@)= 180 x 200 = 36000 W= 36KW.
8  Use the principle of moments about the new balance point at 43 cm
Coins produce moment on ene side: | Metre stick's weight acts at 50 cm
M=(50—43) . Now eguate clockwise moment = anticlockwise momeat.
9  Let M be the mass and R the radius of the hollow cvlinder, and also of the solid sphere. Thenr
moments of inertia about the respective axes are I; = ME" and I- = 2'3 MR® Let 1 be the magnitude
of the torque applied to the cylinder and the sphere, producing anpular accelerations aiand a;
respectively, Then=h a: =L @
e
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The angalar acceleration ¢ produced m the sphere 15 larzer. Hence, the sphere wall acquire larger angular
speed after a given ime.
10. The following are the important features of angular momentum- Theanzular momentum of a
particle with fespect to a point provides an idea of the strength of its rotational tendency about the peint. The
magnitude of the angular momentum can be defined in terms of mass and velocity of the particle and s
distance from the reference point e, L = mvr The vector concept of angular momentum :5
important and useful Its duection 15 the axial direction portraved by the nght-handed mle.

SHORT ANSWER TYPE 2 (3MARKS):

L. A sohid cylinder of mass 20 kg rotates about s axis with anoular speed 100 rad s-1. The radins of the
cylindar 15 025 m What is the kinenc energy associated with the  rotation of the cylinder? What 15 the
magnitude of angular momentum of the cvhinder about its axis?
2 Using axpression of power & K E. of rotational motion, derive the relatont=la
3 A circular nng having a diameter of 40cm and mass of 1 ke 15 rotating about an x5 nonmal to s
plane and passing through the cemter with a frequency of 10 rotanons per second. Now, calculate the angular
momentum about the axis of rotation.
4 Three separate particles of masses of 1g, 2z, and 3g have thewr center of mass at the precise point
(2,2.2). What should be the position of the fourth particle of mass 42 so that the combined ceater of mass
may be at the pownt (0,0,0).
5 A man stands on a rotating platform_ with his arms streiched honizontally holding a 5 ke weight in
each hand, The angular speed of the platform 1s 30 revolutions per minutes. The man then bnings his arms
close te his body with the distance of each weight from the axis changing from 90 cm te 20 cm The moment
of merha of the man together with the platform may be taken to be constant and equal to 7.6 ks m*.

(2) What 15 lus tiew angular speed? (Neglect fuction)(b) Is kanetic energy conserved m the process?
If not, from where does the chahoe come about?

é: The motion of binary stars, 51 and S2 1s the combination of ¥ YT S
and ¥ What are X and ¥ refer to? / ,?\ !A:?{_
VASAVAVAY,

7. The rod s to be set rotating about an axis perpendicular to ot

What 15 the position of point P on thas rod through which the axis [
should pass so that the work required to set the rod  rotating with angular velocity @ ) -,
15 fromarm : =

(b)Aforce F=ai—3j-0Kssactingatapomnt r=2i-6j-12k Find the
valueaf o for which angular momentum about onzm 15 conserved.
8. A solid cvlinder of mass 50 ke and radins 0.5 m 1s free to rotate about the Horizontal axis. A massless
string 15 wound round the cvlinder with one end attached to 1t and  other han_mlzftﬁh What 15 the
Tension i the string required to produce an angular acceleration of 2 revo 5
9 () A particle moving in a circular path has an angular momentum of L. If the frequency of rotation
15 halved then how its angular momentum changes.
: (b)The instantaneous angular posihon of 2 point on a rotating wheel 15 grven by the equation 8(1) =
2t — 6t~ Then at what time torgue on the wheel becomes zero?
10.  The anoular speed of a motor wheel 15 inrreaszed from 1200 rpm to 3120 rpm in 16 seconds.
(1) What 15 1ts anzular acceleration, assuming the acceleration to be uniform?
(11} How manv revolutions does the engine make donng this ttme?

ANSWERS (3 MARKS)
1 Answer M =20kg Angular speed wr=100rad s, R=025m
M.O T of the eylinder about ts 2xis =12 MR*=12x206(0.25) =0.623 kam®
Rotattonal kinetic energyv E. =12 1w =1/2x 0625 x (100" T=3125]
Angular momentum, L =1w =0625x 100 =625 Is
Answer As we know that power 15 given by
e
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Now. the power of rotational motion 15 equal to time rate of work done duning the rotational motion
Since the work done 15 stored 1n the form of kinetic energy,

P=d/dt (K E. of rotational metion) Using the equations (1) and (i), we have,

Hel=ddil 2ie) =1 21 d'di(e’) =12+ Ix2ede/ di=Tou(dod=a)... ... .. {11)
From (1) and (1), we get: to=lna 2 =lo
3 Answer: From the guestion we can obtain, R=402em=20cm =02 m

M=1ks v= 10 rotations | sec Now, we can calculate the moment of inertizas  follows:

MI=MR® =1%(02F=004kssqm w=2xx10=20xrad / sec

Thus, angular momentum can be calculated as,

=1=004=20nr =2L=251kgsqm/sec
4 Angwer: Grvenmi=lg me=2g ms=3z mi=ig

Centre of miass of three particle system for—{%om Yom, 2 {2.2.2)

Position of 4™ Particle r=7 If centre of mass of four particle is (0.0.0)

Centre of mass for 3 particle system 15 _

Ke={mx: mmexzrmex:)(mi-mems¥= (R 2x:-3%3)(1+2--3)

=%+ IRrt3%:)'6 xpEdxa3x3=12 A1)

Similarly vty 3yl (1), zit2ry3z=12 (i)

Centre of mass for 4 pamticle svstem 15

Kor={mixr—mexrHmxr mexe ) (mytme=ms— me= (- 2x 7341 (172734)

D 0=(12+4%:) 10 D 12-4x=0 D x=3 similarly y==3 z=3

Thus the new particle should be at (-3.-3,-3).

5 Answer: Hete =76+ 2x 5 (08P =15Tkz m®

0;=30rmpm L=76+2x5(02F=80kemw’ =7

According to the principle of conservation of anzular momentum,. Lo =le:

Fe=(La) T =(157x30)8.0=58.85 rpm

No. kinetic energy 15 not conserved in the process: In fact. as moment of inerhia  decreases: KE. of
rotation increases. This change comes about as work 15 done by the man in bringing his arms closer
to hiz body
[ Answer Here X and Frefer to motion of the €M and motion
about the C\ When no extemal force acts on the binary star, its CM

will move like a free particle [Fig. (2)]. From the CM frame,
the two stars will seems to move tn a carcle about the CM with

diametncally opposite posthions. b &)

(a) Trajectones of two stars.

(b) The same bmary system, with the centre of mass C at rest. So, 1o understand the motion of a
complicated system, we can separate the motion of the svstem into twe parts. So, the combmation of the
motion of the CM and monon about the CM could describad the motien of the system.

7 Angwer: (2) work requured to set the rod rotating with angular veloety @e s KE=112 I Work
is minimum when I is minimum T 15 minumum about the centre of mass  Therefore mix=mL-x=
mzl- mox ¥x=m:L (mrm:)

(b)From Newtons second law for rotanional mechanics

t=dLidt ifL ssconserved thendL =0 1 =0 =P v=r=F=0 (2 1-6]-12 k) £
{ai+3j+6 EF0 , Onsolme we will get o=1
8 Answer- Given mass m= 50 kz , radius =05m
Angular acceleration o=2 revolutions 5= 2% Ixr rad s =4m rad ¢, Tension T=7
We know that =l a = r  F (Tensron}=1a =¥ Tention=1a /r_..._.(1)

Here Iynge=2MR" = 12 (50) (0.5)* =6.25 kg m* , Therefore from eq (1) T=(6.25 »4mx)/0.5=530x
N=15TN
9 Answer (a) Given angular momentum L=L _ Frequency fi=f
Angular momentum L2=7 If Frequency =02
Y
ZIET MYSURE SS\LPHYSICS. X1:2006.27 i




W KT angular velocity @=2 if angular veloetty ;=2 af=2 nf 2 =mf =y 2
and angular momentum L;=1 w, angular momentum L=l w:=1oy/2=1;2
(bYWhen angular acceleration (a) 15 zero then torgue on the wheel becomes zero.
git) =2 — 61", @ =d &(t)di= 6t°-121. a=de/dt=121-12 Hese a=0
Therefore 12t-12=0.  12&=12 =1 =ec
L] Ancwer (1) We know o =@y — ot
wo = imtial angular speed 1n rad's = 2 * angular speed i revis =2n * 20 radis=40n  rad's
Similarly ¢ = final ansolar speed mrad's = 2n > 32 rads =104 m1ad's
+ Angular acceleration e= (@~ wg) t = (104-40)n/ 16=64x/ | 6=Fn rad s
The angular acceleration of the engine = 45 rad 52
(11) The angular displacement in time t s given by
f=mt-1 2 ar=40nx 16 = 12 (4ax16 16 ) ={640 x= 3512 x ) rad = 1152z rad
Number of revolutions = 1152 o2 = 376

_ LONG ANSWER TYPE QUESTIONS:
L (a) Whar are the differences between the centre of gravity and the centre of mass?
{(b) A sguare plate of mass 120 z and edge 5.0 cm rotates about one of edges: 1f 1t has a yniform
anmular acceleration of 0.2rad /5=, what torque acts on the plate?
2 (a) A child stands at the centre of 2 tumtable with his two arms cutstretched. The turntahls is set
rotatine with an angular speed of 40 rev min. How much 15 the anoular speed of the child ifhe folds his
hands back and thereby redoces huis moment of inertia to 25 nmes the mitial value 7 Assume that the
mrntable rotates without fniction.
(b) Show that the ehild’s new kanetic energy of rotation 15 more than the imtial kinetic energy of
rotation. How do vou account for this increase in kinetic eneipy?
3 (2) A rope of negliothle mass 15 wound round a hollow cylinder of mass 3 ko and radins 40 em.
What 15 the angular acceleration of the cylinder if the rope 1s pulled with a force of 30 N7 What is the linear
acceleration of the rope? Assume that there s no shippinz.
(b) Torgues of equal magnitude are applied to 2 hollow cylinder and a solid sphere. both having the
same mass and radius. The cylinder 15 free to rotaie about its standard axis of symmetry, and the sphere s
free to rotate about an axis passing through 1ts centre. Which of the two will acquire a greater anzular speed
after 2 piven time.
4. (2} Why there are two propellers in a helicopter”
(b) Can 2 body 1 translatery motion have angular momernitum? Explam
(c) A particle performs uniform cirenlar motion with an angular momentum L Ifthe
frequency of particle™s motion 15 doubled and its X E 15 halved. whart happens to the anpular
momantim?
ANSWERS (30
1 Answer: a) (1)The centre of gravity 15 a pomt in a bodv where weight distnbution 15 equal 1 all
duections. It depends on the gravitauonal field (u)The centre of mass1s a pomnt  where mass distnibution 15
uniform in all directions. Tt does not rely on the oravitational field. However, a bodv's centre of oravity and
centre of mass 1s positionad at the same point in a homogensous sravitational field
(b)A square plate of mass 120 pm and edge 5 cm rotates about one of the edge, Let take 3 small area
of the sguare of width dx and length a whach 1s at 2 distance x from the

axiz of rotation.
Therefore mase of that small area x
g » adx(m = massx=side) r o

1= [ (m/a?) % ax*dx= (m/a)(x*/3)] = ma®/3
torque produced={ x a = (ma*/3) xe=—02x 10" = 2% 10°°N—m.
n final moment of inermia I=(2'5) I; Angular speed n:= 40 revimin Angular speed n= 40 revmuin
By pnnoiple of conservation of angular momentum T1o= Lxo:
- —
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h2amFEEQan)Pn= (L) bk x1:40) (23) ;=100 revioun
(b)Final K E fomor | mitial K E pomson =22 hex™/ % Loy’ =% b2 am ¥ % L2 am ¥
=Iam: ¥ Iing =(235) L (100) %/ T (40F  Final K E sammice | mutial K F foiation =25
From here we conclude that K E becomes more because the child uses his internal ensroy
when he folds his hands to mcrease the kinetic ensrey.
3 Answer: (2) Given Force apphied F=30 N . mass m=3kg ,radius =46 em =04 m
‘Meoment of inertia of the hollow cyhnder about its ax:s.
I=MR*=3{04¥ =048 kg m" Torque t=r1 % F=04>%30=12 Nm
If a iz anpular acceleration producad then from = Ta = o=t =120 48=25rad s
Linear acceleration 3 =Ro=0.4x25=10 ms~
Let M be mass and R the radius of the hollow cylinder. and also of the salid sphers. Their moments
of inertia about respective axes are H=MR~ & L =25 MR~
Let t be the magnitude of the torgus applied to the cylinder and the sphere. producing angular
accelerations miand a- respectively, Then =l e =Tz a2
The anoular accelération a; produced mn the sphere is larger. Hence. the sphere will acquire larser
angular speed after 2 given nme.
4  Answer: {a) If there were only one propeller ma hehicopter then. due to
conservation of angular momentum_ the helicopter itself would have turned mthe
opposie direction
(b} Yes, a body in translatory motion shall have angular momentum, the fixed point about which
angular momentum 1s taken lies on the line of motion of the body This follows from L |=rpsin ® , 1=0,
only when @ =0° or 6=180°.
(c)L=mvr and v=r w=1{21In) = =v/(21In)
L=mv[v/(2[In) J=mv" (2Mn) ........(I ,AsKE= “%mv .__..(ii), From (1) & (1)
L=K_E /IIn when K E is halved and frequency n 15 doubled then L-=(K E2)(I2n) L:=K E '4 IIn
=1/'4, Therefore The angular momentum becomes Y4

COMPETENCY-BASED QUESTION 1: CENTRE OF MASS

Two students are carryving a long wooden plank of mass 40 kz_ One student holds it near one end while the
other supports it at the opposite end. Their teacher explams that the plank remains balanced becanse its
centre of mass lies at the middle of the plank If one student moves closer to the centre, the other student
expeniences more load. This concept is useful in carrying goeds, balancing objects and desioning vehicles:
1. The pomt where the entire mass of the bodyv appears to be concentratad 15 called:

A)Axisofrotation B) Torgque  C) Centre ofmass D) Momentum
2 For z uniform rod, the centre of mass ligs:

A) Atoneend B) At the mddle C) Outside the rod D) Near the heavier side
3. If one student moves closer to the centre of the plank, the other student:

A} Experiences more load B) Expernsences less load

C) Expeniences no load D) Stops balancing
4. A umform rod 15 4 m long. The centre of mass of the rod 15 located at:
A)im B)2m C)3m D)4m

COMPETENCY-BASED QUESTION 2: TORQUE AND ROTATIONAL MOTION
A mechame uses 2 long spanner to loosen a tght nut of a machme He finds that applying force at the far
entl of the spanner makes the mut rotate more easily. His assistant leams that the turning effect of force 1
called torque The magnitnde of torque depends on the force applied and the perpendicular distance from the
axis of rotation.
1. The mmng effect of force 15 called:
A) Momentum B) Torque C)Energy D) Pressure
2. Torque depends on:
A} Mass only B) Speed enly C) Force and perpendicular distanceD) Density only
- —
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3. A longer spanner helps because it

A) Reduces force  B) Increases torque C) Redoeas mass D) Stops rotation
4. A force of 20 N 15 applied perpendicular to a'spanner of length 0.5 m_ The torque produced 15t =1xF
A)5Nm  B)IONm C)13¥m D) 20 Nm

CBQ 3: CONSERVATION OF ANGULAR MOMENTUM
A dancer performung on-a stage starts spinming with her arms stretched outward. As she pulls her arms closer
to her body, her spinning speed moreases. The audience observes that no extemal torgue acts on the dancer
during the motion Her phvaics teacher explains that this happens due to the conservation of anpular
momentum, which 15 aleo observed in planets. spinning tops and athletes,
1. The spinning speed of the danrer mcreases when'
A) She stretches her arms outward B) She stops rotating

) She pulls her arms imward D)) She bends down
2. The panciple involved 1s:
A) Conservation of energy B) Conservation of anoular momentum
C) Newton's first law D} Archimedes pnnciple
3: Angular momentum remains constant when:
A) External torgee acts B) Maszs becomes zero
C) No external torgue acts D) Velocity becomes zeto

4. A wheel rotates at 2 rad's. If its angular velocity becomes 6 rad’s due to dectease in moment of inertia_the
angular velocity mcreases by:
A)2mads B)3rads Cl4drads D)Srads

SOLUTIONS OF CBQ
€BQ 1. ANSWERS 1QC 2QB 3Q A 4QB
CBQ2: ANSWERS 1QB 2QC 3Q C 4QcC
CBQ3- ANSWERS 1QC 2Q0B 3Q C 4QC

o e |
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MULTIPLE CEDICE"Q'EEEIIGNS
1. The gravitational force of atitaction between two mass m: and m» kept at 2 Distance r from each other 1=
F. What will be the gravitational force 1f m) 15 Dioubled. m: 15 halved and the distance between them 15 made
thrice?

aF b.F9 c. 4F.9 d. None of these
2. The mass and radius of earth 15 reduced to half the acceleration duoz to gravmtv would
(a) Remains same (b) decreases by half
(c) Decreases by same amount (d) mcreases by same amonnt
3. At what point regarding earth the value of Force of gravitational attraction of earth 1s
a At the equartor b At the poles
c.-At a pomt mn between equator and any pole d. At surface of earth.
4 Which of the followmne relation 15 correct?
a GM=gR" b.GM =gR° c gM= GR’ d GM =R

5. What will be the effect an acceleration due to gravity” When the average densay of Earth

i5 doubled.

a)Remain constant  b)Will become doubled  ¢)Will become fourimes  d)Nene of thess
6. We have a planet whose mass 1s doubled and radus 1s halved to that of the earth Then What will be the
value of gravity on its surface I acceleration due to gravity is g on the Surface of the Earth

a.8z b4z = d. 6z
7. H the law of gravitation. instead of being inverse-square law, becomes an inverse-cube Law

(a) Planets will not have elliptic orbits.

(b} Circular orbits of planets 12 not possible.

{c) Projectile motion of a stone thrown by hand on the surface of the earth will not be

 Parabolic.

(d) There will be no gravitational force mside a spherical shell of uniform density.
8. for earth. Acceleration dus to gravity

a. Decreases with depth b. Increases with depth

¢. Remain constant with depth d. May merease or decrease
9. There have been sugzestions that the value of the gravitational constant G beconies Smaller when
cansidered over very large time period (in billions of years) in the future. If that happens, for our earth,

(a) Nothing will change.

(b) We will become hotter after brlhons of vears.

{c} We will be going arcund in closed orbis.

(d) After sufficiently long time we will leave the solar system
10. At what height from the surface of the Earth acceleration due to sravity 15 reduced by 36% to that of its
value from the surface of the Earth? Given that radius of the Earthis R

a R4 R c:R2 d. None of these
11. Escape velocrty of an object of mass m 1s proportional to
(a) m* (b) m () m™ (d) m°

12 An object of mais m is lifted at a heighit equal to the radius (R) of the earth. [f the mass of the earth 15 M
and acceleration due to gravity is o then the change in oravitational potential energy of the object is

(a) mgR (b) 2MgR (c) MEg2 (d) mRg?2
13. Two particles of 2qual mass m are moving along a circle of radus r under the action of Thewr mutual
gravitational attraction. The speed of each particle 15

(a) ¥ (Gm'r9) (b) ¥ (Gm'r) ©V(Gmt) (&) (Gmr)
14. If R 15 the radius of earth, then the acceleration due to pravity will be g4 3t a haight from the Earth
surface.

(a) R (b) 2R (¢) 3R (dyR2
15. The ume penod of an ¢arth satellite i circular orbit is independent of (JEE 2004)

o e |
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{(a) The mass of the satellte  (b) radius of nts orbit
{c) both the mass and radms of the orbit
(d) neither the mass of the satellite nor the radms of gz orbit.
16 The escape velocity of a body depends upon mass as (ATEEE 2002)
(a)m (b} m’ {c)m*® {d)ym®
17 A satellite 15 revolving close to the surface of the Earth with speed v If the radius of the garth is suddenly
reduced to half while sts mass remains uachanged, the new orbital speed will be:
(a)v (b) v2v (c) 2w (d) /2
18. The escape velocity from the surface of Earth 15 11.2 km/s The escape velocity from a planet having
twice the radius and same mean density as Earth 1s:
a1 2kmis (B)224kms @) 158kmis  (d)7Skm's
19. Two bodies of masses m and 4m are separated by a distance d. The point where the net gravitational
field 1z zero lies:
(a} At mudpomt (b) Clozer to mass m
(¢} Closer to mass 4m (d) outside the line jomning them
20. A body 15 projected vertically upward from the surface of Earth with a speed of §km's
Given that the escape velocity from Earth 1s 11 2km, the maximum height attamed by
The body 15 approximately:
(@1 1.04x100m () 2516 m  (c)64x10°m  (d)3.2%10°m

ANSWERS:-
F= Gl
1b. /S Hint  © )
- ~ X =22, 100
24 (Hint & and Z) =28 Sincrease £ )

GM
3 a_(Hint Radws of zarth 1s [esz at equatmg-? )
4 4 (Hint GM=gzR2)

56 (Hm- 300
6. a (Hmt- z=GMRER2)
7

.oa.
I
. g-d1-Z
8§ a (Hint- i R
g9 d
. . E--;ﬂ.ﬁ_i]‘
1.2 R4 Himni- LN,

11.4. Explanation: Escape velocity = +2gR. Tt 15 independent of mass.
12.d Use gravitational potential energy formula: U=—GMm/r
Initial distance = R. Final distance = 2R Find: AU=UfUi , Alsouse: g=GM/R?
13.3 Gravitational foree provides centripetal force. Gm® /(2rF=mv /¢ Salve for v.
14 a. g=2(R'E~-h)*  Given: gy=pg/4 ¢, Salveforh
15.a T=2n +r'/GM . Time period depends on orbital radius rrr_not on satellite mass.

16 2. Hint Escape velocity: ve=v2GM/R Mass of the body does not appear in the formula

17.b. . Hint: Orbntal speed: v=/GNLR |, i radius becomes (R2), v=V(GMY(R'L) =2v

18. c. 15.8 km/s_Hint: Escape velocny: va=V2GMR , For same density” , MRIM,
Substitute 1n the formula and compare-with Earth's escape veloaity.

19.b. Closer to mass m

o e |
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0.2 1.04x10° m use this simpler formula:, =Ry~ /v

EXFRCISE MULTIPLE CHOICE QUESTIONS
1_ at what height above the earth's surface weight becomes 30 kg if he weighs 60 ko at
Earth’s surface. Given radius of earth 15 6400 km_
(a) 2624 km (b} 3000 km (c) 2020 km (d) None the these
There are two bodies of masses 1 kg and 100 kg seporated by a distanee 1 m. Avrwhat
Distance from the smaller body, the mtensity of gravitahonal field will be zero

!‘d

(2) 19 m {b) 10 m (c)lllm (d)1071l m
3. A particls falls towards earth from infinity. It's velocity on reaching the earth would be
(a) Infinity (b) v2gR (€} 2 vgR (d) zero

4. If 2 15 the acceleration due to gravity on the sarth's surface, the gain 1n potential enerzy
Of on object of mass m raised from the surface of earth to 3 hetght equal to radius R of the Earth 15
(3} 1'4 mgR (b) 12 mgR (c) 2ZmgR (d) meR
: Assuming the earth to be a sphere of uniform mass densitv. how much would 2 body
Wetzh half way down 1o the centre of earth_1f 1t 15 weighed 250N on the surface
(a) 240N (b} 210N () 125N (d) 128N

LN

ANSWERS OF EXERCISE QUESTIONS:
1.(d) 2 (c) 3.(b) 4.(b) 5 (d)

ASSERSSION —REASON QUESTIONS

1. Assertion (A): Two satellstes A and B are 1o the same orbit around the earth, such that A Leads B.
Satzllite B can overtake satellite A by meressmg its spead.

Reason (R): Orbital speeds of two satellites in same orbit may different
2. Assertion (A): For a system of masses at some finte distance, gravitational field can be zero bt
gravitational potential cannot be zero.

Reason (R): Gravitational field 1s a scalar quantity while gravitational potential 1s a vector quantity.
3. Assertion (A): Period of revolution of satellite 1n circular orbit around earth 15 mversely propertional to

cube of s orbital speed.

Reason (R): Penod of revolution in uniform circular motion 15 grven by T ==2Zmr'v. where r 15 radus of
orbit and v 15 speed.
4. Assertion (A): Assuming zero potential at mnfinity, the gravitational potential at a pont can never be
posiave

Reason (R): The magnitude of gravitational force berween two particles has mverse square
Dependence on the distance between two parficles.
5. Assertion (A): Gravitational field of a uniform spherical shell outside 1t is same as that of
Particle of same mass placed at its centre of mass
Reason (R): For the calculation of gravitational force between anv two-smform sphencal shells, thev can
alwayvs be replaced by pamicles of same mass placed at respective centres.
G. Assertion (A): The gravitational force between two finits bodies 15 necessarily along the
Line jorninig their centre of mass.
Reason (R): The gravitational force between two particles 15 not central
7. Assertion (A): Moon revolvimg around =arth does not come closer despite earths gravitational attraction
Reason (R): A radhally outward force balances earth’s force of attraction during revolution of moon.
& Assertion (A): Charged particles experience both electrical and gravitational force. But gravitational
force 15 iznored.
Reason (R): Gravitational force 15 due to mass of particles while electrical force 15 due to charge of
particles
9 Assertion (A): An artificial satellite of earth releases a packet. It will hut the earth exactly
Below the satellits

o e |
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Reason (R): Packet will move along a straight line towards earth's centre with respect to satellie.
10. Assertion (A): If earth stops rotating about 1ts axis. then the valuz of acceleration dus to
Gravity mcreases everywhere, except at the poles.
Reason (R): The value of acceleration due to gravity s maximum af the poles

ANSWERS:
1-D 2-C 3-A 4B 7€ 6D 7-C 8D &B 16-B

EXERCISE QUESTIONS
1. Assertion (A): At the centre of the earth, a body has centre of mass. but no centre of gravity.
Reason (R): Acceleranion due to gravity is zero at the centrs of the earth.
2. Assertion (A): The mechamcal energyv of earth-moon system remams same when another
Heavealy bodv passes nearby the earth-moon svstem.
Reason (R): Force exerted by heavenly body on the sarth—moon svstem 1s non-conservative
3. Assertion (A): Graviiational potential of earth at everv place upon it 15 negative.
Reason (R): Everybody on earth 15 bound by the attraction of zarth
4. Assertion (A): Gravitational potential energy of any mass particle may not be zero at earth
Centre.
Reason (R): Gravitational field intensity at earth centre 15 zero
5. Assertion (A): When planet moves in elliptical orbit around Sun. Its angular momentum
About sun remams conserved.
Reason (R): Total mechanical enerey of planet — sun system remains conserved.
Reason (R): There 1s no gravitational force on the satellie:
ANSWERS: 1-4A 2D A 4B 5B

2 MAREKS QUESTIONS

LIf existed 2 planet that went around the sun twice as fast as the earth. What would be sts orbital stze as
comparad to that of the earth?
2. The gravitational force on the Earth dus to the Sun 15 greater than that of the moon,

However: the udal effect of the moon's pull 15 greater than the ndal effect of the Sun Why?
3. Derive the expression for aceelération due to gravity at the earth’s surface. Given that M 15

Mass and R 15 the radius of the earth.
4. The figure shows elhiptical orbit of a planet m about the sun S: The shaded area of SCD 15

Twice the shaded area SAB. If 1y 15 the time for the planet te move from D to C andty, 15

Time to move from A to B, what is the relation between r;and 127

|||‘_ -

i

~D
§°= PO e
A ¥ 7

. Prove that the weight of a body at the centre of the Earth 1s zero.
. Hydrogen escapes faster from the Earth than oxvgen Why?
. We cannot move even our little fingers without disturbing the whole unrverse. Explain why.
- Explam whyv tennss ball bounces higher on hulls than on plans.
. H the planet Earth is considered to have mass M and radius R calculate the average
Dienstty of Earth.
10. Calculate the energy required to move a body of mass m from an orbit of radius 2R 10 3B

o =< S U R ]

ANSWERS
1. Answer : According to Kepler's thud law
If planets move faster with double speed then 1t wll take half time penod of revalution
Around sun as that of earth Te =l vearTp=035year 1.=1AU =a{TpTel" =
e e e
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LAT (0.5year lyear)™® =0.63 AU
2. Answer: .The ndal 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 15 very small compared to the distance of the sun from the ocean water on
Eanh Therefore, the tudal effect of the Moon’s pull 15 greater than the hidal effect of the
sun.

3. Answer: Derivation

4, Answer: Using Kepler's I Law 1;=2t

5. Answer: An atmosphere means the presence of 2 mixture of 3 number of gases The molecules of these

gases are tn a state of continnous random thermal motion moving at different velocities. As the value of
escape velocity on the surface of the moon 15 small (only 2.5 km 7). the molecules of gases with
velocities greater than the escape valocity moved out of the atmosphers. As time passed. nearly all the
molecules escaped from the moon’s atmosphere:

6. The thermal speed of hyvdrogen 1s muich larger than oxvzen Therefore, 3 large number of hydrozen
molecules are able to acquire escape veloeity than that of exyzen molecules. Henre hydrogen escapés
faster fram the Earth than oxyzen.

7. According to Newton's law of gravitaton, every particle of this nniverse attracts every other particle
with a force that 15 inversely propornonal to the square of the distance between them. When we move our
finpers, the distance between the particle’s changes, and hence the force of attrachion changes which
turn disturbs the whole universe

8.The value of acceleration due to zraviiy 15 lesser an hills than on the plains, so the weight of the tennis ball

at hills is lesser than that on the plains and hence its re-bounces more. In other words, the force with which
the Earth attracts the ball on hulls will be lesser than that on the plamns.

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

GM 2
E= — _M= ﬁ
As we know R° _so we have G
9.8x(64x10%)° .
ar28XEAXIOY o 0 b 10% ke
667107
4 iz
o= :TFGR p =
and as we know 3 .30 we have 7GR
«08 -
p- = 34784 kg/ m’
- 453 14x667=107 x64=10
10Answer: . cin
Gl EE ol s o eebll of mdim R=TU= -——"
. Gl
T m
(WL

L= =

U = U, U, = OMm L— 1}]
LS
3 ﬁ1.I

EXFRCISE QUESTIONS
1 The radu of two planets are R and 2R respectively and their densities p and p 2 respectively. What 1s the:
ratto of acceleration due to gravity at their surfaces ?
2 Tf earth has a mass 9 times and radius 4 times than that of 2 planet "P*. Calculate the scape velooity at the
planet “P' if its value on earth 15 11.2 kme™, _
3 At what height from the surface of the earth will the value of ‘g be reduced by 36% of its value at the
surface of earth.

o e |
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4 The mean orbital radius of the earth around the sun 15 1.5 % 10° km_ Calculate mass of the sun if G =6.67
* 10 Nm ke ?
5 Why the space rockets are generally launched west to east?

ANSWERS
1.1:1. 2747 km's, 31600 km, 4201 » 10°% ke,
5. Since the earth revolves from west to east. so when the rocket 1= launched from west to east the relative
veloctty of the tocket increases whuch helps it to nse without much consumption of fusl.

SHORT ANSWER QUESTION (3 MARKS)

|. Three equal point masses, each of mass m, are fiwad at the vertices A, B, and C Al

of an equilateral tnangle ABC. The centroid of the trianzle 15 G and the distance ,.r"-&

from the centrond to sach vertex s 1 m. 12 /.‘ RN
AG=B6=C6=1m A e

A particle of mass 2m is placed at the centroid G. P S

Determine the net gravitanonal force acting on the particls of mass 2m due 1o the e &

three masses placed at the vertices of the tnangle. “o ——— "

2. State the Kepler laws of the planetary motions. WM EN o 2E

3. In 2 two stage launch of a satellite, the first stage bnngs the satellite to a heizin

of 150 km and the 2nd stage grves 1t the necessary eritical speed to put it in circular orbit Which stage

requires maore expenditure of fuel? Given mass of earth = 6.0 » 1024 kg, radins of Earth = 400 km

4: Denive 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 are placed at the three vertices of an squilateral mangle of sach side
4. Find the gravitational potential at the centroud of the tnangle.

6. Derive the relation between escape and orbifal velocities for a body revolving very close to the earth’s

surface. Find the percentage increase in the orbital velocity by which the body escapes from its orbit forever.

7. The oravitational field intensity at a point 10,000 km from the centre of the earth 15 4.8 N ko', Calculate

gravitational potential at that pott.

8. Assunng the globe 15 @ sphere with constant mass density, how much would a body weigh halfway down

to the planet's centre? Given that weisht of the body on the surface of the planst is 250N,

9. Write the expression for the potential ensroy of a body on the surface of the earth. A body of mass m has

been elevated from the earth's surface to a height equal to the radms of the earth R What wall be the increase

in the potennal energy of the body”

10 State and prove Kepler’s third law of planetarv motion. ; —

ANSWERS SR i S
1. Three equal masses of m kg each are fixed at the vertices of an =S R
equilateral trrangle ABC. What 15 the force acting on a mass 2m ”’"
placed at the centrond G of the triangle P o "
Netforce F=FGA-FGB~FGC =0 Sar "

2 Eepler's 15t Law of Orbits: This law 1= popularly known as the law of orbits.
The orbit of any planet is an ellipse around the Sun with Sun at onz of the two T
foci of an ellipse In an ellipse; there are two foci and Sun 15 siuated at one of the v{/—i‘ﬂ_ _"_}f-'*"
foct of the ellipse. 1
Kepler's 2nd Law of Areas This law 15 known as the law of arsas. The line
joinmng 3 planet to the Sun sweeps out equal areas mnequal wterval of nme. The rate of change of area with
nme will be constant.
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Kepler's 3rd Law of Periods: This law 15 known as the law of Penods. Rt !
The square of the time period (T) of the planet is direcily proportional 1o L
the cube of the semimajor axis(z) of 1ts orbit T« 2* | —a

3. Work done on satellita in first stage = W1 = PE at 130 ke — PE at the:

surface Ratio wliw2
= 3/64 (less than one) W2 > W1, so second stage requires more energy.

4. Acceleration due to gravity at the surface of the sarth

g=S1 -2 nem

- R 3 .- 1)

Accelaration due to gravity at depth d from the surface of the earth
_4 . r=gy=2]

T @ eem@ad) b R

&
5. Gravitational Potential at point is given by f
Gravitational potential at centroid due all three masses will be equal and will be grven by

P1=y2=¥3=——
X

;4 GM

Now total gravitational potential at the centroid of the tnangle. X (Putx)

6 Derivation
_GM e i
T.E= R° | 7 V=-48x10000%10°=-48x10" Jkg*

8. Acceleration due to gravity at depth d 1s grven by 2™

iR
R L Blm =1an

9. The gravitational potential eneroy of a body ,z;': a pount 15 defined as the amount of work
Done i bringing the body from infinity to that poimt against the gravitanonal foree:

alm . _ My £

wf5pe-ael] (-0
W= E’:‘.’ﬂ '

This work done is stored inside the body as its pravitational potential energy
. GMm
= r i

10. Dettvanon
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EXERCISE QUESTIONS

1. A body saleased at the distance r (r = R) from the centre of the earth. What 15 the velocnty of the bodv
when 1t sinkes the surface of the earth 7
2. Deerive the expression for the acceleration due to gravity at height ‘i’ from the surface of the earth
3. Jupster has a mass 318 times that of the earth. and 1ts radins 15 11 2 times the earth’s radios. Estimate the
escape veloety of a body from Jupiter's surface. given that the escape velocity from the easth’s surface ts
112 kms
4. The distance of Neptune and Saturn from the sun is nearly 10 m and 107 mrespectively. Assuming that
tha maove i circular orbits, then what will be the ratio of their penods.

5. If the radius of earth shrinks by 290, mass remaining constant How would the value of acceleration dus to
gmmy change?

HINTS AND ANSWERS
I—?

1
LR ) %

n"'ﬂ-. E = ¢ ey i o -
- &= g—|— L D By ,
R, E B4 = EA—EH <{H]
3.1‘19.?1{[[]5
4By Keplers I law Tm_Ts=366:1

5. Takmg logarithm logp g=log G — 2 lozm — 2 log R, differentiating it we get it 4%

SMARKS QUESTIONS
1. Define the gratitabional potential ensrgy of a body o the surface of the Earth A body of massmisata
distance of r from the centre of the earth If M 15 the mass of the earth and R 15 the radnis of the earth, then
find the gravitational potential eneray of the body.
2 Define escape velocity. Does the escape velocity of a body from the Earth depend on (a) the mass of the
body. (b) the location from where 11 15 projected, (c) the direction of projection, and (d) the height of the
location from where the body s launched? Why the atmosphere of Jupiter contains light gases (generally
hydrogen) whereas the Earth’s atmosphere has little hvdrozen gas?
3.(1)State Kepler's second law of planetary motion.
(i) Show that Kepler's Second law 1s the law of conservation of angular momentum
(111} A Saruen vear 15 293 tmes the Earth vear. How far 15 Saturn from the Sun of the Earth
15 1.50 x'10° km away from the Sun?
4. Derive the expression for escape velocity for a body projected from the surface of the earth. Calculate
escape velocity ﬂ!lﬂlf_‘ surface of the earth if the radins of the earth 15 6400 Km and acceleration due to
gravity 1s 9.8 m/s” on the surface of the earth. A body is projected out thrice the escape velocity. What wall
be the velocity of the body far awav from the earth? Ignore the presence of the sun and other planets.
5. Define orbital velocity. Derve the expression for the orbital velocotty of a satellite orbiting
an an orbit at a heaght h from sarth surface.
(1) A rocket 15 fired from the earth towards the sun. At what distance from the earth’s
Centre is the gravitational force on the rocket zero? Mass of the sun=2 x 10°" kg mass of the carth=46 x
10°* kg Nezlect the effect of other planets etc (orhital radins=1.5 x 10** m).

ANSWERS
1. Define the term and then denve the expression
2. Escape Velocity 15 the minimum velocity an object must have to escape a calestial body s gravitational
field permanently, or without ever falling back again. Escape velocity of the body 1s given by

Ve =y 28R [As EM=£R’,]
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Where M 15 mass of the earth and R 15 radius of the earth and g 15 acceleranion due to zravity on the sarth

surface.

(a)Escape velocity does not dependent upon mass of the body te be escaped

(b)Escape velocity does not dependent the location

(c)Escape velocity does not dependent the direction of the prejection

(d)Yes. Escape velocity depends on the height of the location.

The escape velocity of Jupiter 15 much larzer than the escape velocity of Earth. Son order to escape:
from the surface of Jupiter, avery large veloctty 15 required. Since the thermal

Velocity of hydrogen gas molecules 15 lesser than the escape velocity of Jupiter, therefore

Hydrogen can’t escape from the surface of Jupiter.

i.Kepler's 2nd Law of Areas: The sacond law states that
The areal velocity 15 constant 1.2, area coverad by the
Radms vector 15 the same 1o equal mtervals of time If the velocity and
radius at the time, 17 15 v; and r; while at another place these are v and
12 1n the same time, then the area coversd by the planst mn these intervals

are

(i) using a(nt)r=‘:(vit)r (area of tangle = % Tk Ny
basexheight) mvin=mwvn L;=L:
{(u1) A Saturn year 15 29 5 times the Earth vear, Earth is 1 50 x 10% km away from the Sun
Using Keplers T law  distance= 1432 x 10" m
4. Escape velocity 15 the mummum velocity with which a bodv must be projected vertically
Upward so that 1t can just escape the gravitational field of the Earth
Expression for escape velocity:
||E-"‘M _
R =¥ =2eR [As GM =07
Totai Kinetic energy by which body 15 projected
E;= itmVyt ‘dmunnmEmen:enﬂu} required by body to overcome earth
Gravitational field K:= ‘2 m Vy | Kinetic Energy of body just after crossing earth
Gravitational field
Ks= % m Vs From conservation of enerpy Ki=K:+Ks
BEVE=4mVr-4%mVy V& = Vir- VW HereV=112km/sand Vi =
311 2 km's V= 3]_153 I-:m‘
5. The centripetal force mv2'1 required by the satellite to move 10 a circular orbit 15 provided
by the gravitational force between satellite and the Earth

V=K VR=h [As GM =0T and r=R+h]
(11)Using universal law of gravitation X = 259 x 10° m

EXERCISE QUESTIONS

1.(a) A satellite moving with an angular spead equal to the anoular speed of earth’s rotation.

Fmd the radius of 1tz circular orbit

(b) find the time 1t takes to come over equatonal plane. If the satellite 13 directly above the

north pole at some mstant, Mass of the sarth= 6x10™" kg

2. A satellite of mass 500kg 1s orbiting the Earth at a height of 300 km above the Earth's
e
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Surface The radius of the Earth 15 6400 km. Calculate:

(1) The gravitational potential eneroy of the satellite tn orbit
(11)The kinehic energy of the satellite m arbit

(111) The total mechanical energy of the satellite.

ANSWERS:
L) radms =42 3km (1) ime =16 hours:
2(0)=297%10° (i) 1.27=10"T () -1.7x10%]

CASY STUDY-BASFD QUESTIONS
1. Origin of Gravitation
The onigm of gravity evolved from Newton's descrniption of a force between masses to Einstem’'s
conceptualization of gravity as the curvature of space time. While Newton's laws work well for evervday
situations, Emnstetn's theory provides 3 deeper understanding of gravity, explaming phenomena that
Newton's theary could not, such as the bendine of Light and the behaviour of objects near black hales.
Today, gravity 1s understood as a result of the interaction between mass and the fabnc of space ime_a
concept that has been vahidated through both theory and expesiment.
(1) Two astronauts are floating in gravitatnonal free space after having lost contact with
their spaceship. The two will
(a) move towards each other (b) move away from each other
(c) will become stationary (d) keep floating at the same distance between them
(1f) Two spheres of masses m and M are situated i air and the gravitational force
Between them 15 7F. The space around the masses 1s now filled with a hguid of
Specific gravity 3. The gravitational force will now be
(3) 6F (b) 2F (c}E/6 (d)F 2
(111) Which of the following best deseribes pravity according to Newton's Law of universal Gravitation?
3) It 15 3 force thar attracts two objects based on their mass and the distance between them
b) It 153 foree that repels objects based on their mass and the distance betwean them
¢) It 15 caused by the curvature of space time around objects
d) It 1= 3 quantum mechanical effect between subatomuc parucles
(1v) Why 15 gravity 50 much weaker than the other fundameéntal forces (strong miclear force, electromagnetic
force, and weak nuclear force)
(a) 1t acts specifically (bt acts umversally
(c) its value decrease with height (d) 1t obevs inverse square law
2. g’ IN OUR LIFE
Early m our lives, we become aware of the tendency of all material objects 1o be attracted to the earth.
Anything thrown up falls down towards the earth. goinz uphill 15 lot more inne than going downhll,
ramndrops from the clouds above fall towards the:earth and there are many other such phenomena
Histoncally 1t 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 constant acceleration It 15 said that he
made a public demonstration of this fact To find the truth, he certainly did experiments with bodies rolling
down inclined planes and arrived at a value of the acceleration due to geavity which 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) Eartiv's shape (oblate spheroid) B) Earth’s rotation

C) Alttude above sea level D) Both Aand B

(11). at whach location will the acceleration due to gravity be the least on Eagth?
a) At the North Pale b) At the South Pole
¢} At sea level at the eguator d) At the summit of Mount Everest

(i) which of the following 1s NOT 3 factor that directly mifluences the acceleration dué to

o e |
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Gravity?
a) The mass of the object b) The altitude above Earth's surface
¢) The Earth's radius d) the latitude of the location
(). Does the gravitational force between two particies depends upon the medium befween them?
3. Case Study (ENERGY OF A SATELLITE)
we will explore the eneroy dynamics of a satelliie in orbit around the Earth The satellits 15 assumed to be
in 2 curcular orbst, and we wall examine the key aspects of its enerzy—kinetic energy. potential energy.,
and total mechanical energy—over ime. The totdl mechamical energy 15 negative, which mdicates that the
gatellite 15 in 3 stable bound orbit. This energy remains constant as long az no external forces (ez.
atmospheric drag or arbital adjustments) affect the satellite's motion.
(1) What type of enerey is pnmanly responsible for keeping 2 satellite in its orbit around the Earth?
a) Kmnetic energy b) Gravitational potential energy
¢) Elastic potential energy d) Electmcal energy
(1) If 3 satellite 1 orint loses energy due to 2tmosphenc drag, which of the followmg 15 likely to happen?
a) Its orhit will remain unchanged b)) Itz orbital altitude will merease
c) Itz orbital altitude will decrease d) Its velacity will increase
{(11}At what pount m a satellite's orbt 1s 1ts kinetic energy the greatest?
a) At the apogee (farthest pownt from Earth) b} At the pengee {closest pomt to Earth)
c) At the center of the orbit d) At the equilibriom point
(1v) Which of followng 1s true about the gravitational potential energy of a satellite in orbit?
a) It 15 always positive and imcreases with altifude
b) It 15 always negative and decreases with alntuds
c) It 15 always zero
d) Tt 15 positrve and decreases with altituds

ANSWER -CASE 5TUDY BASFD QUESTIONS

L (ORIGIN OF GRAVITY) i(d) # (b)  ii(a) w (b)
2 ('g" INOUR LIFE (1) d)Both Aand B (u). c (m)(a) (w) No
L) (11). ¢ (11).(B) (vl b
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CHAPTER - 8: MECHANICAIL PROPERTIES OF SOLIDS

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

1. Fundamantais of Elasticity

Eutidtr vs, Placticity
: Propor l.'n nnﬂglmi § H

e aller
mmnu-l {e.q. l:m-utz llhﬂr}.

Plasticity: inabiliy to regain shapoy
(eg., Pulty, Mud).

The Elastic Limit

Thee msimum deforming foroe up 1o which a body
retaing ite elasticity, exceeding this causes permanent
defarmation

Perfect Materinls (idealized)

Phos branze is the neareot ach toa eotly
nintr-.dr. whilie paraffin wax ml‘h' uurf-u-np;f
Plastic

2. Quantifying Deformation: 3. Hooke's Law & The “ i -
Stress B Strain Stress-Strain Curve s | e o |
tn | Vi ek | * "y | temaee

Antios of Streas 1o Stremn (o differen) types of deformmtion,
Young's Modulus (Y)
Ratio of Hormal Strees 10 F-L
Lungitudinal Strain; applies only Vi
to solids.
Bulk Modulus (B or K)
Ratio of Hydraulic Stress 1o -p-
Volumetric Strain; negalive sign B
Indicates voluima decaapss AvivV
Shear Modulus (G or n)
Hatio of Shearing Stress to Shearing G FiA
Strain, represents the msterial's Exd -
rigidity.

Quick Modull Refersnce

4. Maduli of Elasticity

- _i Sl it “H#-
w-l“m P

| T
Stress: The Internal Restoring Hooke's Low | Swmmy s | s |
Force Within the elagtic limi, Stress |s | e | 0= | -
Defined as Restoring Force per diroctly proportional to Strain =
umit Aren :
: F Stress e Strain 5. Advanced Concepta;
Stress = = Poisson’'s Ratio & Energy
lhylulu of the Stross-Sirain
St Unit- Nim? or Pascal (Pa), Poisson's Ratio (o)
Strain: The Relative Deformation i dimmeter) (o Longitidim)
m {chinge in ).
ratio of change in configuration
to thie onginal configuration; it ks Lateral Strain
dimansionkess snd unitless ? = Longitudinal Strain
I L Practioal watues range betwoen 0
K I LeaL Includes the Propertions! Limit S 0:5. :
L {linear), Elastic Limit [Yield Point), Elastic Potential Energy
Types of Siress & Strain e e | | Mkl st i
Langitudinal (Length changs). {Braaking) " =gy
Vu-mm-m[ nl:med-mmj J.'ml:u:lIIII Materisl Classification via Graph “'I'“"“' Strain = Volume
displucement n} Ductile matedials have s laige . ’
lastia range (wire). Brittle materials
 — [j v A ml{ﬂ?ﬂlﬁ range ¢ {plass) 6. Real-World Applications
L oegituaginal . Fisha's Lo bt it shapo. (NCERT Case Studies)
— [ Fo J Crane Ropes & Bridge Beams
; ;,’ r Ropes one des =0 |I:l:l’- n:en
- e ew never exceddn elastic limit
1 Shearing JI Pructile Bpirie Elmstorme: g Lo :I
-shape
s&é to meduce
{6) which
son /Y.
Foree Constand (k) = 1":;
Why Mountains have a Height
Limit
; I 1 _ The maimum height (~10km on
Energy Dansity = 5 " Stress = Strain of 5 ¥ = (Strain}® Earth) i limited by the alastic ma
= aof the rock & the mounisin's base
Enatgy per unit volumo. wndor its own waight
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MULTIPLE CHOICE QUESTIONS
1. Moedulus of nzdiy of 1deal liguad 15

(a) infinity (b) Zero {c) Unity {dy Finite small non-Zero constaat
2. With rise in temperature, the Young's modulus of elasticity: [JEE Main 2024)
(a) Changes erratically (b) Decreases (c) Increases  (d) Remains unchanged

3. One end of 2 metal wire 1= fixed to 3 ceiling and a load of 2 kg hangs from it. Another 1dentical wire
15 attached below carrying a | ke load. The rano of longitudinal strain in upper wire to lower ware 15
[TEE Mam 2024]

(a)1-1 b12:1 @31 (d1:2
4 The stress—stramn curve for a ductile matenial shows: [NEET 2024]
(a) Sudden fracture  (b) Large plastic deformation (c) No elastic region {d)
Constant stress throupghoumt
5. The property of a matenial by virtue of which 1t can be drawn into wires 15:
(2) Elastcity ib) Ductility (c) Malleabihiv (d) Brutleness

6. Asseriion (A). Elasticity 1s the property by virtue of which a body regains its ariginal shape
Reason (R): Plastic bodies regam onginal shape completely after deformation.

(a)Both A and R are truz (b)) Both A and R, are false

(c) A 1s trus, R 15 false: {d) A 1z false, K15 true
7. The dimensional formula of stress 1s:
(a) [MLT=] (b) [ML™T—] {c) [ML"T7] (d) [MLT=]
8. The ST unit of Young's modulus 1s:
(a) N (b} J (c) Pa - (d) Want
9. The rano of Jateral strain to longrtudinal strain 1s called: [JEE Main 2022)

{a) Shear modulus (b) Poisson'satio () Bulk modulus {d) Elastic limit

10. A body retums to 115 onzinal shape after removal of deforming force. The body 1s said 1o possess:

[NEET 2024]

(a) Plasticity (b) Viscosiy (c) Elasticity (d) Rimdity

11. Two wires A and B of the same material have radu 1o the ratio 1 - 2 Tf equal forces are apphied, the
fatio of thewr extensions will be:

(a)1:2 B2 -1 ()4-1 (1:4
12 Two wires 4 and B are of same materials. Their lenoths are in the ratio 1 © 2 and diameters are i the

ratio 2 ; 1 whea stretched by force and respectively thev get equal increase n their lengths: Then the
rat1o should be

{(a)1:2 (hyi:1 fcr2: i (d)8:1
13 An Indian rubber cord I metre long and area of cross-iection 4 meter 15 suspended vertically. Density
of rubber 15 D ke'm’ and Young's modulus of rubber i1s £ N'm”_ If the wire extends by / metre under
its own weight, then extension [ 15
(a) *ngiE (b) 1*ngr2E (c) 2og/seE (d) I,
14. To break a wire. a force of 10° Nim” is required. If the density of the matenal is 3x10° ke:m’, then

the length of the wire which will break by sts own weight will be
e
ZIET MY SURC SSALPHYSHCS-X1:20068. 27 BE




(a)34m (b) 30 m (c)300 m (813 m

153 Anelastic matenal of Young's modulus T 15 subjécted to a stress 5. The elastic energy stored per unit

volume of the material 1s
2y s s ot
() = (b) o (e) 5 (d) =

16. The stress versus sttamn graphs for wires of two matenals 4 and B are as shown
i the figure. If v, and v, are the Young ‘s modult of the materials, then

(8) ve=2v, (B)va=ve(c) vi=3v, (d) w-

17. The diameter of a brass rod 15 4 mm and Young's modulus of brass 1z
910" N m” . The force required to stretch by 0.1% of fis length 15

(a) 360V (B3N () Mdrx10°N (d)367x10°N

18. Two wires of equal lengths are made of the same matenial. Wire 4 has a diameter that 1s twice as that

of wire B. If identical weizhts are suspended from the ends of these wires. the increase m length s
{a) Four nmes for wire 4 as forwire 8 (b)Twice for wire 4 as for wiue B
(c) Half for wire A as for wire B (d)One-fourth for wire 4 as for wire

19. A 5 matre long wire 1s fixed to the cailing. A weightof 10 &z is hune at the lower end and 15 § metre

above the floor. The wire was elongated by 1 mm. The energy stored mn the wire due to stretching 1s
(3) Zero (b) 0,05 jeule (¢) 100 joule (d) 500 joule
20. A ware underzoes longrudinal stram of 0.004 and 1ateral stram of 0.001. Powsson's ratio 15
(2) 0.25 (b) 0.5 {c) 0.75 (d)1

7z

_ANSWERS OF MULTIPLE-CHOICE QUESTIONS .
o | OPTION | QNo. | OPTION | Q. No | OPTION
11 c 16
12 d 17
13 a 18
a
b

QNo. | OPTION

WW--Imiz

14 19
15 20

l.ﬂ-h-l-.ur-dn-'-'z‘:

oe N (et e
[ =l Ol
("R o =T ol - Y

e
L=}

HINTS OF MULTIPLE-CHOICE QUESTIONS
1. Modulus of rigudity of ideal liquid 15 Answer (b) Zero
Solutton: Ligquids cannot resist shear stress, so modulus of nedity =0

2. With nse in temperature, Youns s modulus Answer: (b) Decreases
Solution: Increase in temperature weakens intermolecular forces, reducme elasticity.

3. Rano of longiiudinal stram 1n upper wire to lower wire Answer: {¢)3 ]

Sol: Upper wire supports 3 ke while lower wire supports 1 kg Since stram « force, ratie =3.1.
4 Stress—strain curve for ductile matenial shows Answer: (b) Large plastic deformanon
Solution: Ductile matenals elongate considerably before brezking.

o e |
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5: Property by which matenal can be drawn into wires Answer: (b) Ductlity
Solution: Duciility 15 the property of forming thin wires

. Assertion—Resson Answer: (¢} A 1s troe, B 15 falss
Solunen® Elastic bodies regain onginal shape. Plastic bodies do not regain oniginal shape completely.

7. Dimensional formula of stress: Answer: (b) [MLT7]

Solution: Stress = Force Area = [MLTIL?] = [MLT].

8. 51 umit of Youne's modulus Answer: (c) Pa

Solutien® Young's modulus has the same unit as stress, 1.2, Pascal

% Ratwo of lateral stramn to longmedinal strain Answer: (b) Poisson's ratic
Solution: Peisson’s ratio = lateral stram  longitudmal strain

10. Body regams ongimnal shape after removal of fores Answer: (c) Elasticity

Solution® This property is called elasticity,

11. Rano of extensions of wires Answer: (c)d:1

Solution: Extension 15 mversely proportional to arez and arez & 1,

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

Solutien: Using AL =FL AY and equal extensions, the ratio becames §:1

13. Extension of rubber cord under own weight Answer: (a)

Solution: Extension under self-weight 15 | =DL%g | 2E.

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

Solutien: Using ¢ = pel., the calculated lenath 15 about 34 m.

15, Elastic energy stored per unit volume Answer: 8 2¥

Solution: Eneroy density = 42 * stress * stramn= 52/ 2Y,

16. Relation betwveen Young's moduls Answer: Depends on graph slope
Solution: Young's modulus 1s proportional to slope of stress—stram graph.

17. Force required to produce 0.1% stram Answer: (b) 36N

Solution: Using ¥ = (F A )/strain oives approxmmately 36 N.

18. Increase in lenoth of wires Answer: (d) Cne-fourth for wire A as forwire B
Solution: Extension is mversely proportional to area.

19 Energy stored in streiched wire Answer: (bY005 7T

Solution: Using U = :FAL gives 0.05 1.

22 Poisson’s ratio Answer: (3) 023

Soluhion: Poiszen's rate = 0.001 ) 0.004 =023
ANSWERS OF ASSERTION-REASON TYPE QUESTIONS

Choeose the correct option”
(A) Both Assertion and Reason are true and Reason 15 the comect explanation of Asserton
(B) Both Assertion and Reason are true but Reason :s not the correct explanation of Assertion.
(C) Assertion 15 trus bot Reason 1s false. (D) Assertron is false but Reason is troe.
1. Assertion: Stress 15 directly proportional to strain within elastic limat.
Reason: Hooks's law 15 valid only within elastic limun
2. Assertion: Steel 1s more-elastic than rubber,
Reason Steel has greater Young's modulus than mbber.
3. Asseruon: Bulk modulus is applicable to liguids
Reason: Liguids can eastly change their shape but not volume:

o e |
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L

4. Assertion A perfectly elastic body regams its onginal shape completely after removing deforming
forca.
Reason: Elasticity 1s the property of permanent deformation.

3 Assertion: The:ST untt of stress 15 pascal.
Reason Stress 1s defined as force per uait area.
Answer:
|' 1 ' 2 3 | 4 |
|_ A A B | c [ A

Ly

2 MARKS QUESTIONS
Define Younz s modulus of elasticity.
State Hooke's law. Deduce expression for voung™s modulus of material of a wire of length 1", radivs of
cross-section 't loaded with a body of mass M producing an extension Al in it
Give reasons why the springs are made of steel and not of copper.
A wire of length | area of crossection A and young's modulus Y 1s stretched by an amount x What 15 the
work done 7
Prove that the elastic potential energy per unit volume 15 equal to stress * strain

6. Define the term bulk modolus. Give ms 8T unt Give the relation berween bulk meodulus and

o

compressibality.

Define shear modulus. With the help of 2 diagram explamn how shear modulus can be calculated.

Which 1z more elastic steel or mubber. Explam.

Two wires P and Q of same diameter are loaded as shown in the fisure. The length of wire P 1s L m and
its voung's modulus 15 ¥ N/m" while length of wire Q 1s twice that of P and 1ts material has young's
modulus half that of P. Compuie the ratio of their elongation

P Hint...
1] -IH.:H o I_
[ Imkg £ Ay
:"'-E | Hm|_:|
Q o A Y2 AY
'I-I‘ 1
ar v
2mkg

10. In case of emerzency, a vacuum brake 1s used to stop the tramm. How does this brake works 7

L

T
A

SOLUTION OF 2-MARKS QUESTIONS
Youno's moduolus 15 defined as the ratio of longitudinal stress to longitudinal strain withan the elastic
lmut of a matenal Tt measures the resistance of a solid to a change m 1ts length.
Denvation: Let 2 wire have length "|" and radius "r". Area of cross-section A = mr™.
When 3 mass M 1s hung, the stretching force F = Mg
Longrudmal Stress=F A=Msz &
Longnodinal Stram = Al | Youae's Modulus (Y) = Stress | Stramn
Y =(Ng/ w7/ (AL/ D) Y={(Mg x I}/ (mr® x Al)
Spnngs are made of steel because steel 1s more elastic than copper. Steel has a huigher Younz's modulus,
meaning it can withstand greater deforming forces and retums to 1is onginal shape more accurately. A
stéel spring will have a lngher spning constant and will not undergo permanent deformation as easily as a
copper one.
]
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4. When a wire is stretched by an amount x; the work done (W) 13 stored as elastic potential energy.
Average Force=(0+F)2=F2 Simce F=YAx |

Work Done = Averace Force * Displacement = (%) (YAx/) » x W=12(YAx" ']

5. Work Done (W) =%t x Force » Extension
Energy Density (o) =W/ Volume= (== Ex Al)/ (A= 1)
u= % % (F/A) % (ALT) 5= %%  giress * Strain

& Steel is more elastic than rubber. In physics, elasticity is defined by the'resistance to deformation For
the same amount of stress, stee! produces much less stran than rubber. Therefore: Young's modulus for
steel 1s much higher than that for rubber (Y _steel =Y _rubber)

3-MARKS QUESTIONS
. Define modulus of elasticity. Write 1t's dimensional formula and S.1 unit. Explam s types
2. Stress and pressure are both force per unit area. Then in what respect does siress differ
from pressure” Also explam the types of stress.
3. The stress versus strain graphs for two matenials A and B are shown. Explamn (1) Which matenal has
greater Young's modulus 7

(1) Which matenal 15 mores ductile 7 ' o :___
(111) Which material 1s more brittle 7 Geess “:'T:?E“ﬂ
(1v) Which of the two 15 the stronger matenal ? gL 1

20reEn "::

SOLUTIONS OF 3-MARKS QUESTIONS
1. Answer Modulus of Elasticity
Recall the relation between stress and strain.
Modulus of elasticity = ratio of stress to strain.
Stress = Force Ares — derive dimensions using F = ma.
Types: Young’s modulus — longitudinal stress strain
Bulk modulus — volumetnc stress strain
Shear modulus (Rigidity modulus) — sheanng stress strain
Answer; Both are force per unit area_but think about Where they act
Pressure acts normally and equally in all directions 1n fluids
» Stress develops inside 2 body due to deforming forces.
» Types of stress;
- Longitudinal stress
= Tensile stress
+  Compressive stress
Bulk stress
Shearing stress
3. Anpswer: Siress—Sirain Craph Questions
Use the graph carefully.
(i) Greater Young's modulus
(ii) More ductile material
(iif) More brittle material
(iv) Stronger material
» Stronger matenial can withstand greater stress before brealing.

Compare ulimate breaking stress values on graph
e
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CASE BASED QUESTIONS
1  Engimneers use steel cables 1o suspension bnidees because steel can withstand large forces without
permanent deformation. When heavy vehicles pass over the bnidge. the cables stretch shightly and
regain their original shape after the load is removed.

1. The property by virfue of which stee! regains its original shape is called:

(a) Elasticiry (k) Plasticity:  (c) Rumidity  {d) Viscosny

2. The restoring force per unit area developed mside the cable is called:

(a) Strain  {b) Pressure  (c) Stress (d) Throst

3. Steel 15 preferred for bndges because 1t has:

(a) Low density  (b) High elasticity (¢} Low strength (d) High plasticrty
4. Hooke’s law 1s valid only within:

(a) Breaking powt (b) Elastic limst (c) Plastic region (d) Melung point

OR
The STumt of Younz's modulus is:
(a) Pascal (b) Newten (c) Joule {d) Watt
I A student stretches a rubber band and a steel wire using equal forces. The rubber band stretches
much more, while the steel wire shows very little extension.

1. Which material 15 more elastie?

(2) Rubber (b) Steel (c) Plastc (d) Wood
2 The ratio of chanze in lenzth to onzmal length 1s called:
(a) Stress (b) Pressure (c} Strain (d) Elasticity
3. The matenal which underzoes permanent deformation 1s smd to be:
{a) Elastie (b) Rimd (c) Plastic (d) Parfect
4. The ST unit of stress 1s:
() by Nim (o) N'm® (d)J
OR
Stress 15 equal to:
{a) Force  Area (b)Force/Area {(£) Area Force (d) Mass x Acceleration
S-MARKS QUESTIONS.

1. Draw stress and strain curve. Explain the vanous region or points that are necessary to understand this
eraph (1) Proportienal Limit (1) Elastic Limit (1) Yield Pomt
(1) Ulimate Stress Point (v) Fracture or Breaking Point.

2 State Hooke's law. What does 1t define?]s this only define forsolid? If ves o == y =
why? In a wire of length L, the increase in 1ts length is | I the length s R =t
reduced to half, What will be the wncreace in 1ts leagth. i 4

3. A construction =ngineet 15 selecting a beam to support a heavy bridpe e
They have a choice between a selid rectangular bar and an T-shaped =S
airder made of the same material and weight

(a) Using the expression for the depression (&) of a beam loaded at the center,
& = (W)/(4bd°Y), explain why the depth (d) is more critical than the breadth (b) in reducing cao
(b) Why i3 the T-shape preferred over a solid rectangular har of the same cross-sectional area” Discuss in
termsof weight and strength.
(c) A steel girder of lensth 5 m_ breadth 10 om, and depth 20 cm 15 loaded with 2000 kg at the center.
Calculate the depression produced. (Y_steel =2 = 107 N/m® g= 10 m/s%).
4. A solid sphere1s taken to the bottom of the Manana Trench. where the pressure 15 1.1 * 105 Pa.

B =<V(AP/AV).
]

ZIETAMYSURLSRALPHYSHCS-X1:2008.27 0




(b) I the Bulk Modulus of the material 15 1.6 = 10" Pa and the initial radius 1s 0.5 m, caleulate the

fractional change in volome.

(c) What 1s the relationship between Bulk Moduolus and Compressibility? Which state of matter has the

highest compressihility?

A rectanzular block of gelatin is mveted to a table. A honzontal force is applied to the top face.

(a) Describe the difference between Sheanng Stress and Tensile Stress.

(b) A metal cube of side 10 cm 15 subjectad to a shearmg force of 10° N_ If the top face 1z displaced by

0.05 cm relative 1o the bottom, calculate the Shear Modulus (1) of the metal

{c) Why is the Shear Modulus typically much smaller than the Young’s Modulus for most materials?
SOLUTIONS OF 3-MARKS QUESTIONS

| The Diagram and explanation

B
—

3:

Hint-/= L {.e. if length is reduced to half then increase in length will be ©

Part (a): In the formula & o< 1/(bd?), the depression 1s mversely proportional to the cube of the depth but
only linearly proportional to the breadth' Doubling the depth reduces sag by 8 umes, while doubling
breadth only reduces it by 2 times Thus, increasing depth 15 much more efficient for structural stability.
Part (b} An I-beam provides a large surface area for the load to be distnbuted on the flanges. while the
vertical web resists shear It provides a lugh Moment of Inertia (resistance to bendme) while saving
matenal and redn-::mg the beam's own weight, preventing bucklng

Part(cxy W=m '?ﬂﬂﬂ"’!ﬂ‘—"!-ﬂlﬂ"\ I=2m b=01m d=02m

Caleul: § = (IE x 10% % 5%) ) (4 % 0.1 % (0.2)F » 2 % 19"} =25 = 105/ 6.4 * 10°= 3 9mm _

Part (a): Bulk Modulus 1s the ratio of Hvdrauhic Stress to Volumetric Strain. The negative sign mdicates
that as pressure increases (—AP), the volume decreases (-AV), ensunng the constant B 15 positive.

Part (b): AV/V=PB=(11x 107/ (16 « 10"} = 6.875 » 10~

Part (c): Compressility K = 1 B. Gases have the hughest compressibility because their atoms molecules
have large mtermolecular spaces compared to sohds and higuids.

Part (a): Tensile stress acts perpendicular to the area {cansing change in length), winle sheanng siress

-acts tangential to the surface (causme chanse in shape/angle).

Part (b} Area= (0.1 = 0.01 m* Sheanng Stresz = 10¢, 0.0l = 1* N'm*.

Shear Strain =Ax T = 0.0005 / 0.1 =0.005. y = Stresa/Stram = 105 0.005 =2 = 10" Pa.

Part (c): It 15 generally easier 1o slide lavers of atoms over one another (shape change) than 1t 15 1o pull
them apart or compress them (length/volume chanze) Thus, materials offer less resistance to shear.

o e |
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MECHANICS OF SOLIDS:

FORMULA SHEET

pr
FUNDAMENTAL
ELASTICITY & MODULI

Stress & Strain Equations

el |

o 9%,
Stress = A
Longitudinal Strain = '&TL

ENERGY, LIMITS,
& COMPARISONS

Elastic Potentia_l
Energy (U)

Young's Modulus (Y)

- FxL_
Ax AL

Y —
= Stress = Strain = Volume

P =

Medsiires & msterin g
resistance (o [Inear

e Hooke's Law &
The Elastic Limit

7™ Elisstic Limit
.
.

Stiess

Bulk (K) & Rigidity (n) Moduli
Vo

Strain

This law is valid only when the materal
is within s alastic Hmit

Material Elasticity:
T pa e ST USSR Steel vs. Rubber

2 AV/V Shearing Strain

SI UNITS & DIMENSIONAL PROPERTIES

Duaniiy 51 Unint Dimansonel Matore

! =

| m Pascol (Pa) / g :

| = N/m? oo Ay Steel Is more elastic Rubber band

| Btrain Mobie Olimenmanlens tTEﬂIIIISIE i'liﬁ_'::fi]hl;'llgrl 1';55“““! thﬂ'lﬂrwm
= | — modulus is (= oung’s modulus

| Moduli (¥. K, n) .| Pascal (Pa) Sxmi= o= Byeas thism ruby bﬂpg_ mmpg-m; 1o steel,
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CHAPTER 9 MECHANICAL PROPERTIES OF FLUIDS

FLUID STATICS & %%ﬁ;i;_?%ﬁ{fﬂ “FH“E%;E%F FLUID DYNAMICS &
o essent : mawllis,
SURFACE PHENOMENA '%nhﬂ'ﬂ}:nd n‘:ﬁéuﬁﬁran&umf B VISCOUS FLOW
Pascal's Law & Hydraulic Syztems Conservallon of Flow [Continuity & Bemoulli)

Ay

Vi — — Vz
A-[ A!
— Equation of Continuity Bermoulli's Theorem
Pressure apphisd to an anclesed fuid |s ransmitted A=Ay P lee 4 agh = constiing

sgualty in all directions. used in hydraulc lifts and brakes. :
Incompressible fluids follow the Equation of

Surface Tension & Capillarity Continuty and Bernoulits enecgy conservation
T Viscosity & Stoke's Law

Surface Tension Capillary Rise
=7 =2
Liquids rminimize surtace area via

Surface Tengior; drives capiltary risa
and spherical :ajndmp_shup_n!._

Hydrostatic Pressure & Buoyancy

Viscoaity i5 internal fluid friction;
Stoke's Law defines the dragging force

 Pressure: on & sphere moving thioogh § Thld!
P=Potpgh -
Buoyant Force: Terminal Veloeity & Reynolds Number
Fa=oVE £
Pressure increases with depth; l 8
E

weaight of the displaced fluld,

COMPARISON: W
SURFACE PHENOMENA & PRESSURE

Buoyant foroe equals the l

m Angle of Contact Reynalds Numier
Drop Bubbl Eexile ot cetermings fiow type.
{1 miirfaon) [ snirfacen) (Wt Olaen) (METC ) Bles) 0 neach o .constant maximum speesd (Terminal
when viscoas force enuals net weight; flow
@ : - E type is determinad by the Reynolds Number.
Drop; Bubble: i = ag* o> 90" MOST COMMON STUDENT MISTAKES
e Water: . > Aireraft Wing Lif: Busysm force scts downward.
2 ax crears meeeie (Canented pneinie: Barnailts Thoari)
L il e A M KW@&&W&HHMMHhmHﬂan
{,n 7y A), .
Gauge Preasure Corrected principle: Pascal's Law) B
The differance between absolute 5 o _ oo > Raindrop Shape: Surfuce tension ant yiscosity
and atmospheric pressure P=FPoy=pgh rﬁ.fhﬂ. mmr} ST Tt
& z 1o - ] Corrected pring pCE Tension)
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MULTIPLE CHOICE QUESTIONS
Pressure at-a depth lunsids a liguid 15 mven by:

(a) P = pgh (b) P=pg/h ()P =gh/p (@) P =ph/g
Hydraulic lift works onz
(a) Archimedes” principle {b) Bemoulh's principle (c) Pascal’s law (d) Newton's law
3. In hydraulic brakes, pressure applied at one point is transmitted:

(a) Unegually (b) Only upward (c) Equally 1n all directions (d) Only dowrnward
4, Viscosity 15 the property of fluid due to which it opposes:

bt
H

T

(a) Compression (b)) Relative motion of lavers (c) Expansien (d) Pressuse
5. A body attmins termunal velocity when:

(a) Acceleration 15 maximum {b) Net force becomes zero
() Werght becomes zero {d) Buovant force vamshes
6. Radius of a soap bubble 15 increased from R to 2] work done mn this process m terms of surface tension
15

(2)24rSR2  (b)48xS R: (c) 1278 R (d) 36xS R ?
If pressure at half the depth of 4 lake 15 equal to 23 pressure at the bottom of the lake then what is the
depth of the lake?

~ (@1om (B)20 m (c160 m (d)30 m
8. A cylindrical tank has a hole of | em2 an its bottom. If the water 15 allowed to flow mnto the tank from a
tube above it at the rate of 70 cmJ3/sec: then the maximum height up to which water can nise i the tank 15

-

(3)23cm (b)scm (c)10cm {d)0.25 cm )
9. There 15 2 hole 1n the bonom of tank having water. If total pressure at bottom i3 3 amm (1 atm = 103N/m)
then the velocity of water flowing from hole is

(z) v400m's (b)v600m s (c) V60m's (d)None of these
10 Water flows through a frichionless duct with a cross-section varving as shown in fig Pressure p at pounts
along the axis 15 represented by

o —

{a) (B) (c) (d)
11 In streamhine flow, every particle passing throuch a point follows:

(a) Different path {b) Circular path (c) Same path (d) Ziz-zag path
12 Flow becomes turbulent when velocity excesds:

(3) Escape velocity (b) Average velocity (c) Catical velocty (d) Terminal velocity
13. Reynolds number 15:used to determine:

(2) Surface tension (b} Nature of flow () Pressureenergy  {d) Capillary nize
]
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14 Bemoulli’s theprem 15 based on conservation of

(a) Charge (b) Momentum () Energy (d) Mass
15. The equation P + -; pre + pgh = constdnt represents:
(a) Stokes” law (b) Bernoulli's theorem (c) Pascal’s law (d) Hooke's law
16. Aeroplanes fly due to:
(a) Buovancy (b) Dynamic Lt (c} Surfare tension (d) Viscosity
17. Surface energy per umt area 1s numencally equal to
(a) Pressure  (b) Density {c) Surface-tension (d) Viscosity
18. Water flovs faster through a narrow pipe because:
(2) Pressure 1ncreases (b) Area decreases

(c) Velocity increases due to continmty equation (d} Density increases
19: After termunal velocity 15 reached, the acceleration of a body falling through a flind 1=
(a)equaltog  (bjzero () lessthang  (d) greater than g

20. A wooden stick 2m leng 15 floating on the surface of water. The surface tension of water 0.07 Nm. By
putting soap solution 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) C.OTN (b} 0.06 NV ()00l N (d)0.02 N
ANSWERS = = — =
QNo. |OPTION | Q. No | OPTION | QNo. | OPTIGN | Q.Neo | OPTION
1 3 6 a 11 c 15 b
2 [« 7 b 12 c 17 c
3 c 8 a 13 b 18 c
3 b s | b A c 13 b
5 | b | 10 | a | 15 b | 20 g
HINTS OF MULTIPLE-CHOICE QUESTIONS
1. Pressure m a hqud depends directly on denssty, gravity, and depth Recall the hydrostatic pressure

formula

r-.r

diréctions.
In hvdranlic systems, liquids transmit pressure uniformly throughout the flusd.
Viscosity 15 related to intemal friction between adjacent lavers of a moving flnd.
Terminal velocity 1s reached when all forces actng on the body balance each other:
A soap bubble has two surfaces. Work done equals increase in surface energy.
Use pressure relation:

P =P, +pgh Compare prezsure at half depth and full depth.
At maxmmum height, inflow rate equals cutflow rate. Uss Torncellt’s theorem:

v=42gh

Excess pressure af the hole causes water to flow out. Use:
Conven pressure mto squivalent water column height first

e

2

14,
principle.

Thmk about the law stating that pressure apphed to an enclosed fluid 15 transmitted egually

mn all

In a narrower section of 3 pipe. fluid speed mcreases and pressure decreases according to Bemoulli's
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11. In streamline flow, fluid particles erossing the same point move along identical trajectonies.

12 Turbulence starts when flow speed crosses a certam limiting value called entical velocity.

13. Reynolds number helps classify flow 23 streamlme or turbulent

14, Beroullt’s theorem comes from conservation of mechanical energy 1n flmd motion.

15: Identify the equation combiming pressure energy, kinetic energy, and potential energy of a fhud.

16. Air moving faster above the wing creates lower pressure, producing lift

17 Surface tension can also be defined as surface energy per umt area.

12 Agpply the continuity equation® A = constant Srrafler ares means higher spead

1%, At terminal velocriv, net force becomes zero. What does that mmply about acceleration?

20. Net force due to surface tension depends on difference in surface tenstons on both sides: F = (T —
T5)L where Lis the length of the stick.

ASSERTION-REASON TYPE QUESTIONS-

(a) If both assernon and reason are true and the reason 15 the correct explanation of the assemion
(b) B both assertion and reason are true but reason is not the comrect explanation of the assertion.
(c) If assertion 15 true but reason is false.

(d) If the assertion and reason both are falss.

Assertion : The concept of surface tension 15 held only for houds.

Reason : Surface tension does not hold for gases.

Asserfian :At critical temperatore, surface tension of 2 liquid becomes zero.

Reason : At this temperature. infermolecular forces for iquids and zases become equal Ligmd can
expand without any restriction.

Asseriion : A large soap bubble expands while a small bubble shrinks, when they are connected to each
other by a capillary tubs.

Reason : The éxcess pressure mside bubble (or drop) 1s inversely proportional to the radws.
Assertion : If is better to wash the clothes in cold soap solution.

Reason : The surface tension of cold solution 1s less than the surface tension of hot solution.
Assertion : Tiny drops of Liquid resist deforming forces better than bigoer drops.

Reason : Excess pressure inside a drop is directly proportional to surface tension.

SOLLUTION OF ASSERTION-REASON TYPE QUESTIONS-
(b) We know that the intermolecular distance between the gas molecules 15 large as compared to that of
hgmd. Due to 1t the forces of coheston in the gas molecules are very small and these are guite larze for
ligmds. Therefore, the concept of surface tension 15 applicable to Ligud but not to zases.
(a) Zero surface fension means no opposilion (o expansion:
(a) Smce the excess pressure due to surface tension 15 inversely proportional to its radius, it follows that
smaller the bubble, greater 1s the excess pressure. Thus. when the larper and the smaller bubbles are put
i1 communication, air starts passing from the smaller into the laroe bubble because sxcess prassure
inzside the former 15 greater than inside the latter. As a result, the smaller bubble shrinks and the larger
ane swells
(d) The s0ap solution, has less surface tension as compared to ordinary water and its surface tension
decreases further on heating. The hot soap scluhion 'can_ therefore spread over large surface area and also
it has more wetting power. It 15 on account of this property that hot soap solution can penetrate and clean
the clothes better than the ordmary water.
(b) When a drop of hawd is poured on a glass plate, the shape of the drop 1s governed by two forces, the
force of eravity. For very small drops, the potential energy due 1o gravity 15 insicnificant compared 10

o e |
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that due to surface tension. Hence, mn this case the shape of the drop 15 determuned by surface tension
aloneand drop becomes sphancal

2-MARKS QUESTIONS
A truck carmying heavy loads has broader tyres than 2 small car Explam why broad tyres are preferred
for kieavy vehicles
During a storm, the roof of 2 weak house may get blown away. Explain this using Bemoulli’s pninciple
A student notices that honey flows much slower than water from a bottle
What property of liqguuds causes this difference? Explam.
A parachamist opens the parachute before reachine 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
reasan.
Small msects walk on the surface of water without sinking
Explain this phenomenon
Modem cars and airplanes are given streambined shapes. Explain the advantage of such shapes.
A spinninz crickat ball swingzs mn aw during a march Explain the reason briefly.
Hydraulic brakes are used i vehucles to stop them sasily. Name the law invalved and state s role.

. Soap is added while washine clothes with water. Why does soap improve cleaming action”?

SOLUTIONS OF 2-AMARKS QUESTIONS
Broad tyres mncrease the area of contact with the ground. This reduces pressure on the road and prevents
smking.
Fast-ﬂ;m'iug air above the roof lowers pressure cutside.
Higher pressure mside pushes the roof upward
Honsy has greater viscosity than water.
Therefore, it resists flow more strongly.
Opening the parachute increases air resistance.
This reduces the speed of the parachutist
Pressure 1n a liquid imcreases with depth.
Hence water flows faster from the lower hole.
Surface tension acts like 2 stretched film on water surface.
It supparts the weight of small msacts.
Streamlined shapes reduce fluid fnction or air resistance. This helps vehicles move faster and save fuel.
The spinmung ball creates unegual air speeds around 1. Thas produces pressure difference and causes
swinging.
Hydraulic brakes work on Pascal's law. Pressure applied to brake flud 1s transmutted equally to all
wheels,
Soap reduces the surfacs tension of water. This allows water 1o spread easily and remove din better.

IMARKS QUESTIONS

A car driver presses the brake pedal and the braking foree is transmitted equally to all four wheels
through brake o1l State Pascal’s law for fliuds. Using this law, explain the principle and working of
hvdraulic brakes with the help of 2 neat labelled diagram.

The termunal velocity of a tiny droplet 15 v. N mumber of such identical droplets combine together
formins a bigger drop. Find the terminal velocity of the bigoer drop.

o e |
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3. Eicht spherical ramn drops of the same mass and radius are falling down with a terminal speed of 6
cms*  Ifthev coalesce to form one big drop. what will be the terminal speed of bizzer drop? (Neglect
the buovancy of the air)

Derive the expression for terminal velocity of a rain drop falling in 3 vessel filled with flmd.

A waterdrop of diameter 2mm 15 splitup into 10° identical water drops. Calculate the work done 1n this

process. (The surface tension of water 1s 7.3 x 1072 Am™)

Define Surface Energy and denive the expression of relation between surface enetov-and surface tension.

Brove that excess pressure inside a soap bubble 15 inversely propamonal to radius of bubble.

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

A bucket of water 15 suspended from a spring balance. Does the reading of balance change (2} when a

prece of stone suspended from a string 15 immersed m the water without touchme the bucket? (b) whena

piece of iron or cork 15 put in the water in the bucket?

10. Explam the cormrect reason behmd these phenomena’s (1)Special desizn of wines of an asroplane (u) A
person standing near the ratlway track 15 pulled toward the train, when fast moving tram passes close to
him.

11. Explam why the spimning ball deviates from s usual curved path

12 A large open tank has two holes m the wall. One 15 a square hole of side L at a depth y from the top and
the other 1s a circular hole of radius R at a depth 4y from the top. When the tank ts completely filled with
water the quantities of water flowing out per secend from both the holes are the same Then what is the
valpe of &

13. Derive by the method of dimensions. an expression for the volume of a liquud flowing out pers econd
through a narrow tube -Assume that the:rate of flow of liguid depends upon

i) Coetficient of viscosity of the ligaid
u} Radms of the tube
i)  Pressure gradient along the tube

14. What amouat of ensroy is released or absorbed when two mercury droplets of radu 0.1 em and 0.2 em
collapse info one single drop? Given that the surface tension of mercury T=4355 « 107 Nm™.

15. Explam the reason behind 1t

(1) Blowing off of roofs of houses duting 2 storm

(u}How sprayer works?

Rad

!Jl

Aol

SOLUTIONS OF 3-MARKS QUESTIONS

1. Pressure appliad to an enclosed flnd 15 transmutted equally and undimmnished m all directions throughout
the fluid Woranewith diacram. .

3. Termunal velocity of bigger drop = ¥23 v
Wehave 8 x §m3 = gm'ifa => R =2r and we know that termmal velocity v « (Radius)®

We have *:'—'; =f_—: or Vp= vr f_i;_'!' Ve =
0.24m's _

4. Terminal velocitv- when 3 body is dropped in 2 liquid. + —
it, accelerates first due to zravity. In liguid 1t expenience Ssece tae s Foi e el
weizht (force) W™ along downward, buoyancy force S— ] Accieenran
‘U” along upward. Since downward force is greater se w o — -

the body moves aleng downward. As body in motion the layers of air m contact with body also set i
motion due to this an upward viscous force T act on the bedy. As velocity of the solid body increases
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Value of °F" increases. But after same time the downward force "W become exactly equal to the total
upward force (U~F). Now there 15 no net force acting on the body so from Newton's first law the
velocity becomes constant (and maxumum), The constant maxsmum velocity with which the body
moves i a fluid is called terminal velocity.
When the spherical body of radins ‘" moving with constant termunal velooity v,

Thea U+F=W - - -(1)
U = wenght of the ligmd displaced = mass of the liguid displaces xg=cV z
W =weizht of the sohd = mass of the solid sphere xg=pV g
From Stoke'slawF=6anrv, (Where p 1sdensity of ball. o 15 density of higuid.)
sVeEe=Gnnrw=pVeg = Granrwi=oVe-pVe = Gnrvi=Ve(o-p)

2rt (e —olg :
E'-n:r]tn=§::r3g(c— p ) Hence h=%?mthﬁfomla;—

1}1‘::::'[I. v =1y I lo—p).

1) o> pthenr h s of equation is postive, then direction of terminal velocity 15 downward. u) fo<p
thenr h. s of equation 1s negative. Then direction of sphere 15 upward 1.e. rising up. For this reason, air
bubbles in 2 ligumd are seen to move 1 upward direction

Let a water drop of radius R be split up imto 10 1dentical water drops each of radius (R=Di2
=22=1mm=1*10"m No, of dropletsn=10% T=73 = 107 N'm)

W=4nR3T [n"/2-1] =47 (1073 )2 » 73 = 1072 [(10% )13 1] =217 x 10~%]

SURFACE ENERGY: Let us consider a rectangular frame of wire PQRS. where arm RS can slide on the
arm PR and QS. If this frame 13 dipped 1n a soap solution, then a soap film is produced in the frame
PQRS Due to surface tension, the soap film exeris a force on the frame.

Let ‘1" be the length of the arm RS, then the force acting on the arm RS towards the film s given by

F=T=M . ... (1)

Here the length is taken twice due to the two-surface area of soap film Let the arm RS be displaced toa
new position "AB’ through a distance ‘%", Hence work done is W=Forcex Displacement of
W={Tx2l) %z (&) W=Tx(2xx)Work E=T=AA ... (3) Which is

required expression for surfare enersy Where AA=2(1* x}= increase in the area of the film on both sides
T=W AA orT=E 4AA

“surface tension of a liguid 15 mumencally equal to the surface ensrey per unit area

Yes, the reading of the balance will 1ncrease but the inerease n weight will be equal 1o the loss 1n weight
of the stone (Veg) and not the weizht of stone (Vegllz Vag s 02 0.

(b) Yes. the reading of the balance will increase but the increase in weight will be equal to the

weight of ron or cork preca.

(1) Wings of an aeroplane are made such that the upper surface is made wing in as compared to the lower
surface of the wing 1s mads concave. Due to

their shape of wing, the air currents at the top have a larze velocty then at the viee: P e
bottom accerdingly to Bernoulli thetr the pressure above the surface of the. _.*_..:’;’}"_“‘*_:: g
This difference of pressure is helpful in siving avertical hift to the plane. But '-—-:“"'fiﬂ—' e

= = - R —————
if upper surface 1s more covered then the arflow does'not remamn steadvand ———— — =
turbulence 15 set . ﬂ‘—_wm,ﬂil;:?g

(11) A person standing near the railway track 15 pullad toward the tra when fast
moving train passes close to him. The fast train larze velocity decress the pressure

o e |
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between the person and the train while pressure on the other side of man 15 laree which pushes the
person towards the track

11 Curved path of spinning ball when 3 spinning ball 15 therown with a large speed, then the layer of the air
moving above the ball gets retarded and the layer below the ball gets accelerated due to spin motion
because the layer above:the ball moves i oppesits direction and lower layer moves i the direction of
the spinning ball so; the velocity of the ball decreases and hence according to the Bernoulli theorem
pressure increases and due to increase m velooity below, pressure decreases -due to differeace of
pressure on the two sides of the ball | a path of the ball becomes curved.

12 Ans: Velooty of efflux when the hole s atdepth /r, v= J2ah
Rate of flow of water from square hole Q) =av,= £5/2gy

e

and according to problem Q,= Q- = 1%2gv = +8%20(4y) = R=%
NET

CASE BASED QUESTIONS
M A hydrawhc bift 15 used in service stations to Lift heavy velucles. A small force applied on a small
piston produces a much larger foree on a bigger piston throuzh the haud.

1. Hydraulic lift works on the basis of
(3) Bemoulli's pnnciple (b) Pascal’s law
(c) Archimedes’ prmoiple  (d) Hooke's law
2. Pressure applied to'a confined liqwd is transmitied:
(a) Only upweard (b) Only downward (c) Equally in all directions  (d) Only sideways
3. The SI unit of pressure 15
(a)Pascal  (b) Joule (c) Newton  (d) Want
4 Hydranlic brakes are commonly vsed -

(a) Aeroplanes (b) Bicycles (c) Vehicles (d) Ships
OR

Pressure is defined as:

{a) Force = Area {b) Force'Arsa

{(c) Area’Force (d} Mass/ Volume

IV. A ship made of wron floats on water. while a small iron nail sinks: The-ship is designed such that it
displaces = large volume of water

1. The upward force exerted by water on the ship 15 called:

(a) Viscous force (b) Surface tension  (c) Buoyant force  (d) Drag

2. Archimedes’ principle relates buovam fores to:

(2) Weizht of displaced flmd (b) Mass of abject  (c) Density of object (d) Pressure
3. The ship floats because 1is average densiv is:

(2) Greater than water (b) Equal to water  (c) Less than water (d) Zemo

4. An won nai] sinks i water because;

(a) Its denzity 15 less than water () Its density 15 greater than water

(<) It has no buovant force {d) Water has no densiiy
OR
The STunit of density is:
(a) kem™ ()N m™= () Pascal {d) Joule

o e |
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| S MARKS QUESTIONS
1. (2)Define differeat units of pressure and also find the height of atmosphernic pressure.
(b) Pressure decr=ases as one ascends the atmosphere If the density of air 15 p. what 15 the change in
pressure dp over a differential height dh?
{c) A fish 15 swimmmg 10 m below the surface of water in a lake Estimate the pressure on st

(1)State and prove Bemoulli™s theorem.

(1) Explain any twwo applications of Barnoullt's theotrem

3. Explan capillary phenomenon and derve an expression for height of fluid in a capillary tube raised due
to capllary action

4. Explamn the tommicelli’s theorem How can we calculate the range and time taken by the hgmd flowme o
from a hole. Also tell at what condition the range of the liquid coming from the hole becomes maximum_

5. A glass capillary tube of internal radius 0.5 mm 15 dipped vertically imto a beaker of water.

(a) Define Surface Tension in terms of surface ensrey.

(b) Denve the "Ascent Formula” for the height (h) in a capillary tube.

(c) Calculate the height of the water column (T =0.073 N'm, 2 =98 m/s),

(d) What happens if the tube lensth 1s less than calculated height b7

pa

SOLUTIONS OF 5-MARKS QUESTIONS
1. (a) Units of pressure are: latm=Pressure exerted by 0.76m of mercury column=hpg

=0.76%13.6<10°x9.8 =1.013=10°N/m"
Height of the atmosphere: The atmosphenc pressure, Pa =hpg
arh=Pa pg=1013x105/ 1398 =7951m =8km
(b) Consider z part (packet) of aimosphere of thickness dh. As the pressure at a point i flusd 15 equal m

all directions. So the pressure on upper laver 13 p acting downward and on lower layer 13:(p+dp) acting
upward. Force due to pressure 15 balanced by Buovant force by ar (prdp) A-—p A=Vpz

pATdpA—pA=A(dh)pz

dp.A=—ppg(dh)A

dp'p=—pe{dh)
Negative shows thai pressure decreases as height increases.
(c) &, = 10%Pa(i atm), g =10 ms * Density of watsrp = 103 kgm_‘a )

Absolute Pressure P=F, ~hog Absolute Pressure P = 107 = 10 % 10° x 10 Absolute Pressure
P=2x10°=2atm
2. Mathemancally for unnt voleme of igmd flovang through a pipe. P+ pgh +% e =
constant
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To prove

If P, and P. are the pressures at the two ends of the tube
respectively, work done in pushing the wolume ¥ of
mcompressible flud from pount B to C through the mbe will be
W=RV-BV=(R-R)V ..

This work 15 used by the fluid m two ways.

(1) In changing the potential energy of mass m (i the velume 77 ) from mgin to mgin,
te. AU=mglhy—hy) ..

(1) In changme the kmetic encrgy from lzrwf to %mv%, ie, AK= %m{w‘;‘-—- vil o (i)

Now as the flud 15 non-viscous, by conservation of mechanical enstgy

W=AU+AK ie, {H—@}V=ng{ﬂ_z—n,}+%m[u§_u$}

or P @4-%91}2 =ronstant

This equation 1s the so-calied Bemoullt's-equation and represents conservation of mechanical energy 1n
case of movine fluids.

3. Avwvery fine bore 15 known as the capillanty (hair like).

In gensral the liquud thatwet the glass nses mside the tube while those don’t wet the glass show a
depression

Ascent Formula: Consider a capillary tube dipped 1n a dish contaimng water.

Pressure at points € and D just above and below the plane surface of liquid in the vessel 15 also P
(atmosphenie pressure). The potnts V and D are 1n the same honizontal plane in the houd but the
pressure at thess points 15 different In order to maintain the equilibrium. the liquid level nses n the
captllary tube upto height i

If T 15 S.T of water, then on water outside be 2 = EEI - - - - = == (1)

As the pressure on the liquid side is less, the liquid rises in the capillary. The height to which the
liquid rises 15 such that the excess pressure 2T | R 15 equal 1o the pressure exerted by liguid column in
the capillary tube. If ‘" 1s the radins of the capillary tube; “h° 15 height of liquid nises, "d" 15 the
density of the hiquid and 6 1s angle of contact then, pressure exerted by the liqud column 1 capillary
mbe1s Py =hdg (2)

For equlibrium | Pressure due to hqud column = pressure difference due to surface tension (excess
of pressure)

o e |
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. 2.5
companng eql and eq2. hd g= =
InTriangle OAB Cosé= 2l = Bt Putting values in eg2
R Cos &
hrdeg| : S . (h+r'3)rdz
I = ——=|When volume of the d o then F = 3
T Cos 0 vol liquid 15 taken into account i S5
For pure water angle of contact 15 nearly zero. Cos 0= 1. Then
Fhrdg

)

-

4. Torricelli's theorem — Velocity of Efflux —Statement- “The velocity of efflux of a hiqud from a
hole is equal to the velocity of 2 body falling freely from hesghthie V= Zgn ”

Proof—

If 2 liquid s filled in 3 vessel up to height & and a hols is made 2t 2 depth h below the free surface of
the liquid as shown in fig: then taking the level of hole as reference level (£ 2., zero pomt of potential
energy) and applyving Bernoulli's principle 1o the liquid just mside and outside the hole (assummne the
liquid to be at rest inside) we zet

(B, + hpg)+0=7, +%m: or v=y2gh

Since the velocity that an object would acqure in
falling from rest through a distance /t 15 v then,
v =u® #2aSand v* =0° +2gh or v= J2gh

Hence velocity of =ffiux 15 same as the velocity that an object would acquire in falline from
rest through a distance A
** Velocity with which liguid flowing out from a hole or orifice is called velocsty of efflux or
velocrty of flow:
This result was first grven by Torncells, so this 1s known as Torncellt's theorem.
(1) The velocity of efflux is independent of the nature of liquid, quantity of liquid in the vessel and the area of
orrfice.

(ii) Time taken by the liguid in falling from hole to ground level {= \ Zng—h}
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{11) The honzontal ranze covered by the hguid x = honzontal velocity (1) » tme (1)
~JZgn J AH=1) _» i

(1w} Tt become maximum when h=H2

3. (a) Surfage temsion 1s the surface energy per unit area. representing work done to imcrease surface
arez by a umt amount

(b} 2T cosh =mr*hpe =>h= (2T cos8) / (rpg).

(e)rh=(2=0.073) (0.5 > 10 x 1000 x 8.8) = 0.0298 m or 2.58 cm.

(d). The liquid will rise to the top ef the wbe. but it will not overflow. The meniscus radivs increases
to mamtam equilibrions

I CHAPTER - 9 | |
Fluid Mechanics:
The Essential Formula Guide

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

FLUID STATICS VISCOSITY &
& DYNAMICS SURFACE PROPERTIES

TERMINAL VELOGITY

P+ Lpv? + pgh v _ 2r3(p — o)g
= constant £ 9n
Represents the consarvaltion of energy The consiant =pecd reached by an
for 3 Nowing Muid. L obj=ct falling through a viscous fFuld
., - -

PASTCAL'S LAW E HYDRALULIC LIFT

F> Ao £ — g
F, oA, @ il Grrrnv : +—T

Presasure applied To enclosed fluids s Calculates the drag force acting on

transmitiad squally in all directions L wspherss moving throogh o viccous Mo, |}
-

THE EDUATION OF COMNTINUITY CAMLIL ARY RISE

Av = constant :b h = 21;;::_53 ef-l: ‘ =

Ay

Ensures mass conssrvation by t!lnting Det=rmines how I"|EEI"| a liguid rises ot

fiuid velogity to the cross-sectional area. falls in.a narmow
o, - -, -
P oxcess pRESSURE (A | SvmBOL KEY
[ Suttece Type ) Exoses Fraestia (O Syabol PrEopesty.

&> Liguid Diop ap = 2T P (noy | Fluid Density

ol Eﬁ:ﬂlu AP = g n (=ta) Cire Michent of Viscouity

@) At Bubhble 2T

= In Liguid AP = = | | T Surfece Tensian )
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CHAPTER-10

THERMAL PROPERTIES OF MATTER

QUICK REVISION CHART
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1.

13:

14

MULTIPLE CHOICE QESTIONS
The coefficient of linear expansion of 2 rod 15 a. The percentage increase m 115 length when heated
through temperature AT 15 (NEET 2023)
(2) @AT (b) 100aAT (e) % (d) 10aAT
A black body at temperature T radiates energy at maximmum wavelength 4. If temperature becomes
2T, the wavelength of maximum mtensity becomes:

(NEET 2022)
(a) 24 (b) 2 (€)% @35

The STunit of thermal conductivity is: (NEET 2021)

(A Wm K2 (b)J kg K1 Wm32K* (djm?

Water has mamimum density at: (NEET 2020)

(2) 0°¢ (b) 4°C (c) 100°C (d)—4€

A leak-proof cyhinder floats veriically in water at 0°C. When water temperature becomes 4°C, the
cyvlinder nses shghthy becapse: (JEE Main 2020)

(a) Water contracts (b) Water expands

(c) Density of water increases (d) Denaity of water decreases

A rod is heated and simultaneously compressed so that its lensth remams unchansed. The coefficient
of volume expansion is related to linear expansion coefficient by (JEE Main 2019)

By=a by = 2a fely =3a (d)y =4a

The dimensional formula-of Stefan-Boltzmann constant 15;

(a) (METSE™*] (b)) [MT K] (c) [MEPTE] () [MLIT—]

The heat required to raise the temperature of a body depends upon:

(3) Mass only (b) Nature of matenal only

(c) Mass and specific heat capacity {d) Volume only

In solids_ heat 15 mamly transferred by

(a) Convection (b) Radiation (e)Conduction {d) Expansion

If the temperature of 2 black body 15 doubled, the anerpy radiated per unst nme becomes:
(a) 2 times (b) 4 times (c) 8 imes (d) 16 times

Two rods A and B of different matenals are welded togsther as shown

in figure. Their thermal conductivities are K1 and K. The thermal tie i [
conductivity of the composite rod will be

e DR © K +EK)2 (2K +K)

The coeflicient of linsar expansion of a crvstalline substance in one diréction is 2 X 107* /0. The
coefficient of cubical expansion of crystal 1s equal 1o

(a) 2 x 107%/0, (b) 4 x 107%/0, (e) & x 107*/0, {(d) 1 % 1070,

A cuop of hot coffee 15 left on table after some time coffes cools down What 15 the mode of transfer
of heat for this cooling?

{(a) condoction (b) convection (c) radiation (d)all of these

A block of ice 15 heated until it melts completely. What happens fo the temperature of tce-water
mixture during this process?

(2) It increases continuously (b) 1t decreases contirmously

(c) 1t remains constant {d) rrincreases and then decreases

o e |
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16.

17.

18.

19:

i
e

The plots of intensity of radiation versus wavelength of three

black bodiés at temperatures T1, T2 and T3 are shown Then, = %
(ATI>T2>T1 (HTI=T2>T3 J;” . \
(ET2>T35TT  (DTI>TI=T2 T AT
A bumetalhic stnip 1s made of alvminmm and stesl. On heatmg, )

the strip will
(a) remam straight (b) will bend with alumiminm on concave side
(c) get twisted (d) will bend with steel on concave side.

For gquestions 17 to 2 . choose the correct option:
{a) Both Asserfion and Reason are true, and Reason is the correct explanation of Assertion.
(b) Both Assertion and Reason are true, bat Reason is NOT the correct explanation of
Asserfion.
(c) Assertion is true, but Reason is false.
{d) Assertion is false, bui Reason is true.
ASSERTION: Specific heat capacity of a bodv 1s ahways lesser than nis heat capaciy.
REASON Heat capacity 1s heat required to raise temperature of unit mass of substance by unity.
ASSERTION: Themmal coefficient of expansion for volume 13 approximately 3/2 times of
superficial coefficient of thermal expansion.
REASON: On heatip if change 1n temperature 1s same then percentage nse 1n volume 1s greater than
that in surface area.
ASSERTION: If two differenit substances of equal mass at different temperature are mixed with each
other equulibrium temperature 15 always different from their mean temperature.
REASON: Two substances have different specific heat capactty.
ASSERTION: The melting point of 1ce decreases with increase of pressure.
REASON: Ice contracts on melting.
ASSERTION: Weopllen clothes keep us warm dunng winter
REASON: Wool traps air, which 1s a poor conductor of heat.
ASSERTION: Shiny surfaces are used ms:de 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 mamly by conduction.
ASSERTION: Water 1s used az a coolant 1n car radiators:
REASON. Water has hich specstfic heat capacity.
ASSERTION: A black surface cools faster than a polished surface.
REASON: Black surfaces are good emitiers of heat radiation.
ANSWER KEY-MCQ

[ 1 b | 2 [ « 3 | a [ 4 b

| 5 c 6 € 7 | b 8 C
] c 10 d 11 a 12 ¢
13 d 14 c _1_"-: d 16 d
17 d 18 b 19 a 20 a
21 a 22 c 3 a 24 a
25 a

o e |
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PRACTICE QUESTIONS-)MCQ
Water has maximum density at:

(a) 0°C (b) 4°C (c) 100°C (&) —47c

The ST umt of thermal conductivity is:

(a)Jkg 'k  (B)WmK? (c) Wm =K% (@1
During melting of ice, the temperature:

(a) Increases contimmously (b) Decreases contmuously

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

Assertion (A): Steam bums are more severe than boiling water burns at the same temperature.
Reason (RY: Steam contains latent heat of vaponzanon.
{a) Both A and R are true and R 1s the correct explanation of A
(b) Both A and R are true but R 1 not the corfect explanation of A
(e} A is true but R s false
(d) A is false but R 15 true
ASSERTION: Durimg boiling, the temperature of water remains constant even when heat is
continuously supplied.
REASON: The supplied heat is used to convert higuid into vapour by overcomng ntermolecular
forces

2 MARK QUESTIONS
“Water 15 a good coolant because of 1ts ligh specific heat capacity.” Is this statement tree or false”
Explain
Calculate the heat eneroy requered to raise temperature of 500g water from 207C te 30°C. (Specific
heat capacity of water =4.186 J'2°C)
Determine the coethicient of linear expansion of a metal rod given AL =0.1m_Ls= lm AT =25°C.
During winter, a lake freezes at the surface while aguanc life survives below it Explain why.
Two cookme pans, one black and one shiny, are kept in sunhight. Which one becomes hotter faster
and why?
A person standing near a fire feels warm even though aw 13 a poor conductor of heat. Explam.
In the construcnion of the "Iron Pillar of Delhi” or modem stes] bnidses, why are rollers used at one
end of the won beams mstead of foung both ends nimdly to the concreta pillars?
Why are burns caused by steam at 100 °C much more severe than burns caused by boiling water at
the same temperatore?
A railway blacksmith needs 1o fit a stesl rail of length 20 m at 2 temperatore of 25%C. the
maximum temperature expected 1o the summer 15 45°C_ calculate the minimum zap that must be left
between two such rails se that they do not touch or buckle.
(Given: Coefficient of linear expansion of steel = 1.2 x107/ K)
A student wants to cool 0.5 ke of water at 30°C by adding 1ce at 0°C Calculate the mass of ice
required 1o bnng the final temperature of the water down to exactly 0°C.
(Given: Specific heat of water = 4200 J koK Latent heat of fusion of ice =3.36%10°7 ke)

SOLUTIONS OF 2 MARK QUESTIONS
True.

* Water has a hugh specific heat capacity (4.186 Jg® C), meamng it can absorh and release large

amounts of heat energy without 3 large change in temperature.

* This makes water an effective coolant, as 1t can absorb heat from surroundings without sising in

temperature quickly;

Given values: Mass of water (m) = 5002 = 0.5 ke Inthal temperature (T} =20°C

]
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Final temperature (T:) = 80°C. Specific heat capacity (3) =4.186 J/2°C = 4186 J'ke™C
Calculate temperature difference (AT) =T: - T. = 80°C - 20°C = 60°C
Apply formula Q = msAT Q=0.5ko » 4186 Jko®C =60°C =Q =1253807
Formula: o= AL / (Ls AT) given values: Change m lengsth (AL)=0.1 m
Ongmal length (Lo) = 1 m; Change n temperaturs (AT)=25°C
using values into formula:
e=01lm/ (ImX253°Ci=a=0004*Clor 4 x 10 *C =g =4 x 1025C
Water has maximum density at 4°C. The colder water and i1ce remain on the top while comparatively
‘warmer waterstavs below, allowing aguatic life 1o survive.
The hlack pan becomes hotter faster because black surfaces absorb heat radiation more effectively
than shiny surfaces.
Heat from the fire reaches the person mainly throvgh radiation. which does not require any medium.
Rolless are providad 1o allow for thermal expansion and comtraction. When atmospheric temperature
increases_ the beam expands in lenoth 1 both ends were nizmid, the resulune thermal stress could
tuckle the beam or crack the concrete pillars The rollers provide the necessary space for this linear
expansion
Steam at 100 °C carries ssonificantly more energy than water at 100 °C. This extra energy 15 the
latent heat of vaporization (22.6 x10° Jke). When steam hats the skin_ 1t first condenses into water,
relesing this massive amount of latent heat before 1t even bagins to cool down as 3 liquid.
Identify Given Values:
Initial length (L}=20m
Change in temperature (AT} = 45°C - 25°C =20°C
a=12x10%K Formulas AL=La AT :AL=20x12x10=%x20=4.3mm
The minrmum gap required 15 4.8 mm
Mass of water (m) =05 kg
AT forwater=30°C -0°C=30K
Specific heat (5] =4200 TkeK
Latent heat of ice {L;) =336 x10°J ks
Prnciple of Calorimetry
Heat lost by water= Heat gained by icetomelt msAT=m L,
0.5x4200 x30 =mx3.36 »10°  m=0.1875 ke The mass of ice required is 187.5 g

(8]

[

PRACTICE QUESTIONS- 2 MIARKS
Why are gaps left between railway tracks? Explain.
Calculate the heat requured to raise the temperature of 0.5 kg of water from 20 *Cto 60 °C. Given:
Specific heat capacity of water sy =4200 Jkg K
Why 15 the inside of a refrigerator made shimy?
A ball and ring apparatus 15 heated. The meta] ball passes easily through the ring befors heating but
not after heating. Why?
Caleulate the amount of haat required to raise the temperature of 2 kﬂ of alumimum from 30°C to 80
‘Ce=900Tkg'E?)

SOLUTION - NUMERICALS OF PRACTICE QUESTION
24000 J
0000 F
3 MARK QUESTIONS

Show that the coefficient of area expansion. (A4/4) AT, of 2 rectangular sheet of the solid 15 twice its
linear expansivity, a;.
_——————————+—+--+—[1mn

JIET ANYSTRUE - S PHYSIHCS- X1:.2006. 27 Hikg




I

I.I‘a

10,

I'.l

Why 1s the triple pomt of water taken as a standard fixed pomnt in modern thermometry” What 13

‘wrong in taking the melting pomt of ice and boiling pomt of water as fixed pomnts?

Explain why:
(a) A body with large reflectivity 15 a poor emitter
(b) A brass tumbler feels much colder than a wooden tray on a chully day
(c) The earth without 115 atmosphere would be whospitably cold
A copper vessel of mass 300 g contains 200 g of water at 20°C. Calculate the heat required to raise
the temperatura of both to 60°C.
(52=3200 Tkg' K, 5c2=390 Tk KY) _
A brass rod of length 30 cm and diameter 3 mm 15 joined fo a steel rod of the same length and _
diameter. What is the change in length of the combined rod at 250 °C. if the onginal lengths are at 40
*C7 (tpracs = 2.0 X 107509C, By = 1.2 X 10°5/C) _
How much heat 15 required to convert 10 g of 1ce at -10 “C into steam at 100 °C? (Given: 5= 0.5
calig?C 1;=80cal'e 1., =540 cal'n)
Explain the concept of latent heat of fusion and latent heat of vaponzation. Using these concepts,
calculate the amount of heat requured to convert 1 kg of 1ce at 0°C to water at 0°C.
A calonmeter contains 200 g of water at 26°C. A 50 g metal piece at 100°C 15 placed in the
calonmeter. The final temperature of the water and metal 15 23°C. Determune the speeific heat
capacity of the metal.
a) Explam why a steg] rod and & copper rod of the same dimensions, when heated to the same
temperature, will show different rates of expansion.
b) Explam why 2 glass tumbler cracks when 2 Hot ligud 1s poured into it, while a metal  tumbler
doesn't.
During a summer vacation, Rohan notices that the concrete sements of the hichiwvay have small gaps
filled with a flexible tar-like matenial between them: On a particularly hot afternoon, he observes that
these gaps seem much smaller than thev were in the sarly mormng.
(3) Identify the physical phenomenon responsible for this observation and explain the physics belund
it
(b) What would happen to the ighway if these gaps were not provided duning construction?
(c) I a concrete slab is 10m long at 20°C, calculate the sxpansion in its length when the temperature
rises to43°C. (Assume o, _...= 1.2 x107°C)

SOLUTIONS OF 3 MARK QUESTIONS
Consider a rectancular sheet of the solid matenal of length

A e LA0) Lale

a and breadth & (Fig.). _—saetum | I'
When the temnperature mereases by AT, r 2 TR T

[ increases by Al =a; JAT and b mcreases by |n 51
Ab=a; bAT. i o ! I
From Fiz, the increase n area |
AA = AA, + AA; +A4; = IAb + bAL + AlAB = LA, = 8140

la; BAT + ba, INT = a; IbAT>
= 1ba; AT(2 = a; AT) = AmAT(2 = a; AT)

Since @y = 103 K7 the product a; AT for fractional temperature 1s small in comparison with 2 and
may be neglected

~Ad = A AT x2
Hence, i 2 24
The triple point of water 1s used as a standard fixed point because it has 3 unique and sccorately
reproducible temperature of 273.16 K, where 1ce; water and water vapour coexist in equbbrum.

o e |
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The melung pount of 1ce and boiling point of water are not preferred because they vary with
atmospherie pressure and other external conditions. Hence, they are less accurate and less rehable as
standard fixed points.

(a) A pgood reflector absorbs very little heat radiation. Since good absorbers are good emitfers, 3 body
with Jarze reflectivity becomies 2 poor emutier of heat radiation.

(b) Brass is 2 good conductor of heat and takes heat away from our hand quickly, producing a coldsr
sensation. Woed 152 poor conductor, so f does not remove heat rapidly from the hand.

(¢) The atmosphere absorbs and re-radiates heat emutted by the carth. preventing rapid loss of heat
into space. Without the atmosphers, most of the arth’s heat would escaps, making the earth
extremely cold. '

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

Heat required for copper vessel @, = 0.5 x 390 X 40 = 7800 ]

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

Total heat required = 4.14 x 10% |

Given' Ly=1:;=30ecm.  AT=250-30=210"C.
ALprze: = LiGtypes: & T=30%2.0 ¥10%%210=021cm
Al = Li@ueee: A T =350%1.2 x107%210 = 0.126cm
Total Change: AL = Alpgses = ALzt =021 +0.126 = 0336 cm.
Heat torase1ce to 0°C: Qi =msA T=10=0.5%10=30cal

» Heat to meltice: Qy=mL = 10 »80 =800 cal.

> Heat to rasse water to 1007 C2 Q== 10 =1 «100= 1000cal.

» Heat to convert to steam” Qs =ml, = 10 %540 = 5400cal

» Total Heat. Q = 30 + 800+ 1000 =5400=7250 cal.
Step 1 Explain the concept of latent heat of fusion
Latent heat of fuston 15 the amount of heat energy required to change the state of 2 substance from
zolid to hqud without chanping 1ts temperature For e, the latent heat of fusion 15 approxumatety
334 Ji= or 334.000 Tke:
Step 2: Explain the concept of latent heat of vaponization
Latent heat of vaporization is the amount of heat energy reguired to change the state of a substance
from hquid to gas without changing its temperature. For water, the latent heat of vaporization 15
approxamataly 2257 Jiz or 2257000 Tko
Step 3: Calculate the heat required to convert ice to water at (°C
The heat required to convert 1 kg-of 1ce at 0°C to water at 0°C 15 grven by Q =m x L, where m 15 the
mass and L 15 the latent heat of fosion Q1 =1 kg = 334,000 Jkz =334.000 J
The heat pamned by thewater s Q=m > ¢ * AT=10.2 kg » 4186 I'kg™C = (235C - 20°C)=251161.
The heat lost by the mietal is Q=m * ¢ * AT = 0.05 ke » ¢ %(100°C - 23°C) =3.85¢ J.
Equating the heat gamed and lost: 2511.6 J=3.85c I.
Solving for ¢ c =2511.6 1/ 3.85= 652 2 Jka°C.
The specific heat capacity of the metal 15 approximately 6522 Jkz*C.
3) The steel rod and copper rod will show different rates of expansion because they have different
cocfiicients of thermal expansion. The coefficient of thermal expansion 152 matenal property that
determmes how much a matenal expands when heated. Copper has a higher coefficient of thermal
expanston than steel, so it will expand more than steel when heatad to the same temperature. Tlus
means that the copper rod will show a gréater rate of expansion than the steel rod.

[ N
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biA glass mmbler cracks when a hot liqmd 18 poured mto 1t because glass is a poer conductor of hear
and has a relatively lngh coefficient of thermal expansion. When hot Liqmd 15 poured intd the plass,
the inner surface expands rapidly, while the outer surface remams cooler and doesn't expand as
much. This creates stress m the glass, which can cause it to crack.
In contrast, metal 15 a good conductor of heat-and can distnibute the-h=at evenly throughout the
tumbler, reducing the stress caused by uneven expanston. As a result, 2 metal tumbler 15 less likely o
crack when a hot liguid 15 powred mto 1t
(a) Phenomenon® Thermal Expansion or Linear thermal Expansion
Explanation: When the temperature increases, the kinetic energy of the molecules mn the concrate
mereases, causmg them to vibrate more vigorously and occupy more space. This results in an
mcrease 1 the length of the concrete slabs.
(b) If gaps were not provided, the expanding concrete slabs would exernt immense thermal stress on
each other. Since the slabs have no room to expand, this mternal pressure would caunse the highway
o buckle, erack. making it danzerous for vehicles.
(¢) Given: Onienal length (L) = 10m AT = 45°C - 20°C = 25°C

a=12x%1077C AL=LxaxAT=10=12=10"»25=3mm

PRACTICE QUESTIONS- 3 MIARKS
Explain why.
(3) A body with large reflectrvity 15 2 poor emitter.
(b) A brass umbler feels colder than a wooden trayv on a chully day.
(¢) The earth without 1ts atmosphere would be extremely cold.
A steel rod of length 2 mn 15 heated from 20°Cto 120°C. Calculate the increase in lenoth. Given:
Coefficient of linear expansion of steel = 1.2 =10 °¢ _
A house owner notices that during summer, rooms with tiled roofs become much hotter in the
davtime compared to rooms with roefs painted white He decides to pamnt the roof white and also
install 3 false cetling made of woed below the roef
Answer the following questions:
(a) Why does a white-painted roof keep the room cooler”
(b) Why 15 wood used for making the false catling?
(c) MName the modes of heat transfer mainly reduced by:
(i) White paint {11} Woodsen false ceiling

SOLUTION - NUMERICALS OF PRACTICE QUESTION

5 MARK QUESTIONS
(a) What 15 thermal expansion? Descnibe an expenmeant to demonstrate linear expansion m sehids. (1
mark}

(b) Denive the relationship between change m length (AL) of 3 solid and s coefficient of linear
expansion (g). imtial lensth (Is) and change i temperature (AT). (2 marks)

(c) A metal wire of length 1.5 mexpands to 1 502 m when heated from 25°C to 75°C. Caleulate 113
coefficient of linear expansion. (g in 1575°C) (2 marks)

(a) Define thermal conductivity of 3 material

{b) Staie the factors affecting the rate of conduction of heat throuzh a rod.

(c) A copper rod of lencth 2 m and area of cross-section 5 % 107 m” conducts heat from 2 hotend at

o e |
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150°Cto a cold end at 50°C. If thermal conducnvity of copper 1s 400 Wm K7, calculate the rate of
heat flow through the rod.

(a) Define latent heat of filsion and [atent heat of vaponzation

(b) Why does the temperature remain constant during change of state?

(c) Calculate the heat required to convert 300 g of ice at —20°Cmto water at 50°C.
Given:Specific heat capacity of 1ce = 2100 ] kg K~

Specific heat capacity of water = 4200 [ kg 'Kt

Latent heat of fusion of ice = 3.36 x 10° [ kg™

SOLUTIONS OF SMARK QUESTIONS

(a) Thermal expansion 1s the change tn dimensions of a substance due to change in temperature.
An experniment to demonstrate linsar expansion is by heating a metal rod clamped at one end and
obssrving the expansion using a scale.
(k) Let tmitial lenoth =1, final length = L. — AL initial temperature = T._ final temperature = T:
AT=T:-Ti AL=Tsxa AT ora=AL/ (Le AT)
() Gwvem AL=1502m-13m=0002m. Le=15m AT=73°C-25"C =350°C
o=AL ([ [Lex AT)=0002 /(1.5x30) =2467x 10==C*
(a) Thermal conductivity 1s the quantity of heat conducted per second through unit area of 2
material of unit thickness when the temperature difference between 1ts faces 1s | K.
(b} Rate of conduction depends on:

# Area of cross-section

» Temperature didference

» Length of conductor

> Nature of material
(¢) GivemL=2m A=5%10""m" AT =150-50=100°'C E=400 WmK*

G AT g _ 400x5x 167¥%100

Usigi="0 2= - 2-10W Rateofheatflow=10W

(a) Latent heat of fusion: The amournt of heat required to convert umt mass of a sohd into hguid at s
meiting point without change in temperatura.
Latent heat of vaporization: The amount of heat required 1o convert umit mass of a4 hqud nto vapour
at its beiling point without change in tfemperature. '
(b) Durning change of state. the supplied lieat 15 used to overcome intermolecular forces between
particles rather than increasing kinetic energy. Hence the temperaturs remains constant,
(¢) Gven:m=500g
Step 1: Heat required 10 raise temperature of 1ce from —20°Clo 0°C
Using, Q@ =mcAT Q) =0.5 x 2100 x 200, = 210007
Step 2: Heat required to melt 1ce at 0°C
Using, Q=mLly Q,=05x3.36x107Q, = 1.68 x 10°]
Step 3: Heat requirad 1o raise water temperature from 0°Cio 50°C
Using, @ = mcAT Q3 = 0.5 x 4200 x 50Q; = 105000 |
Total Heat Required
Q =0y + Q=+ 050 = 21000 + 168000 + 105000 = 294000 ] = 2.94 x 105

PRACTICE QUESTIONS- SMARKS
(3) Define latent heat of fusion and !atent heat of vaponzation.
(b) Why doss temperature remain constant durnng change of state?
(¢) Calculate the heat requited to convert 500 gm of 1ce at —20°C into water at 50°C.
Given Specific heat capacity of ice =2100 kgt K
Specific heat capacity of water =4200 Jko T K

Sﬁiﬁ: heat capa ﬁ- r of Latent heat of fusion of ice = 3 36 =10° Tkg
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(a) State Stefan's law of black body radianen. Explain why a hot object cocls faster in the beginning
and slower after some timsa.
(b) A black body radiates energy at the rate of 800 W at a certam temperature T If iz absolute
temperatuge 15 doubled, calculate the new rate of energy radiation

SOLUTION - NUMERICALS OF PRACTICE QUESTION
4060 T  2(c) 128007

CASE STUDY QEESTID‘HS
Standards in Thermometry and Anomalops Behavior

In modern thermometry, the tnple pomnt of water 13 the sole standard fixed poumt

because 1t oceurs at a umgue, reproductble temperature and pressure (273. 16K \

at 611 .66 Pa). Unlike the traditonal ice and steam pomnts used in the Celsms | J
scale. the triple point 15 independent of external atmosphenc fluctuations. This :,I Ll.nTnﬂ:I /

precision 15 vital for definine the Kelvin scale Addionally, water exhibits
anomalous expansion, where 1t reaches 11s maximum density at 4°C. This

fresaure

Hﬁlld_l lc_’

property 15 cricial for the survival of aguatic lifein cold regions, as the denser F—

4°C weater remang at the bottom 'of lakes while 1ce forms on the surface. fignn

=

Cueshons. Tesparitee

1.1. According to the phase diagram and the t2x1, why 15 the tnple point

of water chosen as the standard fixed point?

(a) 1t 15 the temperature at which water bouls 1 atm.

(b) It 15 2 umgue state where all three phases (solid, hgud, gas) coexust i eqmltbriom.

{c) It 15 exactlv §°C regardless of pressure:

(d) It is 2asier to achieve than the melting pomnt of ice. .

1.2. At what temperature does water reach s maximum density, ensunng the survival of aguatic life

as described?

(2) 0°C ) 100°C () 4°C (d)273.16 K

1.3. If the temperatuse of a gaz 1= 300 K. what s 1ts equivalent temiperatuse on the Celsrus scale?

(2)26.85°C  (b)300°C  (c73.15%C  (d)27.16°C

1.4.A Based on the shift to modem standards, how does the "ice point" change if the atmospheric
pressure 15 sizmificantly increased?

{a) It increazes. (b) It decreases.
(c) It remams exactly at 27315 K (d) It becomes equal to the tnple pomt.
O

148 The triple pout of water comesponds o a pressure of 611.66 Pa If the pressure 15 increased
signsficantly above this value while keeping the temperature at 273 16 K. what is the most
likelv phase of the water?

(a) Sublimates directly mto water vapor.
{b} Remains as a mixture of all three phases
(c) Transitons completely into the liguid phase.
(d) Converts into a supercnitical fluad.

Cooling by Iee and Steam Bums

Riva went for a picnue with her fiends. She observed that 1ce keeps soft dninks cold for a lonzer time

than chilled water. Later at home, while helping in the kitchen, she leamed that bums caused by

steam are more severe than burns cansed by boiling water at the same temperature.

Her phvsics teacher explaned that both sstuations are related to the concept of latent heat

e Ice absorbs extra heat while melting and keeps the dnink cool for 2 longer time.

e Steam releases additional latent heat dunng condensation, causing severe burns.

o e |
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21,  Icecools dnnks more effectuvely because 1ce:

(a) Has lower density (b} Absorbs latem heat while meltins
(c) Reflacts heat (d) Has lower temperature only

22 The hest required to change unit mass of a substance from solid to liquid without change n
temperature 15 calied:
(a) Specific heat capacity (b) Thermal conductiviey
(¢) Latent heat of fusion (d) Latent heat of vaporization

23.  Calculate the heat required to melt 100 g of e at 0°C Given: Ly =336 =10° Tke

(a) 1.68 =10°J (b) 2.36x10% T (c)3.36x10° 1 (dH36=10%T
24 Asserton (A): Steam bums are more severe than boilling water burns at the same temperature.
Reason (R): Steam confains latent heat of vaporization
{(a) Both A and R are true and R 15 the correct explanstion of A
(b) Both A and R are true but K is not the correct explanation of A
(c) A 15 true but R = false

(d) A s false but R 15 true DR
24 B Dunng melung of ice; the temperature remains constant because the supplied heat 1s used o
(a) Increase molecular speed (b) Increase density
() Overcome imtermolecular forces {d) Decrease pressure
SOLUTION OF CASE STUDY QUESTIONS
1.1:(b) 12:(c) 1.3:(a) 14.A:(b) 1.4B :{c)
2.1:(b) 2.2:.(c) 2.3:.(€) 24A (a) 248 {c)

PREACTICE QUESTIONS- CASE 5TUDY
1 Riva observed that wce keeps soft dnnks cold for a longer nme than
chilled water. Later, while helping 1n the kitchen, she leamned that steam
burns are more severe than burns cansed by boiling water at the same
temperature. Her teacher explamned that these effects are related to latent
heat

Answer the following guestions:
1 Ice cools dninks more effectively because it

(a) Reflects heat (b) Absorbs latent heat while
melting
(c) Has lower density (d) Has lower temperature
only
(2)  The heat required to change umt mass of solid mnto higuid without temperature change is called:
{(a) Specific heat capaciv (b) Latent heat of vaporization
{(¢) Thennal conductivity (d) Latent beat of fusion
(3) Calculate the hest required to melt 100 gm of 1ce at 0°C Given: L:=336 *1F Jko
(3) 168 x10° T (b)236%10%] (€) 3.36%10° 7 (d}436%10%
4)  During melting of ice, the supplied heat 15 used to:
(a) Increase molecular speed () Increase temperature
() Overcome intermolecular forces (d) Decrease denaity
ANSWERL: (b) 1.2: (d) 13: (c) 14 (c)
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[l THERMAL PROPERTIES OF MATTER &

TEMPERATURE CONVERSION

G
= ?C+32

d ==

(F+n ‘F C In“ﬂ]

H’ K=+ 273 \

(K n h’.ﬂlu’rn CTin 'C:l

THERMAL EXPANSION
€D Linear ExpaNsION

P AL =L a AT |
P 4
Ly = Elrjgpel bapgth
—— s mm - Al = Change i kEngth
Ad, = Copllicmht of nsee s paesioe

Al = Changodin tamporoium

€ AREA EXPANSION
Ad = Ay AT |

As = Grgna arsa
Ad = Ohaikgn Ik dme

fi-= Coafcient of ama pEninn
AT = Crinige b pemtie

p———

-

Ly

€D VOLUME EXPANSION
AV =V,y AT |
¥ = Oirigg | Hasd weesbuai =
A&V = Changs m ovodames
7= Cnatliciang ol vollirs sopiesisn
AT = Changs m iemparEtene

| HELATIONSHI® BETWEEN COEFFICIENTS

B=2a, y=3a
| ﬂ:;ﬂ-;TZT:i:_:]_
CHANGE OF STATE
FRIS N (SOLID — LIARD
ity = st reuied b Cowest Q mf-ff

A wolle it & Heqoid i g I‘T:r
Ly = latem bt of -hudion

VMR TIOM (LD = YAR0a)

u]- -;l Chumritity of heal roeulie b danest
— it il irin weeaT W g e

Q =mlL,

! s & LatierT Few ot v sediien

' HEAT TRANSFER — CONDUCTION

Thi i rrin rizhe ol boat Mok in @ wiolert]

T Ty v | e Saresaratane o e =
Q_ wMhi=-T3) |

U = Thuipiss suvadleivipy
A = & F rose-pection

- .il

Bl HEAT CAPACITY & SPECIFIC HEAT ‘

1, = I} = Tempmmiyrs wilin mree
Qi < Sptw of TENE Tomw

i = Thyreteme Sumgrerne

THERMAL STRESS

7 _
%ﬁ: ‘ Siress = YaAT |

¥ =o' moockoium [roodufus of ettty
= Comfficmnt of llnaar esprmion
AT = Changa 0 tempo sl ues

al |

HEAT CAPACITY (S) €=
AT

AQ) = Hust acled
AT = Changa In s p=matline

SPECIFIC HEAT CAPACITY (5) - 5

5 = Heat ity
i o= Wiaas of e wiilsstanee

HEAT REQUIRED TO RAISE
TEMPERATLIRE

Duarptity of bewit sl red = cmresse e
sErvieraties of MKy sutsstancs by AT K

| AD=msAT

THERMAL RADIATION

WIEN'S DISFLACEMENT LAW

A I = constant

Ay ® Wavolength BT makimum ety
T = Ahoolute tomparaturn

STEFAN-BOLTZIMANN LAW
H = AoT

Teatall vt llamil et remeony armifibest s s
Arng mf e nufae

Stadid = Ballgeanm pentan| £3.67 x
Alaalyitn WmgaraTiem i K

AW K

r‘:? These formulas describe how matter responds to temperature changes
and how h=at isstored, transferrad and radiated,
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MULTIPLE CHOICE QUESTIONS

1. Inan isothermal expansion of an ideal gas, which of the following statements is correct regarding the
internal energy (U)?

a. Intemal energy mncreases c. Internal energy decreases

b Internal energy remiams constant d. Internal eneroy first increases then decreases
2 Which of the followng 15 an intensive property?

a. Eathalpy c Molar heat capacity

b: Veolume d. Internal energy

3 For anideal gas, the relationship between molar heat capacity at constant pressuré (Ca) and constant
volome (Cv)is given by:

a Cp-Cy=R c.Cp-Cy=R
b: Cxr—-Gp=R d.EP'-ZR'
oy
4. For an adiabatic process, which of the fallowing 15 trus?
a AQ=10 c.AT=0
b. AP=0 d AW=0
5. First law of thermodynamics is based on?
a Conservation of Energy ¢ Conservahon of mass
b. Conservaton of momentum d. Conservation of work

6. Imternal énerzy of a sysiem is defined as”
a. The sum of kinetic energies of all molecules of the system
b. The sum of kinetic and potential eneroies of all molecules of the system
¢, The sum of potential enermies of the system
d. The average kinetic ensrgy of all molecules A

7. The 1sothermal diagram of a gas at three different temperatures T1, T2 and FTY

T3, 15 shown in the given figure. Then' \\K

a Ti<T:<T: eTi1<Ta>T: b

b. T:>T:>T;: dTi>T:<T: 5 >
8. The relaticn between the slope of 1sothenmal curve and slopes of adiabatic curve

a slope of adiabatic curve = y ttmes slope of 1sothermal curve

b. slope of isothermal curve =y times slope of ddabatic curve

¢ slope of adiabatic curve = ]—f tiniés slope of isothermal énrve

d_ slope of isothermal curve = -:: tumes slope of adiabatic curve
9. In an adiabanc chanoe the specific heat of 2 zas 1s:

a mcrease with inctease in tempetature

b. decrease with mcrease in temperature

¢. not depend upon change in temperature
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d.  Always zero.
10. Durning an adiabatic process, the pressure of a gas s found to be proportional to the cube of its absolute
temperature. The ratio Ca/'Cy for zas 15

a 473 e.2
b: 5/3 d. 32

11. Which of the following is not a thermodynamic coordinate?
a. Gas constant(R) ¢ Prassure (B)
b, Volomei{V) d. Temperature (T)

12. Conssder the process on a system shown in fizure. Dunng the process, the

wotk done by the system 4

a. contunuously increases c. comnuously decreases .
b, first increases then decreases d. first decreases then =

incieases
13 A sample of 1deal gas (y = 1 4] 15 heated at constant pressure_ If 100 J of heat
1s supplied to the gas the work done by the gas is:
a. 28577 c 565417
b. 38927 d 6538
14. An ideal gas having molar specific heat capacity at constant velume is ER-. the molar specific heat

capacilies at constant pressure 1s:

a %H c.:_;R
b, -R d 2R
2 2

15. Which of the fallowing laws of thermodvnamics mtroduces the concept of temperature?
a. Furst Law of Thermodynamics ¢ Second Law of Thermodynamics
b. Zeroth Law of Thermodynamics d Third Law of Thermodynamics
16. In an adiabiatic process, the relation between pressure Prand volume V 1s:given by PVY = constant. What
does ¥ represent”
a The ratio of specific heat at constant pressure to specific heat at constant volume (Cp/Cy:)
b. The product of specific heats (CoX Cv)
¢. The difference between Cpand Cv
d The sum of the specafic heats Cpand Cy
17. Which thermodynamic variable 15 defined by the Second Law of Thesmodynamics?

a. Enthalpy ¢. Internal Energy
b. Eatropy d Temperature
18. A Carnot ensine works between 2 source at 127°C and a sink at 27°C. What s its efficiency?
a 23% c: 50 %
b 75% d. 100%
19. In an 1sochonc process, the work done by the system 1s:
a. Positive c. Negaiive
b: Zero d. Infinste
22 For a cvelic process, which of the following is always true?
a W=b coAl=10
b. Q=0 d AV=0
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SOLUTIONS:
1. Answer ¢
Explanation: Since T 13 constant and U of an1deal gas depends only on T
Answer: ¢
Explanation: Intensive properties do not depend on the quantity of matter
3. Answer.c
Explanation: This le known 25 Mayer's formulz
4 Answer a
Explanation: No heat enters or l2aves the system
5. Answer:@a
Explanation: The first law of thermodvnamics is based on the conservation of energy. Tt deals with
work done and heat energy supplied or removed from 2 systam. It basically says that enerzy supphied
to a system 15 conserved
6. Answer.b
Explanation: The intemal eneroy of a system corresponds to the energy possessed by all molecules.
Thus 1t 15 the sum of kinetic and petential ensrgies of all molecules in the svstem considered.
7. Answer.a
Explanation: The given diagram shows that the curves move away from the ongin at higher
temperature
8. Answer. a
Explanation: For 1sothermal process, PV = constant, Differentiating both side PV ~VdP =0
or dPdV=PV (1)
Again for adiabatic process PV’ = constant
Agamn differentiating both side dP/ V=PV
slope of adiabatic curve = v = slope of 1sothermal curve
9. Answer d
Explanation: In adiabatic process Q = constant, then AQ = 0 and specific heat s=0
10. Answer d)
Explanation: AsP e T
or P /'T? =constant = PTZ =constant _._._._(1)
For an adiabatic change, PV' = constant
For an ideal gas PV=nRT
Or. V=nRT P Thus, P(aRT/P)' = constant
O PT"M=constant ..~ .. D)
Companng v/(1-y=3 = w32
11 Answera
12 Answer: a
13. Answera
14. Answer: ¢
15. Answer: b
16 Answer. a
17. Answer: b
13 Answer a
19 Answer; b
20 Answer ¢

=
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ASSERTION AND REASONING TYPE QUESTIONS

L. Assertion: The specific heat of a zas in an adiabatic process is zero.
Reason: In an adiabatic process, there 15 no exchange of heat between the svstem and the
surroundmes (dg =0).

Asserfion: Internal enerzy of an 1deal zaz depends only on 113 temperature.
Reason: In an 1deal gas, there are no intermoelecular forces of attraction; so the potential energy 15
zero.

3. Assertion: It 1s impossible to convert all the heat absorbed from a hot reservorr wito work.

Reason: The Second Law of Thermodynamics states that heat cannot flow from a colder bodv o a
hotter bodv without external work:

Assertion: Air becomes cooler when 1t expands suddenly from a punctured tyre:
Reason: Sudden expansion i1s an adiabantic process where the work 15 done ai the expense of infernal
Enerey.

¥ Asserﬁnrgn': An 1sothermal process must be camed ont very slowly.

Reason: For the temperature to remam constant there must be sufficient time for heat exchange
between the system and sumoundings to maintain thermal equlibrom.

6. Assertion: In 1sothermal process whole of the heat energy supplied to the body 15 converted into internal
EnErEy.
Reason: According to the first law of thermodynamics AQ = AU

SOLUTIONS

l. Answer a(Both Assertion and Reazon are true and Reason 1s the correct explanation of Asserfion)

2. Answer a (Both Assertion and Reason are true and Reason 1s the correct explanation of Assertion

3. Answer (b) [Both are true statements of the 2nd Law. but the Reason (Clansius statement) does not
directly explam the Assertion (Kalvin-Planck statement) ]

4. Answer a(Both Assertion and Reaszon are true and Reason 15 the correct explanation of Assernoen)

5. Answera (Both Assertion and Reason are true and Reason 15 the correct explanation of Asserhon)

6. Answerd (Both A and R 15 false Explanation if T=constant change in mtemal enerey does not take
place and AQ = AU ~ W)

[

I.I‘n'.

CASE STUDY BASED QUESTIONS

THE PHYSICS OF PHASE CHANGE: A student performs an experiment by taking 1 kg of ice at -10°C
and heatng 1t at a constant ratz until it becomes steam at 110°C. The student records the temperature at regular
intervals and plets a Heating Curve. Duning the process, the student notices two distinet remons where the
temperature remains constant despite a continuous supply of heat They also note that the volume of the
substance changes siemificantly during the transition from liquid water to steam_ performing work against the
comstant atmospheric pressure.
1. Dunng the transition from ice at 0°C te water at 0°C, the heat supplied is used to:

2. Increase the averape kinenic eneroy of the motecules

b. Increase the potential enerzy by breaking mtermolecular bonds

¢. Decrease the temperature of the surroundings

d. Increase both kinetic and potential energy equally
2. In the region of the heating curve where water 15 boiling mto steam (100°C), the specific heat of the

water 1= mathematically:
a Infinite c 4186 TKe 'K
b. Zero d. Negative
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. A gas 15 suddenly compressed i1 2 container with perfectly msulating walls. Does the

When 1 gram of water at 100°C tums mte | gram of steam at 100°C, the imteral energy of the system
increases. This is because:
a. The temperature has wncreased,
b. The molecules are moving slower tn steam.
©. Heat 1z absorbed and the volume expands. domg work aganst atmosphere.
d. Potential energy remains constant but kinetic enefgy increases.
Accordmng to the Fust Law of Thermodynamics (AU — AW), durning the boiling of water at constant
pressure:
AQ = AU because no work 1s done.
AU= AQ — P(Vasam - Vipazer).
AQ =AW because mternal energy doesn't change dunng phase changs
AL 15 always zero for any phase change

Y

SOLLUTIONS
Answer: b (Explanation: Dunng 3 phaze chanpe the temperature remains constant, meaning the average
kmetic energy does not change The heat (Latent Heat) 15 used entirely to overcome the attractive forces
between melecules, thereby micreasing the potential energy)
Answer: a (Explanation: Specific heat 55 defined as $¢ = AQ / (mAT). Dunng boiling, heat AQ 15 being
added, but the change in temperature AT 1s zero. Dividing by zéro zives a mathematical value of infinity)

. Answer: ¢ (Explanation: Intemnal energy increases because heat 15 added te the system (AQ > 0). Whule

some of this energy 15 spent as work (AV) to push back the atmosphere as the volume mmcreases, the
majority goes nto increasing the molecular potential energy )

Answer b (Explanation: This 15 the standard application of the First Law, The change m infernal eneroy
15 the total heat added munus the work dome by the system dunne expansion (W = PAV). Since:steam
occuples much more volume than liquid water, work 15 a significant factor)

QUIZ
1 MARK QUESTIONS

temperature of the zas increase, decrease, of remain constant? Justify
A person decides te cool a closed, thermally msulated room by leaving the refnigerator door open.
Quantitatively, why will the room temperature aciually nse?

On a P-V diagram, two curves represent an 1sothermal and an adiabatic expansion of the same gas from
the same initial stafe. Which curve will have a steeper siope?

Explam why the molar specific heat at constant preasure (Cg) 15 always greater than the molar specific
heat at constant volume (Cy) for an ideal gas.

After completinz one full cvele, a heat enzine retums to 1fs mutial state. What 15 the net change i the
intemnal energy of the working substance?

You are given two different paths on a P-V diasram to take a gas from State A to State B. Will the work
done by the gas be the same i hoth cases? Why or why not?

If 100 T of heat 15 supplhied to 2 gas kept 1n a ngid. non-expanding contamer. how much work 15 done by
the gas, and where does the supplied energy go?

Is 1t possible to create a heat engine that converts the entire heat absorbed from a source o work
without rejecting any heat to 2 sink? Name the law that zovems this
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Between the vanables Pressure (P), Volume (V), Temperature (T), Heat (Q), and Work (W), 1dentfy
which are "path funchions ™
For a diatomic gas like Oxyoen, what is the value of the adiabatic mdex (v = Cp/'Cy) at room
temperature?

HINTS / SOLUTIONS
Temperature increases — Sudden compression — insulating walls = Adiabatic process (Q = (), so work
done increases internal energy.
Room temperature rises — Refrizerator releases mote heat than 1t absorhs because electrical work s also
converted mto heat
Adiabatic curve ts steeper — In adiabatic expansion. temperature also decreases, causine pressure to fall
faster.
Cz = Cyv — At constant pressurs, heat 1s used for both raising intemal energy and doing expansion work
Net change in internal energy = 0 — Intemal ensrgy 15 3 state function: cvelic precess returns to mitial
state.
No, wotk done may differ — Work depends on the path taken on the P—V diagram (area under curve).
Work done = 0 — Rizid container = AV =0 = no work. Entire 100 T zoes into increasing internal
energy
No, impossible — Governed by the Second Law of Thermodynamics (Kelvin—Planck statement),
Path functions: Heat (Q) and Work (W) — depend o the process path followed.

. v for diatomic gas = 1 4 — For gases like Oxygen af room femperatuse.

2 MARK QUESTIONS

An ideal pas is compressed to half 1ts initial volome. If this 15 done (3) isothermally and (b) adizbatically,
in which case will the final pressure be lhizher? Provide a reason based on the goverming eguations for
both processss.

When heat 13 supplied to 2 gas at constant volume, the temperature rises guickly. However, when the same
amount of heat 15 supplied at constant pressure, the temperature rise 15 slower. Explain this observation in
terms of the work done by the gas.

A system 15 taken from State A to State B via two different paths- Path 1 15 3 direct straight line, and Path
2 13 2 curved path on a P-V diagram (a) Is the chanpe m mtemal energy the same for both paths? (b) Is the
work done the same? Justify your answers.

When air 15 pumped into a bicyele tire rapudly, the pump barrel becomes quite hot. Is this heat primanily
due to friction, or is there a thermodynamic explanation 1avolving the air mside? Explain using the First
Law.

A smentist claims to have developed a heat engine that opesates between 600 K and 300 ¥ with an
efficiency of 55%. By calculanng the mamimum possibie efficiency (Camot efficiency), determine 1f this
clammn s valid.

Define an 1sochonc process. H 200 J of heat 15 added to a system dunine an isochoric process. what is the
change 1n internal energy?

When a high-pressure bicycle tire suddenly bursts, the air escaping feels noticeably cold o the fouch
Since there was no "refngerator’ mvolved. explain the drop in temperature using the First Law of
Thermodynamics and the nature of the expansion.

An deal gas 15 contained in one half of an msulated ngwd contamner, while the other half 15 a vacuum. If

the partition is suddenlv removed, the oas occupies the entire volume.
]
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a Calculate the work done by the gas.
b. What 1s the change in the internal energy of the gas? Justfy vour answer.
Two contamners of equal volume contamn | mols of Helium (monatomic) and 1 mols of Nitrogen (diatomic)
respectively, bath at the'same temperatore T.
a Which gas has lugher intemal energy?
b. If the same amount of heat ( is supplied to both at constant volume, which gas will show a
greater fise in temperature?
Can the sfficiency of a Camot engine be increased more effectively by decreasing the sink temperature
(T:) by 10 K or by increasing the source temperature (T;) by 10 K7 Show the mathematical reasoming
behind your choice.
HINTS / SOLUTIONS
Final pressure 1s higher in zdiabatic compression
Isothermal: PV=constant. Adwbanc: PVT = constant
Since =1, pressure nises mote rapdly m adiabatie process.
Temperature rise 15 slower at constant pressure
At constant volume: no work done (W=0). all heat increases mtemal energy.
At constant pressure. part of heat 15 used for expansion work (W=PAV ).
(a) Change in infemal energy i1s same — depends only on imtal and final states (5tate function).
(b) Work done 1= different — depends on path followad on P—V diagram.
Main reason: adiabatic compression of air
Rapid compression = little/'no heat exchange (Q=0).
Work done on air increases intemal eneroy — temperature nises.
Frniction mav contribute shightly.
Check Camot efficiencyn=1 — ?TT-;: 1 — (300600} = 0.3 = 50%.

3
Clammed efficiency = 53% > maximum possible 50%. Therefore claim is invalid.
Isochoric process: Constant volume process (AV=0), Work done W=0
From First Law. Q=AU Hence AU=200 I.
Air feels cold due to sudden adiabatic expansion Gas does work while expanding rapidly. No heat enters
from surroundings (Q=0). Imternal 2nerov decreases — temperature drops.

(2) Wotk done = (. Expansion into vacuum —- 1o OpposIng Pressure.
(b) Change 1n internal energy = 0. Contamner msulated = Q=0. Simce W=0, from First Law: AU=0.
(3) Nitrogen has higher internal energy. Diatomic gases have more degrees of freedom.

(b) Helium shows greater temperature nise. Monatomic gas has lower Cv, 50 same heat causes larger AT
Effictency,n = 1 — g_;‘— Decreasing sink temperature by 10 K 13 more effective in mersasing
1

efficiency.

I MARK QUESTIONS
A sampie of an ideal zas (y = 1 4) at an minal pressure of 1.0 x 10° Pa and temperature of 27°C is
compressed suddenly to one-eighth of its ongmnal volume. Calculate the final pressure of the gas. (Ans:
1.84x 10° PaUsmneP V" = B,17)
An ideal gas underzoes a cyclic process represented on a P-V diagram. The process stars at point A (Py,
Vi), moves to B (P1, V) 1sobancally, then to C (P2, V2) ssochoneally, and finally retums to A via a strasght
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line path Data: Py =300 kPa. P2 =100 kPa, V; =2 m*, V=5 m’. Calculate the net work done by the gas
durmg one complete cvele. (Ans: 300 kJ)
A thermodynamic svstem 15 taken from an inmal state A to another state B. Along path ACB, 380 J of heat
flows into the svstem and the system does 30 J of work Along path ADB, the wotk done by the system is
141 I. Calculate the heat flow into the system along path ADB. (Ans: 60 7T)
Two moles of an 1deal monatomic gas (Cv = ER} are heated from 300 K to 600 K at constant pressure.
Calculate (a) the heat supplied to the gas, (b) the change 1n intemal enerov, and (c) the work done by the
gas. (Use R=8.31 Jmol'K?), (Ans: a 124655 b. 7479 7. ¢ 4986 1)
An 1deal menatomic gas occupies a volume of 4.0 L at a pressure of 2.0 x 10° Pa and a temperature of 300
E_ The gas 15 first heated at constant volume until 1ts pressure doubles. and then 1t 15 expanded at constant
pressure unti] 1ts volume douobles. Calculate the total heat absorbed by the gas donng this two-step process.
(Use R=3831 Jmol"K" and C+=2R). (Ans: 3600 J)

HINTS / SOLUTIONS
PiVi =P:Vil y =14 P=1x10°Pa, V:=V1 8 Onsolving. P2 =184 x 10°Pa
Pi—P:=2x10°Pa Va- Vi=3m’ W=2(P; — P,)(Va—T4) =300 kJ.

. Using Fust Law of Thermodynamics, Q=AU+ W

80 =AU=30 AU=501. Q=AU~-W,Q=50-10=6017.
3 -

=2, AT=300 E. Cv :ER: Ce=Cv+R =;R

a Q=nCpAT=124657T

b, AU=nCyAT=7479J]

o W=Q—.ﬁ.U=4§lE&J
At Constant volume. Pressure doubles = temperature doubles.
Ti=300 K. T: =600 K. Heat added = Q; =nCvAT =12001]

At constant Pressure, Volume doubles = temperature doubles asam 600K — 1200K
Qr=nCpAT = 2400 ] Total = Q1 ~ Q2=3600

S MARK QUESTIONS

a2  Distingmsh between Isothermal and Adiabatic processes.

b. A weather balloon contaming Helium (v = 1.67) at an mitial temperature of 27°C and pressure of 1.0
atm rises to an altitude where the pressure 15 only 0.5 atm. Assumung the expansion 15 rapid enoogh to
be adiabatic: Determine the final temperature of the zas i the balloon (in Celsius). (Ans: -45 753°C)

a  Siate the First Law of Thermodynamics and explain 1ts phys:cal significance as a restatement of the
Law of Conservation of Energy.
b. Show that for an sdeal gas, the change in mternal energy duning an ssothermal process 1s zero.

a. Define molar specific heat at constant pressure (Cp) and constant volome (Cv).

b. Derive Mayer's Relation (Cp - Cv = R) for an ideal zas, clearly explaming whv Cp 15 greater than
Cy.

€. A certam gas has 3 ratio of specific heats y = 1.4 Identifv the atomicity of the as and calculate its
degrees of freedom.
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HINTS / SOLUTIONS

(@)
Isothermal Process ) Adiabantic Process
Temperature remams constant (AT=0) No heat exchange (Q=0)
Heat exchange oceurs with surroundings System 15 thermally insulated
For ideal gas: AU=0 Internal energy changes
Eguanon: PV=constant Eguanon: PV'=constant
| Happens slowly | Ustally happens mpidly |

(b) ¥=1.67, T=27"C = 300K
i=lam P:=03atm
a4 1
8T = TP T:=22725 K =-45.75°%C
(a) Statement: The heat supplied to a svstem is used: to mncrease mternal energy, and to do external work:
Mathematically: Q = AU~ W
Physical Sigmficance: It 1s the Law of Conservation of Energy apphed to thermodynamic systems.
Energy cannot be created or destroved. Heat supplied transforms into internal energy and mechamcal
watk.
(b) Change in internal enersy dunng isothermal process
For an ideal gas: Intemal energy depends only on temperature.
In an isothermal process: AT={ Therefore: AU=0
Hence, durmp isothenmal expansion compression of an 1deal gas, intemnal energy remains constant.
(a) Specific heat at constant volume (Cy): Heat reguired to raise temperature of | mole of zas by 1K at
constant volume.
Specific heat at constant pressure (Cp), Heat required to raise temperature of 1 mole of gas by 1K at
canstant pressure.
(b) Denive Mayer's Relation
At constant volume: Qv= CyAT
At constant pressure; Qo= CaAT
From Fist Law- Q=AU +W
For constant pressure: Qz= Qv ~PAV
Using ideal gas equation: PAV =RAT
So: CpAT = CvAT = RAT
Dividme by AT: Cp—Cyv=R
Why Cp>Cyv 7
A1 constant pressure, oas expands and does work
Extra heat 15 needed for expansion work. Therefore: Co > Cy
(c) y=Ca/ Cv =14 Forgases, y=(f+2) ' { therefore f=5.
Degrees of freedom = 5. Gas 1s diatomic.
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5. KINETIC ENERGY OF IDEAL GRS
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MULTIPLE CHOICE QUESTIONS (MCQ)
1. Suppozs ideal gas eguation follows vp’= constant. Imtial temperature and volome of thegas are Tand V
respectively. If gas expand to 27V then its temperature will be come
a T b. ST €. 2TL d. T/'9

2. At what temperature, the mean kinetic‘energy of O will be the same for H:» molecules at — 73°C
alzrEe b. 3277C c. — T3°C d. —173°C
3. The temperature of a given mass is increased from 27°C to 327 °C. The nns velocity the molecules
increase
a vZtumes b 2 times c. 2v2umes d. 4umes
4. The rano of mms speads of two zases at same temperature (5

M, I M M-
= b. o c . d. o

3. A container has twwo chambers of volumes V; = 2L and V; = 3L, containmeg gases at pressures £y =
1atm and P = 2aim respectively Afier removing the partition, the eqmilibrium pressure becomes:
al+4atm b 1.8 atm c.1.3am d l§am
6. A zas mixturs contains 2 moles of 0.and 4 moles of Ar at temperature T Neglect vibrational modes.
Total intemal eneroy 15
a 4RT b. 15RT . SRT d. 11RT
7. The dimensional formula of the gas constant Ris.
a [MIPT2E moi™] b IMLT™?] e [MIPTY] & [MO%7Y
8. . A gas s filled in a contziner at pressure P I the mass of molecules is halved and their rms
zpeed 15 doubled. The resultant pressure would be
a 2P b. 4P c. P43 d P2
9. Atvery high temperature, vibrational modes become active: Degrees of freedom of a diatomic gas become:
a, 3 b. 5 c 6 d 7
16, The mean free path of molecules of a gas (radius £ ) 1s inversely proportional to:
- - b. £ d. Nr
11. The pressure P for a gas 15 plotted agamst 1t absolute temperature T for two different volumes Wy and
Vawhere V; >V,  If P s plotted on v — axis and T on x — axis, then
a the curve for V1 has greater slope than that for V2
b. the curve for V2 has areater slope than that for V1
c. both curves have same slope
d. the curves intersact at some pount otherthan T=0
12, Fourmolscules of 2 gas have speads 1, 2, 3 and 4 km s~ The value of the root mean square spead of
the gas molecule 15

YEmet, b IVI0 kst e 25 ks dﬁ e

13. For agas if ratio of speaific heats at constant pressure and volume 15 y then value of degrees

of freedom 1s
2 —1

a. — b.
Fr—1

2 g 25
= e = (-1 d— (r-1)
3. . 7
14. If one mole of monoatomic gas v = %15 mixed with one mole of diatomic gas v == the value of 7 for the
MmIXture 1s
a 140 b 1.30 c. 133 d 307

o e |
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15. A monoatomic gas molecule has

a Thres degrees of freedom b: Four dagrees of freedom
¢ Five degrees of freedom d. Six degrees of freedom
16. A gas behaves as an 1deal gas at
2 Low pressure and high temperature b. low pressure and low temperature
17. A partition divides a container having msulated walls mio two compartments I and IL
the same gas fills the two compartments. Ths ratio of the number of molecules m

cvm.grﬁnﬂﬂrs_landllis
al:8 b A1
41 d 1:-4

18.  In kinetic theory of gases it 1s assumed that:
a. The collisions are not perfactly elastic.
b. The molscular collisions chanse the density of the:gas.
¢ The molecules don’t collide with 2ach other on the well
d. Between two collisions the molecules travel with uniform velocity.
19. The pressure and temperature of an ideal gas ina closed vessel are 720 &Pz and 40°C
respecuvely. I l th of the gas 1s released from the vessel and the temperature of the

remammng-gas 15 rased to 353°C, the final pressure of the gas 1s
a 1440 &Pg b. 1080 &Pa & 720 XPa d. 340 &Pa
20. The mean kinetic energy of molecules of all gases 15 same at.
a2 Same pressure b, Same volume < Same temperature d. Same density
HINTS/SOLUTIONS
.5 2 C 3%b 4¢ s5d_6d 7.4 8a 9d10b 1Lb 124
13.b 14. b 15.a 16a 17.d 18.d4 19.b 20.C

1 b, Forthe gas process:  vp® = constant , Using the idea! gas 1aw PY=nRT, P=nRT/\
niT 5. - ) ?E » ='1
v(—v-] = constant 30 T 20V, T_f = V_E T2 =97
2 ¢ The mean kinetic energy of gas Tl'll;HEEI:“ES,dE]:IE!‘IﬂS onhy on absclute temperature, not on the type of g=s

3 b Vs 2VT . Converttemperatures toKelvin; Ty, =27°C = 300K .T. = 327°C = 600K
4_the ratio of rms speeds of two zases af same temperature 15 E = e
5. Using conservation relation: AW+ BV, =P, +V.) [ FP= e = g L&atm

:HHT

&.For gases Diatomic gas: [ =.*2—nET Monostomic gas: 7 =
U =Z(2RT) +3(4RT) = 5RT +6RT = 11RT
7a  [MLEAT K ‘mel™l]
g a Using, P=1/3pv =1 3mNv e V2 Pomvom,
g d Translationali=3 Rotational =2 Vibranonal =2
Total=7.
11, Pv=nRt=;p=nRT/V Slopeof P—T graph = 1/ ¥

: 1+4+9+16 30
12, 12 Vrms = J—,;—: !-:

13, 13 y=1+2
n

ni+ni nl " 3
14. =—+4 —— [y ==
—1 -1 =it 2
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16 @ Ideal Gas Behavior A g3s behaves as an 1deal oas at low pressure and high temperature. | A oas
behaves wdeally when 11s molecules are widely spaced, move freely, and do not interact with each other.

17. (d) s BV Now. » POV P ap or 2=
KT KT Er mo4
18D
= = = = = : _-E:EEE:E EE= 5
19.(b) F=Tkpa, T,=40°C=Z73-40=313K meT_a e T 303 L5 —

Fo=155=154720 = 1080 kFPa
20. A Usmg, P=13pvn=13mNv 0/ V ~Poms i,

ASSERTION & REASONING BASED MCQS

For question numbers 1 to 10, two stitements are siven-one labelled Assertion (A) and the other labellad

Reason (R), Select the comrect answer to these questions from the codes (a), (b), (¢) and (d) as given below.
{a) Both A and R are true and R 15 the comect explanation of A
(b) Both A and R are true but R 15 NOT the comect explanationof A
(2) A 15 true but B 1s false
(d) A iz false and R ss also false

L. Asserfion {A) : Mean fres path of gas molecules vanes inversely as density of the zas.

Reason (R) : Mean free path of oas molecules 15 defined as the average disiance

travelled by a molecule between two successive collisions.
Assertion (A) : Specific heat of a gas at constant pressure 15 greater than 1ts speciiic heat at constant
volume: Reason (R) :-At constant pressure, some heat 1s spent 1o expansion of the gas.

3. Assertion (A) : Absolute zero 1= not the temperature comresponding to zero energy.

Reason (R) : The temperature at which no molecular motion ceases is called absolute zero temperaiure.

4. Assertion (A) : Vibratonal snersy of distomic molecule correspanding to each mode of freedom 15
keT.

Reason (R) : For every molecule; vibrational degree of freedom s 2
5. Assertion: The ratio Cp,/Cy 15 more for helium gas than for hvdrogen gas.
Reason: Atomic mass of helium is more than that of hvdrogen
§. Assertion: An undamped spring-mass system 15 simplest free vibration system
Reason: I has three degrees of freedom

7. Assertion (A) : The number of degrees of freedom of a linear tnatomic molecule 15 7
Reason (R) : The number of degree of freedom depends on number of particle in the system.

8. Assertion (A) : For an ideal zas, the mfemal energy depends only on temperature.

Reason (B): In an ideal zas, mtermolecular forces are absent.

0. Assertion (A): At constant temperature, the pressure of a ras mcreases when s velume decreases.
Reason (R): Gas molecules collide more frequently with the walls of the contammer when velume
decreases.

10. Assertion (A): The pressure exerted by a zas 1s due to collisions of molecules with the walls of the
contamer
Reason (R): Gas molecules are in continuous random motion.

e

HINTS/ SOLUTIONS (ASSERTION AND REASON)
1.b RMS speed mncreases with temperature: v, o 7T
So, the Assertion is true. The Reason is also true because 1t correctly defines mean

free path  However, the definition given in the reason does not explain why mean free

path varies inversely with density.
2.3 Mathematically: Cp=Cp+ R
3 ¢ Assertion (A) 15 trus becavse even at absolute zere, atoms and moelecules possess zero-

pomt encrgy due to quantum effects. Therefore, total energy 15 not exactly zero.

- _________________________________________________]
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Reason (R) 13 false because molecular motion does not completely cease at absolute
zero.  Classical kinenc motion becomes mmmmum_ but guantum mechameal zero- pommt
motion stll exists
4.b One-degree of freedom contnibutes kinetic energy :i_"k_ET Another contributes potential enefgy %kﬂi"

Hence total vibrattonal energy per vibrational mode 1s: kgT = ékﬁ]" ¥ %kBT The Reason 1s also true m
the sense that each vibrational mode contributas two quadratic degrees of freedom (one kinstic and one
potential} However, the statement “for everv molecule, vibrational degree of freedom 1s 2" 13 not the
comrect explanation because the number of vibrahional degrees depends on the tvpe of molecule and the
number of vibranonal modes,

5:b Both assertion and reason are true but the reason 15 not a correct explanation of the  assertion.
Monoatomic helium has 3 degrees of freedom while diatomic hydrogen has 5 degrees of freedom

6.C -Assertion 15 true and reason 1s false. An undamped spring-mass system 15 the simplest vibration system
with one degree of freadom_

7.b Foralmesr trimfomic mofeculs: Translational degrees of freedom = 3 Rotational degrees of freedom = 2
Vibrational degrees of freedom (neglected in many cases at ordinary temperatures) =2 Hence total
active degrees of freedom:

F=3+2+2=7T TheReazonis aleo rue becauze the ol degress of frsedom of 2 syztem are relped 1o the aumber
of constituent pariicles and their pessible motions. However, the reason does not  specifically explain why 2
linear triatomic molecule has 7 degrees of freadom

8 a2 Smce there are no mtermolecular forces in an 1deal sas, there 1s no potential enerzy. Hence internal
energy consists only of kinetic enerey, which depends only temperature:

9. & atconstanttempesature, P :ﬂ:% S0, when volume decreases, pressure increases From kmetie theory
Decreasmng the volume reduces the space available for molecular motion. Hence gas molecules strike
the walls more frequently. Increased collision frequency increases pressure.

10. a Because gas molecules move continuously and randomly. they frequently collide with the container
walls, producing pressure.

CASE BASED QUUESTIONS

1. Case Study A research team 15 studying the behaviour of gases in a laboratory cvlinder fitted with 2
movable piston The eylinder contains an 1deal gas. When the piston is pushed mward. the gas molecules
collide more frequently wath the walls, causing the pressure to increase, The averave kinetic eneroy of the
molecules depends only on the absolute temperature of the gas. The scientists also observe that heghter zas
molecules move faster than heavier molecules at the same temperature. According to kinetic theory, gas
pressure anses due to continuous randem motion of molecules.
1. According 1o kinetic theory, the pressure of a gas 15 due to
a Mutoal attraction betwéen molecules b. Collisions of molecules with contamer walls
c. Weaght of molecules d. Shape of mojecules
2. If the absoluts temperature of an 1deal gas doubles, the averare inetic ensrgy of molecules  becomes:
a Hailf b. Double c. Four imes d. Unchanged
3. Whuch of the following zases will have the lughest rms speed at the same temperature?
A  Oxyezen b. Nitrogen ¢. Hydrozen d. Carbon dioxide
4. Real gases behave nearly 1deally under:
a. High pressure and low temperature b. Low pressure and high temperature:
¢. High pressure and lugh temperatuse d. Low pressure and low temperature
5. The mean kinetic eneroy of sas molecules depends on:
Pressure only b. Volume only
]
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c. Absolute temperature d. Density only

6. Which statement is correct for an ideal gas?

A Molecules exert sirong attractive forces B Molecules sccupy significant volume
€ Collisions are perfectly elastic D Molecules are at rest

2. Case Study Accordmg to the Law of Equiparhtion of Energy_ for any system in thermal equilibrium,
the total energy 15 equally distnbuted among its vanous degrees of freedom. Each degree of freedom
contnibutes an averaze enercy of ' kT per molecule. whete ks 1s the Boltzmann constant and T 15 the
absolute temperature. The number of degrees of freedom (f) depends on the atomucity of the zas molecules.
For instance, a monatonuc zas has 3 transiational degrees of freedom. while a diatomic gas at room
temperature possesses 3 translational and 2 rotational degrees of freedom. Thess degrees of freedom directly
mfluence the molar specific heat capacities (Cs and ;) of the gas The relation between specific heats and
the ratio of specific heats () is given by the degree of freedom as y = 1 = 2+ Understanding these thermal
proparties 15 crucial in thermodynamics for rala:uianﬂg work done and imternal energy changes i vanoos
atmosphenc and mdustrial processes. 1. A diatomic gas molecule like Oxygen (0:) at moderate
temperatures has how many degrees of freedom?”

a 3 b 5 c. '8 g 7

2. According to the law of eguipartition of enersy, the average kinetic enersy per dezree of fresdom per
ml:rlf_‘cuie 157

a 32T b k=T €, 12T d 35/2ksT
3. For a monatomic gas, the ratio of specafic heats (y=Cp Cv)1s:
& 1.67 b. 140 c. 133 d 1.00

4. 1f 2 gas has f degrees of freedom. then its molar specific heat at constant valume (Cv) is given by:
a fR b (EDR c. (1-£2)R d 2iR

5. A gas muxture contams 1 mole of Hehum{manzm:mc] and 1 mole of Hydrogen (diatomic). The effective
degree of freedom of the mixture is:

a 3 h. 5 c 4 d 8
ANSWERS 1 Case Study 1b Collisions of molecules with contamer walls 2b Domble: 3¢
Hydrogen 4. b Low pressure and high temperature 5. c.Absolute temiperature 6. Collisions are
perfectly slastic 2CaseStudy 1 b 5 2.c 12ksT 3.3 167 (Caleulation'y=1+23) 4b

(f2)R S.c 4 (Caleulation: (3+5)/2)
IMARK QUESTIONS (PRACTICE QUESTIONS)
1. When an aatomobile travels for 2 long distance the air pressure i the tyres increases. Why?

The temperature of a given mass of a gas 15 mcreased. How is the density affected, 1f the volume is kept

constant 7

3. Two different gases have exactly the same temperature. Does it imply that thewr molecules have the same
rms:speed 7

4. Why do pas maleculés not stick to the walls? .

5. Accordme to the Law of Equipartition of Eneroy, what 15 the average kinetic enerzy assoctated with
each degree of freedom for a molecule at absolute temperature T7

6. For angid diatomic melecule (ke Nz or O2 ) at room temperature, what 1s the tetal number of degrees

of freedom?
]
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7. What do you mean by mean free path of a gas molecule.

8. Mention the different ways of increasing number of molecular collisions per unit trme 1n a gas:
3. The rano of specific heats ¢ for a distomue gas (nmd) 13

10. How does the mean fres path (A)chanoe with an increase in gas density?

2 MARK QUESTIONS
L. State the twp matn assumptions of the Kmetie Theory of Gases that do not hold true for real gases.
2 How does the mean free path of 3 gas vary with (2) Temperature at constant pressure and (b) Pressure at
constant (emperaiore?
3. The root mean square (rms) speed of oxyzen molecule at certain temperature T 15 V™. If temperature 1s
doubled and oxyoen gas dissociates into atomic oxygen what is the spead of atomic oxyoen?
4. Two vesszls of the same volume are filled wath the same zas at the same temperature. If the pressure of
the gas in these vessels bein the ratio 1 : 2 then state
(1) The ratio of the rms speads of the molecules.
(11)  The ratio of the number of moleculss

Lh

At what temperaiure will the RMS speed of oxyzen molecules be sufficient so as to escape from the
earth? (The escape velocity from Earth 15 approxmmately- v; = 1L2 km/'s, M for oxyzen zas
(0,)is 32 % 103 kgrmal )

6. A gas molecule has { degrees of freedom. State the expression for its internal energy (U) and molar
specific heat at constant volume (Cv).

7. Explain why a diatomic moleculs has different degrees of freedom at room temperature versus very high
temperatures.

8 What 15 specific heat capacity (Cv) of water in terms of degrees of freedom 7
(assumng water behaves as a solid)

9. Isothermal curves for a orven mass of gas are shown at two different r'
temperatores Ty and T:. State whether Ty > T or T2 > Ty Justify your answer.

10. Explamn why (a) there 1s no atmosphere on moon. (b) there1s fall in
temperature with altitude.

HINTS/SOLUTIONS
L. The volume occumed by the gas molecules themiselves 15 neglimible compared to the total
volume of the gas. There are no intermolecular forces of atiraction of repulsion between
the gas molecules.
2 Foranideal gas, the mean free path Ais the average distance a molecule travels between

-',E::=p where: &= Boltzmann constani | T= absolute
temperature  d=molecular diaméter P= pressure From this relation: (3) Variation with
Temperature at Constant Pressure At constant P, A « T3¢, the mean free path increases
directly with temperature. Higher temperature , molecules move faster and gas expands
collisions become less frequent | larger mean free path (b) Vanaueon with Pressure at
Constant Temperature Afconstant T, A « % Sa, the mean free path decreases mversaly

with pressure

_fﬂ -_ﬂmim P
Fw= = c—\ o o =2y

4. (1) v @ /T as the temperature is same rms speeds are same. (W) =2===32

colbisions. Itismwenby: A=

5. To escape Earth, the RMS:speed of oxygen molecules must equal Earth’s escape velocity.
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The escape velocity from Earth 15 approximately; v, = 11.2kms = 1.12 x 10¥m's For
a gas molecule, the RMS speed1s: v = Jsa_"_’_r Where R = 8.314 Fmol K™ Mfor
HeI19T

s T¥L6x10°K

oxveen gas (0, 11532 x 10  kg/mel 112 % 10% =
§. For an ideal gas molecule with fdegress of freedom:

Internal Energy The internal energy of nmoles ofthegas s U = % nRT

where: f=dezrees of freedom  n= number of moles A= umiversal gas constant

T=absclute temperature U = EHR'T The molar specific heat at constant volume s O, = ER

c.=LR

7. A diztomic molecule can store enerzy in different ways called desrees of freedom: 1. Translational
motion 2. Rotatonal motton 3. Vibrational motion The number of active degrees of freedom
depends on temperature because energy is quantized. At Room Temperature A diatomic moleculs
mamly has: 3 translational degrees of freedom 2 rotational degrees of freedom S0, f =5
The vibrational modes are usually not excited at room temperature because the thermal energy 15 100
small to overcome the laroe enerpy gap between vibrational levels. At Verv High Temperatures
: As temperature increases. melecules gamn enough energy to excite vibrattonal motion. A vibrabonal
mode contnibutes. 1 kinene degree and | potential degres Thus, vibration 2dds 2 more dezrees of
freedom. So at hich temperatures: f =7

8. If water behaves as a solid. its molecules mainly possess vibrational degrees of
freedom. For a sobid, each atom contributes: 3 kinetic vibrational degrees | 3 poteanal
vibrational degrees So total degress of fresdom per molecule: f =6
Using the squipartition theorem, the molar specific heat capacity at constant volume 1€, = {FR‘
Substituting f = 6, C, = 3R .C, = 52 Thus, for water tréated as 2s0lid [C, = 3R
9. Since, T=PV nR . TwPV [R=constamt] If area under PV is greater for the curve
at T2 than for the curve Ty Hence,. T2 > T
10. The Moon has very small mass so its gravitanional pull 15 weak Therefore. the escape velocity on the
Moo s low{Escape velocity of the moon 15 2 38 km <) and pas molecules move fast encugh 1o escape
mto space. As a result, the Moon cannot retain an atmoesphere As altitude increases, atmosphenc pressure
decreases. Aur expands in the lower-pressure region, and dunne expansion 1t cools (adiabatic cooling).
Also, the atmaosphere 15 heated by radiation from the Earth’s surface, so lugher lavers receive less
heat Hence, temperature decreases with increase tn altitnde
3 MARK QUESTIONS
1. Demonstrate vour understanding of the kinetic theorv of gases by listing its fundamental assumptions
and explaming the sizmficance of each
Using assumptions of kinetic theory of gases find the expression for the pressure exerted by an ideal gas.
A gas muxture consists of 2.0 moles of oxygen and 4.0 moles of neon at temperature T Neglecting all
vibrational modes, calculate the total intemal energy of the syvstem. (Oxvzen has two rotaticnal modes.)
4. Denive expression for mean free path of 3 gas molecule. On which factors does the mean free path
depends?
Denve an eéxpression showme relation between pressure and kinefic energy using Kimnetic theorv of gases
6. At what temperature i the oot mean square speed of an atom n an arson gas cvhnder equal to the ms
zpeed of a hehom gas atom ar-20 °C7 (atomic mass of Ar=399u, efHe=40u)

o

!...ﬂ

7. (a) How much volume does one mole of a gas occupy at NTPT (b) What are the essential chasacteristics
of an 1deal gas? (c) What are the conditions under which real zases behave nearly as a parfect gas?
- _________________________________________________]
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HINTS/SOLUTIONS
3. For an tdeal gas mixture, the total internal energy is the sum of the internal energies of zach
gas component For 2 molecule with fdegrees of freedom: U = fE?tRT Oxvgen (0:) Oxygenisa
diatorue gaswith: 3 translational modes 2 rotational modes ".-'H;Iminnal modes neglected Se, =25
Gwven: n = 2.0mol | Intemal emergy of oxygen: Uy = é (Z.0}BT =5RT .Neon (Ne) Neonisa
monoatomic gas with only: 3 translational modes So. f =3 Givem n = 4.0mol. Tnternal energy of
neoni Uy, = (4.0)RT = 6RT Total Internal Energy Uioe = Up, + Une.liga = SRT + SRT =1IRT
4 2= =ﬁ:ﬁ=ﬁ‘i;ﬁﬂmce. Ao, dw i AT Aes dem (for fixed pressure
and temperature conditions as applicable).

5. Starting from the pressure equation obtained from kinetic theory: PV = i;"." Mgy, Expression for
Emetic Energy - The translational kinetic enerpy of one molecule 5: émrz

For Nmolecules. total kinetic energy 1s: K = %Nmuf,_.u-. = From
kmnetie theory: PV = i—Nm-vfms . :_3:- by = ::-Nﬂwfmg But, %Nmtfm:: K Therefore,
K =3PV Dividing by V- P = E? Thus, the pressute of 2 gas is directly related to the translational
kmetic egergyv of ts molecules: | K =%F1r' Or [P = %

6. Let C and C” be the mms velocity of argon and a helium gas atom at temperature TR and T K
respectively, Here, M=395 M =40. T=2:T=-20-273=233 K

M M
Volume Oceupied by One Molz of 3 Gas at NTP At NTP (Normal Temperature and Pressurs):
Temperature = 0°C = 273 K . Pressure = 1 atm One mole of an 1deal gas occupies: |22.4 hires
or [22.4 x 1072 m3| This 15 called the molar volume of 2 gas at NTP.
b Main Characteristics of an Ideal Gas -Volume of molecules 15 neghizible compared to gas volume,
No attraction of repulsion between molecules except dunns collistons. (No mter molecular foree) , Total
kinetic energy remains conserved (Elasnic collision) , Motion 15 continuous and, m all directions,
(Random motion). Obeys ideal gas eqguation PV = nRT Intemal enerzy depends only on temperature
Real gases approach ideal behavior under: 1. Low Pressure - M\olecules stay far apart.
Intermolecular forces become neghgible. 2. High Temperature - Molecular kinetic energy becomes
very large. , Aftractive forces become insignificant. Thus, real gases behave nearly as 1deal gases
atl Low pressure and high temperature |
Examples: Hydrogen and helium behave most wdeallv under ordinary conditions
SMARK QUESTIONS
1. State the law of equmpartition of energy for a dynamic system. Using this law, determine the expressions
for the intetnal energy and the ratio of specafic heats y=C,/Cy for the followmg tvpes of 1deal zases:
(a) Monoatomic gas  (b) Diatomuc gas  (¢) Tnatomic gas (assuming non-linear molecules)
Also, explamn how the degrees of freedom influence the miemal energy and heat capacities of each zas
2. Stats kinetic mterpretation of temperature, define and derive expression for rms speed of
molecules of an 1deal gas

=25 = II%C: — =J3“‘_;253 SinceC=C ,T=399X253 /4=25237K T.a

HINTS/SOLUTIONS
1.The law of equipartition of energy states’ “For a system in  thermal equilibnium | eneroy 15 equally
distributed among all independent quadratic degrees of freedom, and each degree of freedom contributes
an average energv of % kTper molecule.”™ For one mole of gas: Energy per degree of freedom = %R T

o e |
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If a molecule has fdegrees of freedom. then the internal energy of one mole 1s: I ={_~ET Far

nmoles U = ;{ nAT From thermodwvnamics: 5y = (::IFH

5" _I:'
Hence, €y =1R Also, Co=C;+R
i il g 2

AMonocatomic Gas Examples: He, Ne, Ar A monocatomic molecule has only 3 translational degrees of
frecdom So, f =3 Internal Enersy U =ZnRT SpecificHeats Cy=<R Cp= ER Ratio of
Specific Heats y =-;- (b) Diatomic Gas Examples: 05, N2, H; Neglecting vibranonal modes: | 3
translational degrees | 2 rotational degrees Thus, f =5 Internal Enerzy U = g'nRT Specific
Heats cF=§R.cp=§R )

Ratio of Specific Heats y =— (c) Triatomic Gas (Non-linear Molecnles) Examples-H-0, NH: . For
non-lhinsar ﬁl;.unmjl: muleau.li;ﬁ: . 3 translational degrees | 3 rotational degrees Hence, f= 6

(niezlecting vibrational modes) Intemal Enerzy U = 3nRT SpecificHeats Cy = 3R . Cp = 4R
Ratio of Specific Heats y= :_} Infiuence of Degrees of Freedom The degrees of freedom determmne

how energy 15 shared among molecular motions. More degrees of freedom =more energy absorbed by
molecules. Therefore: Internal energy mncreases with £ Spacific heat capacines merease with fFrom:

U= g?i'.'RT wesee: Uof Similarly, Ly = £R , 80, Gy f However,
= Z—E 1s: As fincreases, ydecreases.

2. kinetic interpretation of temperature states: The absolute temperature of a gas 15 directly proportional
io the average translational kinetic energy of 118 molecules ™ Thus higher temperature means greaier
molecular motion and greater kinetic enerey. For one molecule of an 1deal gas: %—mir_z =
%RT where: m=mass of one molecule |, r’=mean square speed k= Boltzmann constant  T=

absolute temperatir  Hence, Average kinetic energy & T
Root Mean Square (RMS) Speed The RMS speed of zas molecules 15 defined as: “The square root of

the mean of the squares of the speads of all molecules ™ Mathematieally, v, = \fit_f

Derrvation of RMS Speed From kinetic theory of gases: PV = %'N mc? where: P=
pressure, V=volume A= number of molecules m= mass of ane molecule Using ideal zas equation:
AV = NkT, Equating both expressions: NiT = %Nmt:_z, ET = émv_3 Thus, v2 = =
Taling square root v, = \% Expression in Terms of Molar Mass Since  m = %’:‘-
and R =&N; Substitutinz: v, = J% where: E=wuniversal gas comstant  M=meolar
mass of gas The RMS speed of molecules of anideal zas 1 |, = E‘E

3RT
o |Veme =[5
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KINETIC THEORY OF GASES
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MULTIPLE CHOICE QUESTIONS
1. Whach of the following examples represents peniodic motion but not oscillatory motion?
(a) The motien of a simple pendulum
(b) The rotation of Earth about 1ts axis
(c) A wave traveling along a string
(d) The motion of a mass attached to a spnng
For a particle executing Simple Harmome Motion (SHM), what 1s the phase difference between 1ts
displacement and velocity?
(a) 0 radians (b) m'd radiasis  (c) 7 2 radians (d) 7 radians
3. A pamicle executes SHM with an amplitude (A') At what displacement from the mean position is
115 kinetic enerey equal to its potental enerzy”
(a) As2 (b) 442 () A3 (d) Ar242
4. The total energv of a particle execuiing Simple Harmonic Motion 18 direcily proportional to:
(a) The frequency of oscillation (b) The square of the amplitude
(c) The displacement from the mean position  (d) The sguare root of the mass
3. Ifthe length of a simple pendulum 1s increased by 44%, what s the percentage merease in its tune
penod?
@20% (1)22%  (©44% (@) 12%
6. Whuch of the following examples 15 not 2 simple harmome motion?
(a) Vertical oscillanon of 3 spnng-block svstem.
(b} Motion of a simple peadulum with large angle.
(&) Motion of a particle moving in a straight line with (a=-2x).
(d) Oscallations of 2 Liquid 1n a U-tabe.
7 The acceleration of a particle executing SHN! 15 given by (a= -16x), where (x) 1s the displarement 1n
meters. What 15 the angular frequency of the motion?
{a) 16 rad's: (b) 8 rad's (cidrad's (d) 2rad's
8. The nature of the acceleration vs displacement graph for a particle 15 executing SHM.
(a) A strayght-line (b) A carcie {c) An ellipse d) A hyperbola
S. The change (or changes) observed when the peniod of a sumple pendulum s doubled 15
(a) Tts lenoth 15 doubled (b) The mass of the bob 1s doubled
(c) Irs length 15 made four imes
(d) The mass of the bob and the length of the pendulum are doubled
10. The penod of oscillation of 2 simple pendulum of constant lenzth at earth’s surface 1s
T. Its peniod mside 2 mine is
{z) Greaterthan T (b) Lessthan T (c)Equalto T (d) Cannot be compared
11 The total enerzy of a particle execoting $.H M. 15 proportienal to
(a) Displacement from equilibrium position (b)) Frequency of oscillaton
(c) Veloctty m equilibrum position (d) Square of amplitude of motion
12. When a damping force acts on a vibrating system, what happens to the amplitude of the
oscillations over time?
(2) It increases linearly (b) Tt decreasss exponentially
(c) It remains constant (d) Tt fluctuates randomly
13. Resonance occurs when the fragoency of the external penodic force 1s:
(2} Much higher than the natural frequency of the system
(b) Much lower than the natural frequency of the svstem
{c) Equal to the natural frequency of the system
(d) Completely independent of the system
14. A particle executes sumple harmonic motion along a straight line with an amplitude A
The potennal egergy 15 maximum when the displacement 15
(a}=A {b) Zero (A2 (d) A2

|'-.r

o e |
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15. A particle 1s vibrating in a simple harmonic motion with an amplimde of 4 ecm. At what displacement
from the equilibrium position. 1s its energy half potennial and half kmene
{allcm (b) 242 emt {(c}3cm (d) 2 v2cm

MULTIPLE CHOICE QUESTION: ANSWERKEY
L. {b) Peniodic motion repeats at regular ntervals. Oscillations require 3 back-and-forth
Movement about a mean position. The rotation of Earth repeats every 24 hours (peniodc)
but never revetses 1is direchion (not oscillatory). Options A and D represent both peneodic
and oscillatory motion. Option C represents wave propaganon.

2. (b)The displacement equation 15 (x = Asmne t). Differenniating gives the velocity equation
(v = Amcosmt} = Asmsin{ot — ©'2), The phase angle difference between the sine and
cosine functions 15 m 2radians:

3. (a) Kinetic Energy (KE)equals Potential Eneroy (PE). Therefore,

12k (A% -x) =12 kx) Simplifving thisgves A - X =%  2x =A°
E=As q.iru
4. (b) The total energy. (E) of 2 simple harmomie oscaillator 15 grven by the formula
(E=1/2 mor A‘) This shows that the total energy 15 directly proportional to the
square of the amplitude A*

3. (a) The ume pertod 15 (T = 2x _flff:g}, meaning T v/ If the new length 1s

(1'= 1440}, the new nme period becomes (T' =,/{1.44) T=12T The
mereass s (1.2T - T = 0.2T), which is equal to a 20% increase.
6. (b) Motion of a simple pendulum with large anple.
SHM requires 2 small ancle (sinG =83 Large anzle motions are penodic but not simple
harmonie
7. (c)The standard equation for acceleration in SHM i3 (3 =-©° x). Comparmg this to the
given equation (a =-16x) shows that (w”= 16). Taking the squars root gives an angular
fréquency=4rad’sec.
8. (a)The graph of acceleration v, displacement for d paricle in S H M. is a straight line.
with nezative slope — indicating that accelerahon 15 always direcied opposiie to
displacement.
9:(c) The tume pertod T of a simiple pendulum 15 given by: T=1x J 3

(1)

To make the ume period 2T, let the lencth be changed to I'. Then 2T = \E —{(2)
From (1) and (2),2= V1"V (er) I'=4]

10. (2) Teew 1/ g if oancreases, T decreases. If o decreases (like on the Moon or inside a
mine), T increasas,
11.{(d) The total energy E in SH M. 15 the sum of kineuc and potental energy, and 15
constant for a'ziven motion: E=1/2mevA~ (E o A®
12 (c) Resonance occurs when the drving frequency matches the natural frequency of the
oscillator. This state enables maximum eneroy transfer, causinge the system to oscillate
with its peak possible amplitude.
13.(c) When two perpendicular or out-of-phase harmonic motions combine as
{x = a sinemt — beose t), the resulting amplitude 15 calenlated psing the vector sum
formula (A =+/a2+ \‘Tﬁ? Here A=25.
14. (a) The potential energy (P.E )in S HM at any displacement x 15:
PE=12kx . So.PE. s maxmmum when x 15 maximum. Le., when x==4A

o e |
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15. (d) Kinetic eneroy, E=12me(a—x)  Potential eneroy, E=L-’2m£d:_13
Grven KE=BE  12moia—)=12mexy z=a\l=432=232

CHALLENGE CORNER
1. Whuch of the followinz quantities remains constant i simple harmonic motion?
(a} Displacement (b) Velocity (c) Acceleration (d) Total Energy
2 If a ssmple hammonic oscillator has got a displacement of 0.02 m and acceleration equal to
2.0 mys2 at any time, the angular frequency of the osallator 15 equal to
(a}10rads (b)lrads (c)100fads (d)1rads
3. For a mapnet of tme period T, magnetic moment 15 M If the magnetic moment becomes
one fourth of the mitial value, then the tme penod of oscillaticn becomes
(a} Half of tmitzal value: (b} One fourth of inital value 2485
© Double of immal value  (d) Four tme minal value
4. A pamicle executes SHM with amplitude 8 cm and ume peniod 4 5. The maximpm veloeity
of the particle 15; '
(a)4noms (b)Sacms {c) 6mem's (d) 32 om's
5. A bedy oscillates hetween pomts A and B, 20 cm apart The time taken to move from A
to B 15 0.5 s. The ume penod 15:
(a)035s (b) 1= (e) 2% (dyds

ANSWER KEY OF CHALLENGE CORNER
L. d 2:.A 3. € 4 A 3. B

ASSFRTION REASON TYPE QUESTIONS
{(a) Both Aszertion and Reason aretrue. and Reason 15 the correct explananon of Aszsernon
(b) Both Assertion and Reaszon are true, but Redson 15 NOT the comrect explanation of Assertion
(c) Assertion 15 true, but Reason 15 false.
(d) Assertion 15 false. but Reason 15 true.

1. Assertion (A): Every peniodic motion 15 not necessanly a sunple harmome mohon
Reason (R): Simple harmonic motion requires the restonmg force to be directly proportional to the
displacement.

_ Assertion (A): In Simple Harmonic Motion (SHM), the velocity of the particle 15 maximum at the

mearn position.
Reason (R): The acceleration of a particle performing SHM 1s zero at the mean position.

3. Assertion (A): The totdl energv of an undamped spring-mass system performing SHM temains
consiant
Reason {R): Kinetic energy and potential energy transform mito each ather continuously dunng the
oscillation

4. Assertion (A): If a pendulum clock 15 taken to the moon, o runs slower.

Reason (R): The acceleration due to gravity on the moon 1= less than that on Earth.

3. Assertion (A): If the amplitude of 3 simple harmonic oscillator 15 doubled, 115 1otal energv becomes
four times, '
Reason (K): Total energy of a simple harmonic oscillator is directly proportional to the square of its
amplitude.

6. Assertion (A): Liguid m a U-tube executing vertical oscillations performs SHML
Reason (R): The restoring force on the liquid column 1s directly propertional to the heighit of the
liquid level displacement

7. Assertion (A): Resonance occurs when the frequency of the external periodic fores matches the
natural frequency of the oscillator.

Reason (R): At resonance. the amplitode of ezcillation becomes exceptionalby small
]
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8. Assertion (A): For a particle executing SHM, the graph between potential eneroy and displacement
15 a parabela.
Reason (R): Potential energy 1n SHM vanes hinearly with the displacement from the mean position
% Assertion (A): The time penod of a simple pendulum inside a freely falling Iift 15 infingte:
Reason (R): The effective acceleration due to gravity inside a freely falling ift is zero.
10, Assertion (A): When two identical spnings are connected in parallel, the effective spnng constant
doubles.
Reason (R): In a parallel combination, both springs expenience the same siretchung force.

ASSERTION REASON TYPE: ANSWERKEY
L (@) 2.(b) 3(b) 4.(3) 503 6.() 7.(c) 8(c) 9(x) 10(c)

VERY SHORT ANSWER QUESTIONS (2 MARKS)

1. Show that for 3 particle executing Smmple Harmonie Motion (SHM), the acceleranon is directly
propoertional to 1ts displacement but directed opposite to 1L

2. A particle executes SHM with an amplitude (A). At what displacement from the mean position are
itz kinatic energy and potential energy eguai?

3. Plotaclean labelied graph showing the vanation of Kinetic Enerzy (KE) and Potential Energy (PE)
of a simple harmonic escillator as a function of 1ts displacement

4. A hnear harmomie oscillator has-a total energy of (E). What will be its kinetic energy and potential
encry when its displacement 15 half of sts amplitude (x = A/2)7

5. What 15 the fundamental difference betwean damped oscillations and forced oscillations? Mention
one physical example of each

6. Explain why the ime period of 2 simple pendulum becomes infinite if it 15 placed mnside a
ceostationary satelhite.

7. What 15 the phase difference berween:
(d) Displacement and Velocity of a particle 1n SHM?
(b) Veloctty and Acceleration of a pariicle 1n SHM?

8. A simple pendulum has a hollow bob filled with mercury. if a small hole at the bottom lets the
mercury drain out slowly, how does the time penod change?

9. The maximum velocity of a particle executme SHM 15 (vo) and 1ts maximum acceleration 1s (ag).
Find the amplitude of 115 motion 1n terms of (vo) and (as).

10. How do damping forces affect the amplitue and the time pertod of a real-world harmonic oscillator
over time?
ANSWER EEY
1. Correct derivation using (a =d"x/ d*t =< x)

Explanation of the negative sign mdicating direction towards the mean position.

2. Setting 12me (A% - %)= 12ma™, Solving to find x

By ] Dbl 00 a [yl s O Sl
Wi
Ity bl samp S adi e Y
I e — - - =

Iwiksaw i il

4. Caleulannz (PE=12 moA/2Y =E4) Caleulating (KE=E-PE=3E4)

o e |
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Definttion pomting out enerzy loss due to resistive forces va. eneroy supplied by external
penodic force. Correct examples (g2, oscillating pendulum in water vs. a swing bemg pushed
continueusiy).

6. Explaming that 3 satellite is in a state of free fall making effective gravity

(2-5=0) . Substmnng mio (T= :;‘H;E ).

(a) 7w/2 radian (b) w2 radian

8. Explaming that the centre of gravity first shifis down (increasing [) and (T)), then moves back up
1o the centre of the hollow shell once empty (decreasing (T) 1o oripinal), Stating the sequence:
first mereases, then decreases.

9. Using formulas (vo =@A)and (a3 =w"A)

Eliminating o by calculating (A =+ ag)

1. Damping forces. such as friction or air resistance, contimously dissipate mechanical energy from
the system. This causes the amplitude of the oscillations to decrease exponentially over time until
the motion stops entirely. Additionally, damping shehtly reduces the frequency, which causes the
time pented of a damped oscillator to be marginally longer than that of an ideal, undamped
oscillator.

CHALLENGE COENER

1. A particle executing Simple Harmonic Motion (SHM) has a velodity of 8§ cm when 1is

displacement 15 3em, and a velocity of 6cm/'s when its displacement 15 4om. Find the amplitude

of 1tz oscillation. Sem

A particle begins executing SHM from 1ts mean equihibrium positien at t = 0 with a2 nme pertod

T. Find the shortest time taken by the particle for 115 lanetic energy to become exactly equal to its

potential energy. U8sec

3. The equation of a particle sxecuting SHM 15 miven by (=3smn2at—n'4) where (x) 15 i meters and
(1) 1s 1 seconds Calculate the initial displacement of the particle at (t = 0) and the ime when 1t

first crosses s mean equthibrium position. 37 3sec

ANSWER KEY OF CHALLENGE CORNER

. a=5em 2. t=T!8sec 3. t=375sec

th

-

b

SHORT ANSWER QUESTIONS (3 MARKS)
Find the expressien for the total energy of a particle executing S H M.

A body 15 executing S HM of amplitude 1 m. Tts veloeity while passing through the mean

position. is 10ms™ Find its frequency.

3. The kinetic enargy of a particle vibrating 1 S HM. 15 4 T when 1t passes the mean position. If the
mass of the body 15 2 ke and the amplrtude 15 1 m, calculate s ume period,

4. Two particles executs SHM of the same amplitude and frequency along the same straight line.

They pass sach other moving m opposite directions whenever thewr displacement 15 half of theuwr

amplitnde. Fmd the phase difference between them

A bungee yjumper oscillates up and down after the iniial drop Explain why this motion 15

considered Simple Harmomie Motion (SHM), State the condinon required for it to remain strictly

SHM.

6. A harmonic oscillation 1s represented by vy = 0.24 cos (6000 1044}, where vand t are In m and s
respectively. Deduce: (1) the amplitude, (1) the frequency and anpgular frequency, (u1) the period
and (iv) the initial phase

7. At what displacement from the mean position 15 the kinetic energy of a particle executing SHM
exactly three times its potential enerey? Express vour answer in terms of its amplitude A

8. A block of nass (0.3 kg) is attached o two wdentical spnings connecied 1n parallel, each having a
spring constant of (100 N'm). Calculate the effective spring constant of the system and the
frequency of oscillanon

pash
'

el

bk

o e |
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9. A pomnt object executes SHM with a ime pertod of 1 seconds. If 1ts masnmum veloeity 15 (4 m's),
calculate the amplitude of oscillation and the magnitude of 1ts acceleratton at a displacement of
(1 m) from the mean posihon

10. Mlitary troops are stnictly ordered to break thewrumiform marching steps when crossing a
suspension brndpe Explam the physical phenomenen behind this mstruction and what would
happen if they 1gnored 1t

ANSWER EEY
1. Ans PE withaSHM 12k =12 me's
kinetic energy with SHM =1 2 mv= =1 2m (wyvA—x" 32
=12 mew (A=)
where m 15 mass, A 1s amplitude, x 15 any position and (D 15 angular frequency
Total energy = 112 mew 12 mw (A=)
V2er=12mw'A
Herea=1m Vmax= 10m's Vmaxz—aw=2nra = r=vmax 2ra
= L1391H=z
3. Inits mean position the kinetic enetpy of the particle m maximum
Given - EKmuax = | 2m w'a® EKmax =41 m=2ks: A=1m
4=t ¥E 7 ¥ w=2.T=2Zt'o =nsec
4. Use the displacement equation: (x = A sin @t)
Given(x=A2),30 A2=Asnd amb= 12
The two possible angles are Bl=w'6 H2=52'6
Phase difference: 8; - 8i=Sw'6- /6 =4x/6 or 1200,
The zlastic bungee cord acts like a spring.
Tt exerts 3 restonng force proportional to the displacement from the equilibrium position (F=-
kx). The motion 1z stnictly SHM only if the displacement remamns within the elastic limit of the
cord.
6 Anz Given that, v =024 cos (6000 t—0.44) While the general expression for displacement 15 y=a
 cos(wt—Pg) Comparing these two expressions,
(1) Amplitude. 2= 0.24m_ (u) Angular frequency w =6000radian sec-1
Frequency =v =@ 2n=30000:% 1) Pestod T = '@ == 30000 11} Iutial phase
D= 44
7. Given Condition: KE = 3PE.
Formulas: 1/2m w(4°—=")=3%1 2mw’y
Simplification: (A? - x° = 3x%° Al=ax x=AM4
5. Parallel Formula: Kp=kl ~k2=100 100 =200 N'm_

Frequency Formula: =12 ¢ IEE

~ M
Calculation: -~ u=12n finf

9 Angular Frequency: 0=2aT wo=2a/n =2rads

Amplinde: (Vmax} =A® 4=A"2 A=7meters
Accelerstionz: a=e@* x=(2F * 1 =4 m's’

10. Phenomenon: This mstruction 15 based on the phenomenon of mechanical resonance. Every
physical struciure. mcluding a suspension bnidee, has its own natural frequency of oscillation.
Mechanism: If soldiers march i umisen. their penodic footsteps exert 2 penodic dnving force on
the bndge. i the frequency of these steps matches the natural frequency of the bndge, resonance
CCCHEs::

Consequence: Resonance canses the amplitude of the bnidge's oscillations to merease drastically.
This structural stress can excead design limits, leading to the collapse of the bridege.

s

Lh

=3.18Hz

o e |
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CHAILILFENGE CORNER
1. A particle executing Simple Harmone Motion (SHM) has an angular freguency @=4rad's. When 1t
15:at a distance of 3em from the mean sgulibrium position, the maznitude of 1ts velocsty 15 exactly
equal to the magnitude of its acceleration.
(aiDetermine the amplitude of the oscillation
(biFind the maximum velocity of the particle,
2 A pomnt ohyject executes SHM with 2 tume pertod T=12seconds and
an amplitude A = 10cm. Assumung 1t starts from rs'mean posthon at t= 0.
Find the time taken to reach a displacemem of x = Scm.
Find the time taken to travel from x =3Sem tox = 34 3em.
A bodv of mass 0.5 kg execotes SHM with a frequency of 10/x Hz. If
its kinatic enargy 15 0.18 J at 3 displacement of x = 4 cm from the mean position. calculate:
The angular frequency of the oscillator
The spring constant {force constant) of the system.
The amphtude of the oscillation.
ANSWEE EEY OF CHALLENGE COENER.
l. a=1237em Vyppe—39d48cmisec 2 AT=1lsec 3. 3=383cm

b

CASE BASE 5TUDY
L ENERGY DYNAMICS IN A HORTZONTAL SPRING-MASS SYSTEM

An 1deal honzontal spring-mass system consistsof a block of mass Sm$ attached to a spning of force
constant k, restine on a frictionless surface. When the block is pulled to a displacement A and releasad, 1t
execuies Simple Harmonic Motion {SHAT),
During this motion_the total mechanical energy (E) 15 conserved, shiftine between Elastic Potential Energy
(U=1 .2k )and Kinetic Energy (K = | 2m~). The velocity of the block at any displacement x is ziven
byv= W (A )
1. At which position does the oscillating block possess entirely Einetic Energy?

(2) At the extreme position (x =A)  (b) At the mean position (x = 0)

(c) At the point wherex = A2 (d) At the point where x = A2
2. H the displacemenit of the block 15 exactly half of nts amplitude {x = A/2), the ratio of 1ts Potential Enerpy
to its Total Enerey UE 1s-

{a) 12 (b)1:4 ()34 (D) 1:1
3. A block of mass lkg is sttached 10 3 spung with k= 100 X/m. Ti the ampliiode 15 0.1 m_what 15 the
maximum Kinetic Energy of the system?

()05  (B)107  ()005T (d)5.07
4. I the spring 1s replaced with one having double the spring constant 2k while keeping the same amplitude,
the total eneroy of the system will:

(3) Remain unchansed (b) Become half  (c) Double (d) Become four times

2. SHOCK ABSORBERS IN AUTOMOBILES

When a car hits a bump, the sptings in 1fs suspension svstem are compressed. Without any control, these
springs would contimue to vibrate up and down for a long time_making the nde vacomfortable and the car
difficult to handle: To prevent this, enzineers use Shock Absorbers (dampers).
A shock absorber 15 essenhially a piston moving inside a cylinder filled with oil As the car oscillates, the
piston forces the oil throush tuny holes. This creates a viscous damping force (Fs=-bv) that oppos=s the
motion and converts the mechanical enerey of the vibration imto heat This ensur=s the car retums 1o its
equtltbnum pesition quickly.
1. A car’s suspension 15 designad to retum to s ongimal position in the shorest possible time without any
further oscullation This state of damping 13 known as:

(3) Underdampmg  (b) Overdamping (¢) Critical dampmg  (d) Zero damping
2. Asthe o1l in a shock absorber heats up durnng a lone drive on a bumpy road, 1ts viscossty decreases (it
becomes "thinner"), How will this affect the dampine constant b and the vibrations?
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(a) b mcreases; vibrations stop faster.
(b) b decreases: vibrations persist for a longer time.
(c) b remains constant; no chanpe mn vibrations.
(d) b increases: the car becomes "bouncier.”
3. In a damped oscillation. the amplitude of the car's vibration decreases over time. Which of the following
equations best represents the decay of amplitude A7
(@) A=Agmet (B)A=Ape™™ (A=A k A=Ak
4. Why do militarv troops "break step” (stop marching m rhythm) when crossing a bndge?
(d) To mcrease the damping of the bridze.
(d) To prevent the frequency of their steps from matching the natural frequency of the bridge
(Resonance).
(d) To recuce the total mass acting on the bradge:
{d) To decrease the acceleration due 1o gravity on the bridge.
ANSWER KEY
1. 1b 2b 3¢ 4c
2. 1c 2b 3b 4.0
CHALLENGE COENER
L A group of soldiers 1s marching in step across a lonz suspension bridge. The rhythmie marching

causes the brdge to begimn oscillating slightly. The bridze 15 modelled as a large mass-spring
svstem, wrth a natural frequency of 2 Hz Each soldser exerts a force at a frequency of 2 Hz, 1n sync
with the natural frequency of the bnidge. This creates resonance.

The oscillattons gradually increasze in amphirude until the soldiers are ordered to break step and walk
randomly to stop the resonance.

1. What kmnd of escillation 15 exhibited by the bnidge when soldiers march 1n step at 1ts natoral frequency?
(a). Free oscillation  (b). Damped oscillation (¢) Faorced oscillation  (d), Resonant oscillation

2. What wall happen to the amplitude of the bridge's oscillations of resonance continues unchacked?
(a) It decreases {b). Tt remains constant

(e). It increases gradually (d). It becomes zeto

3. Why are soldiers asked to "break step” while crossine bridges?

{a). To increase the time penod

(b). To decreass the ime penod

(c). To avoud synchronizanon with the bridze™s natural fréquency

(d). To synchronize with the bridge's natural frequency

4 Ifthe bnidze’s mass 15 doubled, what happens to us natural frequency?

(a). It remans the same (b). It increases (c). It decreases (d), |t becomes infinite

2 In an ancient temple, a larze pendulum clock has been swinming for decades. The pendulum consists of 2
metal bob of mass 2 kg suspended by a sting 1 5 m long. The pendulum swings with a small amplitude,
undergomg simple harmonic motion {SHM), A devotee notices that the pendulum compietes one full
oscillation m about 2.46 seconds: The air resistance s neghaible, and the pendulum 15 considered deal
1. What 15 the theorefical formula for the ttme period of this simple pendulum?

fa). T=2mvzl (b). T=2mlg {c). T=2mulg (d). T=v2n:lg

2. Using the observed time period (2.46 <) and the length (1 5 m), estimate the local value of g near the
temple.

(a), A 9.8m/s (b) 1G.0m/'s (€). C.95mis’ (d) D83Sm/s

3. What 1s the nature of the restormng fores acting on the pendulum bob dunng SHM?

o e |
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(a). A Constant force (b) Proportional to mass

(c). C. Duectly proporiional to displacement and opposite in direction

(d).. Abvays egual to tension

4. What happens to the time period if the pendulum is taken to 2 mountain where g is lower?
(a). A RMinereases  (b). Tt decreases (c). C. It remains the same (d). Tt becomes zero

ANSWER KEY OF CHALLENGE CORNER
1. 1d 2e 3¢ 4¢
2 1bh 2e 3¢ 4a
LONG ANSWER TYPE QUESTIONS

1.  The acceleration due to gravity on the surface of moon 15 1.7 ms= What 15 the time period of a
simple pendulum on the surface of moon sf 1ts time-period on the surface of Earth 15 2.5 57 (z on the
surface of Earth 15 28 ms™)

2 Show that for a pasticle n linear SHM the average kmetic energy over a pentod of oscillation equals.

the average potential energy over the same penod.

3 (a) Define SHM. What are its charactenistics? At what distance from the mean posinon m SHM of
amphitude r the energy 15 half kinetic and half potential 7 (b) A spring having 2 force constant K 1s
divided 1nto three equal parts. What would be force constant for sach individual parts?

ANSWEREKEY
1. Heore, 1 B = AF M8 ?: g, =98 msd; T, = T,=35]
Since, T, - hJ_ and T, = i,
Re b1
H

lf.. P m ¥

LN
b J.EJ*E = H4mn

=

Let the particle executine SHM starts oscillating from its mean position. Then displacemeant
equation 15
* = A sin o

A Particle velocity, ¥ = A cos wt

L Insiardaneous KE, K = %Iﬂ'ﬂ" = :—}m.dimimazuu

~ MAwverage value of K.E. over one mqull'ete cycle

v v .4
= 1 2.3 T A m'
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3. (2) Simple harmonic motion s the projection of uniform ctreular motion on diameter of 3 circle of
reference; Charactenstics of SHM: (I) Displacement: The displacement of a particle executing SHM
at an mstant 15 defined as the distance of a particle from the mean position at that mstant (1)
Amplitude: The maximum displacement on sither side of the mean position 15 called the amplitude of
the motion (IIT) Velocity: The velocity of the parficle executing SHM at any mstant, 15 defined as the
tume rate of change of 1ts displacement at that instant.
(IV) Acceleration. The acceleration of the particle executing SHM at any 1nstant 15 defined as the ime
tate of change of its velocity at that mnstant.

2Er =12 me'x" kinetic energy with SHM
=1/ 2mv* =1 2 m{wvAx)2
where m 15 mass, A 15 amphtde. x 1s any position and (3 15 angular frequency
PE=KE 12me'x=12mo’s

=442
b) force constant K =F'y spring 15 cut into three equal parts therefore
displacement = v/3 kK'=F y/3=3Fy =3k
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MULTIPLE CHOICE QUESTIONS
1) A boy 15 swinging in 3 swing. If he stands, the time penoed will
(2)First decrease, then increase (biDecrease () Increase (djRemam same
2). A wave pulse travels along a stretched stnng whose linear mass density decreases contimuously from ane
end to the other. What happens to the frequency of the wave pulse as 1t propagates?
(a) It increases continuously (b) It decreases continuously
(c) It remains constant (d) It first mcreases then decreases
3). A tmun string fixed at both ends vibrates in 1is fourth harmonic How many nodes and antinodes are
formed nside the string, excluding the boundary endpoints?
(a) 3 nodes. 4 antinodes {b) 4 nodes. 3 antinodes
(c) 3 nodes. 4 annnodes (d) 3 nodes, 3 antinodes
4). An open organ pipe 1s suddenly closed at one end. What happens to the frequency of its third overtone
compared to the onginal fundamental frequency of the open pipe?
(a) Tt increazes by a factor of 3.5 (b) It increases by a factor of 1.73
(c) It decreases by half {d) It remams exactly the same
3). Two tumng forks, X and Y, produce 4 beats per second when sounded together. When X 15 loaded with a
Iittle wax, the beat frequency mcreases to 6 beats per second. If the frequency of Y 15 256 Hz, what 15 the
onpginal frequency of X7
(2)252Hz  (b)260Hz (c) 262 Hz (d) 250 Hz
61In a resonance column apparatus, the first resonance occurs at 2 tube leagth of 16 cm and the second
resonance ocours at 50 cm. What 15 the end correcuion of this tube?
fa) 10em  (b) 20cm (£)0.5 em (d) 1.5 et
7). A steel wire of length | m and mass S g 15 strefched under a ténsion of 80 N. What is the speed of 3
transverse wave on this wire? '
(@ Wom's (b)B 126m's (c) 400m's (d) 160 m's
§). Newton's formula for the speed of sound 1n a gas was corrected by Laplace because sound propagation 1s
at-
(a) Isothermal process  (b) Isobanic process  (c) Adiabatic process  (d) Isochone process
9). When a sound wave passes from air into water, which of the following properies of the wave does not
chanze?
{a) Wavelength (b) Wave veloeity {c) Frequency (d) Amphtude
10). A tram blowing sts winstle moves at a constant speed along a straight track passme a stationary
obsarver on the platform. How does the pitch heard by the observer change as the tram passes?
(a) #t rises continmously (b) It drops abruptly at the instant the train passes
(c) It remains constant throuchout the entire motion
(d) It drops continucusly from a high pitch 1o 2 low pitch
11)The sound intensity level at a point 1s increased by 20 dB. By what factor does the sound pressure
amplitude increase?
(a) 2 (b) 10 (c)20 (d) 100
12). A uniform rope of mass(M) and leneth (L) hangs vertically from a rizid ceiling A transverse pulse ts
generated at the bottom free end How does the velocity of the pulse change as 1t travels up the rope?
{2} Tt remains constant (b) It decreases linearly to zero
(c) It increzses proportionally to the square root of the distance from the bottom
(d) It increases linearly with the distance from the bottom
13). An ambulance with a siren of frequency 1000 Hz 15 moving at 30 m's towards a vertical wall The speed
of sound 15 330 m's. The frequency of the echo heard by the dniver is:
(a) 1000Hz  (b)1100Hz  (2)1200Hz  {a)900Hz
14). When two waves of imtensities [ and 91 mterfers, the ratio of maxmmum to mimimum mtensitv m the
mterference patiem 15
(2)4 -1 (B)5:1 (16-8 (d)16: 1
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15). The fundamental frequency mn an open organ pipe 15 equal to the third harmonic of a closed orzan pipe.
1f the length of the closed organ pipe 1s 20 em. the length of the open organ pipe 1s
(2) 125 cm (b) 132 cm (c) 8 cm {(d) 16 cm
ANSWER KEY WITH EXPLANATION
1. (b) Time period (T « VL) decreases.
2. {c)Changing density: Frequency depends only on the source; medium properties do not change it
3. (a)4th Harmome: Has 5 nodes and £ antinodes. Excloding 2 boundary endpoints leaves 3 nodes. 4
antinedes.
4.(b) Organ pipe shift- Open fundamental (fo =v'{2L}) Closed 3rd overtone (7th harmonic)
(fo= Fv/4L =35 fo),

5: (a8 Tuning forks: Wax reduces X's freguency. Since beats increased (4), onzginal X must be below Y (256
-4 =252 Hz),
6. (a) First tesonance L1=16 cm Second resonance L2=50 cm

Difference L2-LI1=A2L 50—16=34 cm ,4=68 cm

For first resonance  Ll—=b4 16e=17 g=1l em
7. (c)Linear density;  p=mL=0.003

Wavespead: = E v=¢/160000= 126 Sm'z

8. (c) Laplace comrected Newton because sound propagation in gas is too fast for heat
exchange, s0 process is adiabatic.
2 (c)
10. (b) Approaclhing — higher pitch Receding — lower pitch
At exact passing instant — sudden drop
11 (b) Sound level relation:

p=20log(p2/p1) Given increase = 20 dB 2=20log(pXpl)=10C
12 (c) At distance x from bottom: T=xup Wave spead: v— JE = Jfxg

So velocity inocreases as square root of distance
13. (c) Double Doppler effect  f=f(v-uw'v—u) Gumen £=100 =30 =330
£=1000(360:300) =1200

14, (b) Amplitude ratio: VIANOI =13
Maximum: (1-3)=16  Mmnimum: (3—-1¥=4 Ratio: 16 4=4:1
15. (b)Closed pipe third harmonuc: fe=3v/4L
Orpen pupe fondamesntal: fo=v ILv

Grven egual. v2lo=3v4le |, Lo=2Lc/3 =2=20y3=133cm

CHALLENGE CORNER
16). Two cars moving in opposstie duections approach each other with speed of 22msand 155 m's
respectively. The driver of the first car blows a horn having a frequency 400 Hz. The frequency heard by the
driver of the second car 15 {vel ef sound 340 m's] (NEET-2017)
(a) 330 Hz (b)361 Hz  (c) 411 Hz (d) 448 Hz
17). A wave of frequency 400 Hz has a velocity of 320 m/s. The distance between the particles diffening in
phase by 90° 15
(2)20 cm. (b0 em (c)60 cm (d)80cm
18). A wning fork vibrating with a sonometer having 20 cm wire produces 3 beats per second. The beat
frequency does not change 1f the length of the wire 1s changed 1o 21em, the frequency of the tunmg fork (in

Hertz) must be

(=) 200 (b) 210 (c) 205 (d) 215

19). The 3rd overtone of a.closed organ pipe is equal to the 2nd harmonic of an open orzan pipe. Then the
ratio of their lengths 1s equal to

(2) 7/ 4 (b} 3/ (e) 32 (d)17/6

o e |
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20, Four wires of wdentical lenoth diameters and of the same matenal are stretched on a sonometer wire. If
the ratio of their tensions 15 1 : 4 - 9 - 16, then the ratio of therr fundamental frequencies are
(2)16:9:4-1 (BH:-3:2:1  ():4:2:16 (d)1:2:3:4

ANSWER KELREY OF CHALLENGE COBENMNER
16.d 173 18 ¢ 19.a 20.D

ASSERTION REASON TYPE QUESTIONS
(a) Both Assertion and Reason are irue, and Reazon is the correct explanation of Assertion.
(b) Both Assertion and Reason are true, but Reason is NOT the correct explanation of Assertion.
(c) Assertion is true, but Reason is false.
(d) Assertion is false, but Reason is true.
1. Assertion: The propagation of 2 longrtudmal sound wave through a medium creates evelic vanations
in loczl density and pressure
Reason: Reoions of compresston exhibit an imcrease m medium density, whareas
regions of rarefaction exhibit a decrease in medium density
2. Assertion: Solid media can sustam both transverse and longrudmal waves, whereas gaseons media
can only transmunt lonenodmal waves:
Reason: The propagation of transverse mechanical waves stnetly requises the medmm
to possess shear elasticity or nigadity,
3. Assernon Acoustic waveas fravelns throuzh an air column serve as a classic example of mechamcal
longitudinal waves.
Reason: In a lonertudinal wave architecture. the mndividual constituent particles of the
medum oscillate perpendicular to the vector of wave energy propagation.
4. Assertion” In a progressive harmonic wave, both the individual particle velocity and the overall wave
propagahion velocity remain entirely independent of ume.
Reason” A matenial medmum must mherently possess both elasticity and mema to
support and sustain mechanical wave propagation.
5. Asserion Two separate transverse waves propagating along the zame vniform string under constant
tension cannot travel at different velocities.
Reason: The mnertial and elastic charactenistics of a specific string are identical for all
wavss, and the wave propagation velocity depends solely on these minnsic medum
properties.
6. Assertion: When transverss waves are continuously generated at one end of an exceptionally leng
string, cnly a progressive wave pattern 1s visible near the dnven end
Reason” The energy of the wave reflected from the distant fixed boundary 15
completely dissipated before it can travel back to the source end.
7. Assertion: High-enerzy acoustic explosions occuming on the surface of neighbounng planets cannot
be detected or heard on Earth.
Reason: Mechamcal sound waves lack the structural capacity to travel across vast
long-distance spatial imervals:
8. Assernon: Two astronauts standing on the lanar surface can easily commumicate verbally with zach
other by pulizing specialized microphone radio headsets.
Reason: A microphone converts andio pressure signals mnto electromagnetic transverse
waves, which can freelv propagate through a vacuum.
9. Assertion In 3 standing wave sistem. a stationarv observer hears a siomficantly louder sound at the
displacement nodes compared to the displacement antinodes.
Reason: Dunng the execution of a stationary wave pattern, all vibrating particles across
the medium pass through their mean positions o wdentical phase.
10. Azsertion . The change 11 aur pressure affect the speed of sound.
Reason © The speed of sound in a gas 15 proportional to the square root of pressurs.
]
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ANSWER KEY
. a 2La dc 4.d 3a 6.a Tc 8a 9.b 10.d
VERY SHORT ANSWER QUESTIONS (2 MAREKS)

1. Why can the sound of a distant train whistle or outdoor loudspeaker be heard much more clearly and
over longer distances duning a cold night than on a hot, sunny day?

2. In a propressive wave, energy is tranemitied continuously through the medium How does the enerzy
distribution 1n a standing (stationary) wave differ from a progressve wave? Specify the energy states
at the nodes and antinodes.

3. The frequency of the fundamental note of a closed organ pipe and that of an open organ pipe are the
samie What 15 the ratio of their lengths?

4. How will the fundamental frequency of a closed drzan pipe be affectad of mmstead of aw it 15 filled
with a gas heavier than air”?

5. Sound travels faster on a ramny day than on a dry day. Why?

6. When a longrtudinal sound wave traveling through an organ pipe hits a closed. nmd end, 1t
undergoes reflection. What type of phase change happens o the displacement wave, and what
happens to the pressure wave af this boundary?

7. A piano tuner strikes a2 kev and a standard 440 Hz tuning fork simulianeously and hears a rhyihmic,
pulsating sound that nises and falls in lovdness 3 times every second What wave phenomenon 1s
occurring, and how does the tuner use this to fix the piano string?

8. An open organ pipe has a physical lenoth of 30 cm H the velocity of sound inair1s 340 m s,
calculate the fundamental frequency of this pipe. What will the fundamental frequency become if
ona end of the pipe 15 ightly closed?

ANSWER KEY

1. Sound spesd is directly proportional 10 temperature v ¢ 4/t _ On 2 hot day, the air near the ground 15
warmer than the air above, causing upward refraction (bendmg) of ¢ound waves away from the
ground.

On a cold night, the ground cools down, making the lower air layers colder than the upper layers
(temperature inversion). This causes downward refraction of sound waves back toward the sarth.
keepmng the acoustic energy near the ground and allowang 1t to trave! further.

2 In 3 standing wave, energy is not transmitted forward, it remains confined within the loops between

adjacent nodes At the nodes. the displacement 1s always zero, meamng the kinetic enerzy 15 zero, and the

energy 15 purely potent:al (maximum pressure vanation): At the antinodes; displacement is maximum,
meamng the energy penodically shifts completelv into kinstic eneray.
3. Ratiess 1:2

4 The fundamental frequency of the closed orzan pipe will decrease when filled with a gas heavier than

atr.

3. Sound travels faster on a rainy day becaunse moist air is less dense than dry air. The speed of sound is
mversaly proporfional to the square root of the medium's density. Therefore, with the lower density of wet
atr, sound travels faster.

6. The displacement wave experniences a phase change of 7 radians 180 because the particles at the nod
wall are physically restrained from moving, ereahing a displacement node The pressure wave undergoes zero
phase change 0” because the compressions reflect as compressions, bouncing off the rigid wall to form a
pressure antinode. N

7. The phenomenon 1s beats_ caused by the interference of two sound waves of shightly different
frequencies. The heat frequency 13 {4 f=fi — £} = 3Hz The tuner adjusts the tension of the piano sinng
unti] the pulsating sound slows down and

]
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stops completely (beat frequency becomes (0 Hz), matching the stning’s frequency perdectly to the 440
Hz fork
8. For an open pipe: The fundamental frequency 15 (fa = {v}/{2L].
Given (L=50cm} =03 m_(v=340m's), (f=340/{2* 0.5} =340Hz
When one end 1s closed: The new fundamental frequency is (£ =v 4L} =£ 2.

(&

B o L

10.

=340/(4* 0.5) = 1 70Hz.
SHORT ANSWER QUESTIONS (3 MARKS)

. Why are longitudinal waves called pressure waves?

Define stationary waves and explain why they are named so.

State three essennal differences between propressive waves and stationary waves.

A transverse harmonic wave on 3 wire 15 expressed as:

¥(x.t )} =3 smn (361 +0.018x +/4 ),

{1} Is 1t 2 stationary wave or a travelling one?

(11) If 1t 15 a travelling wave, give the speed and direction of its propagation.

{(111) Find 1ts frequency and amplitude.

{1v) Give the mital phase at the arimn.

(v) Calculate the smallest distance between two adjacent cresis in the wave.

[X and v are tn cm and t in seconds. Assume the left to the nght direction as the positive direction of
x]

A travelling harmonic wave 1s mven as: v (3 1) = 2.0 cos 2a (10t — 0.0080x = 0.35). What 1s

the phase difference between the oscillatory motion of two points separated by a distance of: (1) 8
m (1) im () h 2 () 644 [ X & vare mcm, & 1 10 secs

A 1 m long pipe with a movable piston at one end and an opemng at the other will be 1n resonance
with atuning fork vibrating at 340 Hz, if the lenath of the pipe 15 79.3 cm or 25.5 cn. Calculate the
speed of sound in the air Negiect the edge effects.

Steel wire has a lengih of 12.0 m and a mass of 2 10 kz. What should be the tension in the ware so
that the speed of 2 transverse wave on the wire equals the speed of sound in dry airat 20 °C =343 m
e+

Two tum 2 forks sivet) beats's when sounded simultaneously. The freguencv of one of the forks 1
430 Hz. When the other fork 15 loaded with a piece of wax | the beats mcrease. What 15 the
frequency of the second fork?

A guranst finds that her string sounds flat (1.e.. the pitch 15 lower than expected), Explain how she
can corrzct the pitch without changing the stnng If she tightens the sting, wiich phyvsical property
of the wave on the stnng 15 directly affected?

{a) Amplitude (b) Frequency {c} Wavelength (d) Time peniod

Using the formula for the speed of longitudinal waves in 3 erven medum of density p, explam why
the spead of sound mn air (a) 15 independent of pressure (b) mereazes with temperature, and (1)
mereazes with humidsty

ANSWER KEY

1. Longrtudinal waves propagate through a3 madium via altematine compressions and rarefactions. In
compressions, the density and pressure of the medinm are higher than the average, while 1n
rarefactions, they are lower. Because the wave propagation depends on these fluctuations 1 pressure
and volume. longrudinal waves are referred to as pressure waves.
- —
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2. Stationary waves (or standing waves) are formed by the superposition of two sdentical waves fraveling
n opposiie direchions 1o 2 bounded medium They are "stationary” because the waveform does not advance
mn the medium, and there 15 no net energy transport through any point in the medium.

X Propagation: Progressive waves propagate through the medmm_ while stationary  waves do not.
Amplitude: In progressive waves, all particles vibrate with the same amplitude In staftonary waves,
amplitude varies {zero 2t nodes, max af antinodes)
Dhase: In progressive waves, phase changes continnously. In stationary waves, all particlesn a loop
are 1n phase, but out of phase with adjacent loops.

4. Giveny(x. t)=3 sm (36t -0.018x = =4) sarrrma w1
(1) We know the equation of a progressive wave travellme from night to left ss:
y{x.f)=asm (et~ kx~ @) resasssessasisesaas (2]
Companmg equation (1) to equation (2), we sce that it represents 2 wave travelling from right to left
and also we get:
a=3cm @=36rads k=0.018 cmand ¢ =4
(11) Therefore, the speed of propazation, v=ak=36/0018=20m/s
(111) - Amplrade of the wave, a=3 em Frequencyv=w/2n =36 In=35T7hz
{(1v) Initial phase at the ongmm=n 4
{v) The smallest distance between two adjacent crests .= 2n k=2n 0.018=34% cm.
5. Given. The eguation for a travelling harmonic wave:
vix t)=20cos Zx (10t — 0.0080x+ 035)=2.0 cos (20wt — 0.016mx + 0.70 1)
Where, Propagation constant k=00160na=2cm wo=20nrads
We know, Phase difference @ =kx=2n' 4
()Forx=8m=3800cm &=0016=x=800=128n rad.
(W) Forx= Im=100cm @=0016r>x100=10nrad
(ui)Forx=542 ©=02n0) x (L2)= nrad

(W)Forx=6a4 @=02n}1) x (64 =3nmd .
6. Given, Frequency of the tuming fork +F =340 Hz
Lengthof the pipe. 11 = 0255 m I, g

As the grven pupe has'a piston at one end, it will behave as a pipe with one end
closed and the other end open. as depicted m the figure below:
This kind of system creates odd harmonics. We know that the
fundamental nots in a closed pipe iswnttenas 1 =0 4
0Z2353x4=%=102m
Therefore, the speed of sound, v=24+F =340x 102=3468ms
7. Gmen.  Length of the steel wurs, | =12 m
Mass of the steel wire, m = 2 0 kz. Velocity of the transverse wave, v=343 m/s
Mass per uat length p=M /1=21012=0175kz/ m
We know, Veloeity of the transverse wave , v = Therefore, T=V*2 n =343*2 *0.175
=306x10*N Therefore the tenston in the wire 18 3432 x 0175 =206 x 10° N_
8. beat frequency 15 the absolute difference betiveen the frequencies of the two forks.
frequency of the second fork can be sither 480 -6 =486 Hz or 480 -6=474Hz
Loading the second fork with wax decreases its frequency. If the second fork's

o e |
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frequency was 486 Hz, loading it with wax would decrease the frequency and the beat
frequency would decrease. Sinee the beat frequency mereases, the second fork's
frequency must be 474 Hz
S. To raise the pitch, the guitarist needs to increase the frequency of vibration She can do this by
mereasing the tension in the string (by tichtenig the tuning peg) This mereases the wave speed v=

F and since f=v/(ZL), the frequency increases; rassmg the pitch. (b) Frequency

10. (2) Pressure: The speed of sound in air 15 mﬁfpﬁndfm of pressure because both pressure and density
mncrease or decrease together Their ratio P/p remains constant at 2 fixed temperature. so the speed
doesn 't change.

(b) Temperature: The spead of sound mncreases with temperature. This 15 because

higher temperature means'melecules move faster, increasing the wave speed.
Mathematically, speed 15 proportional to the square oot of temperature: Ve T

(c) Humidity~ The speed of sound mereases with humidity. Water vapor is lighter than

dry air, s¢ when air 1s more humid, its averase molecular mass decreases. This makes
the air less dense and allows sound to travel faster.

CASE BASE STUDY
1. Acousiic Interference and Tuning Musical Insirumenis
When twe sound sources of slightly different frequencies emit continuous waves simultaneously, our ears
do not percarve two distinct individual pitches Instead, we hear a single. fluctuating sound that regularly
nises and falls in lovdness. This penodic vanation m sound intensity 13 called beats.
The phenomenon is a direct consequence of the superposition principle. At a given point n space, the
sound waves altemately reinforce each other (constructive interference) and cancel each othér out
(destructive mterference).
The:number of times the sound mtensity reaches a maximum (or mimmum) per second 15 known as the beat
frequency. This frequency is exactly esqual to the absolute difference between the frequencies of the two
mterfenng waves
fo =1 - . Piano tuners and musicians use this phyvsical principle extensively to tune imstruments by
adjusting strings until the andible beats vamish completely.
1. To hear distinct and audible beats, what are the pnmary physical constraints on the two interfering .
sound waves?
(a). They must have dentical frequencies and travel in opposite directions.
(b). Thev must have nearly equal frequencies and travel in the same direction
(c). They must have vastly different amphitudes and travel perpendicular to each other.
(d), They must be longitudinal and transverse waves respectively
Looking at the scund envelope of a beat pattern, what mecharical event takes place at the pomt of
mmimum loudness (complete destructive interferencs)”
(a), crest of one wave perfectly overlaps with a crest of the second wave:
(b). The phase difference between the two waves becomes zero.
(e): A crest of one wave perfectly overlaps with a trough of the second wave.
(d). The net amplitude of the comhined sound wave doubles:
3. Twosound waves are descnibed by equations (1 = Asim2r fiyand (ye=Asminf: ). When thev
superimpose, the mathematical time interval befween two consecutive mtensity maxima 15 found to
be.

b

I: J 132 {h‘} [1:-!'! {‘3 fil- f‘ i

4. A tnning fork of unknown frequency produces 4 beats/second when sounded alongside a standard
fork of 256 Hz. When the prongs of the unknown fork are loaded with a small amount of wax; the
observed beat frequency decreases to 2 beats'second What was the iminal frequency of the unknown

o e |
ZIETAMYSURLSRALPHYSHCS-X1:2008.27 163




fork?
(a). 252Hz (b).260Hz (c).258 Hz (d).254 Hz

STANDING WAVES IN STRETCHED STRINGS (MUSICAL INSTRUMENTS)

When a gunar stnng of length (L) 1s plucked. transverse waves travel along the string m opposite
directions. Thesé waves reflect off the fixed ends of the sinng and superimpose on each cther
Becanse the waves have the same amplitude, frequency, and speed but travel in opposite directions,
they form a standing wave or stationary wave pattem.

The fixed ends cannot move. creating points of zero displacement known as nodes. The middle

sections expenence maxunum displacement. creating antinodes. The sinng can vibrate at specific,

discrete frequencies called natural frequencies or harmonics. The lowest frequency at which z

standing wave forms is the fundamental frequency or first harmonic Higher frequenciss are infeger

multiples of this fundamental frequency. forming a harmome series (fn =n f;)

1. For asmng of length (L") fixed at both ends vibrating tn s third harmonic, what is the rotal
rumber of nodes (includimg the boundaries) and the distance between any two consecutive
nodes?

(2). 3 nodes, distance =173 (b) 4 nodes, distance =13
(c). 4 nodes_ distance =1.2 (d). 5 nodes, distance =1.4
2 A gustar player nghtens a string. increasing 11s tension by a factor of 4 while
mamntaimng the same strinz length. How does the fundamental frequency of
this string chanpe?
{a). It stays exactly the same (b). It increases by a factor of 2
{c). It increases by a factor of 4 (d), It decreases o halfits original value
3. Conzider two particles located on the same string vibrating in 2 standing
wave pattern. If both particles lie within the exact same loop (between two
consecuttve nodes), what 1s:the phase difference between ther motions?
{(2). 0 rad (They are perfecilv m phase) (b)), o2 rad
(c). mwrad (They are completely gut of phase) (d), 2 rad
4. The fundamental frequency of a stretched string fixad at both ends 15
200Hz What s the frequency of 1ts third overtone?
(a)400 Hz (b). 600 Hz (c). 00 H=z (d). 1000 Bz
3. Organ Pipes and Resonance Columns
Orzan pipes use the concept of longitudinal standing waves inside an air column to produce musical notes.
Thesze pipes are clagsified mto two types: open organ pipes (open at both ends) and closed argan pipes
(clozed at one end and open at the other).
The air at an open end 15 free to move, creating a displacement antinode (or pressure node). The arrata
closed end 15 ngidly blocked. forang a displacement node (or pressure anhnode). Because of these distinct
structural boundary conditions, open and closed pipes zenerate completely different conficurations of
harmonics. This vanation changes the spund profile, which 1s why instruments ke flutes (open) sound
distinet from instruments like clannets (closed at one end).
1. Which of the following statements comrectly detals the allowed harmomc
frequencies generated inside 2 closed organ pipe?
(2). It allows all integer multiples of the fundamental frequency (both even and odd),
(b). It allows only even multuples of the fundamental frequency.
(e). It allows only add multiples of the fundamental frequency.
(d).- It does not generate: any predictable harmonic senes:
2. An open organ pipe and a closed orzan pipe have the exact same physical length
L. What is the mathemancal ratio of their fundamental frequencies (fopem - fieem}?
(@.1:1 (b)1:2(c)2:1({d)4:1
3. If the temperature of the air inside an open orzan pipe incfeases, what happens to
the pitch {fundamental frequency) of the sound produced?
]
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(a). The pitch mereases because wave speed increases with temperature.
(b). The pitch decreazes because the air column expands sizmficamtly.
(c). The pitch stays completely constant.
(d). The pitch drops to zero.

4. A closed organ pipe has a length of 025 m Taking the speed of sound in
air to be 340 m's, calculate the fundamental frequency of this pipe.
(a). 170Hz (b). 40Hz (). 680Hz (d) 1360 Hz

ANSWER KEY

1. 1b 2c £ - 4b
2.1b Zh 3.a 4c
3. 1« 2e 3.a 4b

LONG ANSWER TYPE QEESTI{}KS
L (2)YWhat 15 the principle of superposition of waves?

(b) Two progresstve waves traveling in opposiie directions overlap to form 2
stationary wave. Derve an expression for a stationary wave and prove that the
distance between twe censecutive nodes 154 /2.

(c) State two differences between a progressive wave and a stationary wave

2. (a) State Newton's formula for the speed of sound in air. (b) Explain why it was
incorrect and how Laplace corrected o

(biDiscuss the reflection of a wave pulse from (1) a nsid boundary and (1) an

open free boundary. Include the phase change in each case.
3_{a) Define the phenomenon of beats. What is the sssential condition for beats 10
oceur?

(b} Mathematically prove that the number of beats produced per second is equal to

the difference i frequencies of the two soundng bodies.

(c) A umng fork of frequency (312Hz) produces (4beats sec) with an unknown fork

(A). When fork (A) 15 filed, the beat frequency decreases to (2beats sec) What s
the original fréquency of fork (A)?
ANSWERKEY
1. (3) Pranaciple of Superpesition-When two or more wave pulses overlap in the same
medim. the resultmg displacement at any point 13 the vector sum of the displacements preduced
by the mdividual waves.
Mathematically: (¥ =wv1 v _.. “va)
(b)Ceonsider rwo waves of the same amphtude (3) and frequency (w) travelling 1n
opposste directions: Wave moving night (v = asin(kx - @t) Wave moving left; (yv=
asinfkx + ot} According to the superposition primciple:
(¥=w1+y2) {y =4dsin(kx - ot) + sm(kx + et )
Using the math identity: (3in{A-B) — smn(A~+B) =2 sin A cos B)
(v={[2a sin(lo}] cos wt ] In this equation. (A = 2a sin(kx)) represents the
amplituds of the stationary wave, which depends on the position (x).
Distance between two consecutive Nodes:
At nodes, the amplitude 15 zero: sinfkx)=0 kx=aomxi{where(n=0,1,2)
Since (k=2 )) 2y x=nn , x=na 2
For (r=1), (xe =2 2) For(o=2),(x:=}i) Distance=(x:-xi=Ai-L1)
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(c) Differences

_FEEII.IIE

Progressive Wave

J[ Stationary Wave

Eneray SHery Energy 15 “trapped” and not transferred.
' . Every particle has the same Amphitude varies from zero (nodes) to max
phmplinee) pliside. (antinodes),

2 (ajNewton's Formula: (v =,/p/p. He assumed the process was isothermal (constant temperature),
Correctioni: Laplace argued that sound travel 15 an adiabatic process (no heat exchange) because it 15 very

fast.

Cormrected Formula: (v=/py/p. where y 15 the ratio of specific heats (1.4 for awr). This correction brought
the theoretical valus (approx. 332 m's) close to expenmental results. (b)Ripid Boundary: The reflected
wave 15 mverted. The phase changes by 180° because the boundary exerts an equal and opposite reaction

force

Fres Boundary: The reflected wave 1s NOT inverted. There 15 zero phase change because the end 1s free to
move, acting like an antinode.
3. a)Definition: When two sound waves of nearly equal frequencies traveling m the same direction
superimpose, the miensity of the resultant sound waxes (increases) and wanes (decreases) periodically.
These periodic vanations in mtensity are called beats.
Condition: The difference i frequencies between the two sources should be:small (typically less than
(10Hz) for the human ear to distinguish them
(b) Consider two sound waves of same amplitude {a) but slightly ddfferent frequencies (n:) and (n: M wheee
(> m), Their displacement equations at a point (x=0) are:
Fr=asnZrm Wyz=asnllan:t)
By the Principle of Superposition:
(y=a[zm(2% 0 v+ asm(2n n t])
Using the dentity (sin C+sin D=2sm {C=D}/{2}cos (C-D}/{2}):
(y=2acos n{n; —n2 M sm afn; oz )t
The term in the bracket 15 the Resultant Amplitude (A):
(A =23 cos w(n: —n=)t)
For Maoma (Waxing):  (A)s maximun when (cost=a{n —nz tpm 1)
(n{n—mat=k=z){where(k=0,1,2_)
Time intervals for maxima“ (0, 1'ni —n2, 2 ;g —nz. h)
Beat Peniod (T): Time between two successive maxima =1/ (o) —n3)
Beat Frequency (b); (1 T=0: —n2)
(c) Frequency of known fork (n =512 Hz) Beats =4

Possible frequencies for (A): (512 =4 =516 Hz) or (512 - 4= 508 Hz),

F=yrty1)

Filing a fork increases s frequency. If (A) was (516 Hz), filing makes 1t (517, 518) (Beat

(t=ki(t —m)

count would increase), If (A) was (308Hz). filing makes it (309, 510) (Beat count decreases as it gets
closer to (312). The onioinal frequency of fork (A) 15 (308 Hz).

o e |
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PHYSICS

Xi https - /www vontube.com BNCERTOFFICIAL searchTauer—phvsice®: 2 0classt: 20X .
PRACTICAL FPalOFRACTICAL

Physics Is Not Just About Formulas And Laws—It Is The Art Of Understanding Nature Threugh
Curiosity, Observation, And Reasoning. This Support Material Has Been Developed With The
Sincere Effort To Simplify Concepts, Strengthen Fundamentals, And Inspire Every Learner To Think
Scientifically And Confidently
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