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UNITS AND MESUREMENTS
Content of the chapter Units and Measurementdeed formeasurementJnits of measuremensystems
of unitsSl units, fundamental and derivedits significantfigures, Determining the uncertaintyriesult
Dimensionsof physical quantities, dimensional analysis and its applications.

MIND MAP
SI Unit: Meter (m)
Length 8w
Measurement Tools: Meter scale, Vernier caliper, Screw gauge
" S1 Unit: Kilogram (kg)
Fundamental Quantities Mass

0 O'< Measurement Tool: Beam balance
T Sl Unit: Second (s)
Measurement Tools: Stopwatch, Atomic clock

Unit: Square meter (m?)

Area -
Derived from length % length

Unit: Cubic meter (m?)
Derived from length x width x height

\M¥O< Unit: Meter per second (m/s)

Derived from displacement/time

Unit: Meter per second squared (m/s?)
Derived from change in velocity/time

Derived Quantities

Acceleration

Units: cm, g, §
Used in: Electrostatics, Magnetism

Units: t, Ib, s

Systems of Units FPS System ; o ’
\\ \)'< Used in: Engineering fields in the USA

CGS System
Units and Measurements

I System (Intemational Systern) Seven fundamental units
stem (International System
= : O< Universal usage in science and technology

Direct Methods Using standard measuring instruments
U

Measurement Techniques Indirect Methods 0 Measurement by calculation using formulae

Accuracy: Closeness to true value
O=____Precision: Reproducibility of measurements

Accuracy vs Precision

Rules for significant figures in measurement

Significant Figures and Scientific Notation

O< Expressing very large or small numbers in scientific notation

Purpose Checking correctness of physical equations
N/

Dimensional Analysis Q‘A Basic Dimensions M (mass), L (length), T (time)
. A4

o Deriving relations between physical quantities
Applications e
Converting units
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GIST OF THE CHAPTER:

1 Every measurement has two parts. The first is a number (n) and the next is a unit(u). Q = n u.|Ex :
Length of an object = 40 cm.

1 The number expressing the magnitude of a physical quantity is inversely proportional to the ur
selected.

1 If nzand n are the numerical values of a physical quantity corresponding to the vaitd @, then
Nup = Uz, Ex : 2.8 m=280cm; 6.2 kg =6200 g

1 The quantities that are independent of other quantities are called fundamental quantities. The [units
that are used to measure these fundamental quantities are called fundamental units.

1 There are four systems of units namely C.G.S, M.K.S, F.P.S and Sl

1 The quantities that are derived using the fundamental quantities are called derived quantities. |[The
units that are used to measure these derived quantities are called derived units.

1 The early systems of units :

it

Fundamental Quantity [System of units
MKS CGS FPS
Length Meter Centimeter  |Foot
Mass Kilogram Gram pound
Time Second Second Second
Fundament al and supplementary physical gugnt
Physical quantity Unit Symbol
Length metre m
Mass kilogram kg
Time second |s
Electric current Ampere |A
Thermodynamic Kelvin K
temperature
Intensity of light candela |Cd
Quantity of substance mole mol
1 Supplementary quantities:
Plane angle radian rad
Solid angle steradian S rad

f If Q is the unit of a derived quantity represented by Q%9WF, then MLPT¢ is called dimensional
formula and the exponents a ,b and c are called the dimensions.

1 Dimensional Constants: The physical quantities which have dimensions and have a fixed valujp are
called di mensional constants. Ex: Gravitatio
constant (R), Velocity of light in vacuum (C) etc.

1 Dimensionless quantities are those which do not have dimensions but have a fixed value.

T Di mensionless quantities without units. EX:

I ——
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1 Dimensionless quantities with units. Ex : Angular displacemena di an, Joiul eds| c
joule/calorie, etc.,
1 Dimensional variables are those physical quantities which have dimensions and do not have flxed

val ue. Ex: velocity, acceleration, force, |wo
1 Dimensionless variables are those physical quantities which do not have dimensions and do npt he
fixed value. Ex: Specific gravity, refractfiyv

1 Dimensional formulae are used to a) verify the correctness of a physical equation, b) derive
relationship between physical quantities and c) to convert the units of a physical quantity fromjone
system to another system.

1 Law of homogeneity of dimensions: In any correct equation representing the relation between
physical quantities, the dimensions of ad I} t
or 6=0 sign must have the same di mensi ong.

1 A physical quantity Q has dimensions a, b and c in length (L L a M b T c
mass (M) and time (T) respectively, andsiits numerical valuen, = n{ 1 } { L } { L }
in a system in which the fundamental units areMy and T and Mo T2
nz is the numerical value in another system in which the
fundamental units arezlMz2and Tz respectively, then

1 Fourier laid down the foundations of dimensional analysis.

1 Limitations of dimensional analysis :

a) Dimensionless quantities cannot be determined by this method. Dimensionless Constant of
proportionality cannot be determined by this method. They can be found either by experim{nt
(or) by theory.

b) This method is not applicable to trigopnometric, logarithmic and exponential functions.

c) Inthe case of physical quantities which are dependent upon more than three physical quatrtities
this method will be difficult.

d) In some cases, the constant of proportionality also possesses dimensions. In such cases Vife ca
use this system.

e) If one side of equation contains addition or subtraction of physical quantities, we cannot usg this
method to derive the expression.

1 Significant figures are the digits in a number that express its measured or calculated precision| The
include all certain digits plus one uncertain digit.

1 Rules for Counting Significant Figures

Lo

a) Alnon-zer o digits are significant. Exampl e:|] 2
b) Any zero betweentwonenmer o di gits is significant. Elx a
c) Leading zeros in decimals numbers with values less than 1 (zeros before the festodigit)
are not significant. Example: 0.0052 Y 2| s
d Trailing zeros in a number with a deci ma
figures.
e) Trailing zeros in a whole number without a decimal may or may not be significant, dependijpg or
context. Exampl e: 5000 Y could have 1, 2 ‘
clarify).

Rounding off is the process of reducing the number of digits in a number while keeping its val:'e
close to the original. It simplifies numbers for easier interpretation or calculation while maintairjing
reasonable accuracy.

I ——
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MULTIPLE CHOICE QUESTIONS:
1. Which of the following is a fundamental quantity?

a). Velocity b) Force c) Length d). Pressure
2. Which of the following quantities is derived from fundamental quantities?
a). Mass b).Time c).Temperature d). Acceleration

3. The unit of work is derived from which fundamental quantities?
a). Mass and length b). Force and distance c). Mass, length, and time  d). Power and time
4. How many significant figures are in the number 0.004506?

a) 4 b) 3 c) 6 d) 5
5. Which number has 3 significant figures?

a) 0.070 b) 700 c) 7.00 x 102 d) 0.007

6. Round 76.483 to 3 significant figures.

a) 76.5 b) 76.4 C) 76.48 d) 76

7. Which of the following quantities is dimensionless?

a). Pressure b). Strain c) Velocity d). Force

8. The dimensional formula ofPlanck's constant (h) is:

a). [ML2T' Y] b). [ML2TY c) .[ML2T'Y] d). [MLT"?]

9. Which of the following equations islimensionally correct?

a) v=u+atv b) v=u + at c) v=ut+af d) s=ut+1/2at
10. If velocity v, time t, and acceleration a are fundamental quantities, the dimension of distance is:
a). vt b). at c). at d). va

ANSWER WITH SOLUTIONS

1 - Answer: c. Length
ExplanationLength is a fundamental quantity, whereas velocity, force, and pressure are derived quatr|tities
2 - Answer: d. Acceleration
Explanation -Acceleration is derived from the fundamental quantities of length and time (Acceleration|=
velocity/time = (length/time)/time = length/time?)

3 - Answer: c. Mass, length, and time

Explanation: Worlk= Force x Distance = (mass x acceleration) x distakgem?/s2

4 - Answer: a. 4

Explanation: Leading zeros are not significant. The digits 4, 5, 0, and 6 are significant.
5 - Answer:c 7.00x 10?2

Explanation: All digits (7, 0, 0) in 7.00 are significant because trailing zeros after a decimal are signififant.
6 - Answer: a 76.5
Explanation: The third significant figure is |4,
7 -Answer: b

Explanation:Strain = change in length / original length = (L / L) = dimensionless

8 -Answer: a
ExplanatonEner gy = ha3
E = [M L] T |]=TY hRHES=[H& L] T 1],

9- Answer: b

ExplanationLHS = RHS

10- Answer: ¢

Explanation: From s=ut+1/2&t

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

I ——
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1. Assertion (A): The Sl unit of length is the meter, and it is defined by the distance travelled by light i
vacuum in 1/299,792,458 seconds.

Reason (R): The definition of the meter was revised in 1983 to make it independent of physical objeg
a platinumiridium rod

2. Assertion (A): The Sl unit of mass is the kilogram, and it is defined using a platiitimm cylinder

kept at the International Bureau of Weights and Measures.

Reason (R): The kilogram is the only Sl base unit that still has a physical reference.

—

a

s lik

3.Assertion (A): In the Sl system, the unit of time is the second, which is based on the vibrations of cqiesiu

atoms.

Reason (R): The Sl second is defined as the time it takes for 9,192,631,770 oscillations of radiation
corresponding to the transition between two hyperfine levels of the ground state of the X33 atom

4. Assertion (A): In the International System of Units, the unit of electric current is the ampere.

Reason (R): The definition of the ampere is based on the force between two parallel conductors carryfing

electric currents in a vacuum

5.Assertion (A): The Sl unit of temperature is the Kelvin.

Reason (R): The Kelvin scale is based on the absolute zero, which is the lowest possible temperatur{ whe

all molecular motion ceases

6. Assertion (A): The dimensional formula of force is [ME]T

Reason (R): The dimensional formula of any physical quantity is derived by equating it to the base

quantities (mass, length, time) raised to appropriate powers

7Assertion (A): The di mensional for%mila of tHhe

Reason (R): Gravitatiobamghhemeast gassacerderiagi g

gravi hiys haeidght . The i meffjdéiTonal formula of
ANSWERS OF A& R

1A 2. A 3 A 4 A 5.

SHORT ANSWER TYPE QUESTIONS (2 MARKS QUESTIONS)
. List the seven fundamental units..
. Using the example of velocity explabout the derived quantities.
. Is force a fundamental or derived quantity? Justify.
. How many significant figures are there in 0.0045607?
. Round off the number 76.867 to 3 significant figures.
. Deduce the dimensional formula for the following physical quantities
a) coefficient of viscosity  b) surface tension
7. State the principle of dimensional homogeneity.
8. Check if the equation v=u + at is dimensionally correct.

ANSWER WITH SOLUTIONS

1. : There are seven fundamental quantities in total in the International System of Unitse(Slgngth,
mass, time, electric current, temperature, amount of substance, and luminous intensity.
2 -: Derived quantities are those physical quantities that are derived from fundamental quBréitigde:
Velocity is derived from length and time (Length x Time)
3 -Answer: Force is a derived quantity.
It is given by Newtondés second | aw: F = ma
It depends on mass (fundamental) and acceleration (derived), hence derived.
4 -: There are 4 significant figures: 4, 5, 6, and the trailing O (after the decimal aizénoodigits)
5.-:76.867 rounded to 3 significant figures is 76.9.
6-:a) MLIT' L b) MLOT'2
7 -Answer:The principle of dimensional homogeneity states that all terms in a physically meaningful
eguation must have the same dimensions.
8-Answer:LHS: [v] =[LT'Y] RHS:[u]=[LTY
[at]=[LT'][T] + Bothsides=[LTY=[L TYH+[LT '] [T]
yes, the equation is dimensionally correct.

OO WNBE

I ——
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SHORT ANSWER TYPE QUESTIONS (3 MARKS QUESTIONS)
1. The Van der Waal equation for 1 mole of a real gas is (P 3 @Wi b )where P is the pressure, V is
the volume, T is the absolute temperature, R is the molar gas constant and a, b are Van dar Waal cc
Find the dimensions of a/b
2The velocity of water waves may depend on tH
acceleration due to gravity gsing the method of dimensional analysis, derive the relation between g
and

nsta

3. What are significant figures? State any two rules for determining significant figures. Give one exanjple.

4. Round off the following numbers to 3 significant figures:

(i) 0.004376 (i) 56.987 (iii) 12345

5. What is the dimensional formula of Planks constant.

6. State the principle of dimensional homogeneity. Use it to check whether the equation v=u+at is

dimensionally correct.

7. Derive the dimensional formula of pressure. Write its Sl unit.
ANSWER WITH SOLUTIONS:

1. Van der Waals equatioP+aVv? / ( Vi b) =RT

Dimensions of volume ¥[L3] Dimensions of pressure fP]=[ML'1T'?]

Dimensions of aFrom a/\/= P a/[LS=[ML"*T"?)+ [a]=[ML°T'?

Dimensions of b:

From(V T )dhe terms must have the same dimension:

[bI=[VI=IL °] [b] = [V] =L 7]

Dimensions of a = MET' 2 Dimensions of b = £

Hence, a/lbML°T'2/L% ML2T 2

2-Ans

We express each quantity in terms of the fundamental dimensions [M],[L],[T]:
Quantity Symbol Dimensions
Velocity v [LT'Y
Wavelength & [L]
Density J [ML'3]
Acceleration due tGravity g [LT'?

Assume that:

v=ke® o°

where k is a dimensionless constant, and a,b,c are powers to be determined.
LHS: [V]=[LT™Y

RHS: [aa; g‘]:[L]a[ML TS] [LTTZ] C=M L& 3+cTT2¢

Set LHS = RHS:

Mass (M): 0=lp b=0

Length (L): 1=a3b+c=a+c

Time (TreclR1l=12cC

Now from 1=a+and c = %

a=1-1/2 = % so the relation becomes v = k a1i g |

now squaring bothsidesy | = kg e

31 Ans Significant figures are the digits in a measurement that are known accurately.
Two Rules for Determining Significant Figures:

All non-zero digits are always significant.

Example: In 456, all three digits are significan® significant figures.

Zeros between two nerero digits are significant.

Example: In 4003, the zeros between 4 and 3 are significarsignificant figures.
Example Combining the Rules:

Number: 204.05 Digits: 2,0,4,0,5

All non-zero digits (2, 4, 5) are significant.

I ——
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Zeros between nerero digits (the 0s) are also significant.

t Number of significant figures = 5

47T Ans (i) 0.004376 iY) 0560 0948378 iYi 571 D345 Y 12300
Q571 Ans P | a naorstard h appears in the relation for energy of a photon:

E=hwhere:E = energy Y di mengional formula = [ ML
3 = frequency Y di mensional formula = [TET]
From the equationh=EA&

Substitute dimensiongh]=[ML2TE ] / [ TEE[f =[ ML | T

This is the di mensional formula of Plancko6s ¢
61 AnsPrinciple of dimensional homogeneity: Every term in a physically meaningful equation must h
the same dimensionEquation: v=u +at

Now,v = final velocity = [LT? u = initial velocity = [LT ]

a = acceleration = [L'f]  t =time =[T]

[LT™] =[LT™] + [LT'?[T]

L.H.S=R.H.S The equation is dimensionally correct.

717 Ans Pressure = Force / Area

We know Force = [MLT?] Area=[L}

Pressure=[MLT?|[L ]]=[ML 1T ?]

LONG ANSWER TYPE QUESTIONS (5 MARKS QUESTIONS)
1.What are significant figures? Write the rulws of significant fig. Idenfy the total num of significant fig i
the following
a)0.035 b)6.020 c) 8000 d)2.3000 e)’
2, Howdo you round off numbers to a certain number of decimal places?
3.How can we derive the dimensional formula for physical quantities?
Explain the general method for deriving dimensional formulas.
Derive the dimensional formulas for the following physical quantities:
(a) Energy (b) Pressure (c) Power

ANSWER WITH SOLUTIONS:

1 - Ans : Definition:

Significant figures are the digits in a number that express its measured or calculated precision. They
all certain digits plus one uncertain digit.

Rules for Counting Significant Figures:

All non-zero digits are significantExample2 37 Y 3 signi ficant f
Any zero between two nerero digits is significanExample:1 003 Y 4 si gni
Leading zeros (zeros before the first ymmmo digit) are not significant.

ExampleO. 0052 Y 2 significant figures.

i gur e
fican

Trailing zeros in a number with a decimal point are signifi&&sample4 . 500 Y 4 si gni m i
X

Trailing zeros in a whole number without a decimal may or may not be significant, depending on con

Example5000 Y Coul d have 1, 2, 3, or 4 significgdg
Examples:

\Number H Significant FigureHEpranation \

\0.035 H 2 HLeading zeros not significant \

6.020 | 4 Includes zeros between digits |

18000 1 (unless specified) |No decimal; ambiguous significar]

2.3000 [ 5 |AIl digits including trailing zeros |

\ “ Hinfinite HRationaI num \

| T

nve

nclu

t.
nt

2 - Ans: Definition: Rounding off is the process of reducing the number of digits in a number while ke
its value close to the original. It simplifies numbers for easier interpretation or calculation while maint

reasonable accuracy.
I —————————————
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Rules for Rounding Off:1. Identify the digit to round off to.
Count from the first nozero digit to find the required number of significant figures or decimal places.
2. Check the next digit (the one to the right):If <5, leave the rounding digit unchanged.

I f O 5, increase the rounding digit by 1.
3. Drop all digits after the rounding digit.
Examples:

() Round 5.7486t8 si gni ficant figures: Y 5.75
(The fourth digit is 8 Y round up)

(i) Round 0.003478 to 2 significant figures:

First two significant digits are 3 and 4 Y ne
(i) Round 189.456 to 2 decimal places:
The third decimal digit is 6 Y round up the g
31 Ans Definition: A dimensional formula is an expression that shows how a physical quantity depenc
the basic dimensionMass (M),Length (L), andTime (T).

For example, velocity = [L T T]
Importance of Dimensional Formula:

To check the correctness of physical equations (dimensional homogeneity).
To derive relationships between physical quantities.

To convert units from one system to another.

To understand how quantities scale with others.

1. Dimensional Formula for Energy (WorkfEnergy=ForcexDistance

We know,For ce = [Digtance =TL] | ]

t Energy=[MLT 3t[L]=[ML 2T'?]

Di mensional formula for energy = [M L] T ]]
2. Dimensional Formula for Pressure:

Pressure=Force/Arew/e know,For ce = [AMad[L]T | ]

t Pressure=[MLT?)/[L?=[ML"!T"?]

Di mensional formula for pressure = [M L T T |
3. Dimensional Formula for Power:

Power=Work/time We already haveEner gy = [TNne=[T] T | ]

t Power= [MPT' Y [T =[ ML2TT 3]

Di mensional formula for power = [M L] T j]

ConclusionDimensional formulas are essential tools in physics that help check the validity of equatio
derive new formulas, and maintain unit consistency in calculations.

CASE BASED QUESTIONS
1) A student of class Mduring his/her practical class took diameter of a spherical object using vernie
calliper. She takes three readindg®eading 1: 12.45 cmReading 2: 12.50 cm Reading 3: 12.46 cm

X t

s on

—

S,

The true diameter of thisbject isknown to be 12.48 cm. Based on given information answer the followihg

1) The average spherical object from the given measurements
a)12.48 b)12.43 c)12.45 d)12.00

(2) Discuss the precision of the measurements based tuoetengthof the rod.
a) minimum b) maximum ¢) zero d) uncertain

(3) The accuracy of the measurements based on the tru length of the rod will be.
a) 0.01 b)0.1 c) 0,001 d) 0.0001
(4) find the volume of the spherical object
a)1016.97 Db)1058.52 c) 1063.78 d) 1061.65

ANSWER WITH SOLUTIONS
17 AnsAveragelength= Readind +Reading2+Reading3
3
=12.45+12.50+12.46 =37.41 =12.47cm
3 3

I ——
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CONTENT OF THE:C
Frame of
i ntegration
average velocity

CHAPTER: MOTI ON I N A STRAI GHT LI NE
HAPTER
reference, Motion in a straight | ing,
for descr-ubhi hgrmombbhonunater mgandp
and instantaneous-tveneocity, Jun
Rel ations .for uniformly ac¢el

and

SCALAR

RATE OF CHANGE
OF DISTANCE

\4 CAN BE +VE,& 0

SPEED —

Totaltime

§_d§

RV
Instantancous speed v =limy, g o

pdsimei @gm aphs.

_Totaldistance travelled _ 4§

Avg speed o v

U

MI ND MAP OF THE CHAPTER

___—> SCALAR

\_) DEPENDS
\ON PATH
y VECTOR
DEPENDS ON

INITIAL & FINAL
POSITION

DISTANCE

ALWAYS
+VE

& CANBE+VE,-
VE &0

/7 VECTOR

RATE OF

T~ DISPLACEMENT

\ WITH TIME

>

, ~p _Netdisplacement  4r

.‘f ‘r ¥ ‘! - — —
Avg velocity or Vayg Total time at

VELOCITY

CANBE +VE, VE& 0

_*dr

| : . Ar
‘hlstantaneous velocity v =lim,, e

MOTIONIN1-D Acceleration:- The rate of change of

o| velocity of an object with respect to
time Acceleration = Change in
velocity /time taken
It is a vector quantity, It may be
positive ,negative or zero

EQUATION OF MOTION

V=utat
S=ut+1/2at
V2 =u*t as

KVS ZIET MYSURU SSM PHYSICS-X62025
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DIFFERENTIATION- DIFFERENTIATION

Displacement | | Velocity | | Acceleration
INTEGRATION INTEGRATION

GI ST OF THE CHAPTER
What is Motion? (And Why Should You Care)
1 Motion = When something changes its position over time.
1 Rest= When something stays in the same position (but remember, even
parked car is moving if Earth is your reference!).

[=]

Forexamplesl magi ne youbre sitting in a moF p ai
youobmes @&Btut t o s o me o metioroMindblowndng, yighty o u 6 < ~ i
2. Distance vs. Displacemernit The Big Difference

Distance Displacement

Total path covered (scalar) Shortest path from start to end (vector)

Always positive (+ve) Can be +veye, or zero

For example-If you walk5 km Eastand therb km West yourdistance = 10 kirbut
displacement=Q because youdbre back where you start eqd
3. Speed vs. Velocity Not the Same Thing!

Speed Velocity
How fast something moves (scalar) Speed + Direction (vector)
Always positive Can be +ve owe

For exampleA car going60 km/h Northhas aspeed = 60 km/andvelocity = +60 km/h (North)But, If it
turns back a60 km/h Southits velocity =-60 km/h(because direction changed).
4.Accelerationil t 6s Not Just Speeding Up!
Acceleratior= Rate of change of velocity (can be +ve).

Deceleration (Retardatior) Negative acceleration (slowing down).

For example- When arocket launchest accelerates upwai@ = +ve).

When acar brakesit deceleratega =-ve).

5. Equations of Motion

If acceleration i€onstantwe use:

Final Velocity: v=u+ at

(Where:u = initial velocity, v = final velocity,a = acceleration t = time)

Distance Covered:s=ut+1/2at

No-Time Equationy?=u?+2as

"suvat" Trick(Remember these 5 lettessdisplacement,=initial velocity, v=final
velocity, a=accelerationi=time).

6. Graphsi The Secret to Visualizing Motion

A. Position-Time Graph

Slope = Velocity(Steeper slope = Faster speed).
|

KVS ZIET MYSURU SSM PHYSICS-X62025 10




Flat line= No motion (at rest).

DISPILACEMENT-TIME GRAPH Constant Velocity Positive Velocity
- Prositive Velocity Changing velocity (acceleration)
iy Positive slope implies motion in E E
the positive direction. _.E-_ _§_
‘G ‘G
- Negative slope implies motion in £ £
: . . Time (37 P
the negative direction. Slow, Rightward(+) Fast, Rightward(+)
. : Constant Velocity Constant velocity
b Zero slope implies a state of rest. J
= =
= Straight lines imply = =
[ 1p]
constant velocity. a 2
b Curved lines imply acceleration. e time
Slow, Leftward(-) Fast, Leftward(-)
} A.ﬂ Dbject ulldergoing ﬂllifﬂrln Constant Velocily Constant Velocity
acceleration traces a portion of a S 5
i ——
o ‘@
parabola. 2 =
time time
Megative (=) Velocity Leftward (-) velocity
Slow to Fast Fast to Slow
[ = =
2 2
T ‘ : T
= [=]
[=N (=9
time Ltime
B.Velocity-Time Graph
Slope = Acceleration
Area under graph = Displacement
VELOCITY TIME GRAPH
Positive Velocity Positive Velocity
Zero Acceleration Positive Acceleration
© 7
S S
> > L
s " = -
‘D Time (s) 1] Time (s)
2 2
[ ]
> >
These objects are moving These cbjects are moving
with a positive velocity. with a negative velocity.
+ + + +
&z &z B 2
For -g 0 Time -g 0 Time ,g 0 Time ,g 0 Tome
s = S = \
Example:

A horizontal linemeansconstant speed (zero acceleration).
A straight upward slopmeansconstant acceleration.

For detailed explanation of this chapter
https://youtu.bel/yc_uLkZjNo8?si=pBGx5CnJ3biEfe

https://voutu.be/cbhEV1afFOXc?si=mGgimsoDzulLbZzrk
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https://youtu.be/yc_uLkZjNo8?si=pBGx5CnJ3bBT-Eqe
https://youtu.be/cbEV1afFOXc?si=mGqimsoDzuLbZzrk

1.
(
2.
(a
(c
3.

4 .

(

5.

t

6 .

b

7.

8 .

9.

t

MULTI PLE CHOICE OQUESTI ONS( MCQ)

The sl ope of velocity time graph gives
a) disttédnpcei spl@x)emendel erati on

| f the displacement of an object 1is prop
bnstant acceleration (b)
) constant wvelocity

An athlete finishes a round of <circular
min 20 sec?

@2R ‘R (bR 2 (c) 7 (
A ball I's dropped from height h. The vel
a ( b Ym ( cYQ (d)zero

A car travels from A to B at a speed of
he car for the whole journey 1is

@5 Km/lgb) 24 Km/h)hm25 Km{d) 50 Km/ hr

A 100 m |l ong train is moving with a unif
ridge of Il ength 1 Km is

@58 secdmd 68 gedonmMd@@ s€dydgnd®@8 second

hof T e — Qi

@4 ) z@Enos (d) 16

The-tp'(mietbt(goaph for positive acceleration

I/ 1/a,

A ball I's thrown vertlcally upwar d. l gno
he v-el mei pyYot for the period ball remains

2
v

@\/

t &

'Lt N
SOLUTI ONS OF MCQ

1. Tthe) sl ope of wvelocity time graph gives acc
2.(a) I'f the displacement of an object is prd
constant acceleration
3
4

(a) 2R
(@X
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5 (bdgy—v— 24 Km/ hr
6 (d) Tot al Di stance=Length of train+ Length |of
Tot al Di stance=(100+1000)=1100 m
Speed 45 miafi=45
Ti me taken:Tota—Jf:&S ssteance/ speed=
7. (HA¥18t@Guo
— ¢o Y At t—4m
8. a(sb)ttheaph bends upwdrnds etahsee ss laonpde s(ot an | | i n
positive for u#tifgoramphadccelpanratbhiodrma about posi{ic
9. (a) During upward motion the magnitude of Vel
of velocity i ngrapkeisshanser&i ght | ine with &a n
ASSERTI ON REASON BASED QUESTI ON
Il n the following questions a statement of asger
the correct choice as
@l f both assertion and reason are true and|re
I f both assertion and reason are true but |re
(c)l f assertion is true but reason is false
dlI'f both assertion and reason are false
1LASSERTITOMN: speed of a body can be negative.
REASOINf. the body is moving in the opposite dilre
2ASSERTIA@GN:obj ect can have constant speed but | ve
REASO®L unit of speed is m/s.
SBASSERTIIGN:kxenaé, in a number of situations, the
REASOAn object is treated as point object, as| f
in a reasonable duration of ti me.
4ASSERTITO®peedometer of an automobi lasit menodud es
REASOAverage velocity is equal to total distajnc
5ASSERT!I ON body can have acceleration even i f] i
REASONhe body wil/ be momentarily at rest whejn
6. ASSERWHh®OMN a body is dropped or thrown hori or
ground at the same ti me
REASOHOTri zontal velocity has no effect on the| v
SOLUTI ONS&RF: A
1. §pexan never be negative because it is a sfal
direction, then also the speed wil/l be positifve
2. Ve(lbogcity is a vector quantity, so It has bjpt|
variable velocity by keeping its magnitude cqgns
3. Thg approximation of an object as point oQje
small er than the distance it moves in a reasqdgna
4. [THe assertion that the speedometemepamaasesEr §8s
spekBldle reason, stating average velocity Awern agaea
velocity is calculiavtiede@dsby ot at aldi sipln@acement |d
5. Whgn a body thrown up vertically wil!/ haveg z
be equal to g.
I ———————————————.
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6. Hajizontal velocity Haeasermed oafef éboott ho m stsieme | oofi
the reason is the correct explanation of the |as
SHORT ANSWER QUESTI ONS(2 MARKS)
1Two balls of different masses are thrown verfti
ri se tohea?ghrteater
2. Can a body have a conwtedmtcidgpye?ed and still h
3. The position coordinate of ?avhmawi xg i mar tni dred
seconds) what issctomad?vel ocity at t =2
4Derive an equation for the distance travenltlhgd
second of its motion
5. Is it possible to have a constant rate of |Jch
election i f yes give one exampl e
6. State in the foll owi ngvoc aase s hwhet hdae rmetntsd omaatl
a kite flying on a windy day
a speeding car on a long straight highway
7. Even when rain is falling vertically downwar
screen remains dry why
SOLUTI ONS:
1Ans: When two balls of different masses are |th
t hem wi | | ri se to a greater height.
2Yesa, particle in uniform circular motion has |a
its direction of motion at every point
3: Given x=6+18t + 09t
0 — —6+18¢F =+189+1 8t
At t =2 sec 1lv=18+18x2=54ms
4Prove W24n2)
5Yesn projectile motion a body has uniform agce
changes both in direction and magnitude at ever
6(a) -Dhmeasi dm)a®ciemensi onal
7This is because the rain strikes the car in|th
SHORT ANSWER QUESTI ONS(3 MARKS)
1. A body is moving in a straight line and begins to slow dgwadually. Insuch a situation:
(a) Identify the condition of motion.
(b) State the directions of velocity and acceleration vectors.
(c) Justify your answer with a suitable rdié example T 2
2. Two straight Il ines drawn hg Ifac
30andJwed @ h ti me axis respectlvel 1 A |t h
(@which |ine represents greater a&| fer
(o) what is the ratio of the two 30°
(cWhat is the nature of moti on rcp.c;r'?.'.'tcu hy
3. Draw foll owing graphs representing motion |of
(a) wvariation of position with respect to ti e
(b) wvariation of velocity with respect to tiﬂl:e
KVS ZIET MYSURU SSM PHYSICS-X62025 14




(c) wvariation of acceleration with ti me

4. A car moving along a strédighbrboughwatyowat §it a

20m@. What is the retardation of the car (assu
5A body trAavald@si&r 6 Bomat A60 @al cul ate the ave
velocity.

6The position of armdkiaobijiex tgaiiwoewiadg eadlrdo nbg=22x.n 5
i's measured in secondBst AMhMhad si § heheedvven daye
bet wwee2mn =4 . 0s 7

SOLUTI OGNS

Ans 1:(a) Condition of Motion:

me
ra

s
av

7. The displacement (in @«tse) sofygi & em@abltyd uxll=aitfene
(i) the instantaneous velocity t=2s

(ii1) average velocity between t=2s to t=3s
(iii) 1T nstantaneous acceleration.

The body is undergoinggtardatioror deceleratiodd a condition where the speed of the body decreases \vith

time.
(b) Direction of VectorsThevelocity vectors in the direction of motion of the body.
Theacceleration vectasoppositet o t he direction of wvelocity, S
(c) Justification with Exampl& common example is @ar moving forward and gradually coming to a sto
when the brakes are applied. While the car continues to move forward for a while, the acceleration d{je to
braking acts in the opposite direction, slowing it down until it stops
Ans 2.(a) The line with agreater slopé.e.,60] representgreater velocity
(b) Ratio of two velocities— —— -
(c) Nature of Motion Each straight line on a displacemdinte graph representsiform motion
3 . ) o
=
% T S )
2 < a8
2 = 2
Time —> ; Time —> Time —
@ (i) (dif)
4 : The initial wvelocity of the car = u , Final
Di stance covered by the car before coming to|re
Using theveguatt+tomg(va = 11.44 sec.
5Avg Speed= 48 Km/ hr
Avg Veleei+y—=
As body returns to its initial state Thereforje
Hence Avg velocity=0
6v(ty =— A A T o
At t =0&AWV=0=2 s 1 Vv=2x2.5%x2=10 ms
At t =2 s & At txdas4b X=a+1l6b
Avg Vetlsoeci+—y=——=60D
Hence, Avg Velmscity= 6x2.5=15
I ———————————————.
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7 As 2x =vi(8t)+p5yt p T O& a(+) pmg
vel oci tvw 291 8 + =03(82h)s
v( 3)1 8 + 1=04(83hs
Si nce acicselceonastti aomt
Vavyr—— 1anst& instantaneous 2acceleration a=10 |ns

LONG ANSWER TYPE QUESTI ONS (5 MARKS)
1. While waiting at a metro st at lent
it arrived.i nlehe rvaeplho coift t he tr ai I, - | ojvs
(ar aw a -tviehecgrnaph for the entir.‘%s
(bOal cul ate the total di stance CE0 hel t |
(F)ind the total time taken and Spe
(d)dentify the nature of acceler ° * 2..°%° *ch] pl
meani ng
2Water drops fall freely from a tap at a hei ght
and 't4hreop4 i s rel eased when the first | ands on| t|
third drops
3. A player throws a ball upwards with an init|fia
(a) What is the direction of acceleration durfin
(b) What are the velocity and acceleration off t
(c) Choose the x = 0 m and t = 0 s to be thel|lo
downward direction to-abésthanpgogitwvieveé heéi séghijon
acceleration of taedbdobWndardnmoitenupward,
(d) To what height does the ball ri se and aftfjer
9. 8%amsd neglect air resistance).

SOLUTI ONS:
1: (a) Linearly rising from O to 16.67 m/s in|20
Linearly decreasing from 16.67 m/s to O in 30 s
( bTot al Di stance Covered
During accelera—t=4—86—H:0(.083téo& 280 8@ #168=7 ms
During constant ,splkttd. 620405666. 8) ms s
During decel er atiidn 5G660mFtso+-® 625D : 08 =ms
Total dssistasnt@6. 7+666. 8+250.05=1083.55 m
(c) TetalOot#dmM+30=90 s = 90 s
i m - .
Avg speed 1|Gj,¥:.!!!‘/<%:>|#----_8la12_ 04m/ s
1 «¥m0m

(d) Nature of acceleration:
First 20 s: Positive uniform acceleration (spgee
Next 40 s: Zero acceleration (constant speed)
I ———————————————.
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30 uni form accel erati on

4A S9,

Last (deo

2

S : Negati ve

h m

Ti me for a drop—:tv'—%—8r1eascehc ground t

fir
t wo

t he d ri'dips lraenaddsy otno gcroonuen dd,o winh.e Tdher

-bet ween consecut i"faen ddirBooppss.Q aTreesmpe of i v ehy
Separ at i o"fa nbdedt Bnoepesn= 2- 6 3

3.(a)lrrespectiveof thedirectionof themotionof theball, acceleratiorfwhichis actually acceleratiordue
to gravity) alwaysactsin the downwarddirectiontowardsthe centreof the Earth.

when st

=1. m

( PA)tma x i rhiem g Bt pocti hbeglh ¢ c ozneed e c e | edrutéegr a m b tgy vpel nd cse
C 0 n s%.ads’t

(Dur upwarod itdse, gp osiitgioosn gii gvieeg | o cgietgyaa n &k é g h
accel epastibDwunrvikon gen waortdit dsel, orpso si vt e locn@inddy ¢c el araaltli
positive.

x>0f dorot p wamdio wn wraortdi vw<r0$ purp wama>0f odro wn wap ¢t iac 0
t hr outgheott i on

Using)]v)=t 8as44. 1 m, t &=Bsisng v=u+ at

Total time of ftliingehto=ft i dres coedntassé ent +

CASE STUDY BASED QUESTI ON
1 A person is standing on the terrace of a building 100 meters high. At time t=0, he throws a ball vert
upward with an initial vel oe&dsecy hethrowsfafsécendbath t i
vertically upward with an initial velocity equal to half that of the first ball. At time t=2 seconds (measur
from the instant the first ball is thrown), the vertical separation between the two balls is observetizo b

e |

cally
me
2d

)

=

meters with the first ball being above t h%andsecofnd
neglect air resistance.
(i )How does the gap between the balls change?
(a)l ncreases (BpcomPseceRBamasns codyf{alt
(ii Find the initial velocity of bal/l 1.
(a) 10 m/ s20 m(bBO m/s(c)40 m/ s (d)
(ii Wpth what velocity was second ball t hr own 7
(a) 10 m/ s20 m/ sB8BbB)m/ s&46) m/ 6d)
(ivalcul ate the time interval between their |th
(a)0.01 s(b)O0o.1 ()1 s (d)10 s
OR
(it vYhe type of motion of balls is
(a)accel eratdnd) uni forfc)period{(d)random
2Shwet a ihscrarionnag straight highway fronskCisttyg rAt
his jJjourneloratt e OfhieAddtr i 5v0e sk oyt té6l0e kmed ht. 50 k nj,
she dri vesFart t4l0e klm@snht. 50 km, the road clears |an
Meanwheiflrei,ennd Aruna starts from City B toward| Cj
60 km/ h on the same road.

KVS ZIET MYSURU SSM PHYSICS-X62025
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) What iIs the total time Shweta takes (inc| u
(a) 2 h 40 (nbi)n 2 h 46cmi B h 30dmi A h
(i) What i1 s Shwetads avterriapg?e speed for the ept.]
(a) 50 k(nmb/)h 55 km/(kk) 45 km/ h (d) 60 km/h
@@ At what time wil!/ Shweta and Aruna crossj| p:
(a) 11:45 AM (c) 11(®0 (AN: 3@:AFM PM
(ivy What is the relative speed of the two cafs
(a) 50 Kk(nb/)h 100 kra/ch 85 kmfldc) 90 km/h
SOLUTI ONS
1:((¥) The gap between the balls remains constjan
(iiyfb)Let velocity of first ball beuandti::”\e
Thus first ball has time (t + x) in upwar
S = u(t + Xg) +(%t 2/2)
Similarly, $e+r -$gtond ball,
Taking diifSf ec®eacae -S -[ (t2i4#] x)
=6- o -(2x® + x
NowSTS= 15 m atAst = 28 <x2s%, 1ls
15 =6- p -1 10{2 T 1 du=20+ n/(sl)(2}el ocity of fr:
(i1 {n)Velocity of second ball = = 10 m/s
(itvifc) Time interval = x = 1s.
Or
(ivia)accelerated
2(i(c)B h 5 min
First 50 km: 50 /N&0Ot =50.8B®8: h56 504mmin 1.25 h =
Last 50 km: 50 / 75 = 0.67 h = 40 min
Driving time = 50 + 73Br+ak® = 2&5 mminn = 2 h 45
Total time = 2 h 45 min + 20 min = 3 h 5 min
(i) (b) 55 km/ h
Average Speed = Tot al Di stance / Total Time 3 1
(c) 11:00 AM (Closest Option)
Shwetadrivesfirst 50 km at 60 km/h + Shweta Time=50/60=0.8%
Shereache$0km markat9:50AM Then she drivesext 50 km at 40 km/h in 10 min
Di st=8pelédmeDl /86 . B
Total distaBkbeeti abdvaelDl aM=bP+6. 67=56.67 Km
Aruna started his journey at 10 AM at a constjan
Ther efedraet,i ve velocity at 10 AM=40+60=100 KM/ |
Al sda,stance between thmem =150156.67=93. 33
Ti me=di stance/relativa5b6elmianiuttyys93.33/100=0.933
Hentbaey wil/l meet at 10:56 Am
(iv) Option b relative velocity at 10 AM=40+¢O0-
I ———————————————.
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CHAPTER-3 MOTION IN A PLANE
CONTENT OF THE CHAPTER : Scalar and vector quantities; position and displacement vectors, ggnera
vectors and their notations; equality of vectors, multiplication of vectors by a real number; additign ar
subtraction of vectors, Unit vector; resolution of a vector in a placgngular components, Scalar ard
Vector product of vectors. Motion in a plane, cases of uniform velocity and uniform acceleration, prgjectil
motion, uniform circular motion.

MIND MAP

/ (@ VECTOR ADDITION \

» Unit vector : — It is written as A Tﬁangl 2 law O Parallaelogram la:w

(i) A unit vector whose magnitude is unity
& direction is arbitraryd = |f|

O 9,
R = /A2 + B2 + 2ABcos0
Direction is given by

B sin®

A+ B COSB) /

¢ = tan—?

COMPONENTS OF VECTOR
IN 2-D F—— Dot product or scalar
A, = A cosf, : A roduct
A, = Asind M B l—loc—. —
AT, A.B=|A| |B| cos8

_ Cross product or vector
IN 3-D GV Twm 3-p
A, = A cosa, N N procluct

_—

A x B=[A| |B| sin@

A, = A cosp o A
A,,:Acosy b
i3

PROJECTILE
MOTION

!

Y
HORIZONTAL PROJECTILE ANGULAR PROJECTILE MOTION
MOTION Y
When an object or : When a body is U A v
particle (called a IN PROJECTILE thrown with some 1 o
ectile) is th MOTION TOTAL initial velocity with £ Ay=0
projectile) is thrown 5 ENERGY OF THE an angle and Uy=Usind —
with some initial PROJECTILE all dt .
velocity along the Vi n | REMAINS CONSTANT OWec R0 move
horizontal and it s i K.E+P.E=CONSTANT || under the action of i X
moves under the ' gravity alone et M
. . . The hartzontal projection of a projectile
action of gravity alone. . 0 Range R gX
Trajectory of the y - g ”
projectile is a parabola. 2 u? Trajectory of y=ztanf — _gr‘ _
the projectile 2u? cos? 0
Velocity of the > . 2.9 5 .-
ijm?l'le S’ — Vet MAX HEIGHTATA  py—tsin” @
time -
- [2h __2usinf
TIME OF FLIGHT Vo TIME OF FLIGHT T_T
HORIZONTALRANGE ,; /2" S
V @ ~ u“sin26
HORIZONTAL RANGE R_T

I ——
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GIST OF THE CHAPTER
9 Scalar And Vector Quantities

Scalar Quantities Vector Quantities

Those physical quantities which | Those physical quantities which have both

have only magnitude. direction and magnitude.

Examplesdistance, speed etc. Examples displacement, velocity, 10m
displacement towards east, acceleration, fo
etc.

1 Representation of vector A vector quantity isepresented straight line with ararrowheacdver
it ®

1 Types of vectors
Position vector A vector which gives position of an object, with reference to P
origin of a coordinate system is called position vector.
Displacement vector It is that vector which tells how much and in which 0
direction an object has changed its position in a given time interval.
Equal vectors Two vectors are set to be equal if they have same magnitude
same direction.
Negative vector The negative of a vector is defined as the another vector havina
the same magnitude but having an opposite direction. <
Unitvector: Y It i ® written as Y

-
X

Y

—
Y

Y

Equal Vectors

-
X
-

A\

Negative Vectors

. . . . . . . . e b
(i) A unit vector whose magnitude is unity & direction is arbitoary —

(i) A unit vector is dimensionless quantity of magnitude equal to unity.

(i) In cartesian ceordinates, RUDQ are the unit vectors along x, y andues, respectively.
Polar vectors: These are those vectors which have a linear directional effect. For example, force, lingar
momentum, linear velocity etc.

Collinear Vector: A collinear vector can be defined when two or more th > >—
two vectors are parallel to one another irrespective of the magnitude or Collinear Vector
direction.

Y

point

Coplanar Vectors:A set of vectors is said to be Coplanar vectors if they lieonthes, 2 5
plane. These vectors can be perpendicular to each other, can be parallel, or can be Co-mnitial Vector
random vector on the same plane.

Axial vectors or Rotational vectors: These vectors represent rotational effect. They are always directed
along the axis of rotation in accordance with right hand screw rule. Angular velocity, torque, angular
momentum etc. are few examples of axial vectors.

Zero or Null vector-It is a vector which has zero or null magnitude.

Orthogonal Vector - two vectors are said to be orthogonal if they are

perpendicular to each other. also in other words two vectors are orthogonal if

dot product is 0 o

Orthogonal Vectors

Co-Initial Vectors: Co-initial vectors refer to the vectors that have a common initial /

20°
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9 Vector addition methods:

Triangle law Parallelogram law

If two vectors can be represented bot| if two vectors are represented in

in magnitude and direction by the twog magnitude and direction by the adjac
sides of triangle taken in the same or¢ sides of a parallelogram, then their sy
then their resultant is represented (resultant) is represented by the
completely both in magnitude and diagonal of that parallelogram, also in

direction Triangle Law of Vector Addition magnitude and
by the third direction,
side of the originating from
triangle. the same point.
p =5 |p 1 =1 =3
Direction is given by
. "Dy.... P

"DJL

M Product of vectors

Dot product or scalar product Cross product or vector product
=p-g=2 5 @4 - P > s g ovive
1 Resolution of vector
4 .=Rcos— , 4. =R sin—

Projectile Motion : Projectile is defined as a body
thrown with some initial velocity except vertically Projectile Motion
upward or downward and then allowed to move under s ceigtidon of eloh bl = ISk dcclaratcn g~ ade e 0

action of gravity alone. The path followed by a PrOJECHI| [ . .ompementofvioey song x-ssie, oy = secerstonsongy-sxie=-g
is known as its trajectory.
Equation of trajectory of a projectile Aussucosd
— I e u uy =[0
= Xt qrﬁ;g— 2
y e P
W= ulsin® B Ucosd
aximum hei a =——7,1ime o1 1l = Maximue|Helght {H)
M height t A H=2 I P Ti f flight T= {
i . i 22 ucos uy==usinjé \
¢ " Borizontal Range RE— P ’ ‘
l 1 b B
Centripetal acceleration :(&) It is the acceleration Rangs (R)

required to move the body in circular path with a constair
angular velocity.
(b) The centripetal acceleration acts on the particle along the radius which is directed towards the cgntre

circular pathac = OT = 2y ac= 4:7r

MULTIPLE CHOICE QUESTIONS(MCQ)
1. Which physical quantity remains unchanged during projectile motion?
(A) Momentum (B) Kinetic energy
(C) Vertical component of velocity (D) Horizontal component of velocity
2. The square of resultant of two equal forces is three times of their dot product, the angle between the
forces is

(A) — © - (D) B)
I ——
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3.A person can throw a ball up to a maximum range of 100 meter how high above the ground we car
the same ball ?

(A)5m (B) 200 m (C) 100 m (D) 50 m

4.If a particle has negative velocity and negative acceleration, its speed

(A) Zero (B) decreases (C) remains same (D) increases
5.ldentify the unit vector in the following.

W HH @BF ©aF  OF

6. If the velocity isi= HUO HJI WQthen the magnitude of acceleration att=0.5s is
(A) 1ms?  (B) 2 ms? (C) zero (D)1 ms?

pou

7. Two bullets are fired simultaneously horizontally and with different speeds from the same place wtjich

bullet will hit the ground first

(A)The faster one (B) depends on their mass

(C) The slower one (D) both will reach simultaneously
8. A particle is acted upon by a force of constant magnitude which is always perpendicular to the velg
the particle the motion of the particle takes place in a plane it follows that

(A) Its velocity is constant (B) diceleration isonstant

(C) lts is kinetic energy is constant (D) It moves along a straight line

8. Which one of the following is the correct expression of centripetal acceleration?
A) 1 Y (B) — (©)2° £R (DyY—

SOLUTIONS OF MCQ :

1. Option (D) is correct.
3.0Option D
4.Option D)
5. Option (D)
6. Option (A)
7.0ption D
8. Ans. Option (A) is correct. As;caR] Put t i n“gt ay=t"=1"?2
ASSERTION REASON BASED QUESTION
In the following questions a statement of assertion(A) is followed by a statement of reason(R) mark
the correct choice as
(a) If both assertion and reason are true and reason is the correct explanation of the assertion
(b) If both assertion and reason are true but reason is the not correct explanation of assertion
(c) If assertion is true but reason is false
(d) If both assertion and reason are false
1. ASSERTION:-For a Projectile, the time of flight becomes n times the original value if its speed of
projection is made n times.
REASON: For a projectile, due to this the range of the projectile which becomes n times

city

2. ASSERTION:For uniform circular motion, the displacement and acceleration are directed towards {he

center along the radius.
REASON: Centripetal acceleration is represented asa

3. ASSERTION: A javelinthrowershould tryto launch the javelin at aangle 48 with theground. {gnore

height of the thrower and air resistance)

REASON: The maximum range does not depend upon angle of projection.

4. ASSERTION: IfpdP (P8P Then (Pmay not always be equal .

I ———————————————.
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REASON: The dot product of two vectors involves sine of the angle between the two vectors.
5.ASSERTION: Two balls of different masses are thrown vertically upward with same speed, they wi
through their point of projection in the downward direction with the same speed.

pas

REASON: The maximum height and downward velocity attained at the point of Projection are depenglent

the mass of the ball.
6. ASSERTION: The path of a projectile on earth is parabolic but for a satellite it is elliptical.
REASON: Acceleration due to gravity decreases§g

7.ASSERTION: Minimum number of neequal vectors in a plane required to give zero resultant is thre.

REASON: If®® ® 'Y m then they must lie in one plane.

14

8. ASSERTION: If there were no gravitational force, the path of the projected body always is a straight line

REASON: Gravitational force makes the path of projected body always parabolic.
SOLUTIONS OFA&R:-

1. Option (C)
AsSYY ——+Y —— &Y
Y —+ Y t € 'Y,Hence A is true R is false

2. Option D As during uniforms of your motion the acceleration and displacement is along the tangent anc

in reason the formula is incorrect. Therefore both are incorrect
3. Option C When a body is projected its range depends on
4.0ption C Aghe dot product's dependence on the angle between vectors.

5. Option C As motion is governed by force of gravity and acceleration due to gravity (g) is independ¢nt of

mass of object

6. Option B As both assertion and reason are correct but reason is the explaining the assertion for bg
7. Option (A) is correct. The minimum number of rEgual vectors in a plane required to give a zero
resultant is three and they must be coplanar .

th ce

8. Option (A) is correct . In the absence of gravity, once a body is projected, no vertical acceleration gcts

it. The combination of horizontal constant velocity and vertical acceleration due to gravity results in a
parabolic trajectory.

SHORT ANSWER QUESTIONS(2 MARKS)
1. A cricketer can throw a ball to a maximum horizontal distance of 1200 m. How much high above the
ground can the cricketer throw the same ball ?
2. Check whether the vectors are orthogonal or not

=2 M3 U and P=4 ¥ H
3. Two vectors are given @=2 H3 HU [ andP=3 2 H

4. A football is kicked into the air vertically upwards. Find its
(a) acceleration (b) velocity at the highest point?

Find the resultant vector &= B=p

5. A projectile achieves a maximum range theﬁ—isimes its actual range. What is the angle of projectior

corresponding to the actual range ?

6. What is the angle between the direction of velocity and acceleration at the highest point of projecti
7. A cyclist starts from center O of a circular park of radius 1 km and moves alo L

the path OPRQO as shown. If he maintains constant speed of 10 m/s, what is t h
acceleration at point R in magnitude & direction? F

8. What do you mean by rectangular components of a vector? Explain how a ve

can be resolved into two rectangular components in a plane ?

KVS ZIET MYSURU SSM PHYSICS-X62025 23

e pa




SOLUTIONS:-
1.As,Y — t+ R=Rmax,—=45° i.e.—=sin90° =1
Rmax=— Suppose H = heighip towhich the ball goes when the cricketer throws it with velocity u. Singe,
the final velocity of the ball, v = 0.
v2-u2=2as here,v=0,dig,s=H t+ H=—— v M

2. Condition for orthogonal vectors®,. =0

P.EP=Q2QHHME4 WIS FUHT 1B)@.®= 8T 15 = 1 7
As,®.®1 0 . ®aneédhace eot orthogonal to each other.
3. As om0 ®- ik R

2 3 5| =22i+7j-13k

3 -2 4

4. (a) Acceleration will always be verticddwnward and is called acceleration due to gravity
(b) When football reaches the highest point it is momentarily at rest velocity, v=0. As, it is continuously

retarded by acceleration due to gravity (g).

5. Rmaes= Yt — —=—t — 4 v@rt — om

6. 9C . At the highest point the vertical component of velocity becomes zero the projectile has only a
horizontal velocity while the acceleration due to gravity acts vertical downwards

7.6'Q¢ 01 "@CRDAHON, 0+ 20E4-£0.14 {2 ad ¢ RO

8. When a vector is resolved along 2 mutually perpendicular directions the  ~
components so obtained are calle@@angular component of the given ved@ser ~
shown in the figure A,
Here6P 0 HPOP O HI Also® 0 HI 0 H o

~

\ © Yoo © [\ [y 1 o © o ooy 4 \ Y 0
0 oOowe+0Q 0 oI Qa o 0 0 oahsow{—a—

SHORT ANSWER QUESTIONS(3 MARKS)
1. The sum & difference of two vectaagse equal in magnitude. Mathematically prove that they are mutyally
perpendicular to each other.
2. Prove that the horizontal range is same when angle of projection is
(i) greater thad5° by certain value and (ii) less th&ls? by the same value.
3. A -man moving in rain holds his umbrella inclined to the vertical even though the rain drops are fallihg
vertically downwards . Why ?
4. Define centripetal acceleration. Derive an expression for the centripetal acceleration of a body moying
with uniform speed v along a circular path of radius r.
5. Consider the kaxis as representing east, thexis as north and axis as vertically upwards. Give the
vector representing each of the following points.
(a) 5 m north east and 2 m up (b) 4 m south east and 3 m up (c) 2 m north west and 4 m up
6. The resultant of two forces whose magnitudes are in the ratio 3:5 is 28 N. If the angle of their inclirfation
is 60°, then find the magnitude of each force

7. At what angle do the two forces (P + Q) and (®) act so that the resultant i0 L 8
8. Find the angle between the vectés #H2 H "Qand ®=- k- Q?

I ——
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SOLUTIONS :-

1:Given® & @& @
Taking square on both sides
® 6P @ 6P+ A2+ BH+20P= A%+ BZ-23P
40P Tt OBP T
Thereforethese two vectors are perpendicular to each other.
2. (i) When the angle of projectionis T L |

R:<>_1E’ 0 ) O Vviwiia ) O dkodw v
| | | |
(i) When the angle of projection isP )
A0 P 0 ) O Viwiia ) O dodw vy,
R O_=_ R R - r
| | I I

Clearly R= RO

3. The man experiences the velocity of rain relative to himself to prote ey

himself from the rain the man should hold umbrella in the direction of L%

relative velocity of rain with respect to the man e ;f“‘ 0 e
Op Up UP 0B (B 0O e

b

O B O QG "Qénigth the verticalthen —

b
Sot he man can protect himself from rain by ho
his motion.

4. Centripetal Acceleration acting on the object undergoing unif "~ |7
circular motion is called centripetal acceleration. A
Magnitude of centripetal acceleration

R v
& 1877 1 v]|AF| v A7) 2 &,
el — = — = — o
&tz At r r At o = A %
V2
(=]

7
@l =—

-
( » = 1471
At
5.(a) From figure x component =5cos43 5°Qa 2
y - component =5sin4580 5 H& 2- component =2Q
Then position vectoip= 5- ( #U h 2Q
(b) [lly ,vectorip= o ( Huh 30

(c) ||ly,vectorib= V¢ (#U By 4°Q
6. Let FrandR be the two forces.
ThenFi=3x,,=5x, R=28N and d=60A

rrrrrr

R= 0 0 O LWEME+t 28= oOw VW C O LWWEPIT 7x=28 x=4
CFi=12N,  BE=5x4=20N

7. Let FrandRk be the two forces.

ThenFi=P+Q,E=P-Q, R= a0 0

Y="0 'O (OO0Ai-6

~ ~ 2 ~ =3

t o0 0 0 0 0 0 c0U U 0 U Wwé+
t0 0 ¢0 0 Qé+1t wé+~ - C— omJd
8.® p ¢ p =Vo

I ——
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& PP ¢ =g
&P p P ¢ p P q P ¢ ¢ O
hé+ ——= — - - — ¢gm
LONG ANSWER TYPE QUESTIONS (5 MARKS)
1. (a)Define centripetal acceleration. Derive an expression for the centripetal acceleration of a body 1

novir

with uniform speed v along a circular path of radius r.

(b) A stone tied to the end of a string 80 cm long is whirled in a horizontal circle with a constant spee(ﬂ; If

the stone makes 14 revolutions in 25 s, what is the magnitude and direction of acceleration of the st
2. The position vector of a particle is given byoo Ft? HU1'Om where t is in seconds and the coefficient
have the proper units f@to be in metres.

(a) Find the andapof the particle ?

(b) What is the magnitude and direction of velocity of the particle att=2.0s ?

3. Two vectorsPand®ar e i nclined to each other at an an
find the magnitude and direction of their resultant. Calculate the magnitude and gives dirdetwheof

(a) Pand®act along thesame straight line in the same direction.
(b) ®and@®act along thesame straight line but in opposite directions.

(c) @and®areperpendicular to each other.
4. (a) Define resolution of a vector with an example ?
(b) A projectile can have the same range R for two angles of projectio&. 1 be the time of flight in

the two cases then prove thato 0 —
SOLUTIONS
1.(a)
Centripetal Acceleration acting on the object undergoing uniform
circular motion is called centripetal acceleration.
Magnitude of centripetal acceleration

@ 18T _ 1wl v 1ar
a — _ — _—_——,—
At FAY S o r At
vz
&'l =—

. a7
(- 1)

(b) Radius of the horizontal circle, r = 80 cm = 0.80 m, frequency =ftps

Angular speed of revolution of the stongis ¢* @ ¥ = 2 T~ 22=7 ol

Magnitude of acceleration produced in the stone will be equal to the magnitude of centripetal acceler
a= %=0.80x — =9.90 m¥&

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

2.(a) Asp=00 2t HUTQ

Also,d — — cORRHITQ o HIt Has?

Also.® — — oHtHI 4 kod?

(b) velocity of the particlés o Hit as?
Att=2st oHIX2EBHUY HU

I ——
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Magnituded o P Nw @1 Uy 68.544 m§
Direction — — — X 10 QDD 0 Qi

3. When two vectord andB are inclined atan angté, t h e Raf theiriresultashtés given byY

b

Mo 6 ¢o 6 wé i Direction is given by—

b b
(@d = 0OA (Vectors in the same direction):
Magnitude:Y M0 6 ¢0 6 Direction: Same aA or B
(@@d = 180A (Vectors in opposite directions):
MagnitudeY W6 & ¢O 6 Direction: Along the larger vector
b)d = 90A (Perpendicular vectors):
Magnitude’Y ©d 8  Direction — —

b
4. (a) Resolution of a Vector
Resolution of a vector is the process of decomposing a vector into two or more components along sp
directions (e.g., horizontal and vertical). 6 @é+Q 6 61 Q¢
Example -Flying of bird, Motion of catapult etc.
(b) Projectile Range and Time of Flight Relationship
— _Q_ W —

ti= <>Ivz;;a;-1P & = YR

e AL 4
O v B

T

CASE STUDY BASED QUESTIONS
1. Operation Sindoor Projectile Motion in Combat Scenaria
During Operation Sindogrthe Indian Army's artillery unit must neutralize an enemy bunker located on
hilltop. The bunker i200 meters horizontally awand50 meters abovthe artillery position. A mortar is
fired with an initial velocity 080 m/sat an angle 080° with thehorizontal. Assumg = 1 02 Igmbre air
resistance.
(i) What is the maximum height attained by the mortar shell?
(@ 80m (b)160m (c)40m (d) 320 m

ecifie

A

(i) What would be the horizontal range of the mortar if launched on level ground(same velocity and gnhgle

@3203 m (b) 554.2 m (c) 640 m
(iif) What is the time of flight for the mortar shell if launched on level ground?
(@ 8s (b) 16s (c) 4s (d) 10s

(iv) To ensure the mortar shell reaches the elevated bunker (50 m height), which adjustment is most
(@) Increase the launch angle (b) Decrease the launch angle
(c) Increase the launch velocity (d) BothBand C

2. A student is practicing the javelin throw. The javelin is thrown with an initial velocity of 32 m/s at ar

angle of 35° above the horizontal, from a height of 2 meters above the ground. Assume gravitational

accel erat Paomd gai9r. 8r evdisst ance is negligible. T

(i) What is the horizontal component of the initial velocity?

(@) 26.2m/s (b)22.6 m/s (c)18.7m/s (d)20.1 m/s

(i) What is the maximum height (from the ground) reached by the javelin during its flight?

157m (b)17.2m (c)19.3m (d)21.6 m

(iif) At the maximum height of the javelin's trajectory, which of the following statements is TRUE?

I ———————————————.
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(a). Both horizontal and vertical components of velocity are zero
(b). Only the vertical component of velocity is zero
(c). Only the horizontal component of velocity is zero
(d). The javelin comes to a complete stop momentarily
(iv) Which factor determines how long the javelin stays in the air (time of flight), assuming no air
resistance?
(a) Only the horizontal component of velocity
(b) Only the angle of projection
(c) Only the vertical component of velocity and initial height
(d) Both horizontal and vertical components equally

SOLUTIONS
1(i) Option A’ H=———==—— =80m.
(ii) Option (b) is correct. R= = = I7'_:554.2m.
(iii) Option (a) is correct.T=. Wi

(iv) Option (d) is correct
For an elevated target, reducing the angle or increasing the velocity compensates for the additional \ertic:
displacement. A lower angle prioritizes horizontal distance, while higher velocity extends the range.
2 ()a wucos=32cos(38) a26. 2 m

8

2(i) ¢ H== 8:é17.3m

TotalHeightfromGr ound=17. 3+2=19. 3 m
(iif) b Because no external force acts in the horizontal direction
(iv) ¢ Only the vertical component of velocity and initial height

I ——
KVS ZIET MYSURU SSM PHYSICS-X62025 28




CHAPTER 4: LAWS OF MOTION

SYLLABUS
Intuitive concept of force, Inertia, Newton's first law of motion; momentum and Newton's second law {pf
motion; impulse; Newton's third law of motion.

Law of conservation of linear momentum and its applications.

Equilibrium of concurrent forces, Static and kinetic friction, laws of friction, rolling friction, lubrication.
Dynamics of uniform circular motion: Centripetal force, examples of circular motion (vehicle on a level
circular road, vehicle on a banked road).

Foree Fa=a »] Concurnent forcui
Aldalute unk ef fares Foian actng si=odlaneausly ita
Si-Kawtan, CES-dyma painl & parlich

Grewitioviol unk of ferow

st or LGSy e gl

¥ | Equilbrium uf forees
Mumtun 2% liw of motion
Mewtan's first law Fedfy

Al leniran a4 lrw alinesta.
it givws tha Sufinitios of Toce

Hewtan's third law af motion

Towvary acten Thes & inoequal asd opesdiile

\ Momentum /
redclen.
per
i1k
oy Atien ard Risction =

:«lmmdu :buh"ii ML [ Apparent weight of 2 person in
mastareclinert > They xieta it alift or alevatar
it ef it . e o oWt Lt st e
srilis of Salien epzuils ndiredion
siventia of Sritios P R e e n secaluates
™~ = u [CiEE]
applications LAWS i e Gl icealesates
duwnwcard Rebfp-a)
OF i thie Gl Tals ey Rad
Escoil efa Jun - MOTION
i law ot — ™. _
e N e— conseration of Linsfoem clrcular Enast sl of Cieular mistisn
lingar | ‘motian
k) Conipatil Face —————
F, == ot 3
pusabdei=0 Friction a [ i )
' . (]
Static Hetice aezs whena body is ot rest oo application of a force
Litizg (Hezinn-acts whez o hody is just a2 the verge of moyemes
Eepd - - -
Kietic friclice-acts when a body is actually stiding, Evpad tahic e s Do civculir road ahiche s basked rzad -
s g e SRR = T = i

GIST OF THE CHAPTER: -
Inertia: It is the property of a body by which it continues to be in state o
rest or uniform motion along a straight path unless an external unbalan:
force acts on the body. Inertia is of three types:
(a) Inertia of rest (b) Inertia of motion (c) Inertia of direction
Inertia to linear motion is measured by the mass of the body. Larger the Lt
mass; greater is the inertia tife body i.e. it is more difficult to change the state of rest or uniform motign
of the body.
Linear Momentum: It is the quantity of motion present in a body. Mathematically, it is measured as
product of mass and velocity v of the bodfomentum p=m v
It is a vector in the direction of velocity. Its Sl unit is kg'hog Ns. Dimensionally momentum is
[MLT Y
Newt onds First Law of Moti on
Every body continues to be in its state of rest or of uniform motion in a straight line unless
compelled by some external force to act otherwise.

Newt ondés Second Law of Mot i on

I ——
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The rate of change of momentum of a body is directly proportional to the appfiszland takes
place in the direction in which the force acts.

Mathematically F =dp/dt=d/dt (mv) =m dv/dt (for a system with constant mass)

F=ma Where, a=dv/dt is Instantaneous acceleration of body.

Newtonds Third Law of Moti on:

It states: To very action, there is an equal and opposite reaction. Mathematically,

Fea = (-)Fas Where Iga is force on B due to A andak is force on A due to B.

The forces of action and reaction do not cancel each other because they act on different bodig
Unit of force in Sl system is newton. 1N = 1 kg fn/s

The gravitational unit of force in kat. or kg f. 1 kg wt=1 kg f = 9.8 kg mA= 9.8N

Impulse of a Force A large force acting for a smalime interval is said to impart an impulse to th
object. It is a vector quantity. Impulse |gbt

The Sl unit of impulse is Ns or kg m&. Dimensionally impulse is [MLT]

Impulse = Force x Time=p pr = m (\+u)

| mpulse | = F. t; if force is constant, = It
Impulse of a force can also be measured as the area under the force time graph.
Apparent Weight of a Body in a Lift
In a lift at rest or in uniform motion (upwards or downwards) i.e. when a = Oy#ight of a body
is its true weight. We have R = mg (fig a.)
When a | ift moves upwards with wuniform acgqgel
increase, We have Rmg=ma, R=m (g + a) > mg
When a |l ift moves downwards with a uniform a
itsR+mg=ma, R=m (g +a mg ol = nl R
In a freely falling lift a=g " V% - ?Ll [
R=m(g-g)=0 ; The body experience weightlessness e X

a b
Note-When a person of mass m climbs up a rope suspended from a rigid support with
acceleration 6ad6; the tension in the rope |in
When the person c¢climbs down the rope with Jac
T=m(gia).
If the rope supports the weight of the man (with man neither climbing up nor down); the
tension in the rope equals his weighti.e. T=mg
Law of Conservation of Linear Momentum
According to this Law, the total linear momentum, of a given system, remains conserved if the|net

external force acting on this system is zero.

If Fex=0, We have, pit+pz+ .....+p =a constant

or m w+mp V2 +.....+ mvy = a constant

For a system of two bodies, undergoing a collision, we hmava; +my ux = My v +mp Vo
RECOILING OF A GUN

Let us apply this law to a bullet and the gun system. Here the system is at rest to start with.
Hence, when a bullet is fired from a gun we have,

Initial momentum = zero

So, Final momentum of the bullet &amp; gun system must again be zero.

mv + MV = OHence, Recoil velocity of the gunV= - (m/M) v

Concurrent Forces

I ——
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The forces acting at the same point of a body are called concurrent forces.

Equilibrium of Concurrent Forces: For a number of concurrent forces acting on a body in
equilibrium, the forces can be represented by a closed polygon taken in order or the resultant
zero. FR+kR+R+...+ k=0

Friction: Whenever a body moves or tends to move over the surface of another body, a force

orce

COME

into play to opposes their relative motion. This force is known as force of friction. It opposes mption

and acts parallel to the surface of contact of bodies.

Static Friction:

The force of friction which comes into play between two bodies before one object actually beg
move over the other is called static friction (fs). Static friction is a self adjusting force (both in
magnitude as well as direction). It is always equal and opposite to the applied force as long as
IS no relative motion.

Limiting Friction: The maximum force of static friction which comes into play when a body jus
starts moving over the surface of another body is called limiting friction or the maximum force
static friction fs max. The force of friction never exceeds fs max.

Kinetic Friction:

The force of friction which comes into play when a body is in motion over the surface of anoth¢r

body is called kinetic or dynamic friction. It is denoted bgrid is less than limiting friction.

Laws of Limiting Friction

(1) The force of limiting friction depends on the nature of the two surfaces in contact and their
of roughness.

(2) The force of limiting friction acts tangential to the surfaces in contact and in a direction opp
to that of the applied force.

(3) The force of limiting friction between any two surfaces is independent of the shape and the
of contact so long as the normal reaction remains unchanged.

(4) The force of limiting friction between two given surfaces is directly proportional to the norm
reaction between the surfaceMN;whefegiss direct
Coefficient of limiting friction .

coefficient of limiting friction =Limiting Friction §maNormal Reaction(Nand coefficient of kinetic
fricd=ikdn ¢

We h awvees &b e s alwaysdesd than fsmax. .
Body on Level Circular Road —
Photo sourc®CERT RN

The friction between the tyres and the road provides the & a:ﬁ—m Speed =1t 1%1
centripetal force. /

v=aserg -
which gives maximum safe speed of a vehicle on road fu i
negotiating a curve of radius ° ANI;HL;I'I"WOL
Banking of Roads (Tracks): _
Photo sourcdCERT a=u'fK = —
Curved roads and tracks are banked to reduce the role of friction H}*”') g
providing centripetal force o_-ys  *Fnt =gy
banked at an angle d; the max 5P €
negotiate a curve is given by v=agr tand

The above max safe speed does not take into account the friction between the tyres and the r

ns tc

ther

state
Dsite
arec

Al
Iy
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If the force of friction is also taken into account; we have,
V=arg (exttaaandd )/ (1

N ocos 8

Bending of a Cyclist: -
. . e Jsin &
I n order to negotiate a cirec r r
. mg
cyclist must bend at an angl ¢ o« w:i o eV

Irg
MULTIPLE CHOICE QUESTIONS -
1) A body of mass 10 kg is moving with a velocity of 5m/s. The momentum of the body is
a)10 kgm/s. b)5 kgm/s. ¢)50 kgm/s. d) 25 kgm/s
2) When the velocity is tripled the banking angle should be
a)l1l/3 b)l1/9 c) 3times d) 9 times

3) A stone of mass 0.5kg tied to the end of the string in whirled round in the circle of radius 0.5m with a

speed of 4rps in a horizontal plane. The tension in the string

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

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

1) g/4a 2) gl4a ’Bay 4¥Hpa

5) Force produces an acceleration pihaa body and the same force produces an acceleratiemvbich is

twice to a in another body. If the two bodies are combined and the same force is applied on the

combination, the acceleration produced in-it is

a)3/2a b) 2/3 a c) 32a d) 2/3a

6) A rubber ball falls from a height h and rebounds to a height h/3. A rubber ball of double the mass f

from the same height h rebounds to a height

1h 2) h/3 3) 3h/4 4) 3h

7) Two forces of magnitudes 4 N and 8 N are acting on a box, when the

moves rightward across a frictionless horizontal support. The speed of t

box at time t is 1m/ s the change in kinetic energy of the box is

(a) Zero (b) 80J (c)81J (d) 4

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

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

balance, when the lift is going up with an acceleration of 0.2% grs 10m/s)

(A). 51.25 N (B). 48.75 N (C).52.75 N (D). 47.25N
SOLUTIONS: -

1)p=mv=10x5=50 kgm/s

2) té&gd= v

When , ¥=3v

Theref 8% rgta@andnd

3) Here the tension provides necessary centripetal force

v=r¥= 0.5x4=2m/s

T = m/r =0.5x(2§/0.5= 0.5x4/0.5=2/0.5=4N

4)F=ma g/4=ma m=—

Weight W = mg=—xg= ¢f/4a

5) Force applied on one boéym a1, samd-orce applied on second body F=s=2ma
Same force applied on combined body=F=z{ mpja= (F/a+F/a)a + a=2a/3

6) SolutionThe change in momentum does not depends on the rebound height. Therefareber ball of
double the mass will also rebound to a height "h/2."

7)0

8)m(g+a)= 5(10+0.25)=5x10.25=51.25

I ——
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ASSERTION AND REASONING-
DirectionsEach of these questions contain two statements, Assertion and Reason. Each of these qug

stior

also has four alternative choices, only one of which is the correct answer. You have to select one of the

codes (a), (b), (c) and (d) given below.

(a) Assertion is correct and reason both are correct and reason is a correct explanation for assertion,
(b) Assertion and reason both are correct and reason is not a correct explanation for assertion

(c) Assertion is correct but reason is incorrect.

(d) Both Assertion and reason is incorrect.

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

ReasorThe weight of the book and reaction force are acting in the same direction.

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

ReasonFriction is a necessary evil

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

ReasorChange in momentum depends on mass and velocity.

4) AssertioAWe know novice player tries to catch the cricket ball almost instantly and this hurts him.
ReasorForce not only depends on the change in momentum but also on how fast the change in mom
is brought about.

5)AssertionWhen a fixed force is applied for a certain interval of time on two bodies of different massg

initially at rest the lighter body picks up a greater speed than the heavier body
ReasorSame force for the same time causes same change in momentum for different bodies

6)Assertion Driving at optimum speed on a banked road will cause little wear and tear of the tyres.
ReasonFrictional force provides the necessary centripetal force.
7) Assertionln a system of three forces in equilibrium, the resultant of any two forces obtained by the
parallelogram law of forces must be equal and opposite to the third force.
ReasorThese forces are naroncurrent forces.
8)Assertion Frictional force is non conservative force
Reasonfrictional force depends on the path not on initial and final position of the object.
ANSWERS

1)(c) because W and R are action and reaction forces and action and reaction acts on different bodie
never cancels out.
2)(b) Both are contradict to each other..
3)(a)
4)(a) Force is directly to the rate of change of momentum.
5)(a) Same force for the same time causes same change in momentum for different bodies is correct
lighter body will gain higher velocity and heavier body will lose velocity.
6)(b) Driving at optimum speed on a banked road, the required centripetal force for circular motion is
provided by the horizontal component of the normal reaction force.
7)(c) Forces acting at one point are concurrent.
8) (a) Frictional force is a non conservative forces and non conservative forces depends on the path.

VERY SHORT ANSWER TYPE QUESTIONS-
1) A monkey seems to climbs up and another monkey seems to move down at same rope hanging o
pulley with same uniforms acceleration. If the respective masses of monkeys are in the ratio 1:3. Finrj
common acceleration?
2) Is it possible for a body to have constant speed but variable velocity? Justify your answer with two

examples.

3) A particle moves in a circle of radius 20 cm at 120

revolutions per minute. Calculate tleear acceleratioof ]——) F Fov)
the particle. I

4)The tension in the string shown in fig
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5) A scooter is moving with speed of 10m/s on a circular track of radius 25m.Its speed is increasing g
rate of 3m ¥. Calculate its resultant acceleration.
6)What is a centripetal force. How it is different from centrifugal force. Identify source of the centripet
force acting on respective objects in the following cases?
(i) Electron revolving around the nucleus.
(ii) Earth revolves around the sun.

ANSWERS-

1) Hint: From formula of acceleratiome can calculate pam, mp=3m, a=g

2) Yes when body moves in a circle with constant speed, its velocity is variable. This is because velg
vector quantity whose magnitude is speed but its direction changes continuously due to the change ¢
direction of motion,2 examples
3) a=-= —
¥’r = ?(2re¢RO0Ocm , v = 120/B0® ’x @OpFem320( 2" x 2
4) Draw free body diagram and get
F-T= 5ma---------- (1) F=ma--------- (2)
From 1 and 2, we get T=F/6
5)v=10ms',r=25m
Therefore, &v?r=107/25 =100/25 =4 Net acceleration a4p @ w=5ms?
6) Centripetal forcat is the force that keeps an object moving in a circular path, always directed towar
centreof circle.
Difference between centripetal force and centrifugal force
Centripetal force is the force that keeps an object moving in a circular path, always directed towards J
centreof circle. While centrifugal force is a pseudo force, an apparent outward force experienced by
object moving in a circular path when viewed from a-martial frame.
Centripetal force acts towards tbentreof the circle, while centrifugal force acts outwards away from th¢
centre
(i)Electrostatic force of nucleus on electron.ii) Gravitational force of sun

SHORT ANSWER TYPE QUESTIONS
Q1) Why does a cyclist lean inward when moving along a curved path. Determine the angle through
the cyclist bends from the vertical to negotiate a curve.
Q2.What is recoll velocity? Find the expression for the recoil velocity of a gun when a bullet is fired f1
it.
Q3. An athlete of mass 50 kg climbs on a rope which can withstand a maximum tension of 400 N. Th
will break if the athlete
i) Climbs up with an acceleration of 6 s
i) slips down with acceleration & ms=
iii) climbs up with a uniform speed of 2mhs  (Given g=10m%)
Q4 Using an example justify that the friction is a necessary evil give three advantages and disadvant
friction mostly observed in our daily routine.
Q5.A bomb is thrown in a horizontal direction with a velocity of 50 titsexplodes into two part of masse
5 kg and 03 kg. The heavier fragment continuous to move in the horizontal direction with a velocity ty
the initial velocity of lighter particle. If the final velocity of lighter fragment is 60 m/s tiadculate the final
velocity of the heavier fragment.
Q6 A hunter with a machine gun can fire 20g bullets with a velocity of 86040 kg tiger springs at him
with a velocity of 10m3. How many bullets must he fire onto the tiger in order to stop it in his track?

Q7.The force time graph of a particle is mass 2kg which is initially at rest is shown below:
Fn)
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ANSWERS-
1) To produce necessary centripetal force required for turning.
Resolved R into two components
RCosd bal ances t-he-(lvei ght = RCosd=mg
R S i isdirected toward the centre and provides necessary centripetal force
RSi n d?---mv----(2)
Divide 2 by 1 we get

—=—x— t tand=1td=t'an o RCos®
2)The velocity with which a gun moves backward after firing a 5 5
bullet is known as recoil velocity ~

X

expression for recoil velocity

Linear momentum of system(gun + bullet) before firing=0
Linear momentum of system(gun + bullet) after firing= mv+ MV ~
According to the conservation of linear momentum

mv+ MV=0 MV= -mv t  V=-mvIM

Negative sign shows that the velocity of gun is in the opposite direction to that of the velocity of the b
3) let T be the tension in the rope.In this case equation of motion is given by

ma=T-mg + T=mg+ma=m(g+a)

=50(10+6)=50X16=800N The rope will break

ii) In this case m@ T =ma

T=mg-ma=m(ga) =50(105)=50X5=250N The rope will not break

i) In this case the boy climbing of with uniforms speed so there is no acceleration and hence.
T=mg=50X10=500N (therefore,a=0)  Thus, the rope will break.

4) Advantages)Friction enables us to walk

b)Frictionbetween the pen and paper allows us to write.

c)lt is essential in braking in vehicles.

Disadvantages

a)Friction produces energy loss due to heating in various parts of a machinery.

b) Continuous friction can cause wear and tear of tyres and machinery components.

c) Forest fires are caused due to friction between branches of tress.

5) Solution :

m=5kg, m=3kg Vv=2uw

Initial momentum of bomb = mu=8X50=400 kg ™s

Final momentum of the fragmentsant myv»

= MyUz+ Mpv2

=5x 2up+ 3x60=10u+ 180

According to the law of conservation of linear momentum

Initial momentum=final momentum

400=10u+ 180 10w=400 180

u=220/10=22 m/s

V1= 2 b= 2x22= 44m/s

6 Here , mass of bullet m = 20 g = 0.02 kg ,Velocity of a bullet 800mg'

Linear momentum of a bullet = mv =0.02x800=16 kg'fvkass of a tiger M = 40 kg,

Velocity of tigerV = 10ms?

Therefore , linear momentum of tiger = MV =40x10=400kg'ms

Let n be the number of bullets fired from the machine gun. Thus to stop the tiger in its track .
Momentum of n bullets = momentum of tiger

nx40=400 n=400/40=10

7) Impulse = area underiFt graph =1/2x2x10+10x2¢10+20)x2+1/2x4x20=100Ns
Velocity = 100/5=50m/s

I ——
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LONG ANSWER TYPE QUESTIONS-
1) What is meant by banking of roads? Explain the need for it. Obtain an expression for the maximun)
with which a vehicle can safely negotiate a ¢
bet ween road and wheels is ¢.

SpE
ur

2) A body of mass 15g is pushed up on a rough inclined plane making an angle of 60°with a horizontfl. Tl

length of the inclined plane is 10m. The body goes up the inclined plane and comes to rest at the toch:f th

inclined plane. From rest position, itaag moves down. It is found that the time of ascent is half of the ti
of descent. Calculate

a) The coefficient of friction between the body and the plane.

b) The acceleration of the body when it moves up the plane.

c) Time of descent.

d) The acceleration of the body when it moves down the plane

e) The force of friction between the body and the plane (take g=2p m/s

N N cos 8

ANSWERS
1)It means raising the level of the road as we move from the inside to the
outside of the curved road
A vehicle cannot remain on flat circular road of its speed exceeds the spee

given by v = AQiIn such cases the force of friction is insufficient to provide
the necessary centripetal force. To overcome this problem the road is banked.

Teos @

Resolved R into two componerfsC o s d and RSind
Similarly FCosd and FSind be the horizont al
For equilibrium of theikEairndREHEHJI=mg+ FSi nd,

e

(RSimdosd) acts towards the centre of the <cirfcu

to the TRCAQs-RESI-A@)

Divide 2 by 1, we get—= = =, Ve(——rg 2

)
When the body moves up, net force acting on body is givdrrogsin
30°+F= mgsin 60°+u mgcos 30°

a= f/m= mgsin 30°+u mgcos 30°/m= gsin 30°+u gcos 30°gWEx U
x9.8X0/2=4.9 p AVo)

Time of ascenft= —= ¢"Wtdop AVo), Upward acceleration,a=
49p OA
Time of descenft —= ¢"Wtdop Wo-p), Downward acceleration,a= 49( o A

According to the questien

t =1/ ZViddp, o Al2x ¢YWidp VoAM=Wo/5

Upward acceleration =0.8x9.8 ri/s Downward acceleration=0.2x 9.8 /s
Time of ascent=5/7 seconds  Force of friction=F=Amg=509.208x 10N
CASE BASED STUDY QUESTIONS
Conservation of linear momentum
1.The second and3aws of motion lead to an important consequence the law of conservation of

momentum. The law states that In an isolated system mutual forces between pairs of particles in the [syste

can go cost momentum change in individual particles but since the rfarzesd for each pair are equal anfi
opposite the momentum changes cancel in pairs and a total momentum remains unchanged.

Take a familiar example. A bullet is fired from the gun. If the force on the bullet by the gun is F, the fﬂ(
on the gun by the bullet ig=, according to the third law. The two forces act for a common interval of i
I ———————————————.
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pt . According to second | aw and Fagkitoti si st hteh ec
momentum of the gun. Since initially both are at rest, the change in momentum equals the final Mom
for each. Thus if Pis the momentum of the bullet after firing angli$’the recoil of the gun.g® -Py that is

a total momentum of the (bullet + gun) system is conserved

i) A bullet of mass 20 g is fired from a gun of mass 1 kg with recoil velocity of gun 5 m/s. The muzzle
velocity will be-

(@) 5m/s (b) 50 m/s (c) 100 m/s  (d) 250 m/s

i) Two masses of M and 5M are moving with equal kinetic energy. The ratio of their linear momenta is

(a) 1:25 (b) 1:5 (c) 25:1 (d)5:1
iii) A shell of mass 0.020 kg is fired by a gun of mass 100 kg. If the nuzzle speed of the shell is 80 m
What is the recoil speed of the gun?

cahn
ENtut

S.

iv) A 1000 kg lorry is moving with a speed of 10m/s strikes a car of mass parked at roadside. After cdllisio

the two move together at 8m/s. What is the mass of the car?
2 Weight in a lift or elevator

The person of 70 kg is standing on a platform scale balance kept on the floor of an elevator Cab is cd
of motion in up or down direction with either a uniform velocity or a constant acceleration. The value
velocity as well as acceleration may bguated at any suitable value. Newto2§ law of motion can be
applied for the motion of elevatag = 10 m/$

pabl
nf

(1) What would be the readings on the scale, if elevator is moving upwards with a uniform speed of 1()m/s’

(i) What would be the readings on the scale, if elevator is moving downwards with a uniform acceler
of sm/g?

ation

(i) What would be the readings on the scale, if elevator is moving upwards with a uniform acceleratign of

5m/g?
(iv). If the elevator cab suddenly goes out of order and starts falling freely under gravity then observe
weight of the person will be?

ANSWERS-
1) Solutionr According to the conservation of linear momentum
Initial momentum before firing= final momentum after firing
0= MVg+mvp, MV g= -mVp, Vb = MV ¢/m= 1x5x1000/20=250 m/s
2)P=1ch Q B=Viccwd G=Vp 11 O
v

n
3)According to the conservation of linear momentum
Initial momentum before firing= final momentum after firing
0= Mvgtmwp ,Mvg= -mvp, Vg= mv, /M= 0.020x80/100=1.6/100=0.016 m/s
4)let the mass of lorry and car be M and m respectively.
According to the conservation of linear momentum
Initial momentum before collision= final momentum after collision
Mui+mue=(M+m)V=1000x10+mx0=(1000+m)x8,10000= 8000+ 8m
8m=100068000, m=2000/8=250 kg
2. Answers(a) Here, m = 70 kg, g = 10 nt/s
The weighing machine in each case measures the reaction R i.e., the apparent weight.
(a) When the lift moves upwards with a uniform speed, its acceleration is zero.
R=mg=70x10=700 N
(b) When the lift moves downwards with a = 5ms
R=m(gi a)=70 (10 5) =350 N
c) When the lift moves upwards with= 5 m&
R=m(g+a)=70 (10 +5) =1050 N
(d) If the lift were to come down freely under gravity, downward acc. a = g
.. R =m(g-a) = m(gg) = Zero

I ——
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CHAPTERI 5: WORK, ENERGY AND POWER
CONTENT OF THE CHAPTER :-Work done by a constant force and a variable force; kinetic energy,
work- energy theorem, power. Notion of potential energy, potential energy of a spring, conservative fgrces
nortconservative forces, motion in a vertical circle; elasticiaathstic collisions in one and two
dimensions.

- 0 =
Work Energy

Work is said to be done whenever a force acts on a body and
the body moves through some distance

It is defined as ability of a body to do work. It is measured by
the amount of work that a body can do. The unit of energy

Sw=F-S =FSCos0 {Where 8 is angle between force used at the atomic level is electron volt {eV) and Sl unit is J.

applied F and displacement vector - s k

J

; J
l \ i 2.0 ) 1 =)
Nature Of Work Done Kinetic Energy

It is energy possessed by a body by virtue of its motion. The K.E.

If©=0" W=FS i.e Work done is Maximum 3
1f6=90> W=0 i.e Work done is Zero of a body of mass m moving with speed vis K=% MV2 = ”—m

/ - "
T
l 4 ] )
Potential Energy

It is energy possessed by a body by virtue of its position (in a field) or

Work Done by a Variable Force

The work done by a variable force in changing the displacement configuration {shape or size). For conservative fprce in one dimension,
fromS1toS2isW=f ;L F.dS = Area under the force the potential energy function U{x} may be defined as F(x) = %ix)
displacement graph ORAU = UI Y= f‘:’ F(x)dx

o

( Beibar \ /WOI'k Energy Theorem\ ( Potential Energy of a Spring\

According to Hooke’s law, when a

The work done by the net force acting spring is stretched through a distance

on a body is equal to change in kinetic

The rate of doing work is power.

X, the restoring force F is such that

- Av?rage Power: it is defined as the energy of body. E oc s 6Mere k o speliag canstank ar b=
ratio of small amount of work done W= Change in Kinetic Energy = Aovand it unitis Nm )
wlmthe t:'ne IRt Lo Reton the % MVE-% mu? => W= A KE. The work done is stored as potential
work. P = = The work energy theorem may be energy U of the spring.

regarded as the scalar form of

2 o _ fx S - T _1
\The SI Unit of power is Watt (W) / Qewton's second lawof motion: / \W =fo kxdx = 5 kx?2 =>U= 5 kxzj

Vertical Circular Motion \

e Minimum
. Velocity is
J& )
required at
& .
/ ) \ B M / Oblique Collision \
Mot D EONEICh o e comicse If the two bodies do not move along
Dimensional Collision \ " L B s ) with the same straight-line path
before and after collision, the
It is the collision in which the colliding collision: is aid to: be: ‘obligue
bodies move along the same straight- o A
line path before and after the collision CO"ISIOH eplision;
&= - ‘ = i A collision between two bodies is said to occur if either i i
W @ & @ they physically collide against each other or the path of /O{
o Ames Cotison motion of one body is influenced bv the other.
Velocity of Approach = Velocity of ‘ . / )9/
Separationor Us-ux = vz — v L . m, P
e 2m _m—m, Types of Collisions
g m, + nz, ! m, + m, = Elastic Collision: Both the momentum and kinetic m,
v, = ey — 1, v, 2m, energy of the system remains conserved. \\
i Mol il Inelastic Collision: only the momentum of system is Yy
\ conserved but the kinetic energy is not conserved. \ /
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GI ST OF THE LCHAPTER:
|l ntroducti on:

Work is said to be done when a force applied
the direction of force.

Wor k Done by a Constant Force:

Let a constant tfhoe cheo dry bseu calp ptldwaetd hioth hnea kheosr iazng
di splaced through a distanc®apuyys. Then

work done by the force in dis/vpﬁacing the body

through a distance s is gi Lﬁfy—cbega """""

W = (s cosBsWcos(Frs coshis "Opics 5

Nature of :Work Done

Positive wor k: ;. SANBOUAR2Y
Positive work means that force a—% 1 1s compon

—>

is parallel to displacement.

Angle between foErEQd dOO<)WA spl acement (

Negative Wor k: F 5ANBOGAZY
f

Negative work means t hat ox—51e (-or its componrn

— 5

Q

o

i's opposite to displacement
Angle between foedeU fd9®ULIBHp1 acement (
Zer o Wor k:

Zer wor k means that force is perpendi culeav UX

0
Wor k Done by a Variable Force:

When the magnitude and direction of a force
infinite small dQepO@cement i s given by:

The total work done in goznng from initial posgi
\W:r'j*dw:fj*Fdx 2

\ W= fﬁf (Areaof stripof width dx) h K_EE_)"‘\R'? 5AALX b

\ W = Areaundercurvebetweerx, andx;
Rel ation between Different Units:

1 jouleegs 10 eVl Y=oul.e6 T 10
1 kWh =¢%30uwl €, 110 calorie = 4.18 joule

I ——
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Kinetic Energy: The energy possessed by a bod
mass of the body, v = wvoeevl ocity of the body th

Workkner gy T:helotr esnt ates that the work done by fd
produced in the kimn=etdibc -édergy of the body.

Rel ation of Kinetic Energy (E) with Linear Mg

IF -, MQ(’] (0] E E
Various graphs o

Eav E o P’

m = constant m = constant
Potential Energy - i
defined only for‘E JE
Il n the space occ b i
conservative for ///
associated with g L b ofE
is called the en —m~11 e
pot enti al energy m = constan m = constant
Electrical Potential Energy '
It is the energy associated with state of sepg
For two pmamndg, cheapagrated by distance r.
U — l qlqz

doe r
While for a point charge g at a point in an €
As charge can be positive or negative, el ectrji
Gravitational Potenti al Energy
It is the usual form of potenti al @ r gGy d
state of separation between two b es °r [
For two particles of masses ml andk<m2- Nsepar at
. . Gmm . crde
GraV|tat|onam:p&ﬂént|al energy
r

1) I'f a body of mass m at height h relative t

. . mgh : ,
Gravitatdi onaIU:pé%(ammewad Rn=errgaydi us of eart h,
“E

earth.)

(2) I'f h << R then above formula reduces to UL
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(3) I'f V is the gravitational potenti al at a |po
be
u = mV
(4) Energy height graph: When a body projectegd
velocity then it possess kinetigtenergy but ijts
< 9
I's zero. As the body moves upwar?r/ [ p tent i al
to increase in height but Kkineti g decrjea
Y
At maxi mum height its kinetic ene etomes |ze
Energy maxi mum but throughout the « 2t e moti
figure.
Law of Conser:vaRdronamfi sEmleatgegd system or body| i
of kinetic and potenti al energies at any point
upon time. This is known as the | aw of conserjva
Law of Conservation of Tot al Energy:
| f the forces arceoncscerrsveartvi avtei weotahnd inton s not h ¢
conserved, but it is the total energy, may be h
Elastic Potential Energy
Restoring force and spring constant: When a gpr
0) by a small di stance x, a
restoring force is produced in the spring tof|br
According to Hookeds | aw, this restoring force
al ways opposite txo, tFh=eKxdi spl acement . F
Elastic potent? al Energy: E= 1| Kx
g @
Slope = k > 9
o / .
ikx Y —>
Area:lkng ! h :
xz——% % Ergl El' s Er |t
(c) t2aA —
| f spring is stretched frarheinniwtoir&l dmposi tiisore (jxuiz
in elastic ﬁpgqsﬁmt%k(mngfpnergy.
PowerPower of a body is defined as the rate ajt
Aver agelPp @—[\?\M—Ne:rv—v
Dt t
dW _ F.ds e
| nstant an(é}ng)l;sapea}#e[ rAdW = F.ds]
I ———————————————.
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Proi =FV [ Ag=2)

dt
| .e. power is equal to the scalar product of |fo
Di mensions of “Pwer: [P] = [ ML
S| unit of Power: watt (W) or joulel/lsecond (J/s
Ot her units of Power are kilowatt (kW), Megawyat
1 Kk \Wmnw, 1 pwWww= 1 hp = 746 W, lpwartdg/ s 1 joul e|/ s
Collision: Collision is an isolated event 1in |jwh
time as a result of which the energy and momegnt
Il n collision particles may or may not come in r
Types of Collision:
Perfectly Etastic CoII(jid‘o___r_]@_)dZ____ @_f‘
I f in a collision, kinet&gNBenergy,?gNg(er col | ifsi
to kinetic nergy before colll n, the colll ifsi
is said to be perfectly el asti @/I i sion.
The coefficient of rest@_ﬂl ‘—>dz
Perfectly Elastic Obliqusgangol | iSLORNsisng ¢
By |l aw of conservation of momnnf@ﬁg
Al o nragx imgl,+mu, =myv, cosg+m,v, cos (i)
Al o nragx i@s myv,sing- myv,sinf e (i)
By |l aw of conservation of kinetic energy
1 > 1 ,_1 5,1 2
E”l“1+§”‘zuz—§an1+§n1sz
Speci al cmoyFmjatnido=®subbtituting these values in e
u, =V, Coxg +V, cos (V)
0=v;sing- v,sinf . (v)
anuaf =v>+Vv; é(vi)
Squaring (iv) and (v) and adding we get
u? =V +V2 +2v,v, cos@ + 1) é(vii)
Using (vi) eosgtr)Y=0i i) we get
\ g+Ff=pl2

I ——
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|l nel astic collision:
I f in a collision kinetic energy after col |l
said to be inelastic.
The coefficient of restitution 0 < e < 1
Perfectly inelastic Col I S i
Il f in a collision two:oujl Sdz St %2together d
with same velocity .SHN?—) uSstlcon, t he @
is said to be perfectlyin"”‘ic.
The coefficient of restitution e = 0
*Linear momentum is conserved both in elastigd
Let two bodii esdobvimagsesi Oiaafdi nelt hhei tsiaene di r
such that after col IUianuwme dmhmedtri felnyal vel oci
According to | aw of conservation of momentum
a o G 6 =G0 a v
-4 6 -ao -a L -auv
Vel ocity of approach i® =Velbocity of Separation
Motion i n Vdrhtiiscals @inr-alrempt m of non
circular motion. I n this mot'k s und s
gravity of earth. 1
Vel ocity at any point on ver I f u
i mparted to body at | owest p vel oci
height h is given by:
D= 03d 204 TQE2A Trcos
Tension at any point P on the Vertical Loop:
"Y=& "Qo & 4 —
Tension at | ow¥stao+nt (L)
Tension at Ggrhes+ @®i nt (H)

MULTI PLE CHOICE QUESTI ONS
1. AFfz(iSF%G%newton iI's applied over a particle w
r:(2iE1F)metres. The work done on the particle i
(ajyJd (b) 1313
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2. A force acts on a 30 gm particle in such a w
gi vexr3b#®+t®, where x is in metres and t is in|se
IS
(a)5b5.28 J 450 mJ 490 mgdi{bp30 mJ
2
3. A Dbodéyk gofi smausnsder a f orce whicB:%mmtsreess dwis¢n e
time. The work done by the force in 2 secondg I
(a)12 ¢gb)9 J6cy (d)3 J
4. A particle i s actmaguiptorndadhy ia fad rwaey so fp ec gnpsntc
the particle, the motion of the particle takgs
(a)lts velocity(b¥)l tenatanateration is constarnt
(c)lts kinetic édegrgymbsesonsatanstraight | i ne
5. Two springs havke nidtkeik,)). fWhere tclhoey tarnd stsr ejt c
(a) No work is done in case of both the springs
(b)) Equal work is done in case of both the sprfin
(c)More work is done in case of second spring
(d) More work is done in case of first spring
6. The potential energy betmkb(@n%t-\;fgo; amhoemnse ian [an (
positive constants and x is the distance bet Wee
1lla a 2a
F 8 — b F 6/ — xX¥O0 K 6| —
(a2 (sl (o ( dFg
7. When a spring is stretched by 2 c¢cm, it staqgre
energy will be increased by
(a)100(bB)200 J(B8PO(A)4a400 J
8. A sphere of mass m, moving with velocity V,
bag is M and it is raised by height h, then ¢t he
M +m M m m
a) ——2gh ( b) —42gh( c 2gh ( d) —4/2gh
(a) ———=yagh ( b) ~——2gh( )M+m\/9( )M\/g
SOLUTIT NI TI PLE CHOI CE QUESTI ONS
1. W=Fs=GE+3p.2F B= 1® = 7 3
2. @a%ﬁf=3-8t+3t2 \ v, =3m/sAn d, =19m's
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W:%m(vf-vj) (According to W%E*OtO:B?(el@FFa?)m)S.ZSJ

t? t md’s _ 6d* &t* @
3. sd-)}\ ds=—dt F=ma="95- =3N
©=7 2 a2 dt? §49
N o WV = jjF ds=3J
4. Whgn a force of constant magnitude which i
particle, work done is zero and hence change
FZ
5 G
W
| f both springs areWs’t%retched by same forg
Ask >k, t her Qif<tVy e i .e. more work is done in d
6. (€pndition for F;t—%L—JD:IOex:?/%bguilibrium
X
1 2 1 2 2 1 2 2
7. @(It):)zkx w=§k(x2-x1)=§k[(2x)-x] 33a&kx20 33100=300J
(; =
8. (a)
K
o (5-F
By the conservation of | inear momentum
I ni ti al momentum of sphere = Final moment um @
mV =(m+M)v,, e (i)

|l f the system rises up to height h then by

—(m+|V|) Veye. = (M+M)gh € (i) Yv,=42gh

Substituting this Vamg'ZQh equation (1)
¢c m

ASSERTI ON AND REASON TYPE QUESTI ON
I n the following questions a statement of ass§g
the correct choice as:
(a) I f both assertion and reason are true an
(b) I'f both assertion and reason are true bu
(c) I f assertion is true but reason is false

I ——
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(d) I'f both assertion and reason are false

1. Ass:erAipoemr son working on a horizont al road |[wi

ReasoMNo work is said to be done, if directions

each other.

2AssertiTbe work done during a round trip is gl w

ReasomNo force is required to move a body in ijts

3. AssiertA dn ght body and heavy body have sameg

ReasoiKinetic energy does not depend on mass (f

4AssertifTbe instantaneous power of an agent i |

and the force acting on it at that instant.

Reasofdfhe unit of instantaneous power i s watt.

5. Ass:erfthheonchange in kinetic energy of a partjic

Reasofhange in kinetic energy of particle is Jeq

6Assert Aosapring has potential energy, both whien

Reasooompmessing or stretching, work is done |on

7. Ass:erGoment s move around the sun in elliptiagal

ReasofMfhe gravitational force on the comet dufp

done by the gravitational force over every cgmp

SOLUTI ANSERTI ON AND REASON

l1(a) The Wv:oEr.éh;Fsdosqne,when a person wal ks on a hagr.i

d=90 . He Mc=dscos90 =0

Thus no work is done by the person.

2 (d) Inwarkowdmwadetiispzero only when the force¢g i

Force is always required t e omosveer vaathiovdey fiineladj|c o
: P2

3 (d) When two bodies have same momentum Et:hz—%n I

\E'%When P = constant

4 Pb?.;/and unit of power is Watt.

5(c) Change in kinetic energy = work done by]|ne

This relationshap wel vads dsyoremaoft i gareticl es|.

6 (a) the work done on the spring against thp

when it is compressed or stretched.

I ———————————————.

KVS ZIET MYSURU SSM PHYSICS-X62025 46




7 (c) The gravitational force on the comet d
conservative force over a closed path is al wg
gravitational floegtce sorolvietr cefvetrtye coonmpet i s zer
SHORT ANSWER QUESTI ONS (2 MARKS)
1. When a conservative force does positive w(

body?
Solution: Potential energf¥ of the body decreas

2. A body of mass 3 kg is under a fordea,n whi.c
work done by the force in first 2 seconds.

Sol ut i-eondS=&dl =

d’s _def o
=4S _d et Bomg
d? df &3 |

2 2
W = {F.dS = i ds
Now work done oby t¢the force

2 2
fp° 2 ¥%dt = fptdt
0 0

= 24 ]

3. Power of a water pump is 2 kW I f g = 10 n
height of 10 m.
Solutidn: P m =90 10°10 =1200 4

mass V:120(]<g
As voldmiy =  10kgm Vol u e =12310litre 2200tre
4. Two bodies 4h0avkign garseanmeo vmansgs i n opposite di
the other with 7 m/s | f they collide and move
Solution: By the conservation of momentum

40° 10 +40) { 7) 8Gv

v=1.5m/s
5. A body of mass 5 kg explodes at rest into
with equal masses fly in mutually perpendicul

fragment .

Sol ufi® i F22 2kkgnt:

P=m3y k2% 2kkgnl: P+ P’ 21[2k
= kg

Resul an’t m/ s

The momentum of heavier fragment shoul d be
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Bv R OR 282,55 9.89 m/s

aph between the re
e. The mass of the
en whanhewgyP be it

o -
o O »

F (Newton)
=

. . 'Emvz:}32545@\]
Solution: l ni ti2al XK.E. of the

-@olp
w
SN
—_—h W

Wor k done against resxsgi & e= Area b

Fi nal K. E. -Worlknidtoineel akj.aE.nst resistive for

_50- 40 =10J

SHORT ANSWER OQUESTI ONS (3 MARKS)

1. A porter pushes a trunk on a railway plat
a distance of 10 m. Thereafter, He gets prog
to 50 N. The thhtvaHi odh stthaen cter urhk oluaggs been mov
woman and the frictional force, which is 50
over 20 m.

Solution:

Wor k done = area under the curve
Wor k done by porter = 1750 J 100)
Work done by friction = 1 1000

2 . For what mi ni mum value of ml of
cont act with surface? ¥

Solution: | et extension in th
Fod Qo - orcd Q Qw

For bl ock@Qao o ied IO & tQeda a I¢

Therefore min value i s m/ 2.

3. For a particle rotating in a vertical cir
string are in the ratio 5: 3. I f the radius

I ——
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Solution:
Y aQ — And 7Y — aQ
— Bl

Now— - Sol ving tWem/gset v =
4. A cube of mass M starts at rest fr | 2 t] 1
circular track. The cube slides down gt i
Find the force which the track exert - 2| CL
Solution: Applying conservation of energy at |po
Ki+ 18 2k 22U
0 + mg (4R)mg (2 RYy
Sol vi nigQYv =
Now at point3¥R2 N + Oy Ng =mwm8$ mg
5. (a) The bob of a pendulum is released froim &
is the speed with which it arrives at the | ofWwer
resistance?
(b) I'f the same bob is releases as shown in ¢the
energy.
Soluti on: L
(a) 90 %aof BgLVEN@G QW = -

L
(b)+ ¥ Ki + Ui
~G0 T M A awéi(Hex®0 degree)
On Sol viig V =
6. A particle of mass 0.5 kiog cidvrwdweeles ai = & atnrnijdi.
What i s the work done by the net force during I
SolutionKi W = Kdn Solving W = 50 J
7. | f an engine delivers constant to a car st
proportional to cube of time el apsed.
Soluti &n: W =
Pt = i0mv2 —, — —
Rearranging adamd i ntegrating
I ———————————————.
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LONG ANSWER QUESTI ONS (5 MARKS)

1. (a) Show that ienl asatsiec ocfo lolnies ida fMmeaofs i towmoa |l b o
after the collision is equal to the relative
(b) Hence write expressions for the velocitie
2. A body tied to one end of a string i s mad
velocity of the body and tension in the strinrn
circle. (ii) Menl mwmswvepocntysatthht it is |
mi ni mum velocity at the top.
3. (A) Draw the® gavmhkrOed telges ag g dirsn gt Hfeo rdcies palnada
from equilibrium position. Using the groaip,
- (k = spring constant)
(B) What wil!| be the work done byite®txer nal f ¢
4. (a) Define work done. How can we <calcul at
(i) Constant force (1i) Vari a
(iii) From graph if an object is displaced
(b) Find work done by a force F = 2x (SI wunit

Point2) 1, 2,
SOURCE BASED QUESTI ONS:

Q 1. A block of mass m is kept i I, t of
with an acceleration a0 as showt N ' e .
observers A and B for a time inti EI—]

(i) The observer B finds that th RE 2 b

(af™@o0 (bl)aQo (chQad (d)-dQa
(ii) The observer B finds that work done by n
(a) ZerdMad (c)>— (#) none of these

(irii) The observer B finds that work done by
(a) Zemdo (claob) (dxQa

(iv) According to observer B, the net work do
(afdd (bdawo (cHQe (d)-dQa

(v) According to the observer A

(a) The work done by gravity is zero

(c) The work done by pseudo force is zero

I ——
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2. A block of mass m moving with a velocity |vO

Sspring of stiffness k til] mass comes to r esft

observers: Ve

A: Standing on the horiz m . e ;

B: Standing on the block S

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

(a) Negative but nothing can-dbe said about itfs

(c) Positive but nothing can-tbe said about itfs

(ii) To an observer A, the work done by the nor

i s

(a) Zer-waL (cfdv) (d) None of these

(ii11) To an observing A, the net work done on t
(apov (b)dv (c)rav (d) =zero

(iv) According to the observer A

(a) The kinetic energy of the block is converfte

(b) The mechani c anha sesn esrygsyt eoni itsh ec osnpsrei rnvge d

(c) The block |l oses its kinetic energy becauge

(d) All the above

(V) To an observer B, when the block is comprfes

(a) Velocity of the block is decreasing

(c) Kinetic energy of the block is zero (d)

ANSWERS:
1 (i) ¢ (ii) d (iii) a
2 (i) b (ii) b (iii) ¢
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CHAPTERI6: SYSTEMS OF PARTICLES AND ROTATIONAL MOTION

CONTENT OF CHAPTER :-Centre of mass of a twgarticle system, momentum conservation and Ce
of mass motion. Centre of mass of a rigid body; centre of mass of a uniform rod. Moment of a force,
angular momentum, law of conservation of angular momentum and its ajpplcaEquilibrium of rigid

hora

bodies, rigid body rotation and equations of rotational motion, comparison of linear and rotational mption
Moment of inertia, radius of gyration, values of moments of inertia for simple geometrical objecjs (n

derivation).

MIND MAP

SYSTEM OF PARTICLES AND ROTATIONAL MOTION

MINDMAP

(oot )
]

myx, + myx; + myx;
Xcom =
my; +mz; + my

= myy, +myy; +ms3y;

Ycom
my; +my; +my
. m,v; + myv; + myv;
2, - —
com m, +m, + m,
o m,a; + mya; + mya;
Acom =

my + my + my
—_ —
= Feoq =ma,,,

= When there's no external forced — E.con =0

\

l\f-ﬁcon =0 — A¥com = 0,AYcom = 0 /
C Rolling Motion ) J

Y
KZ Fot = Micom = ). Teu =1&\

— v = Rw a = Ra — Only for contact point

Total K.E. = %fmm + w? + %mvc,zom

- — - -
Lsyslem = leom @ + Mreom X Veom

Work done by Torque

W=f‘rd6 Power,P=T-@

When,

Toxt = 0 = L = constant

N

Conservation of Angular Momentum.

N : CAnaular Mom;...m )

/E=F><fi
L=#Fxmb

Angular Variable
e = 3;:5 = arc = R@
|#] = Rw
w=2Lg=92,=2m"
de 3 60

n = revolution per minute.
— If & = Constant: —» s

i) w = wg + at

i) A0 = wot +  at?

iii) w? = w3 + 2ahe

— Relation b/w 7 and L: —»

= dl
Qet = as /

(Blomenl of Inertia: )

\

—=I= fr%dm
— Parallel Axis Theorem: -

Iyxt = Ioor + md?
— Perpendicular Axis Theorem

’
Izt = Ipxr + Iyyr X 2, %

v:)n]y for planar bodies.

\

Equilibrium -

Translational Equilibrium =X F = 0
Rotational Equilibrium =3} 7 =0

If, Foer = O on arigid body, then T,,¢¢ is
same about every point
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GIST OF THE CHAPTER

A rigid body is one in which the distances between different particles of the bod
not change even though forces are acting on them.

Axis of rotation: The line along which the body is fixed is known as the axis of
rotation. Examples for rotation about an axis are a ceiling fan and a-gteroyind
etc.

In pure rotation of a rigid body

Image: Linkage of a rigid body

about a fixed axis, every particle of the "
rigid body moves in a circle which lies ir Singierigid body
a plane perpendicular to the axis and hi

Mechanical linkage

its centre on the axis. Every point in the
rotating rigid body has the same angular velocity at any time.

CENTRE OF MASS:

The centre of mass of a body is a point where the entire mass of the body can be supposed to be
concentrated. The nature of motion executed by the body shall remain unaffected if all the forces act
the body were applied directly at this point.

For a system of two particles of massesandd having their position vector has andip respectively,
with respect to origin of the coordinate system, the position v&toof the centre of mass is given by

-\p b b

b b

If & a a, then'?
Thus, the centre of a mass of two equal masses lies exactly at the centre of the line joining the two
For a system of Mparticles of massas i i 881 having their position vectors & b I8 hip
respectively, with respect to the origin of the coordinate system, the position“¥ectof the centre of
mass is given by

&b B "mibp B "Wb
a B " 0

ab ap
a a

my Mk

v

The coordinates of centre of mass forBA 8bject is given as:
B %w B "Wo

® B wh U
. B "o B "W
© B W 0
., B "wa B "a
© B W R

For a continuous distribution of mass, the coordinates of centre of mass are given by

I ——
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P

6 ¢ oe0md T 008D UE & Qa
VELOCITY OF CENTRE OF MASS
B G a® E 4d® B "wd®» B "W
4 & Ea B 0
ACCELERATION OF CENTRE OF MASS
& d®d a®d E a@d B "wé B "o
& & Ea B 0

Angular velocity and acceleration:

ANGULAR VELOCITY : It is defined as the time rate of change of angular displacement and is giver

bylp —

Angular velocity is directed along the axis of rotation. Angular velocity is a vector quantity. Its S| unit
rad/s and its dimensional formulais 0 "Y

Relationship between linear velocity and angular velocity

The linear velocity of a particle of a rigid body rotating about a fixed axis is given by,

b B 10 wherebis the position vector of the particle with respect to an origin along the fixedAaxis.
in pure translational motion, all body particles have the same linear velocity at any instant. Similarly,
rotational motion, all body particles have the same angular velocity at any instant.

ANGULAR ACCELERATION : Itis defined as the time rate of change of angular velocity, and it is gi

X
X

by —

Angular acceleration is a vector quantity. Its Sl unit is radand its dimensional formula i 0 Y

EQUATION OF ROTATIONAL MOTION

After a brief introduction to angular velocity and angular acceleration, let us see how they are related
kinematic equations.

For a certain initial angular velocity, final angular velocity @ ) with time t , the kinematic equations of
rotational motion is given as:

1 1 | 0
— 1 0 -lo These equations are valid for uniform angular acceleration.

1 1 ¢ —
MOMENT OF INERTIA : Moment of inertia of a rigid body about a given axis of rotation is defined a4
sum of the product of masses of all the particles of the body and the square of their respective perpe
distances from the axis of rotation. It is denoted by syméandlis given by,
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Moment of inertia is a scalar quantity. Its S| uniEi€§ | and its dimensional formula i§ 0 “Y . It
depends uponPosition of the axis of rotatiop@rientation of the axis abtaion, Shape of the bodysize of
the body Distribution of mass of the body about the axis of rotation.

RADIUS OF GYRATION : It is defined as the distance from the axis of rotation at which, if the whole

mass of the body were concentrated, the moment of inertia of the body would be the same as the acfual

distribution of the mass of the body. It is denoted by the symbol K.

Radius of gyration of a body about an axis of rotation may also be defined as the root mean square djistan

of the particles from the axis of rotation.

i i E i
0

BReh v

The moment of inertia of a body about a given axis is equal to the product of the mass of the body ar
square of its radius of gyration about that axis.®.,0 0 .

The Sl unit of radius of gyration is metre and its dimensional formula i "Y .

TORQUE: The torque or moment of force is a measure of the turning effect of force about the axis of]

rotation. It is denoted by the symbbTorqued b ©
In magnitude;} i ©E-FWhere—is the angle between r and F .

PRINCIPLE OF MOMENTS : According to the principle of moments, a body will be in rotational
equilibrium if the algebraic sum of the movements of all forces acting on the body about a fixed point
zero.

d

is

CENTRE OF GRAVITY : The center of gravity of a body is that point where the total gravitational torque

on the body is zero.

ANGULAR MOMENTUM : Angular momentum of a particle about a given axis is the moment of linejr

momentum of the particle about that axis. It is denoted by the symbol L .
® b BB | PEF+
It is a vector quantity. Its Sl unit § C 1 O and dimensions aré 0 Y

m
RELATIONSHIP BETWEEN TORQUE AND ANGULAR MOMENTUM W =

m 4
LAW OF CONSERVATION OF ANGULAR MOMENTUM : If no external torque acts on a system,
then the total angular momentum is said to be conserved.
ie.b Tmthen— Tor, constant
A rigid body is said to be in equilibrium when:
It is in translational equilibrium i.e. the total external force acting on it is zer® 'i&. 138
It is in rotational equilibrium, i.e. the total external torque acting on it is zer@® be. T8

Relation between angular momentum and moment of inertia
Angular momentumi) 0.
Important points:

I ——
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Kinetic energy of rotational motion, -0 .
For a redistribution of masses in a systé&n: 0
Work energy theorem in rotational motieriQ -0 =work done

Types of motion include Translational motion, rotational motion, and rolling motion.
Translational motion is also known as kinematics.

ROLLING MOTION is the motion which happens when a body is rolling on a surface or an inclined
plane.

Kinetic energy of a rolling body translational kinetic
energy + rotational kinetic energy

ie.-00 -O -00 p — e

Image: Body rolling down on an inclined plane

—

When a body rolls down on an inclined plane of inclination without slipping its velocity at the bottom ¢

incline is given byD S

When a body rolls down on an inclined plane without slipping its acceleration at the bottom of inclinefjs

given by:co0 ——.

When a body rolls down on an inclined plane without slipping its time at the bottom of incline is givén by

0 —_—
MULTI PLE CHOI CE QUESTI ONS ( MCQQS)
1. If a body is rotating about an axis passing through its center of mass, the angular momentum {f the
body is directed along i 0 0 0 0 1.
(a) Circumference (b) Radius  (c)Axis of rotation (d) None of the options
2. Linear velocities of all the particles of the body in rotational motighdsd 0 -.
(@)1 (b)O (c)Same (d)Different

3. Moment of inertia depends on

(a) Shape and size of the body (b) Mass

(c) Position of the axis of rotation (d) All of these
4, Which of the following is the mathematical representation of law of conservation of total linear

momentum?

(@ dP/dt=0 (b) dF/dt =0 (c) dP/dt =F internar  (d) dF/dt =P

5. Two bodies of masses 5kg and 15kg are located in the Cartesian plane at (1,0) and (0,1). What is t
location of their centre of mass?
(8) Ya, Ya (b) ¥4, %4 (C) ¥, Ya (d) Ya, %
6. The distance between the centres of carbon and oxygen in the carbon monoxide molecules is
1.13 x 10 m. The distance of the centre of mass of the molecule relative to the oxygen atom is
(@) 0.48x13°m  (b) 0.64 x 10°m (c)0.56 x10°m  (d)0.36 x 10°m

I ——
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7. For increasing the angular velocity of an object by 10%, the kinetic energy has to be increasec
(a) 40% (b) 20% (c) 10% (d) 21%

8. A circular platform is mounted on a frictionless vertical axle. Its radius R = 2 m and its moment
inertia about the axle BOOkg m?. It is initially at rest. A 50 kg man stands on the edge of the
platform and begins to walk along the edge at the spekddf! relative to the ground.

ANSWERS of MCQ:

1. Option| Axis of rotation,

2. Option (d),

3. Option (d)

4, Option @)

Hint: The | aw of conservation of |l inear momen
that tot al ' inear momentum is constant whe
dP/dt = Fext. Here,Fext must be zero for conservation of linear momentum, tidt e O.

5. Option(d)

Hint: Sum of masses =H\mz= 5 + 15 = 20
x-coordinate :ém=(mux1+ mex2)/( mitme )=(5 1 + 15 0)/20 =%
y-coordinate : ¥m=(muy1+ mpy2)/( mi+mz )=(5 0 + 15 1)/20 =%,

6. Option (a)

Hint: The location of the centre of mass from an object in adlject system isinversely
proportional to the mass of the object.

The atomic mass of oxygen = 16

The atomic mass of carbon = 12

Total atomic mass = 16 + 12 = 28

The location of centre of mass relative to oxygen atom = (1.13'% %02 / 28= 0.48 x 1 m.

7. Option (d)

HintLet 1 niti al energy = K , angular veloci
¥Nj =1.1y(increasing of angular velocity 1¢(
We know 2 K=1i 1| ¥

Ko=1 2E(¥Nj)%* 1. 2¢yd1.21K¥

Therefore, kinetic energy should be increased by 21%

8. Optionl
Hint: GivenRadius of the platform R=2 m, Moment of inertia of the platform
1I=200 kg n?

Mass of the man =50 kg, Speed of the man relative to the groumtl m/s

system is initially at rest, Initial angular momentum@

From the law of conservation of angular momentum Fanglular momentum is the sum of the

angular momentum of the man and the platform.

L initia= L final C 0=L manl ]

Ch =mvRC1 =mvR/I C 1 =(5C 1 ¢)/200=100/200=1/2 rad's

Time taken by the man relative to the platform¢®=/1 e

Here,] ax] + VIR =(%2) + (¥) =1 rads

CT=2"/1=2"s

ASSERTION REASON TYPE QUESTIONS:

Directions:

Each of the following questions consists of two statements: an Assertion (A) and a Réamsover them
by selecting the correct option:

(a) Both Assertion (A) and Reason are true, and Reasonl is the correct explanation of Assertion (A).
(b) Both Assertion (A) and Reason are true, but Reasonl is not the correct explanation of Assertion
(A).

| Assertion (A) is true, but Reasonl is false.

(d) If both, Assertion (A) and Reason are false.

I ——
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1. Assertion (A): Moment of inertia depends on the distribution of mass and the axis of rotation.
Reasorl: Moment of inertia is a scalar quantity.

2. Assertion (A): The center of mass of a uniform semaular ring lies at its geometric center.
Reasorl: The center of mass always lies at the center of the figure.

3. Assertion (A): A body can rotate even if its center of mass remains at rest.

Reasorl: Torque causes rotational motion, independent of translational motion.

4. Assertion (A): Angular momentum of a system is conserved in the absence of external torque.
Reasorl: Torque is the time derivative of angular momentum.

5. Assertion (A): The radius of gyration of a body is equal to the distance of its center of mass from th
of rotation.

Reason: Radius of gyration is defined as the distance from axis at which mass may be assumed to be

concentrated.

6. Assertion (A): In rolling, all points of a rigid body have the same linear velocity.
Reasorl: The rotational motion does not affect the linear velocity.

7. Assertion (A): The velovity of a body at the bottom of an inclined plane of given height is more whe
slides down the plane compared to when it is rolling down the same plane.

Reason: In rolling down, a body acquires both kinetic energy of translation and rotation.

8. Assertion (A): The moment of inertia of a rigid body reduces to its minimum value, when the axis qf

rotation passes through its centre of gravity.
Reasorl: The weight of a rigid body always acts through its centre of gravity.
ANSWERS:
1.(c) 2.(c) 3.(a) 4.(a) 5.(b) 6.(d) 7.(b) 8.(a)

SHORT ANSWER TYPE 1:

1. Two blocks of masses 10 kg and 20 kg are placed ondixesxThe first mass isnoved on the axis
by a distance of 2 cnBy what distance should the second mass be moved to keep the position
centre of mass unchanged ?

Ans:- Two massest andd& are placed on the-4xis

i p 1E @i ¢ 1EC
The first mass is displag:ed l?y a distance of 2 cm
f— W dw pMWC W
Cw ; ;
a a T
CT C 1
0Tl
i MM T
i ¢ C M
boo P &
C The 29mass should be displaced by a distance 1 cm towards left so as to kept the pg
of centre of mass unchanged.
2. A car weighs 1800 kg. The distance between its front and back axles is 1.8amntits of gravity is

t

e ax

nit

of

sitior

1.05 m behind the front axle. Determine the force exerted by the level ground on each front wheel

and each back wheel.
Answer: Let kand E be the forces exerted by the level ground on front wheels and back wheg
respectively. Considering rotational equilibrium about the front wheels,
F2x1.8=mgx 1.05
F>=(1.05/1.8) x 1800 x 9.8 N =10290 N
Force on each back wheel is =10290/2 N or 5145 N.
Considering rotational equilibrium about the back wheels.
F1x1.8=mg (1.8 1.05) =0.75x 1800 x 9.8
F1=(0.75 x 1800 x 9.8)/1.8 = 7350 N
Force on each front wheel is 7350/2 N or 3675 N.
3. (i) Why do we prefer to use a wrench, having a long arm?
I ———————————————.
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(if) Under what condition, the torque due applied can be considered to be zero?
Answer: We know, the turning effectofaforcels = r [ F

Now when the arm of the wrench is long, r is larger. Therefore, a smaller force will be requireql to
produce the same turning effect.

(ii) As we know, U = r Fsind Now, if d = 0 o

Or , r = 0, then U = 0 Now, r - = 0 refers tqg t
4. (i) Is there any possibility of coinciding with the geometrical centre and C.Mbady? Cite

example.

(i) Does the C.M of a body necessarily have to lie inside a body?

Answer: (i) C.M. and geometrical centre may coincide when the bodgansideration has a
uniform mass density. So, yes, they may coincide. For instance, C.M. and geometrical ceh&e jare
same in the case of a cube or a sphere or cylinder etc.

(i) No, the C.M of the body in consideration does not necessarily be inside the body itself. |
also may lie outside the body. In the case of the-s@ular ring, it is at the center which is
outside the ring.

5. (i) What are the factors on which the M.l of a body depends?

(i) When a cat can land on its feet after a fall, which property of Physics is beingyuser?
Answer: (i) The M.I. of a body depends on the following factors

Position of the axis of the rotation

Mass of the body.

Way of distribution of mass about the axis of rotation.

(i) If the cat can land on its feet after a fall, she is using the principle of conservation of angulgr
momentum.

6. () What is a rigid body?

(i) Why cannot a single force balance the torque?
Answer: (i) A rigid body refers to an object in which the distance between atldhstituting
particles remains fixed under any influence of external force. Therefoigidebody conserves its
shape during motion.
(i) The effect otorque can be seen to produce angular acceleration and its effect is entirely
different from that of the force that causes linear acceleration. Therefore, a single force canno
balance the torque.

SHORT ANSWER TYPE 2 :

1. A solid cylinder of mass 20 kg rotates about its axis with angular speed 10Q.rallesradius of
the cylinder is 0.25 m. What is the kinetic energy associated with the rotation of the cylinder? \Vhat
is the magnitude of angular momentum of the cylinder about its axis?
Answer: M =20 kg
Angular speed, =100rad¥; R=0.25m
Moment of inertia of the cylinder about its axis
=1/2 MR? = %2 x 20 (0.25)2 kg rh= 0.625 kg m
Rotational kinetic energy,

E =%I1 2=%x0.625 x (10)J = 3125 J
Angular momentum,
L=11 =0.625x 100 Js=62.5 Js.

2. Using the expression of power and K.E. of rotational motion, d&&vé at i on U =1 6|
Answer. As we know that power is given by
P=U(&8ééeéeeée(i) Bl ¥eééeé(ii)

Now, the power of rotational motion is equal to time rate of work done durimgtda@nal motion.
Since the work done is stored in the form of kinetic energy,

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

U(~¥) =d/ d%1R1- /1 23 ( ")

=1/ 21171 ( 2 y@iw/dd t= )Uzéle*(euJ( )

From () and (iii), we getU¥ =1 & W=1 U.

I ——
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A circular ring having a diameter of 40cm and mass of 1 kg is rotating about an axis normal to
plane and passing through the center with a frequency of 10 rotations pers second. Now, calc
the angular momentum about the axis of rotation.
Answer. From the question we can obtain,
R=402cm=20cm=0.2m M=1kg,v =10 rotations / sec
Now, we can calculate the moment of inertia as follows:
M.l = MR? =1 x (0.2¥= 0.04 kg sg.m
= 2 1 10 = 20" rad /| sec
Thus, angular momentum can be calculated as,
t L= 0.04 1T 20"
t L=251kgsqm/sec
Three separate particles of masses of 1g, 2g, and 3g have their center of mass at the precise
point (2,2,2). What should be the position of the fourth particle of mass 4g so that the combine
center of mass may be at the point (0,0,0).
Answer Given m=1g m=2g m=3g m4=4g
Centre of mass of three particle systeg (X cm,Y cm, Z cm )=(2,2,2)
Position of 4'Particle §=? If centre of mass of four particle is (0,0,0)
Centre of mass for 3 particle system is
X em=(MiX1+mpXz+msxa)/(ma+mp+mg)= (X1+2x2+3%3)/(1+2+3)
2=(X1+2X2+3x3)/6 X1+2x%o+3x= 12 € ééé (i)
Similarly y+2y+3ys=12eéeéé (i i )it2nt3n=12¢éééee (i izi)
Centre of mass for 4 particle system is
X em=(MuX1+maXo+maXa+ MuXa)/(M+mo+mae+ my)= (X1+2X0+3X3+4X4)/(1+2+3+4)
C 0=(12+4%)/10C 12+4%=0C x4=-3 similarly y=-3 z=-3
Thus the new patrticle should be &,{3,-3).
A man stands on a rotating platform, with his arms stretched horizontally holding a 5 kg weigh

each hand. The angular speed of the platform is 30 revolutiomsipeates. The man then brings hif
arms close to his body with the distance of eachweight from the axis changing from 90 cm to 2D

cm. The moment of inertia of the man together with the platform may be taken to be constant
equal to 7.6 kg f(a) What is his new angular speed? (Neglect friction)(b) Is kinetic energy
conserved in the process? If not, from where does the change come about?

Answer: Here, 1= 7.6 + 2 x 5 (0.9)= 157 kg nt

¥1=30rpm 1,=7.6+2x5(0.%)=8.0kg nt ¥2=7

According to the principle of conservation of angular momentansly?

C ¥2= (l1 ¥1) /12 = (15.7 x 30)/8.0 = 58.88 rpm

No, kinetic energy is not conserved in the process. In fact, as moment of inertia decreases, K.
rotation increases. This change comes about as work is done by the man in bringing his arms
to his body.

The motion of binary stars;&nd S is the
combination of X andY .What areX andY refer
to?

Answer:HereX andY refer to motion of the CM
and motion about the CM/hen no external force

e

d

in

p

and

=. of
close

acts on the binary star, its CM will move like a free particle [Fig. (a)]. From the CM frame, the tjvo

stars will seems to move in@rcle about the CM with diametrically opposite positions.




(a) Trajectories of two stars. S1 (dotted line) and S2 (solid line) forming a beyatgm with their
centre of mass C in uniform motion

(b) The same binary system, with the centre of mass C at rest. So, to understand the motion gf a

complicated system, we can separate the motion of the system into pacts. So, the combination of the
motion of the CM and motion about the CM coultescribed the motion of the system.

LONG ANSWER TYPE QUESTIONS: m, O m,

1. (a) What are the differences between the centre of gravity and the N >
centre of mass?

(b) A square plate of mass 120 g and edge 5.0 cm rotates about or
edges. If it has a uniform angular acceleration gig O AOY what torque acts on the plate?

Answer:a) (i)The centre of gravity is a point in a body where weight distribution is equal in all

directions. It depends on the gravitational field.

(i) The centre of mass is a point where mdsstribution is uniform in all directions. It does not rely

]
| L%
I
I
I
I

on the gravitational field. However, a bodyo
same point in a homogeneous gravitational field.
(b)A square plate of mass 120 gm and edge 5 cm rotates about one of the H
edge Let take a small area of the square of width dx and length a whic
at a distance x from the axisf rotation. X
Therefore mass of that small area
[ A AAD | A ®fthe squarép side of the plate Ny dx
O, "ma¥w wQw 4fHd wio -

awifo

AEAOAEICROR AOAB A ddTo |
pempTM L pT fOoTR

™ pnm ¢ pm. |8
2. (a) A child stands at the centre of a turntable with his two arms outstretched. The turntgple is
set rotating with an angular speed of 40 rev/min. How much is the angular speed of the child if he
folds his hands back and thereby reduces his moment of inertia to 2/5 times the initial value ?
Assume that the turntable rotates without friction.

(b) Show that the childdés new kinetic ¢gne

energy of rotation. How do you account for this increase in kinetic energy?
Ans: (a) given initial moment of inertia £ then final moment of inertia#+ (2/5) h
Angular speed ¥ 40 rev/min  Angular speed=40 rev/min
By principle of conservation of angular momentum 12¥2
li( 2m)=12( 2mR)C np=(Iim) /12 =(11 40) / (2/5) 1=100 rev/min
(b)F|naI K.ERotation/ initial K.E Rota_tion:]/Z IZYZZ/ 1 |1Y12 =1 |2( 2 N2 )2/ R Il( 2 n1 )2
= lam2?/ 11m? = (2/5) b (100)?/ 11 (40Y
Final K.ERotation/ initial K.E Rota_tion:2.5
From this we can say final K.E becomes more because the child uses his ieieengy when he
folds his hands to increase the kinetic energy.
3. (a) A rope of negligible mass is wound round a hollow cylinder of mass 3 kgadtids 40 cm.
What is the angular acceleration of the cylinder if the rope is pulled with a force of 30 N?
What is the linear acceleration of the rope? Assume that there is no slipping.

(b) Torgques of equal magnitude are applied to a hollow cylinder and a solid sphere, both havirjg the

same mass and radius. The cylinder is free to rotate about its standard axis of symmetry, and
sphere is free to rotate about an axis passing through its centre. Which of the two will acquire
greater angular speed after a given time.

Answer:(a) Given Force applied F= 30 N, mass m=3kg , radius r=40 cm =0.4 m

I ——
KVS ZIET MYSURU SSM PHYSICS-X62025 61

the
;]




Let M be the mass and R the radius of the hollow cylinder, anadfthe solid sphere. Their moments of
inertia about the respective axes are MR? and b = 2/5 MR

Moment of inertia of the hollow cylinder about its axis.

| = MR?=3(0.4¥ = 0.48 kg M

TorqueU r=x= F=0.4x30=12 Nm

| f U i s an g prédaced, thedramelt 16C B HI1=12/0.48=25 rad$
Linear accel exe510mgn a =RU= 0. 4

L e tbe thk magnitude of the torque applied to the cylinder and the sphere, producing angular accelgratio

Uhiand (s respectively. Thetd 5 Th= 12 G
The
speed after a given time.

(i)

(ii)

(iii)

(iv)

I ——
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angul ar;praduceeihthersphere is larget) Hence, the sphere will acquire larger angy

CASE BASED QUESTIONS
Centre of Mass The centre of mass of a body or a system of bodies is the point which moves §
though all ofthe mass were concentrated there and all external forces were applied to it. Henc
point at which the entire mass of the body or system of bodies is supposed to be concentratec
known as the centre of madlsa system consists of more than one particle (or bodies) and net
external force on the system in a particular direction is zero with centre of mass at rest. Then,
centre of mass will not move along that direction. Even though some patrticles of the system m
move along that direction.
Two bodies of masses 1 kg and 2 kg are lying iptaye at {1, 2) and (2, 4), respectively. What
are the coordinates of the centre of mass?
(a1, 10/3 (b) (1,0) (c) (0,2) (d) None of these
Two balls of same masses start moving towards each other due to gravitational attraction, if th
initial distance between them is L. Then, they meet at
() L/2 (b) L (c)L/3 (d)yL/4
The centre of mass of a system of two particles divides, the distance between them
(a) in inverse ratio of square of masses of particles
(b) in direct ratio of square of masses of particles
(c) in inverse ratio of masses of particles
(d) in direct ratio of masses of particles
Two patrticles A and B initially at rest move towards each other under a mutual force of attracti
the instant, when the speed of A is v and the speed of B is 2vspleed of centre of mass of the
system is
(a) zero (b) v (c)1.5v (d) 3v

OR
All the particles of a body are situated at a distance R from the origin. The distance of centre ¢
mass of the body from the origin is
@=R (b) O R (c)>R (d) O R
Answer: (i) a (i) a (i) ¢ (v)aORDb
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CHAPTER-7: GRAVITATION

CONTENT OF CHAPTER: - Kepler's laws of planetary motion, universal law of gravitation. Accelerat
dueto gravity and its variation with altitude and depth. Gravitational potential energy and gravitationa

potential, escape speed, orbital velocity of a satellite, energy of an orbiting satellite

between them.

Newton’s Law of Gravitation

Gravitational force (F) between two bodies is directly proportional to
product of masses and inversely proportional to square of distance

Kepler’s Law of Planetary Motion

‘-___—__7

Law of Orbits: Every Planet revolves
around the Sun in an elliptical orbit and

the Sun is situated at one of its foci.

Acceleration due to Gravity

Force
* It is always attractive
* It is independent of the
medium

*For a body falling freely under gravity,
the acceleration in body is called
acceleration due to gravity.

*Relationship between g and G forces

* It holds good over a wide

GMe 4
=—IGRp

range of distance
R3 3

g=

Characteristics of Gravitational

* It is conservative and central

Law of Areas: The areal Velocity of

planet around the sun is constant.

da

— = a Constant
dt

i.e.

Law of Periods: The Square of the time
period of revolution of a planet is directly
proportional to the cube of semi major

axis of the elliptical orbit. T? «x a*

Where G = gravitational constant

p= density ofearth M, R, be the mass
and radius of earth

]

Variation of Acceleration
due to gravity (g)

Due to altitude(h)

_ (1 zh)
9gr=49 Re
Value of g goes on decreasing with height

Due to depth(d)
d
sa=0(1-7;)

The value of g decreases g with depth

Due to Rotation of Earth
g92=9— Re®cos?2
»>| Atequator A = 0"
imin = 9 — Re w?
At poles 1 = 90°
Gimax=9r= 4

Gravitational Potential Energy

Work done in bringing the given body from infinity
to a point in the gravitational field U= GMm/r

/

‘—\

Gravitational Potential

Work done in bringing a unit mass
from infinity to a point in the

gravitational field

GM
r

Escape Speed

The minimum speed of projection of
a body from surface of earth so that

it just crosses the gravitational field

26M
of earth v, = -

2
T = Re [(Re +h)
g

Time Period of Satellite

. . = [R
For satellite orbiting close to the earth’s surface T = * j

= 84.6 min

Earth’s

Satellite

Polar Satellite
Time Period: 100 min, Revolve in polar orbit around the earth
Height: 500 — 800 KM
Uses: Weather forecasting and Military Spying

Kinetic Energy K =

Potential energy U =—

Energy of Satellite

GM,m

Re 1k Total Energy
GM,m _ _ _GM;m
Re +h B= KtU= S Re v

Geostationary Satellite
Time Period: 24 hours, same angular speed in same direction
with earth
Height: 36000 KM, Uses: GPS, Satellite Communication (TV)

e 2
o
© >
(7, ]
S
[=]
_ w
[
S
-

The minimum speed required to put the satellite into a

. . _ g . -
given orbit Vy = Re ek’ For satellite orbiting

close to the earth’s surface vy, = \/gR,

Orbit Speed of Satellite
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GIST OF THE CHAPTER :-

1-Kepler's law of planetary motion

(a) Kepler's first law (law of orbit)Every planet revolves around the sun in an elliptical orbit with the
situated at one focus of the ellipse.

(b) Kepler's second law (law of area)he radius vector drawn from the sun to a planet

sweeps out equal areas in equal intervals of time, i.e., the areal velocity of the planet around the sunli

_dA_1r(vdy 1

Areal velocity dt 2 dt 2
dA_ L

¢ dt 2m

Je=—T_RI )0 |

constant.
(c) Kepler's third law (law of period)The square of the time period of revolution of a
planet around the sun is directly proportional to the cube of thersajor axis of the elliptical orbit of the
planet around the sun.
T20 % r
2-Universal law of Gravitation (Newton's law of gravitation)
Newton's law of gravitation:
It states that the gravitational force of attraction acting betweerpoivd mass bodies of the universe

un

U

S

directly proportional to the product of their masses and is inversely proportional to the square of the (listar
! .

F 4 ml mZ fl}_ ________ ‘Ezw
between them, re C C

F - G rnlrzT]Z
or r
where G is the universal gravitational constant and in Sl unit, G =6.6%Xh&kg™.
Weight of a body:

It is the gravitational force of attraction exerted on a body by the earth towards its centre lying on or 1
surface of the earth.
The weight of a body (w) = mass of body x acceleration due to gravity(§Y +.eng
The unit of weight of a body is Newton.
3-Acceleration due to gravity (g):
It is an acceleration set up in a body while falling freely under the effect of the gravitational force of th
alone.
The acceleration due to gravity (g) is given by
GM
RZ
where M and R are the mass and radius of the earth.
The value of g changes with the height, depth, rotation and shape of the earth. The value of g on th
of the earth is 9.8 s,

g:

4- Variation in acceleration due to gravity with altitude- Acceleration due to gravity decreases with

altitude. Acceleration due to gravity at a he

g L
(i) As we go above the surface of the earth, the valgadetreases because r* .
(ii) If r== then9i=0 je, atinfinite distance from the earth,

the value ofy becomes zero.
|
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(i) If h<<Ri.e, height is negligible in comparison to the radius
then from equation (iii) we get
&R §_ & hg
gi=gee—0 = g%+—o
¢cR+h=+ ¢ R=

o gg 2he

RY [this relation is valid only foh< R]
5-Variation in acceleration due to gravity with depth.
Acceleration due to gravity decreases with the
increase in depth d fro
it becomes zero at the centre of the earth.
Accel eration due to gra
the earthés surface 1is

e dg
gi=ggl- —
¢ Rri

6-Gravitational potential energy
The gravitational potential energy of a body, at a point in the gravitational field of the earth, is definec

ast

amount of work done in bringing the body from infinity to that point without acceleration. The gravitajional

potential energy of a body isvgn by
GMm
r
here M is the mass of the earth and m is the mass of the body. r is the distance between the centre o
and the centre of the earth.
7-Gravitational potential:

U=-

the

The gravitational potential at a point in a gravitational field is defined as the amount of work done in bilingir

a body of wunit mass from infinity to that poi
gravitational field is gien by,
v=-W
m
It is a scalar Quantity and the Sl unit is Joule/Kg
The gravitational potential at a point in the
GM

V=-——
r

where M is the mass of the earth and r is the distance of the point from the centre of the earth.
Gravitational potential energy (U) = gravitational potential x mass of body

8- The orbital velocity of a satellite The orbital speed of the satellite is the minimum velocity requi
tangentially to the circular orbit to put the satellite

into an orbit around eartfihe orbital velocity{r}) of a satellite revolving around tiarth in circular orbit

at a height h from earthoés surface is ,giiven G
mvzzGMm>v:\/@ ’\ \
r el | (Z

V= _gR2 =R, Y
VR+h R+h [As GM =gR? andr=R+h]

where M and R are the mass and radius of t he
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9-Escape Velocity: The escape velocity on earth (or any other planet e
defined as the minimum velocity required to project a body vertic =" /-
upwards from the surface Barth (or any other planet) so that it just cros: N/

the gravitational field of earth (or of that planet) and never returns on its

The escape velocity gpn the earth (or any other planet) is \\ i

v \'§ v
[2GM ¥
Vg = | ——
¢ R} Ve=+420R [As GM =gR’] —
orbital velocity

On the earth surface, g= 9.8 fmamd R = 6.4x1Dmeters, then value of the escape velocity from the e
surface will be 11.2 kms

Relation between Escape velocity and Orbital velocity

For a point close to the earthos surfva:c‘/éyo t he
Energy of Satellite

When a satellite revolves around a planet in its orbit, it possesses both potential energy (due to its pq
against gravitational pull of earth) and kinetic energy (due to orbital motion).(1) Potential energy :

- GMm e -GMg
U=mV= As 'V = >
r g r Y
K:Em\/z:GMm SASV:/G_MS
(2) Kinetic energy : 2 21 e " a
E:U+K:-GMm+GMm:-GMm
(3) Total energy : r 2r 2r

MULTIPLE CHOICE QUESTIONS
Q1. The gravitational force of attraction between two masawh m kept at a
distance r from each other is F. What will be the gravitational force i m
doubled, mis halved and the distance between them is made thrice?
a.F b. F/9 c. 4F/9 d. None of these
Q2.The mass and radius of earth is reduced to half the acceleration due to gravity would

arth

sitiol

(a) remains same (b) decreases by half (c) decreases by same amount (d) increases by same gmou

Q3. At what point regarding earth the value of Force of gravitational attraction of earth is

a. At the equator b. At the poles

c. At a point in between equator and any pole d. At surface of earth.
Q4. Which of the following relation is correct?

a.GM=gR b.GM =gR c.gM= GR d. GM =gR

Q5. What will be the effect on acceleration due to gravity
When the average density of Earth is doubled,

a. Remain constant b. Will become doubled

c. Will become four times d. None of these

Q6. We have a planet whose mass is doubled and radius is halved to that of the earth Then what wil
value of gravity on ités surface I f accelerat
a. 8g b. 49 C.g d. 6g

Q7. If the law of gravitation, instead of being invessgiare law, becomes an invecsde law

(a) Planets will not have elliptic orbits.

(b) Circular orbits of planets is not possible.

(c) Projectile motion of a stone thrown by hand on the surface of the earth will not be parabolic.
(d) There will be no gravitational force inside a spherical shell of uniform density.
I ———————————————.
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Q8. For earth, Acceleration due to gravity

a. Decreases with depth b. Increases with depth
c. Remain constant with depth d. May increase or decrease
ANSWERS:-
_ GMm
1 b. F/9 (Hint: r* )
g'=—5
g=CM aR3 g=95100
2d.(Hint.:© R? and  ¢2% =29 , %increase Y )
_GM
3. a., (Hint: Radius of earth is less at equgtf)rR2 )
4. a. (Hint:GM=gB
4
=—p BR
5. b (Hint ° 3 )
6. a. (Hint g= GM/R)
7. a.

8. a. (Hint & R
ASSERSSIONiI REASON QUESTIONS

Read the questions below and answer

(1) Both (A) & (R) are true and the (R) is the correct explanation of the (A)

(2) Both (A) & (R) are true but the (R) is not the correct explanation of the (A)

(3) (A) is true but (R) is false

(4) Both (A) and (R) are false

Q1 Assertion (A): Two satellites A and B are in the same orbit around the earth, such that A Leads B

Satellite B can overtake satellite A by increasing its speed.

Reason (R):Orbital speeds of two satellites in same orbit may different

Q2Assertion (A): For a system of masses at some finite distance, gravitational field can be zero but

gravitational potential can not be zero.

Reason (R):Gravitational field is a scalar quantity while gravitational potential is a vector quantity.

Q3 Assertion (A): Period of revolution of satellite in circular orbit around earth is inversely proportiona

cube of its orbital speed.

Reason(R)Peri od of revolution in uniform circul a

orbit and v is speed.

Q4 Assertion (A): Assuming zero potential at infinity, the gravitational potential at a point can never b

positive.

Reason (R):The magnitude of gravitational force between two particles has inverse square depender

the distance between two particles.

Q5 Assertion (A): Gravitational field of a uniform spherical shell outside it is same as that of particle o

same mass placed at its centre of mass.

Reason (R):For the calculation of gravitational force between any two uniform spherical shells, they g

always be replaced by particles of same mass placed at respective centres.

Q6 Assertion (A): The gravitational force between two finite bodies is necessarily along the line joinin{

their centre of mass.

Reason (R):The gravitational force between two particles is not central.

Q7Assertion (A Moon revolving around earth does not

attraction.

Reason(R)A radi ally outward force balances earthi

I ——
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ANSWERS :
1D 2C 3A 4B 5C 6D *C

SHORT ANSWER QUESTION(2 MARKS)
Q1. Suppose there existed a planet that went around the sun twice as fast as the earth. What would
orbital size as compared to that of the earth?
Answer
According to Keplerds third | aw
If planets move faster with double speed then it will take half time period of revolution around sun as
earth. Te =1 yearTp = 0.5 yeare=rlA.U. g=r(Tp/Tef”® = 1AU(0.5year/lyeaff’ = 0.63 AU

Q2. The gravitational force on the Earth due to the Sun is greater than that of the moon, However, thi

effect of the moondés pull i's greater than the
Answer: .The tidal effect depends inversely on the cube of the distance, unlike the force which depen
inversely on the square of the distance. The distance of the moon from the ocean water is very small

compared to the distance of the sun from the oceanwakeeon t h. Ther ef or e, th
pull is greater than the tidal effect of the sun.

Q3. Derive the expression for acceleration du
Given that M is mass and R is the radius of the earth.

Answer:

Q4. The figure shows elliptical orbit of a plametibout the sun S. The shaded area of SCD is twice the
shaded area SAB. tf is the time for the planet to move from D to C andgttime to move from A to B,
what is the relation betweérand t> ?

=
L

T, e
-|’|1|F‘ .

A

Answer: Usi ng Kepl®2L06s |1 Law t

Q5. Prove that the weight of a body at the centre of the Earth is zero.
Answer: An atmosphere means the presence of a mixture of a numfpased. The molecules of these
gases are in a state of continuous random thermal motion moving at different velocities. As the value

escape velocity on the surface of the moon is small (only 2.5%ntlse molecules of gases with velocitiefs

De its

of

P

greater than the escape velocity moved out of the atmosphere. As time passed, nearly all the molecules

escaped from the moonds atmosphere.

Q6. Hydrogen escapes faster from the Earth than oxygen. Why?

Answer.

The thermal speed of hydrogen is much larger than oxygen. Therefore, a large number of hydrogen

molecules are able to acquire escape velocity than that of oxygen molecules. Hence hydrogen escagles fe

from the Earth than oxygen.

SHORT ANSWER QUESTION (3 MARKS)
Q1. Three equal masses of m kg each are fixed at the vertices of an equilateral
triangle ABC. What is the force acting on a mass 2m placed at the centroid G of the
triangle = BG = CG = 1m in the given diagram
Ansl.
Three equal masses of m kg each are fixed at the vertices of an equilateral triangle ABC. What is the
acting on a mass 2m placed at the centroid G of the triangle?

I ——
KVS ZIET MYSURU SSM PHYSICS-X62025 68

forc




Gm(2m) j

FGA — :

12
FGB = G'"ff"” (-i cos30° - j sin30°)
FGB = Z72Cm (4 c6s30° - j sin30%)

12

Net force F =Ea+ Feg + Fec =0
Q2. State the Kepler laws of the planetary motions.
Ans 2. Keplerdés 1st Law of Orbits:

This law is popularly known as the law of orbits. The orbit of any planet is an ellipse around the Sun \mith

Sun at one of the two foci of an ellipse. In an ellipse, there are two foci and Sun is situated at one of
of the ellipse.

Keplerds 2nd Law of Areas:
This law is known as the law of areas. The line joining a planet to the Sun sweeps out equal areas in
interval of time. The rate of change of area with time will be constant.

AA

Areal Velocity =V = R

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

Kepl er s 3r d Thislaw i®kihowPR &sithe lawdo$ Periods. The square of the time period(]
the planet is directly proportional to the cube of the semimajor axis(a) of its orbia3T2

|
\

T? < a°

7 -
\
b
Major axis (2a) | 4 /
sun

Minor axis

Q3.In a two stage launch of a satellite, the first stage brings the satellite to a heightof 150 km %hd the
stage gives it the necessary critical speed to put it in acircular orbit. Which stage requires more expe
of fuel ? Given massof earth = 6.0 **4Rg, radius of earth = 400 km.
Answer: Work done on satellite in first stage = W1 = PE at 150 KPfE at the surface

Ratio wl/w2 = 3/64 (less than one)

W2 > W1, so second stage requires more energy.
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Q4. Derive the expression for the acceleratid
Ans4. Acceleration due to gravity at the surface of the earth
g -oM :ip 6R
RZ 3 é (i)
Acceleration due to gravity at depdtirom the surface of the earth

4
gi=2p G(R- d)

e(ii)
e dg

. . 9i=0gl- =y

From (i) and (ii) € Ri

Q5. Three equal masses of each mass m are placed at the three vertices of an equilateral triangle of
a. Find the gravitational potential at the centroid of the triangle.

5-MARKS QUESTION S
Q1. Define the gravitational potential energy of a body on the surface of the Earth. A body of mass m
distance of r from the centre of the earth. If M is the mass of the earth and R is the radius of the earth
find the gravitational potential energy of the body.
Answer : Define the term and then derive the expression

eacl

is at
, the

body, (b) the location from where it is projected, (c) the direction of projection, and (d) the height of t
location from where the body is laured®? Why the atmosphere of Jupiter contains light gases (genera
hydrogen) whereas the Earthos atmosphere has
Answer

Escape Velocity is the minimum velocity an o0A@b
permanently, or without ever falling back again. Escape velocity of the body is given by

Q2. Define escape velocity. Does the escape velocity of a body from the Earth depend on (a) the mq
I

hy Ve =+/20R [As GM = gR’]

Where M is mass of the earth and R is radius of the earth and g is acceleration due to gravity on the
surface.

(a)Escape velocity does not dependent upon mass of the body to be escaped

(b)Escape velocity does not dependent the location

(c)Escape velocity does not dependent the direction of the projection

(d)Yes, Escape velocity depends on the height of the location.

The escape velocity of Jupiter is much larger than the escape velocity of Earth. So in order to escape
the surface of Jupiter, a very large velocity is required. Since the thermal velocity of hydrogen gas m(
is lesser than the escape veloctyoJ upi t er, t herefore hydrogen c
Q3. (i )State Kepleroés second | aw of planetary
(ii) Show that Keplerdéds Second |l aw is the | a
(iii) A Saturn year is 29.5 times the Earth year. How far is Saturn from the Sun if the Earth is 18%0nx
away from the Sun?

Answer:

Kepl er s 2 nd THe sesonadldw statesehatshe areal veloci
is constant i.e. area covered by the radius vector is the same in equal
intervals of time. If the velocity and radius at the timés 1 and & while

at another place these areand pin the same time, then the area covere
by the planet in these intervals are

v /

(i) using Y2 (wt) rn="% (wt) r2 (area of triangle = % basexheight) =3
MV1rL = MVarz (S
L1 = Lo

(ii)A Saturn year is 29.5 times the Earth year. Earth is 1.5¢ krhOGaway from the Sun

KVS ZIET MYSURU SSM PHYSICS-X62025 70

%s of

j e

rarth

fron
ecu
an
mo
{ o]
0




Using Kepleros |11 [Yamw di stance = 14. 372

X

Q4. Derive the expression for escape velocity for a body projected from the surface of the earth. Calgulate

escape velocity on the surface of the earth if the radius of the earth is 6400 Km and acceleration due
gravity is 9.8 m/5on the surface of the earth. A body is projected out thrice the escape velocity. What

be the velocity of the body far away from the earth? Ignore the presence of the sun and other planets|.

Answer: Escape velocity is the minimum velocity with which a body must be projected vertically upw
so that it can just escape the gravitational field of the Earth.
Expression for escape velocity

[2GM
*TV\TR , V. =420R [As GM = gR?]
Total Kinetic energy by which body is projected
Ki= % mW?
Minimum Kinetic energy required by body to overcome earth gravitational field
K2= %m\?
Kinetic Energy of body just after crossing earth gravitational field
Ks= % m\g
From conservation of energy
Ki=Ko+ K3z
Yom Va2 =Y m b2 + Yo m \K?
V32 - V12 _ V22
Here V = 11.2 km/s and\= 3%x11.2 km/s ¥ = 31.68 km/s

CASE STUDY-BASED QUESTIONS

Q1. Origin of Gravitation
Theoriginofgravty evol ved from Newton's description of

conceptualization of gravity as the curvature of spacetime. While Newton's laws work well for everydijy

situations, Einstein's theory provides a deeper understanding of graviginexgppbhenomena that
Newton's theory could not, such as the bending of light anletha@viourof objects near black holes.

Today, gravity is understood as a result of the interaction between mass and the fabric of spacetime,
concept that has been valtdd through both theory and experiment.

(i) Two astronauts are floating in gravitational free space after having lost contact with their
spaceship. The two will

(a) move towards each other

(b) move away from each other

(c)will become stationary

(d) keep floating at the same distance between them

(i) Two spheres of masses m and M are situated in air and the gravitational force between them is 2|f.
The space around the masses is now filled with a liquid of specific gravity 3. The gravitational force
will now be

(a) 6F (b) 2F (c) FI6 (d) F/2

(i i1 )Which of the following best describes gr
Gravitation?

a) It is a force that attracts two objects based on their mass and the distance between them
b) It is a force that repels objects based on their mass and the distance between them

c) It is caused by the curvature of spacetime around objects

d) It is a quantum mechanical effect between subatomic particles

(iv) Why is gravity so much weaker than the other fundamental forces (strong nuclear force,
electromagnetic force, and weak nuclear force)

(a) it acts specifically (b)it acts universally

(c)its value decrease with height (d) it obeys inverse square law

(v) What is one of the main challenges in the study of gravity at quantum scafes

a) Gravity is too strong to be studied in quantum mechanics

I ——
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b) Gravity has no effect at small scales

c) Gravity does not interact with subatomic particles

d) Gravity does not fit well with the principles of quantum mechanics
Q2.Casestudy 6g6 I N OUR LI FE

Early in our lives, we become aware of the tendency of all material objects to Z=@"=

attracted to the earth. Anything thrown up falls down towards the earth, going Uphl|| is Iot(rhbre tfnng than

going downhill, raindrops from the clouds above fall towards the earth and there are many other suck
phenomena. Historically it was the ItalianyBltist Galileo (1564L642) who recognized the fact that all
bodies, irrespective of their massae accelerated towards the earth with a

constant acceleration. It is said that he made a public demonstration of this fact.

To find the truth, he certainly did experiments with bodies rolling down inclined

planes and arrived at a value of the acceleration due to gravity which is close to

the more accurate value obtained later.

Q(i).Which of the following factors causes the acceleration due to gravity to be slightly weaker at the
equator compared to the poles?

A) Earth's shape (oblate spheroidB) Eart hds rotati on

C) Altitude above sea level D) Both A and B

Q(ii). At which location will the acceleration due to gravity be the least on Earth?

a) At the North Pole b) At the South Pole

c) At sea level at the equator d) At the summit of Mount Everes

Q(iii). Which of the following is NOT a factor that directly influences the acceleration due to gravity?
a) The mass of the object b) The altitude above Earth's surface

c) The Earth's radius d) The latitude of the location

Q(iv). Does the gravitational force between two particles depends upon the medium between them?
Q(v). How does the acceleration due to gravit

ANSWER -CASE STUDY BASED QUESTIONS
1. Case Study ( ORIGIN OF GRAVITY)
Answer:i T (d) i (b) iiiv(a) ivi (b) Vi (d)
2. Case study
6gd I N OUR LI FE
Answer(i): d)BothAandB
(The Earthdéds bulging at the eqguator and its r
Ans(ii). c atsea level at the equat{@ecause of the centrifugal force from Earth's rotation and the Earth
bulging at the equator.)
Ans(iii). (a) Ans(iv). No Ans(v). Decreases as depth increases
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CHAPTBR: MECHANI CAL PROPERTI ES OF

SYLLABBHISasticstyai Btrebationship, Hooke' s | aw,

modul us of rigidity (qualitative idea only),
materials (qualitative idea o

MI ND MAP

STRESS AND STRAIN Hooke's Law Energy Storedina
Stretched Wire

» Elasticity-property of the body
due to which it tends to regain
its original shape and size.

# Plasticity-property due to which
the body does not regain its
original shape and size.

» Forsmall deformations
1
Stress a Strain E= - x Stress x Strain x Volume

» Stress=Ex5Strain
» E=modulus of elasticity

» Stress-The restoringforce per T
unit area. | Stress=F/A Poisson’s Ratio
» Change in configuration per unit
original configuration MECHANICAL 5 = Lateral strain
Longitudinal strain
Longitudinal 5train=% “-| PROPERTIES —>
OF SOLID 0 |
Volumetric Strain:';—]'r veoss
. . Ax \
Shearing Strain= == e T

Elastic Modulus

1.Young's Modulus of Elasticity-

Stress-5train curve

_ Tensile or Compressive stress _ FL

Longitudinal Strain ~ AAL
_Elastic limies Breaking
Yield paint I dress
Proportionsl | Lwer-yicld D/
limit [ peairit
c/ E
- Fracture 2.Shear Modulus of Elasticity-

point

_ Shearing stress  F

Stress -

- Shearing Strain E

2.Bulk Modulus of Elasticity-

Elastic Region Plastic Region

Strain
_ Hydraulic stress  -FV

Permanent set < 1% = =
Hydraulic Strain = AV
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GI ST OF LESSON
l. El astic Property of Matter

(1) astThe tyroperty of matter by virt

original shape and size after the re
(2P)) astlitciity tbhaesirceaclilpyr oc alwhoifc heliats tdic
regain its original shape and size a

plasticity.

(3Perfectly kBt aehithbeodgmoval of deforming fof ce
completely it is said to be perfectly elastig.
perfectly elastic body.

(Perfectly pFashecbbdgydbnbpes not havecamfyi gemitei
the removal of deforming force, it is said tag b
approach to the perfectly plastic body.

NotPeg actically there is no material which is ¢it
actual bodies |ies between the two extremes.
(5B asti @heimaki mum deforming force up to whif(fh
called elastic | i (iltasdafi ct He mmat ersi @alheofprimpdey.|y

property of material of the body

(¥El astic aTfhert iethed eccetel ay i n which the substarnce

removal of deforming force is called elastic|af
2. Stress

The internal restoring force acting per unit Jar
restoring force is equal i n  mRigsn iatpupdlei etAlo foema ttdhmen
t heSt,ress =Force/ area
Uninmy(S. dynedm (,C. GDISmg ndM-3HONn this basis there @r e
Nor mal and Shear or tangential stress

( INor mal Hsetrreestsh.e force is applied normal to tfjhe

(i) Longit-bdioatussrensby in solids. Longi tudifjna
body under a deftoemsinigle o ogickes disnalaldterdess pr ojdu

of a body wunder a cdoeniporrensisnigv ef osrtcree siss. cal | ed

— .
(ii) ' "Bul k F irfsi F
or Vol uniet sotcrceusrss i n solids, I|q$3:ie'”afvi _— Criginal_
or gases. I n case of fluids onl" F_..4 H_F Ss |ca
|t produces change i n vol ume an T :rueza:ishape
Deforming force is applied norm_. . _F_ _ . _ce Jat
(2)hear or t amgheemt inechayrebtys esfs:sol i d/move_~mnceadcgh
othewhen there is a relative displ|l/acement bet|we
solHed.e dedfoarcrei igs appl beeé banlgtaetd || CAESE ; t
produces change in shape, volume remaining the

3.Strain
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The ratio of change in configuration to the
guantities, it has no dimensions and units. §
(Longi tudi-Intali ssttrlme nrati o of <change in | engtHh

Changein length(Dl)
Original length(l)

Linear strain =

(2V)ol umetr-it s$srahe rati ot lwdr i ghamde viod uunel. u me

Vqumetric—S—t—Ha—iln =

~ -
— -~ _

(3S)hearinpgf sthaideforming force prodycwist Roecth ok

vol umei s defined as angle in radians through|wr
cubi cal body tghea se tttue gneerdoliwaildefror c e
,7i.2A7
. | o ] t‘/\f ,,/ o
Longltu- s Volumetric Shearing
Strain Strain _ _ Strain
4. Hooskdd®w and Modulus of Elasticity
According to this law, within the el ast éssrlaiimit
stress_ _ _ -]
o%—conSta”t—E(The constamtt |[Bd modul us of elastic|fit
5. ¥ung's Modulus of Elasticity(Y)
It is the ratio of normal stress to longitudijna
__Normalstress _F/A_FL _ vy = Mgl
ongitudinal strain ~ /L~ Al © ol
6. Bul k Modul uwhefn &l setidioy fluid (liquid or| g
over the surface, such that the shaplehen mahensgr a
normal stress to the volumetric strain within t
K.
_ Normalstress _ FIA _-pV
volumetric strain € -bv/v DV

where p = increase in pressure; V = original voluBMé= change in volume
The negative sign shows that with increase in pressure p, the volume decrda¢esbif p is positive,
DV is negative. The reciprocal of bulk modulus is called compressibility.
7.Modulus of Rigidity
Within limits of proportionality, the ratio of tangential strésshe shearing strain is called modulus of
rigidity of the material of the body and is denotechby

_Shearingstress ~ F/A_ F

i ; = Onl sol i dtshicsaln exhi bi t
Shearingstrain f Af ( y )
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Elastic limit/ Breaking

8. Stseéessain Curve eromortiona vieipoint strens
The different -gterga o peint E
di agram ar e: 1 A Fracture
(i) Proportional L =
(ii) Elastic Limit &
(iii) Yield Point
(iv) Ultimate Stre Plastic Region
(v) Fracture or Br °I- | ' Strain -~
N 0 t e Permanent set = 1%
Brittl e-Thmat @il iaslt i c Ea e®iiso ns nbaeltlwefeonr bri ttl e ma
Ducti |l e-Tnhaet emraitaelr i al of the wire have a good
El ast-&mehs mat eri al s hatvhee nbor epd kaisntg cp aiamtg el iaensg
Example rubber (here stress strain curve is 1
o 9~/ = 9 ) o !
=] t = t -]
h { 4N h {GN h {uN
Brittle material Ductile materi al El ast omer

9.Work done in stretching a wire

Work done in stretching a wire W4 stress x strain x volume
This is work done in stretching a wire is store in the wire in the form of elastic PE.
Elastic PE = W = % stress x strain x volume

10. P o i_s s o+l ateral SRaint: iThe ratio of change in radius or [ NK T NIR N
diameter to the original radius or diameter is called lateral (bR
strainLongitudinal strain : The ratio of change in length to the original l

length is called longitudinal strain. c

The ratio of |l ateral strain tg .longitudinal s
_ Lateral strain P dr/r

- ™" L ongitudinalstrain © "~ dL/L

Negative sign indicates that the radius of tHh
Poissondés ratio is a dimensionless and a unit
Theoreti csantusMallue gt We é&n biul . ( oabred nighaei gge a h uce.
0. 5.

11 Aplications

1.Cranes are used for lifting heavy loads. These cranes have strong metallic ropes. Thickness of rop
selected so that wunder the action of heavy | g

t e
pl .

2SS
ad

2. Bridges are designed such that under the load of traffic the force of winds & its own weight it should not

bend too much.

3A holl ow shaft is stronger than a solid shaf
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. )
w3 e L

4. Bending of beamg = ————. P
4Y b d e e - - =

Minimum bending for a given load

[ a] UOn&shaNd Have small value of weight)
[b] i  E(Leingth must be smal)

[cli Y(@nwWe should use material "With
el as)ticity =
[d]i U Bieadth of(the rod must be large o
[e] U U® (Heigdt must be large)

5Maxi mum height of a mountain on be
behavior of earth. At the baskR= ol . ai
hrgand it must be K)esosf tehaarnt hedsa sktu = =" at
SP>hrg\ h<sor  hp=s

rg rg

MULTI PLE CHOICE QUESTI ONS

1.An Indian rubber cord. metre long and area of cressctionA metef is suspended vertically. Density g
rubber isD kg/m® and Young's modulus of rubberfs N/m?. If the wire extends by metreunder its own
weight, then extensions

(@) 'Dg/E  (b)L°Dg/2E  (c)L°Dg/4E (d) L
2.To break a wire, a force aff N/m? is required. If the density of the materiaBislG® kg/m®, then the
length of the wire which will break by its own weight will be

(@34 m (b) 30 m (c300 m (d)3m
3There are two wires of same materi al and sa
di ametoéd first wktensitbenpr et ibgye dafpiprl yti meg veiarme
(al) : 1 1 : 2(d)(d):2 1 1 (

4. An el astic mat eYiisals udfj eYcoBuend hteo eab dsstiruess se ner
of the materi al I s

2Y s’ s s?
(@ % (b) o ©)~ (A5 ,
5. The stress versus strda&ain graph A 2 S
anBlare as shown yjiamdtahree ftihgeu rYeo.u nigf . 0
o B
ma erials, then 3 -
(av=2v, ( bv=vg g X
[0} Strain
(Cvl=3v, ( dv)=3v,

6. The diameter of a brass rod isrdnand Young's modulus of brass98 10" N/nv. The force required
to stretch by 0.1% of its length is

(a) 360N (b)36N  (c)1440310°N  (d)36p3 10°N
7. When a spiral spring is stretched by suspending a load on it, the strain produced is called

(a) Shearing (b)Longitudinal  ¥@lume (d)Transverse
8. Two wires of equal lengths are made of the same material. A\ies a diameter that is twice as that
wire B. If identical weights are suspended from the ends of these wires, the incresgghnd

(a) Four times for wireA as for wireB  (b)Twice for wireA as for wireB
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(c) Half for wire A as for wireB (d)Onefourth for wireA as for wire Load o B

99The | oad versus elongation graph flor /f our wi

same material is shown in the figurfe,/ THe_&hi
( aOD (b) OC A
(c) OB(d) OA -

Elon=ation
10.K is the force constant of a spring. The work done in increasing its extension, fton, will be
K K
@ Klz-1)  ©) 0+ ©KZ- 1) @051
ANSWER
1( bHhhe wei ght o=t "QOb 6T®ceo radv eirsagter &g B=-09 0I'&O0 1Q
setrai fO=stress
Since=4tC hFat r@isn L& T b—

¢
2. (a)Breaking Stress=P=F/A=mg/A=dALg/A=* = P-_10 =100, 34m
dg 3310°310 3
° 2
l, ar,Q
3. (lEfhy o %(F, ah¥ar e c o-hs@ig Ry =4
AY r l, ¢€n=

4 (Wastress x sCGwai k/ weoxv uHrexme
5 ( d)ﬁztanqA_tan6O_ J3

= =3Y Y, =3,
Y, tang, tan30 1/./3 " °

YAl 93103 p34310°30.1
= = =360p N
6¢ o) 1 100 P
7(a)A small part of the spring bear tangenti a

86RUI=TEY |7 i(F,al_n\ﬁlar e SBazllqﬁre)
AY r2 4

9(a)|:%\ I’%(Y,aMHarceonsit.aem.tr)the same | oad, thi
r

el ongati obhr.e pSoe sgernatp ht he t hi ckest wire.
100.RAt extigndihen st:o%nqe,élt e@aergydihen st=o;_r<|£d ener g

Wor k done in incre@iscbzaizgqg-hfts extension fro

ASSERTI ON & REASONI NG QUESTI ONS
These questions of two 9tmataemrde IRtea s@ac hh eMhe il @u
you are required to choose any one of the fol
(a)l f both Assertion & Reason are true & the

(b))l f both Assertion and Reason are true but
Assertion is trtakséu(dihe ResasoOohi o & Reason
1. Asser:tSponng balances show correct readi ng
interval
Reas:on wusiomngg ftoirmd, spri ng sballamsddasc enhraemg

I ——
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2. Asser:tGlassy solids have sharp melting poinf.
Reasolhhe bonds between the atoms of gl assy |so
3. Asser:tBiudrk modul uX) ofepdeasemtcs tiyn€compressi bl i
ReasoBwl k modul us of elasticity is proportifon
4. Asser:tTihen bri dges decl ared unsafe after a ||pn
Reasobkl astic strength of bridges | osses witjfh
5. Asser:tfTwoeni dentical solid ballcl,ayoner efdnompged
height on the fl oor. Both the balls wifll
Reasolnvory -ahdy weave same el asticity.
6. Asser:tTihen stretching of a coil is determined
Reasohear modulus change only shape of a bjod
7. Asser:ttidemti cal springs of steel and copper| a
steel spring.
Reas.odt eel is |l ess elastic than copper.

8 Asser@n ol astic bodies, though we apply force

to plot stress versus strain instead off

Reas®mress versus strain plotting makes t hie

the simple body and reflects only the |ma
ANSWER

1. (When a spring balance has been used for aj I
|l oss of strength of the spring. Il n such aj c
hence the balance gives wrong readings.

2. (dn a gl asseywmoalpihdu(s solid) the various bojnd
a solid are not equally strong. Different]| bc
sharp melting point for a glassy solid.

3. (aBul k modulus of elasticity measures how dgoo
compressed. Therefore, it repw:égéfavmteﬁieénicmu:nrp(
i n prevwsurcenbange in vol ume.

4. (aN bridge during its use undergoes alternafi:H
upon the movement of vehicles on it when pa
Due to which the amduwmnt aofgisvternaisn riers st hwa Ijdr
the bridge may coll apse. This may not hapjpe

5. (d)vory is mor elalyastHiemcteharmewdtal | of ivorir !
bal | -colfaywewi | | not rise at all, it wil/l b S

6. (aBecause, the stretching of coil simply chjan
used in coil. Due to which shear modul us ¢f

7. ()Xo r k :d%@Sfﬁfe@§Strain:%3Y3(Strain)2.(Since, el asticity of steqel
work has to be done)in order to stretch tﬂ:e

8. (a)he -strassa graph pr oeivndleepse nad emmar eaenpila tusnei nvaelrt si

materi al 'As fbelbaviversus el ongation graph 1is| d
stress and strain are independent of t he ¢an

di fferent materi al s

2-MARK OUESTI ONS
1Steel is more elastic than rubber. Explain.
Anwge-€onsi der two wire, one of steel and anot hjer

I ——
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area A . When subjectétthetextamsi defSpmeldugeRalde
suchRthhtewls( Fls/ahldi= FLOAS ¥ /Il s<lashelrefore
Ys>Yr Henmer steledstiisc.

20ne end of a unidrmd mo fwWwsa elifé d erniggtihd | L |[po

t reoof andVias weugmended frSom the bho@atr kB

of t he whiartesitstpergbsdiunc et he wi rLé4atramhet en

Answhks the wire is uniform E’iosiﬂthe weight of Wir
W1+3W

Force .

\ Tot al Fﬁ:&v{+%aad :aS\résaressPamp—e—ns—é—t——+—

3A wire bdndemagdihus gi dl vy thsdratclcninlegtehreldewiorjhe

forFfcet he i1 ncrealselifnanbos$ hkbengihei 9f Lamdner mag @9

stretched wWithbaw mocbel eh 2 mcade awier e wi | |
FL

AnSW|e:r—2Yaf'éét@AyﬂKiﬁné‘cr?eérﬂent in Length will be| s:
pr

4A uniform cube is subjected to volumkeBeoompr gss
Calcbubbkestrain produced in cube.

Ans wweorl ume w=fi3\cwwibe=33 (%c han ¢)e=B3dwy=3%
\DV=3% oW Y Vol ume't r:i%é:ié)at:o.oai n

5A ball falling msnhoawsl a0k elés fdiedcerpettals @0 ume at |t h
What i s t heofbutlhke nmoadtuelruisal of the ball ?
3
Answes_ -_Ndg _200°10°°98 1943908\ /m?
DV/V DV/V 0.001
6What is elastic fatigue? Give an exampl e.

Anwger The property of an ebastbvcobodpebymessr il ¢ess
under the action of repsateldl atdtterastioagfdeigue
suggested that after a certain time the bridges
mi ght have developed el astic fatigue.

3FMARK QUESTI ONS
1A 2oond rod is suspended wak hl eéhgt hel Pnef wt we | w;

and itsecdrionsalkchandaanst Bed wire | a < S
and itsecdrioansalc marlefaWd sl dad®pended Brass
from the rod amd bsottrhe ssshep rwdduweced s™ n
what wihlel oofta¢tieonsi ons produce i n st ) rjas .
Ans w8rr essomion =constant

Areaof crosssection

\ Ty T_A _01_1_
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2Three bl ocks, each of s ame;ama
Wof sameectriosAan d a¥Yoeuan g 6 N engol deu
friyrtion

What i s the dewealnap ed? isn rvaiirne

Answwe Kkn owv:—ﬂﬁk&g

Il n the ginmeM+tmpa2o b hnd mM

2 T 2
\ Tensioo St r=e—§§—m9an d
3 a a

Strain= Stress = Z my

Young'smodulus 3 aY

3What are the factors affecting elasticity?

Answieggff fect of hammering dnd craalsleisn@ areca ematelp i
materi al dwe tod tchheg shradalgrains into small
materi al Il ncreases.

iEffect of AnneaAnmgaloinn@ mag elrti ali:n an increfas
to, the formation of | arge crystal graijns

i IEiff ¥ ect of the presencelhoef eifrmipewrti toife st hoen pa ensgetne
can be both ways i.e. it can increase §gs
type of effect depends upon the nature |of

i Ef fect of temperBhearien®me as enaitrertifad :t emper atjur
causes a decrease in the elasticity of |th
change in temperature.

55MARK QUESTI ONS

1Drasw ress and strain curve. Explain the var.i u s

gr apih Proporti onal Limit (ii) Elastic Limit (|rii

(iv) Ultimate Stress Point (v) Fracture or Brjea

Answlelre di fferent -gtergaiomsdii ~7 "+~ ~uhiws ~

(i) Proporltti oinalt Hé nridgir@ann [ &

that obeys Hookeds tsaw.ailnn . et P €

gives us a proportionality &g Yo

The point OA in the graph r ypor

(ii) EIl dgtiicc ULihmi tpoi nt i n hi ct

material returns to its ori - Strain — 1 € n

it is completely removed. beyuonu (nrs 11 v, |th

doesndét return to its original position, and |a

(ii1i1) YiTeédyPeliatpoint is defined as the point

After the yield point is passed, permanent pljas

yield point (ii) | ower yield point.

(itv) Ultimad e bsraspobPoitnthat represents the |ma

failure. Beyond this point, failure occurs.

(v) Fracture ert HrseakhiengesoHonah ti nc urhwe satr eshsi ch t

takes pl ace.

I ——
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CASE STUDY BASED QUESTI ONS

1The graph shown bel ow shows (¢
stress and the strain as the d
Hookeds | i mit for a certain re
fa
t

s
Stress Fracture Point
D

L t
€ ao
C B Lnd
il n d
g rer

n

Beyond that up to @ kedy aisn v@i )

deforming forces are removed

C Strain

(i)yf deforming forces are removea up o0 wni ch
retraced?

(a) QWAphby OB((b9) Cpfdoo Never retraced its p
() I'n the above question, during | oading and
up to

(aOAoNnl y(bOBonl y( ©QConl y( dDonl y

(iDuning unl oBadi€agt beylbadgt h at zero stress |
(a) Il ess than o¢(bpigaéatengthan original | €
(c) original l e6fd) hcandét be predicted

(ivhe breaking str esssecftorona iwi rcealdfedunit cros
(a) yi el pelianmgt(icg ft®tnisgde) sYtoruemmmg@dtsh modul us
An s webr() ib( )bi(iigv )
2Amet alofwiorrei giLn &l a2l dnnge ds § oA ad ddrsemgtr et ched
forcleDOofN. The student obsergbes tlhanm.t IBéh ee X tse
cal cut rasetersg iYro,u nggrod umsad dhwglrudst aadmu |l as.
) What stsreshe in the wire?
(a)dPa 10Rd) 1OFRa() d)dPa

)What i s theucsed aim tphe wire?
(a) 0.0005 ((bd)) 00..010 1 (c) 0.01
(iWhat is the Youngds modulus of the materi a

(2) iPa(b)l iPa (&) 1Pa (d) 1Pa
(vyVWhat type of deforansaee? on i s shown in this
(a) Plastic deformati on (b) @Tdmp8B8heayiagr
An s weer)ia( dai(iigv)

I ——
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CH APTHEH® MECHANI CAL PROPERTIES OF F
SYLLABRIISessure due to a fluid col umn; Pascal'
brakes) effect of gravity on fluid pressure.
flow, critical velmdiittys <SBiemmloaildpplsi aateioaresn
Surface energy and surface tension, angle of
of surface tension ideas to drops, bubbl es an
MIND MAP -

Pressure
« Flidsthot can ; Archimedes Principle
. ::;:Etpi;:w ::r;:-":;:'; Upthrust=weight of liquid

= Pascals law-Pressure is same at all points at the same

displaced be the body=\pg

harirantal level for & fluid at rest

1 torr=1mm of Hg
latm=1.013%10"Pa

= At depth b, absolute pressure = Pt pgh
= Gauge pressure=fAbsalute pressure-atmospheric pressure
Pressure applied at any point is transmitted equally in all directions

Viscosity and Stoke's Law

MECHAMICAL PROPERTIES OF
FLUIDS

I

Equation of continuity and Bemoulli's Theorem

# In stream line flow velocity of particles
passing at any point is same at that point.
= Equation of Continuity
|using conservation

i ion of mass)(for
incompressible fluid) | A, s,

S

Viscosily: a resistance to Muid motion
CoelTicient of viscosily i

Visooas Foroe
[setween layers)
F=-n A (dwdx)

Stoke’s Law-viscous force on a hod
moving In the fluid is given by

Terminal velocity

Reynold's Number-

R=1000- 2+ Streamline flow
1000<R=2000-3 Transition flow
R=2000 =*Turbulent flow

» Bernoulli's Principle-For an incompressible
and non viscous fluid{using conservation of

Surface tension and Capillary

energy)

F+(1/2)pv +peh=constan |

= Application of Bernoulli's theorem
» Torricelli’s Law{when the tank is open)

‘IJIH",“,L:”' 29'{“‘ Ll h}

h Range of fluid R=/2k(H — h)
[Wheen h=H/2 rarge s max)

Blowing off Roof hailio
—

Sprayer

Magnus effect

Surface tension =Force per unit length
Surface energy= amount of work Done
to be done to form a surface

(D) @

droplet

T

E=5ux 4

air bubble in Ilquld

éP——

[] BE=E

Angle of contact-angle between tangent to the
liquid surface at the point of contact and solid
surface inside the liquid.

When angle of contact is obtuse the liquid will
fall in capillary tube

When angle of contact is acute, the liguid will
rise in capillary tube
Capillary rise -

T rpa

2T cosd ‘
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GIST OF LESSON-
Fluid are those substanegiich begins to flow when external force is applied on it
Ligquids and gases are fluidBhe branch of physics which deals with the study of flu= s
at rest is callethydrostatics and the branch which deals with the study of fluids in |l '
motion is callechydrodynamics.
. . Force .F .
l1PressAirea point force appI|thlesspre:ngarF|—At area |I|s
U It is scalar gquéaltsioc ykndwm &8s Ransicdali.s N/ m
UG Ot her practical units of mmoetsgsure are at mopopl
latm=1.013 10° Pa=1.01bar = 760 torr
2Thrust and Li-@§hbr dishper etsostuarle nor mal f orce exertec
in contact with it is called thrust ¢ i i g o
(C. G. S.).
Liquid PFTlessmormal force (or thrust)
the surface in contact with it, is ce¢
L total thrust Ahr
Pressurata pointisP=——7—— |P = g hrg
total area
Fig Area = al? Fia
o Pt I § OWth®a i ncrease in pressurei&#@..&ezi.po b f
in equilibrium of rest is trans t—o—el e y ot
and also to the walls of the co ijde
negl eRitPe=dsP> F/a=2F/2a =
i .Feliagn each case.
ExammHlyaraul ic |ift, hydraulic g rqaul
il |
4 -MS =
E!r;l\kc fluid o
Fi-dydraul ic | i ft Fi-Wydr aul i c brakes
4. Effect of gravity on fluid pressure
i 1P is the atmospheric prhbkssu tn a |[po
bel ow the surface, ohydr 6s gRi kb y
i s gi R=EPp+hhbgy t
U The pressur e di fference Phei st afti
at mosphermRcspcakbbeadegPalygbrgpressur e.
5Viscosity and Newt onrPrso plearw yo fo fVilsicgouuisd Fboyr cvei 1f t
relative motion between the different | ayers |is
I ———————————————.
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backward dr aggsngusbstoadrc@agrotaicaal 'y on the | ayers| o
stop the motion
According to Newton the bagkwaddptadgeotri"abdIl-flow
(1)
Liquid surface
Top layer
........ M rer AL N
--------- Peesoacs FssasiiX gy 5255322522252222225255:
--------- N T z P Estiekasipssiiississssssss ()
v
......... R === L e
Bt A pAS=RAsm A
......... .
--------- B e A e B
A 8 SohdsurfaceJ
: d .
F'ﬂ- - - - (Zymbined theslé=t‘7Wo—V,equatlho:Wrse—'|?—e
dx dx A@
dx
is proportionality constant called coefficient
opposit ent @fdimroedtoin%(:lpefsect Aefm:-B&nd
O The coefficient of viscosity is defined ag t
moving with unit velocity gradient.
U Di mensionallL¥ToJr mul a [ M
U Unit4{4) in CGBi $ heéymeail ‘cow’an/dm iocsr cgam | ¢ @) podjns
the thmist N6f s/ m or kg/ (ml s) and is called]|1
i Viscosity of liquid is much greatmeerh;,(aboutf 1
Dependence of viscosity:
(1On temperat(uZe pfessuied of fluid
6.Stoke law If sphere of radius r moving with uniform velocity through a medium obegisgh then
backward draggindViscous) force F=@hrvthisAa {(i21SQa I ¢
DeriviAromndi mensi on analysi s
/Ter mi nal-Thel consyant maxi mum velocity with whi
terminal velocity.
Then U + F -£1W Ve
_2r? (I’ - s)g . Terminal {constant
Vi = Sphere falling lv + velocity
9h through & *,
" , viscous fluid Acceleration
From thid)foer2pwul ah 3 v (
s-r) . W o — -
i )s3rft hen r. h . S of equat i~om ) pPosT UT Ve, t h¢n
terminal vel oci tgxritflree d orwnwhma.r ds of equation i s| n
upward i . e. rising up. For this reason air bybb
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8. Equation -bh aontmeu&ety the v dleund dfl olwi g u jE €
I

Vieet . The same volume must fl ow outowisng heodl iun
et .
ad vical vy This equati on oht
gener al
a | v =constant
U The product (a |1 ux o
(rate) of fl ow of ti me.
U a v = oondaant,
9. Reynol dish enumebteur e of fl ow of a | iquil) tbhéeéwpsygh
h
the I 2Qquveal oci3t)y &omfetleirgwifd t he pi pe V4)D—,¢ofdérﬁ¢&:i
h rvD
v=R — HetRe= is called Reynol ds
Dr h y
pure number and it lits asddefeinsedndestshegqumati oyo
_ _ Inertialforceperunitare _
the viscous force peR=4H or a flowing f
Viscous forceperunitarea
10. Streamline, Laminar flow and turbulent f1l o\
Stream ISitme afmM dwne fl ow of a |IC]UI|’-H_ R 1 (I
|l iquid passing through a point trav%;_:ﬁ:_-‘i;..;_&g t h
vel ocity as the precedinghbl emehowp ——"> " odug
of liquid flow is always | ewm$ uehan Streamlineflow ;isa g |
than 2000 the flow of is said to be |l aminar qr
Lami na+4Thfel éwwminar fl ow is generally used syng¢gny
l'ies between 2000 ancdha3n0gliOn gt hfer ofmM osw_ri=ca mil ni enteq Lt | oe
turbuwent fl o lg ="l
Turbul eRWhehow | iquid moves with a 'anE y dr e
velocity, the motion of the partlcl.’ﬂ Lqui d
| u

a flow is called a turbulent fl ow. wrﬂ 3
| /—bJ

tdar bul en Filer=

i s
11. Energy of Fiduiqauiidnn nmorioitodonon pos :\\Qv e

Kinetic energPotential ¢(Pressure energy

The energy duythe energy|the energy due

K E =y position on the |liquid w
P. Bm =g h Pre Energy=PV

K. pEr unit 9mae

. P. E. er [
K. pr uni t r v P Peenepgy UumiRU m

K.E per umd/tg| -  E- PerryPeenepgy unit v

g h _

called veloci _ Peenepgy uni Prgw
P.E. per =uffcalled pressur ¢
potenti al h

I ——
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l1BernolhkoBRremording to this theorem the tota
kinetic energy) per unit vol wmecomusmddsaiadf ian
pi pe remains constant t hr ouugrhcoeutort hsel nfkl oow, tphr
of the pipe.

Mat hematically for uni t vol u

P+rgh+%rv2:c onstant

13. Appl iBeartniodith e@H e m
U Attraction between two clo R md
buses) )

Wor king of an aeropl ane

Action of atomiser

Bl owing off roofs by wind stor ms

Magnus effect
TorricellVeélsodihtepy et Efmhiea wel ocity of effl
is equal to the velocityhioVe,aghdbody falli ng

Suggestedhwipgdeon/ lyvoktu. be/ IFIQTFADAIW s?si =4r hd

[ - et et et e

Sit
B0 V

14.Intermolecular forces The force of attraction or repulsion acting between the molecules are knowjh as

intermolecular force. The nature of intermolecular force is electromaghb#@dantermolecular forces of
attraction may be classified into two types.

1Cohesi vleh & ofrocrece of attraction bEXxwegin) mdbwe c(
coal escewhentbroonght (ini mult wai scaoinft faicdtuds dfo sl
with water.

il @
BES

2Adhesi vleh & ofrocrece of attraction bEX.we(ein) tAhdehaTj
a

us t oonwrtihtee bl ack b(oaatde wi weht sa tchheal kl.ass surf
15. SURFACE -TlkEBNSpObperty of a |iquid due to
surface tries to have minimum sur an

el astic membrane iSsurdalcleed esnwsri foanc
Force _F
|

Length of theline "
If L = 1 tHeamgefhotrgcadk acti ngoper | 1

side of the imaginary | ine dsamwhs | Ui
tensi onh is denoted bnyd c’)CTDﬁySnél.t/scnS\K_/—// N /
di mension fLYPmula is [ M

il ve
e
hi
d

16. SURFACE -WeNEKRM®YW t hat due S.T. liquid has g
surface area .If the area of |l iqgquid has to be
This wor k donlei gwi & txurefdalahee fpiloléne natsi ailt se nPe. rEg. y
film is called surface energy.

Amount of work done in increasing the area of
Surface energy = SSTT:.Su'i'faCEE%ﬁg%a

Area

So, surface tBsemdiacre iemeegyalpetrounit area.

1 EXCESS OF PRESSURE I NSIDE A LI QUHdD fO RGP nAcNeD
depends upon the S.T of | iquwiud fSeatke.eqdi usbof

I ——
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https://youtu.be/S8iT7ACAl7s?si=4rhoAh-JgQfr4DUW

inside a bubble or drop is greater than out si

surface i s calllne d aesxec eosfs aprdersospureetxmt@:SE'Pzgﬁless

l n case ,ofexacebsusbbplreessLuurh;eE'Pi:sA'—R-lérovided by

So, excess pressure is directly proportional
18. ANGLE OF -cAOdTACMmade by the t~~2ooent t o + hg
l i quid surface at the point of h ¢
contact of the | iquid surface w < 1 ‘d
cal |l ed atnagdrie.tdife camrse of water 1ps C {
35 Where in case of .nreorrc wpruy=ei.Qw ‘ S 1
The value of a(nlg)l eDeogermcdsntwpedn :utnhe nature OfT
l iquid and solid in contact. (2) Depends upon
i ndependent of the inclination of the solid t

and surroundg=ngl#émedimem.cus)yg=amBodrglwaser dgh)ogl
pure water and gl ass.

19. CAPI LI-ARMelrYY fine bore is kndotwe psopbetgapftfl

depression ofcapitlipaivdsi oal dedacapillarity
hrdg
r

Ascent Ho

M heraadrias of t heheiagphtl | afr yt Ha b

density of tahnegllei goufi dc oanntda cé& .

hRd y 2T
Tube of I nsuf$ii rchﬁaﬂ—tT|gen\gtth = —

g
h R 3 .leBbRdtfarctap.i | | ary tub7elL<d4hd RS nRel | i . e
So if tube is small then radius of curvature
constant. Hence the meniscus adjusts its shapg

21. FACTORS AFFECTI NNG SUREBAES€&Er TE&ENS|ItONn s i o ni) (
its natwuoet d miinjaittieonmp earmad u(r e .

Suggested video lirkttps://youtu.be/AgbDxs75dHc?siEBg52v5vLiHIgm9
MULTIPLE CHOICE QUESTIONS

1After terminal velocity iIis reached, the acce€

(a) equal to g (b) zero (c) |1
2A woodeml otnigc k s2 fl oat i ngr .ofnh et hseu rsfuarcfe@ ct @vmosfiB
putting soap solution on one side MNmM thHed sfta
the stick wild be

(8) N7 (1) 06 () N1 (@) B2

e, (

e sS.

oW €
rcck

3A Thong wire is placedfhaoraitzontaaldl ywsiotrghetndt df yis ryx

23102Nt 0 keep the wire in eqgNmioifbrwiaumr The su
(&)N/ m (®)N/ m (©) ONO/Im  ( dO). ONJ/2m

4A liquid film i ABC®Ds mehdo wr eir € I afr -

sl i de fwiitchtouwtn. The ®Bdse ko®epei th Liauid
equilibrium is = <

(a) (B} (o (ayl
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https://youtu.be/AgbDxs75dHc?si=-rBg52v5vLjHlqm9

5Radius of a soap RtudkRbbekna imctrleiaseglud ¢ @sne

( 24R’S  ( BIGR’S  ( dIR’S  ( BHR®S

B N

6l f pressure at half the ddptthh eofboa tloavkhea fsi st lneeq u

depth of the | ake?
(a)n (@Ym (6Pn ( @)Yn

7Spheri cal b'alarse offalrlaidiigusi nn A& vwistcho vas. vfd llu@ cdir tpyf

Vi scoust ifnogr coen aache spherical ball 1is
(dnhversely prolpwtrtdiomadt Ity proportional tof v
(D) rectly proporrtiandlweboboth t+tadius
(¢thversely proportiaonnda Iw etloo chiottyh 'r adi us
(dy rectly propartt iinrveelr stad y' proportional tip
8A cylindrical ctrmk itss botholme dff T he water | s
tube above ithsdcthenrahe max7Mhum height upl|toc
(2)cbm ( B¢ m (aEem (@) 2hm
9There is a hole in the bottom of dtamikt s aNOAN g W

then the velocity of water fl owin

( aom/s ( b/doo m/s (cJeom/s (dMpne of th

l0Water fl ows nlheass ghu ats ewilvtalb ga ncgr ocasse<

fig. BPeaesparets along the axis i

(a) (b) (c)
ANSWERS

1 (b)zerol The constant maxi mum velocity with whic

vel ocity) .

2. (d&porocne one si die=TdE-qgt heg e i cki dé& =0, L=toh esSent n etk

on t hehk-skt=i0.¢4k 0.12=0.02N

2

3(&prce on wire deeTspo» sUT=1 &% t-einmi on

2l 2310%10°7?

g f r[oGP MTo | 2¢0 G

ese

S

4(MWeight of the bm@y=hupwafdomowbeeﬁm%mp%lsunfa

5 ( aM)=8T(R; - R?) =80S[(2R) - (R?] = 24/R?S

h
6( bprase ay halff FH’@JeErQDIepth of a | ake

1 2 1 1 . 3
s Bt rg=S(RHhg) Y SR =chig V=2 o 2010 oy

el rtr

6 rg 103310
7 ( bF=6phv
8(d@he height of water i nhetnhe htea nvko | buenrcdo muefe vinatat €
second becomes equal to the volume f 1l ovin
Vol ume of water f lAoamj2shg out per second
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and volume of wat eg70ch’lssswi ng in per secdnd

\' AJ2gh=70Y 13 /2gh=70Y 12 /229803 h =70 \ h=%=2.5cm
9(bPressure at tPr-Ffe“g=3d(15—r$]l\l—20anmdofvetlaoncki:t\/% of water

\V:JE: w:mm/s

r 10

10 &VYhen cross gsectrieasescf t hctuwtel oci ty of water]| i

theorem the pressure decreases at that |pl

A-R TYPE OQUE-STI ONS
i AQ )& AT OE AOOAOOEIT AT A OAAOIT AOA OOOA AT A C
i AqQ )& AT OE AOOAOOEIT AT A OAAOIT AOA OOOA AOQ C
i AQ )& AOOGAOOEIT EO OOOA AOO OAAOGI T EO £EAI OAH
i AqQ )£ OEA AOOAOOEIT AT A OAAOIT Ai 6E AOA EAI QAs
l1Asserkttioins:easier to spray water in which sqgme
ReasB6oap i s easier to spread.
2AsserThenangle of contact of a |1 quid decregse
ReasWinth increase in temperature, the surfaceg t
3. Asser tTihen i mpurities al ways decrease thej s
Reasonhe change in surface tension of the |l
of the I mpurity.
4. AsserfThenwater rises higher in a capillany
| arge di ameter.
Reasomei ght through which |l iquid rises in J|a
of the capillary tube.
5. Asse™Mthiemmn hei ght of a tube is |l ess than P
over fl ow.
Reasomrroduct of radius of meniscus and heijgh
6 AsserThenconcept of surface tension is held|on
Reas8Burface tension does not hold for gases.
7AsserAti omri:tical temperature, surface tensi ofn
ReasAn this temperature, intermolecular forces
without any restriction.
ANSWERS
1(cWhen a |iquid is sprayed, the surf achee adoceme| oif
spraying the | iquid, which is directly proporft:i
Because on adding soap, surface tension of wgte
2(AWi th increase Iin temperature surface tensi pn
decreases

3. (Tch)e presence of i mpurities either on the]l
force of surface tensi on, depending upon the
sodium chl ori de when hdei sssuorlfvaecde itne nwsaitoenr. iBnugtr e
substance | i ke phenol when dissolved in water
4(@For smaller r the value of h i s higher.
5(As h decreases, R increases and the | i quid
does not overfl ow.
I ———————————————.
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6 (bWe know that the intermolecular distance b
i qui d. Due to it the forces of cohesion in t
l i quids. Therefore, nthe appteptbode sorfagei ds
7(a)ero surface tension means no opposition t
2-MARKS QUESTI ONS
1 Theap in trees, which consists mainly of Waw
r = 25m. IThHed surface tensi2bdhmoandaphesafykFdde
surface tension alone account for the s®pply

Answer= 2%m, IT 1=0 ZN/2, %) Q9 kig®F 3

er
8
of

The maxi mum heilgst+—(Hub sn ggti wyiteen vaasl:ues we get ,

2The surface tension and°®aips3u7‘?l\¢18rreTsasnld®@.aﬁf3J
respectively. What is the radius of the small
evaporat’chg at 20

AnswBr= 7.2N8 m, PLO= %Pa33 1 10

Radius o02T/Mdnr oips =t he excess pressure which 1is

Vapour pressure =sa@axecaesan Erad ssudnmg ei m dr dp 25

3Water rises in a verticacmclafpitiHeaertyulia biesoccuiprt
with the vertical, then upto what | ength the

AnswBlme heiwhitchuipwatier”™ wi2f™ —4emi. 64 verti @al ahgl ¢

cosa cos60
vertical]
4What is force on the dbahenofitaitsarfk | dfedbavs & |
" pTQR ,0= 1. @m8d=1d )
Answhkbsolute pressure at the bottom of the <c
PO0="0"Q =p8tp pri+p pm pm® E pnPla
Then force @n G epdpbp sepdi=< . G AKX

5. Write Pascal Law. Name any two applications
AnswRkascal-Ascbawing to this | aw, Alf we negl
transmitted in all directions o0to all other
a) Hydraulic Lift b) Hydraulic Brake

6Explain the effect of Temperature on Vviscosi
Answkefrfect of temperature: Wi th increase in
of gases increase.

7TA rectangul ar plate of 10cm X 5cm i s moving

glycerine on a horlifzotnhtealc aeafbflieciagtnt oifs W jfm g
find the velocity gradient and force acting
Ans wBirveWw=¢cod ,Yo= 0. 5 mm ,vel oci MWy Yagr adi ent
=cwd /0. 5 imm gpoRPTOA, 0 pUpPT L pPTI L PTT A
We kRpewi=moa» =30 YompTm v pmm TN

F= 0.166 N
3FMARKS QUESTI ONS

1Ei ght spherical rain drops of the same maés
|l f they coalesce to form one big drop, what

buoyancy of the air)

AnswWa hawe-"i =Y => R = 2r

I ——
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And we know t hat ot ¥p@aiQiel wealvecity

—=— 0 rw 0 — w= 0.24 m/s
2Derive the expression for terminal velocity |]of
Answkagr mi nal-whehoai bpdy i< dranned in a
|l i quadcel ¢érates first due 1 _ g ufi d
. . Terminal (constant)
experience weight (force)s;m?rfofjé.rg_, I ;‘\ veieety d | b
force 6U6 al ong upwar d. £ viscousflud Ascalgration e |i s
so the body moves along ¢ w o —— - N | mo
the | ayers of air in contact with body al so get
body. As velocity of the solid body increases| V
force O6WO6 become ewpawarldy feogrucad (tw+ R)h.e Mow iathlge foen
body so from Newtondés first | aw the velocity |be
The constant maxi mum velocity with which the|bo
When the spherical body of radius 6r 6 molvhiemg [Jwi-
F = -W- -(1)
U = weight of the |iquid deggslVaged = mass of |th
W = weight of the sol3igdr\ e gnass of the solid gph
From St okephs (IWahwe rFei s @l ensistiys odemsil)tly of | i qui d
sV g phr 6wV  6phr (=sV grV  6phr (=v Vs-gr)(
2

6phrt:vgpr3gs{r) HeVn:c%é%From this formul a:
l)t’ V. 2)Vt,1h 3)t\i (s-r)
i )sSrft hen r. h. s of equation is positiiviep<rthe¢n
then r. h. s of equation is negative. Then dijre
bubbles in a |liquid are seen to move in upwarfd
3A water drop of di apmetderntZmnenali swastpelri td ruopp si.n {Coa
work done in this proces@®@. p(riThhée )surf ace tensior
Answer- Let a water drop of radius R be split up iptatidenticalwater drops each of radius R(= D/2
=2/2=1mm=1> 1 m ,No. of dropletsnp 15T =7.3 xp 11 N/m)

W=t AY'Y[¢ -1] =pm)2x{3xpm [(pn)l/3-1]1=9.17 xp 11 J

4 Define Surface Energy and derive the expres¢gic
and surface tension.
Ans webRFACEENERGY: To bring a water molecul e flrc
some work is required to be done Whith wi || b e
energy of the increased area.. ‘;“;1 . al jJen
is called surface energy. B
SURFACE ENERGY: Let us consid E ar| f
PQRS, where arm RS can slide = - and
i s di pped in a sodp alowdtuicer ! I A
frame DRIGQRS.0 surface tension, . QQ' d efker
the frame. 1
Let 61 6 be the |l ength of the arm RS, then theg f
F=TT 21 ¢ééé (1)

Here the |l ength isstuakamcet wirea ode sto@apt el mwo
new position O0ABO6 through a distance 0x6. Hlge n
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W=(TIT21) TITx éééé(2)

= &M /or gA= E/

Asurface tension of a liquid is numerically
5Prove that excess pressure inside a soap bub
bubbl e.

Ans wea wi |l | derive the expression for the exc
The work done by the excess pressure inside 38
d W= Fil sW=p'IY4 d R éé (1)

I n the above equation, we have substituted th
energy iIs calculated as foll ows,

du=ad1 dU=T[ 2{®YT4Y} ]

Continue the further calcul ati on.

dU=T[ X#Q2'Y+ 2RI dRn}i]4

dU=T['2£4QY+4 RI2d RY3 ]

dU=T[®{+4 RI2d R} ]
The first within the bracket can be equated t
dU=T[ Z{{RFAR} ] "(RA™R)}] or dUu=T[ 2{ 4
From the equations (1) and (2), we get,
PITHXTAdR=T[RIR)}] + p=4T/R
Where T is the surface tension and R is the r
Here, the surface tension of the soap bubble
Therefore, the excess pressure inside a soap
Means <critical wvelocity is the value of vel odgd
which it become turbulent.

6,A bucket of water is suspended from a sprin
piece of stone suspended from a string is i mn
piece of iron or corlket3 put in the water in

W=TT (211 x) por&é E=T(13)
required expressionAE@r( |l sux)acenenengy Whert

& e

bl

es

ner
t h

Answeafes, the reading of tthhee ibnaclraenacsee ewgialaliveitngchrte
in weight vggfandheost o me (Wopivgast>slof st one

( bY)e,es t he reading of the balance will increas

weight of iron

7. Explain the cor
standing near th

Ans weHWi ngs aefr ogihm@nemade such that the upper s
| ower surface of the wing i s made cC oA e . D J
their shape of wing, the air curren t he
bottom accordingly to Bernoull: t €
This difference of pressure i s he Y
upper surface is more covered thewc
turbul ence @& Y bttt NE

i's set in.

(1Al )person standing near the railway track 1 s
moving train passes close to him. The fast tr
the train while pressure on the other side of
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SMARKS QUESTI ONS

l1()laDefine different fumidt st hoef hperi egshstu roef aan dnoaslpsiioe r
(b) Pressure decreases as one ajswleatdsi ¢ hteh e o

pressure dp over a differenti al height dh?
(c) A fish is swimming 10 m below the (slnr%aﬁei
Answer-(a) Units of pressure are: latm=Pressure |e
=0.76x13.6p 11%9.8

=1.013»p TiN/& or=1.013» 1Pa

Another units (i)1torr=Pressure exerted by 1mm of mercury column or 1mm of Hg=133.28Pa
760 torr=1atm

X

lbarp mPa
Height of the atmosphere: The atmospheric pregss
or h= P apmiflg 394 91.80131 = 7951m & 8km

(b)Consider a part (packet) of atmosphere of thickdbas#s the pressure at a point in fluid is equal if
all directions. So the pressure on upper layerasting downward and on lower layer is (p+dp) acting
upward. Force due to pressure itabaed by Buoyant forceby girp +dp) AT p. A=1 V} ¢

p. A+tdpAT pA=T A(dh) ) g
dp. A=T 3y pg(dh) A
dp/ p=1y39g(dh)

Negative shows that pressure decreases as height increases.
(chDadpm 1 at maj HensiloOyy opttkwat)er
Absol ut €E=PBrtegp ur e
Absol ut eEERPmes s Pmep T
Absol ut €EEPr2e sas u2r eat m.

2()iState and prove Bernoulliés theorem.
(ii)Explain any two applications of Bernoul [
Answkaoccortda ntghi s theorem the total energy (prps

per unit volume or mass8ietoas fhoopreaesst bhd

a
constant throughout the filnokw,ofp rtohve dfelduitdwearleomgs

Mat hematically for wunit voIEr+rrgh+e;>/fv2=|cioqnsitchnftlom

To prove it consider a | iqgt
nomni form aseat iodn ca» shsdro@vanr &

pressures at the two ends off
pushing tVef viohwamepressible f Th=%4

through thW=RWPY¥=RFPV. be. . . (i
This work is used by the fluid Iin two ways.
(i) I'n changing thme(ipottem&)i admhgegmegilyy of mags
i . e., bU=mgh,-h) . ... .. (ii)

(ii) In changing %mvlﬁtee;«rkvi,in.e@l(.i=,%m(\t§n\é)r gy . f(i o)

Now as thevifdaduws,i sbywnomonservation of mechajni
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W=DU +DK

0]

1
(P, - P,)V =mg(h, - h1)+§m(V§ - V12)

1
or P+rgh+5rv2:constant

This equation is theo-calledBernoulli's equation and represents conservation of mechanical ener
in case of moving fluids.

(i) Bernoulli'"s theorem for aumiitpemaan afl 3

E+gh+%v2=C onstant

;
(ii) Dividin vaeboP th+V2—uactoinosnt abn
g9 @7‘@9 82—51— yt

2

A it

v
Herfeis called h[brses:saun@dhegaca%iiIsatciad)lhazld ved o
rg
equation Bernoulli's theorem can be stated asg.
|l stream | ine flow of an ideal l T qui d, the
every c¢cross section of the liquid is constant.

Ex plaaniyn- f e 1)
CASE BASED QUESTI ONS

1The property due to which the free surface d
a stretched membrane is called surface tensig
bet ween the | iquifdica$d Ft/hLeFbwHuerdes en ga stuirng on
l ine on Isaurlfearcget mnaf I maginary | ine. Surface
soluble impurities increases surface tension
(The excess pressure inside a soap bubble is
then the ratio of their surface area 1is
(a) 9 : B (brH)y1x11 : 9 (d) 3 : 1
(iwhi.ch of the following statements is not tr
(a) A small l iquid drop takes spherical shape
(b) Surface tension is a vector quantity.
(c) Surface tension of |iquid is a molecular
(d) Surface tensnoheafjthi Qui dndépendshe area.
( iWhii)ch of the following statement is not tru
(a) The value of angle of contact for pure w§g
(b) Angle of contact increases with increase
(c) I'f the angle of contact of a | igprdadndos
surface of solid
(d) Angle of contact depend upon the inclinatfi
(1Av)I i quid does not wet the solid surface if
(a) OA (b) equa(ld)t ogrdesat er t(hca)n e9g0uAal t o 9 C
Answer

(i) . (eXi(id)feva) (b)

I ——
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2A hydr
by pres
l ncompr
piston
| ower s
based
t hat
i's pass

aulic 1
sure on
essi bl e
upward.
by gravi o]
n Pascal a
essure change
ed equal liyn talr
of Pascal's | aw and i
example bel ow, where
| arge amount of force

(iThe

t i s
i q
i

-f—béom—h

[
il
hen
ati

o] s |
pr

rectangul a
4 c¢cm. What 1is e
(a) 7.2 N (b) 3 N

(iAl)girl weighs 50 k
with a 1 cm diamet e
(a) 8NP (k) 1658 (x)

(i A hydraulic auto
t he | oad-stead i@ ncrlo sa
must withstand?

6. 0 24Nx1? (10)

(iA)hydraulic
1.0 m above
The small er piston
pi ston exerts opnr etshs
(a) 3000.0 N (b) 30
ANSWER

(i) . (Ca)xi(ia))(wh) (b)

r ve
t h
8 .

press
t he s ma
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u
S
a
n
w

6302 d) 162091 x

device
d insid
pumped
tvhad vpei sof
al force
for gen
on an in
loudyihroaud t
ts appli
a smal l
on t he

a
i

right.

ssel' s base mea

adsea'ss ttyBriwDt0? k[jggd=m 10
7.

5. 7 N

(c) (d)

g and bal ances
r. How much
1@ 0SN2( dx) 12081 m¥ X

i ft
425

i s
cmj .

(a)

mobil e
gea of

10
1l

a
amount of force

pressur e

- O W w L o
D O D
—h ~+ = ~ O

r
0
' p
U

10
m/ s

sSsur es

5 N

on a sing
doe

10

designed
What i s
6 >N ( k)

with a | arg

' 1 er piston

has a mass
e hlaosa da? dGeinls
09.6 N (c)

a
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CHAPTEROTHERMAL PROPERTIES OF MATTER
Heat, temperature, ther mal expansion; ther mal
anomal ous expansion of watcearl;o rsipneectirfyi;€cl ahheeaanty eg
capacity. -chhenadtu cttriaomsf eeronvecti on and radiati o
Bl ackbody radiation,StWdiam''ss diasspl acement Law,

MI

N D

MA P

Thermometery

Heat and

/"

THERMAL PROPERTIES OF MATTER

Conversion factor
C/100=(F-32)/180=(K-273)/100

N

temperature

Thermal expansion

0=p/2=y/3
/ Volume

Linear AV=VyAT
AL=L, 0AT

Superficial
AS=SBAT

\ 4
Newton's law of cooling:
-dT/dt=k{T2-T1}/mc

Conduction: Rate of heat flow
Qft= KA(T1-T2)/d

\ Triple point of water=273.16 K
Heat capacity
S=QfAT
Change of state
Latent heat of fusion
y Q=mL;
Molar Latent heat of vapourisation
v specific Q=mL,
Specific heat heat Latent heat of sublimation
Capacity C=Qfn AT Q=mL:
s=Q/m AT
4 Radiation: heat transferred in form
Heat transfer [ of EM waves in absence of medium

Convection: transfer of heat due to actual

transfer of molecules of medium.Applications:
1. trade wind 2. AC, heat convector3. monsoon

Wein's displacement law: Am=b/T

A (10" Wim®)
2000 K

ixit

2x10* /

1x10* -

0

.I:I(l‘
TIK
Total emitted energy, § = M, of a black body as a =
function of its temperature, 7". The upper (black) curve

— g ————
2000 4000 600 000

depicts the Stefan—Boltzmann law, M® = ¢ T* The |F
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GI ST OF THE CHAPTER

Heat vs. Temperature
He at Temperature
Heat i s ener|Temperature measures the degr g
Heat causes Temperature is the effect of N
Measuring Temperature: Ther mometers
Temperature i s measturerdmaimd Thge sdreoss tc ecsol m rapdiuni et dsy
t her momewheirch uses the expansion of | iquids |
Cal i bration of Ther mometers
To define standard temperature scales, two re
1. The freezing point of water
2. The boiling point of water at standard pre
Temperature Scales: Cel sius, Fahrenheit, and
Conversion For-3n2zi)/a18@/ 100=(F
Ther mal Expansion: Solids
When a solidbs temperature increases, 1its mol
di mensions of the body. This increase in the
a metal jar |id bbyitunning hot water ove
Types of Ther mal Expansi on: T‘—
1.Linear ExpBxpdmsmi on in | ength o
Coefficient of Linear Expansi on: - — L — T
degree change in temperatu AL |t 1S represent
“~LaT

2. Area Expahscmo@ease in surface area.
't is represent j_  4as

sAT
3. Vol ume Expéansremase in the w:AV 1represent e
It is represented as: VAT
Ther mal Expansion of Solids: Exampl es

T Amet al cjaanr blet d oosened by running hot wat er

Rel ationship Between Coefficie, |

b=2abhd=3 U I Constant at high temperature
Ther mal Stress <

When a materi al I's prevented 1%3' q
temper at utrtreercrmald geter]l ©ops . For « t
is rigidly fixed at both ends o ) = d
temperature increases. .
Ther mal Stress Formul a:

Stre8d=Wher e:

Applications of Ther mal Expansi on

T Rail way: T®maxlkls gaps are | eft between rails

M9 Steel :BrOnmdegeend is fixed, while the other |
|
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Anomal ous Expansion of Water
Wat er behaves differently from most substance

it begins to expand.wdthers pinp g eb bredita vii o r wii rst |evrh
Ther mal Expansion of Gases

Gases expand more than solids and | i gudgdasmotalo ¢ n
gases i s more dependent on temperature.

Fori eama:l gas

PV=RT

Heat Capiasitlye(&mount of heat required to chang

idoul es per. KegQ¥yl 8=( J/ K)
Speci fic Heat Capacity

The heat capacity per unidt¥ kmaXs of a substanga
s = 1 danil )

Mol ar Specific Heat Capacity
Defined as the heat capacity/met wWole of a sy

CHaqR O ) / nogRK) / m= Ms

At Constant Pressure and Vol ume:
Cp Mol ar specific heat capacity at constant j
Cv Mol ar specific heat capacity at constant

bs
o)

e f i
n

Water as a Cooling Agent

T Water, with its high specific heat, is an
9 This means that a small amount of water ca
ri se in temperature.

T Because of this property, water is widely
9 1 f a |liquid with | ower specific heat were
heat absorption, making water the preferre

Law of Heat Exchange

The | aw of heat exchange can be used to cal cuU
T Heat | ost=Hoeyatbogdayi nfed by body B

Given two bodies, A and B:

T Body A: ,MasspsecmA i tempat aSAre TA

T Body B: ,MasspsecmB itcempat atsiBre TB

Heat will flow from A to B wuntil -ThotmR-§2¢ alc h g

Change of State

Matter exists in three states: solid, liquid,

temperature remains constant. Common state cHh

During these processes, the substance absor bg

entire materi al has transfor med.

Mel ting Point

Thmel ti ngspbhettemperature at which a solid a

standard atmospheric pressure, this is known

Regel ati on

Regel ation refers to the nmsedltiidnigf iocfa tiicoen uwnhdeenr
A common demonstration involves placing a wei
causes the i1 ce to pmelst t halolugvi nwg tthlhoeu twibrree atka
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Vaporization and Boiling Poin‘P

Subl i mation atm) | C — Triple point of water
Sublimation is the direct con o |
passing through the I iquid ph I N
iodine. o R T
Triple Point solid |

Thteri pl espobhet speci fic temper | S u
three states (solid, liquid, | - S U
equilibrium. For water, th3® R l N 2
Latent Heat -200 o1 374 T 0
Latent heat i s the amount of heat required fd
temperatur e. It is defined as: L=Q/ m

Where Q is the heat energy and m i s the mass.

1. Latent heatfof -lBioguiddh t(rkdnsi ti ons.

2. Latent heat offoanpgeagebhdaasi (Lohs.

Heat Transfer

1. Conductiifroansfer of heat through a materi al
2. ConvectTmansfer of heat in fluids (liquids
3. Radi atiTemnsfer of heat through el ectromagn
Conduction

Il n conduction, heat fl ows through a materi al
example is heating one end of a met al rod; th
| nstaeady Bbapart of the condactab,) adisfofadmre hte a
over Tthiemenal Conductivity

The rate at which heat flows through a mater:i
by: Q=KA2} TL
Convection

Convection is the transfer of heat within a f

| ower temperature, aided by the movement of t

Natural Convection in Liquids

When the temperature of the | ower region in g

| ower region decreases.

Buoyancy causes the warmer, | ess dense fluid

descend to take their place. This cycle conti

fluid.

Natural Convection in Air

M9 During the day, the ground heats faster th
heat up, expand, and rise.

M Cool er air replaces this warm air, creatin

the ground cools faster than water.
Sea and Land Breezes

Trade Wi nds

o —
- O

1 6

a l

a n

g

M Trade winds are steady surface winds that
because the equatori al region receives mor
current.

9 Due to Earthodés rotation, air descends at a
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Forced Convection
Il n forced convection, the movement opumpe |DF
fans. For example, the air heaprngcspbeems bGged
Radiati on
Radiation is the transfer of heat th6olugh |el
energy is a prime example of radiation.
T Heat ener gys ptereadv epl8s %kaitistth e
T When ther mal radiation falls on an object,| p
Thamount of heapeattsoobedhe col or of the bpd)
T Bl ack sauwrsfoachesand emit radi-antoepdrgogunebet T gnat
to weearolloirgeidt ¢l ot hes i n summer and darker |on
Practical Uses of Radiation
T Bl ackened coalks mmrgb umaxismum heat, hel ping cpol
T We HNeewt onbds | awpdfy owheelni mgpj ects rel ease hgat
temperature difference between the object f[an
MULTI PLE CHOI CE QUESTI ONS
1. A cup of hot coffee is | eft on table after| s
for this cooling?
a) conduch) ocnonvect)onaddatabh of these
2. A block of ice is heated until it melts cqgmp
during this process?
a) It increabpsitodecneasasbycontinuously
c) it remaind)cptosaadiéshen decreases
3. alAumipniweme and a wooden piece have been | eft
t hemaltbhmisrelerms col der than wood. Select the cqrr
a) Both have the same temperature greater thgn
b Al umihmhausm a greater temperature than wooden pjfi e
CAl umihmhausm a | ower temperature than wooden pieLe
d) Both have the same temperature equal to 2§A
4. An ice cube i s akeaemibrd om kt haen ds warnfoa chee ro fi caen c fi b
bl ock. Bot h shalnec kse ntpeeB@ltulrée t he correct stat g me
a) lce will adeudnmibiffuarsk by obnet twel | melt faster |on
c) lce will melt equab)yltaswi bh bothmehe bhaqgthk
5. What is the slope of Iine drawn for a gragh
a) 1.8b) 5/9c) sl ope is darRabl e
6. Aliquid cools from 65AC to 55AC in 5 mins. |f
taken for temperature to fall from 45AC to 3F5AC
a) 25sb¢ 25mch 30mdh 30sec
7. An aluminium sphere is dipped into water. [Wh
(a) Buoyancy wi | be |l ess in water at 0 AC thar
(b) Buoyancy wil| be more in water at 0 AC tHhan
(c) Buoyancy in water at 0 °C will be same as that in water at 4 °C.
(d) Buoyancy may be more or less in water at 4 °C depending on the radius of the sphere.
I ———————————————.
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8. The plots of intensity of "f”‘"*‘““ vYoersusg W
bodies at temperaturEbedl, T2 T hown.
(a) T3 > T2 ¢bJyJ1T1 > T2 > T3 T LE;

(c) T2 > T3 (¢d);fi7T1 > T3 > T2

SOLUTISON A
1. Answer d
Expl anation: conduction, convection and radigt.H
2. Answer ¢
Expl anation: during phase change temperature|re
S3Answer : d
Expl anati on: Both have been |l eft in a room fqr
of the room. alfbhmifeehy ctedsdem i s because it cq@no
than wood.
4 Answer : a
Expl anation: | cealwu mmibrd wmmlkt bffzauer omn thkle a hi gt
plastic and hence conducts heat mor e alapmiddwymt h
SAnswer : a
Explanation: AR y=nmx%/c5) AC + 32.
Therefore from this we can say that slope of |1l
is 9/5 = 1.8.
6Answer: b
Explanation: Average temperature of Iliquid in t
Rate of fall e&f5)t dmper=at2iArCe /=mi(n65
Which is al sid59ggwal25tko kvhEe6@® k i s a constant
C25k = 2 Or k = 2/25
Average temperature in the second case = 40A(Q
Rate of faliB850f t3e5mpk =( 46
Ct = 25mins.
7T7Answer a
Expl anfahtei cdrensity of 4vadegr e ss m@eli snuuns at
8. Answer : d
Explanation: Accoxidi ndpet ovaWied erdg tlled vati tmanxd tmaunt .i
the wavelength of the peak, sgraemmiber { Benbémmgka
wavel emrgt hhmxit mum intensity)
ASSERTI ON AND REASONING TYPE QUESTI}|ON

1. ASSERTI ON: Specific heat capacity of a body
REASON: Heat capacity is heat required to rjai
2. ASSERTI ON: Ther mal coefficient of expansifon
coefficient of ther mal expansi on.

REASON: On heating if change i n temperature|is
in surface area.
3. ASSERTI ON: I f two different substances of Jeqg
ot her equilibrium temperature is always diffegre
REASON: Two substances have different specilifi
I ———————————————.
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4. ASSERTI ON: The monsoon is due to convectd.i n

REASON: Specific heat capacity of water 1is mre
5. ASSERTI ON: I f placed in same refrigerator],
temperature i f their mass is same.

REASON: rate of fall of temperature is direg¢gt!/|
surrounding only.
6. ASSERTbO&dss disc is just fitted in a hole |in
disc from the hol e.
Reason The coefficient of | inear expansion |fo
steel
7. ASSERMEObDoefficient of volbtme expansion has
REASON: The coefficient of volume expansion |[i s
8. ASSERTI ON: The melting point of ice decredse
Reason |l ce contracts on melting.

SOLUTI ON

1. ANSWER: Both assertion and reason are faljse
Expl anation: specific heat capacity of a subgta
temperature of wunit®mass of that substance by 1
Mat hematically, s=C/m, if m>1, then s<C but iff
2 Answer: Assertion and Reason both are true |bu
Expl anatlW=om/:2=sd/nTe=> 2=3b/ 2
BS=BP IFB/D P
Si mi logd/r ¥oy®
Therefore, ratio of percentageofbs8d8/ 2n volumg t
Hence percentage rise in volume=3/2 times of |[pe
Thus both A and R are true but R is not <correct
3. Answer: Assertion and reason both are true a
since specific heat capacity is characteristi|c
Let s1 and s2 be specific heat capacities of |tw
T2and T is equilibrium temperature then, aftgegr
=>Si0FT) 310 -M2) assumi>kg t hat T
= >1Tissi T =2&-T2 ( 6+ ) =>1+(gsT A8 52
=> T=(sl1lT1+s2T2)/ (sl1l+s2)
Thus, T is not measm ofF Tl and T2, wuntil s
4. Answer : Assertion and Reason both are true
Since, specific heat capacity of water 1is highe
creates | ow pressure area in |l and and high prjes
l and known as monsoon.
5. Answer: assertion is true but reason is f gl s
Expl anati on: rate of fall i n temperature i s Ir
mass and specific heat capacity as well Thu r
Since specific heat of water is greater than|jir
6Answer: Assertion and Reason both are true Dbut
Even i f coefficient of |linear expansion were ||eq
contraction
7. Anfsswseer:ti on and Reason both are true but rlea
I ———————————————.
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Expl anat ioccrd:j meewmesn oinff wi | | be K
8. Answer: (a) Assertion and Reason both are |tr
With rise in pressure distance between molecyl e
acquired at | ower temperatures.

2 MARKS QUESTI ON
1. Analyze the situation:
A metal spoon is |l eft in a hot cup of coffee.] W
Answer : Conduction is the direct transfer off h
I n this case, the metal spoon is in direct cpnt
Heat energy from the coffee transfers to thej|sp
2. Evaluate the statement:
"Water is a good coolant because of its high|sp
|l s this statement true or false? Explain
Answer : true
* Specific heat capacity is the amount of hegt
substance by 1 degree Cel sius.
* Water has a high specific heat capacity (4./18
heat energy without a | arge change in tempergtu
* This makes water an effective coolant, as ift
temperature quicklIly.
3. Calculate the heat energy required to raige
(Specific heat capacity of water = 4.186 J/ gAC)
Answ@rvien Wabkgesf water (m)txad30@Qempeld.ad uke (|T
Final temper &Stperceé f(iT heat8xAmPacity (c) = 4.186
Calcul ate tempoglinlat=irTe=dcBOAE€ren6eAC
Apply formhlQ =Q 0= 5mckg * 4186 J/ kgAC * 60AC
=Q = 130940 J or 130.94 kJ
4. |l dentify the type of heat transfer in a vgcu
Answer : A vacuum flask has minimal air partifcl
This minimizes conductidowawedr comeatctcam Hsteall t
Radi ati on: El ectromagneti c wavesMipnaisnsa It hcroonudguhc tt
the flask's inner and outer wall connection goi
Vacuum fl asks reduce heat transfer, keeping Iig
5. Compare | atent heat of fusion and vapori zgt.
Answer : Latent Heat of .Fruesri oy r(edHFi)r ed twatcehaln @3
OAC. Solid to liquid phase change.
Latent Heat of Vaporization (LHV) of water: 125
Energy required to change 1g of water to vap¢or
Liquid to gas phase change.
Compari son:
LHVY i s approximately 6.75 times greater thaniLH
More energy is required to change water fromjl.
6. Determine the coefficientglof= 10i. Mema¥ Le x &2 Agn, o
Answer : ok mudifalgi ven Ghaadnugees :iqgh ) | en@t h
Original | e, rCdhitam geL i)n aredInpra r2&tALCr e (
using values i nto formul a:
I ———————————————.
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U =m0/1(1 mUX=26AG@04 rA 4=U0 =104 d A0 7] A

3 MARKS QUESTI ONS
1A met al rod 30.0 cm |l ong expands by 0.075 c¢n

a different met al and of same | ength expands
30.0 cm long is maleofupt hd abhevei meteasl fplace
bet ween OAC and 100AC. Find the length of eagqd
Answeeat:'s Weneféeicient of linear expansion of
U=coefficient of |inear expansion of metal 2

L=1 ength of metal 1 in the composite rod

L=1 ength of metal 2 in the composite rod

Giveamr30. 0cm(initi admld1len0gA Q= 1000 k(atcehmperddt ur e ¢
For mat=a0l. 0171blc4mio Lot ) =0. 075/ (305 &B)=2. 51 10" (
For meia0. @43Qmg Lgfr) =0. 045/ (30HB)Ke)=1.5T 10"
For the cogmpbsl@=rcmod:

Uavgl=/ (gCf) =0. 065/ (301-30KN)E=2. 171 10"

Since the compositewerodainswmade:of two met al s
Uav diFl+BI L) / L

Substit ut2i.nmg®Fadl. Bdlst:or 1 S50 21)0/ 3 0

We know that L1+L2=30cm. Let's solve the equatji

2. 171M30=275k105° (L&Y

6. 51F205%1 4+04 . 5111 &G 1 TOtD. 0141107 @
Li=20. 1clg=3-0:=3-P0. 1=9. 9cm

The I ength of met al 1 in the ¢bdbmpdeinge hr od ims
approxi mately 9. 9cm.

2. Suppose that a steel hoop could be constry
20AC. What would be the thickness of space be
increasedidsby. PAGCLO

Answer : Let's denot e:
R = radius Ilof= tdier ewmamftehr e /Rc @ oFf 1t AG&h teragmph = 2
U = 1527 I(cloefficient of |inear expansion)

The change in circagnflElrgpriRlel ol 11=0RI4B®oOp i s:
The change qRuad r'@22 .RE1H 28F 1RI21°0

The thickness of space between the hoopgRand t
R=1.21 6. BFT1044m

3. Derive an expression for the rate of heat f
di fferent ther mal conductivities and thicknes
slab are T1 and @&2betawdenhhthethwoi maetefrnal s i
Answer

Let K1 and K2 be the ther mal conductivities,
The rate of heat f|iosQlt ber Kug HT YAhK d&I1Trist mat er
The rate of heat f 1l ow Q2hr=ouKg2h-Tt2hpe Ts gdcPond mat €
At steady state, Q1 = Q2 = Q

Equating the: Kol eRATpr e/6 $dilon=s-TK2) 1/ AdA (T

I ——
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Solving Eo(KI: 1T d2 I T1 + K2 1T d1 T T2) [/ (K1
The rate ofRQ kRe&tt 1-Mdwii @I1
Substituting the=s eXxPrr2g(sTdli rd 1f dr K: + d2 / K2)

4. A composite wall consists of two | ayers: 4
and a 5 cm thick | ayer of insulation (ther mal
is at 20AC, and et hiensoudtaetri osnurlfaayceer ofs tat OAC.

composite wall and the temperature at the inter

Answeat' s denote the temperature at the interlf
The heat flux thgouwgk bhi@db/l dkDrag&r i s:
The heat flux throgghk ®Khenbs a2t a/bind hi n(sdwleat iiogn

At steady state, the heat flux through both Iljay

0.7 IT)( 20 0. 1-0¥ OS®DI.Wi5(g for T, we get T = 15,56
The heatq f= ux1® sl56()20 021 = 31.08 W m
5A 50 g aluminum bal/l (specific heat capacity

20ATchhe final temperatureCafctuhat watlee khaeat babi|f o

heat | ost by EBxpel ail @ mvinwal Hhtad hper ature i s not
average) .

Answer: Step 1: Calcul ate the heat | ost by the
The heat | ost by the al ugl,nuwhebrael Im iiss gtihvee nmalsys
specific he@lt iccapeacei tcyhanagned i n temperatur e.

Q lost = 0.05 kg -494C) 3/ ®gAB I PEODOOAC76 = 3420

Step 2: Calculate the heat absorbed by the wgt
The heat absorbed by thg@, wawher ei sn gisveémhebyha®g=

specific heat capacity of whties (hepcbangatehyt

Q absorbed = 0.1 kg20A@)186 ./ kglAcad18qg 214AL = 1|67
Step 3: Explain the difference in heat | ost gnd
The difference in heat | ost by the aluminum hal
to the surroundings. Some of the heat energy ||l o
to the environment)jrebdyhebsohaedbéynghe watern.
Step 4: Explain why the final temperature is |no
The final temperature is not exactly the theqre
capacities of aluminum and water, as well as |[he
temperature woul d er goguwitroe sc, o msnidd @ rni nagn ti hdeesa | 5
temperature would be closer to the calcul atedg
The heat | ost by the aluminum bal/l is 3420 J,
highlights the role of heat | oss and the speqi

mi XxXtur e.

CASE STUDY BASED QUESTI ON

l1Water has a peculiar property, which is diffjer
temperature and density of solid state (ice) |is
density isCTmaxitmbhml|l @ts 4s i n many ways and i s |i
Especially aquatic |ife.

i) which one of the foll owing has highest dgns

I ——
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a) i1 ceb) wate)j vapdurdifferent at different tjlen

ii) density of water is higher than ice, it hel

a) saving |life of aqub)i toaematmabe bDh topdswehgth

c) both a and b d) none

iii) On compressing the melting point of 1ice

a) increabpsdecrcpasemaid)s deameeases than incrfea
OR

On higher altitudes rice takes more time to dgoo

hi gher altitudes

a) boiling point oJj wabkrngntempseature requir

b) boiling point ofl) wabekidgctempesature requyir

iv) the volume occupied by water and ice of €gqu

a) equal b) greater for water than C €

c) greater for iced)hamawahet be same someti Mes

2. Specific heat <capacity is defined in termg o

substance by wunity. While molar specific heat| i

by unity. Generalsluylilry dase usfs abgpad welwmr spec

t hat we cannot calcul ate specific heat of a das

constant volume and at constant pressure.

i) How many mol ar specific heat can be defingd

a) 2 b) 1 c) 3 d) none of t he above

ii) Specific heat of substances during fusion w

a) zerb) equal to thatnbdbinsdkidqual to that qf
OR

if specific heat at constant volume of an idegal

pressure would be

a) 5R b) 7R ¢) 10Rd) 3R

iii) Solids and |l iquids practically have only o

a) Volume is indepbdbndéeémtessureempetldi adependent |of

c) Volume is almdspresssrantand volume are indgep

iv) Water has highest specific heat <capacity |[it

a) coolanb) cooking medidminkidy all of the gbo

3. wlaey substance is heated it experiences exfjar

categories

Linear along | ength, Superficial expansion of] s

Ther e aapepImacndyt t des mal ekegptygonadyii dres i n our

i) what is the ratio of coefficient of volumgtr

substance

a) 1:1b) 3:2c) 2:3d) none of the above

ii) which of the following is application of |th

a) bimetab)i thst mbp)asaggindg)obal tabfethe aboVve

iii1) in a bimetallic strip Cu and Steel are Use

a) they are gooll)cohdycaoe ohAbhpmtntuman silvegr

c) the difference of thedmahbhl toeffibeeanbouot ¢gxp

I ———————————————.
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MARKS QUESTI ON

i's thermal expansion? Describe
the relatiogt9hiof ketswdend @amalnged si nf ole
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(c) A metal wire of | ength 1.5 m expands to 1.

coefficient oDihih@ar/ AQpPanai mar k g)
Solution

(a) Ther mal expansion is the change in di mengi
An experiment to demonstrate | inear expansi on
the expansion using a scale.

(b) Let initial l emdgt hi i tLi al fi e@mped 2Nt d = T
@of =-TT g = U T g@ot £ dogll

(cGivegin:= 1.-B02 mm = 0. 008r n¥, 7B50MCE £. 50hC

U £ & off) =x0.002=/2(675xx160) AC 1T

2. (a) What is conduction of heat? Give one &g

(b) State the factors on which the rate of he

(c) A copper wire -soefctlieonngatlh alrOe am Oa.n5d ccnm]jo scso n d
when the temperature difference between its g
Solution: a) Conduction of heat is the transf

matter. One example of a good conductor of hes
(b) The rate of heat conduction depends on:

1. Temperature difference between the ends of
2. GCgeocstsi onal area of the conductor

3. Length of the conductor

4. Ther mal conductivity of the materi al

(c) Given:

Q = 60 J, tog= =1 2MAC,=L60C s1,0 m, A = 0.5 cm] =
Ther mal conducteovi tty) (K) = Q L [/ (A

= 60 x 10 / (0.00005 x 20 x 60)

= 385 W mK

3. (a) Explain the term d6apparent expansiono
(b) Describe an experiment to demonstrate t he
(c) A flask made of glass (coefficient of wvol
of volume expansion = 1.2 1 10 j/AcCc) at 20AC.
expansion of the Il iquid. (2 marks)
solution(a) Apparent expansion of a |iquid is
container that also expands with temperature.
It is the difference between the actual expan
(b) Experi ment :

-Fil'l a transparent glass tube with a Iliquid
-Heat the tube gently wusing a Bunsen burner.
-Observe the rise in |iquid | evel against the
-Record initial and final temperatures and | i
(c) Given:

-Coefficient of volume expansion of glass = 9
Coefficient of volume expansion of | iquid = 1.
-lnitial temperFitnuale t=e mpeArCat ure = 80AC

-qT =-2800 = 60AC

Apparent expansi on =-BEAxcptaunasli oenx poafn sgloans sof | i quji
= (1.2917T 100 ) T 60
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7.140lr B@plroxi mately *7.14%*

4. A met al coffee mug and a ceramic coffee mu
(80AC)

After 30 minutes, compare the final coffee te
(a) Describe the heat | oss process in both md
(b) Which mug wil/| have hotter coffee remaini
(c) Explain the role of ther mal conductivity
(d) Calculate the approxi mate temperature dr g
aluminum (ther mal conductivity = 237 W mK, sg

200g. (1 mar k)
Want me to provide the solution?

Solution; (a) Description of heat | oss procegs:
Heat | oss occurs through convection and condyct
-Convection: Coffee transfers heat to surroun’di
-Conduction: Mug material transfers heat from c
(b) The ceramic mug wil/l have hotter coffee rjlen
Reasons:

1. Lower Ther mal Conductivity: Ceramic (0.8 W n
W/ mK) .

2. Less Heat Escape: Ceramic mug | oses heat nmor
3. |l nsul ating Properties: Ceramic acts as a tjhe
(c) Explanation of ther mal properties:

1. Ther mal Conductivity?®*: Measures ability off n
-Metals (high conductivity) | ose heat quicklyj.

-Ceramics (low conductivity) | ose heat sl owly.

2. Specific Heat Capacity: Measures heat enerfgy
(d) Calculation of temperature drop i n metal mu
Gi ven:

-lnitial tempeRiataume (T))==380ACnutes = 1800 |[se.
-lnitial coffee quaSpteictiyf i(cm)h e=at2 OcOagp a=c i0t.y2 okfg at
-Speci fic heat capacity of aluminum (c_al) :v:] 0
-Ther mal conductivity of aluminum (K) = 237 m
-Density of)akEk®i7onpm (

-Mug wall thickness (d) = assumed 2 mm = 0.00J]2

-Mug outer surface area (A) = assumed 0.025 mj

-Temperature of surroundings (T ) = assumed 2DA:
Formula to calcul ate heat | oss (Q):

Q = (K-T A tOT / d

Pl ugging values:

Q (237 x20)0R251800830/ 0.002
Q = 1018350 J

Temper atagilr)e fdorronpu | (a:

or = Q [/ (m c)

Plugging val ues:

@f = 1018350 =fpr (=0.122 .*2 4M3B 6)

Therefore, the final <cof fi gle= t80M\Ee RAICEr & 7= 8IAICI

I ——
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CHAPTERTHHRMODYNAMI CS
Thermal equilibrium and definition of temperg
energy. First | aw of thermodynamics, Second |
equation of state. Chaartiggeo tolfercrmmalld,i ta dinabdt iga,s
cyclic processes.

MI ND MAP
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