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Dimensions And
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Unit - 1

1.1 Physical Quantity
A quantity which can be measured and expressed in form of laws is called
a physical quantity. Physical quantity (Q) = Magnitude x Unit =n x u
Where, n represents the numerical value and u represents the unit. as
the unit(u) changes, the magnitude (n) will also change but product ‘nu’
will remain same.
i.e. n u = constant, or n,u, = n,u, = constant;

1.2 Fundamental and Derived Units

Any unit of mass, length and time in mechanics is called a fundamental,

absolute or base unit. Other units which can be expressed in terms of

fundamental units, are called derived units

System of units: A complete set of units, both fundamental and derived

for al kinds of physical quantities is called system of units.

(1) CGS system, (2) MKS system, (3) FPS system.

(4) S.I.system : It is known as International system of units. There are
seven fundamental quantitiesin this system. These quantities and their
units are given in the following table.

Quantity Name of Units Symbol
Length Metre m
Mass Kilogram kg
Time Second S
Electric Current Ampere A
Temperature Kelvin K
Amount of Substance Mole Mol
Luminous Intensity Candela Cd




Besides the above seven fundamenta units two supplementary units are
also defined - Radian (rad) for plane angle and Steradian (sr) for solid
angle.

1.3 Dimensions of a Physical Quantity

When a derived quantity is expressed in terms of fundamental quantities,
it is written as a product of different powers of the fundamental quantities.
The powers to which fundamental quantities must be raised in order to
express the given physical quantity are called its dimensions.

1.4 Important Dimensions of Complete Physics

M echanics
SN. Quantity Unit Dimension
(1) Velocity or speed (V) m/s [MOLIT-Y
(2) Acceleration (a) m/s? [MOLT-2]
(3) Momentum (P) kg.m/s [MILITY
(4) Impulse (1) Newton/sec or [MILIT
kg. m/s
(5) Force (F) Newton [MILIT
(6) Pressure (P) Pascal [MIL-1T7]
(7) Kinetic energy (E,) Joule [MIL2T-2
(8) Power (P) Watt or Joule/s [MIL2T
(9) Density (d) kg/m? [MIL-3TO]
(10) Angular displacement (0) Radian (rad.) [MOLOTY]
(11) Angular velocity (o) Radian/sec [MOLOT
(12) Angular Acceleration (o) Radian/sec? [MOLOT—
(13) Moment of inertia (1) kg.m? [ML2TO]
(14) Torque (1) Newton-meter [ML2T2]
(15) Angular momentum (L) Joule sec [ML2T
(16) Force constant or spring constant (k) Newton/m [MILOT
(17) Gravitational constant (G) N—m?/kg? [ML3T7
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(18) Intensity of gravitational field (E)) ~ N/kg [MOLT—]

(19) Gravitationa potentia (V) Joulelkg [MOL2T—
(20) Surface tension (T) N/m or Joule/m?  [MILOT
(21) Velocity gradient (V) Second™ [MOLOT
(22) Coefficient of viscosity (1) kg/m s [MILTY
(23) Stress N/m? [MIL-1T7
(24) Strain No unit [MOLOTO)
(25) Modulus of elasticity (E) N/m? [MOL-1T-7]
(26) Poisson Ratio (o) No unit [MOLOTO)
(27) Time period (T) Second [MOLOTY]
(28) Frequency (n) Hz [MOLOT-
Heat

S.N. Quantity Unit Dimension

(1) Temperature (T) Kelvin MOLOTOK Y]

(2) Hea (Q) Joule [ML2T-2]

(3) Specific Heat (C) Joule/K g—K [MOL2T—2K-Y]

(4) Thermal capacity Joule/K [MIL2T2K]

(5) Latent heat (L) Joulelkg [MOL2T2]

(6) Gas constant (R) Joule/mol-K [MIL2T?mol—1K—]
(7) Boltzmann constant (k) Joule/K [MIL2T2KY]

(8) Coefficient of thermal Joule/M-s-K [MILIT=KY]

conductivity (K)

(9) Stefan’s constant (o) Watt/m?—K 4 [MILOT=3K]

(10) Wien's constant (b) Meter K [MOLITOKY]

(11) Planck’s constant (h) Joule s [MIL2T
(12) Coefficient of Linear Kelvin™ [MOLOTOK -]

Expansion
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(13) Mechanical eg. of Heat (J)  Joule/Calorie  [MOLOTY]

(14) Vander wall’s constant (a) Newton m* [MIL5T2

(15) Vander wall’s consatnt (b) m?3 [MOL3TY]

1.5 Quantities Having Same Dimensions

SN. Dimension Quantity
(1) [MOLOTY Frequency, angular frequency, angular velocity, velocity
gradient and decay constant
(2) [ML?T Work, internal energy, potential energy, kinetic energy,
torque, moment of force
(3) [MIL-1T2 Pressure, stress, Young'smodulus, bulk modulus, modulus
of rigidity, energy density
(4) [MLTY Momentum, impulse
(5 [MOLT? Acceleration due to gravity, gravitational field intensity
(6) [MILIT Thrust, force, weight, energy gradient
(7) [MIL2TY Angular momentum and Planck’s constant
(8) [MIL°T Surface tension, Surface energy (energy per unit area)
(9 [MOLOTO] Strain, refractive index, relative density, angle, solid
angle, distance gradient, relative permittivity (dielectric
constant), relative permeability etc.
a atent heat and gravitational potenti
(10) [MOL2T-3 Latent heat and gravitational ial
(11) [MOLTK-Y Thermal capacity, gas constant, Boltzmann constant and
entropy
(12) [MOLOTY] Jl/gmik JRig
g = acceleration due to gravity, m = mass, k = spring
constant
(13) [MOLOTY] L/R /LC, RC where L = inductance, R = resistance,
C = capacitance
V? qz
(14) [ML?T I?Rt, % VIt, qV, LI2, > CV? where | = current,

t = time q = charge, L = inductance, C = capacitance,
R = resistance
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1.6 Application of Dimensional Analysis.

(1
2
©)
(4)

()

To find the unit of a physical quantity in a given system of units.
To find dimensions of physical constant or coefficients.
To convert a physical quantity from one system to the other.

To check the dimensional correctness of a given physical relation: Thisis
based on the ‘principle of homogeneity’. According to this principle the
dimensions of each term on both sides of an equation must be the same.

To derive new relations.

1.7 Limitations of Dimensional Analysis.

D)
()

3)

(4)

If dimensions are given, physical quantity may not be unique.

Numerical constant having no dimensions cannot be deduced by the methods
of dimensions.

The method of dimensions can not be used to derive relations other than
product of power functions. For example,

s=ut+ (/2 at? or y=asnot
The method of dimensions cannot be applied to derive formula consist of
more than 3 physical quantities.

1.8 Significant Figures

(1)
2)
©)

)

Significant figures in the measured value of a physical quantity tell the
number of digits in which we have confidence. Larger the number of
significant figures obtained in a measurement, greater is the accuracy of
the measurement. The reverse is also true.

The following rules are observed in counting the number of significant
figures in a given measured quantity.

All non-zero digits are significant.
A zero becomes significant figure if it appears between two non-zero digits.

Leading zeros or the zeros placed to the left of the number are never
significant.

Example : 0.543 has three significant figures.

0.006 has one significant figures.
Trailing zeros or the zeros placed to the right of the number are significant.
Example : 4.330 has four significant figures.

343.000 has six significant figures.
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(5) Inexponential notation, the numerical portion gives the number of significant
figures.

Example : 1.32 x 107 has three significant figures.
1.9 Rounding Off
(1) If the digit to be dropped is less than 5, then the preceding digit is left

unchanged.

Example : x = 7.82 is rounded off to 7.8, again X = 3.94 rounded off to
3.9.

(2) If the digit to be dropped is more than 5, then the preceding digit is raised
by one.

Example : x = 6.87 is rounded off to 6.9, again X = 12.78 is rounded off
to 12.8.

(3) If the digit to be dropped is 5 followed by digits other than zero, then the
preceding digit is raised by one.
Example: x = 16.351 is rounded off to 16.4, again X = 6.758 is rounded
off to 6.8.

(4) If digit to be dropped is 5 or 5 followed by zeros, then preceding digit is
left unchanged, if it is even.

Example : x = 3.250 becomes 3.2 on rounding off, again X = 12.650
becomes 12.6 on rounding off.

(5) If digit to be dropped is 5 or 5 followed by zeros, then the preceding digit
israised by one, if it is odd.

Example : x = 3.750 is rounded off to 3.8, again x = 16.150 is rounded
off to 16.2.

1.10 Significant Figures in Calculation

The following two rules should be followed to obtain the proper number
of significant figures in any calculation.

(1) The result of an addition or subtraction in the number having different
precisions should be reported to the same number of decimal places as
are present in the number having the least number of decimal places.

(2) The answer to a multiplication or division is rounded off to the same
number of significant figures as is possessed by the least precise term used
in the calculation.
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1.11 Oxder of Magnitude

Order of magnitude of quantity is the power of 10 required to represent the
quantity. For determining this power, the value of the quantity has to be
rounded off. While rounding off, we ignore the last digit which is less than 5. If the
last digit is 5 or more than five, the preceding digit is increased by one.

For example,

D)
)

Speed of light in vacuum = 3 x 108 ms™ ~ 108 m/s (ignoring 3 < 5)
Mass of electron = 9.1 x 103! kg 103 kg (as 9.1 > 5).

1.12 Exrrors of Measurement.

(1)

2

The measured value of a quantity is always somewhat different from its
actual value, or true value. This difference in the true value of a quantity
is called error of measurement.

Absolute error—Absolute error in the measurement of aphysical quantity
is the magnitude of the difference between the true value and the measured
value of the quantity.

Let a physical quantity be measured n times. Let the measured value be

a,, a, 4, . . . a,. The arithmetic mean of these value is «,, e Rt}
n

Usually, a istaken asthe true value of the quantity, if the sameis unknown

otherwise.

By definition, absolute errors in the measured values of the quantity are

Aay =8, -3,
Mg, =8, -3,
Aa, =8, -3,

The absolute errors may be positive in certain cases and negative in certain
other cases.

Mean absolute error—It is the arithmetic mean of the magnitudes of
absolute errors in all the measurements of the quantity. It is represented
by Aa. Thus

| Aq | +|Ag, |+....| Aa)

]

Aa

Hence the final result of measurement may be written as a = 4,, TAa

This implies that any measurement of the quantity is likely to lie between
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(a,— A4) and (a,, + Ad).
(3) Relative error or Fractional error—Relative error or Fractional error

mean absolute error  Aa

mean value a

" R

(4) Percentage error : Percentage error =ﬂ><100%.
a

1.13 Propagation of Errors
(1) Error in sum of tie quantities: Supposex=a+ b
Let Aa = absolute error in measurement of a
Ab = absolute error in measurement of b
AX = absolute error in calculation of x i.e. sum of a and b.
The maximum absolute error in X is AX = £ (Aa + Ab)
(2) Error in difference of the quantities—Suppose x =a—b
The maximum absolute error in X is AX = £ (Aa + Ab)
(3) Error in product of quantities—Suppose x=a x b

Aa A
The maximum fractional error in X is & i( a bbJ
X a

(4) Error in division of quantities—Suppose x = %

The maximum fractional error in X is Ax_+(Aa Ab)

X a b

n

a

(5) Error in quantity raised to some power—Suppose X = 7

Ax Aa Ab
The maximum fractional error in X is —=i(n—+m?]
X a

e The quantity which have maximum power must be measured carefully
because it’s contribution to error is maximum.

UNIT I - UNITS & MEASUREMENT

1. A new unit of length is chosen such that the speed of light in vacuum is
unity. What is the distance between the sun and the earth in terms of the
new unit if light takes 8 min and 20 s to cover this distance.
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10.

12.

13.

14.

If x=a+ bt + ct?, where x is in metre and t in seconds, what is the unit
of c?

What is the difference between mN, Nm and nm ?

The radius of atom is of the order of 1A° & radius of Nucleus is of the
order of fermi. How many magnitudes higher is the volume of the atom
as compared to the volume of nucleus ?

How many kg make 1 unified atomic mass unit ?

Name same physical quantities that have same dimension.

Name the physical quantities that have dimensiona formula [ML=1T2].
Give two examples of dimension less variables.

State the number of significant figures in

(i) 0.007 m? (i) 2.64 x 10 kg
(iii) 0.2370 g cm2 (iv) 0.2300m
(V) 86400 (vi) 86400 m

Given relative error in the measurement of length is .02, what is the
percentage error ?

A physical quantity P is related to four observables a, b, ¢ and d as
follows :

a’n?
P =
dJc
The percentage errors of measurement in a, b, ¢ and d are 1%, 3%, 4%
and 2% respectively. What is the percentage error in the quantity P?
A boy recalls the relation for relativistic mass (m) in terms of rest mass
(my) velocity of particle V, but forgets to put the constant ¢ (velocity

m
of light). He writes m = 173\]/2 correct the equation by putting the

missing ‘c’. (=)
Name the technique used in locating.
(8 an under water obstacle

(b) position of an aeroplane in space.
Deduce dimensional formulae of—

(i) Boltzmann's constant

(i) mechanical equivalent of hesat.
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15.

16.

17.

18.
19.

20.

21.
22.

23.

24,
25.

26.

Give examples of dimensional constants and dimensionless constants.
SHORT ANSWER QUESTIONS (2 MARKYS)

The vernier scale of a travelling microscope has 50 divisions which
coincide with 49 main scale divisions. If each main scale division is 0.5
mm. Calculate the minimum inaccuracy in the measurement of distance.

If the unit of force is 100N, unit of length is 10m and unit of timeis 100s.
What is the unit of Mass in this system of units ?

Describe the principle and use of SONAR and RADAR.

State the principle of homogeneity. Test the dimensional homogeneity of
eguations—

1
i =ut+ — at?
(i) s=u 5 a
. a 2 _1
(ii) Sn:u+§(n )
In Vander Wall’s gas equation (P +Va—2) (V—b) = RT. Determine the
dimensions of a and b.

Using dimensions convert (a) 1 newton into dynes (b) 1 erg into joules.

Magnitude of force experienced by an object moving with speed vis given
by F = kv2. Find dimensions of k.

A book with printing error contains four different formulae for displacement.
Choose the correct formula/formulae

@ y:asin%t (b)y = asinwvt

a . (1t
€ y= ;Sm(;J
d . sinz—nt+cosz—nt
@ y=7""7 T

Give limitations of dimensional analysis.

For determination of ‘g’ using simple pendulum, measurements of length
and time period are required. Error in the measurement of which quantity
will have larger effect on the value of ‘g’ thus obtained. What is done to
minimise this error?

SHORT ANSWER QUESTIONS (3 MARKYS)
Give the name of six Indian Scientists and their discoveries.
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27.

28.

29.

30.

31.

32.

33.

35.

36.

Name the discoveries made by the following scientists :

(d) Faraday (b) Chadwick
(c) Hubble (d) Maxwell
(e) Newton (f) Bohr.

Name the scientific principle on which the following technology is
based.

(i) Steam engine (i) Laser

(ii1)) Aeroplane (iv) Rocket propulsion

(v) Radio and T.V.

(vi) Production of Ultra high magnetic field.

Describe a method for measuring the molecular size of Oleic acid.
[3 MARKSY

Describe the Parallox Method for the determination of the distance of a
nearby star from the earth.

Deduce the dimensional formula for the following quantities
() Gravitational constant (if) Young's modulus
(ii1)) Coefficient of viscosity.
Define the following units :
(i) Light year (i) Parsec
(iif) Astronomical unit (AU)
LONG ANSWER QUESTIONS (5 MARKS)

Name the four basic forces in nature. Write a brief note of each. Hence
compare their strengths and ranges.

Distinguish between the terms precision and accuracy of a measurement.

Explain
(i) absolute error (if) mean absolute error
(iii) relative error (iv) percentage error

(v) random error
NUMERICALS
Determine the number of light years in one metre.
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37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

The sides of arectangle are (10..5 £ 0.2) cm and (5.2 £ 0.1) cm. Calculate
its perimeter with error limits.

The mass of a box measured by a grocer’s balance is 2.3 kg. Two gold
pieces 20.15 g and 20.17 g are added to the box.

(i) What is the total mass of the box ?
(i1)) The difference in masses of the pieces to correct significant figures.

5.74 g of a substance occupies 1.2 cm®. Express its density to correct
significant figures.

If displacement of a body s = (200 £ 5) m and time taken by itt = (20 +
0.2) s, then find the percentage error in the calculation of velocity.

If the error in measurement of mass of abody be 3% and in the measurement
of velocity be 2%. What will be maximum possible error in calculation of
Kinetic energy.

The length of arod as measured in an experiment was found to be 2.48m,
2.46m, 2.49m, 2.50m and 2.48m. Find the average length, absolute error
and percentage error. Express the result with error limit.

A physical quantity is measured as Q = (2.1 £ 0.5) units. Calculate the
percentage error in (1) Q2 (2) 2Q.

When the planet Jupiter is at a distance of 824.7 million km from the earth,
its angular diameter is measured to be 35.72" of arc. Calculate diameter
of Jupiter.

A laser light beamed at the moon takes 2.56s and to return after reflection
at the moon’s surface. What will be the radius of lunar orbit.

Convert
() 3 ms?tokmh?
(i) G=667x10"1Nnmkg?tocm3gts?

A calorie is a unit of heat or energy and it equals 4.2 J where 1J = 1 kg
mPs2. Suppose we employ a system of unitsin which unit of massis a. kg,
unit of length is B m, unit of time ys. What will be magnitude of calorie
in terms of this new system.

The escape velocity v of a body depends on—
(i) the acceleration due to gravity ‘g’ of the planet,

(i1) the radius R of the planet. Establish dimensionally the relation for
the escape velocity.

The frequency of vibration of a string depends of on, (i) tension in the
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50.

ol

52.

© ©o N o O

10.

string (ii) mass per unit length of string, (i) vibrating length of the string.
Establish dimensionally the relation for frequency.

One mole of an ideal gas at STP occupies 22.4 L. What is the ratio of
molar volume to atomic volume of a mole of hydrogen? Why is the ratio
so large. Take radius of hydrogen molecule to be 1°A.

Derive an expression for the centripetal force F acting on a particle of
mass m moving with velocity v in acircle of radiusr.

The error in the measurement of radius of a sphere is 2%. What would be
the error in :

(@ Volume of sphere
(b) Surface area of sphere.
SOLUTIONS
Speed of light in vacuum, ¢ = 1 new unit of length s
t =8 min. 20 sec, = 500 s
X = ct = 1 new unit of length s x 500s
x = 500 new unit of length

The unit of left hand side is metre so the units of ct? should aso be metre.
Since t2 has unit of <2, so the unit of ¢ is NV
mN means milli newton, 1 mN = 103 N, Nm means Newton meter, nm
Mmeans nano meter.

Vatom — 475(].0_10”1)3 _ 015
Vnucleus 475(1 0715 m )3

1u = 1.66 x 102’ kg
Work, energy and torque.

Stress, pressure, modulus of elasticity.

Strain, refractive index.

()1, (i) 3, (iii) 4, (iv) 4, (v) 3, (vi) 5 since it comes from a measurement
the last two zeros become significant.

2%.

Relative error in P is given by

AP Aa Ab 1 Ac Ad

=3 —+2  +_—+
P a b 2 ¢ d

S0, percentage error
Dimensions And Measurement



12.

13.

14.

15.

16.

17.

19.

ﬁ x100 = 3(—x100}+2(A—bx100j E(E 100} A—d><100
P a b 2\ ¢ d
1 0
= (3% 1%) + (2 x 3%) + —><4A) + (1 x 2%)
= 13%
Rounded off value of P = 3.8.

Since quantities of similar nature can only be added or subtracted, v2 cannot
be subtracted from 1 but v2/c? can be subtracted from 1.

m

B N1-v'/¢c?
(a) SONAR — Sound Navigation and Ranging.
(b) RADAR — Radio Detection and Ranging.
(i) Boltzmann Constant :
-2
K = Heat k= ML"T

Temperature K

- [M 1L 2T—2K—l]

Work | M'L'T
[‘]] [ ]: AAly 22 = [MOLOTO]
VI L1

(i)

Dimensional Constants: Gravitationa constant, plank’s constant.

TT,\-L
at |

Dimensionless Constants : m, e.
Minimum inaccuracy = Vernier constant
=1MSD -1VSD

—1MSD—£ MSD
50

1
=30 (0.5 mm) = 0.01 mm

[F] =[M LT‘Z]
_[FI  [100N]
M= [LI[T?]  [10m][1005]
(i) Dimension of L.H.S. = [s] = [MOL1TY]
Dimension of R.H.S. = [ut] + [atz]
= [LTLT] + [MOLIT2T9 = [MOL1TY]

as Dimensions of L.H.S. = Dimensions of R.H.S.

= 10%kg.

" The eguation to dimensionally homogeneous.
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20.

22.

23.

36.

37.

38.

(i) S, = Distance travelled in n" sec that is (S,-S.)

S,=ux1+ %(Zn—l)
[LT] = [LT] + [LT[T]
[LT] = [LT7]
L.H.S. = RH.S.
Hence this is dimensionally correct.
Since dimensionally similar quantities can only be added

(A = [%] — [a]=[PVY]= [ML’T ]
[b] =[V]=[L7.
_[F] _MLT? MLT?
- [VE]_ [LT—1]2 - MDLET—E

The argument of sine and cosine function must be dimensionless so (a) is
the probable correct formula. Since

[K] =[M'L]

2 [ 2
(@ y=asn (%t), %t] = [T9] is dimensionless.

(b) y=asnwt, - [vt] =[L] isdimensional so this equation isincorrect.

(¢t L. . L.
(c y= %Sm(—), [— is dimensiona so this is incorrect.
a a |

d y=— sin 21+ cos 2 : Though el di jonless — d t
(d) y=7 T T | - Thoug T imensionless —- does no
have dimensions of displacement so this is also incorrect.
(NUMERICAL)

11y =946 x10®°m

1m= = 1.057 x 1026 |y

P=2(+ b)+2(Al +Ab)
= 2(10.5+5.2) + 2(0.2 + 0.1)
= (31.4 £ 0.6) cm.
(i) Massof box = 2.3 kg
Mass of gold pieces = 20.15 + 20.17 = 40.32 g = 0.04032 kg.
Total mass = 2.3 + 0.04032 = 2.34032 kg
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In correct significant figure mass = 2.3 kg (as least decimal)
(i1) Difference in mass of gold pieces = 0.02 g

In correct significant figure (2 significant fig. minimum decimal) will

be 0.02 g.
39, Density = —858_ 374 conem?
P = Volume 12 T feegem

Here least significant figure is 2, so density = 4.8 g/cm?®.

: . 5
40. Percentage error in measurement of displacement = EXIOO

. ) 0.2
Percentage error in measurement of time = 2—0><100

<. Maximum permissible error = 2.5 + 1 = 3.5%

1,
41, KE. = —mv

L

ok _tm 2hy | AE 00 A7 100+2[E]><100
k # v i # v
-+ Percentage error in K.E. =3% + 2 x 2% = 7%
42. Average length
248+246+249+250+248 1241
= = = 2.48m
5 5
Mean absolute error
0004+002+001+0.02+000 0.05
= = = 0.013m
5
0.01
Percentage error = 543 x 100% = 0.04 x 100%

= 0.40%
Correct length= (2.48 £ 0.01)m

Correct length= (2.48m + 0.40%)

43. P= Q2
A _28Q 50573 10 4 176
» 0 21 21
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Ap
~ x 100% = 47.6% = 48%

R =2Q

AR _AQ _ 05
R Q 21 =0.238

AR
? x 100% = 24%

44, 0 =35.72"
1" = 4.85 x 10 radian = 35.72" = 35.72 x 4.85 x1075 rad.

d=DQ =824.7 x 35.72 x 4.85 x 106
= 1.4287 x 10° km
45, t=256s

. t
<. t = time taken by laser beam to go to the moon = 5

distance between earth and moon
t

=d=cx —
2
=3 x 108 x ﬁ
2
=3.84 x 108 m.
—2
46. () 3ms?=|——fm | —tr
1000 60%x60
3% (60x60)*
= (1To) = 3.8880 x 10* km h2 = 3.9 x 10* km h=2

(i) G =6.67x 10 N m? kg2
= 6.67 x 10 (kg m s2) (m? kg2
=6.67 x 101 kgt md s2
= 6.67 x 1011 (1000 g)* (100 cm)3 (s?)

1
= 6.67 x 10711 x 000 % 100 x 100 x 100 gt cm? s?

=6.67 x 108 g cm? s2
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47. n,=n, [%] (Ii_l) (%)
kg 1 m 2 g -2
2 () (i) (3]

n, =42 ot p2y?

48. va g2 RP = v =k ¢? RP, K — dimensionless proportionality constant
M =[g]? [R]°
[MOLlT—l] - [MOLlT—Z]a [I\/IO L1 To]b
equating powers
l=a+b

1
-1=-2a = a—E

b=1-a=1-

N | =
N | =

v=Kk /gR
49. noc 12 T e, [I] = MOLTO
[T] = M L1 T2 (force)
[M] =ML TO
[MO LO T—l] - [MO Ll TO]a [Ml Ll T—Z]b [Ml L—l TO]C
b+c=0
a+tb-c=0

1
2b=-1=> b_E
c=-Lta=1
2

nocl I

{
50. 1A®=100m "
Atomic volume of 1 mole of hydrogen
= Avagadros number x volume of hydrogen molecule
4
= 6.023 x 107 x 3 XX (1019 m)3
=252 %107 m?
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51

52.

Molar volume =224 L =224 x 103m3

Molar volume _ 22.4x107
Atomic volume  25.2x10’

= 0.89 x 10* ~ 10
This ratio is large because actual size of gas molecule is negligible in
comparison to the inter molecular separation.
Focm?
oc VP
rc
F = k mabre
[MLT] = [M]2 [LT]® [L]°
[M] [L] [T2] = [M]2[L]P*e [T]™
Comparing powersof m, L and T
[bre=1] [2=b]
b=-1

2
F=k 1V
;
4 s
a v=—1xR
€) 3
AV _gAR AV 3 006— 6%
v "R v

() A=4zR?

AA AR %%:2)(2%:4%
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(M.C.Q.) PHYSICAL WORLD & MEASUREMENT
1.  Which of the following is not the unit of distance?

(8 Light year (b)  Astronomical Unit
(c) Parsec (d)  Millisecond

2.  Thedimensiona formulafor o in the relationy = A Sin wt is
@ [M°L°T] (b) [M°L° T
(© [ML°T] (d [M° LT

3. Dimensional formulafor curieis
@ [M°LTT] (b) [M° LT
© [M°L°TT] d [M*L°T

4.  Which of the following pairs of physical quantities does not have same
dimensiona formula.

(@ Work and torgue

(b)  Angular momentum and Planck's constant
(c) Tension and surface tension

(d) Impulse and linear momentum

5. If momentum (p), Area(A) and time (T) are takes asfundamental quantities,
then energy has the dimensiona formula :

(@ [pA%:T?] (b) [pPA™”T!]

(0 [PPAT] (d) [pA?T]
6. Out of 4.0 and 4.00, which is more accurate?

@ 4.0 (b) 4.00

(c) Both are equally accurate (d) Nothing can be said
7. The speed (v) of sound in agasisgiven by v =k P* pY
Where K is dimensionless constant, P is pressure, and p is the density,

then
@ x=Y%y=2 (b) x=-H4y=-
(c) x=Y%y=-% (d) x=-Ly=%

8. If percentage errors in the measurement of mass and volume of an object
are 2% and 3% respectively, then the percentage error in the measurement
of the density of the object is:

(@ 1% (b) 0.66%
(o % (d) 6%
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10.

11.

12.

13.

14.

15.

16.

Given that
J~ dx gl X8

Where a is a constant. Using dimensional analysis the value of n is
@ 1 by -1
(¢ O (d) None of the above

In the standard equation S, =u+E(2n-1) what dimensions do you
view for S, 2

@ [M°L'T (b) [M°L*T]

(© [M°LTH] (d [M°L°T]
Given force = m what are dimensions of a,  ?
(@ ML2T2, ML (b) M2L4T2 MU3L-L
(0 M2L2T2 M3 (d MZ2L2T2 ML
The dimensions of intensity are

@ [L'MT?] (b) [L*M?2T?]

© [L*MT?] (d) [L*M?T3]

The dimensions of light year is

@ T () LT

© L @@ T

The time dependence of a physical quantity Pis given by P = Po exp.(—out?),
where o is a constant and t is time, The constant o is

(@ dimensionless (b) has dimensions T

(c) hasdimensions of P (d) hasdimensions T2

Two quantities A and B have different dimensions. Which mathematical
operation may be physically meaningful.

(@ A/B (b) A+B

(c0 A-B (d A=B

Which one of the following pair of quantities has the same dimension?
(@ force and work done (b)  momentum and impulse

(c)  pressure and force (d) surface tension an force
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17. A cube has a side of length 1.2x102 m. Calculate its volume.
(@ 1.7x10%m?3 () 173 x10°md
() 1.0x10%m?3 (d) 1.732x10°md
18. The equation of state for areal gasis given by (P + v%) (v—b)=RT

the dimensions of constant a are

@ [ML>T?] (b) [M*L>T?]

© [ML®TH] d [ML>TH]
19. The number of significant figures in 30.00 m are

@ 1 (b) 2

(¢ 3 (d 4
20. Which of the following measurements is most precise?

@& 500m (b) 5.00 km

(¢ 5.00cm (d) 5.00 mm
Answer Key :

1. (d 2. (b) 3 (c0 4 (¢ 5 (3 6. (b)
7. (0 8. (0 9. (¢ 10. (¢0 11. (¢) 12. (9
13. (¢) 14. (b) 15 (& 16. (b) 17. (& 18. (8
19. (d) 20. (d)

HINTSAND EXPLANATIONS:

2. ot = Angle = dimensionless

so dimension of ® = % =[M°L° T
3. curie = unit of radioactivity
_ dN _ Number
ot time

=[ T4 or [M°L°T?]
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11.

12.

Surface tension and Tension have different dimension
Tension = Force = [MLT]

Force
length
Energy = Force x Length

_ changel? momentum Jarea=[pA* A
ime

=[MT7

Surface tension =

v=k P pY

[MCLT Y =[MLTITZ*[M L3
O=x+y,1=—x-3y,-1=-2x
y = X X =%
=Y

AP 100= 2" 100+ 2Y % 100 = 2%+ 3% = 5%

p m \Y
o)
—|=a
L
No dimenson 1=4a" Possiblefor n=0
Dimension of p* = dimension of density
Solve, B=[M"L"]
(0

density

o = Forcex density

=[MLT2ML?

=[M2 L—2 T—Z]

Force =

energy
areax time

ML/ T? 3y o3
:{%} =[MT7] = [ML°T™]

Intensity =
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13.

14.

16.

17.

18.

20.

Light year = distance = L

1 2
a t2 = constant a:t—2=[T ]
Momentum and Impulse have some dimension = [M L T

Volume = (side)3 =(1.2x107%)* =1.728x10° =1.7x10"°m’
dimension of a= PV*=[M L T?L°|=[ML°T7]

5.00 mm is most precise becasuse it have least least count.

*kkk*x
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Kinematic

2.1 Motion in One Dimension : Position

Position of any point is completely expressed by two factors : Its distance
from the observer and its direction with respect to observer.
That is why position is characterised by a vector known as position vector.
Let point P is in a xy plane and its coordinates are (x, y). Then position

- AN AN
vector (r)of point will be xi+ yj and if the point Pisin a space and
its coordinates are (X, y, 2) then position vector can be expressed as

d A A A

r=xi+yj+zk.

2.2 Rest and Motion
If abody does not change its position as time passes with respect to frame
of reference, it is said to be at rest.
And if a body changes its position as time passes with respect to frame
of reference, it is said to be in motion.
Frame of Reference : It is a system to which a seet of coordinates are
attached and with reference to which observer describes any event.
Rest and motion arerelative terms. It depends upon the frame of references.

2.3 Types of Motion

One dimensional Two dimensional Three dimensional

Motion of a body in adraight Maotion of body in aplane Motion of body in a space
line is called one dimensional is called two dimensional is called three dimensional
motion. motion. motion.

When only one coordinate of When two coordinates When all three coordinates
the position of a body changes of the position of a body of the position of a body
with time then it is said to be changes with time then it changes with time then it
moving one dimensionally.  is said to be moving two is said to be moving three
dimensionally. dimensionally.




e.g., Motion of car on a eg., Motion of car ona e.g., Motion of flying kite.
straight road. circular turn. Motion of flying insect.
Motion of freely falling body. Motion of billiards ball.

2.4 Distance and Displacement

(1) Distance: It isthe actual path length covered by a moving particle in a
given interva of time.

(i) Its ascaar quantity.
(i) Dimension : [M° L1 T9]
(i) Unit : metre (S. 1.)

(2) Displacement : Displacement is the change in position vector i.e., A
vector joining initial to final position.

(i) Displacement is a vector quantity

(ii) Dimension : [M° L1 T9]

(i) Unit : metre (S. 1.)

(iv) If S.S,,S;,.-., S, are the displacements of a body then the total (net)
displacement is the vector sum of the individuals.

S =S+ S,+5+...+8S,

(3 Comparison between distance and displacement :
(i) Distance > Displacement.

(it) For a moving particle distance can never be negative or zero while
displacement can bei.e., Distance > 0 but Displacement > = or < 0.

(iii) For motion between two points displacement is single valued while
distance depends on actual path and so can have many values.

(iv) For a moving particle distance can never decrease with time while
displacement can. Decrease in displacement with time means body
IS moving towards the initial position.

(v) In general magnitude of displacement is not equal to distance.
However, it can be so if the motion is along a straight line without
changein direction.
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2.5 Speed and Velocity
Speed : Rate of distance covered with timeis called speed.

(1)

(i) Itisascaar quantity having symbol v.

(ii) Dimension: [MOL1T-]

(iii) Unit : metre/second (S.1.), cm/second (C. G. S.)
(iv) Types of speed :

(@)

(b)

(©)

Uniform speed : When a particle covers equal distancesin equal
intervals of time, (no matter how small the intervals are) then it
is said to be moving with uniform speed.

Non-uniform (variable) speed : In non-uniform speed particle
covers unequal distances in equal intervals of time.

Average speed : The average speed of a particle for a given
‘Interval of time’ is defined as the ratio of distance travelled to
the time taken.

Distance travelled ==~ _ As
Time taken ' & Ar

Time average speed : When particle moves with different
uniform speed v,, v,, v, .... etc. in different time intervals t;, t,,
ty, ... etc. re_ﬁpectively, its average speed over the total time of
journey isgiven as

Average speed =

V = Total distance covered  d, +d, + d; + ...
" Total time elapsed 4 + 1, + 15 + ...

Ut + Vgty + Vit + ..
L+t +85+ .

Specia case : When particle moves with speed v, upto half time
of itstotal motion and in rest timeitismoving with speed v, then
V. = V. +V, .

av 2
Distance averaged speed : When a particle describes different
distances d,, d,, d, .... with different time intervals t;, t,, t,, ....
with speeds v,, v,, v, .... respectively then the speed of particle
averaged over the total distance can be given as

_ Total distance covered  d; +d, +dy + ...
av”  Total ime elapsed ~— 4+, + 15 +....

Kinematic




_dytdytdy+

4 & 4

UV Uy V3

(d) Instantaneous speed : It is the speed of a particle at particular

instant. When we say ““speed”’, it usually means instantaneous
Speed.

The instantaneous speed is average speed for infinitesimally small time
interval (i.e.At — 0). Thus

+ + ...

18

. As
= 1 -— =
Instantaneous speed v Allino AL dt

(2) Velocity : Rate of change of positioni.e., rate of displacement with time
is called velocity.
(i) Itisavector quantity having symbol v.
(ii) Dimension: [MO LT
(iii) Unit : metre/second (S. 1.), cm/second (C. G. S)
(iv) Types

(@ Uniform velocity : A particle is said to have uniform velocity,
if magnitudes as well as direction of its velocity remains same
and this is possible only when the particles moves in same
straight line without reversing its direction.

(b) Non-uniform velocity : A particle is said to have non-uniform
velocity, if either of magnitude or direction of velocity changes
(or both changes).

(c) Average velocity : It is defined as the ratio of displacement to
time taken by the body

iR
. Displacement Ar
Averagevelocity = — ;.0 Ve =

11Me TaK e Af

(d) Instantaneous velocity : Instantaneous velocity is defined as
rate of change of position vector of particleswith timeat acertain

instant of time.
N - -
Instantaneous velocity ¥ = lim A% = 4.
Yoo S0 Ar T dt
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(v) Comparison between instantaneous speed and instantaneous velocity

@

(b)

(©

(d)

(€)

Instantaneous velocity is always tangential to the path followed
by the particle.

A particle may have constant instantaneous speed but variable
instantaneous vel ocity.

The magnitude of instantaneous velocity is equal to the
instantaneous speed.

If a particle is moving with constant velocity then its average
velocity and instantaneous velocity are always equal.

If displacement isgiven asafunction of time, thentimederivative
of displacement will give velocity.

(vi) Comparison between average speed and average velocity

@

(b)

(©

(d)

()

Average speed is scalar while average velocity is a vector both
having same units (m/s) and dimensions [LT1].

Average speed or velocity depends on timeinterval over which it
is defined.

For agiven time interval average velocity is single valued while
average speed can have many val ues depending on path followed.
-

If after motion body comes back to itsinitial position then Vav=
-
8 (as A? = 0)butv,,> 0 and finite as (As> Q).

For a moving body average speed can never be negative
or zero (unless t — o) while average velocity can be i.e,

JEEN RN

Vav> Q while Yav=or <0.

2.6 Acceleration

D

2

The time rate of change of velocity of an object is called acceleration of
the object.

It is a vector quantity. It’s direction is same as that of change in velocity
(not of the velocity)

There are three possible ways by which change in velocity may occur

Kinematic



When only direction  When only magnitude  When both magnitude and
of velocity changes of velocity changes direction of velocity changes

Acceleration Acceleration parallel or  Acceleration has two components

perpendicular to velocity anti-parallel to velocity one is perpendicular to velocity
and another parallel or antiparallel
to velocity

e.g. Uniform circular  e.g. Motion under e.g. Projectile motion
motion gravity

(3) Dimension: [M°L1T?]
(4)  Unit: metre/second? (S. I.); cm/second? (C. G. S))
(5) Typesof acceleration :

(i) Uniform acceleration : A body is said to have uniform acceleration
If magnitude and direction of the acceleration remains constant during
particle motion.

e If aparticle is moving with uniform acceleration, this does not
necessarily imply that particles is moving in straight line, e.g.,
Projectile motion.

(i) Non-uniform acceleration : A body is said to have non-uniform
acceleration, if magnitude or direction or both, change during motion.

- - =
~Av V=V

(i) Average acceleration : aav=E= A7

The direction of average acceleration vector is the direction of the
%
. . ” Ay
change in velocity vector as ¢ = —~
- -
5 lim AA—" av.
(iv) Instantaneous acceleration = a = 40 Al = d

(v) For a moving body there is no relation between the direction of
instantaneous velocity and direction of acceleration.

e.g.(@) In uniform circular motion 6 = 90° always (b) in a projectile
motion 0 is variable for every point of trgectory.

2 -
H .. dv d X _dx
(Vl) By deﬁnltlon, a= E = _d[2 As v _%
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(vii) If velocity is given as afunction of position, then by chain rule

—@—ﬂxdxzvxﬂ[asvz%]

dt — dx dt dx
(viii) If a particle is accelerated for a time t; by acceleration
a, and for time t, by acceleration a, then average acceleration is
_a + apty

"+,

(ix) Acceleration can be positive, zero or negative. Positive acceleration
means vel ocity increasing with time, zero accel eration means velocity
is uniform constant while negative acceleration (retardation) means
velocity is decreasing with time.

(x) For motion of a body under gravity, acceleration will be equa to
‘g’ ,where g is the acceleration due to gravity. Its normal valueis 9.8
m/s? or 980 cnV/s? or 32 feet/s?.

2.1 Position Time Graph

Various position-time graphs and their inter pretation

P

1 6=0°sov=0

§ i.e., line paralel to time axis represents that the
g particleis at rest.

0 T

. 0=90°s0v=w

1 i.e., line perpendicular to time axis represents that
5 particle is changing its position but time does not
= changes it means the particle possesses infinite
c velocity.

0 T Practically thisis not possible.

p 6 = constant so v = constant, a =0

1 i.e, line with constant slope represents uniform
5 velocity of the particle.

Z

o

0 T
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© Postion —»

0 isincreasing so visincreasing, ais positive.

i.e., line bending towards position axis represents
increasing velocity of particle. It means the particle
possesses accel eration.

0 is decreasing so v is decreasing, a is negative.

i.e., line bending towards time axis represents
decreasing velocity of the particle. It means the
particle possesses retardation.

o Position » =~ | o Position » =

0 constant but > 90° so v will be constant but
negative.

i.e., line with negative slope represent that particle
returns towards the point of reference, (negative
displacement).

© Position - =
>>
@)

Straight line segments of different slopes represent
that velocity of the body changes after certain
interval of time.

This graph shows that at one instant the particle has
two positions. Which is not possible.

The graph showsthat particle coming towardsorigin
initially and after that it ismoving away from origin.
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Note:
o If the graph is plotted between distance and time then it is always an

increasing curve and it never comes back towards origin because distance.

e For two particles having displacement time graph with slope 6, and 0,

Vi tanb,
v, ~ tan®,

possesses velocities v, and v, respectively then

2.8 Velocity Time Graph

The graph is plotted by taking time t along x axis and velocity of the
particle ony axis.

Distance and displacement : The area covered between the velocity time
graph and time axis gives the displacement and distance travelled by the
body for agiven timeinterval.

Then Total distance = Addition of modulus of different area.

e s= [lvid
Total displacement = Addition of different area considering their sign.
e, r = j vdt

Acceleration : It is clear that slope of velocity-time graph represents the
acceleration of the particle.

Various position-time graphs and their inter pretation

0=0,a=0, v=constant

i i.e, line paralel to time axis represents that the
2z particle is moving with constant velocity.
O Time —
6 =90°,a =oo, V=increasing
1 i.e., line perpendicular to time axis represents that
;; particle is increasing its velocity but time does not
< change. It means the particle possesses infinite
> acceleration. Practically it is not possible.
O Time—
6 = constant, so a = constant and v is increasing
! uniformly with time
‘? i.e., line with constant slope represents uniform
;? acceleration of the particle.
O  Time—
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0 isincreasing so acceleration increasing

i.e., line bending towards velocity axis represents
the increasing acceleration in the body.

0| 1 2 3\ 4
-10 — time (s)

0 is decreasing so acceleration decreasing

i.e., line bending towards time axis represents the
decreasing acceleration in the body.

Positive constant acceleration because 0 is constant
and < 90° but initial velocity of the particle is
negative.

Positive constant accel eration because 0 is constant
and < 90° but initial velocity of the particle is
positive.

A
Im
0 | e—
Vi
Vor Vb
2
2
§ 0
Time —

Negative constant accel eration because 6 isconstant
and > 90° but initia velocity of the particle is
positive

Negative constant accel eration because 6 isconstant
and > 90° but initial velocity of the particle is zero.

Time —

Velocity —
)

Negative constant accel eration because 6 isconstant
and > 90° but initial velocity of the particle is
negative.
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2.9 Equations of Kinematics

These are the various relations between u, v, a, t and s for the moving
particle where the notations are used as :

u = Initial velocity of the particleat timet = 0 sec
v = Final velocity at timet sec
a =Acceleration of the particle
s= Distancetravelled intimet sec
s, = Distance travelled by the body in n'" sec
(1) When particle moves with constant acceleration

(i) Acceleration is said to be constant when both the magnitude and
direction of acceleration remain constant.

(it) Therewill beonedimensional motionifinitial velocity and acceleration
are parallel or anti-parallel to each other.

(iii) Equations of motion in scalar Equation of motion in vector
form form
- - -
v=u+at v=u+ at
s= ut +lat2 : = LZ‘ +l;t2
a 2 2
- = =S = - =
V=\2+2as v.v—u.u=2a.s
— 1 -
5= (U;‘V)t s =§(u+ V)t
ﬁ
a - 7 a
5n=u+§(2n—l) Sn—u+3(2n—l)

(2) Important points for uniformly accelerated motion

(i) If abody starts from rest and moves with uniform acceleration then
distance covered by the body in t sec is proportional to t2 (i.e., s « t2).

So the ratio of distance covered in 1 sec, 2 sec and 3 sec is
12:22:320r1:4:09.

(if) If abody starts from rest and moves with uniform acceleration then
distance covered by the body in nth sec is proportional to (2n — 1)

(i.e.s,oc (2n-1).
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So the ratio of distance covered in | sec, Il sec and Il sec is
|:3:5.

(iii) A body moving with a velocity u is stopped by application of brakes
after covering a distance s. If the same body moves with velocity
nu and same braking force is applied on it then it will come to rest
after covering adistance of n?s.

2.10 Motion of Body Under Gravity (Free Fall)

Acceleration produced in the body by the force of gravity, is caled
acceleration due to gravity. It is represented by the symbol g.

In the absence of air resistance, it isfound that all bodiesfall with the same
acceleration near the surface of the earth. This motion of a body falling
towards the earth from a small altitude (h << R) iscalled freefall.

Anideal one-dimensional motion under gravity inwhich air resistance and
the small changes in acceleration with height are neglected.

PROJECTILE MOTION

2.11 Introduction

If the force acting on a particle is oblique with initial velocity then the
motion of particleis called projectile motion.

2.12 Projectile

Abody which is in flight through the atmosphere but is not being propelled
by any fuel is called projectile.

2.13 Assumptions of Projectile Motion

(1) Thereisno resistance dueto air.

(2) The effect due to curvature of earth is negligible.

(3) The effect due to rotation of earth is negligible.

(4) For adl pointsof thetrajectory, the accel eration dueto gravity ‘g’ isconstant
in magnitude and direction.

2.14 Principles of Physical Independence of Motions

(1) The motion of a projectile is a two-dimensional motion. So, it can be
discussed in two parts. Horizontal motion and vertical motion. These two
motions take place independent of each other.This is called the principle
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of physical independence of motions.

(2) Thevelocity of theparticle can beresolvedinto two mutually perpendicular
components. Horizontal component and vertical component.

(3) The horizontal component remains unchanged throughout the flight. The
force of gravity continuously affects the vertical component.

(4) The horizontal motion is a uniform motion and the vertical motion is a
uniformly accelerated retarded motion.

2.15 Types of Projectile Motion

(1) Oblique projectile motion (2) Horizontal projectile motion (3) Projectile
motion on an inclined plane

2. 16 Oblique Projectile

In projectile motion, horizontal component of velocity (u cos 6),
acceleration (g) and mechanical energy remains constant while, speed,
velocity, vertical component of velocity (u sin 6), momentum kinetic
energy and potential energy all changes. Velocity, and KE are maximum at
the point of projection while minimum (but not zero) at highest point.

Y

D X P

=

“au y

1Ko

O ucosH X

(1) Equation of trajectory : A projectile thrown with velocity u at an angle
0 with the horizontal. The velocity u can be resolved into two rectangular
components u cos 6 component along X-axis and u sin 6 component along
Y-axis.

1_ g

y=xtan o "2 4%cos20

Note:
o Equation of oblique projectile also can be written as

— _x
y=xtan® [1 R:|
(where R = horizonal range)

%
(2) Displacement of projectile (*) : Let the particle acquires a position
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Phaving thecoordinates(x, y) just after timet from theinstant of projection.

H
The corresponding position vector of the particleat timetis 7 shownin
the figure.
Y
P(x,y) _,
v)[
y v [ X
(X 7,
X
0]
x \%
Vi
- cooA
ro= Xi+yj ..(0)

The horizontal distance covered during timet given as

X=V,t=x=ucorot (1)
The vertical velocity of the paticle at timetisgiven as

y:usinet—% gt2 ...(iii)

and d=  tant(y/x)
Note:

e Theangleof elevation ¢ of the highest point of the projectile and the
angle of projection ¢ are related to each other astan ¢ = %tan 0.

(3) Instantaneous velocity v : In projectile motion, vertical component of
velocity changes but horizontal component of velocity remains always
constant.

Let v, betheinstantaneous velocity of projectile at timet direction of this
velocity is along the tangent to the trajectory at point P.
\7 v /i\+ v ; v+ v
i= X yJ = Vi = X
o . . v, usin® - gt
Direction of instantaneous velocity tana o = v = L cos®

(7) Time of flight : The total time taken by the projectile to go up and come
down to the same level from which it was projected is called time of flight.

For vertical upward motion
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(8)

(iv)

(v)

(9)

O=usnO—-gt=t=(usinb/g)
2usin 6

Time of flight T=2t = ——

&
Horizontal range: It isthe horizontal distance travelled by abody during
the time of flight. So by using second equation of motion

u?*sin 20

R=ucos6xT=ucosO x (2usin6/g) =

uls

O

0

i

=

R=

o

&
If angle of projection ischanged from 0 to 6’ = (90 — 6) then range remains
unchanged. These angles are called complementary angle of projection.

| | - dR_ d[u’sin20]
Maximum range : For range to be maximum —g-=0= o g |

=0, aprojectile will have maximum range when it is projected at an angle
of 45° to the horizontal and the maximum range will be (u%/g).

When the range is maximum, the height H reached by the projectile

H = u?sin®@  u?sin?45  u? Ry,
- 2g T 2¢ T 4g” 4
Relation between horizontal range and maximum height :
R= 4H cot 6

If R=4H cot 6 = tan™* (1) or 6 = 45°.

Maximum height : It isthe maximum height from the point of projection,
aprojectile can reach.
So, by using V2 =12 + 2as
0=(usinB)?-2gH
_ u’sin’@
=g
u2

(YH o= 29 (Whensin?@ =max=1i.e, 6 =90°)

i.e., for maximum height body should be projected vertically upward.

(10) Motion of aprojectile as observed from another projectileisastraight line.

2. 17 Horizontal Projectile

A body be projected horizontally from acertain height *y’ vertically above
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the ground with initial velocity u. If friction is considered to be absent then
there is no other horizontal force which can affect the horizontal motion.
The horizontal velocity therefore remains constant.

(4) Time of flight : If abody is projected horizontally from a height h with
velocity u and time taken by the body to reach the ground is T, then

/ﬁ

T= Vg
(5) Horizontal range: Let Risthe horizontal distance travelled by the body
R=u 2h
g

(6) If projectiles A and B are projected horizontally with different initial
velocity from same height and third particle C is dropped from same point
then

(i) All three particles will take equal time to reach the ground.

(i1) Their net velocity would be different but all three particle possess
same vertical component of velocity.

(iii) The trgectory of projectiles A and B will be straight line wir.t.
particle C.

(7) If various particles thrown with same initial velocity but indifferent
direction then

(1) They strike the ground with same speed at different times irrespective
of their initial direction of velocities.

(i) Time would be least for particles which was thrown vertically
downward.

(iti) Time would be maximum for particle A which was thrown vertically
upward.

CIRCULAR MOTION

Circular motion is another example of motion in two dimensions. To
create circular motion in a body it must be given someinitial velocity and
aforce must then act on the body which is aways directed at right angles
to instantaneous vel ocity.

Circular motion can be classified into two types-Uniform circular motion
and non-uniform circular motion.

Physics Class XI



2. 18 Variables of Circular Motion

(1) Displacement and distance : When particle moves in a circular path
describing an angle 6 during time t (as shown in the figure) from the

position A to the position B, we see that the magnitude of the position
%

vector 7 (that is equal to the radius of the circle) remains constant, i.e.,
- -

| r, | =|r |=r andthedirection of the position vector changes from time

to time.

5
(i) Displacement : Thechange of position vector or the displacement Ar
of the particle from position A to position B is given by referring the

figure. R
V) 7
1
B
A
N el —
Ar = h—n
9
Ar=  2rsin 2

(if) Distance : The distance covered by the particle during the time t is
given asd = length of thearc AB

(2) Angular displacement (6) : The angle turned by a body moving on a
circle from some reference line is called angular displacement.

\;
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(i) Dimension =[MOL°T?] (as 6 = arc/radius).

(i1) Units = Radian or Degree. It is some times also specified in terms of
fraction or multiple of revolution.

(i) 2 rad = 360° = 1 Revolution

(iv) Angular displacement is a axia vector quantity. Its direction depends
upon the sense of rotation of the object can be given by Right Hand
Rule; which states that if the curvature of the fingers of right hand
represents the sense of rotation of the object, then the thumb, held
perpendicular to the curvature of the fingers, represents the direction
of angular displacement vector.

(v) Relation between linear displacement and angular displacement
— — -

s= X7 ors=re.

(3) Angular velocity (o) : Angular velocity of an object in circular motion is
defined as the time rate of change of its angular displacement.

_ _angletraced . AG _ dO
(i) Angular velocity o = time taken AtlI—l}O AL di
_de
©="q

(i) Dimension : [M9 LO T
(iii) Units : Radians per second (rad. s™) or Degree per second.
(iv) Angular velocity is an axial vector. Its direction is the same as that
of A6.
- - -

(v) Relation between angular velocity and linear velocity v = ® X r |

(vi) For uniform circular motion co remains constant where as for
non-uniform motion o varies with respect to time.

(4) Changein velocity : We want to know the magnitude and direction of the
change in velocity of the particle which is performing uniform circular
motion as it moves from A to B during time t as shown in figure. The
change in velocity vector is given as

N - =
Av= Y27V

o O
Av—2vsm2

e Relation between linear velocity and angular velocity. In vector
form
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=

V=0OXr

(5) Timeperiod (T): In circular motion, the time period is defined as the time
taken by the object to complete one revolution on its circular path.

(6) Frequency (n) : In circular motion, the frequency is defined as the number
of revolutions completed by the object on its circular path in a unit time.

(i) Units: s?or hertz (Hz).
(i) Dimension : [MOL°T
Note:
e Relation between time period and frequency :
T=21Un
e Relation between angular velocity, frequency and time period :

2n
o= T =2zn

(7) Angular acceleration (o) : Angular acceleration of an object in circular
motion is defined as the time rate of change of its angular velocity.

(i) Units:rads?
(iii) Dimension : [M°L° T
(iv) Relation between linear acceleration and angular acceleration

- 5 o
a=0o Xr

(v) For uniform circular motion since 6 is constant so o = Ci[—(;) =0.

(vi) For non-uniform circular motion o # O.

2.19 Centripetal Acceleration

(1) Acceeration acting on the object undergoing uniform circular motion is
called centripetal acceleration.

(2) It dways acts on the object aong the radius towards the centre of the

circular path.
: : : v2 41’
(3) Magnitude of centripetal acceleration .= —~= ®2r = 4nnr = S
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(4) Direction of centripetal acceleration : It is aways the same as that

%
of Av.

2. 20 Centripetal Force

According to Newton’s first law of motion, whenever a body moves in
a straight line with uniform velocity, no force is required to maintain
this velocity. But when a body moves along a circular path with uniform
speed, its direction changes continuoudly i.e., velocity keeps on changing
on account of achangein direction. According to Newton’s second law of
motion, achange in the direction of motion of the body can take place only

if some external force acts on the body.
1%

v %

Dueto inertia, at every point of the circular path; the body tends to move
along the tangent to the circular path at that point (in figure). Since every
body has directional inertia, avelocity cannot change by itself and as such
we have to apply aforce. But this force should be such that it changes the
direction of velocity and not its magnitude. This is possible only if the
force acts perpendicular to the direction of velocity. Because the velocity
Is aong the tangent, this force must be along the radius (because the
radius of acircle at any point is perpendicular to the tangent at that point).

Further, as this force is to move the body in a circular path, it must acts
towards the centre. The centre-seeking force is called the centripetal force.

Hence, centripetal force is that force which is required to move abody in
a circular path with uniform speed. The force acts on the body along the
radius and towards centre.

(1) Formulaefor centripetal forced :

2 4 2
my maT-y
F_ _mzr_mnzan_—z

(2) Centripetal force in different situation
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Situation

Centripetal Force

A particletied to astring and whirled
in ahorizontal circle.

Vehicle taking aturn on alevel road.

A vehicle on a speed breaker.

Revolution of earth around the sun.
Electron revolving around the nucleus
in an atom.

A charged particle describing a

circular path in a magnetic field.

Tension in the string.

Frictional force exerted by the road on the
tyres.

Weight of the body or a component of
weight.

Gravitational force exerted by the sun.
Coulomb attraction exerted by the protons
in the nucleus.

Magnetic force exerted by the agent that
sets up the magnetic field.

2. 21 Centrifugal Force

It is an imaginary force due to incorporated effects of inertia. Centrifugal
force is a fictitious force which has significance only in a rotating frame of

reference.

2.22 Work done by Centripetal Force

The work done by centripetal forceisaways zero asit is perpendicular to
velocity and hence instantaneous displacement.

Example:

(i)  When an electron revolve around the nucleus in hydrogen atom in a
particular orbit, it neither absorb nor emit any energy means its energy

remains constant.

(i)  When a satellite established once in a orbit around the earth and it starts
revolving with particular speed, then no fuel is required for its circular

motion.

2. 23 Skidding of Vehicle on a Level Road

When a vehicle turns on a circular path it requires centripetal force. If
friction provides this centripetal force then vehicle can move in circular
path safely if Friction force > Required centripetal force

mV2
umg > =
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Vg < VWE

sal

Thisis the maximum speed by which vehicle can turnin acircular path of
radiusr, where coefficient of friction between the road and tyre is .

2. 24 Skidding of Object on a Rotating Platform

On arotating platform, to avoid the skidding of an object (mass m) placed
at adistancer from axisof rotation, the centripetal force should be provided
by force of friction.Centripetal force = Force of friction

Mmo?r =umg
0) =V (-u’g / r)?
max

Hence maximum angular velocity of rotation of the platformis v (hg/7),
so that object will not skid onit.

2.25 Bending of a Cyclist

A cyclist provides himself the necessary centripetal force by leaning
inward on ahorizontal track, while going round a curve. Consider acyclist
of weight mg taking a turn of radius r wih velocity v. In order to provide
the necessary centripetal force, the cyclist leans through angle 6 inwards
as shown in figure.

2
: my .
Rsno="" (1)

and R cos6 = mg (D))

Dividing equation (i) by (ii), we have
2
A4
tan 0 = g {n)
Note:
e Forthesamereasons, aniceskater or an aeroplane hasto bend inwards,

while taking aturn.
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2.26 Banking of a Road

For getting a centripetal force cyclist bend towards the centre of circular
path but it is not possible in case of four wheelers.

Therefore, outer bed of the road is raised so that a vehicle moving on it
gets automatically inclined towards the centre.

R cos©

A4
tan 6 = re (101)
If I = width of the road, h = height of the outer edge from the ground level
then from the
_o’r_ vo _ .

tan 0 = g " rg [Asv=ro] ..(iv)
If | = width of theroad, h = height of the outer edge from the ground level
then from the figure (B)

tane:%: % [since 6 isvery smal] .... (V)

e Maximum safe speed on a banked frictiona road

_[rg(u + tan®)
V= - tan®

Kinematics (1 Mark)

1. Under what condition is the average velocity equa the instantaneous
velocity ?

2. Draw Position time graph of two objects, A & B moving along a straight

line, when their relative velocity is zero.
Kinematic



10.
11.
12.
13.

14.

15.

16.

17.

Suggest a situation in which an object is accelerated and have constant
Speed.

Two balls of different masses are thrown vertically upward with same initial
velocity. Maximum heights attained by them are h, and h, respectively
what ish,/h, ?

A car moving with velocity of 50 kmh on a straight road is ahead of a
jeep moving with velocity 75 kmh . How would the relative velocity be
atered if jeep is ahead of car ?

Which of the two-linear velocity or the linear acceleration gives the
direction of motion of abody ?

Will the displacement of a particle change on changing the position of
origin of the coordinate system ?

If the instantaneous velocity of a particle is zero, will its instantaneous
acceleration be necessarily zero ?

A projectile is fired with Kinetic energy 1 KlJ. If the range is maximum,
what isits Kinetic energy, at the highest point ?

Write an example of zero vector.
State the essential condltlon for fhn addition of vectors.
When is the magnitude of (A+ B) equal to the magnitude of (A B) ?

What is the maximum number of component into which a vector can be
resolved ?

A body projected horizontally moves with the same horizontal velocity
although it moves under gravity. Why ?

What is the angle between velocity and acceleration at the highest point of
aprojectile motion ?

When does (i) height attained by a projectile maximum ? (ii) horizontal
range is maximum ?

What is the angle between velocity vector and acceleration vector in
uniform circular motion ?
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19.

20.

21.
22.
23.

24,

25.

26.
27.

28.

29.

30.

A particle is in clockwise uniform circular motion the direction of
its acceleration is radially inward. If sense of rotation or particle is
anticlockwise then what is the direction of its acceleration ?

A trainismoving on a straight track with acceleration a. A passenger drops
astone. What is the acceleration of stone with respect to passenger ?

What is the average value of acceleration vector in uniform circular motion
over onecycle ?

Does avector quantity depends upon frame of reference chosen ?
What is the angular velocity of the hour hand of a clock ?

What is the source of centripetal acceleration for earth to go round the
sun ?

N

_)
What is the unit vector perpendicular to the plane of vectors A and B2 If
- A A A — A A
A=i+2]=k gng B=20%k frd a unit vector perpendicular to plane

- -
of A and B.

- = - =
What is the angle between (A + B) gng (A —B) 7

2Marks
What are positive and negative acceleration in straight line motion ?

Can a body have zero velocity and still be accelerating ? If yes gives any
situation.

The displacement of a bodly is proportional to t3, where t is time elapsed.
Wheét is the nature of acceleration -time graph of the body ?

Suggest a suitable physical situation for the following graph.
Velocity (v)

QF\\\&&\\\\\ \ Time

An object isin uniform motion along a straight line, what will be position
time graph for the motion of object, if

N

(i) x,=positive, v= negative | v | is constant.
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(i) both x, and v are negative | v | is constant.
(iii) X, = negative, v= positive | ¥ lis constant.
ﬁ
|V

(iv) both x,and v are positive IS constant.

where x, ispositionat t = 0.

31. A cyclist starts from centre O of acircular park of radius 1 km and moves

32.

33.

34.

35.

36.

37.

38.

along the path OPRQO as shown. If he maintains constant speed of 10
ms. What is his acceleration at point R in magnitude & direction ?
Q

R

What will be the effect on horizontal range of a projectile when its initial
velocity is doubled keeping angle of projection same ?

The greatest height to which aman can throw astoneish. What will be the
greatest distance upto which he can throw the stone ?

A personsitting inatrain moving at constant vel ocity throwsaball vertically
upwards. How will the ball appear to move to an observer.

(i) Sitting inside thetrain

(i) Standing outside the train

A gunman aways keep his gun dlightly tilted above the line of sight while
shooting. Why ?

Is the acceleration of a particle in circular motion not aways towards the
centre. Explain.

3 Marks

Draw (@) acceleration - time (b) velocity - time (c) Position - time graphs
representing motion of an object under free fall. Neglect air resistance.

The velocity time graph for a particle is shown in figure. Draw acceleration
time graph from it.
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39.

40.

41.

42.

43.

45.

46.

30+

201

10T

For an object projected upward with avelocity v, , which comes back to the
same point after some time, draw

(i) Acceleration-time graph
(ii) Position-time graph
(iii) Velocity time graph

The acceleration of a particle in ms= is given by a = 3t? + 2t + 2, where
timetisin second.

If the particle starts with avelocity v=2ms™ at t = 0, then find the velocity
attheendof 2s.

At what angle do thetwo forces (P + Q) and (P— Q) act so that the resultant
IS \/m

Establish the following vector inequalities:

qla+bi<ial+|b]

(ii) la+b|=|al-|b|

A body is projected at an angle 6 with the horizontal. Derive an expression

foritshorizontal range. Show that therearetwo angles0, and0,, projections
for the same horizontal range, such that 6, +06, =90°.

Prove that the maximum horizontal range is four times the maximum
height attained by the projectile, when fired at an inclination so as to have
maximum range.

Show that there are two values of time for which a projectileis at the same
height. Also show that the sum of these two times is equal to the time of
flight.

A car moving along a straight highway with speed of 126 km h isbrought
to a stop within a distance of 200 m. What is the retardation of the car
(assumed uniform) and how long does it take for the car to stop ?

Kinematic



47.

48.

49.

50.

5l

52.

53.

5Marks

Derive the following equations of motion for an object moving with
constant acceleration along a straight line using graphical method and
calculas method

(i) velocity timerelation (v =u + at)

(i)  Position time relation (s = ut + %atz)
(iii)  velocity-displacement relation (V2 = u? + 2as)
where symbols have usual meanings.

A projectile is fired horizontally with a velocity u. Show that its trgjectory
Is aparabola. Also obtain expression for

(1)  time of flight
(i)  horizontal range
(iii) velocity at any instant.

Define centripetal acceleration. Derive an expression for the centripetal
acceleration of a particle moving with constant speed v along a circular
path of radiusr.

Numericals

The V-t graphs of two objects make angle 30° and 60° with the time axis.
Find the ratio of their accelerations.

When the angle between two vectors of equal magnitudes is 2n/3, prove
that the magnitude of the resultant is equal to either.

- A A — A A
If A=3i+4; and B =7i+ 24, find a vector having the same

magnitude as B and parallel to A .

A /\

(@ If ¢ and J areunltvectorsalonax& an|srespect|verthenWhat|s

magnitude and direction of (l + J) and (l - J)’?

- A A

(b) Find the components of vector a = 2i+3j along the directors of

vectors (i + ;) and (i — j).
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55.

56.

S7.

58.

99.

60.

61.

62.

63.

64

What is the vector sum of n coplanar forces, each of magnitude F, if each
force makes an angle of 2,—? with the preceding force ?

A car ismoving aong x-axis. As shown in figure it moves from O to P in 18
seconds and return from Pto Q in 6 second. What are the average velocity
and average speed of the car in going from

(i)OtoP

(i) from O to Pand back to Q
0 40 80 240 280 360 Position .
1 X-ax1s
0 2 4 QI2 14 18P time

On a 60 km straight road, a bus travels the first 30 km with a uniform speed
of 30 kmh . How fast must the bus travel the next 30 km so as to have
average speed of 40 kmh for the entire trip ?

The displacement x of aparticle varieswith timeas x = 4t> — 15t + 25. Find
the position, velocity and acceleration of the particleat t = 0.

A driver take 0.20 second to apply the breaks (reactiontime). If heisdriving
car at a speed of 54 kmh and the breaks cause a decleration of 6.0 ms=.
Find the distance travelled by car after he sees the need to put the breaks.

From the top of atower 100 m in height a ball is dropped and at the same
time another ball is projected vertically upwards from the ground with a
velocity of 25 m/s. Find when and where the two ballswill meet ? (g= 9.8
m/s)

A ball thrown vertically upwards with a speed of 19.6 ms™? from the top of
atower returns to the earth in 6s. Find the height of the tower. (g =9.8 m/

)

Two town A and B are connected by aregular bus servicewith abusleavin
in either direction every T min. A man cycling with a speed of 20 kmh~
in the direction A to B notices that a bus goes past him every 18 minin the
direction of hismotion, and every 6 min in the opposite direction.

What is the period T of the bus service and with what speed do the busses
ply of theroad ?

A motorboat is racing towards north at 25 kmh= and the water current
in that region is 10 kmh in the direction of 60° east of south. Find the
resultant velocity of the boat.

An aircraft is flying at a height of 3400 m above the ground. If the angle
subtended at a ground observation point by the aircraft position 10 second
apart is 30°, what is the speed of the aircraft ?

A boat is moving with a velocity (3i+ 4j) with respect to ground. The
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65.

66.

67.

68.

69.

70.

71.

72.

A A

water in river is flowing with a velocity (=37 —4 ) with respect to ground.
What isthe relative velocity of boat with respect to river ?

A hiker stands on the edge of a clift 490 m above the ground and throws
a stone horizontally with an initial speed of 15 ms™. Neglecting air
resistance, find the time taken by the stone to reach the ground and the
speed with which it hitsthe ground. (g = 9.8 ms™)

A bullet fired at an angle of 30° with the horizontal hits the ground 3 km
away. By adjusting the angle of projection, can one hope to hit the target
5 km away ? Assume that the muzzle speed to be fixed and neglect air
resistance.

A stone tied to the end of a string 80 cm long is whirled in a horizontal
circle with a constant speed. If the stone makes 14 revolutions in 25
seconds, what is the magnitude and direction of acceleration of the stone ?

A cyclist isriding with a speed of 27 kmh™ . As he approaches a circular
turn on the road of radius 30 m, he applies brakes and reduces his speed at
the constant rate 0.5 ms=. What is the magnitude and direction of the net
acceleration of the cyclist on the circular turn ?

If the magnitude of two vectors are 3 and 4 and their scalar product is 6,

- -
find angle between them and also find | AXB |,

— A A A

—> A A A
Findthevalueof L sothatthevector A=2i+ A j+ kand B =4i-2j+ 2k
are perpendicular to each other.

The speed-time graph of a particle along a fixed direction is as shown in
Fig. obtain the distance travelled by a particle between (a) t = 0 to 10s,
(b) t=2106 sec.

What is the average speed of the particle over theintervalsin (a) and (b) ?

v(m/s)
A

12ms '

B
0 5 10 —s(s)

The velocity time graph of a particleis given by

Physics Class XI



73.

74.

75.

76.

1 E
8 0 121416
=27 t(sec)

C D

(i) Cadeculate distance and displacement of particle from given v-t
graph.
(if) Specify thetimefor which particle undergene accel eration, retardation
and moves with constant velocity.
(iif) Calculate acceleration, retardation from given v-t graph.
(iv) Draw accleration-time graph of given v-t graph.
- — —
If a,band ¢ arerepresented by three sides of triangle taken in same
order.

- o5 -

PT. a+b+c= 0 [Hint : use A law of vector Addition]

-

Prove that for any vector a ,
a = (a.0)i +(a.)j+(a bk
If R isthe horizontal range for 6 inclination and h is the maximum height
attained by the projectile, show that the maximum rangeis given by
R 2
8h

[Hint : Put value in relation given & solve]
- - -
The Resultant of two vectors P and Q is R . If the direction of one of the
—
vector is reversed, then resultant becomes S .
Prove that R?+ S =2(P*+ Q.
SOLUTIONS

When the body is moving with uniform velocity. [1 Mark Solutions]

E —
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© N o 0 &~ W

Uniform Circular Motion

Same height, .. h/h,=1

No change

Linear velocity

will not change.

No. (highest point of vertical upward motion under gravity)

here %mvzz 1 KJ=10001J, 0 = 45°

. . 1 > 1mv? 1000
At the highest Point, K. E. = 5m(veos 0)° = === —2==500 J.

. The velocity vectors of a stationary object is a zero vectors.
. They must represent the physical quantities of same nature.

5
12. When A isperpendicularto B.

-

13. Infinite.

14. Becausehorizontal component of gravity iszero along horizontal direction.

15. 90°.

16. height ismaximum at 6 = 90
Range is maximum at 6 = 45.

17. 90°

18. Radial inward.

2 2
19. V¥ T & where g = acceleration due to gravity.
20. Null vector

21. No.

22. o=

2n
o= gradht,

23. Gravitation force of sun.

24. A

25. 90°

, N = m

Physics Class XI
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26.

27.
28.

29.

30.

31.

32.

33.

Answers

[2Marks]

If speed of an object increases with time, its acceleration is positive.
(Acceleration is in the direction of motion) and if speed of an object
decreases with time its acceleration is negative (Acceleration is opposite

to the direction of motion).

Yes, at the highest point of vertical upward motion under gravity.

as sat? = s=ki3

oy Ao
velocity, V = dt_3kt

: d
acceleration, a:,,—‘:: okt
le,aat.

= motion is uniform, accelerated motion, a—t graph is straight-line.

A ball thrown up with some initial velocity rebounding from the floor with
reduced speed after each hit.
o X (i)
O | O}\ |
(iii) (iv) xo%
(0] tr 0 t
. . v: o102
Centripetal acceleration, a, = = 1000~ 0.1 m/s? along RO.
R=- uzsin29:> R o L2
g
Range becomes four times.
2 «in?2
Maximum height ; H= %
<&
u2
= Hmax=E=h(at6=90)
2
Max. RangeR . = ME = 2h.
Kinematic



34. (i) Vertica straight line motion
(i) Parabolic path.

35. Because bullet follow Parabolic trajectory under constant downward
acceleration.

36. No acceleration is towards the centre only in case of uniform circular
motion.

37. The object fallswith uniform acceleration equal to ‘g’

=
< —_—
XI—>
Q
Il
0Q

time —> time —> time —>
38. 10
t
2 4 6
_10_.
39. ol
0
a t—
-8
t 2t,
Xo e
0 2t,  2t,— total time of the Journey
X
t t—  x, — highest position
Yo
v 0 ty 2t,
Vo e
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dv

40. a = E=3t2+2t+2)dt
dv =  (3t2+2t+2)dt
[av =[G + 2 + 2yar 0
V= tB3+t2+2t+c

c=2m/s, v=18m/satt=2s.

41 Use R = A%+ B2+ 2ABcosQ
R=\3P2+Q*,A=P+Q,
B= P-Q
solve, 0 = 60°

46. Initial velocity of car,

u=126 kmh—1=126><% mst=35ms? (i)

Since, the car finally comes to rest, v=_0
Distance covered, s=200m,a=?,t="?

V2= u? —2as

or a="5_ (D))
Substituting the values from eqg. (i) in eq. (ii), we get

_0-(5’_ 35x35
T 2x200 T 7400

49
16

= —3.06 ms>?

Negative sign shows that acceleration in negative which is called
retardation, i.e., car isuniformly retarded at —a = 3.06 ms=.

To find t, let us use the relation

ms2

V= u+at

V—Uu
t= a

Usea=-3.06ms? v=0,u=35ms™.

Kinematic



{= v—u_0-35
- a T =3.06
t =11.44 sec.

=1144s

NUMERICALS
Answer

a9 v3i 1 .
0. azztan60_ J3 =3=1:3
51. R = (P2 + Q2 + 2PQ cos 0) 12

3

|
=[2P2+ ZPZ(_—I)]U2= P

2

|2
P2+ P2+ 2P.P cos —)

52 |Al= VP +4-g
Ao Bl V771247 o5

3i+4 g
5

- A
desired vector =| B |[A=25 X

=5(374+4 1) =151+ 20
54. Resultant forceis zero.
55. (i) Oto P, Average velocity =20 ms™
(if) O to Pand back to Q
Average velocity =10 ms

Average speed =20 ms! \Z
S+ S, S+S 2V,V,
56. Vavg: t1+t2:SL+L :V1+V2
Vl VZ
2x30 X, )
or 40 = W:VZZGOkmh

57. position, x=25m

velocity = %: 8t — 15,
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58.

59.

60.

61.
62.

63.
64.

65.

66.

67.

68.

t=0,v=0-15=-15m/s

. d
acceleration, a=""= 8 ms2

(distance covered during 0.20 s) + (distance covered until rest)
=(15% 0.25) +[18.75] =21.75m

For the ball chapped from the top
X = 4.9t?
For the ball thrown upwards
100 —x = 25t — 4.9t2
Fromeq. (i) & (ii), 36
t=4s, x=78.4m

. 1
using s= ut +§at2

—h=19.6x 6+% X (—9.8)x 62
h=58.8m.
V =40 kmh™ and T = 9 min.
V =21.8 kmh't B
angle with north, 6 = 23.4
Speed = 182.2 ms™?
\78W = \75 _\7W
Vg =6i +8j.

time = 10 seconds

2 2
v=yVitVy = V152 98% — 991 myst.

Maximum Range = 3.46 km
So it isnot possible.

_& -1 _2_7[_27'CN
w=7grads™, 0= F==

a= + T991.2 cms=

Cc
2

v
a. = — =0.7ms?
r
a; = 0.5 ms?
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a=2.+d; =0.86 ms=2

If © isthe angle between the net accel eration and the vel ocity of the cyclist,
then

0 =tan™ ("—] = tan~'(1.4) = 54°28'

aT
- = -
609. A.B=AB cos0, | AXB[=AB sin®
or 6=(3x4)cosb6 =3x4xsn60°
or 0 =60° :3x4x§: 6/3
70. - X_!_E :X_E: 0 v 8=-21+2=0
= A =5,

71. Refer NCERT.

72. (i) distance =areaof AOAB + areaof trapezium BCDE
=12+28=40m

(if) displacement = area of AOAB — area of trapezium BCDE
=12-28=-16m

(iii) timeacc. (0<t<4)and (12< t< 16)
retardation (4<_t<8)
constant velocity (8 <t <12)
(iv) 4+
2
0
-2+
41

2 4 10 12 14 16
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KINEMATICS(M.C.Q.)

If the angle between the vectors “Aanch Bis 0, the value of the product
(B A. Aisequal to

() BA?%cosh (b)  BA’sing

() BA’sird co$ (d) Zero

For an object thrown at 45° to the horizontal, the maximum height (H) and
horizontal range (R) are related as

(8 R=16H () R=8H

(0 R=4H (d R=2H

The circular motion of a particle wth constant speed is
(@ Simple harmonic but not periodic

(b) Periodic an simple harmonic

(c) Neither periodic nor ssmple harmonic

(d) Periodic but not simple harmonic

At the upper most of a projectile, its velocity and acceleration at an
angle of

@ o (b) 45°

(o) 90° (d)y 180°

If for any two vectors |A +B| = | ~B| in aplane, then what is angle between
“pand\ B

@ 6=0 (b) 6=45°

© 06=90° (d) 0=180°

The x and y coordinates of a particle at any timet is given by x = 7t + 4t?
and y = 5t, where x and y are in metre and t in seconds. The acceleration
of particleatt = 5sis

(@ Zero (b) 8m/s?
(c) 20m/s? (d) 40m/s?

Kinematic



10.

11.

12.

13.

If K is the kinetic energy of a projectile fired at an angle 45°, then what is
the kinetic energy at the highest point.

K K
@ 5 ® 5
© K d 2K

A particleismoving eastwardswith avelocity of 5 m/s. In 10s, the velocity
changesto 5 m/s north words. The average acceleration in thistime is

(a) Zero (b) % m/s? towards north-west

() % m/s? towards north (d) % m/s? towards north-east

A body dropped from top of tower falls through 60 m during the last
2 seconds of itsfall. The height of tower is (g = 10 m/s?)

@ 9m (b) 80m

(c) 90m (d 60m

The angular velocity of seconds hand of awatchis
(8) 60T rad/s (b) % T rad/s
(©) 40T rad/s (d) % T rad/s
The angle between the vectors (i +j) and (j+ k) is
(@ 30° (b) 45°

(c) 60° (d)y 90°

If the scalar and vector products of two vectors Aanch Bare equal in
magnitude, then the angle between the two vectorsis

(@ 45° (b) 90°
(o) 180° (d)y 120°
An object, moving with a speed of 6.25 m/s, is decelerated at arate given
by
N ogy
dt

WhereV isthe instantaneous speed. The time taken by the object, to come
to rest would be

@ 1s (b) 2s
(© 4s (d) 8(9
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14.

15.

16.

17.

18.

19.

The velocity-time graph for the vertica )

component of the velocity of a body thrown ]30
upwardsfromthe ground and landing ontheroof 2o
of a building is given in the figure. The height of

the building is

0 1 2 3\ 4
(@ 50m (b) 40m -10 —  time (s)
(0 20m (d 30m

In 1 s, aparticle goes from point A to point B moving in a semicircle as
shown in figure. The magnitude of the average velocity is

(@ Zero (b) 1mis A

(©0 2mis (d 3.14m/s

A boat which has speed of 5 km/h in still water crosses a fiver of width
1 km along the shortest possible path in 15 minutes. The velocity of rive
water in km/hr is

@ 1 () 3
(€ 4 (d) 41

A body projected at an angle with the horizontal has a range 300 m. | the
time of flight is 6s, then the horizontal component of velocity is

@ 30m/s (b) 50m/s
(c) 40m/s (d) 45m/s
Projection of “Aom Bis

@ A.B (b) A.B
(© AxB d A xB

A boy runs along a straight path for the first half distance with a velocity
V| and second half with velocity V. The mean velocity V is given by

2_1.1 _Vitv,
@ Vo A " v, ®) v 2
() V = V.V, (d vi+V:2

Kinematic



20. A projectilerises to aheight of 10 m and then falls at a distance of 30 m
away from the projection. Its vertical displacement is

(@ Om (b) 5m
() 6m (d) 7m
Answer Key :

1. d 2 (© 3 @ 4 (© 5 (© 6 (b
7.0 8 ( 9 (® 10.(d 11 (© 12 @
13. (b)) 14 (b) 15 () 16. (b) 17. () 18. (b)
19. (b)  20. (3

HINTS AND EXPLANATIONS :
1. Angle between (& fand Ais90° AxB

BA. A= ‘ﬁxﬁ‘ ‘K‘cos 90 90°

>

=0 B

U?sin*45 U
29 49’
2 -
R:U Sin90 _ E
g g

H:

- R=4H

4. Athighest pt, only horizontal component of velocity exists, while accel eration
is directed downward, So 6 = 90°.

A+B|=[x-B|

S.B.S.

\mér :\K_E;r

(A+B)-(A+B) = (A -B)-(A -8
S 0=90

Physics Class XI



Vi=5m/s (East)

x= 7:_ at V2 =5m/s (North)
V, =d—)t(=7+8t Change in velocity V- V
dv = 5Aj—5Aim/s
a = dtx = Av = Magnitude ofchange in velocity
y =5t =JBP+(BY=5/2m/s
v,-¥_s
YT gt 9. U = O, velocity attained by ball
dv at t = 2 second
a=—2>=0m/$
dt v=u+at=0+g((t-2)
az\/axz+ a° =8+
- I distance traveled by ball in last 2s
=8m is given by
1 2 h=vt+=af
k==mv ,=vttoa

1
At highest pt., V = v cos 45° 60=g(t- 2)x 2+§ g(4y 20(+ 23 20

2 .
KE=21 m(i} _Vv at 4S, Height of tower
2 2 vz 1 1
1m? K =Egt2=§x10x42= 80m
T2 2 2
27 2n o
N 10. W—?—%—%rod/s
V,=5m/s
Smis V1=Em/s *.5
11. cosh = é Eg
Av ‘A‘ B‘
acc.=— R
t _(i+)(j+k) 0+1+0
2
=ﬂ:—lm/§ V1+1 4141
10 J2

coso =%= cos 60

0=60°

Kinematic



12. ‘K . §‘ = ‘K ><I§‘ —30

a= — = —10m/s
AB cos = AB sind 3
1= tan® VZ=u?+2aS$s
tan® =1 O=(30Y + 2 10) h
tand = tan 48 —(30¥ =-20h
0 =45° —
ho—30x30_ o
-20
From Max. height to roof of
13. d—v=—2.€5 building
dt h_u_z_ 100
29 2x10

T v dv = j 2.5dt

6.25 0

v =40m
{V } = 25 [t],'
6.25

height of building=H-h=45-5

Yo

2[0—\/6.25)= —2.5¢ 0) o
2[-2.5= —2.5t

Magnitude of average

Magnitude of displacemel

t=2s velocity = .
Time taken
_2m_, .
14. u=30m/s =5 2ms
V=0m/s 16. .
t=3s S=h="7?
v=u-+at _ Vb
Vbr
0=30+a(3)
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17.

\7br =\7b—\7r
VE=V:+V}?
Vi =25-V——1)

distance
t=——

Vb

lhr—__;L__
4 25—\

V. =3km/h

R=(Ucos6)T

Ucose:E:@:SOm/s
T 6

18.

19.

20.

*kkk*

Projection of Aom B

— — —

_AB_AB_R8
CHNE
Ar. Velocity
Vit Vi

stlt% _ 2t2

v-S y_S
t/2 t/2
V,+V,
2

Since the projectile returnsto the
plane of projection therefore the
net displacement is zero.

Kinematic



Newton's Laws
Unit - 3 Of Motion

And Friction

3.1 Inertia

(1) Inherent property of al the bodies by virtue of which they cannot
change their state of rest or uniform motion along a straight line by
their own is called inertia.

(2) Two bodies of equal mass possess same inertia because it is a factor
of mass only.

3.2 Linear Momentum

(1) Linear momentum of a body is the quantity of motion contained in
the body.

(2) Itismeasured as the product of the mass of the body and its velocity
i.e.,, Momentum = mass x velocity.

—

If a body of mass m is moving with velocity Vv then its linear

momentum # isgiven by £ — V-

(3) It is a vector quantity and it's direction is the same as the direction
of velocity of the body.

(4) Units : kg-m/sec [S. 1.], g cm/sec [C.G. S]
(5) Dimension : [MLT]

3.3 Newton’s First Law

A body continue to be in its state of rest or of uniform motion along a
straight line, unless it is acted upon by some externa force to change
the state.

(1) If no net force acts on a body, then the velocity of the body cannot
change i.e., the body cannot accelerate.



(2) Newton’s first law defines inertia and is rightly called the law of
inertia. Inertia are of three types :

Inertia of rest, Inertia of motion, Inertia of direction.

3.4 Newton’s Second Law
(1) Therateof changeof linear momentum of abody isdirectly proportional
to the external force applied on the body and this change takes place
aways in the direction of the applied force.

(2) If abody of mass m, moveswith velocity ¥ then itslinear momentum
3 > -

can be given by 7 = mvand if force F is applied on a body, then

d
“7(K=1inC.G.S.and S I. unity

al

or [F =

5

' = ma (Force = mass x acceleration)

3.5 Force
(1) Forceis an external effect in the form of a push or pulls which :
() Produces or tries to produce motion in a body at rest.
(if) Stops or tries to stop a moving body.
(iii) Changes or tries to change the direction of motion of the body.
(2) Dimension : Force = mass x acceleration
[F] =[M][LT] = [MLT]
(3) Units: Absolute units : (i) Newton (S.I.) (ii) Dyne (C.G.S))

Gravitational units : (i) Kilogram-force (M.K.S.) (ii) Gram-force
(C.G.S)

(4) F =ma formulais valid only if force is changing the state of rest
or motion and the mass of the body is constant and finite.

N
it mi Fodi oy 4y dm
(5) if misnot constant F = dt(mv)_ m— + v dt

(6) No forceisrequired to move a body uniformaly along a straight line.

- -
F=ma, .. F=0(Asa=0)

(7) When force is written without direction then positive force means
repulsive while negative force means attractive.

Newton's Law Of Motion And Friction



(8 Out of so many natural forces nuclear force is strongest while
gravitational force weakest.

(9) Central force : If a position dependent force is always directed
towards or away from a fixed point it is said to be central otherwise
non-central.

(10) Conservative or non-conservative force : If under the action of
a force the work done in a round trip is zero or the work is path
independent, the force is said to be conservative otherwise non-
conservative.

Example : Conservative force : Gravitational force, electric force, elastic
force.

Non-conservative force : Frictional force, viscous force.
(11) Common forces in mechanics :

(i) Weight : Weight of an object is the force with which earth
atracts it. (W = mg)

(i) Reaction or Normal force : When a body is placed on arigid
surface, the body experience a force which is perpendicular to
the surfaces in contact. Then force is called ‘Normal force' or
‘Reaction’.

(iii) Tension : The force exerted by the end of taut string, rope or
chain against pulling (applied) force is called the tension. The
direction of tension is so as to pull the body.

(iv) Spring force : Every spring resists any attempt to change its
length. This resistive force increases with changes in length.
Spring force is given by F = — Kx; where x is the change in
length and K is the spring constant (unit N/m).

3. 6 Equilibrium of Concurrent Forxce

(1) If all the force working on a body are acting on the same point, then
they are said to be concurrent.

(2) A body, under the action of concurrent forces, is said to be in
equilibrium, when thereis no change in the state of rest or of uniform
motion along a straight line.

(3) The condition for the equilibrium of a body is that the vector sum
of all the forces acting on the body must be zero.
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3.7 Newton’s Third Law

To every action, there is aways an equal (in magnitude) and opposite (in
direction) reaction.

If Fas=force exerted on body A by body B (Action) and Faa=force
exerted on body B by body A (Reaction)

Then according to Newton’s third law of motion F .z = —F BA
Example :

(i) A book lying on atable exerts a force on the table which is equal to
the weight of the book. This is the force of action.

(i) Swimming is possible due to third law of motion.
(i11)) When a gun is fired, the bullet moves forward (action). The gun
recoils backward (reaction).
3.8 Frame of Reference

(1) A framein which an observer is situated and makes his observations
is known as his ‘Frame of reference’.

It is associated with a co-ordinate system.

(2) Frame of reference are of two types : (i) Inertial frame of reference
(if) Non-inertial frame of reference.

(i) Inertial frame of reference :

(a) A frameof referencewhichisat rest or which ismoving with
a uniform velocity aong a straight line is called an inertial
frame of reference.

(b) Ininertial frame of reference Newton’s laws of motion holds
good.

(c) Ideally no inertial frame exist in universe. For practical
purpose aframe of reference may be considered as inertia it
it's acceleration is negligible with respect to the acceleration
of the object to be observed.

Example: Thelift at rest, lift moving (up or down) with constant velocity.
(i) Non inertial frame of reference :

(a) Accelerated frame of references are called non-inertial frame
of reference.

(b) Newton's laws of motion are not applicable in non-inertial
frame of reference.
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Example: Car moving in uniform circular motion, lift which
ismoving upward or downward with some acceleration, plane
which is taking off.

3.9 Impulse

(1)

(2)
3)

(4)
(%)
(6)

(")

(8)

(9)

When a large force works on a body for very small time interval, it
is caled impulsive force.

An impulsive force does not remain constant, but changes first from
zero to maximum and then from maximum to zero. In such case we
measure the total effect of force.

Impulse of a force is a measure of total effect of force.

- tz%
I =| Fdt.

4
Impulse is avector quantity and its direction is same as that of force.
Dimension : [MLT]

Units : Newton second or Kg-ms™ (S. I.) and Dyne second or gm cm
st (C.G.S)

Force-time graph- Impulse is equal to the area under F-t curve.

Force

t Time

| = Area between curve and time axis = L Ft
If F,, is the average magnitude of the force, then

5 1
| = ) Fdt= F,, Jr- df = FavAt

2 dp
From Newton's second law, F = 7

J_‘l ’”5,_; 5 > ) N
. ]—n'f_.[ dp 1= P= A

i.e.,, The impulse of a force is equal to the change in momentum.
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This statement is known as Impulse momentum theorem.
(10) Examples. Hitting, kicking, catching, jumping, diving, collision etc.

In all these cases an impulse acts, | = JFdr =F,,- At=Ap = constant
So if time of contact A t is increased, average force is decreased (or
diluted) and vice-versa.

(i) In catching a ball a player by drawing his hands backwards
increases the time of contact and so, lesser force acts on his
hands and his hands are saved from getting hurt.

(it) China wares are wrapped in straw or paper before packing.

3.10 Law of Conservation of Linear Momentum

If no external force acts on a system (called isolated) of constant mass,
the total momentum of the system remains constant with time.

dp

(1) According to this law for a system of particles r =

R .
In the absence of external force F = 0 then ¥ = constant.
— — -

ie, 7= 1t Pat D3t = oongant,
(2) Law of conservation of linear momentum is independent of frame of
reference though linear momentum depends on frame of reference.
(3) Practical applications of the law of conservation of linear momentum

(i) When aman jumps out of aboat on the shore, the boat is pushed
dlightly away from the shore,

(if) A person left on a frictionless surface can get away from it by
blowing air out of his mouth or by throwing some object in a
direction opposite to the direction in which he wants to move,

(i) Recoiling of agun-Tor bullet and gun system, the force exerted by
trigger will be internal so the momentum of the system remains
unaffected.

3.11 Free Body Diagram

In this diagram the object of interest isisolated from its surroundings and
the interactions between the object and the surroundings are represented

in terms of forces.
Newton's Law Of Motion And Friction



3.12 Apparent Weight of a Body in a Lift

When abody of mass mis placed on a weighing machine which is placed
in a lift, then actual weight of the body is mg.

This acts on a weighing machine which offers a reaction R given by the
reading of weighing machine. The reaction exerted by the surface of

contact on the body is the apparent weight of the body.

Condition Figure  velocity Acceleration Reaction Conclusion
Lift is at rest LIFT v=0 a=0 R—-mg=0  Apparent weight
. R=mg = Actua weight
[]
Spring |Balanc
mg
Lift moving IR v=constant a=0 R—-mg=0  Apparent weight
upward or ~R= = Actual weight
downward b
with constant |——|
Vel OCI ty Spring |Balanc
mg
Lift accelerating LIFT v =variable a<g R—-mg=ma Apparent weight
upward at the ~.R=m(g+a) > Actua weight
rate of ‘& |_ 5| ’a
Spring |Balanc
mg
Lift accelerating LIFT V = variablea =g R—-mg=mg Apparent weight
upward at the R =2mg = 2 Actua weight
rate of ‘g’ ] ’a
Spril:glan
mg
Lift accelerating LIFT V = variablea<g mg— R =ma Apparent weight
downward at ~R=m(@-a) <Actua weight
the rate of ‘& R ‘a
Spril:glan
mg
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Lift accelerating LIFT V = variablea =g mg—-R=mg Apparent weight

downward at R=0 =Zero
the rate of ‘g’ ‘a (weightlessness)

Spring |Balance]

vomg

Lift acoderating LIFT V = variablea > g mg— R =ma Apparent weight
downward at . R=mg—-ma negative means the
the rate of 3 . R=-ve body will rise from
a(>9) ¢ the floor of the

Spring |Bal;

3.13 Acceleration of Block on Horizontal Smooth Source

(1) When a pull is acting at an angle (0) to the horizontal (upward)

R+Fsn6=mg
= R=mg-Fsno
and F cos 6 =ma
_ FeosH
m
FsineTR
F
L %’ose
| me

3.14 Acceleration of Block on Smooth Inclined Plane
(1) When inclined plane is at rest.

Normal reaction R = mg cos 0
Force along ainclined plane F = mg sin 6
ma=mg sin o
a=gsno
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(2) When a inclined plane given a horizontal acceleration ‘b’. Since

the body lies in an accelerating frame, an inertial acts on it in the
opposite direction.

Normal reaction R=mgcos6 +mbsino
and ma =mg sin 6 — mb cos 6

a=gsn6—-bcoso
mb cos 6

3.15 Motion of Block in Contact

Condition Free body diagram Equation Forceand acceleration
F—f= - !
ma T mla a= my T+
o lm |
B
A
F F
— |m, | m ma - - ey
f rnza f m + iy
. m,
I.
f=ma a=
m,a H.’l + li‘.':
m, |t
B
A ;
F m,a iy I
o — F-f=ma f=—
ny +m,
£ m, F L 2
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F

4 F-f,=ma A=y +my +my
Pt
3
(my, +my)F
1 fl—f2=mZa f1: my +my + g
> V
my F
fZZmSa f2: nmy +m, +my
P F
2P0 T - f=ma A= +my+my
Po —> m, F
_ _ 1
- =ma fL= my +my +my
Vv
Vo
_ _ (my +m,)F
F-f,=ma ="

2 my+my +my

3.16 Motion of Blocks Connected by Mass Less String

Condition Free body diagram Equation Tension and accderation
m,a F
m, L, T= mla a= my + s
B
A
< - a8, m, F
m, F F—T—mza T= my + oy
m,a |
m, F F-T= mla a= my + oy
B
A
F
<R w m,a
T-= ma T m, |

€ m,

" + n,
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b ~ ~ F
T, =ma T omy+my +m
| My Ty
A
T,-T T,= — o —
B 2~ 11 =Mma 17 my+my+my
[l
>V F_T - (my +m,)F
— = m.a = —
2= M 2 my+my +my
m,a F
F T -
I:_Tl_mla a= my +my + iy
B C m,a
A (my +my)F
Fr—T, T| m T, T, _ _ M Tim)r
i, o T — T -T=ma 17 m+my+my
m,a
T my F
<2l m T,=ma T,= e+ my +ms

3.17 Motion of Connected Block over A Pulley

Condition Free body diagram Equation Tenson and accderation
N
_ _ 2Zmym, .
N ma=T,-mg T
dz 2 h
r
_ _ 4mym,
rnza - rnzg N Tl T2 - iy + m, s
v
R
T _ 2T _ Hl.‘_ - H’.'l ,
27 71 a= ny =+ i, 8
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_ 2my[m, +my]

m, Tmla ma=T, -mg T, = p———
lmlg
T
] _ _ 2mymy
lmza ma=mg+T,-T T,= my +my +my
m,g + T,
1T,
B M3 lm3a _ _I_ T _ 4mlf’n3
T, Ime M =mg— 1o 37 mymy+my”
m, ¢a
_ _ [Omy+my)—my]g
T3=2Ty a= my + m, + my
Tl Tl
B B my + my
mA," m ma=mg-T, a= my+m, + M
. 1
4 -~ 4 2
¢‘ ~ O,' m1|:2m2+1\2/[}
mza:TZ—ng le—g
R *. m+my, + —
4 -~ 2
- T Torque
m ’ - C q
D m = (Tl—Tz)R = la
(7
_ = |1—
(Tl TZ)R_ R
M
| m2[2m1+2:|
T.-T)R= 4 T.="  M?
(T, =T2) 2 2 mmy+
MRZi
1
Ma
Ti-Tp= 7
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3.18 Friction (Introduction)

If we dlide or try to slide a body over a surface the motion isresisted by a
bonding between the body and the surface. This resistance is represented
by asingleforce and is called friction.

Theforce of friction is parallél to the surface and opposite to the direction
of intended motion.

3.19 Types of Friction
(1) Staticfriction : The opposing forcethat comesinto play when objects
are at rest.

(i) Inthis case static friction F = P.

(if) Static friction is a self-adjusting force because it changes itself
in accordance with the applied force.

P

f

(2) Limitingfriction : The maximum value of static friction upto which
body does not move is caled limiting friction.

(i) The magnitude of limiting friction between any two bodies in
contact is directly proportional to the normal reaction between
them.

1

F,aRor F=puR
(if) Direction of the force of limiting friction is always opposite to
the direction in which one body is at the verge of moving.

(ii1) Coefficient of static friction :
(@) g is called coefficient of static friction.
(b) Dimension : [MOLOTY]
(c) Unit : It has no unit.
(d) Valueof u  liesin between 0 and 1

(e) Value of p depends on material and nature of surfaces in
contact.

(f) Value of u does not depend upon apparent area of contact.
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3)

Kinetic or dynamic friction : If the applied force sets the body in
motion, the friction opposing the motion is called kinetic friction.

(i) Kinetic friction depends upon the normal reaction friction.

F. o Ror F, =R where y, is called the coefficient of kinetic
friction.

(i) Kinetic friction is aways lesser than limiting friction F, < F,,
- My < Hs
Thus we require more force to start a motion than to maintain
it against friction. This is because when motion has actually

started, irregulrities of one surface have little time to get locked
again into the irregularities of the other surface.

(iv) Typesof kinetic friction : (a) Sliding friction (b) Rolling friction

e Rollingfrictionisdirectly proportional to the normal reaction
(R) and inversely proportional to the radius (r) of the rolling
cylinder or whell.

R

L,
r

I:Rrolling = u

 is caled coefficient of rolling friction. It would have the
dimensions of length and would be measured in metre.

¢ Rollingfrictionisoften quite small ascompared to the sliding
friction.

¢ Inroalling the surfaces at contact do not rub each other.

e The velocity of point of contact with respect to the surface
remains zero all the times,

3.20 Graph Between Applied Force and Force of Friction

D)
(2)
3)

(4)

Part OA = static friction (F).

At point A = limiting friction (F,).

Beyond A, the force of friction is seen to decrease dlightly.
The portion BC = kinetic friction (F,).

As the portion BC of the curve is parallel to x axis therefore kinetic
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friction does not change with the applied force.

=
2
Limiting ‘g’ A
fl’l Ctl on (\:: ............................................. B C
Kinetic S| F,
friction e F, F,
Static «—
fricion ¢ Applied force

3.21 Angle of Friction

Angle of friction may be defined as the angle which the resultant limiting
friction and normal reaction makes with the normal reaction.

: - [
By definition angle 6 is called he angle of friction tan 6 = R

v &
P,
I.
tan0 =p [Asweknow = p]
or 0 =tan™ (u)
3. 22 Angle of Repose

Angle of repose is defined as the angle of the inclined plane with horizontal
such that abody placed on it isjust beginsto slide.

If o iscalled the angle of repose.
o =0 1i.e., angle of repose = angle of friction.

p 2x10°[
(N/n) T

107 frovememmmmeeeee : . C

20 4.03
—> V (cm)
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10.

12.

13.

14.

15.
16.
17.

18.

19.
20.

21.

UNIT-I11 (Laws of Motion)
1 Mark Questions
A passenger sitting in a car at rest, pushes the car from within. The car
doesn’'t move, why ?

Give the magnitude and directions of the net force acting on a rain drop
falling with a constant speed.

Why the passengersin amoving car are thrown outwards when it suddenly
takesaturn ?

You accelerate your car forward. What isthe direction of the frictional force
on a package resting on the floor of the car ?

What is the purpose of using shockersin acar ?
Why are tyres made of rubber not of steel ?
Wheels are made circular. Why ?

If a ball isthrown up in a moving train, it comes back to the thrower’s
hands. Why ?

Calculate the force acting on a body which changes the momentum of the
body at the rate of 1 kg-m/s?.

On arainy day skidding takes place along a curved path. Why ?
Why does a gun recoils when a bullet is being fired ?

Why is it difficult to catch a cricket ball than a tennis ball even when both
are moving with the same velocity ?

The distancetravelled by amoving body isdirectly proportional totime. Is
any external force acting on it ?

Calculate the impul se necessary to stop a 1500 kg car moving at a speed of
25ms™.

L ubricants are used between the two parts of a machine. Why ?
What provides the centripetal forceto a car taking aturn on alevel road ?

A body is acted upon by a number of external forces. Can it remain at
rest ?

Bodies of larger mass need greater initial effort to put them in motion.
Why ?

An athlete runs a certain distance before taking along jump. Why ?
Action and reaction forces do not balance each other. Why. ?

The wheels of vehicles are provided with mudguards. Why ?

Newton's Law Of Motion And Friction



22.
23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Chinawares are wrapped in straw paper before packing. Why ?

Why is it difficult to walk on a sand ?

The outer edge of a curved road is generally raised over the inner edge.
Why ?

Explain why the water doesn’t fall even at the top of the circle when the
bucket full of water is upside down rotating in avertical circle ?

Why does a speedy motor cyclist bendstowardsthe centre of acircular path
whiletaking aturnon it ?

An impulse is applied to a moving object with a force at an angle of 20°
w.r.t. velocity vector, what is the angle between the impulse vector and
change in momentum vector ?

2 Marks Questions

A man getting out of a moving bus runs in the same direction for a certain
distance. Comment.

If the net force acting upon the particle is zero, show that its linear
momentum remains constant.

A force of 36 dynesisinclined to the horizontal at an angle of 60°. Find the
acceleration in amass of 18 g that movesin a horizontal direction.

The motion of a particle of mass mis described by h = ut + 1/2 gt . Find
the force acting on particle. (F = mQ)

A particle of mass 0.3 kg is subjected to a force of F = — kx with k = 15
Nm= . What will be its initial acceleration if it is released from a point
20 cm away from the origin ?

A 50 g bullet is fired from a 10 kg gun with a speed of 500 ms™. What is
the speed of the recoil of the gun.

Smooth block is released at rest on a 45° incline and then dlides a
distance d. If the time taken of dlide on rough incline is n times as large
as that to slide than on a smooth incline. Show that coefficient of friction.

p={1- L.
n-J

g

A spring balance is attached to the ceiling of alift. When the lift is at rest
spring balance reads 49 N of abody hang on it. If the lift moves :

(i) Downward
(ii) upward, with an acceleration of 5 ms=

Physics Class XI



36.
37.
38.

39.
40.
41.

42.

43.

44,

45,

(iii) with aconstant velocity.

What will be the reading of the balance in each case ?

It iseasier to pull aroller than to push it. Why ? (using vector diagram)

A horse cannot pull a cart and run in empty space. Why ? (using diagram)

A bob of mass 0.1 kg hung from the ceiling of room by a string 2 m long
is oscillating. At its mean position the speed of abobis1 ms™. What isthe
trajectory of the oscillating bob if the string is cut when the bob is

(i) At the mean position

(ii) Atitsextreme position.

Define force of friction. How does ball bearing reduce friction ?
Define angle of friction and angle of repose.

A block placed on arough horizontal surfaceis pulled by a horizontal force
F. Let f betheforce applied by the rough surface on the block. Plot agraph
of f versusF.

A mass of 2 kg is suspended with thread AB. Thread CD of the same type
is attached. To the other end of 2 kg mass.

(i) Lower end of the lower thread is pulled gradually, hander and hander
is the downward direction so as to apply force on AB. Which of the
thread will break & why ?

A

P7777777777777777777777777777777778

B

2kg

C

D
(ii) If thelower thread is pulled with ajerk, what happens ?

A block of mass M is held against arough vertical wall by pressing it with
a finger. If the coefficient of friction between the block and the wall is pu and
the acceleration dueto gravity is g, calculate the minimum force required to
be applied by the finger to held the block against the wall ?

3 MarksQuestions & Numericals

A block of mass 500 g is at rest on a horizontal table. What steady forceis
required to give the block avelocity of 200cms™tin4s?

Aforceof 98 N isjust required to moveamass of 45 kg on arough horizontal
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46.

47.

48.

49.

50.

surface. Find the coefficient of friction and angle of friction ?

Calculate the force required to move atrain of 2000 quintal up on anincline
plane of 1 in 50 with an acceleration of 2 ms=. The force of friction per
quintal is0.5 N.

A force of 100 N gives a mass m,, an acceleration of 10 ms2 and of 20
ms2 to a mass m,. What acceleration must be given to it if both the masses
are tied together ?

The pulley arrangement of fig. are identical. The mass of the rope is
negligible. In (a) mass mislifted up by attaching a mass (2 m) to the other
end of the rope. In (b), mislifted up by pulling the other end of the rope
with a constant downward force F = 2 mg. In which case, the acceleration
of mismore ?

T T T T
m m
mg mg
C12m
v
2mg F =2mg
Fig. shows the position-time graph of a particle of mass 4 kg. What is the
.l A
o ()

(a) Forceontheparticlefort<0,t>4s,0<t<4s?
(b) Impulseatt=0andt=4s?
(Consider one dimensional motion only)

What is the accleration of the block and trolly system as the fig., if the
coefficient of kinetic friction between the trolly and the surface is 0.04 ?
Also Calculate friction in the string.

Take g = 10 m/s?, mass of the string is negligible.
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92.

53

55.

20 kg

My T
W 3kaf

Three blocks of masses m, = 10 kg, m, = 20 kg are connected by strings
on smooth horizontal surface and pulled by a force of 60 N. Find the
acceleration of the system and frictions in the string.

—a

T, T T, T M;
Ml 1 1 1\/[2 2 2 F

The rear side of a truck is open and a box of 40 kg mass is placed 5m
away from the open end. The coefficient of friction between the box and
the surface below it is 0.15 on astraight road, the truck starts from rest and
accelerates with 2 m/s?. At what distance from the starting point does the
box fall off the truck ? (ignore the size of the box)

A block slidesdown asincline of 30° with the horizontal. Starting from rest,
it covers 8 m in the first 2 seconds. Find the coefficient of static friction.

A helicopter of mass 2000 kg rises with a vertical acceleration of 15 m/s.
The total mass of the crew and passengers is 500 kg. Give the magnitude
and direction of the:

(1) Force on the floor of the helicopter by the crew and passenger.
(if) Action of the rotor of the helicopter on the surrounding air
(iii) Force on the helicopter due to the surrounding air (g =10 m/s?)

Arectangular box lies on a rough inclined surface. The coefficient of friction
between the surface and the box is (u). Let the mass of the box be m.

(@ At what angle of inclination 6 of the plane to the horizontal will the
box just start to slide down the plane ?

(b) What is the force acting on the box down the plane, if the angle of
inclination of the planeisincreased to a. > 0.

(c) What is the force needed to be applied upwards along the plane to
make the box either remain stationary or just move up with uniform

Speed ?
Newton's Law Of Motion And Friction
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S7.

58.

59.

60.

61.

62.

(d) What is the force needed to be applied upwards along the plane to
make the box move up the plane with acceleration a ?
Two masses of 5 kg and 3 kg are suspended with help of mass less

inextensible string as shown. Calculate T, and T, when system is going
upwards with acceleration m/s?. (Use g = 9.8 m/s?)

Lotk B

There are few forces acting at a Point P produced by strings as shawn,
whichisat rest, Find theforcesF, & F,

IN
NN yso

= F,

A hunter has a maching gun that can fire 50g bullets with a velocity of
150 ms™. A 60 kg tiger springs at him with a velocity of 10 ms™. How
many bullets must the hunter fire into the target so as to stop him in his
track ?

Two blocks of mass 2 kg and 5 kg are connected by an ideal string passing
over apulley. The block of mass 2 kg isfreeto slide on asurfaceinclined at
an angle of 30° with the horizontal whereas 5 kg block hangs freely. Find
the acceleration of the system and the tension in the string.

Show that Newton's second law of motion isthe real law of motion.
5 Marks Questions

Define the principle of conservation of linear momentum. Deduce the law
of conservation of linear momentum from Newton's third law of motion.

Why circular roads are banked ? Derive an expression for angle of banking
for safe circular turn. Consider that coefficient of friction between the tyre
and road is p.
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63.

64.

65.

66.

Obtain an expression for minimum velocity of projection of a body at the
lowest point for looping avertical loop.

Show that the area under the force-time graph gives the magnitude of the
impulse of the given force for the following case when (i) force is constant
(i) variable force.

Derive an expression for acceleration of a body down a rough inclined
plane ? (Sliding only)

With the help of suitable example, explain the terms static friction, limiting
friction and kinetic friction. Show that static friction is a self adjusting
force. Also plot the graph showing the variation between applied force F
and force of friction f.

Unit-111 (LAWSOF MOTION AND FRICTION)
Solutions
For motion, there should be external force.

N >
as(l :03) F =10,

Dueto inertia of direction.

4. The package in the accelerated car (a non inertial frame) experiences a

Pseudo force in a direction opposite to that of the motion of the car. The
frictional force on the package which acts opposite to this pseudo force is
thus in the same direction (forward) as that of the car.

5. To decrease the impact of force by increasing the time for which force acts.

Since coefficient of friction between rubber and road is less than the
coeflicient of friction between steel and road.

7. Roalling friction islessthan sliding friction.

8. Both during its upward and downward motion, the ball continues to move

10.

inertia of motion with the same horizontal velocity as the train. In this
period, the ball covers the same horizontal distance as the train and so it
comes back to the thrower’s hand.

AsF = rate change of momentum
F =1kg-m/s>= 1N

Asthe friction between the tyres and road reduces on arainy day.
To conserve momentum.
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12.

13.

14.

15.
16.
17.

18.

19.

20.
21.

22.

23.

24,

25.

26.

27.

28.

Being heavier, cricket ball has higher rate of change of momentum during
motion so more force sumed.

Ass t, so acceleration a = 0, therefore, no external force is acting on the
body.

Use formulal = change in momentum = m(v — u)

(Ans. — 37500 Ns)

To reduce friction and so to reduce wear & tear.

Force of friction between the tyre and road provides centripetal force.

Yes, if theexternal forcesacting onthebody can be represented in magnitude
and direction by the sides of a closed polygon taken in the same order.

AsF =maso for given a, moreforce will be required to put alarge massin
motion.

So that inertia of motion may help him in his muscular efforts to take a
longer jump.

As they acts on different bodies.

When the wheel rotates at a high speed, the mud sticking to the wheel flies
off tangentially, this is due to inertia of direction. If order that the flying

mud does not spiral the clothes of passer by the wheels are provided with
mudguards .

The straw paper between the Chinaware increasesthe Time of experiencing
the jerk during transportation. Hence impact of force reduces on China
wares.

Less reaction force.

In addition to the frictional force, a component of reaction force also
provides centripetal force.

Weight of the water and bucket is used up in providing the necessary
centripetal force at the top of the circle.

So that in addition of the frictional force, the horijontal component of the
normal reaction also provides the necessary centripetal forces.

Impulse and change in momentum are along the same direction. Therefore
angle between these two vectorsis zero.

Dueto inertia of motion.
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30.

31.

32.

33.

34.

dpP
As F i

dP

when F=0, ; =0soP=constant
F = 36 dyne at an angle of 60°
F.= Fcos60° = 18 dyne
F.= ma,

So = 5o g ome
&= T em

h=ut+ ,I,gzl

find a by differentiating h twice w.r.t.

a=g
as F=masoF=mg (answer)
AsF=masoF=-kx=ma

—kx
wm

forx=20cm, = a=-10m/s?
Initial momentum =0

a=

using conservation of linear momentum
mv+MV =0
— MY
M
= V=25m/s

When there is no friction, the block slides down the inclined plane with
acceleration.

a=gsno
when thereis friction, the downward acceleration of the block is
a =g(sin6—pucos0)
Asthe block slides adistance d in each case so
d= -L ar’ = ,I) a’t’?

L

, 3
a _ ! z (I!I}“

=

S
I

43 ' !
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gsinB :
2(sin® —pcos) n

Solving, we get (Using 6 = 45°)

2

or

T
"
35. (i) R=m(g-a)
weight =49 N
o) m:(—;%:Skg
R=5(9-8-5)
R =24N
(i) R=m(g+a)
R=5(98+5)
R=74N

(i) asa=0 soR=mg=49N
38. (i) Parabolic, (ii) vertically downwards
41.
A

 — L]

o) ——
Uuto point A, f = F (50 Long as block is stationary)

beyond A, when F increases, block starts moving f remains constant.
42. (i) Thread AB breaks down

(i) CD will break.
43,

I Wall

Mg
For the block not to fall f = Mg
But f=uR=puFso
uF=Mg
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Toun
44, Use F=ma
o _ 200 -
a=- ,-“:-“4 e

F =500 x 50 = 25,000 dyne.
45. F=98N,R=45x98=441N

W2= =022
Angleof friction 0 = tan™ u =tan™! 0-22 = 12°24'
46. Force of friction =0-5 N per quintal

f=0:5x 2000 = 1000 N
m = 2000 quintals = 2000 x 100 kg

sin@ = 1 a=2me?
50
In moving up an inclined plane, force required against gravity

=mg sin 6 = 39200 N
And force required to produce acceleration = ma
=2000 x 100 x 2 = 40,0000 N
Total force required = 1000 + 39,200 + 40,0000
= 440200 N.
47. Suppose, a = acceleration produced if m; and m, are tied together,
F=100N
Let a, and a, be the acceleration produced in m, and m,, respectively.
a, =10 ms=, a, = 20 ms™ (given)

Agan m =, andmZ: P

= m, —l-l%'- 10 ms
100
and m,= 55 =5ms?
m, +m, = 10+5=15
_ I _ 100 _ 20
o, a= m o+ omy, 15 " 3

= 6.67 ms?
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48. Case(a): a= @Z—;Z)
i :%
Case (b) : FBD of massm T
ms
ma’' =T -mg
ma’ =2mg — mg
= ma’ =mg
a=g

So in case (b) acceleration of mis more.
49. (@) Fort<0.NoforceasParticlesisat rest.
For t > 4s, No force again particle comes at rest.

For 0 <t < 4s, as dope of OA is constant so velocity constant
i.e,, a=0, so force must be zero.

(b) Impulseatt=0
Impulse = change in momentum
| =m(v—u)=4(0-0-75) =3 kgms
Impulseatt =4s
l=m(v—u)=4(0-0.75) =—3 kg ms*
50. Free body diagram of the block
30-T=3a (1)

T
lma

30N

Free body diagram of the trolley
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52.

20 a

T
fk
T-f,=20a (i)
where f = N=004x20x10=8N

Solving (i) & (ii),
a=096m/s2 and T =27-2N
All the blocks more with common acceleration a under the force F = 60 N.
F=(m +m,+m)a
F
a= (m1+m2+m3):1m/82

To determine, T, — Free body diagram of massm,.

—>Q

T,

>

T,=ma=10x1=10N
To determine, T, — Free body diagram of m,.

mya
e

T, F

«——— I, —_—

F-T,=ma
Solving, we get T,=30N
Force on the box due to accelerated motion of the truck

F=ma=40x2=80N
(in forward direction)

Reaction on the box, F=F=80N (in backward direction)
Force of limiting friction, f=puR =0-15%x40x 10=60 N
Net force on the box in backward directionisP=F —f

=80-60=20N
L P 20
Backward acceleration inthebox =a = T 0-5ms™

t = time taken by the box to travel s=5 m and falls off the truck, then from
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I 5
S=ul +4at

&

5=0 Xi+L %05 x 12

2
t=4-47s
If the truck travels a distance x during thistime
then X=0x 434 + % X 2 X(4471)?
X=19:98 m
53. Use S= ut +%ar’
25
a=";au=0
2
_gsnb-a
H gcos b
Putting thevaueand solving, u = 011

54. (a) Force on the floor of the helicopter by the crew and passengers
= apparent weight of crew and passengers
=500 (10 + 15)
=12500 N

(b) Action of rotor of helicopter on surrounding air is Obviously vertically
downwards, because helicopter rises on account of reaction of this
force. Thusforce of action

= (2000 + 500) (10 + 15)
= 2500 x 25
= 62,500 N

(c) Force on the helicopter due to surrounding air is obviously areaction.
As action and reaction are equal and opposite, therefore

Force of reaction F* = 62,500 vertically upwards.
55. (@ When the box just starts sliding
u=tano
or 0 =tanp

(b) Force acting on the box down the plane
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S7.

58.

=mg (Sin o —p cos a.)
R

. o\ mg cos o
mg sino

(c) Forceneeded mg (Sina + p coSs o)

(d) Forceneeded =mg(sina + p cosa) + ma.

According Newton’s second law of motion

(i) T, —(m; +m)g = (m, +m)a
T, =(m +m)(a+Qg)

=(5+3)(2+98)

T,=944N

(i) T,-mg=ma
T,=m,(a+g)
T,=3(2+9-8)
T,=354N

Using Resolution of forces 1IN and 2N and then applying laws of vector
addition.

Calculatefor F, & F.,.

Given m=mass of bullet = 50 gm = 0.50 kg
M = mass of tiger = 60 kg
v =Velocity of bullet = 150 m/s
V =Velocity of tiger = —10m/s

(.. Itiscoming from opposite direction n = no. of bullets fired per second
at thetiger so asto stopit.)

P. =0, before firing ..(1)

P =n(mv) + MV (1)
.. From the law of conservation of momentum,

P =p
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= 0=n(mv) + MV

_ MV
= i
_ —60x(-10) _
~0.05%x150 = 80.
T
et
f+2gsin6
2g 58

Let a be the acceleration of the system and T be the Tension in the string.
Equations of motions for 5 kg and 2 kg blocks are

59—-T =5a ..(1)
T-2gsn6—-f =2a (2
where f =force of limiting friction

=uR=pmgcos6 = 0-3 x 2g x cos 30°
Solving (1) & (2),
a=4-87 m/s?
T =24-65N.

LAWS OF MOTION

The maximum velocity (in m/s) with which a car driver must transverse

a flat curve of radius 150 m and coefficient of friction 0.6 to avoid
skidding is

(& 60 (b) 30
(¢ 15 (d 25
The tension in the string shown in figure Fis;
(& F3 (b) FI6
(o0 F2 (d 2F
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A particle moves in x-y plane under the action of force F such that
the value of its linear momentum (p)at any instant t is p, =2costand
p,=2 sint. Theangle 6 between F and ]5 at agiven timet will be-

@ 90° b o

© 180° d  30°

Threeforces A =i +] —k, B =2i —j +3k and C are acting on abody to keep
it in equilibrium. Then Cis

@ —(3+4k) (b —(@i+3k)

©  3i+ 4k (@ 2+ 3k

The objects at rest suddenly explodes into three parts with the mass ratio

2:1:1. The parts of equal masses moves at right angles to each other with
equal speeds. The speed of the third part after the explosion will be

\%
@ 2V 0
© 2 @ Jav

Two Iron blocks of equal masses but with double surface areaslide down an
Inclined plane with coefficient of friction u . If the first block with surface
areaA experience afriction forcef, then the second block with surface area
2A will experiences africtional force.

@ f2 (b)y f

( 2f (d)  4f

A body of massM starts sliding down an Inclined plane where critical angle

is <ACB=30° as shown in figure, the coefficient of friction will be

" c
@ 2 () 3Mg ‘
© J3 (d) None of these ; |

Newton's Law Of Motion And Friction



8. Three block of masses m;, m, & M, are connected by mass less stings as

shown on africtionless table.

T — T T
m, | 1 | M. | | M, ’

They are pulled with aforce T, = 40N, If m,=10 kg, m,=6 kg, & m,=4 kg,
then tension T, will be

(& 20N (b) 40N

(oo 10 (d 32N

9. If thetension in the cable supporting an elevator is equal to the weight of
elevator, the elevator my be

(@  going up with increasing speed
(b)  going down with increasing speed
(c)  going up with uniform speed

(d) elevator falsfreely under gravity

10. A graphisdrawn with aforce along y-axis and time along x-axis. The area

under the graph represent—
(@ Momentum (b)  Couple
(¢  Moment of theforce (d) Impulse of the force

11. Inagame of tug of wars, a condition of equilibrium exists. Both the team
pull the rope with aforce of 10°N. The tension in the ropeis—

(@ 10*°N (b) 108N
(0 ON (d 2x10*N

12. A bullet of mass m moving with a speed V strikes a wooden block of mass
M & gets embedded into the block. The final speed is

M m
@ M +m v (0) M+m v
© =V @ 3
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13.

14.

15.

16.

17.

The pulley & strings shown in figure are smooth and of negligible mass.
For the system to remain in equilibrium, the angle 6 should be

@ o (b)  30°
(oo 45° (d 60°
If two forces are acting at a point such that the magnitude of each forceis

2N and the magnitude of their resultant is also 2N, then the angle between
the two forcesis

(@ 120° () 60°

(c) 90° (d ©0°

The dimensions of action are

@ [MLT? (b) [MZLTT
© [MLTT (d) [ML2TT]

Which of the four arrangements in the figure correctly shows the vector
addition of two forces F, & F, toyield the third force F,;?

3 _ Fy 3 R
@ ‘ i C () © @ " &_)
E F F F.

F

N

A car when passes through a bridge exerts aforce on it which is equal to

2 2
@ Mg+ mrv ©
r
2
(c) Mg- mv (d) None of these
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18. In the figure given, the position-time graph of a particle of mass 0.1 kg is
shown theimpulseatt=2sis

@ 0.2kgm/s
(b) -0.2kgm/s
(0 0.1kgmis
(d —-0.4kgm/s t(s) —>

19. A particlerevolvesround acircular path. The acceleration of the particleis
inversely proportional to—

(@ radius (b)  velocity
(c) massof particle (d)  both(b) & (c)

20. If Maximum and minimum values of the resultant of two forces acting at a
point are 7N and 3N respectively, the smaller forceis equal to

(& 4N (b) 5N
(0 3N (d 2N
Answer Key :

1. b 2 @ 3 @ 4 @ 5 (b 6 (b
70 8 (d 9 (© 10 (d 1L @ 12 (
13. () 14. (@ 15 (8 16 (8 17. (0 18. (b)
19. (8  20. (d)

HINTSAND EXPLANATIONS:

1. v=,/urg=+0.6x 150« 10- 30m/s
2. 2ma=FT——(1) SolveT=F/3

ma=T——(2)

3. |O=\/IOX2+ py’ = 4cod # 4sih & 2(constant), As p remains constant,
F acts at right angle to p.
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4. Since body is in equilibrium
A+B+C=0
C=—(A B —fi 4 k 2 4 3K]
- —[3F O} 4k} — (B 4k)
5. Resultant momentum of two part of equal mass
py=y/(Mv) + (v =2 v
ut V! = speed of third part of mass 2 m

Acc. to Law of conservation of momentum

@pivt=v2 mv
1_\/5\/_
VT _/\/E

6. Frictional force is independent of area of contact.

7. pu=tan60=+/3

. T 40
8. Net acceleration =———2—— = — =2m/¢
m, +m,+m, 20

T,=(m,+m,)a=16< 2= 32N
9. Impulse = [Fadt

12. By law of conservation of momentum
mv + M(0)= (m+ M) V
mv

m+ M
13. For equilibrium of massm, T = mg — (1)

V =

For equilibrium of mass v2 m
2T cos O =2 mg
Solve (1) & (2)

2

_ 1 _ pco
cose—J—, 0 = 45°.

Newton's Law Of Motion And Friction



14.

15.

17.

18.

19.

20.

P=Q2N, R=2N
R? = P2 + Q?+ 2PQ Cos 6
4=4+4+2(4) Cos6

cosez_—4=_—l, 0=12C
8 2

Action = Force
=[M LT

2
Fmg- ™

Impulse
= change in momentum
= m(v—u)

= 0.1 (0-2) = -0.2 kg m/s

a=—
"

ao—
r

Fmax. =P+Q =7N
F min. = P-Q = 3N
From (1) & (2)

P+ Q=7 P+ Q
P-@=3 5 @&
2P=10 Q=2N
P=5N

D
2

*k*k*k
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e Unit - 4 Work, Energy And
Power

4.1 Introduction

Work issaid to be done when aforce applied on the body displacesthe body
through a certain distance in the direction of force.

4.2 Work Done by a Constant Force

Let a constant force F be applied on the body such that it makes an angle
6 with the horizontal and body is displaced through a distance s.

Then work done by the force in displacing the body through adistance sis
given by

W = (Fcosf) s=Fscos® = W =(Fcos6) s=Fscos6
- -

w=z=F.s
4.3 Nature of Work Done

Positive work Negative wor k
Positive work means that force (or its Negative work means that force (or its
component) is parallel to displacement component) is opposite to displacement

0°<0<90° i.e, 90°<0<180°
Direction of motion ? F Direction of motion
0
%

The postivework sgnifiestheat theexterna The negative work signifies that the
external force favoursthe motion force opposes the motion of the body.

of the body.



4.4 Work Done by aVariable Force

When the magnitude and direction of aforce varies with position, the work
done by such a force for an infinite simal displacement is given by

dW = F.ds .
B> 7 B
The total work donein going fromAtoBisW = _[A F.ds= _[A (FeosB®)ds .

Area under force displacement curve with proper algebraic sign represents
work done by the force.

4.5 Work Depends on Frame of Reference

With change of frame of reference (inertial) force does not change while
displacement may change. So the work done by a force will be different in
different frames.

Examples: If aperson ispushing abox inside amoving train, the work done

- - - 5 >

intheframeof trainwill F.s whileintheframeof earth will be F.(s+s,)

-

where Sy isthe displacement of the train relative to the ground.

4.6 Enexgy
The energy of a body is defined as its capacity for doing work.
(1) Itisascaar quantity.
(2) Dimension: [ML2T- it is same as that of work or torque.
(3) Units: Joule[S.l.], erg [C.G.S]
Practical units: electronvolt (eV), Kilowatt hour (KWh), Calories(Cal)
Relation between different units :

1 Joule = 10’ erg

leV = 1.6 x 102 Joule
1 KWh = 3.6 x 10° Joule
1 Cdorie = 4.18 Joule

(4) Mass energy equivalence : The relation between the mass of a particle
m and its equivalent energy is given as E = mc? where ¢ = velocity of
light in vacuum.
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4.1 Kinetic Energy

The energy possessed by a body by virtue of its motion is called kinetic
energy.

1
Let m = mass of the body, v = velocity of the body then K.E. = Emv2 .

(1) Kinetic energy depends on frame of reference : The kinetic energy
of aperson of mass m, sitting in atrain moving with speed v, iszero in
1

1111
7

the frame of trainbut , ™" in the frame of the earth.

(2) Work-energy theorem : It states that work done by aforce acting on a
body is equal to the change produced in the kinetic energy of the body.

This theorem is valid for a system in presence of all types of forces
(external or internal, conservative or non-conservative).

(3) Relation of kinetic energy with linear momentum : Aswe know
E:%rzn = p= V2mE
(4) Variousgraphsof kinetic energy

4.8 Kinetic Energy

E E
Eav’ EoP’
m = constant m = constant
v p
E JE

Ea !
m Pa/E

m = constant m = constant

m p

4.9 Potential Energy

Potential energy is defined only for conservative forces. In the space occupied
by conservativeforcesevery point isassociated with certain energy whichis
called the energy of position or potential energy. Potential energy generally

Work, Energy And Power



are of threetypes: Elastic potential energy and Gravitationa potential energy

etc.
1)

)

(%)

Change in potential energy : Change in potential energy between any
two points is defined in terms of the work done by the force in displacing
the particle between these two points without any change in kinetic
energy.

2> d
U,-U, = =| Fdr=-W (D)

Potential energy curve: A graph plotted between the potential energy of
aparticleand itsdisplacement from the centre of forceiscalled potential
energy curve. Negative gradient of the potential energy givesforce.

_dU —

o F
Typesof equilibrium : If net force acting on aparticleis zero, it issaid
to be in equilibrium.

dU
For equilibrium, —— =0, but the equilibrium of particle can be of three
types: dx

Stable

Unstable Neutral

When a particle is displaced When aparticleisdisplaced When a particle is slightly

dightly fr

om aposition, then gightly from aposition, then displaced from a position

aforce acting on it brings it 5 toree acting on it tries to then it does not experience

back to the initial position,
it is said to be in stable

equilibriu

displace the particle further & force acting on it and
continues to be in equili-

m position. away from the equilibrium i\, "in the displaced
position, it is said to be in position, it is said to be in
unstable equilibrium. neutral equilibrium.

Potential energy isminimum. Potential energy ismaximum. Potential energy is constant.

du dU

F=———=0 F=—""=0 F=—=0
dx dx dx
2
d’U = positive _2 — ti d*U _
d 2 ¥ 5 =ncgative 3 _O
X dx dx

du . dU
i.e., rate of change of e is 1., rate of change of "4 i.e, rate of change of ——

positive.

is negative. dx

is zero.

Example : A marble placed EXample : A marble Example: A marble placed
at thg bottom of a I?\emi- balanced on top of a hemi- on horizontal table.
spherical bowl. spherical bowl.
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4.10 Elastic Potential Energy

(1)

(2)

)

Restoring force and spring constant : When a spring is stretched or
compressed from its normal position (x = 0) by a small distance x, a
restoring froceisproduced in the spring to bring it to the normal position.
According to Hooke's law this restoring force is proportiona to the
displacement x and its direction is aways opposite to the displacement.

2
5] E
5 /
> <(_U
K—
A o B
X=-a x=0 x=+a
Position —
N —
i.e, F o X
- -
or F = kx ()

wherek is called spring constant.
Expression for elastic potential energy :

1,5, 1 F?

' ' = —hkx"=—Fx=—

Elastic potential energy U ; ; X 7
Note:

e |If spring is stretched from initial position X, to final position X, then
work done = Increment in elastic potential energy

Energy graph for aspring: It mean kinetic energy changes parabolically
w.r.t. position but total energy remain always constant irrespective to
position of the mass.

4.11 Law of Conservation of Energy

D

(2)

Law of conservation of energy : For an isolated system or body in
presence of conservative forcesthe sum of kinetic and potential energies
at any point remains constant throughout the motion. It does not depends
upontime. Thisisknown asthelaw of conservation of mechanical energy.

Law of conservation of total energy : If the forces are conservative
and non-conservative both, it is not the mechanical energy alone which

Work, Energy And Power



is conserved, but it is the total energy, may be heat, light, sound or
mechanical etc., which is conserved.

4.15 Power
Power of a body is defined as the rate at which the body can do the work.
AW W
Average power (P, ) = N 7
- -
| nstantaneous power (P, ) = W _F.ds
P st g dt

- -
[Asdw = F .d s ]
- -
Py = F.v.
i.e., power is equal to the scalar product of force with velocity.
(1) Dimension: [P] = [ML2T—9]
(2) Units: Watt or Joule/sec [S.I.]

Practical Units : Kilowatt (kW), Mega watt (MW) and Horse power
(hp)
Relations between different units : 1 watt = 1 Joule/sec = 107 erg/sec
1hp = 746 Watt
(3) The slope of work time curve gives the instantaneous power. As
P=dwW/dt=tan 6

dw
(4) Areaunder power time curve givesthework doneasP= W

W = J’Pdt
W = Areaunder P—t curve

4.12 Collision

Callision is an isolated event in which a strong force acts between two or
more bodies for a short time as a result of which the energy and momentum of
the interacting particle change.

In collision particles may or may not comein real touch.

(3) Typesof callision : (i) On the basis of conservation of kinetic energy.
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Perfectly
Elastic collision

Inelastic collision

Perfectly inelastic
collision

If in a collision, kinetic
energy after collision is
equal to kinetic energy
before collision, the
collision is said to be
perfectly elastic.

If in a collision kinetic
energy after collision
is not equal to kinetic
energy before collision,
the collision is said to
inelastic.

If inacoallisiontwo bodies
stick together or move
with same velocity after
thecollision, thecollision
Is said to be perfectly
inelastic.

Coefficient of restitution
e=1

Coefficient of restitution
O<ex1l

Coefficient of restitution
e=0

(KB)fipar = (KE)ipigia

Here kinetic energy
appears in other forms.
In some cases (KE),, ., <
(KE)ipitia SUch as when
initial KE is converted
into internal energy of the
product (as heat, elastic
or excitation) while in
other cases (KE); ., >
(KE);pisia SUCh as when
internal energy stored in
the colliding particles is
released.

The term ‘perfectly
inelastic’ does not
necessarily mean that all
theinitial kineticenergy is
logt, itimpliesthat theloss
inkineticenergy isaslarge
as it can be. (Consistent
with momentum conser-
vation).

Examples : (1) Collision
between atomic particles
(2) Bouncing of ball with

same velocity after the
collision with earth.

Examples: (1) Collision
betweentwo billiard balls.

(2) Collision between two
automobile on aroad.

In fact all majority of
collision belong to this
category.

Example : Collision
between a bullet and a
block of wood into which
it is fired. When the bullet
remains embeded in the
block.

4.13 Perfectly Elastic Head on Collision

Let two bodies of masses m, and m,

moving initial velocities u,

samedirectionthey collide such that after
collision their final velocities are v, and

v, respectively.

andlu2 inthe

vy V2

u, U,

Before collision

@_,

After collision
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According to law of conservation of momentum and conservation of kinetic
energy.

Note:

()

The ratio of relative velocity of separation and relative velocity of
approach is defined as coefficient of restitution.
_n™h _
e= — orv,—v, =e(u, —uy,).
For perfectly elastic collisone=1

V,—V, = U;—U, [Asshownineq. (vi)]
For perfectly inelastic collisone=0

v,-v, = 0orv,=v,
It means that two body stick together and move with same velocity.
For inelastic collison0<e<1

Vo=V = (U= Uy

In short we can say that eisthe degree of elasticity of collisonanditis
dimension less quantity.

m, —m 2mu
v = | (vii)
1 m, +m m,+m
1 2 1 2
., —m 2mu
v, = ( . quﬁ — (i)
\m1+m.z} my; + m,

When two bodies of equal masses undergo head on elastic collision,
their velocities get interchanged.

Kinetic energy transfer during head on elastic collision : Fractional
decrease in kinetic energy
AK drmmy (V)
K (my — my) + 4mym,

Note:

Greater the difference in masses less will be transfer of kinetic energy
and vice versa

Transfer of kinetic energy in head on elastic collision (when target is at
rest) is maximum when the masses of particles are equal.
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2.14 Motion in Vertical Circle

Thisis an example of non-uniform circular motion. In this motion body is
under the influence of gravity of earth.

(1) Velocity at any point on vertical C
loop : If uistheinitial velocity imparted
to body at lowest point then, velocity of
body at height h is given by

VZJ'MZ—ngzJuz—le(l—COSG) ? v

where | isthe length of the string. A

(2) Tension at any point on vertical loop : Tension at genera point P,

2

T =mg cosO +

(3) Various conditionsfor vertical motion :

Velocity at lowest Condition
point
uy >+[5g! Tensioninthestring will not be zero at any of the point and

body will continue the circular motion.

u, =3¢, Tension at highest point C will be zero and body will just
complete the circle.

ng[ <u, <+f5¢l, Particle will not follow circular motion. Tension in string
become zero somewhere between points B and C whereas
velocity remain positive. Particle leaves circular path and
follow parabolic trajectory.

Both velocity and tension in the string becomes zero between

=4/2gl
“a & A and B and particlewill oscillate along semi-circular path.

1, <+2gl Velocity of particle becomes zero between A and B but
tension will not be zero and the particle will oscillate about

the point A.
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(6) Various quantities for a critical condition in a vertical loop at

different positions:

Chantty Pommtd | PontB | PoantC | Pomnt D Proant P

Lirear velocity (¥ Fel | el

g | JeGr2es )

Argular wlocity [ o) JSEE £

3e ”g
J; T(3+2 aos A

Tensionin Stmmg [(T1 | &g Sme

-
[ fn,_'_’l

Ime 3Imel]l +cos A)

1
Kiretic Enerey (KE) | me | omgd | —md | —mel | o —Smg =0
2 2 2 2 |
Potertial Enerzw (FE] | O mel 2mel mel mel(l —ocos B)
Total Exversyr (TE) %mgf gmg:!' %mgf %mgi %mgi

VERY SHORT ANSWER QUESTIONS (1 MARK)

Define the conservative and non-conservative forces. Give examples of
each.

A light body and a heavy body have same linear momentum. Which one has
greater K.E ?

3. The momentum of the body is doubled, what % doesits K.E change ?

A body is moving aong a circular path. How much work is done by the
centripetal force ?

Which spring has greater value of spring constant —ahard spring or adelicate
spring ?

Two bodies stick together after collision. What type of collisionisin between
these two bodies ?

State the two conditions under which aforce does no work ?
How will the momentum of abody changesif itsK.E. is doubled ?
K.E. of abody isincreased by 300 %. Find the % increase in its momentum ?

A light and a heavy body have same K.E., which of the two have more
momentum and why ?
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12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Does the PE. of a spring decreases or increases when it is compressed or
stretched ?

Name a process in which momentum changes but K.E. does not.

What happens to the PE. of a bubble when it risesin water ?

A body is moving at constant speed over africtionless surface. What is the
work done by the weight of the body ?

Define spring constant of a spring.

SHORT ANSWER QUESTIONS (2 MARKYS)

How much work is done by a coolie walking on a horizontal platform with
aload on his head ? Explain.

Mountain roads rarely go straight up the slope, but wind up gradually. Why
?

A truck and acar moving withthe same K .E. on astraight road. Their engines
are simultaneously switched off which one will stop at a lesser distance ?

Isit necessary that work done in the motion of a body over aclosed loop is
zero for every force in nature ? Why?

Derive an expression for K.E. of abody of mass ‘m" moving with velocity
‘v’ by calculus method.

How high must abody be lifted to gain an amount of PE. equal totheK.E. it
haswhen moving at speed 20 ms. (The value of acceleration dueto gravity
at aplaceis 9.8 ms?).

Give an example in which aforce does work on a body but fails to change
itskK.E.

A baob is pulled sideway so that string becomes parallel to horizontal and
released. Length of the pendulumis2 m. If dueto air resistanceloss of energy
is 10%, what is the speed with which the bob arrived at the lowest point.

Two springs A and B are identical except that A is harder than B (K, > K)
if these are stretched by the equal force. In which spring will more work be
done ?

Find the work done if a particle moves from positionr, = (3i+2j—6k) to

ANA A

— A A A N
aposition r, = (14i+13 j—9k) under the effect of force F =(4i+ j+3k)N.

Spring A and B are identical except that A is stiffer than B, i.e., force constant
K, > kg. Inwhich spring is more work expended if they are stretched by the

same amount ?
Work, Energy And Power



27.

28.
29.

30.

31.

32.

33.

35.

36.

37.

A ball at rest is dropped from a height of 12 m. It loses 25% of its kinetic
energy in striking the ground, find the height to which it bounces. How do
you account for the loss in kinetic energy ?

State and prove work energy theorem.

Which of the two kilowatt hour or electron volt is a bigger unit of energy
and by what factor ?

A spring of force constant K is cut into two equal pieces. Calculate force
constant of each part.

SHORT ANSWER QUESTIONS (3MARKY)

A dlastic spring is compressed by an amount x. Show that its PE. is 1/2 kx?
where k is the spring constant.

A car of mass 2000 kg islifted up adistance of 30 m by acranein 1 min. A
second crane does the same job in 2 min. Do the cranes consume the same
or different amounts of fuel ? What is the power supplied by each crane ?
Neglect Power dissipation against friction.

Provethat bodies of identical masses exchangetheir velocities after head-on
elastic collision.

Answer the following :

(a) The casing of arocket in flight burns up due to friction. At whose expense
IS the heat energy required for burning obtained ? The rocket or the
atmosphere or both ?

(b) Cometsmovearoundthesunin highly elliptical orbits. The gravitational
force on the comet due to the sunisnot normal to the comet’'svelocity in
general. Yet thework done by the gravitational force over every complete
orbit of the comet is zero. Why ?

Define elastic and inelastic collision. A lighter body collides with a much
more massive body at rest. Provethat the direction of lighter body isreversed
and massive body remains at rest.

20 Jwork isrequired to stretch aspring through 0.1 m. Find the force constant
of the spring. If the spring isfurther stretched through 0.1 m. Calculate work
done.

A body of mass M at rest is struck by a moving body of mass m. Prove that
fraction of the initial K.E. of the mass m transferred to the struck body is
4 mM/(m+ M)?in an elastic collision.
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38.

39.

41.

42.

45.

46.

A pump on the ground floor of a building can pump up water to fill a tank
of volume 30 m® in 15 min. If the tank is 40 m above the ground, how
much electric power is consumed by the pump. The efficiency of the pump
is 30%.

Show that in an elastic one dimensional collision the relative velocity of
approach before collision isequal to the relative velocity of separation after
collision.

A ball bouncesto 80% of itsoriginal height. Cal culate the mechanical energy
lost in each bounce.

LONG ANSWER QUESTIONS (5 MARKYS)

Show that at any instant of time during the motion total mechanical energy
of afreely falling body remains constant. Show graphically the variation of
K.E. and PE. during the motion.

Define spring constant, write the characteristics of the force during the
elongation of a spring. Derive the relation for the PE. stored when it is
elongated by X. Draw the graphsto show the variation of PE. and force with
elongation.

How does a perfectly inelastic collision differ from perfectly elastic collision
? Two particles of massm, and m, having velocities U, and U, respectively
make a head on collision. Derive the relation for their final velocities. Discuss
the following special cases.

(i) m=m,

(i) m>>m,andU,=0

(iii)m, <<m,and U, =0
NUMERICALS

A body is moving along z-axis of a coordinate system under the effect of a

A A A

constant force F= (2 i+3 j+ k)N. Find thework done by theforcein moving
the body a distance of 2 m along z-axis.

Water is pumped out of awell 10 m deep by means of a pump rated 10 KW.
Find the efficiency of the motor if 4200 kg of water is pumped out every
minute. Take g = 10 m/s%.

A railway carriage of mass 9000 kg moving with aspeed of 36 km h™ collides
with astationary carriage of same mass. After the collision, the carriages get
coupled and move together. What is their common speed after collision ?

What type of collisionisthis?
Work, Energy And Power



47.

49,

50.

51

52.

53.

In lifting a 10 kg weight to a height of 2m, 230 J energy is spent. Calculate
the acceleration with which it was raised ?

A bullet of mass 0.02 kg is moving with aspeed of 10 ms™. It can penetrate
10 cm of a wooden block, and comes to rest. If the thickness of the target
would be 6 cm only, find the K.E. of the bullet when it comes out.

A man pulls alawn roller through a distance of 20 m with aforce of 20 kg
weight. If he applies the force at an angle of 60° with the ground, calculate
the power developed if he takes 1 min in doing so.

A body of mass 0.3 kgistaken up aninclined planeto length 10 m and height
5 m and then allowed to slide down to the bottom again. The coefficient of
friction between the body and the planeis 0.15. What isthe

(i) work done by the gravitational force over the round trip.
(if) work done by the applied force over the upward journey.
(iii) work done by frictional force over the round trip.

(iv) kinetic energy of the body at the end of the trip.

How is the answer to (iv) related to the first three answer ?

Twoidentical 5 kg blocksare moving with same speed of 2 ms™ towardseach
other along a frictionless horizontal surface. The two blocks collide, stick
together and come to rest. Consider the two blocks as a system. Calculate
work done by (i) external forces and (i) Internal forces.

A truck of mass 1000 kg accelerates uniformly from rest to a velocity of
15 ms™? in 5 seconds. Calculate (i) its acceleration, (ii) its gain in K.E.,
(iii) average power of the engine during this period, neglect friction.

An elevator which can carry a maximum load of 1800 kg (elevator +
passengers) ismoving up with aconstant speed of 2ms™. Thefrictional force
opposing the motion is4000 N. Determine the minimum power delivered by
the motor to the elevator in watts as well asin horse power.

To simulate car accidents, auto manufacturers study the collisions of
moving cars with mounted springs of different spring constants. Consider
atypical smulation with a car of mass 1000 kg moving with a speed 18.0
kmh on asmooth road and colliding with a horizontally mounted spring of

spring constant 6.25 x 102 Nm™. What is the maximum compression of
the spring.
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55.

56.

57.

58.

59.

60.

MCQ On Work, Energy and Power

A man is sguatting on the ground gets straight up and stand. The force of
reaction of ground on the man during the processis

(a) constant and equal to 'mg’ in magnitude.

(b) constant and greater than 'mg' in magnitude.

(c) variable but always greater than 'mg'

(d) at first greater than 'mg' and later becomes equal to 'mg'

A body of mass 0.5 kg travels in straight line with velocity V = ax32 where
a=5m"s. Thework done by the net force during it's displacement from
x=0tox=2mis

(@ 15J (b) 50J
(c) 10J (d) 100]

A mass of 5 kg is moving along a circular path of radius 1 m. If the mass
moves with 300 rev/min. it's kinetic energy would be

(@) 250 2 (b) 100 =2
(c) 5n? (d 0

An Athlete in the Olympic games covers a distance of 100 m in 10s, this
kinetic energy can be estimated to be in the range (assume m = 60 kQ)

(8) 200J—500J (b) 2x105J—3x105]
(C) 20000J—50000J (d) 2000J—5000J

A block of mass 0.5 kg is moving with a speed of 2m/s on a smooth surface.
It strikes another mass of 1 kg and then they move together as asingle body.
The energy loss during the collision is

(@ 0.16J (b) 1.00J
(c) 0.67J (d) 0.34J

A bullet fired in to a fixed target tosses half of it's velocity after penetrating
distance of 3 cm. How much further it will penetrate before coming to rest
assuming that if faces constant resistance to it's motion?

(@ 3cm (b) 2.0cm
(© 1.5cm (d 1.0cm
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61.

62.

63.

65.

66.

67.

A uniform chain of length 2m is kept on atable such that alength of 60 cm
hangs freely from the edge of the table. The total mass of the chain is 4 kg.
What is the work done in pulling the entire chain on the table?

@ 723 (b) 3.6J
(0 1203 (d) 1200J

If the linear momentum is increased by 50%, then kinetic energy will
increase by

(@ 50% (b) 100%
(©) 125% d) 25%

A block having mass'm' collides with another stationary block having mass
2m. The lighter block comes to rest after collision. If the velocity of first
block is V, than the value of co-efficient of restitution will be

(@ 05 (b) 0.4
(c) 06 d 08

A body of mass 50 kg is at rest. The work done to accelerate it by 20 m/sin
10sis

(@ 10°J (b) 10%J
(©) 2x10%J (d) 4x10*J

A spring of force constant 800 N™ has an extension of 5 cm. Thework done
in extending it from5cmto 15cmis

(@ 16J (b) 8J
(c) 357 (d) 243

A particle is projected at an angle of 60° to the horizontal with a kinetic
energy E. The kinetic energy at the highest point is

@ E (b) E/4
(c) B2 (d) Zero

A child is sitting on a swing. Its minimum and maximum heights from the
ground 0.75 m and 2 m respectively, it's maximum speed will be

(8 10mst (b) 5mst
(c) 8m/s (d) 15ms?t
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68.

69.

70.

71.

72.

73.

74.

300 J of work isdonein sliding a 2 kg block up on inclined plane of height
10 m. Work done againgt friction is (g = 10 ms=)

(8 1000J (b) 200J
(c) 100J (d) Zero

During inelastic collision between two bodies, which of the following
guantities always remain conserved

(@) Total kinetic energy (b) Total mechanical energy
(c) Tota linear momentum (d) Speed of each body

Two bodies with kinetic energiesin the ratio 4 : 1 are moving with equal
linear momentum. The ratio of their massesis

@ 4:1 b 1:1
(c) 1:2 (d 1:4

A position dependent force, F = 7 —2x + 3x?N acts on asmall body of mass
2 kg and displacesit fromx =0to x =5m. Thework donein jouleis

(@ 135 (b) 270
(©) 35 d 70

Aball is dropped from height 'h' on the ground where co-efficient of restitution
is'e. After one bounce the maximum height is

(@ €h (b) evh
(c) eh (d) Jen

How much water a pump of 2 KW can raise in one minute to a height of 10
m? (g = 10 ms)?

(& 1000 litres (b) 12200 litres
(c) 10litres (d) 2000 litres

A bomb of mass 30 kg at rest explodesin to two pieces of masses 18 kg and
12 kg. The velocity of 18 kg massis 6 ms™. The kinetic energy of the other
massis

(@) 3241 (b) 486J
(c) 2563 (d) 5245J

Work, Energy And Power



VERY SHORT ANSWERS (1 MARKYS)
1. Conservativeforce: eg., Gravitational force, electrostatic force.
Non-Conservativeforce: e.g., forces of friction, viscosity.
2

1
2. Lighter body hasmore K .E. asK.E. = f—m and for constant p, K.E. « Z'

2

3. KE.= g—m when p isdoubled K.E. becomes 4 times.

AK'E'XIOO _ 4K.E.—K.E.X]00

% Increasein K.E.

3 x 100 = 300%.
W =FScos90° = 0.
Hard spring.

Inelastic collision.

N o o A

(i) Displacement iszeroor it is perpendicular to force.

(if) Conservative force moves abody over aclosed path.

8. Momentum becomes \/5 times.

P’ e
9. KIE.= — sop= V4MmK

2m
Increasein K.E. = 300% of k = 3k
Fina K.E., k" = k+ 3k =4k
Final momentum, p’ = V2mie’ = N2mx 4k = 2 2mic
= 2p

% Increase in momentum= ;p x100=100%
10. Heavier body.
11. Increases because W.D. on it when it is compressed or stretched.
12. Uniform circular motion.
13. Decreases.
14. W=0.
15. Itistherestoring force set up in a string per unit extension.
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16.

17.

18.

19.

21.

22.

23.

24,

25.

SHORT ANSWERS (2 MARKS)

W = 0 as his displacement is along the horizontal direction and in order to
balance the load on his head, he appliesaforce on it in the upward direction
equal to its weight. Thus angle between force and displacement is zero.

If roads go straight up then angle of slope 6 would belarge sofrictional force
f = u mg cos 6 would be less and the vehicles may slip. Also greater power
would be required.

By Work - Energy Theorem,

LossinK.E. = W.D. against theforce x distanceof friction
or KE. =pmg$S
For constant K.E., S « i
m

.. Truck will stop in alesser distance.

No. W.D. is zero only in case of aconservative force.

h = lmv2
man =5
So h =204m
When abody is pulled on arough, horizontal surface with constant velocity.

Work is done on the body but K.E. remains unchanged.

1,2 = 90% of mgh

2
v =6m/s
F
F=KX s0o x=—
K
1, -, IF
= K x"=——
For same F, W, 5 A 2K,
F2
and Wy =
Wa _ K
I<A

AsK,>KgsoW, <Wg. °

N — — A A A

, _n—r=11i+11;-3%
A A A

P _(4i+ j+3k)N

Work, Energy And Power



26.

27.

29.

30.

32.

36.

= F.r =46
W = lez
2
Wi _ Ka ;
WB = KB’ or same X

AsK,>KgsoW, >W,.
If ball bouncesto height h’, then
mgh'’
h
kwh is a bigger unit of energy.
lkewh  36x10°]
leV  16x107]

Force constant of each half becomes twice the force constant of the original
spring.

75% of mgh
075 h=9m.

= 225%x10%

SHORT ANSWERS (3MARKY)
t,=1min=60s,t,=2min=120s
W =F =mgs=5488x 10°J

As both cranes do same amount of work so both consume same amount of
fuel.
P, = w d P, = w
17 and F, = t,
P, =9800 W & P, = 4900 W.

P.E. of spring when stretched through a distance 0-1 m,

U=WD. = %Kx2:20J

4000 N/m
when spring is further stretched through 0-1 m, then PE. will be:

or K

U’ %k(O-Z)Z =80

W.D.

U -U=80-20=60J.
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E _mgh _Vpgh

38. 30% of Power =
t ¢ t
ﬂXP - —Vpgh
100 t
P = 43.-6 KW.

40. Let Initial PE. = mgh
P.E. after first bounce = mg x 80% of h
= 0-80 mgh
PE. lost in each bounce = 0-20 mgh
.. Fraction of PE. lost in each bounce

020mgh
= =%~ 020

mgh

NUMERICAL ANSWERS

- A AN — A
44. F = 2i+3j+k)N, S=2k
- -
W= F.S=21.
45. Input power = 10 KW
W h
Output power = 7=% =7KW
Output power

<100 =70%

Efficiency
Input power
46. m =9000 kg, u, = 36 km/h =10 m/s
m,=9000kg, u,=0,v=v, =v,="?
By conservation of momentum :
myu, + myu, =(m, + m,) v
v =5m/s

1 1
Tota K.E. before collison = 5m1”12+5m2u§
= 45000 J

Total K.E. after collision

1
S+ my v =225000 J

Work, Energy And Power



As total K.E. after collision < Total K.E. before collision
.. Collisionisinelastic.
47. W = mgh+mah=m(g+a)h
a = 1.5m/s?.

I 5
48. Forx=10cm=0-1m, Fx= 5" =1J

F=10N
1 , 1 5
Forx=6cm=0-06 m, Fx = Emv1 —Emv2
| I .
or Fx = —mv; — Final K.E.
or Fina K.E. = %mvf—szl—lOXO-%
=1-06
=041
49 Pz?: Fscos© 366 W
50.

(i) W=FS=-mgsingx h=-14-7JistheW.D. by gravitational forcein
moving the body up the inclined plane.

W =FS=+mgsin6 x h=14-7 Jisthe W.D. by gravitational forcein
moving the body down the inclined plane.

. Total W.D. round the trip, W, =W + W' = Q.
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(if) Force needed to move the body up the inclined plane,
F

mgsin0 +f,

mgsino +p, R

mg sin O + p, Mg cos 0
.. W.D. by force over the upward journey is
W, = Fxl=mg(sin0 + p, cos0) |
=185
(ii1) W.D. by frictional force over the round trip,
W, = —f (I1+1)=-2f |
= —-2u,mgcosO|=-76J
(iv) K.E. of the body at the end of round trip

= W.D. by net forcein moving the body down
the inclined plane

(mgsin® —p, mg cos ) |
109

= K.E. of body = net W.D. on the body.

51. Here no external forces are acting on the system so :

5
F = 0w, =0
According to work-energy theorem :

Total W.D.

Changein K.E.

or W, +W,, = Fina K.E. —Initial K.E.

0+W.

int.

=O—(lmw2 +lmu21
o) )
\ = J

Work, Energy And Power



or W, = -—mut=-20J

int.

52. (i) a=v%u=3m/s2
. . 1 2 2 5
(i) Gainin K_E_:Em(v —u")=1125x10"J

mnpzyzmmow
53. Downward force on the elevator is:
F = mg+f=22000 N
.. Power supplied by motor to balance thisforceis:

P = Fv=44000 W
44000
= 746 =59 hp.

54. At maximum compression X, the K.E. of the car is converted entirely into
the PE. of the spring.

1
—mv*

75

or X, =2m.
Answer Key :
55. (d) 56. (b) 57. (@ 58. (d 59. (c) 60. (d)
61. (b) 62. (¢c) 63. (& 64. (b) 65 (b) 66. (b
67. (b) 68. (¢c) 69. (¢ 70. (d 71 (@ 72. (9
73. (b) 74. (b)
HINTS AND SOLUTION TO MCQ

55. (d) In squatting, he is tilted some what, hence also has to balance
frictional force besides his weight in this case R = friction + mg

= R>mg
When he set straight up in that case,
R = mg.

Physics Class XI



56.

57.

58.

59.

60.

(b)

(@

(d)

(©)

(d)

V:COR,O):%len rod/s

V=10n ms' = K.E:% my = 25@* J

V,, = % =10ms*, m= 60kg=> Av.K.E= 3000J

m, 4, +m, 4= (m+m)V= v:g ms'

1 1 2\’
Energylosss=x 0.5 2-=x 18 =| = 0.67J
2 2 3

W = AK
2
Case | - K 3:1 W{E) e my |
2 2 2
Where F— resistive force
V, —initial velocity
Case Il : Let further distance be 's

F(@+)= K - K =-Zm\’

s=1cm

Work, Energy And Power



61.

62.

63.

65.

66.
67.

68.

(b)

(©)

@

(b)

(b)

(b)
(b)

(©)

Mass per unit length :‘;—kgz 2kgm
m

Mass of 60 cm length = 1.2 kg.
weight of hanging part = 1.2x10=12N
W = FxS = 12x0.3 = 3.6 J.

P2 thz
P'=1.5P, Initial K.E=—— , Find K.E., K= —
2m 2m

K'=2.25K
% increase- %x 106 125%
By conservation of momentum

mV =2mV' = V1:%
Vel. of separation

e= _ =0.5
Velocity of approch

a=$:2ms‘2 5= UH% dt= 100m

W=FxS=10d J

w%xsoo (0.15- 0.05 ¥ 8J.

K.E. at highest point =% m (4cos 60 =

Maximum K.E. = Drop in PE.

Alm

M VZ,=mg (h,— h)= V= Sms’

Total work done = Gain in PE.+Work done against friction
300 = 2x10x10+W = W = 100 J.
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70.

71.

72.

73.

74,

(d)

(@

@

(b)
(b)

Eo— or nmo—
m

m_E_1

m, E 4

W:dex:135J

Velocity with which the ball strikes the ground, u=,/2gh

If the ball re-bounces with velocity, V, then V =eu= e/ 2gh

If " — max. velocity after one bounce, then

0?-V2=2(-g)H=H=2¢& h

P=¥:> w= Pt= mgh= m= 1200 kg
By conservation of momentum
30x0 = 18x6+12+V — V=-9 ms*

K.E.=% mV? = 486 J

* k%

Work, Energy And Power



L __,,-'II \
row o Unit- 5 Rotat.lonal
Motion

5.1 Introduction

Rigid body : A rigid body is abody that can rotate with all the parts locked
together and without any change in its shape.

5.2 Centre of Mass

Centre of mass of asystem isa point that moves asthough all the masswere
concentrated there and all external forces were applied there.

(1) Position vector of centre of mass for n particle system : If asystem

consists of n particles of masses m;, m,, m ........ m,, whose positions
- = = —

ST YN Y n

vectors are n respectively then position vector of centre

of mass

— — — —
_}
S _mAtmhtmat...... m, v

If two masses are equal i.e., m; = m,, then position vector of centre of
- =

n+rn .
2
(2) Important pointsabout centre of mass

ﬁ
mass r =

(i) The position of centre of mass is independent of the co-ordinate
system chosen.

(if) The position of centre of mass depends upon the shape of the body
and distribution of mass.

(iii) In symmetrical bodies in which the distribution of mass is
homogenous, the centre of mass coincides with the geometrical
centre or centre of symmetry of the body. Centre of mass of cone



or pyramid lies on the axis of the cone at point distance 3h from
the vertex where h is the height of cone. 4

(iv) The centre of mass changes its position only under the translatory
motion. There is no effect of rotatory motion on centre of mass of

the body.

(v) If theoriginisat the centre of mass, then the sum of the moments
of the masses of the system about the centre of massiszeroi.e.,

—

Xm; 1, =0

(vi) If asystem of particlesof massesm;, m,, m,, ...... movewith velocity

Vi) Vo, Vg, e then the velocity of centre of mass
L Zmy,
Yem Eml-

(vii) If a system of particles of masses m;, m,, m,, ...... move with
accelerations a;, a,, a,, .......... then the acceleration of centre of
mass

X m;a,
Ao =S,
m;
_)
(viii) If  isaposition vector of centre of mass of asystem then velocity
_)
- dr
of centre of mass Vem = R
— —
N d Vem dz r
(ix) Acceleration of centre of mass Aem = =—.
dt dt
ﬁ
. = - d*r
(x) Forceonarigidbody F = M Ay =M —-
drt

(xi) For an isolated system external force on the body is zero
- d
F =M—(vem)=0
7 (vem)
%

= Vem = constant.
i.e., centre of massof anisolated system moveswith uniform velocity

along a straight-line path.
Rotational Motion



5.6 Equations of Linear Motion and Rotational Motion
Rotational Motion
If angular acceleration is 0, ® = constant and 6 = wt

If angular acceleration o, = constant then

O m=a

(i) o=—2""%

(i) o,=o,+at
1
(iv) 9:(01t+50ct2

(V) o5 = o +200

(Vi) ©,,=o+ (2n—1)%

If acceleration isnot constant, the above equation will not be applicable. Inthiscase

. de

(i) o= 7

. do d*0
f=—=—-

(i) A ar

(i) odo = add

5.7 Moment of Inertia

Moment of inertia plays the samerole in rotational motion as mass playsin
linear motion. It isthe property of abody dueto which it opposesany change
in its state of rest or of uniform rotation.

(1) Moment of inertia of a particle | = mr?; where r is the perpendicular
distance of particle from rotational axis.

(2) Moment of inertia of a body made up of number of particles (discrete
distribution)

2 2 2
| = mA +m2r2 +m3r3 +..

(3) Moment of inertia of a continuous distribution of mass, dl = dmr?i.e.,
| = [r*dm
(4) Dimension : [ML2T9]
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(5) S.l. unit : kgm?.

(6) Moment of inertia depends on mass, distribution of mass and on the
position of axis of rotation.

(7) Moment of inertiais atensor quantity.

5.8 Radius of Gyration

Radius of gyration of abody about agiven axisisthe perpendicular distance
of apoint from the axis, whereif whole mass of the body were concentrated,
the body shall have the same moment of inertia as it has with the actua
distribution of mass.

When square of radius of gyration is multiplied with the mass of the body
gives the moment of inertia of the body about the given axis.

‘T
| = MK2ork= ,/—-
\M

Herek is called radius of gyration.

/1‘12+r22+r32+ ...... -
K =1
V n

Note:
e For agivenbody inertiais constant whereas moment of inertiaisvariable.

5.9 Theorem of Parallel Axes

lg
Moment of inertia of abody about agiven axis \1 A A
| isequal to the sum of moment of inertiaof the
body about an axis parallel to given axis and
passing through centre of mass of the body |
and Ma? where M is the mass of the body and
a is the perpendicular distance between the
two axes.

=] +Ma?
IIQMa

5.10 Theorem of Perpendicular Axes z

According to this theorem the sum of moment
of inertiaof aplane laminaabout two mutually
perpendicular axeslyinginitsplaneisequal to
itsmoment of inertiaabout an axis perpendicul ar
to the plane of lamina and passing through the

point of intersection of first two axis.
Rotational Motion

=141,




Note:

e Incaseof symmetrical two-dimensional bodiesas moment of inertiafor
all axes passing through the centre of mass and in the plane of body will
be same so the two axes in the plane of body need not be perpendicular

to each other.
5.12 Analogy between Translatory Motion and Rotational
Motion
Translatory motion Rotatory motion
Mass (m) Moment of Inertia  (I)
Linear P=mv Angular L=lw
Momentum p= V2mE Momentum L=V2IE
Force F=ma Torque T=la
. . 1 2 1 2
Kinetic energy E= Emv E= Elm
p? 12
E=—— E=—
2m 21

5.13 Moment of Inertia of Some Standard Bodies and Different

Axes
Body  Axisof Rotation Figure Moment K K?ZR?
of inertia
Ring About an axis N

(Cylindrical Passing through
Shell) C.G.and
perpendicular to
its plane

Ring About its diameter

)
N | —
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Body  Axisof Rotation Figure Moment K K2ZR?
of inertia
Ring About atangential NP
axisinitsown plane
3 . 33
ZMR~“ —R =
2 2 2
. : NI
Ring About atangential
axis perpendicular
to itsown plane
MRz V2R )
Disc (Solid About an axis
cylinder) Passing through
C.G. and g R1
perpendicular to 2 V2 2
its plane
Disc About its diameter
lMRZ R 1
4 2 4
Disc About atangential
axisinitsown
plane
EMRZ ﬁR 2
4 2 4
Disc About atangential
axis perpendicular
to itsown plane 3 MR2 ,ER 3
V2 2

Rotational Motion



Body  Axisof Rotation Figure Moment K K?ZR?

of inertia
Solid Sphere About its diametric N
axis 3
2MR? (2R Z2
5 5 5
Solid Sphere About atangential N
axis
1.7
—MR* =R =
5 5
Spherical  About its diametric
Shell axis
2vR2 2R 2
3 3 3
Spherical  About atangential N
Shell axis 5
SMR? (2R2
3 3
Long thin rod About on axis N
passing through
its centre of mass ML? L
. I | \/_
and perpendicul ar 12 12
to therod
Long thinrod About an axis -
passing through !
: MI 2 L
its edge and ﬁ
perpendicular to 3
therod
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5.14 Torque

If the particle rotating in xv plane about the origin Y.
_)
under the effect of force F and at any instant the
%

position vector of the particleis 7 then,

[where ¢ is the angle between the direction of
F]

N
r and

- - -
Torque T = rxF

t=rFsing

(1) Torqueisan axial vector i.e.. itsdirection isaways perpendicular to the

(2)
3
(4)

(%)

- -

plane containing vector 7 and F jn accordance with right hand screw
rule. For a given figure the sense of rotation is anti-clockwise so the
direction of torque is perpendicular to the plane, outward through the
axis of rotation.

I.e., Torque = Force x Perpendicular distance of line of action of force
from the axis of rotation.

Torqueisalso called asmoment of forceand discalled moment or lever
arm.

Unit : Newton-metre (M.K.S.) and Dyne-cm (C.G.S))
Dimension : [ML2T—].

A body is said to be in rotational equilibrium if resultant torque acting
—
onitiszeroi.e, ¥ 1t =0.

Torque is the cause of rotatory motion and in rotational motion it plays
same role as force plays in translatory motion i.e., torque is rotational
analogueof force. Thisall isevident from thefollowing correspondences
between rotatory and translatory motion.

Rotational Motion



Rotatory Motion

Tranglatory Motion

- -
T=1x

- -
F=ma

W=f1—3>.21)5‘

0
<

F.
dP

t

T

5.15 Couple

A couple is defined as combination of two equal but oppositely directed force
not acting along the same line. The effect of couple is known by its moment

- o o

of couple or torque by acouple T = rxF.

/

F

5.17 Angular Momentum

—"

The moment of linear momentum of a body with respect to any axis of
—

rotation is known as angular momentum. If P isthe linear momentum of
-

particle and 7 its position vector from the point of rotation then angular

momentum.

_)
L
-

L

= rxP

A
_ rPsin¢n

Angular momentum is an axia vector i.e., always directed perpendicular to
the plane of rotation and along the axis of rotation.

(1) SlI.Unit: kgm?s?or J-sec.
(2) Dimension: [ML2T?] and it issimilar to Planck’s constant (h).

(3) Angular momentum = (Linear momentum) x (Perpendicular distance of
line of action of force from the axis of rotation)
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- —

(4) Invector form L =1,

— — - -

-

(5) From L =10, d—L:Id—m:Ia:t
dt dt

[Rotational analogue of Newton’s second |aw]
(6) If alargetorqueactsonaparticlefor asmall timethen*angular impulse’

L — — = ot
of torqueisgivenby J :_[’cdt:’cav L dt
1

.. Angular impulse = Change in angular momentum

5.18 Law of Conservation of Angular Momentum

-

: . dL
If the net external torque on a particle (or system) is zero then = e 0

i.e.,

- - = =
L = Li+L,+L;+....... = constant.

Angular momentum of a system (may be particle or body) remains constant
If resultant torque acting on it zero.

—

AsL =lo soif T =0thenlo = constant.
5.20 Slipping, Spinning and Rolling

(1) Slipping : When the body slides on a surface without rotation then its
motion is called slipping motion.

In this condition friction between the body and surface F = 0.

1
Body possess only trandlatory kinetic energy K = ;mvz.

(2) Spinning : When the body rotates in such a manner that its axis of
rotation does not move then itsmotion is called spinning motion. Inthis
condition axis of rotation of a body is fixed.

1 )
In spinning, body possess only rotatory kinetic energy K = 51002.

(3) Roalling: Ifin case of rotational motion of a body about a fixed axis, the
axis of rotation also moves, the motion is called combined translatory

and rotatory.
Rotational Motion



Example:
(i) Motion of awhedl of cycle on aroad.
(it) Motion of football rolling on a surface.

In this condition friction between the body and surface F = 0. Body possesses
both translational and rotational kinetic energy.

Net kinetic energy = (Trandatory + Rotatory) kinetic energy.

5.21 Rolling Without Slipping

In case of combined trandatory and rotatory motion if the object rolls across
asurfacein such away that thereis no relative motion of object and surface
at the point of contact, the motion is called rolling without slipping.

Friction is responsible for this type of motion but work done or dissipation
of energy against friction iszero asthereisno relative motion between body
and surface at the point of contact.

Rolling motion of a body may be treated as a pure rotation about an axis
through point of contact with same angular velocity o. [V = Ro]

Linear velocity of different pointsin rolling : In case of rolling, all points
of arigid body have same angular speed but different linear speed. Let A, B,
C and D are four points then their velocities are shown in the following

figure.
B B
% 2v
v
Y D
D
v 2v
v
A v=0
(Translation) (Rotation) (Rolling)

5.22 Rolling on an Inclined Plane
When abody of mass mand radius R rolls down oninclined plane of height
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‘h" and angle of inclination O, it loses potential energy. However it acquires
both linear and angular speeds and hence, gain kinetic energy of translation
and that of rotation.

Rotation

Translaction /

2gh

k2
1+E

(1) Velocity at the lowest point : v=

(2) Accelerationin motion : From equation v = u? + 2as.

h 2¢h .

Bywbstitutingu:o,s:@and\,: 7, wegeta= gmzze.
I+ —

V R’ 1*’?

(3) Time of descent : From equation v =u + at
By substituting u = 0 and value of v and a from above expressions

1 [2h|. K
sinBy ¢ R?

ROTATIONAL MOTION (1 MARK)
. About which axis a uniform cube will have minimum moment of inertia?

2. State the priciple of moments of rotational equilibrium.

. Find the moment of inertiaof adisc of radius R and mass m about an axisin
its plane at a distance R/2 from its centre.

. Can the couple acting on arigid body produce translator motion ?

. Which component of linear momentum does not contribute to angular
momentum ?

. A system is in stable equilibrium. What can we say about its potential
energy ?

. Isradius of gyration a constant quantity ?

8. Two solid spheres of the same mass are made of metals of different densities.

Which of them has alarge moment of inertia about the diameter ?

Rotational Motion



10.

1.

12.

13.

14.
15.
16.

17.

18.

19.

20.
21,
22.
23.
24,

The moment of inertia of two rotating bodies A and B are |, and I (1, >
|g) and their angular momenta are equal. Which one has a greater kinetic
energy ?

A particle moves on acircular path with decreasing speed. What happensto
its angular momentum ?

What is the value of instantaneous speed of the point of contact during pure
rolling ?

Which physical quantity is conserved when a planet revolves around the
sun ?

What is the value of torque on the planet due to the gravitational force of
sun ?

If no external torque acts on a body, will its angular velocity be constant ?
Why there are two propellersin ahelicopter ?

A child sits stationary at one end of a long trolley moving uniformly with
speed V on a smooth horizontal floor. If the child gets up and runs about on
the trolley in any manner, then what is the effect of the speed of the centre
of mass of the (trolley + child) system ?

Rotational motion (2 marks)

Show that in the absence of any external force, the velocity of the centre of
mass remains constant.

State the factors on which the position of centre of mass of a rigid body
depends.

What is the turning effect of force called for ? On what factors does it
depend ?

State the factors on which the moment of inertia of abody depends.

On what factors does radius of gyration of body depend ?

Why the speed of whirl wind in a Tarnado is alarmingly high ?

Can abody bein equilibrium while in motion ? If yes, give an example.

Thereisastick half of which iswooden and half is of steel. (i) it is pivoted
at the wooden end and aforce is applied at the steel end at right angleto its
length (ii) it is pivoted at the steel end and the same force is applied at the
wooden end. In which case is the angular acceleration more and why ?

25.If earth contracts to half of its present radius what would be the length of the

26.

day at equator ?

An internal force can not change the state of motion of centre of mass of a
body. How does the internal force of the brakes bring avehicleto rest ?
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27.

28.

29.

30.

31

32.

33.

35.

36.

37.

When does a rigid body said to be in equilibrium ? State the necessary
condition for abody to be in equilibrium.

How will you distinguish between ahard boiled egg and araw egg by spinning
it on atabletop ?

Equal torques are applied on a cylinder and a sphere. Both have same mass
and radius. Cylinder rotates about its axis and sphere rotates about one of its
diameter. Which will acquire greater speed and why ?

In which condition a body lying in gravitational field is in stable
equilibrium ?

Give the physical significance of moment of inertia. Explain the need of fly
wheel in Engine.

Rotational motion (3 marks)

Derive the three equation of rotational motion
. . 1
(i) ® = o, + at (ii) 9=(00t+50ct2
2 _ .2
(i) @ =0 +200
Under constant angular acceleration. Here symbols have usual meaning.

Obtain an expression for the work done by a torque. Hence write the
expression for power.

Prove that the rate of change of angular momentum of a system of particles
about areference point is equal to the net torque acting on the system.

Three mass point m;, m,, m, are located at the vertices of equilateral A of
side ‘a’. What is the moment of inertia of system about an axis along the
altitude of A passing through m, ?

Show that moment of a couple does not depend on the point about which
moment is calcul ated.

A discrotating about its axiswith angular speed o, is placed lightly (without
any linear push) on aperfectly frictionlesstable. The radius of thediscisR.
What are the linear velocities of the pointsA, B and C on the disc shown in
figure. Will the disc roll ?

Rotational Motion



38

39.

40.

41.

42.

46.

47.

49,

A uniform circular disc of radius R is rolling on a horizontal surface.
Determine the tangential velocity (i) at the upper most point (ii) at the centre
of mass and (iii) at the point of contact.

Explain if the ice on the polar caps of the earth melts, how will it affect the
duration of the day ?

A solid cylinder rolls down an inclined plane. Its mass is 2 kg and radius
0.1 m. If the height of the include planeis4 m, what isrotational K.E. when
it reaches the foot of the plane ?

Find the torque of aforce 7i — 3j— 5k about the origin which actson aparticle
whose position vector isi + j— k.

Numericals

Three masses 3 kg, 4 kg and 5 kg are located at the corners of an equilatera
triangle of side 1 m. Locate the centre of mass of the system.

Two particles mass 100 g and 300 g at a given time have velocities 10i — 7]
— 3k and 7i — 9 + 6k ms™ respectively. Determine velocity of COM.

From auniform disc of radius R, acircular disc of radius R/2 is cut out. The
centre of the holeisat R/2 from the centre of original disc. Locate the centre
of gravity of the resultant flat body.

Theangular speed of amotor wheel isincreased from 1200 rpm to 3120 rpm
in 16 seconds, (i) What isits angular acceleration (assume the acceleration
to be uniform) (ii) How many revolutions does the wheel make during this
time ?

A metre stick isbalanced on aknife edge at its centre. When two coins, each
of mass 5 g are put one on top of the other at the 12.0 cm mark, the stick is
found to be balanced at 45.0 cm, what is the mass of the meter stick ?

A solid sphere is rolling on a frictionless plane surface about its axis of
symmetry. Find ratio of itsrotational energy to itstotal energy.

Calculatetheratio of radii of gyration of acircular ring and adisc of the same
radiuswith respect to the axis passing through their centres and perpendicular
to their planes.

Two discs of momentsof inertial, and |, about their respective axes (normal
to the disc and passing through the centre), and rotating with angular speed
o, and o, are brought into contact face to face with their axes of rotation
coincident, (i) What is the angular speed of the two-disc system ? (ii) Show
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50.

51

52.

53.

55.

56.

that the kinetic energy of the combined system is less than the sum of the
initial kinetic energies of the two discs. How do you account for thislossin
energy ? Take o, # .

In the HCI molecule, the separating between the nuclei of the two atomsis
about 1.27 A (1A = 107° m). Find the approximate location of the CM of
the molecule, given that the chlorine atom is about 35.5 times as massive as
ahydrogen atom and nearly all the mass of an atom is concentrated in all its
nucleus.

A child stands at the centre of turn table with his two arms out stretched.
The turn tableis set rotating with an angular speed of 40 rpm. How much is
the angular speed of the child if hefolds his hands back and thereby reduces
his moment of inertia to 2/3 times the initial value ? Assume that the turn
table rotates without friction. (ii) Show that the child’s new kinetic energy
of rotation is more than theinitial kinetic energy of rotation.

How do you account for thisincrease in kinetic energy ?

Tomaintain arotor at auniform angular speed of 200 rad s™, an engine needs
to transmit atorque of 180 Nm. What is the power required by the engine ?
Assume that the engine is 100% efficient.

A car weighs 1800 kg. The distance between its front and back axles is
1-8 m. Its centre of gravity is 1-05 m behind the front axle. Determine the
force exerted by the level ground on each front and back wheel.

ROTATIONAL MOTION (5 MARKY)

Provethat the angular momentum of aparticleistwicethe product of itsmass
and areal velocity. How doesit lead to the Kepler’s second law of planetary
motion ?
Prove the result that the velocity V of trandlation of arolling body (like a
ring, disc, cylinder or sphere) at the bottom of an inclined plane of a height

2gh

K

1+ =2
where K = Radius of gyration of body about its symmetry axis, and R is
radius of body. The body starts from rest at the top of the plane.

hisgiven by v2 =

(i) Establish the relation between torque and angular acceleration.

Rotational Motion

Hence define moment of inertia.



57.

58.

59.

60.

61.

(if) Canabody in translatory motion have angular momentum ? Explain ?

(i11) Establish the relation between angular momentum and moment of inertia
for arigid body.

(iv) Why is it more difficult to revolve a stone by tying it to a longer string
than by tying it to a shorter string ?

(v) Statethelaw of conservation of angular momentum and illustrateit with
the example of planetary motion.

(vi) A cat isableto land on its feet after afall. Why ?
State the theorem of :
(i) perpendicular axis (ii) parallel axis.

Find the moment of inertia of arod of mass M and length L about and
axis perpendicular to it through one end. Given the moment of inertia

1
about an axis perpendicular to rod and through COM is EML2.

MULTIPLE CHOICE QUESTIONS
For which of the following does the center of mass lie out side the body?
@ Pencil (b) A Short put
(c) Adice (d) Abangle

When adisc rotates with uniform angular velocity, which of the following
IS not true?

@ Some of rotation remains same.

(b) Orientation of the axis of rotation remains same.

(©) The speed of rotation is non-zero and remains same.

(d) The angular acceleration is non-zero and remains same.

Two identical particles moves towards each other with velocities 2V and V
respectively. The velocity of centre of massis

@ V (b) VI3
(0 VI2 (d) Zero

A circular disc of radius R is removed from a bigger circular disc of radius
2R, such that the circumference of the disc coincides. The centre of mass of
the new discis aR from the centre of bigger disc. The value of a is

@ (b)
(©) (d)

ol Wik
_;>||A N
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62.

63.

65.

66.

67.

68.

69.

Distance of the centre of mass of asolid uniform conefromit'svertex isZo.
If theradius of it'sbaseisR and it's height is h, the Zo is equal to

@ 4o 0 2
© 3 @ o

Angular momentum of the particle rotating with a central force is constant
dueto

@ Constant force (b) Constant linear momentum
(c) Constant torque (d) Zerotorque

Four point masses each of the value m, are placed at the corner of a square
ABCD of sidel. The moment of inertia of this system about an axis passing
through A parallel toB D is

@ 3mP (b) mi2

© 2ml? (d) V3 ml2

A coupleis acting on atwo particle system. The resultant motion will be
€) Purely rotational motion  (b)  Purely linear motion

(c) Both (a) & (b) (d) Neither (a) nor (b)
The dimension of angular momentum are

@ [MLT7] (b) [MLZTT]

(©  [MLZT (d) [MLZT]

Moment of Inertia of an object does not depend up on

@ Mass of object (b) Massdistribution
(c) Angular velocity (d) Axisof rotation

One circular ring and one circular disc both having same mass and radius.
The ratio of their moment of inertia about the axis passing through their
centres and perpendicular to their planes will be

€) 1:1 b 2:1
( 1:2 d 4:1

What isthe ratio of the moments of inertia of two rings radii r and nr about
an axis perpendicular to their plane and passing through their centres?

@ 1:n? (b) 1:n
(© 1:2n (d n?:1

Rotational Motion



70.

71.

72.

73.

74.

75.

76.

Two rings of radii R and nR made from the same wire have the ratio of
moments of inertia about an axis passing through their centres equal to 1:8.
Thevalueof nis

@ 2 (b) 242
(© 4 d) 1

The moment of inertiaof aring about one of it's diameter is1. What will be
the moment of inertia about atangent parallel to the diameter?

@ 4l (©) 21

© > @ 3

A person standing on a rotating disc stretches out his hands, the angular
speed will

@ Increase (b) Decrease
(c) Remains same (d) None of the these

A sphereof radius'r' isrolling without sliding. What istheratio of rotational
Kinetic energy and total kinetic energy associated with sphere

2 2
@ 3 (b) E
© 1 @ 3

A solid sphere of radius'r' isrolling with velocity V on asmooth plane. The
total kinetic energy of sphereis

@  5m ® ™
©) _; v (d) —imvz

Two bodies have their moment of inertia | and 2| respectively about their
axis of rotation. If their kinetic energies of rotation are equal, their angular
momentum will be in the ratio

@ 1:2 (b) 2:1
(© 2:1 (d 1:+2

An inclined plane makes on angle of 30° with horizontal. A solid sphere
rolling down thisinclined plane has alinear acceleration of

@ 3 0) =
© - @
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77.

© N o g &

10.

12.
13.

14.

15.
16.

Planetary motion in the solar system describes
(@ Conservation of kinetic energy

(b Conservation of linear momentum

(©) Conservation of angular momentum
(d) All of the above.

ANSWERS (ROTATIONAL MOTION) 1 MARK
It will be about an axis passing through the centre of the cube and connecting
the opposite corners.
>T=0.
L vr2.
2
No. It can produce only rotatory motion.
Radial Component.
PE. is minimum.
No, it changes with the position of axis of rotation.

Sphere of small density will have large moment of inertia.

L2
L1l

5> 5 o
as L=rxmv je magnitude E decreases but direction remains constant.
Zexo.

Angular momentum of planet.

Zero.

T
No. wo—
1

Due to conservation of angular momentum.
No change in speed of system as no external force is working.

Rotational Motion



18.

19.

20.

21.
22.

23.

24,

25.

26.

ANSWERS (2 MARKS)

(i) Shape of body

(if) mass distribution

Torque

Factors

(i) Magnitude of force

(if) Perpendicular distance of force vector from axis of rotation.
(i) Mass of body

(ii) Size and shape of body

(iif) Mass distribution w.r.t. axis of rotation
(iv) Position and orientation of rotational axis
Mass distribution.

In this, air from nearly regions get concentrated in a small space, so | 4
considerably. Since |.W = constant so W7 so high.

Yes, if body hasno linear and angular accel eration. Hence abody in uniform
straight line motion will be in equilibrium.

I (first case) > I (Second case)
T = la
= o (first case) < o (second case)
2
2 ) 2. (R I
= —MR = —M|— =1 =1
I, 5 =1, 3 [ 2] 27

= Lo, =10,

N I(Zﬂ _ If2n)

\T'1 4LT2}
T, 24
= —="—=06 hours
or T, 4 2

In this case the force which bring the vehicle to rest isfriction, and it isan
external force.

Physics Class XI



27.

28.

29.

30.

31

35.

For trandation equilibrium

%

X Fex = 0
For rotational equilibrium
—

IText = 0

For same external torque, angular accel eration of raw egg will be small than
that of Hard boiled egg.

I
T=10,0= I
- - I
a. in cylinder, oc = 1.
. T
o in sphere, Ug = -
2 MR?
O _Is _ 5 _
ag I MR?> 5
When vertical line through centre of gravity passes through the base of the

body.

It plays the same role in rotatory motion as the mass does in trangatory
motion.

ANSWERS (3MARKY)

5 2
Zmz"’z‘

= m, x 0+m, x (BD)2 + m, x (DC)2

a 2 a >

—(m, +m:)a’
\ A 3/

Rotational Motion



37.

41.

45.

46.

47.

For AV, =Ra, in forward direction
For B =V = Ro, in backward direction

R . . . . .
For CV. = ?(oo in forward direction disc will not roll.

I I I

ik
- = = . A .
t=rxF=|1 1 -1=-8i-2;-10k
7 -3 -5

ANSWERS (NUMERICALYS)

. (% y) = (0.54m, 0.36 m)

Velocity of COM = Sl 3? 15k ms™'.
COM of resulting portion lies at R/6 from the centre of the original disc in

adirection opposite to the centre of the cut out portion.

o =4nrads?
n=576
m = 66-0 gm.
2
Rot. K.E. = ~16? = 1x 2 MR? x——
2 25 R?
as (D:X,I:%MR2
R 5
5
Total energy = Trandlational K.E. + Rot. K.E.
= lmv2 +—my* :lmv2
2 5 10
1 3
Rot. KE _ 5 _2
Total Energy 7 2 7
10
2:1
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49,

50.

(i) Letwbetheangular speed of the two-disc system. Then by conservation
of angular momentum.

(L+L) o =lLo +lLo,
Lo +1,w
or o = 9T

(i) Initial K.E. of the two discs.

1, 1 2
K., = Lo +—I,®
1 5 101 T2

Final K.E. of the two disc system.

1
K, = 5(11'*‘12)932
:l(I L) Lo, + 1,0,
b I +1,

LossinK.E.

1
(Ilmi? + I?_m%)

1. 2 g
=K -K,y :5(11031 +Izmz)—m
1+ 1

__ L
2L +1L)
Hence thereisaloss of rotational K.E. which appears as heat.

(@, —,)* = apositive quantity [ - ©, # 0,

When thetwo discsare brought together, work isdone against friction between
the two discs.

As shown in Fig. suppose the H nucleus is located at the origin. Then
X,=0,%=127A,m =1,m,=355
The position of the CM of HCI moleculeis

myx; + m,yx,
my +m,
I1x0+35.5%x1.27
1+35.5

= 1.239A

Rotational Motion




Thusthe CM of HCl islocated onthelinejoining H and Cl nuclei at adistance
of 1.235 A from the H nucleus.

y
X
cM  Cl
H ! o
X, =0 x,=127A

2
51. Herew, =40rpm, |,= 2

By the principle of conservation of angular momentum,

Lo, = l,w,0rl; x40 =
(i) Initial kinetic energy of rotation

51192 or @, =100 rpm.

2. 5 2

—lLoy = —1I 2 =

51 5 1 (40)=8001,
New kinetic energy of rotation

2 5 1 2

ZLwr = —x=1(100)* =20001

5 2%2 2 3 1( ) 1

New K.E. 2000, _ .

Initial K.E. ~  800I,

Thusthe child’s new kinetic energy of rotation is 2.5 timesitsinitial kinetic
energy of rotation. Thisincreasein kinetic energy isdueto theinternal energy
of the child which he usesin folding his hands back from the out stretched
position.

52. Here® =200 rad s, 1 =180 Nm
- Power, P=1t » = 180 x 200 = 36,000 W = 36 kW.

53. 1Nr Ny
1.8m

1.05m 0.75m
w
For trandation equilibrium of car
Ne+Ng = W=1800x9-8=17640N
For rotational equilibrium of car
105N. = 075N,
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=
@}
al
Z
=
I

075 (17640 — N )
13230

13230/1-8 = 7350 N

5 = 17640 —7350 = 10290 N

7250
135V

=

(¢}
z =z Z

M
N TR

Force on each front wheel= =3675N

10290

Force on each back wheel= =5145N

&

ANSWERS (5 MARKY)

56. (ii) Yes, abody intransatory motion shall have angular momentum unless
fixed point about which angular momentum is taken lies on the line of
motion of body

Ll =

rpsin 6
= 0 only when 6 = 0° or 180°
(iv) MI of stonel = mi? (I — length of string)
T = la
T T
a=—-=—>3
I mi”

if lislarge o isvery small

.. more difficult to revolve.

Answer (MCQ) Key :
58. (d) 59. (d) 60. (c) 61. (@ 62. (b) 63. (d)
64. (a) 65. (@) 66. 67. 68. (b) 69. (3
70. (a) 7. (d 72. (b) 73. (@ 74. (@ 75. (d)
76. (9 77. (¢
HINTS AND SOLUTION (MCQ)
58. (d) In bangle centre of mass lies at it's centre.
59. (d) az%—vtv. given w = constant
Hence o =0

Rotational Motion



_my+myv, m@2v)+mev) Vv
m, +m, 2m 2

60. (¢) V.,

61. (@) Massof original disc=m

Mass of disc removed, m, =

. : 3
Mass of remaining disc =1

Mass m, and m, are concentrated at O, and O, respectively and O
Is their centre of mass.

Moment of m, about O = moment of m, about O.

me=3—m><(xR = 0L=1
4 R 3

62. Mass of elementary disc,

dm = nr? dze \\1
r z Rz
R~ h “y "
h r
J'zdm Inrzdzez
SR LS M
Idm éTERZhe 4 =
63. (d) Torgue due to central force is zero
dL
T=—=0 = L = constant.
dt
64. () AC=BD =2/ A B
AT o }
lso =M (AO)’ + m (COY = mf R
m ,' o] C
D m

65. (a) Net force for acouple is zero.
So, couple produces only rotational motion.

66. (b) L=rxp [L] =[ML°T 1
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67.

68.

69.

70.

71.

72.

73.

74.

(©)

(b)

(@

(@

(d)

(b)

(@

(@

M.l. does not depent up on angular velocity.

2
Iring _ mR

=2:1
| disc EmRZ
2
I Mr?
L =— =1:n?
l,  m(nr)

As radius of round ring is n times, length and hence mass of wire
is aso n times

l, mR? 1 1
- =——>=—==—- =|n=2
l, nM(nR) n 8

I, =1+mR? :%mR2+ mR?
= 3><1 mR’ = 31
2
As person stretches his hands outward, hence moment of inertia, |

= increases

L = Iw = constant, So w decreases.

1 1
E. = +E_== mV+= W
T Etrans rot 2 2

I :émrz, E. :1—70 mV?
1 mV?
rot 5

trans 1 mV2
10

2
E 7

;
E, = +E =— mV
T E(rans rot 10

Rotational Motion



75. (d) Rotational K.E. = %Iwz

L I szil Wis w =1
2 1 1 2 2 2 2 'JE
|—1_ 1
L, 2

S . 59
76. (d) a=—Qgsin30=—
@ a=2d at

dL
77. (C) Feet=0,S0, T=0=—

dt

— L = constant.

*kkk*x
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Gravitation

6.1 Newton’s Law of Gravitation

Newton’'s law of gravitation states that every body in this universe attracts
every other body with aforce, which is directly proportional to the product
of their masses and inversely proportional to the square of the distance
between their centres. The direction of theforceisaong the linejoining the
particles.

Thus the magnitude of the gravitational force F that two particles of masses

m, and m, separated by adistancer exert on each other isgiven by Faml_TZ_
r
or F= G—msz-
r
- -
Also clear that Fi2 =—F21. Which is Newton’s third law of motion.

Here G isconstant of proportionality whichiscalled ‘ Universal gravitational
constant’.

(i) The value of G is 6.67 x 10™* N-m? kg2 in S.I and 6.67 x 107
dyne cm?g~in C.G.S. system.

(i) Dimensiona formula[M-1L3T2].
(iii) The value of G does not depend upon the nature and size of the bodies.
(iv) It doesnot depend upon the nature of the medium between thetwo bodies.

6.2 Acceleration Due to Gravity

Theforce of attraction exerted by the earth on abody is called gravitational
pull or gravity.

The acceleration produced in the motion of a body under the effect of gravity
is called acceleration due to gravity, it is denoted by g.

If M = mass of the earth and R = radius of the earth and g isthe acceleration



dueto gravity, then
GM 4
= ——=—npGR
g RZ 3 P

(i) Its value depends upon the mass radius and density of planet and it is
independent of mass, shape and density of the body placed on the surface
of the planet.

(if) Acceleration dueto gravity isavector quantity and itsdirectionisaways
towards the centre of the planet.

(iii) Dimension [g] = [LT

(iv) It's average value is taken to be 9.8 m/s? or 981 cm/sec?, on the surface
of the earth at mean sealevel.

6.3 Variation in g with Height
Acceleration due to gravity at height h from the surface of the earth

GM
9= "7 .2
(R+n)
R 2
Also 9= g(R+h]
P\2
= & P [ASI’:R+h]
r
i) Ifh<<R f = [1—%]
A 2h
(i) If h << R. Percentage decrease 28 4100% =E><1()O%.
g

6.4 Variation in g with Depth
Acceleration due to gravity at depth d from the surface of the earth

g = gan(R—d)

d
alsog’ =8 [1 - E]
(i) Thevalue of g decreases on going below the surface of the earth.
(if) The acceleration due to gravity at the centre of earth becomes zero.
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(ii1) Percentage decrease Exloo% = %XIOO% :
g
(iv) Therate of decrease of gravity outside the earth (if h << R) isdoubleto
that of inside the earth.

6.5 Gravitational Field

The space surrounding a material body in which gravitational force of
attraction can be experienced is called its gravitational field.

Gravitational Field intensity : The intensity of the gravitational field of a
material body at any point in its field is defined as the force experienced by
aunit mass (test mass) placed at that point. If atest massmat apointina

%

- —
gravitational field experiences a force F then | = Ll
m

6.6 Gravitational Potential

At a point in a gravitational field potential V is defined as negative of work
done per unit massin shifting atest massfrom some reference point (usually
at infinity) to the given point.

Negative signindicatesthat the direction of intensity isin thedirection where
the potential decreases.

GM

Gravitational potential V = -

6.7 Gravitational Potential Energy
The gravitational potential energy of a body at a point is defined as the

amount of work done in bringing the body from infinity to that point against
the gravitational force.

w o _GMm
r
This work done is stored inside the body as its gravitational potential
energy
U= ~ GMm

If r = oo then it becomes zero (maximum).

6.8 Escape Velocity

The minimum velocity with which a body must be projected up so as to
enableit to just overcomethe gravitational pull, isknown as escape vel ocity.

Gravitation



If v, is the required escape velocity, then

e:“’% = v, =4f2gR

v

(i) Escape velocity is independent of the mass and direction of projection
of the body.

(ii) For the earth, v, = 11.2 km/sec

(iii) A planet will have atmosphereif thevelocity of moleculeinitsatmosphere
IS lesser than escape velocity. Thisis why earth has atmosphere while
moon has no atmosphere.

6.9 Kepler’s laws of Planetary Motion

(1) Thelaw of Orbits: Every planet moves around the sunin an €elliptical
orbit with sun at one of the foci.

(2) Thelaw of Area: Thelinejoining the sunto the planet sweepsout equal
areasin equal interval of time. i.e., areal velocity is constant. According
tothislaw planet will move slowly whenit isfarthest from sun and more
rapidly when it is nearest to sun. It issimilar to law of conservation of
angular momentum.

L

(o J9N
L

Areal velocity

T
al

(3) Thelaw of periods: Thesguare of period of revolution (T) of any planet
around sun isdirectly proportional to the cube of the semi-major axis of
the orbit.

3
2

E

Perigee Apogee
F 7
2
A Sun R B
r J

D

where a = semi-mgjor axis
r, = Shortest distance of planet from sun (perigee).
r, = Largest distance of planet from sun (apogee).
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o Kepler'slawsarevalid for satellites aso.

6.10 Orbital Velocity of Satellite

’GM
= VE AT [r=R+h]

(i) Orbital velocity isindependent of the mass of the orbiting body.
(if) Orbital velocity depends on the mass of planet and radius of orbit.

(ii1) Orbital velocity of the satellitewhen it revolvesvery closeto the surface
of the planet.

vV = &R = 8 km/sec

6.11 Time Period of Satellite

(R’ R( »V?
T= o1 ( ;;21) = 27 E(I'FEJ [Asr=R+h]
g

(i) Time period isindependent of the mass of orbiting body
(i) T2 oc r3 (Kepler’sthird law)

=]

(iii) Time period of nearby satellite, T = 29\1_

o
Yo

For earth T = 84.6 minute= 1.4 hr.

6.12 Height of Satellite

1/3
T?gR?
h = g2 -R
47

6.13 Geostationary Satellite

The satellitewhich appears stationary relativeto earthis called geostationary
or geosynchronous satellite, communication satellite.

A geostationary satellite always stays over the same place above the earth.
The orbit of ageostationary satellite is known as the parking orbit.

(i) It should revolvein an orbit concentric and coplanar with the equatorial
plane.

(i) 1t sense of rotation should be same as that of earth.

(i) Its period of revolution around the earth should be same asthat of earth.

Gravitation



(iv) Height of geostationary satellite from the surface of earth h = 6R = 36000
km.

(v) Orbital velocity v =3.08 km/sec.

(vi) Angular momentum of satellite depend on both the mass of orbiting and
planet as well as the radius of orbit.

6.14 Energy of Satellite

. ~-GMm  -I?
(1) Potential energy : U =mV = =—
mr
2 Kingti _K_lmvz_GMm_ L’
(2) Kineticenergy : K = 7 >, Py
— _ 12
(3) Total energy: E=U+K = GMm+GMm= GMm __ L
r 2r 2r 2mr?
(4) Energy graph for a satellite
K
O —
E r
U
|

(5) Binding Energy : The energy required to remove the satellite its orbit
to infinity is called Binding Energy of the system, i.e.,

. GMm
Binding Energy (B.E.) = -E= >,

6.15 Weightlessness

The state of weightlessness (zero weight) can be observed in the following
situations.

(1) When objectsfall freely under gravity
(2) When asatellite revolvesin its orbit around the earth

(3) When bodies are at null points in outer space. The zero gravity region
iscalled null point.
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1.

10.

11.

12.
13.

VERY SHORT ANSWER TYPE QUESTIONS (1 MARK)

The mass of moon is nearly 10% of the mass of the earth. What will be the
gravitational force of the earth on the moon, in comparison to the gravitational
force of the moon on the earth ?

Why does one feel giddy while moving on amerry go round ?

Name two factorswhich determine whether a planet would have atmosphere
or not.

The force of gravity due to earth on abody is proportional to its mass, then
why does a heavy body not fall faster than alighter body ?

Theforce of attraction dueto ahollow spherical shell of uniform density ona
point mass situated insideis zero, so can abody be shielded from gravitational
influence ?

The gravitational force between two bodiesin 1 N if the distance between
them is doubled, what will be the force between them ?

A body of mass 5 kg is taken to the centre of the earth. What will be its
() mass, (ii) weight there.

Why is gravitational potential energy negative ?

A satelliterevolvescloseto the surface of aplanet. How isitsorbital velocity
related with escape velocity of that planet.

Two satellites A and B are orbiting around the earth in circular orbits of the
same radius the mass of A is 16 times that of B. What is the ratio of the period
of revolution of B to that of A ?

Identify the position of sun in the following diagram if the linear speed of
the planet is greater at C than at D.

D
o

A satellite does not require any fuel to orbit the earth. Why ?

A satellite of small mass burns during its descent and not during ascent.

Why ?
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14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24,

25.

26.

Is it possible to place an artificial satellite in an orbit so that it is always
visible over New Delhi ?

If the density of a planet is doubled without any change in its radius, how
does ‘g’ change on the planet.

Why is the weight of a body at the poles more than the weight at the
equator ? Explain.

Why an astronaut in an orbiting space craft is not zero gravity although he
isin weight lessness ?

Write one important use of (i) geostationary satellite, (ii) polar satellite.

Abinary star system consists of two stars A and B which have time periods T,
and T, radiusR, and R, and masses m, and m, which of thethree quantities
are same for the stars. Justify.

The time period of the satellite of the earth is5 hr. If the separation between
earth and satellite is increased to 4 times the previous value, then what will
be the new time period of satellite.

Why does the earth impart the same accel eration to every bodies ?

If suddenly the gravitational force of attraction between earth and satellite
become zero, what would happen to the satellite ?

Short Answer Type Questions (2 Marks)

If the radius of the earth were to decreases by 1%, keeping its mass same,
how will the acceleration due to gravity change ?

Which of the following symptoms is likely to affect an astronaut in space
(a) swollen feet, (b) swollen face, (¢) headache, (d) orientation problem.

A satellite is moving round the earth with velocity v, what should be the
minimum percentage increase in its velocity so that the satellite escapes.

Theradii of two planets are R and 2R respectively and their densities p and
p/2 respectively. What is the ratio of acceleration due to gravity at their
surfaces ?
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27.

28.

29.

30.

31.

32.

33.

35.
36.
37.

38.

If earth has a mass 9 times and radius 4 times than that of a planet ‘P'.
Calculate the escape velocity at the planet ‘P if its value on earth is
11.2 kms™.

At what height from the surface of the earth will the value of ‘g’ be reduced
by 36% of its value at the surface of earth.

Atwhat depthisthevaueof ‘g’ sameasat aheight of 40 km from the surface
of earth.

The mean orbital radius of the earth around thesunis 1.5 x 108 km. Calcul ate
mass of the sun if G = 6.67 x 101 N m%/kg=2 ?

Draw graphs showing the variation of acceleration due to gravity with
(i) height above earth is surface (ii) depth below the earth’s surface.

A rocket is fired from the earth towards the sun. At what point on its path is
the gravitational force on the rocket zero ? Mass of sun = 2 x 10%° kg, mass
of the earth = 6 x 10?* kg. Neglect the effect of other planets etc. Orbital
radius= 1.5 x 10 m.

If the earth isone half its present distance from the sun. How many dayswill
be presents one year on the surface of earth will change ?

A body weighs 63 N on the surface of the earth. What is the gravitational
force on it due to the earth at a height equal to half the radius of the earth ?

Why the space rockets are generally launched west to east ?
Explain why atennis ball bounces higher on hills than in plane ?

The gravitational force on the earth due to the sun is greater than moon.
However tidal effect due to the moon’s pull is greater than the tidal effect
due to sun. Why ?

M
The mass of moon is 31 (where M is mass of earth). Find the distance of

the point where the gravitational field due to earth and moon cancel each
other. Given distance of moon from earthis60 R, where R isradius of earth.
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39.

40.

41.

42.

45.

46.

47.

The figure shows elliptical orbit of a planet m about the sun S. The shaded
area of SCD is twice the shaded area SAB. If t, isthe time for the planet to
move from D to C and t,,, is time to move from A to B, what is the relation
betweent, and t,?

= C

A

Calculate the energy required to move a body of mass m from an orbit of
radius 2R to 3R.

A man can jump 1.5 m high on earth. Calculate the height he may be able
to jump on a planet whose density isone quarter that of the earth and whose
radius is one third of the earth.

Short Answer Type Questions (3 Marks)

Define gravitational potential at a point in the gravitational field. Obtain a
relation for it. What isthe position at which it is (i) maximum (ii) minimum.

Find the potential energy of asystem of four particles, each of massm, placed
at the vertices of a square of side. Also obtain the potential at the centre of
the square.

Three mass points each of mass m are placed at the vertices of an equilateral
triangle of side I. What is the gravitational field and potential at the centroid
of the triangle due to the three masses.

Briefly explain the principle of launching an artificial satellite. Explain the
use of multistage rockets in launching a satellite.

In a two stage launch of a satellite, the first stage brings the satellite to a height
of 150 km and the 2™ stage gives it the necessary critical speedto putitina
circular orbit. Which stage requires more expenditure of fuel ? Given mass
of earth = 6.0 x 10%* kg, radius of earth = 6400 km.

The escapevelocity of aprojectileon earth’ssurfaceis 11.2 kms™. A body is
projected out with thrice this speed. What is the speed of the body far away
from the earth ? Ignore the presence of the sun and other planets.
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49,
50.

51

52.

53.

55.

56.
57.

A satellite orbits the earth at a height ‘R’ from the surface. How much
energy must be expended to rocket the satellite out of earth’s gravitationa

influence ?
Define gravitational potential. Give its SI units.

What do you mean by gravitational potential energy of a body ? Obtain an
expression for it for abody of mass mlying at distancer from the centre of
the earth.

What isthe minimum energy required to launch a satellite of massmkg from
the earth’s surface of radius R in acircular orbit at an atitude of 2R ?

Long Answer Type Questions (5 Marks)
What is acceleration due to gravity ?

Obtain relations to show how the value of ‘g’ changes with (i) altitude,
(i) depth.

Define escape velocity obtain an expression for escape velocity of a body
from the surface of earth ? Does the escape velocity depend on (i) location
fromwhereitisprojected (ii) the height of thelocation from where the body
is launched.

State Kepler’s three laws of planetary motion. Prove the second and third
law. Namethe physical quantitieswhich remain constant during the planetary
motion.

Derive expression for the orbital velocity of a satellite and its time period.

What is a geostationary satellite.Obtain the expression for the height of the
geostationary satellite.

State and derive Kepler’slaw of periods (or harmonic law) for circular orbits.

A black hole is a body from whose surface nothing may ever escape. What
is the condition for a uniform spherical mass M to be a black hole ? What
should be the radius of such ablack holeif its massisthe same asthat of the

earth ?
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58.

59.

60.

61.

62.

63.

65.

66.

67.

Numericals

The mass of planet Jupiter is 1.9 x 10%” kg and that of the sunis1.99 x 10%°
kg. The mean distance of Jupiter from the Sun is 7.8 x 10 m. Calculate
gravitational force which sun exerts on Jupiter, and the speed of Jupiter.

A mass ‘M’ is broken into two parts of masses m;, and m,. How are m, and
m, related so that force of gravitational attraction between the two parts is
maximum.

If the radius of earth shrinks by 2%, mass remaining constant. How would
the value of acceleration due to gravity change ?

A body released at the distancer (r > R) from the centre of the earth. What
isthe velocity of the body when it strikes the surface of the earth ?

How far away from the surface of earth does the acceleration due to gravity
become 4% of its value on the surface of earth ? Radius of earth = 6400 km.

The gravitational field intensity at a point 10,000 km from the centre of the
earthis 4.8 N kg. Calculate gravitational potential at that point.

A geostationary satellite orbits the earth at a height of nearly 36000 km.
What is the potential due to earth’s gravity at the site of this satellite (take
the potential energy at o to be zero). Mass of earth is 6 x 10%* kg, radius of
earth is 6400 km.

Jupiter has amass 318 timesthat of the earth, and itsradiusis 11.2 timesthe
earth’sradius. Estimate the escape vel ocity of abody from Jupiter’s surface,
given that the escape velocity from the earth’s surfaceis 11.2 km s,

The distance of Neptune and Saturn from the sun is nearly 10'3 m and 102
m respectively. Assuming that they move in circular orbits, then what will
be the ratio of their periods.

Let the speed of the planet at perihelion P in fig be v, and Sun planet distance
SP be o Relate (r,, v,) to the corresponding quantities at the aphelion

(rp» V,)- Will the planet take equal times to traverse BAC and CPB ?

B
.

»ne

Qe
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68.

69.

70.

71.

72.

73.

MULTIPLE CHOICE QUESTIONS

If both the mass and radius of the earth, each decreased by 50%, the
acceleration due to gravity would

@ remains same (b) decreases by 50%

(c) decreases by 100% (d) increasesby 100%

A body isresponded on a spring balance in a ship sailing along the equator
with speed V. If w is the angular speed of the earth and w isthe scalereading
when ship is at rest, the scale reading when the ship is sailing is

@ w, , (b) zero
o W) o w2

The maximum vertical distance through which afull dressed astronaut can
jump on the earth is 0.5m. Estimate the maximum vertical distance through
which he can jump on the moon, which has mean density %rd that of the
earth and radius one quarter that of the earth

@ 15m () 3m
(c 6m (d 75m

A uniform ring of mass M and radius R is placed directly above a uniform
sphere of mass 8 m and sameradius R. The centre of ring is at a distance of
d = V3R from the centre of sphere. The gravitationa attraction between the
sphereand ring is

GM? 3GM?
@ & b =
ZG'\/I2 \/—36M2
(© R (d) =

A satellite of mass m, revolving in a circular orbit of radius r, round the
earth of mass M, has total energy E. Than it's angular momentum will be

€) (2Em,ry” (b) (2Emgr)
(@) (2E mgr2)* (d) (2Emgr2)

A mass M splits in to two parts m and (M-m), which are separated by a
certain distance. The ratio m/M which maximizes the gravitational force
between the partsis

) 1:4 (b) 1:3
(c) 1:2 (d 1:1
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74.

75.

76.

78.

79.

If one moves from the surface of the earth to the moon, what will be the
effect on it's weight

@ Weight of the person decreases continuously with height from the
surface of the earth

(b) Weight of the person increases with height from the surface of earth

(©) Weight of a person first decreases with height and then increases
with height from surface of earth

(d) Weight of person first increases with height and then decreases with
height from the surface of earth

A satellites goes along an elliptical path around earth. The rate of change of
area swept by the line joining earth and the satellite is proportional to

(@ 2 (b) r
() 32 (d) r?

The change in the value of 'g' at a height 'h' above the surface of the earth
Issame as at adepth 'd' below the surface of earth. When both 'd' and 'h' are
much smaller than the radius of earth, then which one of the following in
correct?

@ 93 (0 o=
© d=2h d d=h

Two bodies of mass m and 4m are placed at a distance r. The gravitational
potential at a point on the line joining them where the gravitational field is
zero, is

-4 Gm
@ zero (b) .
©) -6Gm d = 9Gn

r r
When a body is taken from poles to equator on the earth, its weight

@ increases
(b decreases
(©) remains same

(d) increases at south pole and decreases at north pole
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80.

81.

82.

83.

85.

A man weights 60 kg at earth's surface. At what height above the earth's
surface weight becomes 30 kg. Given radius of earth is 6400 km.

@ 2624 km (b) 3000 km
(© 2020 km (d) Nonethethese

There are two bodies of masses 1 kg and 100 kg reporated by a distance
1 m. At what distance from the smaller body, the intensity of gravitational

field will be zero

1 1 m
@ M ® 1o

1 10
C - m d -~ m
(©) T (d) 1

A particle falls towards earth from infinity. It's velocity on reaching the earth
would be

(a) infinity (b) 2gR
(©  2JoR (d) zero

If g is the acceleration due to gravity on the earth's surface, the gain in
potential energy of on object of mass m raised from the surface of earth to
aheight equal to radius R of the earthis

@  ImgR (b) SmgR
(c) 2mgR (d mgR

Energy required to move a satellite of mass m from an orbit of radius 2R to
3Ris, (M mass of earth)

GMm GMm
GMm d GMm
(© T (d) “6R

If mass of abody is M on the surface of earth, then the mass of the same
body on the moon surfaceis

@ M/6 (b) zero
(©) M (d) Noneof these
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86. A body weighed 250N on the surface. Assuming the earth to be a sphere
of uniform mass density, how much would it weigh half way down to the
centre of earth

(@ 240N (b) 210N
(9 195N (d 125N

87. If the earth stop moving around its polar axis, then what will be the effect
on the weight of a body placed at the south pole?

@ Remains same (b) Increases

(©) Decreases but not zero (d) Decreasesto zero

Answers For Very Short Questions (1 Mark)

1. Both forces will be equal in magnitude as gravitational force is a mutual
force between the two bodies.

2. When moving in amerry go round, our weight appears to decrease when we
move down and increases when we move up, this change in weight makes
usfeel giddy.

3. (i) Value of acceleration due to gravity

(i) Surface temperature of planet.

G M
NJLivarre

GM
4, .. F= RZ Focmbutg= ® and does not depend on ‘m’ hence they

bodiesfal with same‘g’.

5. No, the gravitational force isindependent of intervening medium.

F 1
= r= —=—N.
6. F=1F 14

7. Mass does not change, weight at centre of earth will be O because g = 0.

8. Because it arises due to attractive force of gravitation.

‘f‘ﬂ\l
U

2GM M
= R whenr = R.

e

2mr

Gm o Ty
10. T= andv=,——> Tisindependentof mass, —— =1:1=T,=T,.
r

Ty
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Sun should be at B as speed of planet is greater when it is closer to sun.

The gravitational force between satellite and earth provides the necessary
centripetal force for the satellite to orbit the earth.

The speed of satellite during descent is much larger than during ascent, and
so hesat produced is large.

No, A satellite will be always visible only if it revolves in the equatorial
plane, but New Delhi does not lie in the region of equitorial plane.

‘g’ getsdoubled as g oc p (density).

Asg=GM/R? and the value of R at the polesis|essthan that the equator, so
g at polesis greater than that g at the equator. Now, 9> Yo hence mg, > 9,
i.e., theweight of abody at the polesis more than the weight at the equator.

The astronaut is in the gravitational field of the earth and experiences gravity.
However, the gravity is used in providing necessary centripetal force, so is
in astate of freefall towards the earth.

Geostationary satellite are used for tele communication and polar satellite
for remote sensing.

Angular velocity of binary stars are same is m,= g,
2n 2%

T T T

3
; (R
2 =22 | =T/ =64x25=40hr.

The force of gravitation exerted by the earth on abody of massmis

G
Acceleration imparted to the body, g = R2

Clearly, g does not depend on m. Hence the earth imparts same acceleration
to all bodies.

The satellite will movetangentially to the original orbit with avelocity with

which it was revolving.
Cravitation



Short Answers (2 Marks)

m.. . 99
23. g= 2 if R decreases by 1% it becomes ER
GM Gmn Gmn
I = =1.02—=({1+0.02)—
g (.99R)* R? ( )RZ

Gm
.. ¢ increases by 0.02 ok therefore increases by 2%.

24. (b), (c) and (d) are affected in space.

25. The maximum orbital velocity of a satellite orbiting near its surfaceis

vy = \/g_R:J_

Ve
2
For the satellite to escape gravitationa pull the velocity must become v,
Buty = V2vy =1.41dy, = (1+0.414)v,
e
This meansthat it hasto increases 0.414 in 1 or 41.4%.

.. Theminimumincrement isrequired, asthevelocity of satelliteis maximum
when it is near the earth.

26. Here
GM G 4 __,
R S T
or g < Rp
S Re g
& rP
2
- TR, YR,
M R
= _ R =_¢
My 97 4
4
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- 2 2OM 2,224
3y R, 3 3

7.47 km/sec.

64
28. g = 64%ofg=-_-8

100
97 S ®R+m? 100
R _ 8
R+74 B 10
h = B=1600krn.
4
29. 94 = 9

1]
—
-
|
[\]
:u\w
—_—

o4
Y g
R A

d = 2h=2x40=80km.
30. R=15%x108km=15x%x 10" m
T = 365 days =365 x 24 x 3600 s

Centripetal force =gravitational force

My GMm  m [ 2R JZ _ GMm

R R R| T R?
2p 3

Ms: 4n1§
GT

~ 4x9.87x(1.5x10"Y
T 6.64%x107 1 x(365% 24 %x3600)>
M, = 2.01x 10%¥g.
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3l. gx Lz for r > 0 above surface of earthi.e., AB
r

g
Alg,
C B
-R O r—>

g o« (R—d) forr <0 below surface of earthi.e., AC
gismax. for r = 0 on surface.
32. GivenM =2 x 10%0kg,
M,=6x 10" kg,r = 1.5x 10" m

Let m be the mass of the rocket. Let at distance x from the earth, the
gravitational force on the rocket be zero.

Then at this distance, Gravitational pull of the earth on the rocket

= Gravitational pull of the sun on the rocket.
GM m GM m (r—x)? M

. Hrettr e U ) _ s
i.e, 2 rex) or 2 M

- M 2x10°°  10°
or Rox o P o 200 57735

x M, Yex10® 3
or I —Xx = 577.35%
or 578.35x = r =1.5x 101

1.5x10M! .
= =2 _259%x10%nm.

or X = 757835

33. T,=365days, r,=r, T,=?,r,=1/2

2 3
L _n
T2
1 "
3/2
V>
or T, = T1.|:—2:|
B
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35.

36.

37.

38.

3/2
- 365[”—2] =129 days
r

Therefore decrease in number of daysin one year will be
=365 — 129 = 236 days.
Heremg =63 N, h=R/2

g, R Y [ R 2Y 4
As o “\R+n) |n . R|13) 9
8 R+—=

mg,, = %mg =%><63 =28 N.
Since the earth revolves from west to east, so when the rocket is launched
from west to east the relative velocity of the rocket increases which helpsit
to rise without much consumption of fuel.

Thevalueof ‘g’ on hillsislessthan at the plane, so the weight of tennis ball
onthe hillsislesser force than at planes that iswhy the earth attract the ball
on hillswith lesser force than at planes. Hence the ball bounces higher.

The tidal effect depends inversely on the cube of the distance, while

gravitational force depends on the square of the distance.
60R

(@
=Z ¢

(60R - x)
Gravitational field at C due to earth

= Qravitational field at C due to earth moon

GM GM/81
(60R—-x)* ~—  x?
81x2 = (60 R —x)2

Gravitation



O = 60R—-X

X =6R.
39. According to Kepler’s 11 aw, area velocity for the palnet is constant
ﬁ — i,Al =2A,
4 l
28, _ Ay
o4
t, = 2t
o . . . GMm
40. Gravitational PE. of massmin orbit of radiusR=U = ——
U. = _GMm
T 2R
U, = _GMm
3R
GM 11
AU = U,-U, = m 273
_ GMm
~ 6R
4
41. g = F7TORp
g’ = %TCGRQ,
Thegainin PE. at the highest point will be same in both cases. Hence
mg'h = mgh
g’ = =

me m ;1 nGRp’

Rph 3R’ x4p’x15

Rlpl RIX pl
18 m.
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Answers For 3 Marks Questions

E. =

1 (0A?
\ J

F A ODB 30° = BD 1/2
rom , cos 30° = T2 =g
1/2 BD
OB= —~— = ={/3

cos 30° OB 2(

- -

Gravitational field at O due to mat A, B and C is say E;,E, and E

£ = YE2+E242E,F, cos120°

EREEER
I I I 2

= SCiM = along OD
B . H
E isequal and oppositeto E,
net gravitational field = zero
Asgravitational potentia is scalar
\Y% =V, +V,+V,
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OA OB OC

3GM Gm

v N L Y el
/43 I

46. Work done on satellite in first stage = W, = PE at 150 km — PE at the surface

W1 :GMm_(_GMmJ
R+#4 R
_ GMmh

TRR Lk

AN IN T I

Work done on satellitein 29 stage = W,
= energy required to give orbital velocity v,
1 ( GMm )
o =Sl s
L \ NT A }

1
2

W, _ 2h_2x150 3 _
W, R 6400 64

W, >W,, so second stage requires more energy.
47. V =11.2kms™*, velocity of projection=v=3v,Let mbethemassof projectile
and v, the velocity after it escapes gravitational pull.

By law of conservation of energy

:lmvg = lmv2 —lmve2
2 2 2
A :\/vz—vez =J9v§—vez =\/8ve2
_22.42
=31.68 km st

48. The energy required to pull the satellite from earth influence should be equal
to the total energy with which it is revolving around the earth.

) GM [GM

The K.E. of satellite —lmv —lm V=
o T2 2 R+4" T NR+nh
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. GMm
The PE. of satellite =——7

R+4
TE o LmGM  GMm _ 1 GMm
T 2(R+A) (R+h) 2(R+4)
1 GMm
.. Energy required will be | +— .
VT ( 2(R+h>)
GMm 2
51 E,= o = TR R
If visvelocity of the satellite at distance 2R, than total energy
E, =K.E. + PE.
1 2 GMm
= _—my ————
2 (2R +R)
. . : M GM
Orbital velocity of satellite, v= ‘/ M 2= 22
V2R +R 3R
lm\yz— GMm
o, 27 T 6R
e _GMm  GMm _ GMm _ mgR
2 ~ 6R 3R 6R 6

Minimum energy required to launch the satelliteis
1 5
=E,-E, = —gng +mgR = gng.

Answers For Numericals

GM
58, F= "
_6.67x107x1.99%10°° x1.9%10*”
(7.8x10')%
F=41x102N
I’I’lv2
F =
p
Fr IGMm r
VvV = —_— = —2>(—
L ¥ m
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7.8x10'"

Gm J6_67 X107 x1.9x10%
¥

v =13x10*ms™

59. Letm =mthenm,=M —-m
Force between them when they are separated by distance ‘r’
Gm(M-m) G

= 2

2
— (Mwm—m~)
¥ r

For F to be maximum, differentiate F w.r.t. mand equate to zero

dF G
— = —(M-2m)=0
dm rz( )
M=2mm =~
=2mm=
_ _ M
m=m =
a Gm?
60. g = R2
Taking logarithm logg = logG+2logm—-2log R
Differentiating it
d dR —2
A —2—=—2[—]
g R R 100
48100 = o =2

—2| — [x 100 = 4%.
g 100

GMm] _ ng2

2

KE + PE = o+[—
r

61. Total Energy of the body

-
Let v be velocity acquired by body on reaching the surface of earth.

ng2
R

1 2 1 2
Total Energy on the surface= v + |- =V - mgR

According to law of conservatives of energy
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2
lmvz—ng _ mgR”
2 =T
2 1 1
V2: 2gR—2gR = 2gR2|:———:|
7 R r
1 1
= v=R|[2gl———1.
g(R )
62 = 4% of 4
. g ool g= —~ 100
4 R T
100° = ¥R+
2 R
10 R+h
h = 4R =4 x 6400 = 25,600 km.

o . : GM
63. Gravitational intensity =E =—-
R

o : GM
Gravitational potential V = R
vV o_
E - -R
or V=-ExR
or V = -4.8x10,000 x 103=-4.8x 10’ Jkg™~
GM
64. U = Potentia at heighth= ———
R+h
-11 24
U = 6.67 %107 x6x10 — _944x10° Jke

6.4x10° +36x10°
65. Escape velocity from the earth’s surfaceis

ZGM =112 kms™!
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Escape velocity from Jupiter’s surface will be
) 2GM’
e R/
ButM'=318M,R' =11.2R

JZG(318M) 2GM 318
v/ = = X

e 11.2 R 112
v 228 1w 228 5o 7 kms !
e” ¥11.2 11.2
66. By Kepler’s 111" |aw
3
/T_n\z (R,
) =
/ 3/2
T R, ' 10" 3/2
_n = = 12 =10
T R, 10 )
_ 10410 =10%3.16 =316
T :T,=366:1

67. The magnitude of angular momentum at Pis LIO =myrov,
Similarly magnitude of angular momentum at A isL, = m,r,v,
From conservation of angular momentum

mpI’pr = MyIaVp

NG SRRV A

. A )
area bound by SB and SC (SBAC > SBPC)

- By 2" |aw equal areas are swept in equal intervals of time. Timetaken to
transverse BAC > time taken to transverse CPB.
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Answer (MCQ) Key :

68. (d) 69. (¢ 70. (b) 71. (d 72. (c) 73. (¢
74. (c) 75. (@ 76. (c) 77. (@ 78. (d) 79. (b
80. (d) 8l (¢ 82 (b) 83 (b 84 (d 85 (c
86. (d) 87. ()

68.

69.

70.

71.

(d)

(©)

(b)

(d)

HINTS AND SOLUTION (MCQ)
and d_G(M/Z)

0

% increasing & ~2x 10@(29 nglOO 100%
g g

g=

2

WR}:g—V\FR
g

At equator, 9; = 9[1—
ot e o]

Speed of ship relative to the velocity of centre of earth be v,+V .
Weight on spring balance, W:m{g—M}

R
-1
ﬂ{l__woiv)z} [1_V_2}
W, Rg Rg

wW=w, {1+ ZTWV}

4 R\(2e) g
=—nG| — || = |==
On the moon, 9 37t (4)( j 6

Work done in jumping=m x g x 0.5 =m x Iy h,

6
h, = 3.0m
Gravitational intensity dueto ring at adistanced = V3R, oniit's axis

GMd  /3GM

iS|= =
(d*+R?¥* B8R

\/—GMZ

Gravitation

Force on sphere=8m x | =



72.

73.

74.

75.

76.

77.

78.

79.

80.

(©)

(©)

(©)
(@

(©)

(@

(d)

(b)

(d)

Total energy of satellite, E= —°M™Ms

21,

Orbital velocity, v, = |SM
rS
L =m v, r = (2E mr2)vs
F:w, For maximum, ﬁ:o
X dm

9F_Sm-2my=0=m_1,
dm x M 2

First decreases, becomes zero and than increases again.

) dA L mVvr Vr
Arealvelocnty:E:?n:%:_z

r /GM 1
=—,/—= —VGMr
2 r 2

dt
gn = gd
2h d
I-— =9 > d= 2h
o[+-g)-d>7)
R (R+ hYy 9
Position of null point from mass m, x = ) r4m =3
Nm
Gravitationa potential at null point = —GTM—%“ -
3 3
9, =0 9~ 9g-WR<g,
2
mg- = MR _ 5o 60x 6400
(R+hy (6400+ hj
= h=2651knm
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81.

82.

83.

85.

86.

87.

(©)

(b)

(b)

(d)

(©)
(d)

(@

Gx1l Gx100 1
= = X=—m
x? (1-x)? 11
_ (-GMm)

2

v=,/20R

On earth's surface, U, =— GMm

R
At a height equal to radius of earth,
GMm GMm

> R+ 2R
GMm+ GMm  GMm

AU=U,-U, =-
2R R 2R
2
But g= oW — pu= IRM_ MOR
R 2R 2
Gravitational PE. of mass m in an orbit of radius R
U:—GMm ) :—GMm’ U, = -GMm
2R 3R
AU = U, —U, = SMm
6R
Mass does not changes.
At depth, d = 7,
d)_g
—gl1-—— =2
o.-o[1-8)-
Net weight = %:125 N
At poles A = 90°, so,
Gpore = 9~ W?R cOS™ & = .
Gravitation



Properties Of

Matter

L Gaiki Unit = 7

7.1 Interatomic Forces

The forces between the atoms due to €l ectrostatic interaction between the
charges of the atoms are called interatomic forces.

(1) Whentwo atomsare brought close to each other to adistance of the order
of 101 m, attractive interatomic forceis produced between two atoms.

(2) This attractive force increases continuously with decrease in r and
becomes maximum for onevalueof r called critical distance, represented
by x (as shown in the figure).

(3) When the distance between the two atoms becomesr,, the interatomic
force will be zero. This distance r, is caled normal or equilibrium
distance.

i
Repulsion

X\ x>
o r

Attraction

S

(4) When the distance between the two atoms further decreased,
the interatomic force becomes repulsive in nature and increases very

rapidly.




(5) The potential energy U is related with the interatomic force F by the
following relation.

—AJlT

u v

dr

When the distance between the two atoms becomesr ,, the potential energy of
the system of two atoms becomes minimum (i.e., attains maximum negative
value hence the two atoms at separation r, will be in astate of equilibrium.

F =

7.2 Intermolecular Forces

The forces between the molecules due to electrostatic interaction between
the charges of the molecules are called intermolecular forces. These forces
are also called Vander Waal forces and are quite weak as compared to inter-
atomic forces.

1.3 Solids

A solid is that state of matter in which its constituent atoms or molecules
are held strongly at the position of minimum potential energy and it has a
definite shape and volume.

1.4 Elastic Property of Matter

(1) Elasticity : The property of matter by virtue of which a body tends to
regain its original shape and size after the removal of deforming force
is caled elagticity.

(2) Plasticity : The property of matter by virtue of which it doesnot regain
itsoriginal shape and size after the removal of deforming forceiscalled
plasticity.

(3) Perfectly elastic body : If on theremoval of deforming forcesthe body
regain its original configuration completely it is said to be perfectly
elastic.

A quartz fibre and phosphor is the nearest approach to the perfectly elastic
body.

(4) Perfectly plastic body : If the body does not have any tendency to
recover its original configuration on the removal of deforming force, it
Is said to be perfectly plastic.

Paraffin wax, wet clay are the nearest approch to the perfectly plastic
body. Practically thereis no material which is either perfectly elastic or
perfectly plastic.

(5) Reason of easticity : On applying the deforming forces, restoring forces
are developed.When the deforming force is removed, these restoring
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forces bring the molecules of the solid to their respective equilibrium
position (r = r) and hence the body regainsits original form.

(6) Elasticlimit : The maximum deforming force upto which abody retains
its property of elasticity is called elastic limit of the material of body.

Elastic limit is the property of a body whereas elasticity is the property
of material of the body.

(7) Elasticfatigue: Thetemporary loss of elastic properties because of the
action of repeated alternating deforming force is called elastic fatigue.

Itisdueto thisreason:
(i) Bridges are declared unsafe after along time of their use.

(if) Spring balances show wrong readings after they have been used for
along time.

(iii) We are able to break the wire by repeated bending.

(8) Ealstic after effect : The time delay in which the substance regainsits
original condition after the removal of deforming forceis called elastic
after effect. It is negligible for perfectly elastic substance, like quartz,
phosphor bronze and large for glass fibre.

7.5 Stress

The internal restoring force acting per unit area of cross section of the
deformed body is called stress.

St Force F
ress = =—
&S Area A

Unit : N/m? (S.l.), dyne/cm? (C.G.S))

Stress devel oped in abody depends upon how the external forces are applied
over it.

Onthisbasisthere aretwo types of stresses: Normal and Shear or tangential
stress

(1) Normal stress: Heretheforceis applied normal to the surface.
It isagain of two types: Longitudinal and Bulk or volume stress.
(i) Longitudinal stress

(@) Deformingforceisapplied parallel to thelength and causesincrease
in length.
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(b) Areataken for calculation of stressisarea of cross section.

(c) Longitudina stress produced due to increase in length of a body
under adeforming force is called tensile stress.

(d) Longitudinal stress produced due to decrease in length of a body
under adeforming force is called compressional stress.

(ii) Bulk or Volume stress
(@ Itoccursin solids, liquids or gases.
(b) Deforming forceis applied normal to surface at all points.

(c) It is equal to change in pressure because change in pressure is
responsible for change in volume.

(2) Shear or tangential stress: It comesin picture when successive layers
of solid move on each other i.e., when there is a relative displacement
between various layers of solid.

(i) Heredeforming forceis applied tangential to one of the faces.
(ii) Areafor calculationisthe areaof theface onwhichforceisapplied.

(iii) It produces change in shape, volume remaining the same.

7.6 Strain

The ratio of change in configuration to the original configuration is called
strain. It has no dimensions and units. Strain are of three types:

X
7 : ,":." >F
l". ! ::'q)
'/ Fixed face |/

) ) ) _ Change in length _ 7
(1) Linear strain : Linear strain = Original length I,
Linear strain in the direction of deforming force is called longitudinal
strain and in adirection perpendicular to forceis called lateral strain.

Change in volume (AV)

(2) Volumetric strain : Volumetric strain = Original volume (V)

(3) Shearingstrain: Itis defined as angle in radians through which a plane
perpendicular to the fixed surface of the cubical body gets turned under

the effect of tangential force.
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X
=1
e Whenabeam isbent both compression strain aswell asan extension
strain is produced.

7.7 Stress-strain Curve

(1) Whenthestrainissmall (region OP) stressisproportional to strain. This
is the region where the so called Hooke's law is obeyed. The point Pis
called limit of proportionality and slope of line OP gives the Young's
modulusY of the material of thewire. Y =tan 0.

.| Plastic region
Elastig

egion B
P /—?&/\ C

E

0

Strain —

C>Stress —

(2) Point E known as elastic limit or yield-point.
(3) Between EA, the strain increases much more.

(4) The region EABC represents the plastic behaviour of the material of
wire.

(5) Stress-strain curve for different materials, are shown in following figure.

Brittle material Ductile material Elastomers
A A A C
E E
w| P C £ P C =
o o o
) ) 7f
O Strain O Strain B O Strain

Theplastic region between The material on thistype For ealstomers the strain
E and Cissmall for brittle have agood plastic range produced is much larger
material and it will break and such materials can than the stress applied.
soon after the elastic limit pe easily changed into Such materials have no
is crossed. different shapes and can plastic range and the

be drawn into thin wires. breaking point lies very
close to elastic limit.
Example : rubber.
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1.8 Hooke’s law and Modulus of Elasticity

According to this law, within the elastic limit, stress is proportional to the
strain.

stress

i.e., stress o, strainor o = = constant = E

strain
The constant E is called modulus of elasticity.

(1) It'svauedependsupon the nature of material of the body and the manner
in which the body is deformed.

(2) It'svalue depends upon the temperature of the body.
(3) It'svalueisindependent of the dimensions of the body.

There are three modulii of elasticity namely Young's modulus (Y), Bulk
modulus (K) and modulus of rigidity (n) corresponding to three types of
the strain.

1.9Young’s Modulus (Y)

It is defined as the ratio of normal stress to longitudinal strain within limit
of proportionality.

_ Normal stress _F/A _ FL
Longitudinal strain  /F A/

Thermal stress: If a rod is fixed between two rigid supports, due to change
intemperatureitslength will changeand so it will exert anormal stress. This
stressis called thermal stress. Thermal stress=Y a A6. Force produced in
the body = YA aA6.

1.10 Work Done in Stretching a Wire

In stretching awirework isdone against internal restoring forces. Thiswork
is stored in the wire as elastic potential energy or strain energy.

_ A 1 YA 1 _ :
.. Energy stroed in wire UZETZEFI (I = changein length)

Energy stored in per unit volume of wire

:lx stress x strain = l>< Yx(stram}2 :L(stress}2
2 2 2T
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1.11 Breaking of Wire

When the wireisloaded beyond the elastic limit, then strain increases much
more rapidly. The maximum stress corresponding to B (see stress-strain
curve) after which the wire begin to flow and breaks, is called breaking stress
or tensile strength and the force by application of which the wire breaksis
called the breaking force.

(i) Breaking force depends upon the area of cross-section of the wire.
(if) Breaking stressis a constant for a given material.

(iii) Breaking force is independent of the length of wire.

(iv) Breaking force a. mr.

(v) Length of wireif it breaks by its own weight
P
L=—
g

7.12 Bulk Modulus

Theratio of normal stressto the volumetric strain within the elastic limitsis
called as Bulk modulus.

Thisis denoted by K.

Normal stress

Volumetric strain;
F/A  —pV
—AV/V AV
wherep =increasein pressure; V = original volume; AV = changein volume

K =

Thereciprocal of bulk modulusis called compressibility

- 1 AV
C:comprblllty:E=p—V

S.I. unit of compressibility is N'm? and C.G.S. unit is dyne cm?.

Gases have two bulk modulii, namely isothermal elasticity E, and adiabatic
elasticity E¢.

1.13 Modulus of Rigidity

Within limits of proportionality, the ratio of tangential stressto the shearing
strainiscalled modulus of rigidity of the material of the body and is denoted
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by n,i.e,
_ Shear Stress _ FFA _~ F
N " Shear strain = ¢  Ad

Only solids can exhibit a shearing as these have definite shape.

7.14 Poisson’s Ratio

Lateral strain: Theratio of changein radiusto the original radiusiscalled
lateral strain.

Longitudinal strain : Theratio of changein length to the original lengthis
called longitudinal strain. The ratio of lateral strain to longitudinal strainis
called Poisson’sratio (o).

Lateral strain

i.e, = T -
Longitudinal strain

1.15 Factors Affecting Elasticity

(1)) Hammering and rolling : This result is increase in the elaticity of
material.

(2) Annealing : Annealing resultsis decrease in the ealsticity of material.

(3) Temperature : Elasticity decreases with rise in temperature but
the elasticity of invar steel (alloy) does not change with change of
temperature.

(4) Impurities: The type of effect depends upon the nature of impurities
present in the material.

1.16 Practical Applications of Elasticity

(i) Thethickness of the metallic rope used in the crane is decided from the
knowledge of elasticity.

(i) Maximum height of a mountain on earth can be estimated.

(iii) A hollow shaft is stronger than a solid shaft made of same mass, length
and material.

7.17 Intermolecular Force

Theforce of attraction or repul sion acting between the molecules are known
asintermolecular force. The nature of intermolecular forceis el ectromagnetic.

The intermolecular forces of attraction may be classified into two types.
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Cohessive force Adhesive force

Theforce of atraction between molecules | The force of attraction between the mole-
of same substance is called the force of |cules of the different substances is called
cohesion. Thisforceislesser inliquids |theforce of adhesion.

and least in gases.

7.18 Surface Tension

The property of aliquid dueto which itsfree surface triesto have minimum
surface areaiscalled surfacetension. A small liquid drop has spherical shape
due to surface tension. Surface tension of aliquid is measured by the force
acting per unit length on either side of an imaginary line drawn on the free
surface of liquid, then T = (F/L).

(1) It depends only on the nature of liquid and is independent of the area of
surface or length of line considered.

(2) Itis ascalar as it has a unique direction which is not to be specified.
(3) Dimension : [MT2]. (Similar to force constant)
(4) Units: N/m (S.1.) and Dyne/lcm [C.G.S]

1.19 Factors Affecting Surface Tension

(1) Temperature : The surface tension of liquid decreases with rise of
temperature

T, = T,(L-at)

where T, T, are the surface tensions at t°C and 0°C respectively and o
is the temperature coefficient of surface tension.

(2) Impurities : A highly soluble substance like sodium chloride when
dissolvedinwater, increasesthe surfacetension of water. But the springly
soluble substances like phenol when dissolved in water, decreases the
surface tension of water.

1.20 Surface Energy

The potential energy of surface molecules per unit area of the surface is
called surface energy.

Unit : Joule/m? (S.l.) erg/cm? (C.G.S)
Dimension : [MT?]
.. W=T x AA[AA = Total increases in area of the film from both the sides]
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i.e,, surface tension may be defined as the amount of work done in increasing
the area of the liquid surface by unity against the force of surfacetension at
constant temperature.

1.21 Splitting of Bigger Drop

When a drop of radius R splitsinto n smaller drops, (each of radiusr) then
surface area of liquid increases.

R3 = nr3
Work done =T x AA =T [Total final surface area of n drops
—surface area of big drop] = T[nnr? — 4nR?].

7.22 Excess Pressure

Excess pressure in different cases is given in the following table :

Plane surface Concave surface
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1.23 Shape of Liquid Meniscus

The curved surface of the liquid is called meniscus of the liquid.

ItF.= [2F, F.< \2F, F.> \2F,

tano = .. oo =90°i.e, tan o = positive .. a tan o = negative .. a

the resultant force acts is acute angle i.e., the is obtuse angle i.e., the

vertically downwards. resultant force directed resultant force directed

Hence the liquid meniscus outside the liquid. Hence inside the liquid. Hence

must be horizontal. the liquid meniscus must the liquid meniscus must
be concave upward. be convex upward.

Example : Pure water pyample: Wateringlass Example : Mercury in

in s Iver coated capillary i iary tube. glass capillary tube.

1.24 Angle of Contact

Angle of contact between a liquid and a solid is defined as the angle enclosed
between the tangents to the liquid surface and the solid surface inside the
liquid, both the tangents being drawn at the point of contact of the liquid with
the solid.

0 <90° 6 =90° 6 > 90°

concave meniscus. plane meniscus. convex meniscus,
Liquid wets the Liquid does not wet the | does not wet the
solid surface. solid surface. solid surface.

Physics Class XI



(i) Itsvalue lies between 0° and 180°.

0 = 0°for pure water and glass, 6 = 90° for water and silver.
(if) On increasing the temperature, angle of contact decreases.
(iii) Soluble impurities increases the angle of contact.

(iv) Partially soluble impurities decreases the angle of contact.

1.25 Capillarity

If atube of very narrow bore (called capillary) is dipped in aliquid, it is
found that the liquid in the capillary either ascends or descends relative to the
surrounding liquid. This phenomenon is called capillarity.

The cause of capillarity is the difference in pressures on two sides curved
surface of liquid.

7.26 Ascent Formula

When one end of capillary tube of radius r is immersed into a liquid of
density d which wets the sides of the capillary and R = radius of curvature of
liquid meniscus.

T = surface tension of liquid
P = atmospheric pressure
2T cosO

rdg

h =

Important points

(i) Thecapillary rise depends on the nature of liquid and solid bothii.e., on
T.d,0 and R.

(if) Capillary action for various liquid-solid pair.

M eniscus Angle of contact Level

Concave 6 <90° Rises
Plane 0 =90° No rise no fall

Convex 0 >90° Fall

7.27 Pressure

The normal force exerted by liquid at rest on agiven surfacein contact with
itiscalled thrust of liquid on that surface.

If F be the normal force acting on asurface of areaA in contact with liquid, then
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pressure exerted by liquid on this surfaceis P=F/A
(1) Units: N/m? or Pascal (S.l.) and Dyne/cm? (C.G.S.)

2) Dimension : [P -ﬂ=—[MLT_2]=
(2) Di enso.[]—[A] 12]
(3) Pressureisatensor quantity.

(4) Atmospheric pressure: atm = 1.01 x 10° Pa= 1.01bar = 1 torr.

[ML'T]

(5) If P,isthe atmospheric pressure then for a point at depth h below the
surface of aliquid of density p, hydrostatic pressure Pis given by P =
P, + hpg.

(6) Gaugepressure: The pressure difference between hydrostatic pressure
P and atmospheric pressure P, is called gauge pressure. P— P, + hpg.

7.28 Pascal’s Law

The increase in pressure at one point of the enclosed liquid in equilibrium
of rest istransmitted equally to all other points of the liquid and also to the
walls of the container, provided the effect of gravity is neglected.

Example: Hydraulic lift, hydraulic press and hydraulic brakes.

1.29 Archimedes Principle

When a body is immersed partly or wholly in a fluid, in rest it is buoyed
up with a force equal to the weight of the fluid displaced by the body. This
principle is called Archimedes principle. Apparent weight of the body of
density (p) when immersed in aliquid of density (o).

Apparent weight = Actual weight — Upthrust
= W-F,=Vpg—-Vog=V(p-o)g

Vpg [1_2)
p

o
W W|[1-—
w=¥(5)

(1) Relative density of abody (R.D.)

_ Weight of body in air
~ Weight in air — weight in water
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(2) If theloss of weight of abody inwater is‘a’ whileinliquidis‘b’

oL Upthrust on body in liquid

o, Upthrust on body in water
Loss of weight in liquid

Loss of weight in water
a _ Wair _Wliquid

b Wair - Wwater
1.30 Streamline, Laminar and Turbulent Flow

(1) Stream line flow : Stream line flow of a liquid is that flow in which each
element of theliquid passing through apoint travels along the same path
and with the same vel ocity asthe preceding element passes through that
point.

The two streamlines cannot cross each other and the greater is the
crowding of streamlines at a place, the greater is the velocity of liquid
particles at that place.

(2) Laminar flow : If a liquid is flowing a horizontal surface with a steady
flow and moves in the form of layers of different velocities which do
not mix with each other, then the flow of liquid is called laminar flow.

In this flow the velocity of liquid flow is always less than the critical
velocity of the liquid.

(3) Turbulent flow : When aliquid moves with a velocity greater than its
critical velocity, the motion of the particles of liquid becomes disordered
or irregular. Such a flow is called a turbulent flow.

1.31 Critical Velocity

The critical velocity is that velocity of liquid flow upto which its flow is
streamlined and above which its flow becomes turbulent.

1.32 Equation of Continuity

The equation of continuity is derived from the principle of conservation of
mass.

For an incompressible, streamlined and non-viscous liquid product of area
of cross section of tube and velocity of liquid remains constant.
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or

1
av = constant; or ao.—

a——>

v

When water fallsfrom atap, the velocity of falling water under the action of
gravity will increase with distance from the tap (i.e., v, > v,). So in accordance
with continuity equation the cross section of the water stream will decrease (i.e.,
A,<A)), i.e, thefaling stream of water becomes narrower.

1.33 Energy of a Flowing Fluid

Pressure Energy

Potential energy

Kinetic energy

It is the energy possessed
by aliquid by virtue of its
pressure. It is the measure
of work done in pushing
the liquid against pressure
without imparting any
velocity to it.

It isthe energy possessed
by liquid by virtue of its
height or position above
the surface of earth or any
reference level taken as
zero level.

It isthe energy possessed
by aliquid by virtue of its
motion or velocity.

Pressure energy of the
liquid PV

Pressure energy per unit
P
mass of the liquid E

Pressure energy per unit
volume of the liquid P

Potential energy of the
liguid mgh Potential
energy per unit mass of
the liquid gh

Potential energy per unit
volume of the liquid pgh

Kinetic energy of the
1

liquid =mv® Kinetic

energy“per unit mass of

1
the liquid =v°
Kinetic en?(argy per unit
volume of the liquid

1 2
—pv
2P

7.34 Bernoulli’s Theorem

According to thistheorem thetotal energy (pressure energy, potential energy
and kinetic energy) per unit volume or mass of anincompressible and non-viscous
fluid in steady flow through a pipe remains constant throughout the flow.

P+pgh+%pv2 = constant
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(i) Bernoulli’stheorem for unit mass of :
LN gh+ 12 = constant
p 2

(if) Dividing above equation by g, we get

| v
—+h+— = constant
Pg 2g )
Here iLd is called pressure head, his called gravitational head and ;—
pg g

iscalled velocity head.

1.35 Applications of Bernoulli’s Theorem
(i) Attraction between two closely parallel moving boats.

(i) Working of an aeroplane: ‘dynamic lift’
(= pressure difference x area of wing) Load A

(iii) Action of atomiser : B

(iv) Blowing off roofs by wind storms

(v) Magnus effect : When a spinning ball is _
thrown, it deviates from its usua path in Extension
flight. This effect is called Magnus effect.

(vi) Venturimeter : Itis a device used for measuring the rate of flow of liquid
through pipes.

2hg

Rate of flow of liquid V = %%, 3 3~
al - 02

1.36 Velocity of Efflux
Velocity of efflux from a hole made at a depth h below the free surface of

theliquid (of depth H) isgiven by v=/2gh.

Which is same as the final speed of a free falling object from rest through a
height h. Thisresult is known as Torricelli’s theorem.

1.317 Viscosity and Newton’s law of Viscous Force

The property of a fluid due to which it opposes the relative motion between
its different layers is called viscosity (or fluid friction or internal friction) and
the force between the layers opposing the relative motion is called viscous

force.
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Viscous force F is proportional to the area of the plane A and the velocity
. dv . N
gradient d—v in adirection normal to the layer,
X

e, F=-nMA—

Where n is a constant called the coefficient of viscosity. Negative sign is
employed because viscous force acts in a direction opposite to the flow of

liquid.

(1) Units: dyne-s-cm or Poise (C.G.S. system);
Newton-s-m or Poiseuille or decapoise (S.I. system)
1 Poiseuille = 1 decapoise = 10 Poise

(2) Dimension: [ML™T]

(3) Withincreasein pressure, theviscosity of liquids (except water) increases
while that of gases is independent of pressure. The viscosity of water
decreases with increase in pressure.

(4) Solid friction is independent of the area of surfacesin contact and the
relative velocity between them.

(5) Viscosity represents transport of momentum, while diffusion and
conduction represents transport of mass and energy respectively.

(6) The viscosity of gasesincreases with increase of temperature.

(7) Theviscosity of liquid decreases with increase of temperature.

1.38 Stoke’s Law and Terminal Velocity

Stokes established that if asphere of radiusr moveswith velocity v through
a fluid of viscosity n, the viscous force opposing the motion of the sphereis
F = 6nnrv (stokes law)

If a spherical body of radius r is dropped in a viscous fluid, it is first
accelerated and then it’s accel eration becomes zero and it attains a constant
velocity called termina velocity.

273 (p-0
Terminal velocity v = 2r(p-0)g
9
(i) If p > o then body will attain constant velocity in downward direc-

tion.
(i) If p <o then body will attain constant velocity in upward direction.

Example: Air bubblein aliquid and cloudsin sky.
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(iii) Terminal velocity graph :

Vi
N

Time or distance (R)

7.39 Poiseuille’s Formula

Poiseuille studied the stream—line flow of liquidin capillary tubes. Hefound
that if a pressure difference (P) is maintained across the two ends of a capillary
tube of length ‘I’ and radius r, then the volume of liquid coming out of the
tube per second is

4
V= nbr (Poiseuille's equation)
8n/
. . . P 8n/
This equation also can be written as, V = R whereR = o

Riscalled asliquid resistance.

3.40 Stefan’s Law

According to it the radiant energy emitted by aperfectly black body per unit
area per sec (i.e., emissive power of black body) is directly proportional to
the fourth power of its absolute temperature.

ie., EaT40rE = o T4

where ¢ = Stefan’s constant having dimension [MT—20~4] and value
5.67 x 108 W/m2K*.

(i) If eisthe emissivity of the body thenE=ec T*
(ii) If Qisthetotal energy radiated by the body then Q =Atec T4

(iii) If a body at temperature T is surrounded by a body at temperature
T,thenE=ec (T*-T,9.

Nature of thermal Radiation

e Radiation emitted by a black body is a mixture of waves of different
wavelengths and only a small range of wavelength has significant

contribution in the total radiation.
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e A body is heated at different temperature and Energy of radiation is
plotted against wavelength is plotted for different temperature we get
following curves.

E

|

e These curves show

(i) Energy is not uniformly distributed in the radiation spectrum of
black body.

(ii) At a given temperature the intensity of radiations increases with
increase in wavel ength, becomes maximum at particular wavel ength
and further increase in wavelength leads to decrease in intensity of
heat radiation.

(iii) Increase in temperature causes increase in energy emission for all
wavelengths.

(iv) Increase in temperature causes decrease in A _, where A is
wavelength corresponding to highest intensity. This wavelength
L., isinversely preoperational to the absolute temperature of the
emitter. A T=Db

where b is a constant and this equation is known as Wein's
displacement law. b= 0.2896 x 102 mk for black body and isknown
as Wien's constant.

Very Short Answer Questions (1 Mark)

1. Why do spring balances show wrong readings after they have been used for
along time?

Why do we prefer steel to copper in the manufacture of spring ?
Draw stress-strain curve for elastomers (elastic tissue of Aorta)

How are we able to break awire by repeated bending ?

a A W D

What is the value of bulk modulus for an incompressible liquid ?
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10.
1.

12.
13.
14.
15.
16.
17.

18.

19.

20.
21.
22.
23.
24,

25.

26.

Define Poisson’s ratio ? Does it have any unit ?

What is elastic fatigue ?

Why isit easier to swim in seawater than in the river water ?
Railway tracks are laid on large sized wooden sleepers. Why ?

The dams of water reservoir are made thick near the bottom. Why ?

Why is it difficult to stop bleeding from a cut in human body at high
atitude ?

The blood pressure in human is greater at the feet than at the brain. Why ?
Define coefficient of viscosity and write its SI unit.

Why machine parts get jammed in winter ?

Why do the clouds float in the sky ?

Antiseptics have low surface tension. Why ?

What will be the effect of increasing temperature on (1) angle of contact (i1)
surface tension ?

For solids with elastic modulus of rigidity, the shearing forceis proportional
to shear strain. On what factor does it depend in case of fluids ?

How does rise in temperature effect (i) viscosity of gases (ii) viscosity of
liquids ?

Explain why detergents should have small angle of contact ?

Write the dimensions of coefficient of viscosity and surface tension.
Obtain a relation between SI unit and cgs unit of coefficient of viscosity.
Explain, how the use of parachute helps a person jumping from an aeroplane.

Why two ships moving in parallel directions close to each other get
attracted ?

Why the molecules of a liquid lying near the free surface possess extra
energy ?

Why isit easier to wash clothes in hot water soap solution ?
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27.
28.
29.
30.

31

32.
33.

35.
36.
37.

38.
39.
40.
41.
42.
43.

45,
46.
47.

Why does mercury not wet glass ?
Why ends of a glass tube become rounded on heating ?
What makes rain coats water proof ?

What happens when a capillary tube of insufficient length is dipped in a
liquid ?

Does it matter if one uses gauge pressure instead of absolute pressure in
applying Bernoulli’s equation ?

State Wein's displacement law for black body radiation.

State Stefan Boltzmann law.

Name two physical changes that occur on heating a body.

Distinguish between heat and temperature.

Which thermometer is more sensitive amercury or gas thermometer ?

Metal disc has a hole in it. What happens to the size of the hole when disc
is heated ?

Name a substance that contracts on heating.

A gas is free to expand what will be its specific heat ?

Is the bulb of athermometer made of diathermic or adiabatic wall ?
What is the absorptive power of a perfectly black body ?

At what temperature does a body stop radiating ?

If Kelvin temperature of an ideal black body is doubled, what will be the
effect on energy radiated by it ?

In which method of heat transfer does gravity not play any part ?
Give aplot of Fahrenheit temperature versus Celsius temperature.
Why birds are often seen to swell their feather in winter ?

A brass disc fits snugly in a hole in a steel plate. Should we heat or cool the
system to loosen the disc from the hole.
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50.

51.

52.

53.

55.

56.
57.
58.

59.

Short Answer Type Questions (2 Marks)

State Hooke's law. Deduce expression for young's modulus of material of a
wire of length ‘I, radius of cross-section ‘r’ loaded with a body of mass M
producing an extension Al init.

A wire of length | area of crossection A and young's modulus'Y is stretched
by an amount x. What is the work done ?

1
Prove that the elastic potential energy per unit volumeisequal to EX stress
x gtrain.

Define the term bulk modulus. Give its SI unit. Give the relation between
bulk modulus and compressibility.

Define shear modulus. With the help of a diagram explain how shear modulus
can be calculated.

Which is more elastic steel or rubber. Explain.

Two wires P and Q of same diameter are loaded as shown in the figure. The
length of wire Pis L mand its young’'s modulusis Y N/m? while length of
wire Q istwicethat of Pand its material has young's modulus half that of P.
Compute the ratio of their elongation.

P
[ Imkg
Q

2m kg

In case of emergency, a vaccum brake is used to stop the train. How does
this brake works ?

Define surface tension and surface energy. Obtain a relation between them.
State and prove Torricelli’s theorem for velocity of efflux.

Using dimensional method obtain, Stoke's law expression for viscous force
F=6rnaw

The fig (a) & (b) refer to the steady flow of a non-viscous liquid which of
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the two figures is incorrect ? Why ?

fig (a) fig (b)

60. The fig. below shows a thin liquid supporting a small weight 4.5 x 1072 N.
What is the weight supported by a film of same liquid at the same temperature
in fig. (b) & (c). Explain your answer.

N

—
40 cm ; L

40 cm 40 cm
(a) () (c)

61. Two soap bubbles of different diameter are in contact with a certain portion
common to both the bubbles. What will be the shape of the common boundary
as seen from inside the smaller bubble ? Support your answer with a neat
diagram and justify your answer.

62.

N

During blood transfusion the needleisinserted in avein where gauge pressure
is Py and atmospheric pressureis p. At what height must the blood container
be placed so that blood may just enter the vein. Given density of blood is p.

63. Why we cannot remove a filter paper from a funnel by blowing air into narrow
end.

64. On ahot day, a car isleft in sunlight with all windows closed. Explain why
it is considerably warmer than outside, after sometime ?

65. A capillary tube is dipped first in cold water and then in hot water. Comment
on the capillary rise in the second case.
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66.

67.
68.

69.

70.

71.

72.

73.

If adrop of water falls on a very hot iron, it does not evaporate for along
time. Why ?

The earth without its atmosphere would be inhospitably cold. Why ?

The coolant used in chemical or in a nuclear plant should have high specific
heat. Why ?

A sphere, a cube and a disc made of same material and of equal masses
heated to same temperature of 200°C. These bodies are then kept at same
lower temperature in the surrounding, which of these will cool (i) fastest,
(i) slowest, explain.

(& Why pendulum clocksgenerally go faster in winter and slow in summer.

(b) Why the brake drums of a car are heated when it moves down a hill at
constant speed.

Theplotsof intensity versuswavelength for three black bodies at temperature
T,, T, and T, respectively are shown.

A —
Arrange the temperature in decreasing order. Justify your answer.

The triple point of water is a standard fixed point in modern thermometry.
Why ?Why melting point of ice or boiling point of water not used as standard
fixed points.

Short Answer Type Questions (3 Marks)

The knowledge of elasticity useful in selecting metal ropes show its use,
in cranes for lifting heavy loads, when rope of steel is used (Elastic limit
30 x 10’ Nm?) if load of 10° kg is to be lifted.

What should be the radius of steel rope ? What should we do to increase

flexibility of such wire ?
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74. Stress-strain curve for two wires of material A and B are as shown in Fig.

wire A

wire B

Stress

R —

Strain
(& which material in more ductile ?
(b) which material has greater value of young modulus ?
(c) which of the two is stronger material ?
(d) which material is more brittle ?

75. State Pascal’s law for fluids with the help of a neat labelled diagram explain
the principle and working of hydraulic brakes.

76. A manometer reads the pressure of a gas in an enclosure as shown in the
fig. (a) when some of the gas is removed by a pump, the manometer reads
as in fig (b). The liquid used in manometer is mercury and the atmospheric
pressure is 76 cm of mercury, (i) Give absolute and gauge pressure of the
gas in the enclosure for cases (a) and (b).

To Pump

!

I 20 cm 18 § !

(a) (b)

77. How would the levels change in (b) if 13.6 cm of H,O (immensible with
mercury) are poured into the right limb of the manometer in the above
numerical.

78. Define Capillarity and angle of contact. Derive an expression for the ascent
of aliquid in acapillary tube.

79. The terminal velocity of atiny droplet is v. N number of such identical
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80.

81.

82.

83.

85.

86.

87.

88.

89.

droplets combine together forming a bigger drop. Find the terminal velocity
of the bigger drop.

Two spherical soap bubble coalesce. If v be the change in volume of the
contained air, A isthe changein total surface areathen show that 3PV + 4AT
= 0where T isthe surface tension and P is atmospheric pressure.

Give the principle of working of venturimeter. Obtain an expression for
volume of liquid flowing through the tube per second.

A big size balloon of mass M is held stationary in air with the help of a
small block of mass M/2 tied to it by light string such that both float in mid
air. Describe the motion of the balloon and the block when the string is cut.
Support your answer with calculations.

Two vessels have the same base area but different shapes. The first vessels
takes twice the volume of water that the second vessel requires to fill upto
aparticular common height. Isthe force exerted by the water on the base of
the vessel the same ? Why do the vessels filled to same height give different
reading on weighing scale.

A liquid drop of diameter D breaks up into 27 tiny drops. Find the resulting
changein energy. Take surface tension of liquid as c.

Define the coefficients of linear expansion. Deduce relation between it and
coefficient of superficial expansion and volume expansion.

Describe the different types of thermometers commonly used. Used the
relation between temperature on different scales. Give four reasons for using
mercury in athermometer.

Two rods of different metals of coefficient of linear expansion o, and o, and
initial length |, and |, respectively are heated to the same temperature. Find
relationin Qlys Oy, | 1 and |2 such that difference between their lengths remain
constant.

Explain why :
(8 abody with large reflectivity is a poor emitter.
(b) abrasstumbler feels much colder than awooden tray on achilly day.

Draw a graph to show the anomalous behaviour of water. Explain its
importance for sustaining life under water.
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91.

92.

93.

94,

95.

96.

97.

98.

99.

A brass wire 1.8 m long at 27°C is held taut with little tension between
two rigid supports. If the wire is cooled to a temperature of — 39°C, what
is the tension developed in the wire, if its diameter is 2.0 mm ? Coefficient
of linear expansion of brass = 2.0 x 10°0C-1, Young's modulus of brass =
0.91 x 10" Pa.

Define (1) Specific heat capacity (ii) Heat capacity (iii) Molar specific heat
capacity at constant pressure and at constant volume and write their units.

What islatent heat ? Giveitsunits. With the help of asuitable graph, explain
the terms latent heat of fusion and latent heat of vaporisation.

What is the effect of pressure on melting point of a substance ? What is
regelation. Give a practical application of it.

What is the effect of pressure on the boiling point of a liquid. Describe a
simple experiment to demonstrate the boiling of H,O at atemperature much
lower than 100°C. Give a practical application of this phenomenon.

State and explains the three modes of transfer of heat. Explains how theloss
of heat due to these three modes is minimised in a thermos flask.

Define coefficient of thermal conductivity. Two metal slabs of same area of
cross-section, thickness d; and d, having thermal conductivities K, and K,

respectively are kept in contact. Deduce expression for equivalent thermal
conductivity.

Long Answer Type Questions (5 Marks)

Draw and discuss stress versus strain graph, explaining clearly the terms
elastic limit, permanent set, proportionality limit, elastic hysteresis, tensible
strength.

Show that there is always an excess pressure on the concave side of the
meniscus of a liquid. Obtain an expression for the excess pressure inside
(i) aliquid drop (ii) soap bubble (iii) air bubble inside aliquid.

State and prove Bernoullis theorem. Give its limitation. Name any two
application of the principle.

100. Define terminal velocity. Obtain an expression for terminal velocity of

a sphere falling through a viscous liquid. Use the formula to explain the
observed rise of air bubblesin aliquid.

101. Onwhat factors doestherate of heat conductioninametallic rod inthe steady

state depend. Write the necessary expression and hence define the coefficient
of thermal conductivity. Write its unit and dimensions.
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102. Show graphically how the energy emitted from a hot body varies with the
wavelength of radiation. Give some of salient points of the graph.

103. What is meant by ablock body. Explain how a black body may be achieved
in practice. State and explain Stefan’'s law ?

104. State and prove Pascal’s law of transmission of fluid pressure. Explain how
is Pascal’s law applied in a hydraulic lift.

105. Discuss energy distribution of black body radiation spectrum and explain
Wein's displacement law of radiation and Stefan’s law of heat radiation.

NUMERICALS

106. An aluminium wire 1 m in length and radius 1 mm is loaded with a mass
of 40 kg hanging vertically. Young’'s modulus of Al is 7.0 x 100 N/m?.
Calculate (a) tensile stress (b) change in length (c) tensile strain and (d) the
force constant of such awire.

107. The average depth of ocean is 2500 m. Calcul ate the fractional compression

AV
(7) of water at the bottom of ocean, given that the bulk modulus of water

is2.3 x 10° N/mZ2.

108.A force of 5 x 103 N is applied tangentially to the upper face of a cubical
block of steel of side 30 cm. Find the displacement of the upper facerelative
to the lower one, and the angle of shear. The shear modulus of steel is
8.3 x 10'° pa.

109. How much should the pressure on one litre of water be changed to compress
it by 0.10%.

110. Calculate the pressure at a depth of 10 m in an Ocean. The density of sea
water is 1030 kg/m?3. The atmospheric pressureis 1.01 x 10° pa.

111. In ahydraulic lift air exerts aforce F on asmall piston of radius5 cm. The
pressureis transmitted to the second piston of radius 15 cm. If acar of mass
1350 kg isto be lifted, calculate force F that is to be applied.

112. How much pressure will aman of weight 80 kg f exert on the ground when
(i) heislying and (2) heis standing on his feet. Given area of the body of
the man is 0.6 m? and that of hisfeet is 80 cm?.

113. The manual of a car instructs the owner to inflate the tyres to a pressure of
200 k pa. (@) What is the recommended gauge pressure ? (b) What is the
recommended absolute pressure (¢) if, after the required inflation of the tyres,
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the car isdriven to amountain peak where the atmospheric pressure is 10%
below that at sealevel, what will the tyre gauge read ?

114. Calculate excess pressure in an air bubble of radius 6 mm. Surface tension
of liquid is 0.58 N/m.

115. Terminal velocity of a copper ball of radius 2 mm through a tank of oil at

20°C is 6.0 cm/s. Compare coefficient of viscosity of oil. Given p, = 8.9 X
103 kg/m3, p;, = 1.5 x 10° kg/md.

116. Calculate the velocity with which aliquid emerges from a small hole in the
side of a tank of large cross-sectional area if the hole is 0.2 m below the
surface liquid (g = 10 ms™).

117. A soap bubble of radius 1 cm expandsinto abubble of radius2 cm. Calcul ate
the increase in surface energy if the surface tension for soap is 25 dyne/cm.

118. A glassplateof 0.2 m?in areaispulled with avelocity of 0.1 m/sover alarger
glass plate that is at rest. What force is necessary to pull the upper plate if
the space between them is 0.003 m and is filled with oil of  0.01 N/n?.

119. The areaof cross-section of awater pipe entering the basement of ahouseis
4 x 104 m?. The pressure of water at this point is 3 x 10° N/m?, and speed
of water is 2 m/s. The pipe tapers to an area of cross section of 2 x 10 m?,
when it reaches the second floor 8§ m above the basement. Calculate the speed
and pressure of water flow at the second floor.

120. A large bottle is fitted with a siphon made of capillary glass tubing. Compare
the times taken to empty the bottle when it is filled (i) with water (ii) with
petrol of density 0.8 cgs units. The viscosity of water and petrol are 0.01 and
0.02 cgs units respectively.

121. The breaking stress for ametal is 7.8 x 10° Nm. Calculate the maximum
length of the wire made of this metal which may be suspended without
breaking. The density of the metal = 7.8 x 103 kg m3. Takeg =10 N kg2

122.Two stars radiate maximum energy at wavelength, 3.6 x 10~ m and
4.8 x 10~ mrespectively. What is the ratio of their temperatures ?

123. Find the temperature of 149°F on kelvin scale.

124. A metal piece of 50 g specific heat 0.6 cal/g°C initially at 120°C is dropped
in 1.6 kg of water at 25°C. Find the final temperature or mixture.
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125. A iron ring of diameter 5.231 m is to be fixed on a wooden rim of diameter
5.243 m both initially at 27°C. To what temperature should the iron ring
be heated so as to fit the rim (Coefficient of linear expansion of iron is
12x10°kt?

126.100 g of ice at 0°C is mixed with 100 g of water at 80°C. The resulting
temperature is 6°C. Calculate heat of fusion of ice.

127.Calculate hesat required to convert 3 kg of water at 0°C to steam at 100°C.
Given specific heat capacity of H,O = 4186 Jkg~k and latent heat of steam
= 2.256 x 106 Jkg.

128. Calculate the stress developed inside a tooth cavity that filled with copper.
When hot tea at temperature 57°C is drunk. You can take body (tooth)
temperatureto be 37°C and o = 1.7 x 10~°/°C bulk modules for copper = 140
x 10° Nm2,

129. A body at temperature 94°C cools to 86°C in 2 min. What time will it take
to cool from 82°C to 78°C. The temperature of surrounding is 20°C.

130.A body re-emits all the radiation it receives. Find surface temperature of
the body. Energy received per unit area per unit time is 2.835 watt/m? and
o =5.67 x 108 W m=2 k™=,

MULTIPLE CHOICE QUESTIONS (MCQs)

131. A spring is stretched by applying aload to its free end. The strain produced
inthespring is

€) Volumetric (b) Shear
(©) Longitudinal & Shear (d) Longitudinal

132. The maximum load a wire can withstand without breaking, when its length
isreduced to half of itsoriginal length, will

@ be double (b) behalf

(c) be for times (d) remain same
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133. A rigid bar of Mass M is supported symmetrically by three wires each of
length L. Those at each end one of Copper and the middle one is of iron.
Theratio of their diameters, if each isto have the same tension, is equal to

Ycopper Yiron
a — b /—
@ Yiron (b) Ycopper

¥ iron Yiron
© @ S—— o ———
Y’ copper Ycopper
134. A mild steel wire of Length 2L and cross sectional AreaA is stretched well
within elastic limit, horizontally between two pillars. A man mis suspended

from the mid point of the wire strain in the wireis

X 5 X
@ o O T
2 2
o X @ =
L 2L

135. For anideal liquid : (More than one option may be correct)
(a) the bulk modulus is infinite (b) the bulk modulus is zero
(c) the shear modulus is infinite (d)  the shear modulus is zero

136. The stress strain graph for this materials are shown figure. (assume scale is

same for both graph)
Ultimate Tension strength Ultimate Tension strength
» Fracting ' » Fracting
§ Point ﬁ N ' Point
& & &
o
Linear limit
Strain E Strain E
[Material (i)] [Material (ii)]

@ Materia (ii) is more elastic than material (i) and hence materia
(it) ismore brittle.

(b)  Material (i) & (ii) have the same elasticity and the same brittleness.

(c) Material (ii) is elastic over the larger region of strain as compared
to (i)
(d) Material (ii) is more brittle than material (i)
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138.

139.

140.

141.

The tall cylinder is filled with viscous oil. A round pebble is dropped from
the top with zero initial velocity. From the plot shown in fig. indicate the
one that represents the velocity (v) of the pebble as function of time (t)

? T / TI/ T%
—t —>t —>t

—>t

@ (b) (©) (d)
An ideal fluid flow through a pipe of circular cross section made of two

sections with diameters 2.5 cm & 3.75 cm. The ratio of the velocities in the
two pipesis

) 9:4 (b) 3:2
© 3:42 @ J2:43
Theangle of contact at the interface of water glassis0°, Ethylolcohal—glass

1s 0°, Merecing—glass is 140° & Methyl iodide-glass is 30°. A glass capillary
IS put its atrough containing one of these for liquids. It is observed that the
meniscus is convex. Theliquid in the trough is

@ Water (b) Ethylalcohol
(c) Mercury (d) Methyl iodide
A bimetallic strip is made of aluminum & steel (o, > 0O, - On heating

the strip will

€) remain straight

(b) get twisted

(c) will bend with aluminum on concave side
(d)  will bend with steel on concave side.

A Uniform Metallic Rod rotates about its perpendicular bisector with constant
angular speed. If it is heated uniformly to raise its temperating slightly

€) Its speed of rotation increases
(b) Its speed of rotation decreases
(c) Its speed of rotation remains same

(d) Its speed increases because its moment of Inertia decreases.
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143.

144.

Asthe temperating is increases, the time period of pendulum

(a) increases as its effective length increases even though its centre of
man (CM) still reaming at the centre of the bob

(b) decreases as its effective length increases even though its CM still
remains at the centre of the bob

(©) increases as its effective length increases due to shifting of CM
below the centre of the bob

(d) decreases as its effective length remains same but the CM shifts above
the centre of the bob.

Refer to the plot of temperating versustime showing the changesin the state
of ice on heating (not of scale)

—» Temperature (%)

A
Which of the following is correct :

(a) The region AB represents ice & water in thermal equilibrium
(b At B water stats boiling

(©) At C all the water gets converted into steam

(d) C-D represents water & steam in equilibrium at boiling point.

A student recordstheinitial length |, change in temperature AT and change
inlength A | of arod asfollows:

S.No. | (m) AT (°C) AT (m)
1 2 10 4x10%
2 1 10 4x10*
3 2 20 2x10%
4 3 10 6x10%

If the first observation is correct. Choose the correct answer about 2™, 3rd
& 4™ observations

(@ 2" observation correct (b) 3"observation correct
(c) 4™ observation correct (b) 4% observation incorrect
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146.

147.

148.

149.

The approximate depth of an ocean is 2700 m. The compressibility of
water is45.4x107! Pa! and density of water is 10° kg/mé. What fractional
compression of water will be obtained at the bottom of the ocean?

(@ 1.0x107 () 1.2x1072
(©) 1.4 x 1072 (d 0.8x107?
The Young's Modulus of steel is twice that of brass. Two wires of same

length and of same area of cross-section; one of steel and another of brass
are suspended from the same roof. If then the weights added to the steel and
brass wires must bein the ratio of

) 1:1 (b) 1:2
(© 2:1 (dy 4:2
Two rods of different materials having coefficients of thermal expansion

a, , o, and Young'sModuli Y, Y, respectively are fixed between two rigid
massivewalls. Therods are heated such that they undergo the sameincrease
intemperature. Thereisno bending of therods. If o, : o, =2 3, thethermal
stresses developed in the two rods are equal provided Y, : Y, isequal to

€) 2:3 () 1:1
(© 3:2 (d 4:9
In the given figure; if the dimension of the two wires are the same and

materials are different. Young's modulus is

Load A
B
Extension
) Morefor A than B (b) Morefor B thanA
(©) Equal for A & B (d) Noneof these

The two ends of a metal rod are maintained at temperatures 100°C and
110°C. The rate of heat flow in the rod is found to be 4.0 J/s. If the ends are
now maintained at temperatures 200°C and 210°C, the rate of flow of heat
will be

€) 16.8 Js (b) 8.0Js
(©) 4.0Js (dy 448Js
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150. Steam at 100°C is passed into 20 g of water at 10°C, then water acquires a

10.

11.

12.

14.
15.

temperating of 80°C, the man of water present will be [Take specific heat
of water = 1 cal gt °C and Latent heat of steam =540 cal g]

@ 24¢g (b) 315¢g
(c) 4259 (d 225¢
ANSWERS

VERY SHORT ANSWERS (1 MARK)
Thisisdueto elastic fatigue.

Because steel is more elastic than copper as its Young's modulus is more
than that of copper.

Repeated bending of wire decreases elastic strength and therefore it can be
broken easily.

stress  stress — (Inﬁnity)

strain 0

Poisson’sratio istheratio of lateral strain to thelongitudinal strain. It hasno
units.

Itisthelossin strength of amaterial caused dueto repeated alternating strains
to which the material is subjected.

The density of sea water is more than the density of river water, hence sea
water gives more up thrust for the same volume of water displaced.

This spreads force due to the weight of the train on alarger area and hence
reducesthe pressure considerably and in turn preventsyielding of the ground
under the weight of the train.

Pressure exerted by liquid column = hpg so as ‘h’ increases p increases so
to with stand high pressure dams are made thick near the bottom.

The atmospheric pressure is low at high atitudes. Due to greater pressure
difference in blood pressure and the atmospheric pressure, it is difficult to
stop bleeding from a cut in the body.

The height of blood column is quite large at feet than at the brain, hence
blood pressure at feet is greater.

In winter i.e., at low temperature the viscosity of [ubricants increases.

Due to zero terminal velocity.
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16.
17.

18.
19.
20.

21.

22.

23.

24,

25.

26.

27.

They have to spread over alarge area.

Angleof contact increaseswith increase of temperature while surface tension
generally decreases with increase of temperature.

Rate of Shear Strain.
Viscosity of gasesincreases while viscosity of liquid decreases.

Detergents should have small angle of contact so that they have low surface

2T cosH . .
ie.,0 is
pg

tension and greater ability to wet a surface. Further as 7 =
small cos 0 will belarge so hi.e., penetration will be high.
] = [MALT]
[T] = [ML2L

C.g.sunit of n

S.I. Unitof n

poise

poiseuille or deca poise

l1poise = 1gcmts?=101kgmts?

0.1 poiseuille

Viscous force on the parachuteislargeasF=6x n r v, Fa r, so its terminal
velocity becomes small so the person hitsthe ground with thissmall velocity
and does not get injured.

1
According to Bernoulli’s theorem for horizontal flow P + 5 pv2 = constant.

As speed of water between the ships is more than outside them pressure
between them gets reduced & pressure outside is more so the excess pressure
pushes the ships close to each other therefore they get attracted.

The moleculesin aliquid surface have a net downward force (cohesion) on
them, so work done in bringing them from within the body of liquid to the
surface increases surface energy.

Hot water soap solution has small surface tension therefore can remove the
dirt from clothes by wetting them effectively.

Mercury does not wet glass because of larger cohesiveforce between Hg-Hg
molecules than the adhesive forces between mercury-glass molecules.

Properties Of Matter



28.

29.

30.

31.

36.

37.
38.

39.
40.

41.
42.

43.

45.

When glass is heated, it melts. The surface of this liquid tends to have a
minimum area. For agiven volume, the surface areaisminimumfor asphere.
Thisiswhy the ends of a glass tube become rounded on heating.

Theangle of contact between water and the material of therain coat isobtuse.
So the rain water does not wet the rain coat.

When a capillary tube of insufficient length is dipped in a liquid, the radius of
curvature of the meniscusincrease so that hr = constant. That is pressure on
concave side becomes equal to pressure exerted by liquid column so liquid
does not overflow.

No. Unless the atmospheric pressures at the two points where Bernoulli’s
equation is applied, are significantly different.

Volume and €l ectrical resistance.

Gas thermometer is more sensitive as coefficient of expansion of Gas is more
than mercury.

Expansion is always outward, therefore the hole size increased on heating.
Ice

Infinity

The temperature above which molar heat capacity of a solid substance
becomes constant.

One.
At oK.

4 4
E T 2T

4 . 22|22 =|Z2L | =16
EaT*.. R, (TIJ {TIJ
- E,=16E,
In conduction and radiation.
212
Dt, = 180

£,32

0 t 100

C
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46. When birds swell their feathers, they trap air in the feather. Air being a poor
conductor preventsloss of heat and keeps the bird warm.

47. The temp, coefficient of linear expansion for brass is greater than that for
steel. On cooling the disc shrinksto agreater extent than the hole, and hence
brass disc gets lossened.

SHORT ANSWERS (2 MARKYS)

AV

v
Pan B Qv %

L
Work done in stretching it by dx = dw = F.dx

49. Restoring forcein extension x=F =

X
Work done in stretching it from zerotox =W = dew = Jfo Fdx

* AYx 1 AYx?
W: jﬂ T dx:: T
oY 1. Z 1.
1 AY ,
Energy o [
50. Energy Density = Volume = AL
1(AYx \x
T2l L
_1F x ..y = FL]
" 2A°L | Ax |
1 )
— —stress X strain
2
_F 1
53. YS = XA—IS
FI
Y, = A Al

For same force applied to wires made of steel & rubber of same length and
same area of cross section

Al < Al

Al

YS
Y, ~ Al
Y S

r

>1
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55.

59.

60.

61.

62.

63.

Al =——X—

P AY
Al _2mg 2L _ Smg L
Q A Y2 AY
A, 3
Al — g

Steam at high pressure is made to enter the cylinder of vacuum brake. Due
to high velocity, pressure decreasesin accordance with Bernoulli’sprinciple.
Due to this decrease in pressure, the piston gets lifted. Consequently brake
getslifted.

Fig. (@) incorrect.

At the constriction, the area of cross section is small so liquid velocity is
large, consequently pressure must be small so height of liquid must be less.

The weight supported by (b) and (c) are same as that in (a) and is equal to
45x 102 N.

The weight supported = 2 ¢ |, where  is surface tension and | is the length
which issamein al the three cases, hence weight supported is same.

(o-( O

When seen from inside the smaller bubble the common surface will appear

2T concave as (1) the pressure (excess) = will be greater for concave

R
surface & as R is small for the smaller bubble, the pressure will be greater.
P, = pgh
T
24

When air is blown into the narrow end its velocity in the region between
filter paper and glass increases. This decreases the pressure. The filter paper
gets more firmly held with the wall of the tunnel.
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65.

66.

67.

68.

69.

70.

71.

72.

Glass transmits 50% of heat radiation coming from a hot source like sun but
does not alow the radiation from moderately hot bodies to pass through it.

2Scos0
pg
Surface tension of hot water is less than the surface tension of cold water.
Moreover, due to thermal expansion the radius of the capillary tube will

increase in hot water. Due to both reasons, the height of capillary rise will
be lessin hot water as compared to cold water.

We know that h =

A vapour film is formed between water drop and the hot iron. Vapour being
apoor conductor of heat makes the water droplet to evaporate slowly.

Due to green house effect, the presence of atmosphere prevents heat radiations
received by earth to go back. In the absence of atmosphere radiation will go
back at night making the temperature very low and inhospitable.

S0, that it absorbs more heat with comparatively small changein temperature
and extracts large amount of heat.

Rate of energy emissionisdirectly proportional to areaof surfacefor agiven
mass of material. Surface area of sphereisleast and that of disc is largest.
Therefore cooling of (i) discisfastest and (ii) sphereis slowest.

. . /
(@ Time period of pendulum=T = Zn\/: or Tx/l
g
In winter | becomes shorter so its time period reduces so it goes faster.
In summer | increases resulting in increase in time period so the clock
goes slower.

(b) When the car moves down hill, the decrease in gravitational potential
energy is converted into work against force of friction between brake
shoe and drum which appears as heat.

According to wein’'s displacement law, Amt = Constant

M <A3<A,

T,>T,>T,

The melting point of ice as well as the boiling point of water changes with
changein pressure. The presence of impurities also changes the melting and
boiling points. However the triple point of water has a unique temperature

and isindependent of external factors. It isthat temperatures at which water,
ice & water vapour co-exist that is 273. 16 K and pressure 0.46 cm of Hg.
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ANSWERS FOR SHORT QUESTIONS (3MARKYS)
73. The ultimate stress should not exceed elastic limit of steel (30 x 10" N/m?)

T _ Mg _10°x93

_ 7
>—=30x10

U:A T e

S r=3.2cm

So to lift abad of 10* kg, crane is designed to withstand 10° kg. To impart

flexibility the rope is made of large number of thin wires braided.

74. (a) Wirewith larger plastic region is more ductile material A.

b Y , dulusi Stress
(b) Young's modulusis Strain
2 Y > Yy

(c) For given strain, larger stressisrequired for A than that for B.
.. Alis stronger than B.

(d) Material with smaller plastic region is more brittle, therefore B is more
brittle than A.

76. (i) Incase (@) Pressure head, h=+ 20 cm of Hg
Absolute Pressure = P+ h =76 + 20 = 96 cm of Hg.
Gauge Pressure = h = 20 cm of Hg.
In case (b) Pressure Head h=—18 cm of Hg
Absolute Pressure = 76 — 18 = 58 cm of Hg
Gauge Pressure = h=-18 cm of Hg
77. as h,p,9=h,p,g
h x136xg=136x1xg
h,=1cm
Therefore as 13.6 cm of H,O ispoured inright limb it will displace Hg level

by 1 cm in the left limb, so that difference of levels in the two limbs will
become 19 cm.
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79. vV = 9 N
v 2g
= r_2 = %KG*P) (1)
o v 2g
Similarly, X2 = —nkG—P) (2
Divididng 1 by 2,
2 7 \2
Yo V_z oy = V{E\I
" R ")

If N drops coalesce, then
Volume of N droplets

Volume of one big drop

4
;TCR3 — I\I(;‘.TCV3]
R =NY3r

.. Terminal velocity of bigger drop
r

R 2
=(—) Xv from equation (1)

=N?%3 v from equation (2)

80. Let P, & P, bethe pressuresinside the two bubbles, then

4T 4T

P-P= —=p=P+
i i
4T 4T

P,-P=—=P,= P+—
r r

When bubbles coalesce
PV, +PV, = PV (1)

.. The pressure inside the new bubble

T L

P=P+

r
Substituting for P, P, & P, in equation (1)
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4T 14 4T 14 4T 14
P+— —Tl:rl3+ P+— —Tcrf:[P+—]—ﬂ:r3
nol3 B3 rJ3

lonmi

or gnP(rl3+r23—r3)+ 7} +7f —7']=0

Given change in volume,

V:inrf+in|’:- inrs
3 3

3 .(3)
ChangeinArea
47:7*12 +411:r22 —dgur? (4
Using equation (3) and (4) in (2), we get
PV+§A = 3PV+4TA =0

82. Freeblock diagram of balloon and block shown below :

U
T
Mg
2
Mg+T

When the balloon is held stationary in air, the forces acting on it get balance
Up thrust
U

Wt. of Balloon + Tension in string
Mg+T

M for the small block of mass % floating stationary in air

Z
)

M 3
= Mg+—g==M
U g+ g=_Mg

Whenthestringiscut T =0, the small block beginstofall freely, the balloon
rises up with an acceleration ‘a’ such that

U-Mg = Ma
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EMg—Mg Ma

2

% in the upward direction.

83. (i) Asthetwo vesselshaveliquid to same height and the vessels have same
base area, theforce exerted = pressure x base areawill be same as pressure

a

=hpg

(ii) Since the volume of water in vessel 1 is greater than in vessel (2) the
weight of water = volume x density x h, so weight of first vessel will be
greater than the water in second vessel.

D
84. Radius of larger drop = >

Radius of each small drop=r
A /D
27x—nr _ gnth N r:

2
Initial surface area of large drop 4x (g) — nD?

Final surface area of 27 small drop

D2
27 x 4mr2 = 27><4n£ =3nD?

Changeinenergy = Increaseinareax ¢
2nD%c

I [1+ oy (t,—t)]

11 [1+ o, (8, —t))]

Given that the difference in their length remain constant

—
e N
1

87.

—
[\
1

Ilz—I} = |2_|l
I2[1+ a, (tl—tl)]—ll[1+ocl(t2—tl)] :|2_|1
| =

20 = 110y
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90.

96.

Here | =18m,t, = 27°C, t, = —39°C

2.0
r=— =1.0mm=10x103m
r = 20x10°°CLY =091 x 104 Pa
As Al = la(t,—t)
. Strain, al a (t,—t)

I
Stress = Strain x Young's modulus = o (t, —t;) XY

=2.0x10°x%x (—39-27) x 0.91 x 10" = 1.2 x 108 Nm
[Numerically]
Tension developed in the wire = Stress x Area of cross-section
=Stressx pr2=1.2x 108 x 3.14 x (1.0 x 1032 =3.77 x 10°N .
Definition of coefficient of thermal conductivity.
In steady state the heat passing in unit time through the rod remain same that
is
Q_KAT-T) _KAT-T,) EKA(T-T)
t 4, d, d, +d,

where k is the coefficient of thermal conductivity

Also T,-T,= (T,-T)+(T-T)
dy+d, _ A.,.L
K KA KA
htd, _ 4 4 _XK,d+Kd)
A K K, KK,
K = K\K,(d, +4d,)
K,d,+Kd,
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ANSWERS FOR NUMERICALS

106.(a) Stress= — =28 =200 ___157:10° Nim?
A et Ex(Ix107)
FL 40x10x1
(b) AL=—= T ==18x10"m
AY  wmx({1x107) xX7x10
. AL 1.8x107° B
(c) Strain= T=f=l.8x10 ?

(d) F=Kx=KAL, K =Force constant

K = £=w=2.2x105wm
L 18x10°

107. Pressure exerted at the bottom layer by water column of height his
P = hpg = 2500 x 1000 x 10
2.5 x 10" N/m

= Stress
Stress P
Bulk modulus K = =
Strain  AV/V

AV. P _25 %107
V K 23x10°
= 1.08%
108.  AreaA of the upper face = (0.30)? m?

=1.08%x10"°

The displacement Ax of the upper face relative to the lower oneis given by
yF F/A

A’ T Ay

AX

0.30x5x10°

5 > 2x10"m
8.3x10" x(0.30)
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.. Angle of shear o isgiven by

tan a

109.

P =
110. Pressureat adepthof 10 m =

ATM. pressure

i 2x107
arn
0.30

1litre=103m?3

Jztan_l (0.67x107°)

0.10% = 010 _ 0.001
100

P
X

AV/V

2.2 x 106 Nm
hpg

10 x 1030 x 10 = 1.03 x 10° N/m?
1.01 x 10° pa.

=2.2 x 10° x 0.001

=P= v

Total pressure at a depth of 10 m=1.03 x 10° + 1.01 x 10°
=2.04 x 10° pa

5 _
A,

F=

Physics Class XI
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5x102 Y
1350x9.8[—]

F =
L 15x1072
= 1470 N.

, e F  BOx9E
112. (i) Whenmanislying P= a

(ii) When man is standing then A = 2 x 80 cm? = 160 x 10* m?

=1.307x10° N/m *

p= S0 910 Nm 2

160x10~"
113. (a) Pressure Instructed by manual = Py = 200K P,

(b) Absolute Pressure=101kP,+ 200k P, =301 kP,

(c) At mountain Peak Pa’ is 10% less
P,/ = 90kP,

If we assume absol ute pressure in tyre does not change during driving then
P, = P—P,=301-30=211kP,

So the tyre will read 211 k P,, pressure.

. 4T (4x0.58
114. Excess pressure in soap bubble=p = & T lexio?

=387 Nm—

[ g(c—p)r* |

2
115. Vv, = 5 "

_ 3'9.8><(8.9><103—1.5><103)(2><10—3)2
M=y 6x1072

= 1.08kgmtst

116. From Torricelli theorem, velocity of efflux

v = quh
N2x10x0.2

2m/s
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117. Surface energy per unit areais equal to surface tension.

E = increasein surface area x ST
= 4 (22-1%) x 2.5
=4 x3x%x25
= 1.02 x 10% erg
dv
118, F="mA—
0.1 3
= 001x02x% =66.7x10°N
0.003
119. Since ANV, =AY,
2x4x107*
v = DT
2x107

Using Bernoulli’s Theorem
1L 2 2
P,= P1+Ep(’01 —v3)+pg(ly —in)

V, >V,
h, > h,

=3x10°+ %(1000)[(2)2 —(H*]-1000x9.8x8

= 2.16 x 10° N/m?
120. The volume of liquid flowing in time t through a capillary tube is given by

V=0t = nPri _ Tthpgr4t
8N/ 8N/
Ttho, art,
. For Water, V,= ——
WA
Thp,gr 't
For Petrol, Vv, =
2 8,
But V.=V

mhp,gr'ty _ mhp,grit,
8m, 8,
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t
or Go_ My P 001 08 )
t, n, P, 0.02 0.02

121. Breaking stress = Maximum stressthat thewire can withstand

7.8 x 10° Nm
When thewireis suspended vertically, it tendsto break under itsown weight.
Let itslength be | and cross-sectional areaA.

Weight of wire = mg = volume x density x g = Alpg

Weight
Stress = A =Alpg/A =1lpg

For the wire not to break, |pg = Breaking stress= 7.8 x 10° Nm

9 S
| = 7.8x10° _ 7.8><130 _10° m
pg 7.8x10° x10
122.By Wein's Displacement Law
A=A T
T N, _48x107
T " A, 3.6x107
_ 4
3
193 F-32  T-273
' 180 100
149-32 _ T-273 - 117 CT-273
180 100 9
T = 286k
124, m,c, (6, —0) =m,c, (6 -0,)
c, = 1cal/gm°C
50 x 0.6 x (120—0) = 1.6 x 103 x 1 x (0 — 25)
6 = 26.8°C
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125.

126 ice
at0°C —

d, = d, [1+ o Af]
5243 = 5231 [1+1.2x 10 (T-30)]
5243
ri—J = 1.2x10° (T —300)
L5231
T = 191 + 300 =491 k = 218°C
water water
at°C — at6° C

m,c, (80—-6) = mL +myc, (6-0)

100 x 1 x 74

L

100L+100x1x6
(1x74)-6
68 cal/qg.

127. Heat required to convert H,O at 0°to H,O at 100° = m,c,t

30 x 4186 x 100
1255800 J

Heat required to convert H,O at 100°C to steam at 100°C is= mL

128.

Now,

3 x 2,256 x 106

= 6768000 J
Total heat = 8023800 J
KAV
Thermal stress = Kx strain = v
Y= \é;; or AVV =YAT
Thermal stress = KyAT = 3KaAT [+ v =30q]
= 3x140x10°x 1.7 x 10° x 20
= 1.428 x 108 Nm?
Physics Class XI



HINTS AND SOLUTION (MCQ)
131. (¢) Longitudinal & shear.

132. (d) Breaking force = breaking stress x area of cross section of wire ie
it is independent of length of its wire till area of cross-section of
wire is constant.

133. (b)
1 4F

F y _
(DT (M) n DA/
2 a2t
2 l
= D= aF or D« /i
TALY Y
Hence D cgpper _ Y iron
Diron Y copper

134. (8 Increasein length = Bo + OC -BC L L
or AL=2BO—2L  aeeeeeeeeeees (T
AL =2(L2+x3)Y2_2L |

X2 1/2 EX
AL=2L{1+F} -2L 5

X2

AL =—
L
2 2
Sostrain:A—Lz X = Xz
2L Lx2L 2L

135.(a&d) Ideal liquid does not compress easily AV = 0so B & a. A liquid
cannot sustain tangential force i.e. strain is infinite for a shear stress
Hence G = 0.

136.(c&d) From graph it is clear that ultimate strength of the material (ii) is
greater than that of materia (i). Therefore the elastic behaviour
of material (ii) is over a larger region of strains as compared to
material (i).

If the fracting point E is closer to ultimate strength point, than the

material is brittle.
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137. (c)

138. (a)

139. (c)
140. (d)

141. (b)
142. (a)

143.(a&d)

144. (c)

When a round pebble is dropped from the top of a tall cylinder,
filled with viscous oil the pebble acquires terminal velocity after
some time. Hence option (c) correct.

According to Equation of continuity

aVi=q, Vv,

or

v, _a,_ndl4_(d (@je
v, a nd/4 | d 2.5 4

Meniscus is convex upwards if angle contact is obtuse.

Give O, > Ogee SO ON heating aluminum strip will expander more
than that of steel strip. So aluminum strip will bead more on convex
side & steel strip on concave side.

When ametallic rod isheated it expands. Its M.I about perpendicular
bisector increases. So according to Law of conservation of angular

Momentum, its angular speed (w) decrease. as |, ®, = |, ®,,.

With increase in temperating; the effective length (¢) of the simple
pendulum increases even though its CM till remains at the centre
of bub. So As T:Zn\/g or Ta7 SO T iNCreases as temperature increase.

In the given graph, the region AB represents no change the temperature
with time. It means ICE & water are in thermal equilibrium.

From ISt observation :

-G 4%x16*
AT 2x10

= 2x10° °C*

SoFrom2™observation = A/ = a ¢ AT = (2x10°)x Ix 10= Z 10' m (Incorrect)
From 39 observation =A¢=o ¢ AT =(2x10°)x 2x 20= & 10° m (Incorrect)

From 4" observation =A/=o ¢ AT =(2x10°)x 3x 10= & 10° m (Correct)
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145. () B=—" oAV _ P
(Av/v) v B
ﬂ:hpng as p= Ipg, B=i
v K
Av
— = 2700x 16x 9.& 454 1&
v
=1.2x 10?
146. (c) Here Y= 2Y,, Y _2
Y, 1

Let Wq & W the weights hanged to steel & brass wires
lg= lg=0; Ag=Ag =A, Al =Al =Al

Y:M or MzM
AAL AY
as Alg=Al,
Wl W, !
TUAY,  AY,
Wy Yy 2
w, Y, 1

147. (c) Expansion in the rod due to rise in temp = Compression in rod.
For the first rod A/, =a, ¢,A0

Compression in the rod MF%F é
or the length of the rod remains unchanged
o 0, A0=— 1
AY,
or
_F .
o, AO = ———
! AY, ®
Similarly for second rod
—F N
o, Ab=—— ——— (i)
AY,
a’Z Y]_ YZ Otl 2
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148. (8) As dope of the graph ¢ Young's Modules

do do
149. (c) Aswe know EOC(TZ_Tl) or = = K(T,-T)

Case (i) % = k (110- 100)= kx 10——— (i)

Case (ii) % = k (210- 200)= kx 10——— (ii)
do ao
From (i) & (ii) d_tl = th = 4.0J/s
150. (d) Heat gain by water = heat loss by steam
20 x 1 x (80 —100) = m x 540 + m x 1 x (100 — 80)

1400 = 560 m
1400

m=—m =
560

Total mass of water =20+ 25=225¢g

kK k%
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Unit- 8
Thermodynamics

THERMOMETRY, THERMAL EXPANSION AND
CALORIEMETRY

8.1 Heat

The energy associated with configuration and random motion of the atoms
and molecules with in a body is called heat.

(1) Units : Joule (S.1.) and calorie (Practical unit)
(2) The ratio of work done (W) to heat produced (Q) is constant.

E—JorWZJQ

e

J is called mechanical equivalent of heat and has value 4.2 J/cal.
1 calorie =4.186 Joule = 4.12 Joule

(3) Heatis a path dependent and is taken to be positive if the system absorbs
it and negative if releases it.

8.2 Temperature

Temperature is defined as the degree of hotness or coldness of a body. Heat
flows from higher temperature to lower temperature.

Two bodies are said to be in thermal equilibrium when both the bodies are

3
at the same temperature. Temperature o kinetic energy {As E= ERT]
8.3 Scales of Temperature
The Kelvin temperature scale is also known as thermodynamic scale. The S.I.
unit of temperature is kelvin and is defined as (1/273.16) of the temperature
of the triple point of water. The triple point of water is that point on a P-T
diagram where the three phases of water, the solid, the liquid and the gas,



can coexist in thermal equilibrium.

To construct a scale of temperature, two fixed points are taken. First is the
freezing point of water, it is called lower fixed point. The second is the boiling
point of water, it is called upper fixed point.

Name of the Symbol for Lower fixed Upper fixed Number of
scale each degree point (LFP) point (UFP) divisions on the

scale
Celsius °C 0°C 100°C 100
Fahrenheit °F 32°F 212°F 180
Reaumer °R 0°R 80°R 80
Rankine °Ra 460 Ra 672 Ra 212
Kelvin K 273.15K 373.15K 100

Temperature on one scale can be converted into other scale by using the
following identity.

Reading on any scale — Lower fized point (LFP)
Upper figed pomnt (UFF) — Lower frezed pomnt (LFF)

= Constant for all scales

8.4 Thermal Expansion
When matter is heated, it expands.

AL 1
. . : . _ a8k
(1) Coefficient of linear expansion a L AT
1

ii) Coefficient of rficial i = —X—
(i1) Coefficient of superficial expansion 3 A AT

AV 1

. . _av. b
(i11) Coefficient of volume expansion y vV AT

(iv) The value of a, B and y depends upon the nature of material. All have
dimension [0~!] and unit per °C.

(v) AL=LaAT, AA = ABAT and AV = VyAT
(vi) Final length L’ =L+AL=L(1+ aAT)

Final area A= A+AA=A(1+BAT)
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Final volume V' = V+AV=V(1+yAT)
(vip=2aandy=3 a

8.5 Anomalous Expansion of Water

(1) In case of water, it expands on heating if its temperature is greater than
4°C. In the range 0°C to 4°C water contracts on heating and expands on
cooling, i.e., negative.

—
2.
=]

Vol/mass
Anomalous
behaviour

0°C 4°C Temperature;

(2) At 4°C, density of water is maximum while its specific volume is
minimum.

8.6 Expansion of Gases
Gases have no definite shape, therefore gases have only volume expansion.

8.1 Thermal Capacity and Water Equivalent

(1) Thermal capacity : It is defined as the amount of heat required to raise
the temperature of the whole body (mass, m) through 1°C or 1 K.

Q
Th 1 ity=mc=pC=—=
ermal capacity 1! AT
Dimension : [ML2T20~'], Unit : call °C (practical) Joule K (S.I.)
(2) Water Equivalent : Water equivalent of a body is defined as the mass of
water which would absorb or evolve the same amount of heat as is done

by the body in rising or falling through the same range of temperature.
It is represented by W.

If m= Mass of the body, ¢ = Specific heat of body
.. Water equivalent (W) =mc gm

8.8 Specific Heat

(1) Gram specific heat : The heat required to raise the temperature of one
gram mass of a body through 1°C (or 1 K) is called gram specific heat
of the material of the body.

0
_ X

ific h
specific heat, C AT
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Units : Calorie/gnC (Practical), J/kg K(S.1.)
Dimension : [L2T2071]

(2) Molar specific heat : Amount of heat required to raise the temperature
of one gram mole of the substance through a unit degree it is represented
by (capital) C.

Q

UAT

Units : Cal mol™!' °C™! (Practical), J mol™! K~! (S.I.)
Dimension : [ML?2T20"'u ]

8.9 Specific Heat of Solids

Specific heat of a solid is specific heat at constant volume C,,
With rise in temperature, C,, increases and becomes constant = 3R

Dulong and Petit law : Average molar specific heat of all metals at room
temperature is constant and is equal to 3R. This statement is known as Dulong
and Petit law.

ys 3R

Cy

f

> X
—T Debys temp.

8.10 Latent Heat

(1) When a substance changes from one state to another state then energy
is either absorbed or liberated. This heat energy is called latent heat.

(2) No change in temperature is involved when the substance changes its
state.

(3) AQ =mL, where L is the latent heat.
(4) Unit : cal/gm or J kg and Dimension : [L?T]
(5) Any material has two types of latent heats

(i) Latent heat of fusion : The heat required to change 1 kg of the
material in its solid state to its liquid state, latent heat of fusion (or
latent heat of ice) is L, = L, = 80 cal/g.
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(ii) Latent heat of vaporisation : The heat energy required to change 1
kg of the material in its liquid to 1 kg of the material in its gaseous
state. Latent heat of vaporisation (latent heat of steam) is L, =L
~ 540 cal/gm.

steam

8.11 Principle of Caloriemetry
Heat lost = Heat gained

i.e., principle of caloriemetry represents the law of conservation of heat

energy.
E
f &
T b. pt. C )
T D
2 Boiling
=% S
g m. pt. / 0\:,\
=T A Melting\’\
&
0 /= >
&t t,
Heat (Q)
8.12 Heating Curve

Thermodynamic Processes

(1) Thermodynamics : It is a branch of science which deals with exchange
of heat energy between bodies and conversion of the heat energy into
mechanical energy and vice versa.

(2) Thermodynamic system : A collection of an extremely large number
of atoms or molecules confined with in certain boundaries such that
it has a certain value of pressure, volume and temperature is called a
thermodynamic system. Anything outside the thermodynamic system to
which energy or matter is exchanged is called its surroundings.

Thermodynamic system may be of three types :

(i) Open system : It exchange both energy and matter with the
surrounding.

(ii) Closed system : It exchange only energy (not matter) with the
surroundings.

(iii) Isolated system : It exchange neither energy nor matter with the

Thermodynamics
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(3) Thermodynamic variables and equation of state : Pressure, volume,
temperature, internal energy and the number of moles are called
thermodynamic variables.

For p moles of an ideal gas, equation of state is PV = uRT.
Thermodynamic State Variables :

(1) Intensive variables

(i) Extensive variables.

8.13 Zeroth Law of Thermodynamics

If systems A and B are each in thermal equilibrium with a third system
separately C, then A and B are in thermal equilibrium with each other.

The zeroth law leads to the concept of temperature.

8.14 Quantities Involved in First Law of Thermodynamics

(1) Heat (AQ) : It is the energy that is transferred between a system and its
environment.

(1) Heat is a form of energy so it is a scalar quantity with dimension
[ML2T2].

(i1) Unit : Joule (S.I.), Calorie (1 calorie = 4.2 Joule)
(ii1) Heat is a path dependent quantity.

(iv) AQ = mL [For change in state] and AQ = mCAT [For change in
temperature|

(AQ) = uC AT [For constant volume] and (AQ)p = ;,LCpAT [For constant
pressure]

(2) Work (AW) :
v
Work done AW = de = Jvf pdV =P(V,-V;)

(1) Like heat, work is also a path dependent, scalar physical quantity
with dimension [ML?T 2]

(i) AW = positive if V, >V, i.e., system expands

AW = negative if V; <V, i.e,, system contracts
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(ii1) W = area under P — V diagram
It is positive if volume increases (for expansion)

It is negative if volume decreases (for compression)

P
essi P
- _ B pl. C%mpron o B I . D C
ansion >— .
P 2 Positive ? Negative
Sitive P work b P work B
Al work i, | Negativen A * ['A A
Vv work ¢
Vo, VY, \Z! Vv,
Clockwise cyclic Anticlockwise
process cyclic process

It is positive if the cycle is clockwise.

It is negative if the cycle is anticlockwise.

(3) Internal energy (U) : Internal energy of a system is the energy due to

molecular motion and molecular configuration.

The energy due to molecular motion is called internal kinetic energy
U, and that due to molecular configuration is called internal potential
energy Up.

I.e., Total internal energy U = U+ Up
g3
(i) Internal energy of an ideal gas is totally kinetic U = U, = EHRT

(i1) In case of gases whatever be the process

(iii) Change in internal energy does not depends on the path.
AU =U;- U,

(iv) Change in internal energy in a cyclic process is always zero.

8.15 First Law of Thermodynamics

It is a statement of conservation of energy. According to it AQ = AU + AW

(1) First law introduces the concept of internal energy.
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(2) Sign conventions

Positree | When heat1s supplied to 2 system
Wegatree | When heat 15 drawn from the system
Positree | When work done by the gas (expansion)

A

AW
Wegatmve | When work done on the gas (corpression)

Poatre |When tetaperature increases, mternal energyincreases
AT

Hezatree | When termperature decreases, internal enerev decreases

(3) Limitation : First law of thermodynamics does not indicate the direction
of heat transfer. It does not tell anything about the conditions, under
which heat can be transformed into work and also it does not indicate
as to why the whole of heat energy cannot be converted into mechanical
work continously.

8.16 Isothermal Process

In this process, P and V change but T = constant i.e., change in temperature
AT =0.

(1) Condition for isothermal process :
(1) The walls of the container must be perfectly conducting.
(i1) The speed of process should be very slow.

(2) Equation of state : In all isothermal process Boyle’s law is obeyed.
Hence equation of state is PV = constant.

(3) Example of isothermal process :
(1) Melting process [Ice melts at constant temperature 0°C]
(i) Boiling process [water boils at constant temperature 100°C]

(4) Indicator diagram

T,<T,<T,

Work
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vy vy
Q) Work done W = uRT log, v I 2.303uRTlog,, vl

I I

W =pRTlog, L3 = 2.303pRTlog,, 5
P, P,

(6) Heat supplied in isothermal process : AQ = AW i.e,, heat supplied is
used to do work against external surrounding.

8.17 Adiabatic Process
In this process P, V and T changes but AQ = 0.

(1) Essential conditions for adiabatic process :
(1) Allwallls of the container and the piston must be perfectly insulating.
(i1) The speed of process should be fast.
(2) Example of some adiabatic process :
(1) Sudden bursting of the tube of bicycle tyre.
(i) Propagation of sound waves in air and other gases.
(3) Energy in adiabatic process : For adiabatic process
AQ=0, .. AU+AW =0

If AW = positive then AU = negative i.e., adiabatic expansion produce
cooling.

If AW =negative then AU = positive i.e., adiabatic compression produce
heating.

(4) Equation of state :

PV? = constant

It can also be re-written as

TV?-1 = constant
TV
and p = constant

(5) Indicator diagram :

(1) Curve obtained on PV graph are called adiabatic curve.
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(i1) Slope of adiabatic curve

P
tanq) = _V(V)

P

(6) Work done :
_ [Pivi _vaf] _ HR(T;[' _Tf)

V=00 1)
P
1
2
Vi \]f v

(7) Free expansion : Free expansion is adiabatic process in which no work
is performed on or by the system. The final and initial energies are equal
in free expansion.

8.18 Reversible and Irreversible Process

(1) Reversible process : A reversible process is one which can be reversed
in such a way that all changes occuring in the direct process are exactly
repeated in the opposite order and inverse sense. The conditions for
reversibility are :

(1) There must be complete absence of dissipative forces. (friction,
viscosity etc.)

(i) The speed of process should be infinitely slowly.

(ii1) The temperature of the system must not differ appreciably form its
surroundings.

Examples of reversible process are :

(a) All slow isothermal and adiabatic changes are reversible.
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(b) Very slow evaporation or condensation.

(2) Irreversible process : Any process which is not reversible exactly is an
irreversible process. Examples of irreversible processes are :

(1) Sudden expansion or contraction

(i) Heat transfer between bodies

8.19 Cyclic and Non-cyclic Process

A cyclic process consists of a series of changes which return the system back
to its initial state.

In non-cyclic process the series of changes involved do not return the system
back to its initial state.

(1) In cyclic process change in internal energy is zero and temperature of
system remains constant.

(2) Heat supplied is equal to the work done by the system.

(3) For cyclic process P—V graph is a closed curve and area enclosed by the
closed path represents the work done.

Ifthe cycle is clockwise work done is positive and if the cycle is anticlockwise
work done is negative.

8.20 Graphical Representation of Various Processes

P Isochoric
Isobar
Adiabatic
o) Vv

Heat engine is a device which converts heat into work continuously through
a cyclic process.

The essential parts of a heat engine are :
Source : Working substance : Steam, petrol etc.
Sink : “efficiency” n is given by

Work done _ W
Heat input  Q,

Thermodynamics
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also = =
) Q
Source (T)
|
i
Heat —‘—:’W =Q-Q,
Engine *| [/
I Q,
Sink (T,)

A perfect heat engine n = 1. Practically efficiency is always less than 1.
8.21 Refrigerator or Heat Pump.

Arefrigerator or heat pump is basically a heat engine run in reverse direction.

It essentially consists of three same parts.

The performance of a refrigerator is expressed by means of “coefficient of
performance” 3 which is defined as the ratio of the heat extracted from the cold
body to the work needed to transfer it to the hot body.

Source (T)
4 (Atmosphere)
1o,
Heat (| “esW=0Q-Q,
Engine | [~
ﬁ Q,
U Sink (T,)

Contents of refrigerator

_ Heatextracted _Q, | Q

1.e, work done W Q—Q,

A perfect refrigerator
W =0 so that Q, = Q, and hence § = .

(1) Carnot refrigerator :

. 1T
For carnot refrigerator = =~
V2 12
. T,
coefficient of performance f§ =
T, -T,

where T, = temperature of surrounding, T, = temperature of cold body
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(2) Relation between coefficient of performance and efficiency of refrigerator

8.22 Second Law of Thermodynamics
(1) Clausius statement : It is impossible for a self acting machine to transfer
heat from a colder body to a hotter one without the aid of an external
agency.
(2) Kelvin’s statement : It is impossible for a body or system to perform

continuous work by cooling it to a temperature lower than the temperature
of the coldest one of its surroundings.

(3) Kelvin-Planck’s statement : It is impossible to design an engine that
extracts heat and fully utilises into work without producing any other
effect.

8.23 Carnot Engine

Carnot designed a theoretical engine. This engine cannot be realised in
actual practice.

(1) Carnot cycle : The working substance of the engine undergoes a cycle
known as Carnot cycle. It consists of the following four strokes.

Ideal

(1) Isothermal expansion :

Isothermal

A(PIVI) Q1

\»\Q\B(PZTVIJ

W=Q,-Q,

Adiabatic

C(P;V5)
T2

O Adiabatic

)

\Y%

E F G H
(i) Adiabatic expansion :

(111) Isothermal compression :

(iv) Adiabatic compression :
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(2) Efficiency of Carnot cycle :

Work done E
N~ Heat input Q,’

1oL

n=1 T, - T, and T, are in Kelvin.

(1) Efficiency of a heat engine depends only on temperatures.

(ii) Efficiency of a heat engine is always lesser than unity, i.e., whole of
heat can never be converted into work which is in accordance with

second law.

(3) Carnottheorem : Carnot’s reversible engine working between two given
temperature is considered to be the most efficient engine.

TRANSMISSION OF HEAT

8.24 Introduction

The transfer of heat from one body to another may take place by one of the

following modes.

Conduction

Convection Radiation

Heat flows from hot end to
cold end. Particles of the
medium simply oscillate
but do not leave their place.

Medium is necessary for
conduction.

It is a slow process.

Path of heat flow may be
zig-zag.

Conduction takes place in
solids.

The temperature of the
medium increases through
which heat flows.

Each particle absorbing Heat flows without any

heat is mobile. intervening medium in the
form of electromagnetic
waves.

Medium is necessary for Medium is not necessary
convection. for radiation.

It is also a slow process. It is a very fast process.

Path may be zig-zag or Path is a straight line.
curved.

Conyection takes place Radiation takes place in
in fluids. gaseous and transparent
media.

In this process also the There is no change in
temperature of medium the temperature of the
increases. medium.

8.25 Conduction

(1) Variable and steady state : If temperature of every cross-section of the
rod goes on increasing, hence rod is said to exist in variable state.

The state of the rod in which no part of rod absorbs heat is called steady
state. (Temperature of every cross-section of the rod remains constant.)
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Isothermal surface : Any surface having its all points at the same
temperature, is called isothermal surface.

Q—)

>

QL |Q | o ‘@

L W —— N

Plane Isothermal surfaces Spherical Isothermal surfaces Cylindrical Isothermal surfaces

(€)

“

Temperature Gradient : The rate of change of temperature with distance
between two isothermal surface is called temperature gradient.

(0—AB)—0 —AO
Ax At

The negative sign show that temperature 6 decreases as the distance x
increases in the direction of heat flow.

Temperature gradient =

Coefficient of thermal conductivity : If L be the length of the rod, A the
area of cross-section and 0, and 0, are the temperature of its two faces,
then the amount of heat flowing from one face to the other face in time

tis given by Q = w
Where K is coefficient of thermal conductivity of material of rod.

(i) Units =Js'm'k™! or Wm'k™! (S.I.) CGS unit = cal s™! cm™! °C~!
(ii) Dimension : [MLT307]

(1i1) The magnitude of K depends only on nature of the material.

(iv) For perfect conductors, K = o and for perfect insulators, K =0

(v) The thermal conductivity of pure metals decreases with rise in
temperature but for alloys thermal conductivity increases with
increase of temperature.

(vi) Human body is a bad conductor of heat.

8.26 Combination of Conductors

Oy

Series combination : Let n slabs each of cross-sectional area A are
connected in the series Heat current is the same in all the conductors.

. Q
e, — =H =H,=H

(i) Equivalent resistance R =R, + R, + Ry +........ R
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(i) If K is equivalent conductivity,

Ke=T7 1 1 I,
—_—+—=+—+.....
then K, K, K, }
0, 0, 0, 0, 0, | 0,
K, K, K, K,

(2) Parallel Combination : Let n slabs each of length/are connected in
parallel then.

(i) Equivalent resistance 1 = 1 + 1 + 1 n 1

R, R, R, R

(i) Temperature gradient across each slab will be same.
(ii1) Heat current in each slab will be different.

KA + KA, + KA, +.. K A

A+A+ A+ A

8.27 Convection

Mode of transfer of heat by means of migration of material particles of
medium is called convection. It is of two types.

(1) Natural convection : This arise due to difference of densities at two
places on account of gravity.

(2) Forced convection : If a fluid is forced to move then it is called forced
convection. In this case Newton’s law of cooling holds good. According
to which rate of loss of heat from a hot body is directly proportional
to the surface area of body and excess temperature of body over its
surroundings.

e, %oc A(T-T,)

where T = Temperature of body and T, = Temperature of surrounding

(1) Natural convection takes place from bottom to top while forced
convection in any direction.

(i1) Natural convection is not possible in a gravity free region such as
a free falling lift or an orbiting satellite.
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8.28 Radiation

AU i

.

10.
11.
12.

13.

The process of the transfer of heat from one place to another place without
heating the intervening medium is called radiation.

Properties of thermal radiation
(1) Thermal radiations are also called infra-red radiations.
(2) Medium is not required for the propagation of radiations.

(3) Every body whose temperature is above zero Kelvin emits thermal
radiation.

(4) Their speed is equal to that of light.

(5) They follow laws of reflection refraction, interference diffraction and
polarisation.

QUESTIONS

Why spark is produced when two substances are struck hard against each
other?

What is the specific heat of a gas in an isothermal process ?

On what factors, does the efficiency of Carnot engine depend ?

What are two essential features of Carnot’s ideal heat engine ?

Plot a graph between internal energy U and Temperature (T) of an ideal gas.

Refrigerator transfers heat from cold body to a hot body. Does this violate
the second law of thermodynamics ?

Is it possible to increase the temperature of gas without giving it heat ?
Can the specific heat of a gas be infinity ?

Out of the parameters : temperature, pressure, work and volume, which
parameter does not characterise the thermodynamics state of matter ?

Why a gas is cooled when expanded ?
Why does air pressure in car tyre increases during driving ?

Heat is supplied to a system, but its internal energy does not increase. What
is the process involved ?

Under what ideal condition the efficiency of a Carnot engine be 100%.
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14.

15.
16.

17.

18.

19.

20.
21.

22.

23.
24.

25.
26.

Which thermodynamic variable is defined by the first law of thermo-
dynamics ?

Is coefficient of performance of a refrigerator a constant quantity ?

What is the efficiency of carnot engine working between ice point and steam
point ?

Heat cannot flow itself from a body at lower temperature to a body at
higher temperature is a statement or consequence of which law of thermo-
dynamics ?

What is the specific heat of a gas in an adiabatic process ?

SHORT ANSWER TYPE QUESTIONS (2 MARKYS)

Heat system based on circulation of steam are more efficient in warning a
building than those based on circulation of hot water why ?

Write two limitation of the first law of thermodynamics.

Write the expressions for C,, and Cp of a gas in terms of gas constant R and
v where

Y= Cp/CV

No real engine can have an efficiency greater that of a carnot engine working
between the same low temperatures. Why ?

Why water at the base of a waterfall is slightly warmer than at the top ?

When ice melts, the change in internal energy is greater than the heat supplied.
Why ?

Give two statements for the second law of thermodynamics.

Anideal monatomic gas is taken round the cycle ABCDA as shown. Calculate
the work done during the cycle.

(2P, V) (2P, 2V)
B C
!
P D
A v (P, 2V)
V >
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27.

28.
29.

30.
31.

32.

33.

34.

3s.

36.

Can a room be cooled by opening the door of refrigerator in a closed
room ?

Explain what is meant by isothermal and adiabatic operations.

Two bodies at different temperatures T, and T, if brought in thermal contact
do not necessarily settle to the mean temperature (T, + T,)/2 Explain.

SHORT ANSWER TYPE QUESTIONS (3 MARKS)
Obtain an expression for work done in an isothermal process.

Identify and name the Thermodynamic processes 1, 2, 3 as shown in figure.

—

V—

Two samples of gas initially at the same temperature and pressure are
compressed from volume V to V/2 one sample is compressed isothermally
and the other adiabatically in which case the pressure will be higher ?
Explain ?

Explain briefly the principle of a heat pump. What is meant by coefficient of
performance ?

(a) Why a gas has two principal specific heat capacities ?
(b) Which one is greater and why ?

(c) Of what significance is the difference between these two specific heat
capacities and their ratio ?

Is it a violation of the second law of thermodynamics to convert
(a) Work completely into heat

(b) Heat completely into work

Why or why not ?

State first law of thermodynamics. On its basis establish the relation between

two molar specific heat for a gas.
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37.

38.

39.

40.

41.

42.
43.

44.

45.

46.

Explain briefly the working principle of a refrigerator and obtain an expression
for its coefficient of performance.

State zeroth law of thermodynamics. How does it lead to the concept of
temperature ?

What is a cyclic process ? Show that the net work done during a cycle process
is numerically equal to the area of the loop representing the cycle.

A gas has two specific heats i.e., Cp and C, which one is greater and repeeted
why ?

What is an isothermal process ? Derive an expression for work done during
an isothermal process.

LONG ANSWER TYPE QUESTIONS (5 MARKS)
Describe briefly carnot engine and obtain an expression for its efficiency.

Define adiabatic process. Derive an expression for work done during adiabatic
process.

Why a gas has two principle specific heat capacities ? What is the significance
of Cp -C,and Cp/Cv where symbols have usual meaning.

NUMERICALS

When a system is taken from state A to state B along the path ACB, 80 k cal
of heat flows into the system and 30 k cal of work is done.

(a) How much heat flows into the system along path ADB if the work done
is 10 k cal ?

(b) When the system is returned from B to A along the curved path the work
done is 20 k cal. Does the system absorb or liberate heat.

¢) If U, =0and U, =40 k cal, find the heat absorbed in the process AD
A D

C B

—

V -
1 . . .
) mole of helium is contained in a container at S.T.P. How much heat energy

is needed to double the pressure of the gas, keeping the volume constant ?
Heat capacity of gasis 3 J g~! K1,
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47.

48.

49.

50.

51.

52.

A thermodynamic system is taken from an original state to an intermediate
state by the linear process shown in Fig.

Its volume is then reduced to the original value from E to F by an isobaric
process. Calculate the total work done by the gas from D to E to F.

D
D

P(N/m’)

F

H G

2.0 V(m')—5.0

What is the coefficient of performance () of a carnot refrigerator working
between 30°C and 0°C ?

Calculate the fall in temperature when a gas initially at 72°C is expanded
suddenly to eight times its original volume. (y = 5/3)

Refrigerator is to maintain eatables kept inside at 9°C. If room temperature
is 36°C calculate the coefficient of performance.

A perfect carnot engine utilizes an ideal gas the source temperature is 500 K
and sink temperature is 375 K. If the engine takes 600 k cal per cycle from
the source, calculate

(1) The efficiency of engine
(i1)) Work done per cycle
(ii1) Heat rejected to sink per cycle

Two carnot engines A and B are operated in series. The first one A receives
heat at 900 K and reject to a reservoir at temperature T K.

The second engine B receives the heat rejected by the first engine and in turn
rejects to a heat reservoir at 400 K calculate the temperature T when

(1) The efficiencies of the two engines are equal

(i1) The work output of the two engines are equal
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53. Ten mole of hydrogen at NTP is compressed adiabatically so that its
temperature become 400°C. How much work is done on the gas ? What is
the increase in the internal energy of the gas?

R=84Jmol 'K y=14

54. The temperature T, and T, of the two heat reservoirs in an ideal carnot
engine be 1500°C and 500°C respectively. Which of these increasing T, by
100°C or decreasingT, by 100°C would result in a greater improvement in
the efficiency of the engine.

MULTIPLE CHOICE QUESTIONS (MCQs)

55. An ideal gas undergoes four different process from the same initial state.
(Fig.). Four process are adiabatic , isothermal, isobaric & isochoric. Out of
1, 2, 3 & 4 which one is adiabatic

N 4
Pt
3
1 2
Y,
(a) 4 (b) 3
(o 2 (d 1

56. Anideal gasundergoes cyclic process ACBC as shown is given PV diagram

p
2P0 C

Vo 3Vo

The amount of work done by the gas is
(a) 6 Po Vo (b) —-2PoVo
(c) + 2Po Vo (d) +4PoVo
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57.

58.

59.

60.

Consider two containers A and B containing identical gases at the same
pressure, volume and temperature. The gas in container A is compressed
to half of its original volume isothermally while the gas in container B
is compressed to half of its original value adiabatically. The ratio of final
pressure of gas in B that of gas in A'is

1"
@ 2 ® (3
&) =
(©) 1—y @ |31
Which of the process described below are irreversible?

(a) The increase in temperature of an iron rod by hammering it

(b) A gas in a small container at a temperature T, is brought in contact
with a big reservoir at a higher Temperature. T, which inverses the
temperature of the gas

() A quasi - state isothermal expansion of an ideal gas in cylinder fitted
with a frictionless piston

(d) An ideal gas is enclosed in a piston cylinder arrangement with
adiabatic Walls. A weight W is added to the piston, resulting in
compression of a gas

An ideal gas undergoes isothermal process from some initial state i to final
state f. Choose the correct alternative

(@ dU=0 (b) do=0
(0 do=du (d) dw=dw

Fig. shows the P-V diagram of an ideal gas undergoing a change of state
from A to B. from different process I, II, IIl & IV as shown in figure may
lead to the same change of state

oy

A

B

Vv
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61.

62.

63.

(a) Change in internal energy is same in IV and III cases but not in
[ and IT

(b) Change in internal energy is same in all the four cases
(c) Work done is maximum is Case |
(d) Work done is minimum in case II

A mono-atomic gas at a pressure P, having a valume V expand isothermally
to a volume 2V and then adiabatically to a volume 16V. The final pressure
of the gas is (Y =5/3)

(a) G4P (b) 32P
(c) Pl64 d 16P

One mole of an ideal diatomic gas undergoes a transition from A to B along
a path AB as shown in fig. The change in internal energy of the gas during
the transition is ( 3)

=5
_5¢ :
g E
a 24}
4 6
V(m’)
(a) —20KJ (b) 207
) ~12KJ (d) 20KJ

At 27°C two moles of an ideal mono-atomic gas occupy a volume V. The

gas expands adiabatically to a volume 2V. The final temperature of the gas

is {TakeY :ﬂ
3

(@ 179K (b) 189K
(c) 213K (d 219K
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64.

65.

66.

67.

In the above question, change in internal energy of the gas is
(a) -2660.23 ] (b) -2777.231]
(c) -2767.231] (d) -260017J

P-V plots for two gages during adiabatic process are shown in fig.
Plots 1 & 2 should correspond respectively to

p
t ¥ 1
2
— V
@ Heand O, (b) O,andHe
(c) He and Ar (d O,andN,

The work of 146 KJ is performed in order to compress one kilomole of a
gas adiabatically, and in this process, the temperature of the gas increase by
7°C. The gas is

(a) Triatomic (b) Monoatomic
() Diatomic
(d) Mixture of monoatomic & diatomic

In V-T diagram shown in fig., what is the relation between P, and P,?

Y, P
t .
T—
(a) P, and P, (b) P,>P;
(c) P, <P, (d) Cannot say

Thermodynamics



68. The P-V diagram of a gas undergoing a cyclic process ABCDA is shown
in graph where P is in N/m? and V is in (Cm)3. Identify the incorrect

statement :
A B
p 2x10°[
(N/m) T

107 -oeeeeemneennases . !
D: : c

2.0 4.0

— V (cm)®

(a) 0.4 J of work is done by the gas from A to B
(b) 0.2 J of work is done on the gas from C to D
(©) No work is done by the gas from B to C

(d)  Work is done by the gas in going from B to C and on the gas from
D to A.

69. During an adiabatic process, the increase of a gas is found to be proportional
. . c .
to the cube of its temperature. The ratio of CTF/) for the gas is

@ 3 (b)
(9 2 (d)

w

70. A body at a temperature of 728°C and having surface area 5 cm?, radiates
300 J of energy each minute. The emissivity is [Given Boltzmann constant
: =5.67x10"° Wm=2 K]
(a) e=0.18 (b) e=0.02
(©) e=0.2 (d) e=0.15

71. The efficiency of engine is M, at T, = 200°C and T, = 0°C and M, at
T,=0°Cand T, 200 K. Find the ratio of ’%z.

(@ 100 (b) 0.721
() 0577 (d) 0.34
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72.

73.

74.

4

o=

1

A Carnot engine, having an efficiency of n=7; as heat engine is used as a

refrigerator. If the work done on the system is 10J the amount of energy
absorbed from the reservoir at lower temperature is

(a) 99 1] (b) 901J

(c) 1] (d) 10017

The door of a running refrigerator inside a room is left open. The correct
statement out of the following ones is

(a) The room will be cooled slightly

(b) The room will be warmed up gradually

(c) The room will be cooled to the temperature inside the refrigerator

(d) The temperature of the room will remain unaffected.

If Metal is heated to temperating 6 and than allowed to cool in a room which
is at temperature 0, the graph between the temperature T of the metal and
time t will be closest to :

Y Y X 1
T\ TT t
TT \ (¢} SR 0, \\ 0, w
X X X T
-t -t = ~
@ ©) © @

SHORT ANSWERS (1 MARK)
Work is converted into heat.
Infinite.
n =1-T,/T,. On the temperature of sink and source.
(1) Source and sink have infinite heat capacities.

(i1) Each process of the engine’s cycle is fully reversible.

T(K)

Thermodynamics



10.
11.

12.
13.
14.
15.

16.

17.

18.

19.

20.

21.

22,

L *® A

No, External work is done.

Yes, it happens during an adiabatic process.

Yes.

Work.

Decrease in internal energy.

PV =nRT

V = constant, T = increases. So, P also increases P oc T
Isothermal expansion.

If the temperature of sink is zero kelvin.

Internal energy.

No. As the inside temperature of the refrigerator decreases, its coefficient of
performance decreases.

n=1-T,/T,=1-273/373=26.8%
Second law of thermodynamics.
Zero.

SHORT ANSWERS (2 MARKS)

Because steam at 100°C has more heat than water at 100°C.
(1) It does not give the direction of flow of heat.

(i1) It does not explain why heat cannot be spontaneously converted into

work.
Y = Cp/CV
Cp— v = R

p =75

R

(yv-1DC,=R;C, = E

R

c R

p 'y_]

In carnot engine.

(1) There is absolutely no friction between the wall of cylinder and piston.

Physics Class XI



23.

24.

26.

27.
28.

29.

(i1)) Working substance is an ideal gas
In real engine these condition cannot be fulfilled.

Potential energy converted into kinetic energy, some part of kinetic energy
is converted into heat.

dg=du + dw
du = dg — pdv.
PV

No, It is a violates seconds law.

Adiabatic a Process : Pressure, volume and temperature of the system changes
but there is no exchange of heat.

Isothermal Process : Pressure, volume changes temperature remain constant.

Heat flows from higher temperature to lower temperature until the temperature
become equal.

Two bodies
m, = mass of ‘A’ @ m, = mass of ‘B’
c, = specific heat of A C, = specific heat of B

LetT, >T, Heat will be lost by *A’ and gained by ‘B’ According to principle
of caloriemetry,

Heat lost = Heat gained
Let their common temperature attained be ‘T,
mc, (T,-T) = mc,(T-T),)
myc, Ty —me T = mC,T—myg,T,
mc,T, + mec,T, = (M, +mecy) T

myc T, + mye, T,

T =
' , (my¢y +myc,)
It is possible only,

Ifm=m,=mC,=C,=C,
T+T,

2
Thermodynamics
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45. (a) oW,

+ 10 k cal

Internal energy is path independent

du

ADB

dQADB

(b) dwg,
dug ,

CIQBA

(© U
du

A

AD

W, pp

dw

DB

dQup

1
46. n= 7. C,=3J/gK. M =4
C

v
L]
Pl

AT

= du, .5 =50k cal
50+ 10 =60 k cal
—20k cal
B duADB
dug, + dwp,
—-50-20=-70k cal
0, U, =40k cal
40 k cal
10 k cal
0 since dV =0

40 +10=50k cal

MC, = 12 J/mole k, M — Molecular mass

22 -9
T
2T, -T, =273k

AQ = nC,AT=16381]
47. Total work done by the gas from D to E to F.
W = Wpe+ W

Area of trapezium DEGHD — Area of rectangle EFHG
Area of triangle DEF

1 Y P RVR B

1
5 (600 —300) Nm 2 x (5.0 — 2.0) m?
450 J.
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L __ 2B _,,
T,-T, 303-273

49, TV =TV,
v, Y
V2

345x L =8625 k
L'.

48. B=

50. Here T, =273 +36 =309 K,
T,=273+9=2832K.

Coefficient of performance.

b= T, _ 282 :282:10.4
T,-T, 309-282 27
51. T,=500K, T,=375K
Q,= Heat absorbed = 600 k cal
125
n=1-T/T, = %20-25
= 25%
b w
(b) n=Q
W = nQ, =0.25 x 600 k cal
= 150 k cal
(©) w=Q;-Q, Q,= Q,—~W=600-150
= 450 k cal
52. W, = W,

W[k
Q T,

W =0Q,(1-T,/T)

Thermodynamics



1

mass of gas

Wadi a

du

900 900

13
9
650 K

Mg
1-400
T

900 x 400
600 k
273k, T,=673k

10 mole

IR (1 -1,)

=D

10x8.4

(1.4-1

— 8.4 x 10* J work being done on the gas

—dw=28.4x10*J

(273—-673)

(i) T,isincreased from 1500°C to 1600°C

T

T2 Remain constant T, =

Physics Class XI
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BT,
1 1873

(i) T, remain constant = 1500°C
T, = 1500 +273=1773 k
T, is decreased by 100 i.e., 400°C

T2 = 400+273=673k

- 1773-673 _ 1100 — 62.04%
2 1773 1773

n, > My

SOLUTION (MCQ)

55. (¢) Incurve 1,V is constant : It represents isochoric process. In curve
4, P is constant. It represents isobaric process. Out of curves 2 & 3,
one is isothermal and other is adiabatic process. As slope of curve 2
is more than the slope of 3, therefore. Curve 2 represents adiabatic
process.

56. (b) Work done by the gas is equal to area of rectangle ABCDA fig.
=AB x BC

= (2Vo)Po =2 PoVo

As the trace is anticlockwise, the work is done on the gas. Work
done by the gas = —2PoVo

57. (a) When the compression is isothermal for gas in AP, V, =P, V,

P =
2V, V,/2

2R

For gas in B, when compression is adiabatic

RV, =RV
Y Y
P2=Plﬁ =P Vi =2' P
V, V,/2
so_ 2R _ on
R 2R

Thermodynamics



58. (a, b, d)

59. (a,d) In isothermal process dU = 0

From dO = dU + dW when dU = 0 —» dO = dW

60. (b,c) From the given initial state A to final state B change in internal

61. (¢)
62. (a)
63. (b)

energy is same in all the four Cases as it is independent of the path
from A to B.

As work done = area under P-V curve therefore, work done is
maximum in Case 1.
If P, is pressure after isothermal expansion, then

V, \ P

RV,=RV, ; R= F;V_ZZ P =32

If P3 is pressure after adiabatic expansion, then

Change in internal energy

AU= nC, AT and T= PV
nR
AT=T,—T= RV, AV CV:—R
nR y-1
AU = nR (PZVZ_Plvlj — P,V,- RV,
vy-1 nR y-1
_5><4—2><6: 20—12: _8—20KJ

In an adiabatic change T,VI*'=TV!*!

Physics Class XI



64.

65.

66.

67.

(©)

(b)

(©)

(©)

v, )
or T,=T [71]
2

v 2a 12
T,=300| — | ® =300(0.5§
2v
T, = 189.03 K.

Change in internal energy AU=nCAT, n = No of moles

R nR
C,=— .  AU=—— AT
y-1 y-1
2x8.31x (189- 300
AU = ( )= —-2767.23J
5
—-1
3

In an adiabatic process, slope of P-V graph =3—I\j = —yg
r.e. slope <y (with -ve sign)
So (slope), > (slope); ..y, > v,

- plot 1 corresponds to O, (y =1.4) and Plot 2 corresponds to
He (y =1.67). Choice (b) is correct.

Here W =-146 KJ = —146 x 103]
T,-T,=7°C,R =831 mole”! K!
= 8.3 x 103]J kilomole™! K-!

As W = R(Tz_T1)
1-y
~146x 106 :M
1-y
=8.3>< 16x 7 040
146x 16

v = 1.40 The gas must be diatomic.

In an isobaric process P = constant and
T
VT or V =(ﬁj
P

V-T graph is a straight line with slope = %

Thermodynamics
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68. (d) The incorrect statement is (d). This is because in going from
BtoCorDtoA;dV=0

S dW=pdV =0
69. (a) The equation of adiabatic change is

R} = constant which gives

P T = congtant

Pl’yoci or Pa -
T v-1

As PaT -1 =3 or y:§
y-1 2

Hence& = y:%

Vv

70. (d) As Q=ec T At

Q 300
So e= =
oT*At  (5-67x10%)x (1001)x (% 1Y 3 60
= 0.18
273+ 0 200

@ M 200+ 273 47-

~ —200+ 273 _ 200

=1 =
Nz 0+ 273 277

Hence n, h, = 0.577

72. (b) Here =10 w=10J6, = ?
polm 710 _y
N 10
0,
As B:W or 6, = 90J
QT
73. (b) C.O.P w T ToT,

when door is left open T, — T,, Hence C.O.P. Tie. 0, 1. So heat
energy given to the room increases.

Physics Class XI
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/ 1‘“‘-*}" Unit- 9

Kinetic Theory

Of Gases

9.1 Kinetic Theory of Gases : Assumption

(1) Themoleculesof agasareidentical, spherical and perfectly elastic point
Masses.

(2) Thevolume of moleculesisnegligiblein comparison to the volume of gas.
(3) Molecules of agas moves randomly in all direction.

(4) The speed of gas molecules lie between zero and infinity.

(5) Their collisions are perfectly elastic.

(6) The number of collisions per unit volume in a gas remains constant.

(7) No attractive or repulsive force acts between gas molecules.
9.2 Pressure of an ideal Gas

1 1 mN
P= gpvfns OI’P=§7V§M

VAV 4V 4VE+
rm s velocity of the gasmoleoale Vi, =\! 1 2 13 4

Relation between pressure and kinetic energy

_ 1(MY., 1 ., 2
= | = |vi =—pv:i P=ZE
K.E. per unit volume (E) 2(\?) s 2|3 s 3
9.3 Ideal Gas Equation

The equation which relates the pressure (P), volume (V) and temperature
(T) of the given state of an ideal gas is known as gas equation.



Forl moale or M, molemile or B gram or 224 hbes of zas [PV =RET
Forp mole of z= BV =pET
For 1 maolemle of gas R
PY =| — [T=kT
Hp
For M molemiles of zas Y —HET
Forl of
s W:[E}Tzﬂ'
M
fors gmof zas Pv=nrT

(1) Universal gasconstant (R) : Dimension [ML2T—207]

Thus universal gas constant signifies the work done by (or on) a gas per
mole per kelvin.

STPvaue: 831 — 20 —1og—
1rvaue- o Mole x kelvin ~ mole x kelvin
(2) Boltzman's constant (k) : Dimension [ML2T-2071]
k =1.38 x 10723 Joule/kelvin

9.4 Various Speeds of Gas Molecules

3P 3RT 3kT
(1) Root wean square speed V, = ’F - /Y _ / ~
3 E _|2RT _ 2kT
(2) Most probable speed V= =4 /— = {_m
8P 8RT 8T
(3) Average speed V,, ,/ ,/ / —

o ms> Vo > Vo, (rememberlng trick) (RAM)

9.5 Kinetic Energy of Ideal Gas

Molecules of ideal gases possess only translational motion. So they possess
only trandational kinetic energy.

Physics Class XI



Quanily of Fas Einetic energy
Finetic enerzvof agas 1 . 1 TN % T
= —HV o =—m[—j=—.i:T Asv o, = —
rolecule [Emcolemile) 2 2 m 2 m
Einetic enerzyvof 1 mole (I
=l]§.,.§[ i =LmE=ERT[gs v = SET
gram) gas (Emole) 2 2 om M
Finetc enerzyof’ 1 gmgas
=§ET=E R g, T=§£T=§rT
(Egramn) 2M 2 ml 2m 2

Here m = mass of each molecule, M = Molecular weight of gas and
N, —Avogadro number = 6.023 x 10?3,

9.6 Degree of Freedom

Thetotal number of independent modes (ways) inwhich asystem can possess
energy is called the degree of freedom (f).

The degree of freedom are of threetypes:
(i) Trandlational degree of freedom

(i) Rotational degree of freedom

(iti) Vibrational degree of freedom
General expression for degree of freedom

f = 3N — R, where N = Number of independent particles, R = Number of
independent restriction

(1) Monoatomic gas: It can have 3 degrees of freedom (all trandlational).

(2) Diatomic gas : A diatomic molecule has 5 degree of freedom : 3
trandlational and 2 rotational.

(3) Triatomicgas(Non-linear) : It has6 degreesof freedom: 3trandational

and 3 rotational.
Kinetic Theory Of Gases



(4) Tabular display of degree of freedom of different gases

Atonic ity of Faz |Example M E F=3N R |Figure
: ob

Monoatonue He,Me, Ar 1 0 F=3

Diatonne H,, Oy 2 1 F=5 A B A
Oo———O

Tratornue non H,O I 3 F= A

linear Bi EB
AT B A

Tratomie hnear [COy,, BeCl, [ 3 2 F=1 A A A

B B

e The above degrees of freedom are shown at room temperature. Further
at high temperature the molecule will have an additional degrees of

freedom, due to vibrational motion.

9.7 Law of Equipartition of Energy

For any systeminthermal equilibrium, thetotal energy isequally distributed
among its various degree of freedom. And the energy associated with each

1
molecule of the system per degree of freedom of the systemis EkT'
9.8 Mean Free Path

Theaverage distancetravelled by agasmoleculeisknown as mean free path.
Letd;, Ay, Ag..

by

A = —=—— Whered = Diameter of the molecule, n=Number of molecules
V2mnd

per unit volume.

288
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A, be the distance travelled by a gas molecule during n
collisions respectively, then the mean free path of a gas molecule is given




9.9 Specific heat or Specific Heat Capacity

(1) Gram specific heat : It is defined as the amount of heat required to raise
the temperature of Xg t gram mass of the substance by unit degree. Gram

specific heat c = mAT .

(2) Molar specific heat : It is defined as the amount of heat required to raise
the temperature of one gram mole of the substance by a unit degree, it
is represented by capital (C)

Q
C= UAT
1 AQ _
C_MC_;AT {Asu_—]
9.10 Specific Heat of Gases
(i) Inadiabatic processi.e., AQ =0,
AQ :
C= m(AT) =0i.e,C=0
(i) Inisothermal processi.e., AT =0
_ A _AQ_ s
C= m(AT) 0 ie,C=ow

Specific heat of gas can have any positive value ranging from zero to infinity.
Further it can even be negative. Out of many values of specific heat of a gas,
two are of special significance.

(1) Specific heat of a gas at constant volume (C ) : It is defined as the
quantity of heat required to raise the temperature of unit mass of gas
through 1 K when its volume is kept constant.

(2) Specific heat of a gas at constant pressure (Cp) . It is defined as the
quantity of heat required to raise the temperature of unit mass of gas
through 1 K when its pressure is kept constant.

9.11 Mayer’s Formula
C,-C =R

Thisrelation is called Mayer’s formula and shows that CID >C, i.e, molar
specific heat at constant pressure is greater than that at constant volume.

Kinetic Theory Of Gases



9.12 Specific Heat in Terms of Degree of Freedom

Specific heat and kinetic energy for different gases

Monoatomic Diatomic TriatomicTriatomic
non-linear linear

Atomicity A 1 2 3 3

Restriction B 0 1 3 2

Degree of f=3A-B 3 5 6 7

freedom
Molar
specific

heatat ¢ _Sp- R 3y R 3R R
constant 2 2

volume

NS

R
—
N |

Molqr C =
specific
heat at 5 7 9
constant (%HWR:( ! WR SR SR 4R —R
pressure  \” \

Ratio of C, _C, ) 4 9
and C, y= 7

Kinetic f 3
energy Of E mole — 3 RT E RT
1 mole

Kinetic ¥ .
energy of 1 Epglecute = EkT = kT Z kT 3kT 2kt
molecule

Kinetic r 3 5 2T ;
energy of Egam =271 EFT EFT ErT
lgm

QUESTIONS
VERY SHORT ANSWER TYPE QUESTIONS (1 MARK)

1. Write two conditions when real gases obey the ideal gas equation (PV =
NRT).n — number of mole.
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10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

If the number of molecule in a container is doubled. What will be the effect
on the rms speed of the molecules ?

Draw the graph between P and 1/V (reciprocal of volume) for a perfect gas
at constant temperature.

Name the factors on which the degree of freedom of gas depends.
What is the volume of a gas at absolute zero of temperature ?
How much volume does one mole of agas occupy a STP?
What isanideal gas?

The absolute temperature of a gas is increased 3 times what is the effect on
the root mean square velocity of the molecules ?

What is the Kinetic energy per unit volume of a gas whose pressureisP ?

A container has equal number of molecules of hydrogen and carbon dioxide.
If a fine hole is made in the container, then which of the two gases shall leak
out rapidly ?

What isthe mean trandlational Kinetic energy of a perfect gasmoleculeat T
temperature ?

Why it is not possible to increase the temperature of a gaswhile keeping its
volume and pressure constant.

SHORT ANSWER TYPE QUESTIONS (2 MARKY)

When an automobile travels for along distance the air pressure in the tyres
increases. Why ?

A gas storage tank has a small leak. The pressure in the tank drop more
quickly if the gasis hydrogen than if it is oxygen. Why ?

Why the land has a higher temperature than the ocean during the day but a
lower temperature at night.

Helium is a mixture of two isotopes having atomic masses 3g/mol and
4g/mol. In asample of helium gas, which atoms move faster on average ?

State Avogadro’s law. Deduce it on the basis of Kinetic theory of gases.

Although the velocity of air molecules is nearly 0.5 km/s yet the smell of
scent spreads at a much slower rate why.

Theroot mean square (rms) speed of oxygen molecul e at certain temperature
‘T"is*V'. If temperature is doubled and oxygen gas dissociates into atomic
oxygen what is the speed of atomic oxygen ?

Kinetic Theory Of Gases



20.

21.

22.

23.
24,

25.
26.

27.

28.

29.

Two vessels of the same volume are filled with the same gas at the same
temperature. If the pressure of the gas in these vesselsbe intheratio 1 : 2
then state

(i) Theratio of the rms speeds of the molecules.
(ii) Theratio of the number of molecules.

Why gases at high pressure and low temperature show large deviation from
ideal gas behaviour ?

A gas is filled in a cylinder fitted with a piston at a definite temperature and
pressure. Why the pressure of the gas decreases when the piston is pulled out.

SHORT ANSWER TYPE QUESTIONS (3MARKY)
On what parameters does the A (mean free path) depends.

Equal masses of oxygen and helium gases are supplied equal amount of hesat.
Which gas will undergo a greater temperature rise and why ?

Why evaporation causes cooling ?

Two thermally insulated vessels 1 and 2 are filled, with air at temperatures
(T, T,), volume (V,, V) at pressure (P,, P,) respectively. If the value
joining the two vessels is opened what is temperature of the vessel at
equilibrium ?

A partition dividesacontainer having insulated wallsinto two compartments
I and II. The same gas fills the two compartment. What is the ratio of the
number of moleculesin compartments | and |1 ?

PV,T 2P2V2T
I )|

Prove that for a perfect gas having n degree of freedom

C
_P:1+z
C, n

where C, and C, have their usual meaning.

The ratio of specific heat capacity at constant pressure to the specific heat
capacity at constant volume of a diatomic gas decreases with increase in

Physics Class XI



30

31

32

33

34

35

36

37

temperature. Explain.

. Isothermal curves for a given mass of gas are shown at two different
temperatures T, and T, state whether T, > T, or T, > T, justify your answer.

T
T, |

_—

v

. Three vessels of equal capacity have gases at the same temperature and
pressure. The first vessel contains neon (monatomic) the second contains
chlorine (diatomic) and the third contains uranium hexafluoride (polyatomic).
Do the vessels contain equal number of respective molecules ? Is the root
mean square speed of moleculesthe samein the three cases ? If not inwhich
caseisV, . thelargest ?

. State Grahm’s law of diffusion. How do you obtain this form Kinetic Theory
of gases.

LONG ANSWER TYPE QUESTIONS (5 MARKY)
. What are the basic assumptions of kinetic theory of gases ? On their basis
derive an expression for the pressure exerted by an ideal gas.

. What is meant by mean free path of a gas molecule ? Derive an expression
for it.

1
1

. Giventhat P= 3 pc® where Pisthe pressure, p isthe density and c isthe

rms. Vel ocity of gasmolecules. Deduce Boyle'slaw and Charleslaw of gases
fromit.

. What do you understand by mean speed, root mean square speed and most
probable speed of agas. The velocities of ten particlesin m/sare0, 2, 3, 4,
4,4,5,5, 6,9 caculate.

(i) Average speed
(ii) r.m.s. speed

. What is law of equipartition of energy ? Find the value of y :Cp/CV for
diatomic and monatomic gas. Where symbol have usua meaning.

Kinetic Theory Of Gases



38.

39.

40.

41.

42.

NUMERICALS

An air bubble of volume 1.0 cm? rises from the bottom of alake 40 m deep
at atemperature of 12°C. To what volume does it grow when it reaches the
surface which is at atemperature of 35°C ?

A vessel is filled with a gas at a pressure of 76 cm of mercury at a certain
temperature. The mass of the gas isincreased by 50% by introducing more
gasin the vessel at the same temperature. Find out the resultant pressure of
the gas.

One mole of amonoatomic gas is mixed with three moles of adiatomic gas.
What is the molecular specific heat of the mixture at constant volume ?

Take R = 8.31/mol1 K1,

An oxygen cylinder of volume 30 litre has an initial gauge pressure of 15
atmosphere and atemperature of 27°C. After some oxygen iswithdrawn from
the cylinder, the gauge pressure drops to 11 atmosphere and its temperature
drop t017°C. Estimate the mass of oxygen taken out of the cylinder.

(R=8.31/moltK™)
(molecular mass of O, = 32)

At what temperature the rms speed of oxygen atom equal to r.m.s. speed of
helium gas atom at — 10°C ?

Atomic mass of helium =4
Atomic mass of oxygen = 32

Estimate the total number of moleculesinclusive of oxygen, nitrogen, water
vapour and other constituentsin aroom of capacity 25.0 m® at atemperature
of 27°C and 1 atmospheric pressure.

0.014 kg of nitrogen is enclosed in avessel at atemperature of 27°C. How
much heat has to be transferred to the gas to double the rms speed of its
molecules.

ANSWERS (1 MARK)

(i) Low pressure (if) High temperature.

2. No effect

v
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10.

1.

12.

13.

14.

15.

19.

20.

21.

© © N o 0 &

Atomicity and temperature.
0
22.4 litre
Gas in which intermolecular forces are absent.
increases +/3 times
3P/2
Hydrogen (rms speed is greater)
%RT
1M

P=——KT, T « (PV)
3V

Pand V are constant then T is also constant.

ANSWERS (2 MARKS)

Work is done against friction. This work done is converted into heat.
Temperaturerises. PV = nRT, Asvolume of tyreisconst. Poc T.

Rate of diffusion of a gas is inversely proportional to the square root of the
density. So hydrogen leaked out more rapidly.

Specific Heat of water is more than land (earth). Therefore for given heat
change in temp. of land is more than ocean (water).

’3RT . BR2T) 3RT
c=,——=v.c'= =2
M M/2 M

cC=2v
(i) Cec/T
as the temperature is same rms speeds are same.
2 2z 2
(ii) P:lmnc ~P, zlmnlc P, :lmnzc
3 v Y 3V
e, H_m_1
P, n, 2
When temperature is low and pressure is high the intermolecular forces

become appreciable thus the volume occupied by the molecular is not
negligibly small as composed to volume of gas.

Kinetic Theory Of Gases



22. When pistonispulled out the volume of the gasincreases, Now |osses number
of molecules colliding against the wall of container per unit area decreases.
Hence pressure decreases.

ANSWERS (3MARKY)

23. (i) diameter of molecule as xociz
d

(if) Pressureof gasas A o< %

24. Heat supplied to oxygen = Heat supplied to Helium
mc, AT, = MCAT,

AT, Cy 1

- = —, As ¢x—, m=molecular mass
AT2 C] m

AL _a-mM Asm, >

AT, ¢ My 1 M

AT, > AT

1 2

25. During evaporation fast moving molecules escape a liquid surface so the
average kinetic energy of the molecules left behind is decreased thus the
temperature of the liquid islowered.

26. number of mole = Constant
Byt p,=p
PV BV, PV +V,)
RT, RT, = RT

From Boyle'slaw, P(V,+V,) =PV, +P,V,
pv . 2p2V
n

kT’ kT

27. n=
nn' = 1
=3
PV
30. T=M—R, T a PV [uR = constant]

Since PV is greater for the curve at T, than for the curve T, therefore
T,>T,.
2”1

31. Threevessels at the same pressure and temperature have same volume and
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contain equal number of molecules.

_[3R1 L
Vrms_ \/ m VrmsOC \/E

rms speed will not same, neon has smallest mass therefore rms speed will be
largest for neon.

38. V,=10%m3

Pressure on bubble P, = Water pressure + Atmospheric pressure

= pgh + Patm
= 4.93 x 10° Pa
T, = 285k, T,=308k
PV, PV,
T, 0T
5 -6
v - 4.93x107 x1x10 ;<308:5.3X10_6m3.
2 285x1.01x10
39. According to kinetic theory of gases,
1
PV = gmvrzms

At constant temperature, Vrzms is constant. As v is also constant, so P oc m.
When the mass of the gas increase by 50% pressure also increases by 50%,

) 50
Fina pressure = 76 +——x76 =114 cm of Hg.

100
i 3
40. For monoatomic gas, C, = ) R,n=1mole
. . 5
For diatomic gas, C =5RnM=3 mole
From conservation of energy, the molecular specific heat of the mixture is
o 2 METN(C)
v (n+n")
= 1x 3 R+3x > R
2 2 9%
(1+3) 4
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9
— x8.31=18.7Jmolt K.

or Cv = 1
41. V, = 30litre=30x 103 cm®=3x 102 m?
P, = 15x 1.013 x 10° N/m?
T, = 300K
PIVI
B, = R—Tl =183
P, = 11x1.013 x 10° N/m?
V, = 3x102m?
T, = 290k
P,V
W, = é—Tj =139
W,—p, = 183-139=4.4
Mass of gas taken out of cylinder
=4.4x32g
=140.8 ¢
=0.140 kg.
3PV 1/2 IRT 1/2
e (5]

Let rm.s. speed of oxygen is (v,,o), and of heliumis (v, ), is equal at
temperature T, and T, respectively.

(Vrms )1 — M2T1

4T1 1/2 B 1
32%263 a

T, = 22529 104,
43. AsBoltzmann’s constant,
R
=—, ~R=k;N
ke ~ ke
Now PV = nRT =nk; NT
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.. The number of moleculesin the room

=N =T

_1.013x10°x25.0
300x1.38x107%*

=6.117 x 10%.
44. Number of molein 0.014 kg of Nitrogen
0.014x10° 1
n= ———=—mole
28 2
5 5
C = —R==x2=5cal/mole &
v 2 2
vV, |k
v ST TR
AT = T,-T,=4T,-T,=3T,
= 3 x300=900K
1
AQ = nc,AT = 5><5><9OO=2250 cal.

45,

46.

47.

OBJECTIVE QUESTIONS

At what temperatureisthe rmsvelocity of hydrogen molecule equal to that
of an oxygen molecule at 47°C.

(@ -73K (b) 3K
(0 20K (d) 80K

The average kinetic energy of a gas molecule at 27°C is 621x101 J. The
average kinetic energy of gas molecule at 227°C will be

(8 52.2x102J (b) 5.22x1021]
(©) 10.35x1072'J (d) 11.35x10721J

The equation of sate 5 g of oxygen at apressure Pand temperature T, when
occupying avolume V, will be

(8 Pv=°0T (b) Pv-=°
() py_>2RT (d PV=5RT

2
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49,

50.

51.

52.

53.

A gasis found to obey the law P? V = constant. The initial temperature
and volume are To and Vo. If the gas expands to a volume 3Vo. Its final

temperature becomes :
@ = ® 7
(c0 3To (d 3To

A gas behaves as an ideal gas at

(& low pressure and high temperature
(b) low pressure and low temperature
(c) high pressure and low temperature
(d) high pressure and high temperature

If v is the ratio of specific heats of a perfect gas, the no. of degrees of
freedom of amolecule of thegasis

@ 2t () o
© @ 5

A gas is filled in a container at pressure Po. If the mass of molecules is
halved and their rms speed is doubled. The resultant pressure would be

(@ 2Po (b) 4Po
© = @ =

The translational kinetic energy of gas molecules for 1 mol of gas is
equal to

3 2KT
€) > RT (b) 3

RT 3KT
© = @ =
Molecular motion showsitself as
(@ Temperature (b) Internal energy
(c) Friction (d) Viscosity
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55.

56.

57.

58.

59.

A sample of gasisat 0°C. To what temperature it must be raised in order
to double the rms speed of the molecule

(@) 270°C (b) 719°C
() 1090°C (d) 100°C
The work done by (or on) a gas per mole per kelvin is called
(@ Universal gasconstant  (b) Boltizmann's constant

(c) Gravitational constant (d) Entropy

A gasfilled in a closed vessel is heated through 1 K and its pressure increases
by 0.4%. What was the initial temperature of the gas?

(@ 250K (b) 350K
(c) 450K (d) 500K
The root mean square speed of the molecules of agasis

(@ independent of its pressure but directly proportional to its Kelvin
temperature

(b) directly proportional to two sgquare root of both its pressure and its
Kelvin temperature

(c) independent of its pressure but directly proportional to the squareroot
of its Kelvin temperature.

(d) directly proportional to its pressure and its Kelvin temperature.

Theroot mean square vel ocity of gasmoleculesis 10 km/sThe gasisheated
till its pressure becomes four times. The velocity of gas molecules will be

(@ 10Km/s (b) 20Km/s
(c) 40Km/s (d) 80Km/s

According to kinetic theory of gases at absolute zero

(@) Water freezes (b) Liquid helium freezes

(c) Molecular motionstops  (d) All of the above are correct
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60.

61.

62.

63.

Thequantity of heat required to raise onemolethrough 1 K for amonoatomic
gas at constant volume is

@ >R ® R

© _; R d 4R

Dimensional formulafor universal gas constant R is given by
(& [ML2T2K2] (b) [ML2T-3KY

() [M°L2T=3K (d) [ML2T2K™]

An ant is walking on the horizontal surface. The number of degrees of
freedom of ant will be

@ 1 (b) 2
© 3 d 6
The specific heat of a gas

(@ hasonlytwovaluesCp & Cv

(b) hasaunique value of given temperature
(c) canhaveany valuesfromOto oC

(d) depends upon the mass of the gas

250 L of anideal gasisheated at constant pressure from 27°C such that its
volume becomes 500 L. The final temperature is

(8 54°C (b) 300°C
(© 327°C (d) 600°C

Answer : (Objective Type Questions)

45. (c) 46. (c) 47. (@ 48 (d) 49. (8 50. (d)
51. (@ 52 (3 53. (@ 54 (b) 55 (@ 56 (3)
57. (¢ 58 (b) 59. () 60 (@ 6L (8 62 (b)
63. () 64 ()
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46.

50.

51.

55.

56.

58.

60.

HINTS:

Mo 2 300- 20k
32

K,T, _ 621x 10%

:—kT K, :—kT ie. Ka_ T K, = x500=10.3% 1G* J

K, TZ T, 300

2

2 T
P2 \/ = constant {%) V = constant = < constant.

1

=1+=

Y f
Po:% pC Asp— halved and Cis doubled then=P 2Po

CaT
PV

=R

-
PV = RT hereV = Constant therefore P T. i.e. = + constant

0,
R_B _P_Prt04%ofP_ . 5ok
T, T, T T+1
PaT
du 3

C,=— and U= 2 RT
dT 2

V o T as Pis constant.

*k*k*%x
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Mechanical

- [ Unit-10=-A Waves

Oscillation & Waves

10.1 Periodic Motion

A motion, which repeat itself over and over again after aregular interval of
time is called a periodic motion and the fixed interval of time after which
themotion isrepeated is called period of the motion. Examples: Revolution
of earth around the sun (period one year).

10.2 Oscillatory or Vibratory Motion.

The motion in which abody movesto and fro or back and forth repeatedly
about a fixed point in a definite interval of time. Oscillatory motion is also
called as harmonic motion. Example : The motion of the pendulum of awall
clock.

10.3 Harmonic and Non-harmonic Oscillation.

Harmonic oscillation is that oscillation which can be expressed in terms of
single harmonic function (i.e. sine or cosine function). Example: y=asin
ot ory = acos ot.

Non-harmonic oscillation is that oscillation which can not be expressed in
terms of single harmonic function. Example: y = asin ot + bsin 2 ot.

10.4 Some Important Definitions.

(1) Time period : Itisthe least interval of time after which the periodic
motion of a body repeatsitself. S.I. units of time period is second.

(2) Frequency : It is defined as the number of periodic motions executed
by body per second. S.I unit of frequency is hertz (Hz).

(3 Angular Frequency : = 2nn

(4) Displacement: Its deviation from the mean position.



(5) Phase: Itis a physical quantity, which completely express the position
and direction of motion, of the particle at that instant with respect to its
mean position.

Y=asin0 =asn (ot + ¢, here 0 = wt + ¢, = phase of vibrating
particle.

(i) Initial phase or epoch : It is the phase of a vibrating particle
att= 0.

(i) Same phase: Two vibrating particle are said to be in same phase,
if the phase difference between them is an even multiple of n or
path difference is an even multiple of (A/2) or time interva is an
even multiple of (T/2).

(iif) Opposite phase : Opposite phase means the phase difference
between the particleisan odd multiple of @ or the path difference
is an odd multiple of A or the time interval is an odd multiple of
(T/2).

(iv) Phase difference : If two particles performs S.H.M and their
equationarey, = asin (ot + ¢,) andy, =asin (ot + ¢,) then phase
difference Ap = (ot + ¢,) — (ot +¢,) = ¢, — ¢,

10.5 Simple Harmonic Motion.

Simple harmonic motion is a special type of periodic motion, in which
Restoring force oc Displacement of the particle from mean position.

= — kx

Where k is known as force constant. Its S.I. unit is Newton/meter and
dimensionis[MT.

10.6 Displacement in S.H.M.

Simple harmonic motion is defined as the projection of uniform circular
motion on any diameter of circle of reference

(i) y=asnotwhenatt=0 thevibrating particleisat mean position.
(i) y= acoswtwhenat t= 0 the vibrating particle is at extreme position.

(i) y = a sin (ot = ¢) when the vibrating particle is ¢ phase leading or

lagging from the mean position.
Oscillations Waves



10.7 Comparative Study of Displacement, Velocity and Ac-
celeration.

Displacement y = asnot
Velocity V = am Cos mt
ot = amsin{mt+§\

Acceleration A =—aw?sin ot

ot =aw?sin (ot + )

g [ ; E ; Displacement
' : ' ; = a sin wt
Y T—a 0 T 2T Y
+aw \\
v 0 T o1 Velocity
—aw vV =aw cos wt
+aw ||
. Acceleration
0 T 2T A=—aw cos wt
2
—aw - 3 2 > 3
1 T T 3 T 2T Time —
2 2

(i) All the three quantities displacement, velocity and acceleration show
harmonic variation with time having same period.

(i) Thevelocity amplitudeis o times the displacement amplitude

(iii) The acceleration amplitude is ®? times the displacement amplitude
(iv) InSH.M. the velocity is ahead of displacement by a phase angle /2.
(v) InS.H.M. the acceleration is ahead of velocity by a phase angle /2.
(vi) Theacceleration is ahead of displacement by a phase angle of .

(vil) Various physical quantities in S.H.M. at different position :
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Physical quantities Equilibrium position (y=0) Extreme Position (y = + a)

Displacementy = asinot ~ Minimum (Zero) Maximum (&)
Velocity v = a’ - y2 Maximum (aw®) Minimum (Zero)
Acceleration A = —o?y Minimum (Zero) Maximum (»?a)

10.8 Energy in S.H.M.

A particle executing S.H.M. possesses two types of energy : Potential energy
and Kinetic energy

(1) Potential energy : U= %mwzazsinz ot

1 1
(i) Umax = EkGZ = Emmzaz wheny=% a;, ot=7/2;t=T/4

(i) Upin =0 wheny=0; 0t=0;t=0
(2) Kineticenergy :

1
K= %mazco2 cos*@r or K= Ema)z(a2 —%)

. 1

(i) Kopax = Emcoza2 wheny=0;t=0; ot =0

(i) K, =0 wheny=a; t=T/4, ot =n/2
(3) Total energy : Total mechanica energy

= Kinetic energy + Potential energy
E= lm(Dzat2
2

Total energy is not a position functioni.e. it always remains constant.

(4) Energy position graph :
Energy

> U

K

Y=-a Y=0 Y=a
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(5) Kinetic energy and potential energy vary periodically double the
frequency of S.H.M.

10.9 Time Period and Frequency of S.H.M.

2 k
Time period (T) = E’t:zn\/% o 0= |k

m

Frequency (n) = T2\ m
In general mis called inertiafactor and k is called spring factor.
Inertia factor
Thus T=274a0 - = .
Spring factor
10.10 Differential Equation of S.H.M.
d’ k
For SH.M. (linear) m—;vﬂf;v =0 [Aso= \/:]
dt m

d’e k
For angular SH.M. ?wﬁe:o [0 =

10.11 Simple Pendulum

Mass of the bob =m

7

/
Effective length of simple pendulum=1; T =2x \/;

(i) Time period of simple pendulum is independent of amplitude as long
as itsmotion is simple harmonic.

(if) Time period of simple pendulum is also independent of mass of the
bob.

(i) If the length of the pendulum is comparable to the radius of earth

then

If >>R(—>x)UI<1/R s0 T=27‘C\/E§ 84.6 minutes
g
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(iv) Thetime period of simple pendulum whose point of suspension moving
horizontally with acceleration,

2n ;
aT:2(DJW and 0 =tan! (a/g)

Yi& J

(v) Second’s Pendulum : It is that simple pendulum whose time period of
vibrationsis two seconds.

(vi) Work donein giving an angular displacement 6 to the pendulum from
its mean position.
W=U=mgl (1-cos0)

(vii) Kinetic energy of the bob at mean position = work done or potential
energy at extreme.

10.12 Spring Pendulum

A point mass suspended from a mass less spring or placed on africtionless

horizontal plane attached with spring constitutes a linear harmonic spring
pendulum

2 -
. ) T inertia factor
Time period 7" = ZCG‘ .

" upA Allg iav

271 T
A m 1 |k
1 zm\/ p and Frequency 2n’/m
(i) Timeof aspring pendulum isindependent of accel eration dueto gravity.

(it) If the spring has amass M and mass mis suspended from it, effective

L M
massis given by 7, =m+?

So that T=2n,/"%ﬁ’ - -

(iii) 1f two massesof massm, and m, areconnected | ™| /" TU0T00T00 - m,
by aspring and madeto oscillate on horizontal
surface, the reduced mass m, is given by

1 1 1
+
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m m,



So that Tzzn,/%

(iv) If aspring pendulum, oscillating in avertical planeismadeto oscillate
on ahorizontal surface, (or on inclined plane) time period will remain
unchanged.

(v) If thestretchin avertically loaded spring isy,, then

T=21|:\/E=27: /ﬁ
k g

Time period does not depends on ‘g’ because along with g, y, will also

. m .
change in such away that 20 r remains constant.
g Kk

(vi) Series combination : If n springs of different force constant are

connected in series having force constant k,, k,, K, ........ respectively

| I 1 1

then — =t —+—+......
kejff kl kz k3

(vii) Parallel combination: If the springs are connected in parallel then

K=Kyt Kyt Kyt

(viii) If the spring of force constamt k is divided in to n equal parts then
spring constant of each part will become nk.

(ix) The spring constant k isinversely proportional to the spring length.

1 1
o
Extension Length of spring

(x) When a spring of length | is cut in two pieces of length |, and |, such
that |, =nl.,

Aska

If the constant of aspring isk then ppring constant of first part &, = k(nt1)

Spring constant of second part k, = (n + 1) k and ratio of spring constant
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10.13 Various Formulae of S.H.M. .

S.H.M. of aliquid in U tube:

If aliquid of density p containedin
avertical U tube performs SH.M. inits
two limbs. Then time period

T'=2n i:275\/E
V2g g
Where L = Tota length of liquid

column, H = Height of undisturbed
liquid in each limb (L = 2h)

S.H.M. of a floating cylinder

If | isthe length of cylinder dipping in
liquid then time period

S.H.M. of ball in the neck of an air
chamber

Image

o 2T W
=2t T
AN E

M = mass of the ball
V = volume of air
chamber
A = area of cross |+
section of neck

E = Bulk modulus
for Air

S.H.M. of abody in atunnel dug along
any chord of earth

7=2m E =84.6 minutes
Vg

S.H.M. of body in the
tunnel dug along the
diameter of earth

T:2n\/g
8

T = 84.6 minutes

R =radiusof the earth
= 6400 km

g = acceleration due
to gravity = 9.8 m/s?
at earth’s surface
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10.14 Free, Damped, Forced and Maintained Oscillation.
(1) Freeoscillation

(i) Theoscillation of aparticle with fundamental frequency under the
influence of restoring force are defined as free oscillations

(i) Theamplitude, frequency and energy of oscillation remains constant
(iii) Frequency of free oscillation is called natural frequency.
(2) Damped oscillation

(i) Theoscillation of abody whose amplitude goes on decreasing with
time are defined as damped oscillation.

(1)) Amplitude of oscillation decreases exponentially due to damping
forces like frictional force, viscous force, hystersis etc.

(3) Forced oscillation

(1) The oscillation in which a body oscillates under the influence of an
external periodic force are known as forced oscillation.

(i1)) Resonance: When the frequency of external force is equal to the
natural frequency of the oscillator. Then this state is known as
the state of resonance. And this frequency is known as resonant
frequency.

(4) Maintained oscillation : The oscillation in which the loss of oscillator
is compensated by the supplying energy from an external source are
known as maintained oscillation.

10.15 Wave

A waveis adisturbance which propagates energy and momentum from one

place to the other without the transport of matter.

(1) Necessary properties of the medium for wave propagation :

(i) Elasticity : Sothat particles can return to their mean position, after
having been disturbed.

(if) Inertia: Sothat particlescan store energy and overshoot their mean
position.
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(iii) Minimum friction amongst the particles of the medium.
(iv) Uniform density of the medium.

(2) Mechanical waves : The waves which require medium for their
propagation are called mechanical waves.

Example : Waves on string and spring, waves on water surface, sound
waves, seismic waves.

(3) Non-mechanical waves : The waves which do not require medium for
their propagation are called non-mechanical or electromagnetic waves.

Examples: Light, heat (Infrared), radio waves, y-rays. X-rays etc.

(4) Transverse waves : Particles of the medium execute simple harmonic
motion about their mean position in a direction perpendicular to the
direction of propagation of wave motion.

(i) Ittravelsintheform of crests and troughs.
(ii) A crestisaportion of the medium which is raised temporarily.
(iif) Atroughisaportion of the medium which isdepressed temporarily.

(iv) Examples of transverse wave motion: Movement of string of a sitar,
waves on the surface of water.

(v) Transverse waves can not be transmitted into liquids and gases.

(5) Longitudinal waves: If the particlesof amedium vibratein the direction
of wave motion the wave is called longitudinal .

(i) Ittravelsintheform of compression and rarefaction.

(i) A compression © isaregion of the medium in which particles are
compressed.

(iif) A rarefaction (R) isaregion of the medium in which particles are
rarefied.

(iv) Examples sound waves travel through air in the form of longitudinal

Waves.
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(v) These waves can be transmitted through solids, liquids and gases.

10.16 Important Terms
(1) Wavelength :

(i) Itisthelength of one wave.

(i) Distance travelled by the wave in one time period is known as
wavelength.

A = Distance between two consecutive crests or troughs.
(2) Frequency : Number of vibrations completed in one second.

(3) Timeperiod : Time period of vibration of particle is defined as the time
taken by the particle to complete one vibration about its mean position.

(4) Relation between frequency and time period :
Time period = 1 /Frequency
= T=1n
(5) Relation between velocity, frequency and wavelength : v =n.

10.17 Velocity of Sound (Wave motion)
(1) Speed of transver se wave motion :

(i) On astretched string : v= ‘,I , T =Tension in the string;
m
m = Linear density of string (mass per unit length).

(if) Inasolid body : v= \/i (n = Modulus of rigidity; p = Density of
the material.) P

(2) Speed of longitudinal wave motion :
(i) Inasolidlongbar v= \IE (Y =Young's modulus; p = Density)
0

I
(i) Inaliquid medium v :\/
\
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(iii) Ingases v:\/E
p

10.18 Velocity of Sound in Elastic Medium

Velocity of sound in any mediumis
V= \/E (E = Elasticity of the medium; p = Density of the medium)
p

(1) Ve ™ Viyater > Vair = 5000 m/s > 1500 m/s > 330 m/s

at

(2) Newton’sformula: He assumed that propagation of sound isisothermal

Voir = \/E = \/E AsK =E, =P; E, = [sothermal elasticity; P = Pressure.
p Y

By calculation v, = 279 m/sec.
However the experimental value of sound in air is 332 m/sec

(3) Laplace correction : He modified that propagation of sound in air is
adiabatic process.

k Eq) . . .
v= B: ? (Ask=E, =yp =Adiabatic elaticity)

v=33L3m/s(y,;, = 1.41)

(4) Effect of density : v= ﬁ = VOCL
Vo b

(5) Effect of pressure : Velocity of sound is independent of the pressure
(when T = constant)

(6) Effect of temperature: vo4/T(inK)

When the temperature change is small thenv, = v, (1 + at)

/
Value of &= 0.608”3—(;‘ =0.61 (Approx.)
(7) Effect of humidity : With rise in humidity velocity of sound increases.

(8) Sound of any frequency or wavelength travels through a given medium

ith the same velocity.
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(9) Sound of any frequency or wavelength travel s through a given medium
with the same velocity.

10.19 Reflection of Mechanical
Medium Longitudinal Transverse Changein Phase Time Path

wave wave direction change change change
. . A
Reflection Compression as  Crest as Reversed i 5 5
fromrigid rarefactionand  crest and
end/denser vice-versa Trough as
medium trough
Reflection Compression Crest as No change  Zero Zero Zero

fromfree ascompression trough and
end/rarer and rarefaction  trough as
medium  asrarefaction crest

10.20 Progressive Wave

(1) These waves propagate in the forward direction of medium with a finite
velocity.

(2) Energy and momentum are transmitted in the direction of propagation
of waves.

(3) In progressive waves, equal changes in pressure and density occurs at
al points of medium.

(4) Variousforms of progressive wave function.
(i) y=Asn(ot—kx) Where y = displacement
A

amplitude

® = angular frequency

n = frequency

k = propagation constant
T =time period

A =wave length

v = wave velocity

t = instantaneous time
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e rox
(iii) y—Asm2n[;—}—

L£ W

(ii) y:Asin(mt—%xJ

(iv) y= Asinz—;(vt—x)

(V) y=4sin m(t—zw
N
(a) If thesign betweent and x termsis negative the waveis propagating
along positive X-axis and if the sign is positive then the wave moves
in negative X-axis direction.

(b) The Argument of sin or cosfunctioni.e. (ot — kx) = Phase.
(c) The coefficient of t gives angular frequency

2
(0=27m=—n
T

(d) The coefficient of X gives propagation constant or wave number

po2T_O
A
(e) The ratio of coefficient of t to that of x giveswave or phase vel ocity,
. ®
V=—-
l.€. X

(f) When agivenwave passesfrom one medium to another itsfrequency
does not change.

v A
(g) From v=n\ = vk - n=constant = — =—--
vy A,
(5) Sometermsrelated to progressive waves

(i) Wavenumber (;l) : The number of waves present in unit length.
- 1
n)j=—-
(n)=5

(i1) Propagation constant (K) : k =

e
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_ @ _ Angular velocity 27

i k="=2mh
and % T

v Wavevelocity

. ® 0A A
i)Wavevelocity (V) : v=—=nh=—=—.
(i) Y v=enh=or=a

21
%

A%

(iv) Phase and phase difference O(x,?)=—(t—x).

271
(v) Phase difference = 7>< Time difference.
. ) 271 )
(vi) Phase difference = TX Path difference

T
= Time difference = XX Path difference.

10.21 Principle of Superposition

- = -
If V1-)2-Y3,---- are the displacements at a particular time at a particular

position, due to individual waves, then the resultant displacement,

e

Important applications of superposition principle: (a) Stationary waves,
(b) Beats.

10.22 Standing Waves or Stationary Waves

When two sets of progressive wave trains of same type (both longitudinal
or both transverse) having the same amplitude and same time period/frequency/
wavelength travelling with same speed along the same straight line in opposite
directions superimpose, anew set of wavesareformed. These are called stationary
waves or standing waves.

Characteristics of standing waves :
(1) The disturbance confined to a particular region

(2) There is no forward motion of the disturbance beyond this particular
region.

(3) Thetotal energy istwice the energy of each wave.

(4) Points of zero amplitude are known as nodes.
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The distance between two consecutive nodesis % .

(5) Points of maximum amplitude is known as antinodes. The distance
between two consecutive antinodes is aso A/2. The distance between a

node and adjoining antinode is A/4.

(6) The medium splits up into a number of segments.

(7) All the particles in one segment vibrate in the same phase. Particles in
two consecutive segments differ in phase by 180°.

(8 Twice during each vibration, all the particles of the medium pass
simultaneously through their mean position.

10.23 Comparative Study of Stretched Strings, Open Organ
Pipe and Closed Organ Pipe

S.

No.

Parameter

Stretched string

Open organ Closed organ Pipe

Pipe

@

Fundamental
frequency or
1% harmonic
(1% mode of
vibration)

1%
I’li = —
21

@

Frequency
of 1%
overtone

or 2
harmonic
(2" mode
of vibration)

n,=2n;

n,=2n;

Missing

©)

Frequency
of 2nd
overtone

or 3
harmonic
(39 mode of
vibration)

(4) Frequency

ratio of
overtones

2:3:4: ...

2:3:4: ...

3:5:7: ...

(5) Frequency

ratio of
harmonics

1:2:3:4: ...

1:2:3:4: ...

1:3:5:7: ...
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(6) Nature of Transverse Longitudina Longitudinal
waves stationary stationary stationary
2L 2L 4L
(Denerd g =123, A="n=l A=
ormulafor n n (2n-1)
wavelength
(8) Position of  x=02 2L 3L LR 1 =, 2L 4. 6oL 2l
n n n (Zn—l)L 2n-1) (2n-1) (2n-1) (2n-1)
nodes 2n
(9) Position of x= X=
i L3LSL @u-DL L 2L 3L goo o b Ok
antinodes 20 20’20 2n non 2’7—1’2”_1’(2”_1)

(i) Harmonics are the notes/sounds of frequency equal to or an integral
multiple of fundamental frequency (n).

(i1)) Overtones are the notes/sounds of frequency twice/thrice/ four times
the fundamental frequency (n).

(i11) In organ pipe an antinode is not formed exactly at the open end rather
it is formed a little distance away from the open end outside it. The
distance of antinode from the open end of the pipeis= 0.6r (wherer is
radius of organ pipe). Thisis known as end correction.

10.2410 Vibration of a String

T
General formula of frequency » —i —
L = Length of string, T = Tension in the string
m = Mass per unit length (linear density), p = mode of vibration

(1) Thestring will be in resonance with the given body if any of its natural
frequencies concides with the body.

M

(2) If M isthe mass of the string of length L, m—T

So n= LIT

— (r = Radi Densit
2L\ (r ius, p = Dengity)

10.25 Beats

When two sound waves of slightly different frequencies, travelling in a
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medium along the same direction, superimpose on each other, theintensity of the
resultant sound at a particular position rises and falls regularly with time. This
phenomenon is called beats.

(1) Beat period : Thetimeinterval between two successive beats (i.e. two
successive maxima of sound) is called beat period.

(2) Beat frequency : The number of beats produced per second is called
beat frequency.

(3) Persistence of hearing : The impression of sound heard by our ears
persist in our mind for 1/10™ of a second.

So for the formation of distinct beats, frequencies of two sources of
sound should be nearly equal (difference of frequencies less than 10)

(4) Equation of beats: If two waves of equal amplitudes‘a’ and dlightly
different frequencies n, and n, travelling in a medium in the same
direction then equation of beatsis given by

y=Asnr (n, —n)t where A = 2a cos n (n, — n,)t = Amplitude of
resultant wave.

Amplitude of resultant wave.
(5) Beatfrequency: n=n,—n,.

| |
6) Beat period: =
© P Beat frequency N;—N,

10.26 Doppler Effect

Whenever there is a relative motion between a source of sound and the
listener, the apparent frequency of sound heard by the listener is different
from the actual frequency of sound emitted by the source.

[(V+Vm)—VL]I’l

Mv4+v Y—v 1
LY T Vs Vol

Apparent frequency n'=

Heren=Actual frequency; v, = Velocity of listener; v, = Velocity of source
v = Velocity of medium and v = Velocity of sound wave
Sign convention: All velocities along the direction Sto L aretaken aspositive

and all velocities along the direction L to Sare taken as negative. If the
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. . L [v—v
medium is stationary v = 0 then :( L]n.
V=V,

(1) No Doppler effect takes place (0" = n) when relative motion between
source and listener is zero.

(2) Source and listener moves at right angle to the direction of wave
propagation. (n" = n)

(i) If thevelocity of source and listener isequal to or greater than the
sound velocity then Doppler effect is not observed.

(i1) Doppler effect does not say about intensity of sound.

(iii) Doppler effect in sound is asymmetric but in light it is symmetric.

QUESTIONS
ONE MARK QUESTIONS

1. How is the time period effected, if the amplitude of a simple pendulum is
increased?
Define force constant of a spring.

3. At what distance from the mean position, is the kinetic energy in ssmple
harmonic oscillator equal to potential energy ?

4. How isthefreguency of oscillation related with the frequency of changein
the K.E. and P.E. of the body in S.H.M.?

What is the frequency of total energy of aparticlein SH.M. ?

How is the length of seconds pendulum related with acceleration due to
gravity of any planet ?

7. Ifthe bob of a simple pendulum is made to oscillate in some fluid of density
greater than the density of air (density of the bob > density of the fluid), then
time period of the pendulum increased or decrease.

8. How is the time period of the pendulum effected when pendulum is taken
to hillsor in mines ?

9. A transverse wave travels along x-axis. The particles of the medium must
move in which direction ?

10. Define angular frequency. Give its S.I. unit.
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12.

13.

14.

15.
16.

17.
18.

19.
20.

21.

22.

23.

24,
25.
26.

27.
28.

Sound waves from a point source are propagating in al directions. What
will be the ratio of amplitudes at distances of x meter and y meter from the
source ?

Doesthe direction of acceleration at various points during the oscillation of
a simple pendulum remain towards mean position ?

What isthe time period for the function f(t) = sin ot + cos ot may represent
the simple harmonic motion ?

When is the swinging of simple pendulum considered approximately
SHM ?

Can the motion of an artificial satellite around the earth be taken as SHM?

What is the phase relationship between displacement, velocity and
accelerationin SHM ?

What forces keep the ssimple pendulum in motion ?

How will the time period of a simple pendulum change when its length is
doubled ?

What is a harmonic wave function ?

If the motion of revolving particle is periodic in nature, give the nature of
motion or projection of the revolving particle along the diameter.

In a forced oscillation of a particle, the amplitude is maximum for a frequency
w, of the force, while the energy is maximum for a frequency w,, of theforce.
What is the relation between w, and w,, ?

Which property of the medium are responsible for propagation of waves
through it ?

What isthe nature of thethermal changein air, when asound wave propagates
through it ?

Why does sound travel faster iniron than in water or air ?
When will the motion of a simple pendulum be simple harmonic ?

A simple harmonic motion of acceleration ‘a and displacement ‘X’ is
represented by a + 4n?x = 0. What is the time period of SH.M ?

What is the main difference between forced oscillations and resonance ?

Oscillations Waves
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29.

30.
31.

32.

33.

35.
36.

37.

38.

39.

40.

41.

42.

&

What is the condition to be satisfied by a mathematical relation between time
and displacement to describe a periodic motion ?

Why the pitch of an organ pipe on a hot summer day is higher ?

Under what conditions does a sudden phase reversal of waves on reflection
takes place ?

The speed of sound does not depend upon its frequency. Give an example
In support of this statement.

If an explosion takes place at the bottom of lake or sea, will the shock waves
in water be longitudinal or transverse ?

Fregquency is the most fundamental property of wave, why ?
How do wave velocity and particle velocity differ from each other ?

If any liquid of density higher than the density of water isused in aresonance
tube, how will the frequency change ?

Under what condition, the Doppler effect will not be observed, if the source
of sound moves towards the listener ?

What physical change occurswhen asource of sound movesand thelistener
is stationary ?

What physical change occurs when a source of sound is stationary and the
listener moves ?

If two sound waves of frequencies 480 Hz and 536 Hz superpose, will they
produce beats? Would you hear the beats ?

Define non dissipative medium.

2 MARKS QUESTIONS

Which of the following condition is not sufficient for simple harmonic motion
and why ?

(i) acceleration and displacement

(i) restoring force and displacement

. . . ’dis lacement
The formulafor time period T for aloaded spring, T = 27, p—
V acceleration
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46.

47.

49,

50.

51
52.

53.

55.

56.

Does the time period depend on length of the spring ?

Water in a U-tube executes S.H.M. Will the time period for mercury filled
up to the same height in the tube be lesser of greater than that in case of
water ?

There aretwo springs, one delicate and another hard or stout one. For which
spring, the frequency of the oscillator will be more ?

Time period of a particle in S.H.M. depends on the force constant K and

mass m of the particle T = 2n\l{%- A simple pendulum for small angular

displacement executes S.H.M. approximately. Why then is the time period
of a pendulum independent of the mass of the pendulum ?

What is the frequency of oscillation of a ssmple pendulum mounted in a
cabin that isfalling freely ?

The maximum acceleration of simple harmonic oscillator is A,. While the
maximum velocity is V,, calculate amplitude of motion.

The velocity of sound in a tube containing air at 27°C and pressure of 76
cm of Hg is 330 ms™. What will beits velocity, when pressureisincreased
to 152 cm of mercury and temperature is kept constant ?

Even after the breakup of one prong of tunning fork it produces a round
of same frequency, then what is the use of having a tunning fork with two
prongs ?

Why is the sonometer box hollow and provided with holes ?

The displacement of particlein S.H.M. may be givenby y =asin (ot + ¢)
show that if thetimet isincreased by 2n/w, the value of y remainsthe same.

The length of simple pendulum executing SHM is increased by 21%. By
what % time period of pendulum increase ?

Define wave number and angular wave number and give their S.1. units.

Why does the sound travel faster in humid air ?

Usetheformulav = \/E to explain, why the speed of sound in air
p
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57.

58.

59.

60.

61.
62.

63.

65.

66.

67.

68.

69.

70.

(b) increase with temperature

Differentiate between closed pipe and open pipe at both ends of same length
for frequency of fundamental note and harmonics.

Bats can ascertain distances, directions; nature and size of the obstacle
without any eyes, explain how ?

In asound wave, adisplacement nodeisapressure antinode and vice- versa
Explain, why ?

How does the frequency of atuning fork change, when the temperature is
increased ?

Explain, why can we not hear an echo in a small room ?

What do you mean by reverberation? What is reverberation time ?
3MARKS QUESTIONS

Show that for a particle in linear ssmple harmonic motion, the acceleration
is directly proportional to its displacement of the given instant.

Show that for aparticlein linear smple harmonic motion, the averagekinetic
energy over aperiod of oscillation, equalsthe average potential energy over
the same period.

Deduce an expression for the velocity of a particle executing S.H.M. when
is the particle velocity (i) Maximum (ii) minimum?

Draw (a) displacement time graph of a particle executing SHM with phase
angle ¢ equal to zero (b) velocity time graph and (c) accel eration time graph
of the particle.

Show that alinear combination of sine and cosine function like x(t) =a sin
ot + b cos ot represents a simple harmonic. Also, determine its amplitude
and phase constant.

Show that in a S.H.M. the phase difference between displacement and velocity
Is /2, and between displacement and acceleration is .

Derive an expression for the time period of the horizontal oscillations of a

massless |oaded spring.

Show that for small oscillations the motion of asimple pendulumissimple
harmonic. Derive an expression for its time period.
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71.
72.

73.

74,

75.

76.

77.

78.

79.

80.

81.

82.

Distinguish with anillustration among free, forced and resonant oscillations.

In reference to a wave motion, define the terms

(i) amplitude
(i) time period
(iii) frequency

(iv) angular frequency
(v) wave length and wave number.

What do you understand by phase of a wave? How does the phase change
with time and position.

At what time from mean position of a body executive S.H.M. kinetic energy
and potentia energy will be equal?

LONG ANSWER QUESTIONS

Derive expressions for the kinetic and potential energies of a simple harmonic
oscillator. Hence show that thetotal energy isconserved in S.H.M. inwhich
positions of the oscillator, isthe energy wholly kinetic or wholly potential ?

One end of a U-tube containing mercury is connected to a suction pump and
the other end is connected to the atmosphere. A small pressure difference is
maintained between the two columns. Show that when the suction pump is
removed, the liquid in the U-tube executes S.H.M.

Discuss the Newton’s formulafor velocity of sound in air. What correction
was applied to it by Laplace and why ?

What are standing waves? Desire and expression for the standing waves.
Also define the terms node and antinode and obtain their positions.

Discuss the formation of harmonicsin a stretched string. Show that in case
of a stretched string the first four harmonics are in the ratio 1:2:3:4,

Give the differences between progressive and stationary waves.

If the pitch of the sound of a source appears to drop by 10% to a moving
person, then determine the velocity of motion of the person. Velocity of
sound = 30 ms™.

Give a qualitative discussion of the different modes of vibration of an open

organ pipe.
Oscillations Waves



83.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Describe the various modes of vibrations of a closed organ pipe.

What are beats? How are they produced? Briefly discuss one application for
this phenomenon.

Show that the speed of sound in air increases by 61 cms™ for every 1°C rise
of temperature.

NUMERICALS

The time period of a body executing S.H.M is 1s. After how much time will

its displacement be of itsamplitude.

2

a
vV &

A particleis moving with SHM in a straight line. When the distance of the
particlefrom the equilibrium position hasvalues x, and x,,, the corresponding
value of velocities are u, and u,,. Show that the time period of oscillationis
given by
5 5 1/2

X, —X
t=2m| =—

2
hul —M2

Find the period of vibrating particle (SHM), which has acceleration of
45 cm s, when displacement from mean position is 5 cm.

A 40 gm mass produces on extension of 4 cm in a vertical spring. A mass
of 200 gm is suspended at its bottom and left pulling down. Calculate the
frequency of its vibration.

The accel eration dueto gravity on the surface of the moonis1.7 ms?. What
Is the time period of a simple pendulum on the moon, if its time period on
the earthis3.5s?[g=9.8 ms?]

A particle executes simple harmonic motion of amplitude A.

(i) At what distance from the mean position is its kinetic energy equal to
its potential energy?

(i) At what points is its speed half the maximum speed ?

A set of 24 tunning forksis arranged so that each gives 4 beats per second
with the previous one and the last sounds the octave of first. Find frequency
of 19 and last tunning forks.

The vertical motion of a huge piston in a machine is approximately S.H.M.
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94,
95.

96.

97.

98.

99.

with afrequency of 0.5s™. A block of 10kg is placed on the piston. What is
the maximum amplitude of the piston’s S.H.M. for the block and piston to
remain together ?

At what temperature will the speed of sound be double its value at 273°K?

A spring balance has a scale that reads from 0 to 50 kg. The length of the
scale is 20 cm. A body suspended from this spring, when displaced and
released, oscillates with aperiod of 0.60 s. What is the weight of the body ?

If the pitch of the sound of a source appears to drop by 10% to a moving
person, then determine the velocity of motion of the person. Velocity of
sound = 330 ms™.

A body of mass m suspended from a spring executes SHM. Calculate ratio
of K.E. and P.E. of body when it is at a displacement half of its amplitude
from mean position.

A string of mass 2.5 kgisunder atension of 200N. Thelength of the stretched
string is 20m. If a transverse jerk is struck at one end of the string, how long
does the disturbance take to reach the other end ?

Which of the following function of time represent (a) periodic and (b) non-
periodic motion? Give the period for each case of periodic motion. [wisany
positive constant].

(i) sinot+ cosot

(i) sinot+sin2ot+ sin4 ot
(iii) et

(iv) log (ot)

100. The equation of a plane progressive wave is given by the equation y = 10

sin 2r (t — 0.005x) wherey and x are in cm and t in seconds. Calculate the
amplitude, frequency, wave length and velocity of the wave.

101. A tuning fork arrangement (pair) produces 4 beats s with one fork of

frequency 288 cps. A little wax is placed on the unknown fork and it then
produces 2 beats s1. What is the frequency of the unknown fork ?

102. A pipe 20 cm long is closed at one end, which harmonic mode of the pipe

is resonantly excited by a 430 Hz source? Will this same source can be in
resonance with the pipe, if both ends are open? Speed of sound = 340 ms™.

103. Thelength of awire between the two ends of asonometer is 105 cm. Where
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should the two bridges be placed so that the fundamental frequencies of the
three segments are in the ratioof 1 : 3: 15 ?

104. The transverse displacement of a string (clamped at its two ends) is given
by

.2
w(x,t)=0.06s1n ?TECOSMO ot.

wherex, yareinmandtisins. Thelength of the stringis 1.5 m and itsmass
is3.0 x107? kg. Answer the following.

(@) Doesthe function represent atravelling or a stationary wave?

(b) Interpret thewave asasuperposition of two wavestravelling in opposite
directions. What are the wavel ength frequency and speed of propagation
of each wave ?

(c) Determinethetension in the string.

105. A wire stretched between two rigid supports vibrates in its fundamental
mode with afrequency 45 Hz. The mass of the wireis 3.5 x 102 kg and its
linear density is4.0 x 102 kg m™. What is (a) the speed of transverse wave
on the string and (b) the tension in the string ?

106. A steel rod 100 cm longisclamped at itsmiddle. The fundamental frequency
of longitudinal vibrations of the rod as given to be 2.53 kHz. What is the
speed of sound in steel ?

107. A progressivewave of frequency 500 Hz istravelling with velocity 360 m/s.
How far apart are two points 60° out of phase ?

108. An observer movestowards a stationary source of sound with avelocity one
fifth of velocity of sound. What is the % increase in apparent frequency ?

SOLUTIONS
ANSWERS OF ONE MARK QUESTIONS

1. No effect on time period when amplitude of pendulum is increased or

decreased.

2. The spring constant of a spring is the change in the force it exerts, divided
by the change in deflection of the spring. (K = f/X)

1
3. Atx=a/\2.,KE=PE= choza2
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10.

12.

13.
14.
15.
16.

17.

18.
19.

20.
21.

P.E. or K.E. completes two vibrations in a time during which S.H.M.
completes one vibration or the frequency of R.E. or K.E is double than that
of SH.M.

Thefregquency of total energy of particleisS.H.M. iszero becauseit remains
constant.

L ength of the seconds pendulum proportional to (accel eration dueto gravity)
Increased

As Ta%, T will increase.
g

In the y-z plane or in plane perpendicular to x-axis.

It is the angle covered per unit time or it is the quantity obtained by
multiplying frequency by afactor of 2.

o =2nn, S.l. unitisrad st.

Intensity = amplitude? c————
Y P . (distance)?

. Required ratio = y/x

No, the resultant of Tension in the string and weight of bob is not always
towards the mean position.

T =21/®
Swinging through small angles.
No, itisacircular and periodic motion but not SHM.

In SHM, The velocity leads the displacement by a phase n/2 radians and
acceleration leads the velocity by a phase n/2 radians.

The component of weight (mg sin 6).
J2 times, as T o/l

A harmonic wave function is a periodic function whose functional formis
sine or cosine.

SH.M.

Both amplitude and energy of the particle can be maximum only in the case
of resonance, for resonance to occur o, = ..
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22.
23.

24,

25.

26.

27.

28.

29.

30.

31
32.

33.

35.

Properties of elasticity and inertia.

When the sound wave travel through air adiabatic changes take placein the
medium.

Sound travel faster iniron or solids becauseiron or solid ishighly elastic as
compared to water (liquids) or air (gases).

When the displacement of bob from the mean position is so small that
sin0 = 0.

a=—4mx=—-*x => ©=271

[\

2
nz—zls
i

T =

[\

o
The frequency of external periodic force is different from the natural

frequency of the oscillator in case of forced oscillation but in resonance two
frequencies are equal.

The maximum displacement of oscillating particle on either side of its mean
position is called its amplitude.

A periodic motion repeats after a definite time interval T.

So, y(t) =y(t+T) =y(t + 2T) etc.

On a hot day, the velocity of sound will be more since (frequency proportional
to velocity) the frequency of sound increases and hence its pitch increases.

On reflection from a denser medium, a wave suffers a sudden phase reversal.

If sounds are produced by different musical instruments simultaneously, then
all these sounds are heard at the same time.

Explosion at the bottom of lake or sea create enormous increase in pressure
of medium (water). A shock wave is thus a longitudinal wave travelling at
aspeed which is greater than that of ordinary wave.

When a wave passes through different media, velocity and wavelength change
but frequency does not change.

Wave velocity is constant for a given medium and is given by V = ni. But
particle velocity changes harmonically with time and it is maximum at mean
position and zero at extreme position.
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36.

37.

38.
39.
40.

41.

42.

46.

The frequency of vibration depends on the length of the air column and not
on reflecting media, hence frequency does not change.

Doppler effect will not be observed, if the source of sound moves towards
the listener with avelocity greater than the velocity of sound. Sameis also
trueif listener moveswith velocity greater than the vel ocity of sound towards
the source of sound.

Wave length of sound changes.
The number of sound waves received by the listener changes.

Yes, the sound waves will produce 56 beats every second. But due to
persistence of hearing, we would not be able to hear these beats.

A medium in which speed of wave motion is independent of frequency of
wave is called non-dispersive medium. For sound, air is non dispersive
medium.

ANSWERS OF TWO MARKS QUESTIONS

Condition (i) is not sufficient, because direction of acceleration is not
mentioned. In SHM, the acceleration is always in a direction opposite to
that of the displacement.

Although length of the spring does not appear in the expression for the time
period, yet the time period depends on the length of the spring. It isbecause,
force constant of the spring depends on the length of the spring.

The time period of the liquid in a U-tube executing S.H.M. does not depend
upon density of the liquid, therefore time period will be same, when the
mercury is filled up to the same height in place of water in the U-tube.

Wehave,vzix/gzi\/g
2n\m 2n\/

So, when a hard spring is loaded with a mass m. The extension I will be
lesser w.r.t. delicate one. So frequency of the oscillation of the hard spring
will be more and if time period is asked it will be lesser.

Restoring force in case of simple pendulum is given by

Fz%ydK:mgll
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47.

49,

50.

51

52.

53.

So force constant itself proportional to m as the value of k is substituted in
the formula, mis cancelled out.

The pendulum is in a state of weightlessnessi.e. g = 0. The frequency of

pendulum
R U P
AN

— 2Aa — — —
AmX =¥ a—AO, Umax— wa=V,
= =

1)
~0
a

A 2
az—g — azé;a
Yo
: a:—.

4,

At agiven temperature, the velocity of sound isindependent of pressure, so
velocity of sound in tube will remain 330 ms™.

Two prongs of atunning fork set each other in resonant vitorations and help
to maintain the vibrations for alonger time.

When the stem of the a tunning fork gently pressed against the top of
sonometer box, the air enclosed in box also vibrates and increases the
intensity of sound. The holes bring the inside air incontact with the outside
air and check the effect of elastic fatigue.

The displacement at any timet is

y=asn (ot +¢)
. displacement at any time (t + 2n/w) will be

y=asn[o (t +2r/o) + ¢§] = [sin{ot + ¢) + 21}]

y=asn (ot +¢) [ sin(2n + ¢) =sin¢]
Hence, the displacement at timet and (t + 2n/w) are same.

When a number of waves travel through the same region at the same time,
each wave travels independently asif all other waves were absent.
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55.

56.

57.

58.

59.

This characteristic of wave is known as independent behaviour of waves.
For example we can distinguish different sounds in a full orchestra.

Wave number isthe number of waves present in aunit distance of medium.
(v=1/A)S.. unit of kisrad m=.

Angular wave number or propagation constant is 2rt/A. It represents phase
change per unit path difference and denoted by k = 2/A. S.I. unit of kis
rad m.

Because the density of water vapour is less than that of the dry air hence
density of air decreases with the increase of water vapours or humidity and
velocity of sound inversely proportional to square root of density.

Given, v = /E

\p
(@) LetV bethevolume of 1 mole of air, then

M M
p=— o V=—
v P

for 1 mole of air PV =RT

PM _
P

= v:,/% (i)

So at constant temperature v is constant asy, R and M are constant.

=
—

B Y

V]

n

RT or Lo
p

(b) From equation (i) we know that Vaﬁ,so with the increase in
temperature velocity of sound increases.

(i) Inapipeopen at both ends, the frequency of fundamental note produced
istwice as that produced by a closed pipe of same length.

(i) An open pipe produces al the harmonics, while in a closed pipe, the
even harmonics are absent,

Batsemit ultrasonic waves of very small wavelength (high frequencies) and
so high speed. The reflected waves from an obstacle in their path give them
idea about the distance, direction, nature and size of the obstacle.

At the point, where acompression and ararefaction meet, the displacement is

Oscillations Waves



60.

61.

62.

86.

87.

minimum and it is called displacement node. At this point, pressure difference
is maximum i.€. at the same point it is a pressure antinode. On the other
hand, at the mid point of compression or a rarefaction, the displacement
variation is maximum i.e. such a point is pressure node, as pressure variation
IS minimum at such point.

As the temperature increases, the length of the prong of the tunning fork
increases. This increases the wavelength of the stationary waves set up in

the tunning fork. As frequency, v o \/I so frequency of the tunning fork
decreases. A

For an echo of a simple sound to be heard, the minimum distance between
the speaker and the walls should be 17 m, so in any room having length less
than 17 m, our ears can not distinguish between sound received directly and
sound received after reflection.

The phenomenon of persistence or prolongation of sound after the source
has stopped emitting sound is called reverberation. The time for which the
sound persists until it becomes inaudible is called the reverberation time.

SOLUTION/HINTS OF NUMERICALS

21
y=rsnot=rsn t
T
Here yzér and T=1s
— s1n2—t:>2’rl:if—E
J‘ 4
1
= t=—s.
8

When x =x,,v=u,
As v=ayA4?—x?

u, =(1)\[A2 —x12 or u12 = w? (4* —xlz) (i)
and 1, =0y A2 —x,2 or i’ =0 (4" =x)) (i)
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88.

89.

90.

Subtracting (ii) from (i), we get

I 73 1,3 3 1.1 2
R VB R R oA N R G ol

1/2
up —
or = P P

Herey =5 cm and acceleration a = 45 cm s2

Weknow a=w?y

S 45=w’x50r ®=3 rads?

o 2
and T= —— =" =2095s.
w o

Heremg=40g=40x 980 dyne; | =4 cm.
say kisthe force constant of spring, then

mg =kl or k=mg/l
_ 40x980

=9800 dyne cm™
when the spring is loaded with massm= 200 g

9800
o ZTc 200

=1.113s™
Hereonearth, T=3.5s, g=9.8 ms?

For simple pendulum 7 =2x \/z
4

T

MG
onmoon, g = 1.7 ms? and if T' istime period

’ /
77 =2x;,|—
then 7

Oscillations Waves



Dividing egn. (ii) by egn. (i), we get

L: % orT'= /9;78><3.5:8.4s
35 \17 V17

L1 1
91. (i) Emm2(a2_y2)25mm2y2 = y=4

2
(i) v=0 az—f:;»amw,/a?--y? ::»‘y:i%-

92. Let frequency of 1% tunning fork = x
frequency of 11" tunning fork = x + 4
frequency of 11" tunning fork = x + 2 (4)
frequency of IV tunning fork = x + 3 (4)
- Let frequency of 24™ tunning fork = x + 23 (4)
octave means, (twicein freq.)
-~ freg. of 24th = 2 x freq. of I = 2x
So2X=X+23(4) =>x=92
freq. of 24N =2x 92 =184 H.,.
93. Given,v=05st g=9.8ms!
a= cozy = (275v)2y = 4Tc2v2y
a_,. at the extreme position i.e., r =y
a_ =4n??randa_ = gtoremainin contact.

m:

- 9.8
Am’v? am? % (0.5)°
94. Sayv, inthevelocity of sound at T, =273°K and v, = 2v, at temperature T,
A R
ow V]_\IT’ R 273

V4

or r =0.993m.

or T,=4x273=1092°K.
95. Herem=50kg, | =0.2m
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50x9.8
we know mg = K or k=%=

T =0.60 sand M is the mass of the body, then using

2
T=2n ’%: ag = 200060 _ o9 34 g
k 47

=2450 Nmt

Weight of body Mg = 22.34 x 9.8 = 218.93 N.
96. Apparent freqg.

V=Y, 2% V=Y,
V':( 0\1,; or —= 0

L v ) v v
v' 900 9
—=——=—, v=330mst!
y 1000 1
9 330-v,
10 330

330 -y, = %x330 =297

V, = 330-297 = 33 m/s.

1
97. KE =5mw2(a2—y2)

| Q

98. GivenT =200 N, length of string| =20 m
total mass of the string = 2.5 kg

- mass per unit length of the string
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m=22_0.125 kg
20

v0.125
Hence time taken by the transverse wave to reach other end
2
t= 1 = —O =0.5s.
v 40

99. (i) sin ot + cos ot = V2 | —1 sin 7 —1 cos (it |
. N +
( ) \/_2 \/5

= ,2sin((x)t+£\
Vo 4)

27
It is simple harmonic function with period = s

(i) snot+sin2et+ sindetisaperiodic but not simple harmonic function.

. .2
Itstime period is o

(iii) et is exponential function, which never repeat itself. Hence it is non-
periodic function.
(iv) log ot is also non-periodic function.

100. Here y = 10sin2%(# —0.005x)

2 .
y = 1051n%(200t—x) i)

The equation of atravelling wave is given by

= asinz—n('vt—x) i

y = n ) ()]
Comparing the equation (i) and (ii), we have

a =10cm, A =200 cmand v =200 ms
v _200_
A 200
101. Unknown freg. = Known freq. | Beat freq.

=288+ 4=292o0r 284 Hz

Physics Class XI
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On putting wax, freq. decreases, beat freq. is also descrease to 2
. unknown freg. = 292 Hz (higher one)

102. The frequency of n mode of vibration of a pipe closed at one end is given
by

(2n—T)v
VnT 4L
river v=340ms™, L =20cm=0.2m; v, =430 Hz
(2n—1)x340
= =n=1
0= o T

Therefore, first mode of vibration of the pipe is excited, for open pipe since
n must be an integer, the same source can not be in resonance with the pipe
with both ends open.

103. Total length of thewire, L = 105 cm
ViiV,ivg=1:3:15

1

LetL,, L, and L, bethelength of the three parts. As v « 7

1 1
. L1:L2: L3: 1:§:E=15:5:1

Sum of theratios=15+5+1=21

15 5
L,= Ex105=75 cm; L, = Exl05=25 cm;

1
= —x105=5
3= 5] cm
Hence the bridges should be placed at 75 cm and (75 + 25) = 100 cm from
one end.
. 2n .
104. y(x,r)=0.06s1n?><005120nr ()

(&) Thedisplacement which involvesharmonic functionsof x andt separately
represents a stationary wave and the displacement, which is harmonic
function of the form (vt £ X), represents a travelling wave. Hence, the
equation given above represents a stationary wave.
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. 27
(b) When awave pulse }, =@ SIHT(W —x) travelling along x-axis is
superimposed by the reflected pulse.
Y, =—a sinzTJrE (vt +x) from the other end, a stationary wave isformed and
isgiven by
VWt Y, = 2asin2n><cos 2chr T

y=WtY,=- N N (i)
Comparing the egs. (i) and (ii), we have

fi_n = 2n or A=3m

in]

n J

21
——V =120n or v=60L=60x 3=180ms?

A
v 180
Now frequency y = I=T=6O Hz
(c) Velocity of transverse wave in astring is given by
T
V=, |—
m
3x107*

=2x1072 kgmt

Here m=

Also v=180ms*
T=v2m=(180)2 x 2 x 102 = 648N.
105. Frequency of fundamental mode, v = 45Hz
Mass of wire M = 3.5 x 1072 kg; mass per unit length, m= 4.0 x 102 kgm?

_ M 3.5x107°
Lengthof wire L= —=—7—

m doxi0? P

A
(@) For fundamental mode L = S or A=2L=0875x2=175m
. velocity v=vA =45 x 1.75=78.75 ms*

(b) Thevelocity of transverse wave
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ﬁ
V= o= = T=vim=(7875) x4.0x10? =248.6 ¥
s

106. Given : u=2.53 kHz =253 x 10°Hz
(L) Length of steel rod =100cm=1m.
when the steel rod clamped at its middle executes longitudinal vibrations of

its fundamental frequency, then

or A=2L=2x1=2m

_A
L=7

The speed of sound in steel
v=ni=253x 103x 2=5.06 x 103 ms.

T T

107. Ap = 60° =60 x =— rad.
180 3
360
S k=== 0.72
V=" v 500 m
27
AsS A¢ = TAX
A nt 072
= —XAp=—x—
AX 27 ¢ 3 2n
=0.12 m.

\4
108. vy = 5V =0

Apparent freq. V' = (V_VOJV
V-V,

12v—v

Vv

X100 =20%

Ay
% change = — X100 =
1Y
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109.

110.

112

113.

114.

115.

OBJECTIVE QUESTIONS

The periodic time of a body executing simple harmonic motion is 3s. After
how muchinterval fromt =0, itsdisplacement will be half of itsamplitude?

@ 5 0 s
1 1
© 2 @ s

Two equations of two SHM y = a Sin (ot—a) and y = a Cos (ot—a). The
phase difference between the two is

(@ 0° (b)) a°
) 90° (d) 180°

If asimple pendulum oscill ateswith an amplitude of 50 mm and time period
of 2s, its maximum velocity is

@ 0.10m/s (b) 0.15m/s
(c) 08mi/s (d) 0.26m/s

The equation of simple harmonic motiony = asin (2r t + o) then its phase
atimet is

@ 2nnt b o
(© 2rnt+a (d) 2rnt

The equation of ssmple harmonic motiony = asin (2n t + o) then its phase
attimet =0sis

@ 2nnt (b) «
(© 2nt+a (d) 2rnt

A particle is oscillating according to the equation x =7 cos (0.5n t), wheret
is in second. The point moves from the position of equilibrium to maximum
displacement in time

(@ 4s (b) 2s
() 1s (d) 0.5s

The instantaneous displacement of a simple pendulum oscillator is given
by x = A cos (@t + g} If speed will be maximum at time

@ = (0) o
© = (d) %
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116.

117.

118.

119.

120.

121.

122.

The velocity of particlein SHM at displacement y from mean positionis

@  wy@+y) (b)  wy@-y)
(© wy (d) wya'+y’

A particle is executing SHM with a period of T seconds and amplitude a
meter. The shortest timeit takesto reach apoint - mfrom its mean position
in secondsis

@ T ®
T T
© % @ -

Displacement between maximum potential energy position and maximum
kinetic energy position for a particle executing SHM is

@ -a (b) +a
a

() =*a (d) iz

If tension in the string is increased from 1 KN to 4 KN, other factors
remaining unchanged, the frequency of the second harmonic will

(@ behaved (b) main changed
(c) bedoubled (d) becomesfour times

An open organ pipe and a closed organ pipe have the frequency of their first
overtone identical. What is the ratio of their lengths?

1 o A
(@ % (b) 3
(c) 2 (d 1

Thefundamental frequency of astretched stringis V. If thelengthisreduced
by 35% and tension increased by 69% the fundamental frequency will be

@ 02V, () 05V,
© 20V, d 16V,

Two waves of same frequency traveling in the same medium in opposite
direction when super imposed giverise to

(& beats (b) harmonics

(c) standing waves (d) resonance
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123.

124.

125.

126.

127.

128.

Equation of aprogressivewaveisgivenby y =0.2 COSR{ (0.04+ 0.02 H%} The
distance is expressed in cm and time in second. What will be the minimum

distance between two particles having the phase difference of */,?
@ 4cm (b) 8cm
(c) 25cm (d) 125cm

For two systemsto bein resonance, which of thefollowing properties should
be equal ?

(& Wavelength (b) Frequency
(c) Amplitude (d) Waveveocity

Fundamental frequency of a sonometer wire is n. If the length, diameter
and tension are doubled, the new fundamental frequency will be

@ n (b) ~2n
n n
(© N @ -5

Thefrequency of an open organ pipeisV. If half part of organ pipeisdipped
in water then its frequency is

@ v ® -
© 7 @ ©

Two tuning forks when sounded together given one beat every 0.2 s. What

is the difference of frequencies?
@ 0.2 b 2
(o 5 (d 10

Angle between wave velocity and particle velocity of a longitudinal
waveis

(a) 90° (b) 60°
() 0° (d) 120°
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Answer : (Objective Type Questions)
109. (¢) 110. (¢) 111. (b) 112. (¢) 113. (b) 114. (¢
115. (8 116. (b) 117. (¢) 118. (¢) 119. (¢) 120. (c)
121. (¢) 122. (¢) 123. (¢) 124. (b) 125. (d) 126. (a)
127. (c) 118. (¢

HINTS:

100, y=asinwt as ytg we geti% s (Given ¥ 3s)

S Em/s

V. =aw =—
111, Vinax 100>< 2

114. wt = 0.5t t = w=0.5r = T= 4s req. tim&%z 1s

117. y=asinwt y=

Sl

119. va~T

120. For open pipe, frequency of | overtone, vlzLi y—:
1

_ 3 P
For closed organ pipe, frequency of | overtone, V.= aL y?
2

1T . B 1 T+69%of T
121. VO_Z o Fregquency in new cond. V= 265% of 1) \ M

A

123. Req. distance =

*k*k*
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Class: Xl
Subject : PHYSICS

Time: 3Hrs. ANNUAL EXAM .- 2018-19 Max. Marks: 70

General Insiructions:

I All the questions are compulsary.

2 Please write down the serial mumber of the guestion before attempling it.

3. The guestion paper consists of 27 questions and it is divided into fowr
sections A, 8, C and D,

4. Secrion A comprises of 3 questions carrying [ mark each,

5. Section B comprises of 7 questions carrying 2 marks each.

6. Section C comprises of 2 questions carrying 3 marks each.

7. Section D mmpﬂ";es of 3 questions carrying 5 marks each.

&  There is mo averall choice. However, an internal choice has been provided
in | question af 2 marks, 2 questions of 3 marks & 3 questions of 5 marks
gach. You have to attempr onfy one of the alternatives in all such questions.

I W v e

2 T OW-TE W 90 e OF 9 4 WE, R ¥ A AT
frrll

i @ W 9T W 5w 27 W £ o un avel &, 9, @ s g o Rafew
#

4 EEFTFEsSTAE MR HFTE

5. EEalERIVAE AR aFEE

6 wEEATFF2FAE  MENI RS

7 EEITFHIVAE @i samEd
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r-a

TS-U5 § &1 A0 fHEey T B awiy | AH A | ¥ § 2 A5l
AT 3 VT H 4 S aret 2 WeT N 6 o) &t 3 WA 7 i fawed
verd fer mr & 0% wvH € avw By r feed f O #a9 0 T
5 T

SRR

HUE-H (SECTION-A

What will be the effect on maximum height of a projectile when its angle of
projection is changed from 30° to 60°, keeping the same initial velocity of
projection? I

TF W 50 Ww Afugn $EE W 99E T S REE wmoF
30° 9 60° F1 T o 7o wifow wEs 4w U wOR T A

A body is moving along a circular path. How much work is done by the
centripetal force? |

T F5 TOEN T4 W A # IW W T I S 9F S 99 50
e =@ Tea SEm? 79 St

Where does centre of mass of a uniform triangular lamina lie? 1
T 7O R SEF W wEEE S5 w7 e o g

Define elastomers with example, |
TEETEE i TR #1 T W Hife

On an average a human heart is found to beat 75 times in a minute, Calculate
frequency. i
= U T TF e U A 75 AW I S U W B e

gty ot Fm
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WUE-A SECTION-B)

. Each side of cube is 7.203m. Calculate surface area and volume of cube up
to commect number of significant figure. 7

foreli = 1 W [ R W9 7.203 WL ¥ S0 odw i 9% 9 W
T T AMEE TS ST E T wmif

7. Show that trajeciory of a projected at angle *0° with horizonial is parabolic

in nature. 2
femmmsd fF Wi w1 v TEwiaw w0 § S gETw wm, dfew g o
Eall '
8  What are impulsive Torces? Give cxample, 2
OR

| ]

Using Newton's second law of motion deduce first law of motion.

WA A F B #) 3 T difan)

A

o[ & a F fgdm fem oW owm owA o onem fm oW o=
EaiE ]

9. A ball is thrown vertically upwards with & velocity of 20 ms™ from the top
of a multi-storey building. The height of the point from where the boll is
thrown is 25.0m from the ground (a) How high will the ball rise? and (b}
How long will it take to reach the ground? 2

fardl ageToe wom ®1 U0 B9 W FE 0 20 me' ¥ 4T | W &
FmFAE R A FTH A Mt E R e s A R g W #
vl F IEEI F9E 25.0 R #) (o) T FEER TR S 2w (b W
Wi | TRIH % Ted TRE T E
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10. The flow rate of water from a tap of diameter 1.25¢cm is 048 Limin. The

11,

coefficient of viscosity of water is 107 PaS. After sometimes the flow rate is
increased to 3L/min. Characterise the flow for both the flow rates, 2

1.25cm =08 Fi f&d w9 2 © wanfem €9 9 9@ %7 0.48 Limin
w9 = v T 107 PaS #1 $9 WYY TEH WA AW ®1
TG I/min B W B T wEwl % foy sfves el

A thermodynamic system is taken from original state D to an intermediate

state E by the linear process shown in figure, 2
- ' 1)
k-
E g T E
- |
] A
Volume (m")

Its volume is then reduced to the original value from E to F by an isobaric
process. Calculate the total work done by the gas from Dt EancEtwo F

fotht sumiae fem S g9 s ¥ geEd e 7w T ol
T8 AN UH @ WEH gR W WA T

4]
HIII‘

KLY ; E

=TE  (N/m’)
-
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12.

13,

14,

TH HEEE T G YEH AT S EE F 0% @ W 49 U 0%
Fnm A E Mg DA E s sl A F 7% %0 5l ™ w6 w0

M wITAT)
What is total internal reflection? Write necessary condition for it. 2

o sriafe e w9 R e fay v v fatan)
WUE-H (SECTION-C)

A particle starts from origin at t=0 with a velocity 5.0 m/s and moves in X-y
plane under action of a force which produces a constant acceleration of
(3.0i+2.01) m/s* :

(a) What is the y-coordinate of the particle at the instant if its
x-coordinate is 84m?

{b)  What is the speed of the particle this time?

(=0 ¥ 9 HE F0 qF g W 500 mis F AN W 9N Y T xy
oE H I OW UF T A o B W oTEd UR WA A
(3.0i42.01 ) m/s* T F

(a) Fom wo w #m ®= PO Mm ¥ 39 em TEE ¢ Pl
foren g2

(b) =T B U R A w R

Consider a simple pendulum, having a bob attached to a string that oscillates
under the action of the force of gravity. Suppose that the period of
oscillation of the simple pendulum depends on its length (1), mass of the
bob (m) and acceleration due to gravity (g). Derive the expression for its
time period using method of dimensions. 3
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15.

16.

TF Wa dem 7 foan wifm fod e w5 o oum | A ow
EEE T A S e W F A R = @ # we o B
AR 1 3R Fe TR T (1) & FeEE (m) o e
 o(g) W Al ow d el ow fafy owm oTmin e T

- o e A == Hifa
State work-energy theorem. Prove it for a variable force, 3

FH-FE 7a FoA fafan aw ofted ww & fon @ fag st

A satum year is 29.5 times the earth year. How far is the saturn from the run
if the earth is 1.5%10° km away from sun? 3

o o T wF ged wf w205 TR A et gl & 1500 km
w#, 7w @ e g m

Find out the position of centre of mass of two particle system. 3

g w0 H A e d g F w ffn it

State Keplet's laws of planetary motion. 3
OR

Define orbital velocity of a nearest satellite revolving around the earth and
obtain its expression. 3

FU % TR F O fywrw frm fefam
Al

vt & e frlt wm fafifn sung & ®afts @ =1 ofoafim 0 @
T o =gEE 3= wifa
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19,

20,

21.

Obtain following equation from first principles : 3

(i) w=w+at

= 1.2

(i1} g=wWi+ E-Et
7@ fagm & amn w et adism == S

iy w=w+at
(i) g=wt+ Lap

2

Derive an expression for the work done in an isothermal process. 3

i weEE | e ™ s & g sEw 3= Fife)

State law of equipartition of energy. Using this law, determine the values of
Cp C, and Y for diatomic gases. 3

OR
Write the assumptions of kinetic theory of gases.
i wmt w= wefaaeR % R # wue wifey o e faw w1 oIwm
F10 U, TR W6 % o, ¢, Y & gl w1 fuif| )

gy
ol & nira faga ®1 arama i el

Derive Newton's formula for speed of sound in an ideal gas. What is
Laplace correction? 3

et oyl T A w51 9w F v g3 o F T e # e
FAFAU| TR T 87
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23,

24,

23,

A transverse harmonic wave on a siring is described by v (x, t) = 3.0 sin (361
+0.018n + n/4), where x and v are in cm and t in sec. The positive direction
of % iz from left to right.

(a) Is this a ravelling wave or a stationary wave?

(b)  What are its amplitude and frequency? 3
it 2 W auey Tl A W A y (x, 1) = 3.0 sin (36t +
0.018n + x/4) B T s &) =l « ey Ao, e T EEvE A B«
#t o fown Al & = &

(1) @F Wt wn & W e

(b) T AW AW At R

Derive an expression for the time-period of the horizontal oscillation of a
massless loaded spring. 3

T wEhEEE wifsT $AE % e W aEEE ¥ T owas W

T it

(a) Define angle of friction and angle of repose. Show that both are
numerically equal,

(b} Determine the maximum acceleration of the train in which a box lying
on the floor remains stationary given that the co-eificient of stalic
friction between the box and the floar of the train is 0.15 taking
g=08ms”, 5

OR

(a) A body tied to one end of a string is made to revolve in a vertical
circle, Derive an expression for the velocity of the body and tension in
the string at any point.
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(b}

EY

(b)

Hence find :
(i)  Tension at the bottom and the top of circle

(i) Minimum velocity at the lowest point so that it is just able to

complete the loop 5
WU iV A9 SEEE EW H wiwian wifaw fog =mifEw 3 e
Eaulric ol o

w1 A e & w9 oW fen w@ #, 9 9w T %
wit F dta wifrs win w005 #; W tomEl w1 afuwm
= FE Fwifen A At F e o v W fer wH &+ e
AEFEF T AW g=98 ms.

HyHl

w fiz & = & @ fed § 9o o @ a9 o eaEw aw o
T g § W #1 fEw fi W Iy W oaw 90 F e F oy s
wfte Fifan)

(b)

26.  (a)
(b)

EHH:E?IIﬁ:
(i) =9 =% F==on 8 e Ay WS A T

(i) = fag ® =T 9 TR O TE 99 W W W
wH|

Define viscosity and write SI unit of coefficient of viscosity.

A plane is in level flight at constant speed and each of its two wings
has an area of 25 m’. If the speed of air is 180 km/h over the lower
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27,

()
(b)

(b)

(a)
(b)

(a)

(b)

wing and 234 km/h over the upper wing surface, determine the plane’s
mass (take air density to be 1 kg/m’).

OR
Derive an expression for the excess pressure inside a liquid drop.

Explain why to keep a piece of paper horizontal, you should blow
over, not under it.

e it o St i v quiE w1 s1AEs o fafE

w1 wrEm e fifren e w ol fan 9w 9 owm o 32

w1 # A T A vE § TE W AR 25 m’ ¥ A Ay W
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e

A % 95 % Wim Ta sy & fom = w1 3= S

0 e F fF A e ¥ Te @ ife e # fag
HYF! TH TR W OTT F A A [l @nee, E OO
&

Draw ray diagram showing refraction of monocromatic light through
a glass prism and hence obtain the relation between refractive index
() of the prism and angle of minimum deviation.

Determine the value of the angle of incident for a ray of light
travelling from a medium of refractive index p,; = J/2 into the medium

of refractive index p; = 1, o that it just grazed along the surface of

separation, d
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{a)

(b)

(a)

(b}

(a)

OR

A point object ‘0 on the principal axis of a spherical surface of
radius of curvature ‘R’ separating two media of refractive indices n,
and n; forms an image ‘I' as shown in the figure below. Prove that

I'I.i “._ n:"' I'I.l
¥ ¥ R

Use this derivation to derive lens maker's formula with the help of
necessary diagram.
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MARKING SCHEME
Class: XI
Subject : PHYSICS

Time : 3 Hrs. Max. Marks : 70
1. H,=3H, (Height will increase thee times of previous height) 1
2. Work doneis zero 1
3. Atitscentroid 1
4.  Correct definition with example 1
5. V=125H, 1
6.  Surface area= 311.3m?, volume 373.7m?, 4 significant figure 1+1
7. Correct derivation 1+1
8. Correct definition and example Or correct derivation 1+1
9. (& 20m(b)5 sec. 1+1
10. Initial R, = 815 flow is steady, later R, = 5095 flow is turbulent. 1+1
11. 450J 1+1
12.  Correct definition and conditions. 1+1
13. 36mIVI=26 ms? 2+1
14.  Correct derivation T =2z \E 1+1+1
15. Correct statement and its derivation 1+2
16. 14.30 x10® years 1+2
17.  Correct derivation 1+1+1
18. Correct law OR correct expression 1+1+1
19. Correct expression 1a+17
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20.
21.
22.
23.
24.

25.

26.

27.

Correct derivation
7 5
Correct law, C, =E R. C, :E R Y=14
Correct derivation
Travelling wavev = 20 m/s, v=5.73 Hz, A=3cm
Correct expression
Correct definition, Correct explanation

OR

(a) Correct expression + T, =my + mlf V= \/g7r
(a) Correct definition, decapoise (b) 4400 kg
OR
Correct expression + Correct explanation
(a) Correct derivation (b) 1 =45°
OR

Correct derivation + correct derivation

*k*k*k

Oscillations Waves

1+1+1
1+1+1

2+1
1+1+1

3+2

3+1+1

1+1+3

3+2

3+2

2Vo+2Ys



Note
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