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State and prove law of conservation of energy in case of a freely falling body.
Statement: “Energy can neither be created nor be destroyed, but it can be converted from one form to another
form. The total mechanical energy in the universe remains constant.”

Proof: Consider a freely falling body of mass ‘m’ dropped from a height ‘h’. Its potential energy decreases and
kinetic energy increases but the total mechanical energy remains constant.
Totalenergy = K.E+ P.E

At point A:
Initial velocity(u) = 0
Height =h
K.E=smu?=0
P.E = mgh A u=20
| )
~Total energy, T.E = K.E + P.E
T.E=0+mgh
T.E=mgh ———-——>(1)
X
At point B(A — B): >_
Initial velocity (u) = 0
Final velocity (v) = vg(say)
. A
Acceleration (a) = g AR
Displacement (S) = x h B
Height (H) = h—x < <
Using v? —u? =2aS
2
vg = 2gx
RIS SIS SR h—x
~ K.E =7mvy =5m.2gx = mgx >_
P.E = mg(h —x) = mgh — mgx
~Total energy, T.E = K.E + P.E
T.E = mgx + mgh — mgx

At point C(A - C©):

Initial velocity (u) = 0
Final velocity (v) = v, (say)
Acceleration (a) = g
Displacement (S) = h
Height (H) =0

Using v? —u? = 2aS

v: =2gh
~K.E= %mvé = %m. 2gh = mgh
P.E=0
~Total energy, T.E = K.E + P.E
T.E =mgh+0
T.E=mgh———————— - (3)

From (1), (2) and (3), the total mechanical energy remains constant.
Hence the law of conservation of energy is proved
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Develop the notions of work and kinetic energy and show that it leads to work - energy theorem.
Work done: It is defined as the product of component of force in the direction of displacement and magnitude
of the displacement.

(0r)

It is defined as the dot product of force and displacement vectors.

W =Fcosf S =FS cos F
w=FS
* Itis ascalar quantity.
* It may be positive, negative or zero F cos @
Unit: Joule L < N

[«
Kinetic energy: The energy possessed by a body by virtue of its motion is called kinetic energy.
1
K.E = -mv?
5 mv
Ex: A bullet in motion, flowing water.

Work - energy theorem:
“The work done by the force on a body is equal to the change in its kinetic energy.”

1 1
w = Emvz —Emuz

Proof: Consider a body of mass 'm’ moving with velocity "u’. Let a constant force F is applied on a body; its
velocity changes to v’ after covering a displacement s’ in time 't'.
From the equation of motion,

v? —u? = 2as

Multiplying both sides by %m, we get

L ow? -2y = 2
zmv u —zm. as

1 2 1 2

ZMv* - 5mu’ = mas
By Newton’s Second law, F = ma

1 2 1 2 F

Zmvt - omu® =Fs
ButW = Fs

1
w = Emvz —Emuz

(or)
W =K, - K,

Hence work - energy theorem is proved.
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3) What are collisions? Explain the possible types of collisions? Develop the theory of one dimensional elastic
collision.

Collision: The strong interaction between the bodies involving exchange of their momentum in a small
interval of time is called collision.

Collisions are two types 1).Elastic collision 2).Inelastic collision

Elastic collision: The collision in which both momentum and kinetic energy are conserved is known as elastic

AIMSTUTORIAL

collision.
Ex: Collisions between nuclei and fundamental particles

Inelastic collision: The collision in which only momentum is conserved but not kinetic energy is known as
inelastic collision.
Ex: Collisions between two vehicles

One dimensional elastic collision:
Consider two spheres of masses m; and m; moving along the same straight line in the same direction.
Let u; and u, be the initial velocities before collision( u; > u,.).

v; and v, be the final velocities after collision.

Before collision

During collision After collision

According to law of conservation of linear momentum
Total momentum before collision = Total momentum after collsion

muuy + muy =My +mpv, — — — — — — — — - (1)
Myl — MYV = MpV — MylUy
myuy =) =my(V, —Up ————————— @

According to law of conservation of kinetic energy
Total K.E before collision = Total K.E after collsion
2 1 2 1 2 1 2
Emlu1 + Emzu2 = Emlv1 + Emzv2
myu? + myui = myv? + myvs

myu? — mv? = myvi — myul

my(uf = vf) = my(vf —uj)

my(uy +v) (W —vy) = my(v, + uz)(”z Uy T 3)
Dividing Eq (3) by Eq (2)
@ my (g +v)(uy —vy) _ m, (v, + 1’-2)(”2 — Uy
@) my(uy —vy) my (v, — Uy
u +v=v,+u,
———————— @

relative velocity of approach) _ (relative velocity of separation)

Hence,( before collision

after collision

Final velocities: From equation (4), we get
vy =U — Uy Uy

Putting this value in equation (1), we get

mu; + myuy, = myvy + my(uy — Uy + ;)
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myu; + myu, = myvy + myy — MpuU, + myv,

(my — mp)uy + 2myu, = (my + my)v;
m; —m, 2m,

v = ( )u1 + ( )uz
my +m, m; +m;,

Interchanging the subscripts 1 and 2 in the above equation, we get

(m2 - ml) ( 2my )
v, = U, + Uy
my; +m, m; +m;,

Cases: (1) If m; = m,, then we get

(2) If u, = 0, then we get

m —mp
V1 = Uz W=\t
my; +m,
v, =u v, —(2m1 )u
2 = U 2= Gy M

Define simple harmonic motion. Show that the motion of projection of a particle performing uniform circular
motion on any diameter is simple harmonic.

SHM: A particle is said to be in SHM, if it moves to and fro about its mean position such that its acceleration is
directly proportional to displacement in magnitude but opposite in direction and is always directed towards
the mean position.

If ‘@’ is acceleration and ‘y’ is displacement, then

- Sign indicates that ‘a’ and ‘y’ are in opposite direction

Show that the projection of uniform circular motion on any diameter is SHM:
Consider a particle ‘P’ moving along a circle of radius A with uniform angular velocity w in anti-clock wise

direction.
Let O be the centre of the circle
XX'and YY! are the diameters of the circle
N be the projection of P on the diameter YY1

As the particle P moves on the circumference of the circle, N
moves to and fro about a fixed point O along the diameter
YYL v A
Displacement:
Let y be the displacement of the projection N at any instant
From A'*ONP,

Xt X

sin @ =2

y =Asinf [+ 6 = wt]
y = Asin wt

Velocity:
The rate of displacement is called velocity. Y’
=
LU= at = Aw cos wt
Acceleration:

The rate of change of velocity is called acceleration.

dv 2 .
a =—=—Aw*sin wt

. The projection of uniform circular motion on any diameter is SHM.
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Show that the motion of a simple pendulum is simple harmonic and hence derive an equation for its time
period. What is second’s pendulum?

Consider a simple pendulum of length 'l’ suspended from a rigid support. If the pendulum is pulled aside
through a small angular displacement 6 and released, then it begins to oscillate to and fro about its mean
position.

Let the bob is at position A. The weight mg has two rectangular components
i) mg cos 6, balances the tension in the string
ii) mg sin 6, provides the restoring force.

The restoring force acting on the bob is

F =—-mg sinf
ma = —mg sin 6
a=-—g sinf 9
If 8 is very small, then sin 6 ~ 6 T
Lca=-g 6 I
If [ is length of the simple pendulum, then
X
=7 A
x
a=—g =
97 0@__>7 A
a=-—7%x 7T -77 - mg sin 6
m¢
mg cos 6

Hence the motion of the bob is S.H.M

The standard equation of S.H.M is
a=-wix —————5(2)
From (1) and (2), we get

The time period of the pendulum is

T=2|.T=2n

w

KI

1
g

Second'’s pendulum: A pendulum whose time period is 2 sec is called seconds pendulum.

Derive the equation for the kinetic energy and potential energy of a simple harmonic oscillator and show that
the total energy of a particle in simple harmonic motion is constant at any point on its path.
Kinetic energy: The displacement of a particle executing SHM is given by

y = Asinwt

The velocity of a particle executing SHM is given by
v = w\/A% —y?
The kinetic energy of a particle at any displacement ‘y’ is given by

1 1
K.E = Emvz = Emwz(Az -y?)

1
K.E = Emwz(Az -y?)

Potential energy: Work done against the restoring force to produce a displacement of y in simple harmonic
oscillation is given by

Work done = Average force X displacement

F . 0+F F

W=z [ o ==5~=3

1
W=Exma><y

o
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1
W=Exm(w2y)xy

W = = mw?y?
Zme’y

This work done is stored as potential energy.

1
~P.E= Em(uzy2

Total energy: The total energy of a particle at any displacement ‘y’ is

T.E=K.E+PE

1 1
T.E= Eme(AZ -y + Emwzyz

1
T.E= EmeAZ

1 1
K.E= Emouz(A2 —y?2) = —mw?A?

2

1
P.E= Em(uzy2 =0

1

T.E=l(.E+P.E=§mcu2A2
............................ L

K.E =§mou2(A2 -y3)=0

1 1
T mw2v? = Zm2 A2
P.E mey chuA

1
T.E=l(.E+P.E=§mcu2A2

[va=w?y]

~ The total energy is same at all points. Hence law of conservation of energy is proved.
The variation of P.E and K.E with displacement y is shown below.

Energy

A

T.E

P.E
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7) Explain reversible and irreversible processes. Describe the working of Carnot engine. Obtain -

an expression for the efficiency

Reversible process: A process that can be retraced back in the opposite direction so that it passes through the
same states as in the direct process, and finally the system and surroundings return to their original state is
called reversible process.

Ex: Fusion of ice and vaporization of water

Irreversible process: A process that cannot be retraced back in the opposite direction is called irreversible
process.
EX: Work done against friction, Diffusion of gases, Joule heating effect

Working of Carnot engine: A reversible heat engine operating between two temperatures is called a Carnot
engine. The working of Carnot’s engine is called Carnot cycle.
The Carnot’s cycle has the followings four steps.

Isothermal expansion: When the gas expand isothermally at Ty, then its state changes from (P, V, T;) to
(P2, V2, T1)

Work done by the gas is equal to heat absorbed from the source. . W; = Q; = nRT; log (Z—Z)
1

Adiabatic expansion: When the gas expand adiabatically, then its state changes from (P,, V,, T;) to (Ps, V5, T)
Work done by the gas is W, = y"—_i [T, —T,]
Isothermal compression: When the gas compress isothermally at T, then its state changes from (Ps, V3, T;) to
(Py, Vi, T2)
Work done on the gas is equal to the heat rejected to the sink.

% V-

~ W3 = Q, = —nRT,log (—4) = nRT, log (—3)
V3 Va

Adiabatic compression: When the gas compress adiabatically, then its state changes from (P, V,, T,) to
(P, V1, Th)

AIMSTUTORIAL Phyvsics-1 '=
"R, log (%,) . . V3 W
=1- — N [F‘rom adiabatic relation,— = —
nRT, log (V_i) V., W,
T
n=1- 7

8) State second law of thermodynamics. How is heat engine different from a refrigerator?

Second law of thermodynamics:

Kelvin statement: “It is impossible to construct a heat engine which completely converts the heat energy into

mechanical work”

(0n)

“100% conversion of heat energy into mechanical work is impossible”
Clausius statement: “It is impossible to transfer the heat energy from cold body to hot body without use of any

external agency”

(o)

“Heat energy by itself cannot flow from cold body to hot body”

Heat engine

Refrigerator

Heat engine is a device used to convert heat energy into
mechanical work.

The refrigerator is a heat engine working in backward
direction.

Source Q1 Q, Sink
(T) (T2)

W=0-0Q

Source Q1 Q, Sink
(Th) (T2)

W=0,-0Q

Working: The working substance absorbs heat (Q,)
from the source, converts a part of it into work and
rejects remaining heat (Q,) to the sink.

~ Work done by the system, W = Q; — Q,

Working: The working substance absorbs heat (Q,)
from the sink and some work is done on it by external
agency and finally rejects heat (Q,) to the source.

~ Work done on the system, W = Q; — Q,

Work done on the gas is In adiabatic expansion, (P,, V,, Ty) to (Ps, V3, T2)
—nR nR TV =TT ———5 @)
= — - — 2 2V3
Wa y—1 [Tz —Ti] y—1 (1 - Tl In adiabatic compression, (P,, V,, T,) to
. . (P, V1, )

Net work done by the gas in one complete cycle is, Tlle’l = '1'2]/41"1 — ——— (ii)
W=w,+W,-W;-W, On dividing (i)and (ii), we get
W=w,—Ww, [« Wy = W,] (&)V*l _ (E)H
W=0,-0; Vi Vs

Efficiency is,

W_0-0 [Qz]
n=—= =1-[=
Q1 Q1 Q1

o
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Efficiency (1): It is defined as the ratio of work done by | Coefficient of performance (3): The efficiency of
the engine to the heat absorbed by it. refrigerator is called coefficient of performance.
W - gl
Q Q w Q-Q:
Q. T, Q. T,
=1-—| (or) =1-—= = (or) =
Ty i T FonT,
n<1 B>1
> N
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9) State and explain Newton'’s law of cooling. State the conditions under which Newton’s law of cooling is 10) Define two principal specific heats of a gas. Which is greater and why?
applicable Derive a relation between the two specific heat capacities of gas
Newton’s law of cooling: The rate of loss of heat of a hot body is directly proportional to the temperature on the basis of first law of thermodynamics.
difference between the hot body and its surroundings. Molar specific heat at constant volume: At constant volume, the amount of heat required to raise the
Explanation: temperature of 1 mole of a gas through 1°C is called molar specific heat at constant volume.
If — (Z—gis the rate of loss of heat of a hot body, -g

6 is the temperature of hot body and

6)is the temperature of surroundings, then -

_dQ « (8 —8,) Molar specific heat at constant pressure: At constant pressure, the amount of heat required to raise the
dt 0 temperature of 1 mole of a gas through 1°C is called molar specific heat at constant pressure.
dQ
- K(O— o 1dQ
= KO =0) ——— (D Co=rm
If ‘m’ is mass and ‘s’ is specific heat of the body, then T |
dQ=msdfd ——-——(2) Unitss /000 — i
Substitute (2) in (1), we get Reason for Cp > Cy:
_ msdf = K6 —6,) i) At constant volume, supplied heat is utilized only to increase internal energy. [(dQ), = du]
t
48 K ii) At constant pressure, supplied heat is utilized to increase internal energy and to do external work
T %(9 —60) done.[(dQ), = du + dw]
do —Co—8 iii) For the same rise in temperature, more heat is given to the gas at constant pressure compared to at
T (6 = 60) constant volume.
Where C is called cooling constant Therefore,Cp > Cy
Conditions:
i) Loss of heat is negligible by conduction and only when it is due to convection. Toshow Cp = Cy =R:
ii) Temperature difference is moderate. Consider 1 mole of an ideal gas contained in a cylinder with movable piston. Let P, V and T be the pressure,
iii) Temperature of every part of the body is same. volume and temperature of gas.
iv) Loss of heat occurs in a stream lined flow of air. At constant volume: Supplied heat is utilized only to increase the internal energy
(dQ)y = dU = CydT —————= (1)
At constant pressure: Supplied heat is utilized to increase the internal energy and to do the external work.
(dQ)p =CpdT ————>(2)
Work done, dW = P.dV — — ———- (3)
From first law of thermodynamics,
(dQ)p =dU +dW
Substitute (1), (2)and (3)in above equation, we get
CpdT = C,dT +PdV —— — —— (4)
From ideal gas equation,
PV =RT
On differentiating, we get
PdV =RdT —————-(5)
From Eq (4) and Eq (5)
= CpdT = CydT + RAT
CpdT — C,dT = RdT
[Cp — Cy1dT = RdT
o o
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12) Explain thermal conductivity and coefficient of thermal conductivity.
11) State Boyle’s law and Charles law. Derive an ideal gas equation. Which of the two laws is better for the purpose Thermal conductivity: The ability to conduct heat in solids by conduction is called thermal conductivity.

of thermometry and why? Coefficient of thermal conductivity(K):
Egisiifr—leaw At constant temperature, the volume of a given mass of gas is inversely proportional to its Consider a rectangular slab of cross-sectional area A and thickness d. Suppose its opposite faces are
P ’ maintained at different temperatures 6,and6,(6, > 6,).

w ¥V x !

- 5 .

PV = constant T _—

Charles law at constant pressure: At constant pressure, the volume of a given mass of gas is directly
proportional to its absolute temperature.

VT 0, 6,
y = t
T constant . .
Charles !aw at cqnstant volume: At constant volume, the pressure of a given mass of gas is directly _ __
proportional to its absolute temperature.
ZPxT The amount of heat Q transmitted between these two faces depends upon the following factors:
P i) Itisdirectly proportional to the cross-sectional area
T= constant QuxA
Ideal gas: A gas which obeys gas laws at all temperatures and pressures is called ideal gas ii) Itis directly proportional to the temperature difference between the two faces
Derivation for Ideal gas equation: Qo (6,-02)
According to Boyle’s law, iii) Itis directly proportional to the time of flow of heat.
1 Qu«t
Ve P iv) Itisinversely proportional to the thickness of the slab
According to Charles law, « 1
VT Q 7
Combining above factors, we get
Combining above two laws, r A(6, — )t
o= d
' P T A6, — 6.
- t
V:constantXF Q:KM and Kz%
d Ak
—— = constant

The proportionality constant K is called coefficient of thermal conductivity of the given material.
For one mole of a gas, the constant has same value for all gases and is called universal gas constant(R).

So the above equation becomes IfA=1; (91;—92) =1; t=1 then

PV

7=k [=x]

PV =RT Definition of K: The coefficient of thermal conductivity is defined as the quantity of heat flowing through a
For n mole of a gas, conductor of unit cross-sectional area per second per unit temperature gradient.

PV =nRT

This is ideal gas equation.

b) Charles is better for the purpose of thermometry, because in Charles law volume varies linearly with
temperature.

o o
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13) State Bernoulli’s principle. From conservation of energy in a fluid flow through a tube, arrive at Bernoulli's
equation. Give an application of Bernoulli’s theorem.
Statement: “For an ideal fluid flow, the sum of pressure energy, kinetic energy and potential energy per unit
volume remains constant”

P+ %pvz + pgh = constant

Proof: Consider an ideal fluid flowing through a non uniform cross-sectional tube XY.

(P2,v2,42)

.

(Py,v1,A1)

hy

!
Let P, and P, be the pressures of the fluid at X and Y positions
v; and v, be the velocities of the fluid at X and Y positions
A, and A, be the cross — sectional areas of the tube at X and Y positions
h, and h, be the heights of the tube at X and Y positions

Kinetic energy: The energy possessed by a fluid by virtue of its motions is called kinetic energy.
Kinetic energy = Emvz

L X im 1
Kinetic energy per unit volume = Evvz = Epvz

~ Change in kinetic energy of the fluid at X and Y positions is

1 1
AE = EPVz2 - 5!“712

Potential energy: The energy possessed by a fluid by virtue of its position is called potential energy.
Potential energy = mgh

) . mgh
Potential energy per unit volume = v = pgh

~ Change in potential energy of the fluid at X and Y positions is
AU = pgh; — pghy
Pressure energy: The energy possessed by a fluid by virtue of its pressure is called pressure energy.
Pressure energy = PV
PV
Pressure energy per unit volume = — =P

« Change in pressure energy of the fluid at X and Y positions is

AP =P, —P,
By law of conservation of energy,
AP = AE + AU o
[ Target = 60 [ Min. Material -Max. Marks J
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1 1
Py =P, =5 pvi — 5 pvi + pghy — pghy

1 2 1 2
Pi+opvi +pghy =P, +5pv5 + pgh,

1
P+ Epvz + pgh = constant

Applications:
i) Aerofoil
ii) Spinning of a ball
iii) Venturimeter

14) a) State Newton’s second law of motion. Hence derive the equation of motion F = ma from it.
b) Abody is moving along a circular path such that its speed always remains constant. Should there be force
acting on the body.
Newton'’s second law: ‘The rate of change of linear momentum of a body is directly proportional to the applied
force and the change in momentum takes place in the direction of the applied force.”

Derivation: Consider a body of mass ‘m’ moving with velocity ¥, its momentum is
P=mv

According to Newton’s second law,

Applied force « Rate of change of momentum
L dP
F x @
L d(mv)
F it
dv . dv

me [ g ]
F o md
F=kmad

Where k is called proportionality constant and assume k =1

b) When a body moving along a circular path, its velocity changes (due to direction) continuously. Hence the
body will have acceleration. So the body is subjected to centripetal force.

T
«u
Il

[~

o
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16) Define Hooke’s law of elasticity and describe an experiment to determine the Young’s modulus of the material of
15) Define angle of friction and angle of repose. Show that angle of friction is equal to angle of repose for a rough

awire.

inclined plane. Hooke's law: Within elastic limit, the stress is directly proportional to strain.
A block of mass 4Kkg is resting on a rough horizontal plane and is about to move when a horizontal force of 30N Thus within elastic limit,
is applied on it. If g = 10m/s?, find the total contact force exerted by the plane on the block? )
Angle of friction (¢@): The angle made by the resultant of limiting friction and normal reaction with normal Stress o Strain
reaction is called angle of friction. Stress = Constant X Strain
Consider a block on a rough horizontal surface. N Stress
Let R 4 — = Constant

N is normal reaction | - ————— Strain

fi, is limiting friction ® The constant of proportionality is called modulus of elasticity

R Is resultant of f, and N Determination of Young’s modulus of the material of a wire:

¢ is angle made by R with N f

L

fi N ) -
ng === [fi=uN] . ] A B
tang = pg|— —— — — — ENYEY) ”,l:g Reference wire Experimental wire

Angle of repose (a): The angle of inclination at which the body tends to slides down is called angle of repose:
Vv
(Vernier Scale)

Pa—
0 A

a) The apparatus consists of two similar wires A and B of same length and equal radius suspended side
by side from a fixed rigid support.

M
(Main Scale)

N

fu

Consider a body of mass ‘m’ placed on a rough inclined plane
with angle of repose (a).
The weight of the body mg acts vertically downwards. The
weight mg can be resolved into two components.
a) mg cosa balances the normal reaction
N =mgcosa

b) mg sina acts along the inclined plane and balances the

frictional force

mg mgcosa

~The coefficient of static friction is
f, mgsina b) The wire A is called reference wire and the wire B is called experimental wire.

=tana

sTN mg cos a c) The wire A carries a main millimeter scale M and a pan.

i ©) d) The wire B carries a Vernier scale V and a pan. The Vernier scale can slide against the main scale
From (1) and (2) attached to the reference wire.

tan¢ = tana

Procedure:
~ Angle of friction is equal to angle of repose N a) The length L and radius r of the experimental wire is measured using scale and screw gauge.
Problem: b) [Initially small and equal load is given to both wires to keep the wires straight and the Vernier scale
Given reading is noted.
m=4kg: F=30N: = 10m/sec? fe— 4kg —» F c) The load given to reference wire is kept constant. The load given to experimental wire is gradually

9 P9 e emesE======snanssanssn====m=ssss] increased and corresponding Vernier readings are noted.

Total contact force = \/f2 + N2 = /F2 + (mg)?

=\/302+(4x10)2=\/900+1600=\/2500=50N v
Total contact force = 50 N mg e) LetM be the mass that produced an extension AL in the wire.

d) The difference between two Vernier scale readings gives the extension produced in the wire.

f) The young’s modulus of the material of the experimental wire is given by

__ Stress __ (Mg/nrz) _ Mg L
AR

™ Strain

g) Agraph is plotted between the load applied and

Extension produced. It will be a E
Straight line passing through the origin as shown in figure. .
Extension
o o
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1) State parallelogram law of vectors. Derive an expression for the magnitude and direction of the resultant vector
Statement: “/ftwo vectors are represented by the two adjacent sides of a parallelogram drawn from a point,

then their resultant is represented by the diagonal passing through the same point (both in magnitude and
direction)”

Explanation: Let P and 6 are two vectors inclined at an angle 6.
R represents the resultant of two vectors Pand 5
R=P+Q
Magni f I:
From diagram,
0A =P 4C=0 0C =R

From right angle AADC,

CD = Qsinf, AD = Q cosf
From right angle AODC,

0C? = OD? + CD? = (0OA + AD)? + CD?

0C%2 = (P+ Q cos8)? + (Q sind)?

R? = P2+ Q%cos?6 + 2PQ cos 6 + Q?sin? @

R? = P2 + Q?%(cos? § +sin? @) + 2PQ cos 6

R? = P2 + Q? + 2PQ cos

R = /P2 + Q2+ 2PQ cos b
Direction of resultant vector: Let R makes an angle a with P.
From right angle AODC,

ol
>\

¢ CD
ang = —=———
0D OA+AD
tanq = —2n0 @ = tan~1 [-2500 ]
P+Q cosB P+Q cos6.

2) Show thatthe trajectory of an object thrown at certain angle with the horizontal is parabola.
Consider a body projected into air with an initial velocity ‘v’ at an angle 6 with the horizontal.

The velocity 'u’ can be resolved into two rectangular components.
* Horizontal component = u cos 6 u
* Vertical component = usin 6

Let the body reaches the point P (x, y) after time ¢t.

In horizontal direction: The displacement of the projectile along X - direction is

x=ucosf xt
X Uy =ucosf

t=——
ucosé
In Vertical direction: The displacement of the projectile along Y - direction is

1
s~y = (usin@)t —Egt2

y = (usin ) X —1( X )2

ucosf Zg ucos @
— (tand 1 x?
y = (tan)x 29\ cosz 8

g
y = (tanf)x — (72112 os? 9) x?

s
ZuZCOSZB_B y=4x - Bx

let tan6 = A and

Hence trajectory of projectile is a parabola.

o o
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3) Show that for a projectile launched of an angle 45° the maximum height of a projectile is one quarter of range?
Given 6 = 45°
u?sin 26
Range, (R)=——
_ u*sin90
9
u2
R=—
9
) . u?sin? @
Maximum height, (H) = ———
2g
1
. u®sin®45 u? (;) _u?
~ 29 T 29 4g

4)

5)

6)

H=

|

Explain the advantages and disadvantages of friction.
Advantages:
» We can walk safely without slipping due to friction.
» We can hold any object due to friction.
» A match stick is lightened due to friction.
» Friction stops the vehicles by using brakes
» Nails can be fixed to the walls due to friction.

Disadvantages:
» Due to friction, the wear and tear of machines increases
» Due to friction, large amount of energy is wasted in the form of heat.
» Friction results in the large amount of power loss in engine.

Mention the methods used to decrease friction.
Polishing: Friction between two surfaces in contact can be reduced by polishing the surfaces to some extent.

Lubricants: Lubricants like oil (or) grease is used between the surfaces in contact to reduce the friction.

Ball bearings: The hard steel balls placed between the moving parts converts sliding friction into rolling
friction. Hence friction is reduced.

Streamlining: The automobiles and aero planes are streamlined to reduce the air friction.

State Newton's second law of motion. Hence derive the equation of motion F = ma from it.
Newton’s second law: ‘The rate of change of linear momentum of a body is directly proportional to the applied
force and the change in momentum takes place in the direction of the applied force.”

Derivation: Consider a body of mass ‘m’ moving with velocity ¥, its momentum is
P =mb
According to Newton’s second law,
Applied force « Rate of change of momentum

L, dP
o —
dt
L d(mv)
dt
7 dv L dav
o« m— v d=—
™ =
F ocmad
F=kmad

Where k is called proportionality constant and assume k = 1
P o

]
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AIMSTUTORIAL

Distinguish between centre of mass and centre of gravity.

Centre of mass Centre of gravity

Itis a point at which the whole mass of the body is
supposed to be concentrated.

It is a point though which the whole weight of the
body acts.

It describes motion of body It describes stability of body

Itis related to the distribution of mass of the body. It is related to weights of all particles of the body.

Itis independent of ‘g’ It depends on ‘g’

It may (or) may not lie inside the body It is always lie inside the body

In case of small bodies, C.M and C.G coincide In case of very large bodies, C.M and C.G do not

coincide.

Define vector product. Explain the properties of a vector product with two examples.
Vector product: The vector product of two vectors is a vector whose magnitude is equal to the product of
magnitudes of two vectors and sine of angle between them. The direction is perpendicular to both the vectors.
If P and 5 are two vectors, then the vector product is defined as 5 o

Px0=PQsing A PxQ

|P x| =PQsing g
Where 1 is the unit vector perpendicular to plane containing both P and (3
6 -
Properties: P

1) Itdoes not obey commutative law
Px@=QxP

2) Itobeys distributive law
Bx(Q+R)=PxQ0+PxR

3) Iftwo vectors are parallel, i.e. § = 0°then
[Px@|=0

4) Iftwo vectors are perpendicular, i.e. 8 = 90°, then
|Pxq|=PQ
5) Ifi,jand k are unit vectors along x, y and z axes, then
ixi=fjxj=kxk=0
ixj=k jxk=1 kxi=j
Examples:
* Torque, T=7X F

*  Angular momentum, L=#xP

o
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9) Define angular velocity. Derive v = rw
Angular velocity: The rate of change of angular displacement is called angular velocity.

0
w= @ rad/sec

Derivation of v = rw

Let a particle P be displaced by ds in a time interval dt on the circumference of a circle of radius r through an
angle d6.
We know that, arc = radius X angle

v
ds =rxdf ds
A

Differentiating w.r.to time

ds_ de . _ds
ac” " Xar ("“E)
LU =Tw

10) Define angular acceleration and torque. Establish the relation between angular acceleration and torque.
Angular acceleration: The rate of change of angular velocity is called angular acceleration.

dw
_dt
Torque: The product of force and perpendicular distance of line of action of force from the axis of rotation is
called torque.

(OR)

The rate of change of angular momentum is called torque.

Derivationof 7 = Ia :
From definition of torque,

a

T=rXF

T=rXma [+ F = ma]
T=rXmxra [+ a=ra]
t=mr:xa [+ I=mr?]

11) State and prove the principle of conservation of angular momentum. Explain the principle of conservation of
angular momentum with examples.
Statement: “In the absence of an external torque the total angular momentum of a system remains constant”

We know that, 7 = —
dt

dL
dt
L = constant

fr=0 = =0

Iw = constant
ot
w

Examples:
a) The angular velocity of a planet revolving in an elliptical orbit around the sun increases, when it comes
closer to the sun and vice -versa.

b) A diver jumping from a spring board exhibits somersaults in air before touching the water surface.

c) Aballet dancer decreases or increases her angular velocity by stretching the hands or bringing the hands
closer to the body.

o
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12) What is escape velocity? Obtain an expression for it.

Escape velocity: The minimum velocity required for an object to escape from the gravitational influence of the
planet is called escape velocity.

Expression: Consider an object of mass m on the surface of the earth of mass M and radius R.
GMm

Gravitational potential energy= — - A
When an object is projected with escape velocity V,, then 1 v
K.E = —=P.E E e
1, GMm '
Emve = _R m
GM
PR
, _ 2GM « R
TR TR
- GM
vy =2X i X R
5 GM
ve =29k =]

Ve = /28R

13) What is geostationary satellite? State its uses.

Geo-stationary satellite: A satellite whose time period of revolution is equal to the time period of rotation of
the earth is called geo-stationary satellite.
(0r)
If the period of revolution of an artificial satellite is equal to the period of rotation of the earth, then it is
called geo-stationary satellite.
*  Time period of geo-stationary satellite is 24 hours.
Uses:
To study the upper layers atmosphere
To know the size and shape of the earth
To forecast the changes in atmosphere
To identify the minerals and natural resources present inside the earth.
To transmit the T.V programs to the distant places.

YV VYV

14) What is orbital velocity? Obtain an expression for it.

Orbital velocity: The minimum velocity required for an object to revolve around a planet in a circular orbit is
called orbital velocity.

Expression: Consider an object of mass m revolving around the earth at a height h.

Let v, be the orbital velocity on the surface of the earth.

The Gravitational force between earth and object provides necessary centripetal force.

o omi@ _ GMm

" (R+h) = (R+h)?
o M
° T R+h)

AsR>»h, R+h=R
GM R
%= R %R
, M ™ 1 T
v = gz X R [+ % =]
v = gR
Vo = V&R P
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15) Describe the behavior of wire under gradually increasing load.
The behavior of a wire under gradually increasing load can be explained by using stress - strain curve.

A

Stress / D

>
>

0 01 .
Proportionality limit: Up to A, stress is proportslg;?a{Pto strain and the wire obeys Hooke’s law. The point A is
called proportionality limit.

Elastic limit : From A to B, stress is not proportional to strain and the wire does not obey Hooke’s law but
elastic nature exists. The point B is called elastic limit.

Yield point: If the stress is further increased beyond the point B, yielding starts. The starting point of yielding
is called yield point

Permanent set (00%): Permanent deformation is produced in the wire when it is stretched beyond elastic
limit.

Breaking point (D): The stress at which the wire breaks is called breaking point. The point D is called breaking
point.

16) Define strain energy and derive the equation for the same

OR)
Explain the concept of elastic potential energy is a stretched wire and hence obtain the expression for it
Strain energy: The energy stored in a body due to its deformation is called strain energy.
Expression: Suppose a force F is applied on a wire of length ‘L’. Let ‘e’ be the extension of the wire, when force
increases from zero to F
Average force on the wire = ? = ;
Work done on the wire is

W = average force X extension

W—Fx
_2 e

1 F e
W=Ex(z) X (E) x (AL)
W= % X stress X strain X volume
This work done is stores as elastic potential energy called strain energy.
U= % X stress X strain X volume

« Strain energy per unit volume is

1
U= 3 X stress X strain

o
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17) Pendulum clocks generally go fast in winter and slow in summer. Why?

The time period of the pendulum is given as

l Where,
T =2m |—
g l = Length of the pendulum clock

T« Vi g = Acceleration due to gravity

a) Inwinter, due to decrease in temperature the length of the pendulum decreases and its time period also
decreases. So the pendulum clocks go fast in winter (gains the time).

b) Insummer, due to increase in temperature the length of the pendulum increase and its time period also
increases. So the pendulum clocks go slow in summer (loses the time).

18) Write short notes on triple point of water.

Definition: The temperature and pressure at which the three phases of a substance (solid, liquid and vapour)
are in equilibrium is called triple point.

The values of triple point of water is (273.16 K, 4.58 mm of Hg)

Pressure - Temperature phase diagram:
Ice line:

& Ol is called ice line. P 1 S

& Along this line ice and water are in equilibrium. g )

% It has negative slope z

Sl "

Steam line: g | Solid

& 0Siscalled steam line. § ____________

# Along this line water and steam are in equilibrium. Z A

% Ithas positive slope. H : Vapor
Hoar frost line: i

273.16 K

& OH is called Hoar frost line.
& Along this line steam and ice are in equilibrium.
« Ithas positive slope.

— T(C0)

The three curves meet at a point ‘0’. This point is called triple point.

19) In what way is the anomalous expansion behavior of water advantageous to aquatic animals?

Anomalous expansion of water: Generally liquids expand on heating and contract on cooling. But water
contracts from 0°C to 4°C and expands from 4°C to 0°C. This behavior of water is called anomalous expansion
of water.

Significance:
a) In cold countries, during winter the temperature of water in

lakes and ponds decrease much below 0°C. ™ 1ce(0°C)

b) Due to this the top most layers of the water gets cooled,

becomes denser and sink to the bottom.

c) Atthe same time water at the bottom which is lighter, goes up.
This process continues till the entire water gets 4°C.

d) When the water at the top of the lake attains 0°C, it becomes
ice and forms a layer at the top. Since ice is a bad conductor of
heat, tqle Iower_laygrs of aterﬁa{;otected agt?llgltst&lfreezmg.

e) Hence the water inside the lake will be at 4°C, so e aquatiC animals can survive in severe winter
also.
o
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20) Explain conduction, convection and radiation with examples.
Conduction: The process in which the heat energy is transmitted from one place to another without actual

movement Ofthe_ paxti.cles of the medium is called conduction. 23) Explain the terms average velocity and instantaneous velocity. When they are equal?

Ex: Flow of heat in solids Average velocity: The ratio of total displacement to the total time taken is called average velocity. (or) the
Convection: The process in which the heat energy is transmitted from one place to another with actual velocity of a body at a particular period of time is called average velocity.

movement of the particles of the medium is called convection. . total displacement

Ex: Flow of heat in fluids Average velocity = ————" 0 ——

Radiation: The process in which the heat energy is transmitted from one place to another without help of any - As

material medium is called radiation. Vavg = At

Ex: Earth receives heat from the sun i . . . o . .
Instantaneous velocity: The velocity of a body at a particular instant of time is called instantaneous velocity.

" As ds
nst = (400 At de

1)

21) Derive the equation x = vyt + Lae? using graphical.
2 o Vi
Suppose a body moving with uniform acceleration‘a’.

Let
*  In uniform motion, average velocity is equal to instantaneous velocity

*

u = intial velocity

v = final velocity
The area under velocity - time graph gives the displacement
Displacement = area of 0OABCD

x = area of rectangle OACD + area of triangle ABC

Velocity

<

22 2 i
24) Show that the maximum height and range of a projectile are ——— 52'; % and "—5;" 2

1
x = 0A.0D + E'AC' BC v —vg=at Maximum height: The maximum vertical displacement of a projectile is called maximum height.
1 Here
x = vt + Ef(v — ) 2 Vertical initial velocity, u, = u sin 8
but(v — vy) = at Vertical final velocity, v, =0 7y
1 R . . - _ n
X = vt +-at? (0] > Vertical acceleration, a g £y :
2 Time Vertical displacement, s = H,q, E :Hmax
Using v,%2 —u,? = 2as 8 v
g % 2, ucosd
) N 0— u’sin® 0 = —2gH 0y € emeei R e >
22) Define unit vector, null vector and position vector w?sin?§ = 2gH R
Unit vector: A vector whose magnitude is equal to one is called a unit vector. It has no units and no > mza;
dimensions. Hpax = %
If A'is a vector, then the unit vector of 4 is 9
i i Range: The maximum horizontal displacement of a projectile is called range (R).
A =—= Z Here
|A| Horizontal velocity, u, = ucosé
. . 2using
Null vector: A vector whose magnitude is equal to zero called a null vector. Its direction is indeterminate. Time of flight, T = =272
Ex: The velocity of a particle at rest. . Range = Horizontal velocity x time of flight
Position vector: A vector which gives the position of an object w.r.to origin of the co-ordinate system is called R=u,xT )
position vector. R = 1 cosg x 2usin®
The position vector of the particle P is j
P =i+ yi+zk R bex.y.2) u?(2sin @ cos 6) ) )
r=xi+yj+z 7 R=———— [ sin26 = 2sin O cos 0]
The magnitude of position vector is 9
5 7
7=y Fyi T 22 . o Wsin20
i g
k
o o
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25) Define the terms momentum and impulse. State and explain the law of conservation of linear momentum. Give 27) State Kepler’s laws of planetary motion.

examples I Law: All planets move in elliptical orbits with the sun at one of the foci.
Momentum (P): Momentum of a body is defined as the product of mass and velocity of the body.

Momentum = mass X velocity

P =mb
* [tisavector quantity.
Slunit: kg — m/sec (or) N — sec

Impulse (J): The product of force and time that produce a finite change in momentum of a body is called 2b
impulse
Impulse = force X time = change in momentum
J=FXt=mv—mu
* Itisavector quantity. ‘ Planet v
SLunit: kg — m/sec (or) N — sec >

Law of conservation of linear momentum: “In the absence of any external force, the total linear momentum of
the system remains constant”
Proof: If F is the external force acting on the system, then according to Newton’s second law
L dp
Pl
dt

A

For isolated system, F=o0

dp 0 t
Sors .*—ﬂ ’ t
As the derivative of a constant is zero, so
— planet
P = constant

This proves law of conservation of linear momentum.

Examples:
» Recoil of a gun: When a bullet is fired from a gun, the bullet moves in forward direction and the gun moves

I Law: The Square of the period of revolution of a planet is directly proportional to the cube of the semi
in backward direction (backward kick).

major axis of the ellipse.
» Explosion of a bomb: When a bomb explodes into two parts, they move in opposite directions with equal T? « a3
momenta.
28) Explain surface tension and surface energy.

> Rocket and jet planes works on the principle of conservation of momentum. Surface Tension: The tangential force acting per unit length of an imaginary line drawn on the free liquid

» When a man jumps out of a boat to the shore, then the boat slightly moves away from the shore surface is called surface tension.
F
“S ==
l
Units: N/m
26) Why are shock absorbers used in motor cycles and cars? Dimensional formula:MT ~2

When a vehicle moves on an uneven road, it receives a jerk. So the vehicle receives the impulsive force. To
minimize this impact shock absorbers are used.
Impulse = F x At

Surface Energy: The excess potential energy per unit area of the surface film is called surface energy.
Units: ]/m?
1 *  Surface energy of liquid is numerically equal to its surface tension.
F o« —
29) Explain Celsius and Fahrenheit scales of temperatures. Obtain the relation between Celsius and Fahrenheit
scales of temperatures.
Celsius scale of temperature:
& Lower fixed point is taken as 0°C
& Upper fixed point is taken as 100°C
& The interval between two fixed points is divided into 100 equal parts
& Each part represents 1°C

The function of shock absorbers is to increase the time of jerk, thereby reducing the impulsive force (jerk).
This minimizes the damage to the vehicles.

& Lower fixed point is taken as 32°F
& Upper fixed point is taken as 212°F
& The interval between two fixed points is divided into 180 equal parts
& Each part represents 1°F
o o
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Relation: The relation between Celsius and Fahrenheit scales is

C-0 F-—32
100 ~ 180
C_F-32
5 9

30) Two identical rectangular strips, one of copper and the other of steel, are riveted together to form a compound
bar. What will happen on heating?
A bimetallic strip is formed by riveting two identical rectangular strips, one of copper and the other of steel.

Copper Copper
Steel

Copper

Fig: At Higher temperature ~ ~—
Since acupper > Asteel
a) When a bimetallic strip is heated then copper expand more than steel. So the bimetallic strip bends
with copper on outer side (i.e Convex side).

b) When a bimetallic strip is cooled then copper contract more than steel. So the bimetallic strip bends
with copper on inner side (i.e Concave side).

31) How specific heat capacity of mono atomic, diatomic and poly atomic gases can be explained on the basis of law
of equipartition of energy?
According to law of equipartition of energy, the energy associated with each molecule per degree of freedom

is >KsT

For one mole of gas,
*  Total internal energy, U = f GKBT)N = £RT [+ R =KgN]
*  Specific heat at constant volume, C,, = Z—Z = gR

*  Specific heat at constant pressure, Cp = Cy + R = (§ + 1) R

*  Specific heat ratio,y = 5—"
v

Mono atomic gas 3 — _ z
2 2 3

5R 7R 7

Dia atomic gas 5 — — Z
2 2 5

. 4

Poly atomic gas 6 3R 4R 3

( o
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32) What is the ratio of r.m.s speed of oxygen and hydrogen molecules at the same temperature?
The r.m.s speed of gas molecule is given by

3RT
Vims = ™
1
Vims \/_M
Vo My |2 1 1

Ve M, (32 J16 4

33) Four molecules of a gas have speeds 1, 2, 3 and 4 km/sec. find the r.m.s speed of the gas molecule?

Vi + 12+ V2 + 1,2
Vrms= f
12422432442 1+4+9+16 30
Vims = 2 = 2 = T =V7.5 =2.7km/sec

34) Derive a relation between the two specific heat capacities of gas on the basis of first law of thermodynamics (OR)
show that Cp — Cy, = R (Mayer’s equation)
Consider 1 mole of an ideal gas contained in a cylinder with movable piston. Let P, V and T be the pressure,
volume and temperature of gas.

At constant volume: Supplied heat is utilized only to increase the internal energy

dQ)y =dU =CpdT —————>(1)

At constant pressure: Supplied heat is utilized to increase the internal energy and to do the external work.
(dQ)p = CpdT —— === (2)

Work done, dW =P.dV — ————- (3)

From first law of thermodynamics,
(dQ)p = dU +dw
Substitute (1), (2)and (3)in above equation, we get
CpdT = C,dT +PdV — — — —— (4)

From ideal gas equation,
PV =RT

On differentiating, we get
PdV =RdT —————-(5)

From Eq (4) and Eq (5)
~ CpdT = CydT + RdT
~ CpdT — CydT = RdT
[Cp — CyldT = RAT
Cp—Cy =R

( o
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35) Define two principal specific heats of a gas. Which is greater and why?

Molar specific heat at constant volume: At constant volume, the amount of heat required to raise the
temperature of 1 mole of a gas through 1°C is called molar specific heat at constant volume.
1

C=Sar

Units: ]/mole K

Molar specific heat at constant pressure: At constant pressure, the amount of heat required to raise the
temperature of 1 mole of a gas through 1°C is called molar specific heat at constant pressure.
1dQ

C=yar
its: J
Units: /mole—K

Reason for Cp > Cy:

iv) At constant volume, supplied heat is utilized only to increase internal energy. [(dQ), = du]

v) At constant pressure, supplied heat is utilized to increase internal energy and to do external work
done.[(dQ),J =du+ dw]

vi) For the same rise in temperature, more heat is given to the gas at constant pressure compared to at
constant volume.

Therefore,Cp > Cy

36) State and explain first law of thermodynamics.
Statement: 7he amount of heat given to a system is equal to the sum of increase in internal energy and
external work done by the system.

Let

dQ = heat supplied to the system
dU = increase in its internal energy
dW = external work done by the system

Then according to the first law of thermodynamics,
dQ = dU + dW

This law is the consequence of law of conservation of energy.
This law gives the concept of internal energy

Sign convection:
a) dWis +ve, when work is done by the system

b) dW s - ve, when work is done on the system
c¢) dQis +ve, when heat is given to the system
d) dQis - ve, when heat is taken out from the system

AIMSTUTORIAL Phvsics-1 '=

37) Compare isothermal and adiabatic process.

Isothermal process Adiabatic process
The process in which pressure and volume The process in which pressure, volume and
variations takes place at constant temperature temperature variations takes place in thermally

isolated system

Internal energy is constant Internal energy changes

It takes place in good conducting vessel It takes place in bad conducting vessel
du=0 dQ =0

PV = constant PVY = constant

Specific heat is infinity Specific heat is zero

It is slow process It is quick process

38) Obtain an expression for the work done by an ideal gas during isothermal change?
Consider n moles of an ideal gas expand isothermally from initial state(Py, V;) to the final state (P,, V,)at
constant temperature T.

Work done during small change in volume dV is dW = P dV

Total work done during the process is given by

V2
w= f PdV ———- (1)
Vi
From ideal gas equation,
PV =nRT
p nRT @
= = ——
14

From (1) and (2)

V; V;
“nRT ‘1 v,
W= f TdV =nRT f VdV = nRT[log, V]V1

41 V1

v, v,
W = nRT[log, V, — log, V,] = nRT log, (72) W = 2303 nRT logy, (72)
1 1

39) Derive the relation between acceleration due to gravity (g) at the surface of a planet and gravitational constant

@).
Relation between gand G: Consider a body of mass m on the surface of a planet of mass M and radius R

The gravitational force acting on the body is
F=mg————(1
Where g is the acceleration due to gravity

According to Newton’s universal law of gravitation

GMm
F = R —————>(2)

Where G is universal gravitational constant
From (1) and (2) mg = cm

R2

o

Limitation:
a) It does not explain about the direction of heat flow.
b) It does not explain us about the efficiency with which heat can be converted into work.
o
[ Target = 60 ] [ Min. Material -Max. Marks

v

Target = 60 ] [ Min. Material -Max. Marks J

v




AIMSTUTORIAL Phvsics-1 '=

PHYSICAL WORLD

1) What is physics?(1 time)
Physics is the study of basic laws of nature and their manifestation in different natural
phenomena.

2) What is the discovery of C.V.Raman?(5 times)
C.V Raman discovered Raman Effect. It deals with scattering of light by molecules of a medium
when they are excited to vibrational energy levels.

3) What are the fundamental forces in nature?
a) Gravitational force
b) Electromagnetic force
c) Strong nuclear force
d) Weak nuclear force
4) Which of the following has symmetry a) Acceleration due to gravity b) Law of gravitation?
Law of gravitation

5) What is the contribution of S.ChandraSekhar to physics?(8 times)
Chandrasekhar limit. He worked on structure and evolution of stars.

6) What is beta (8)decay? Which force is a function of it? (1 time)
* Aradioactive decay in which an electron is emitted is called beta decay.
*  Weak nuclear force

UNITS AND MEASUREMENTS
7) Distinguish between accuracy and precision. (7 times)
Accuracy Precision

It is the closeness of a measured value to the | It is the closeness among several measured
true value. values.

It depends on errors. It does not depend on errors.

8) What are the different types of errors that can occur in a measurement?
a) Systematic errors
b) Random errors

9) How can systematic errors be minimized or eliminated? (3 time)
Systematic errors can be minimized
= By improving experimental techniques,
= selecting better instruments and
= removing personal bias as far as possible

10) lllustrate how the result of a measurement is to be reported indicating the error involved.
A physical quantity ‘A’ is measured as A + AA, where AA is the error in measuring ‘A’
Ex: Reported value= (50.5 + 0.1)cm
Where, 50.5 is the measured length
0.1 is the error in the measurement

11) What are the significant figures and what do they represent when reporting the result of a
measurement?
o~
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Significant figures: The reliable digits plus the first uncertain digit are known as significant
figures.
* They represent the precision of measurement when reporting the result

12) Distinguish between fundamental units and derived units. (2 times)

Fundamental units Derived units
The units of fundamental physical quantities The units of derived physical quantities are
are called fundamental units. called derived units.
Ex: metre, kilogram, second etc Ex: newton, joule etc

13) Why do we have different units for the same physical quantity? (2 times)
The physical quantity has wide range of magnitudes. Hence we have different units for the same
physical quantity.
(OR)
We have different systems of measurements like CGS and MKS systems. Hence we have
different units for the same physical quantity.

14) How many orders of magnitude greater is the radius of the atom as compared to that of
the nucleus?
The radius of the atom is greater by 10° times as compared to that of the nucleus (OR) 105

15) What is dimensional analysis?
The analysis in which a physical quantity is represented as mathematical powers of fundamental
physical quantities is called dimensional analysis.
* |tis used to check the correctness of the given formula

16) Express unified atomic mass unit in kg.
1 Unified atomic mass unit (a.m.u) = 1.66 X 1072 kg

17) Write the dimensional formulae for the following quantities.(Board model paper)
(a) Gravitational constant (b) Surface tension
Gravitational constant: M~1L3T~2
Surface tension: M T2

MOTION IN A STRAIGHT LINE

18) The states of motion and rest are relative. Explain.
A man sitting in a moving bus is at rest w.r.to his co-passenger but he is in motion w.r.to
observer outside the bus. Hence rest and motion are relative.

19) How is the average velocity different from instantaneous velocity? (1 time)
Average velocity: It is defined as the ratio of total displacement to the total time taken.
Instantaneous velocity: It is the velocity of a body at particular instant of time.

*  Only In uniform motion, average velocity = instantaneous velocity.

20) Give an example where the velocity of an object is zero but the acceleration is not zero.

(1 time)

At maximum_height of a_vertically projected body, velocity is zero but acceleration is not zero.

21) A vehicle travels half of the distance L with speed v and the other half with speed v,.
What is the average speed?

. L L Livi+v, L L
Totaltlme=t1+t2=—+—=_[_] L L
2vy  2vy, 21 vyvy 2 2
7 v
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total distance L 2V4Vy
Average speed = - = =
total time L [w] vy + v,
2L vyvy
2v,V,
Average speed = ———
vy + v,

22) A lift coming down is just about to reach the ground floor. Taking the ground floor as
origin and positive direction upwards for all quantities, which one of the following is

correct.
a) x<0, v<0, a>0 b) x>0, v<0, a<0
c) x>0, v<0, a>0 d) x>0, v>0, a>0

a) x<0, v<0, a>0 is correct

23) A uniformly moving cricket ball is hit with a bat for a very short time and is turned back.
Show the variation of its acceleration with time taking the acceleration in the backward

direction as positive.
Acceleration

» Time

24) Give an example of one dimensional motion where a particle moving along the positive X
— direction comes to rest periodically and moves forward.
A particle is moving according to the equation x(t) = t — sin t, moving along the positive x —
direction comes to rest periodically and moves forward.

25) An object falling through a fluid is observed to have an acceleration given by a = g — bv
where g is the gravitational acceleration and b is a constant. After a long time it is
observed to fall with a constant velocity. What would be the value of this constant
velocity?

Given a=g—-bv
For constant velocity, a = 0

~g—bv=0
g=>bv
.9
b

26) If the trajectory of a body is parabolic in one frame, can it be parabolic in another frame
that moves with a constant velocity with respect to the first frame? If not, what can it be?
No. it will be a straight line.

27) A spring with one end attached to a mass and the other to a rigid support is stretched
and released. When is the magnitude of acceleration a maximum?
The magnitude of acceleration is maximum at extreme position (OR) At extreme position

MOTION IN A PLANE

28) The vertical component of a vector is equal to its horizontal component. What is the
angle made by the vector with x — axis?

Vertical component of A = Horizontal component of A N i
. =
Asin® = Acos® ‘@
Tan® =1 = )
Acos@
29) A vector v makes an angle 6 with the horizontal. The velocity is rotated through an angle
a. Does this rotation change the vector v? o
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Yes,

Because due to rotation of the vector, magnitude remains constant but direction changes other
than 2w, 4m, 6, ... ... ...
30) Two forces of magnitudes 3 units and 5 units act at 60° with each other. What is the

magnitude of their resultant? (3 times)
GivenP =3; Q=5; 6=60°

1
~R= P2+Q2+2PQCOSG=\/9+25+(2X3X5XE)=\/9+25+1 =V49=7
R = 7 units

31) A =7+ j What is the angle between the vector and x — axis? (4 times)
GivenA=1+7
Compare with 4 = 4,7 + AyJ
wAy=1; A, =1
4y o
tan 6 == 1 =tan45

X
32) When two right angled vectors of magnitudes 7 units and 24 units combine, what is the
magnitude of their resultant? (2 times)
GivenP=7; Q=24; 6 =90°
~R=,/P2+ Q%+ 2PQcos6
R = /72 + 242 + (7 x 24 X c0s90°) = V49 + 576 + 0 = V625 = 25 units

33) IfP = 2i + 4j + 14kandQ = 4i + 4j + 10k, find the magnitude of P + @ ? (2 times)
Given, P =20+ 4j + 14k; (Q =40+ 4j + 10k
~P+Q =60+8j+24k
|P+Q|=+/6%+8%+ 242 =36 + 64 + 576 = V676 = 26
|I3 + (5| = 26 units

34) Can a vector of magnitude zero have non zero components?
No, a vector of magnitude can never be zero with non zero components.

35) What is the acceleration of a projectile at the top of its trajectory?
a = g,in downwards

36) Can two vectors of unequal magnitude, add up to give the zero vector? Can three vectors
of unequal magnitude, add up to give the zero vector?

37) Write the equation for the horizontal range covered by a projectile and specify when it
will be maximum?

o u? sin 26

* Range of projectile = ———

* Range will be maximum when 6 = 45°
LAWS OF MOTION

38) What is inertia? What gives the measure of inertia? (2 time)
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o
[ Min. Material -Max. Marks ]

v




AIMSTUTORIAL Phvsics-1 '=

Inertia: The inability of a body to change its state by itself is called inertia.
*  Mass is the measure of inertia.

39) According to Newton’s third law, every force is accompanied by an equal and opposite

force. How can a movement ever take place? (1 time)
Action and reaction forces acts on two different bodies. Hence they do not cancel each other.
Hence, movement takes place.

40) When a bullet is fired from a gun, the gun gives a kick in the backward direction. Explain.
1 time;
According to law of conservation of linear momentum,
Momentum before firing = Momentum after firing
0= Pgun + Pputtet

Pgun = —Phuiter
Hence the gun gives a kick in the backward direction.

41) Why does a heavy rifle not recoil as strongly as a light rifle using the same cartridge?
According to law of conservation of linear momentum,

1
Velocity o« ——
elocity < Mass
Hence a heavy rifle does not recoil as strongly as a light rifle because of its heavy mass.

42) If a bomb at rest explodes into two pieces, the pieces must travel in opposite directions.
Explain. (3 times)
According to law of conservation of linear momentum,
Momentum before explosion = Momentum after explosion
0=P +P,
P, =-P,
Hence two pieces travels in opposite directions.

43) Define force. What are the basic forces in nature?
Force: A physical quantity which changes or tries to change the state of a body is called force.
*  The basic forces in nature are
» Gravitational force
» Electromagnetic force
» Strong nuclear force
» Weak nuclear force

44) Can the coefficient of friction be greater than one?
Yes. In the case of heavily polished surfaces u > 1

45) Why does the car with a flattened tyre stop sooner than the one with inflated tyres? Q
time
In the case of flattened tyres, the rolling friction is more due to greater deformation of tyres.
(OR)
Flattened tyre has more area of contact. Hence rolling friction increases and there by a car with
flattened tyre stop sooner.

46) What happens to the coefficient of friction if the weight of the body is doubled? (2 times)

47) A horse has to pull harder during the start of the motion than later. Explain. (2 times)
Before starting the motion, a horse has static friction and later it is converted into kinetic friction.
Static friction is greater than kinetic friction. Hence the horse has to pull harder during start of
the motion than later.

o
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WORK, ENERGY AND POWER

48) State the conditions under which a force does no work.
« The displacement is zero.
# The force is perpendicular to the displacement (6 = 90°).

49) Define work, power and energy. State their Sl units.
Work: It is defined as the dot product of force and displacement vectors.
Sl unit: joule (J)
Energy: The capacity to do work is called energy
Sl unit: joule (J)

Power: The rate of work done is called power
Sl units: joule/sec (or) watt (W)

50) State the relation between the kinetic energy and momentum of a body.

2

Kinetic energy = Emv & Momentum(P) = mv

mZUZ pZ
K.E=-mv? = =
2™ T om T om
2
p
KE=—
2m

51) State the sign of work done by a force in the following
a) Work done by a man in lifting a bucket out of a well by means of rope tied to the
bucket.
b) Work done by gravitational force in the above case.
a) Work done is positive
b) Work done is negative

52) State the sign of the work done by a force in the following
a) Work done by a friction on a body sliding down in an inclined plane.
b) Work done by gravitational force in the above case.
a) Work done is negative
b) Work done is positive

53) State the sign of the work done by a force in the following
c) Work done by an applied force on a body moving of a rough horizontal plane with
uniform velocity.
d) Work done by the resistive force of air on vibrating pendulum in bringing it to rest.
c) Work done is positive
d) Work done is negative

54) State if each of the following statements is true or false. Give reasons for your answer.
a) Total energy of a system is always conserved, no matter what internal and external
forces on the body are present.
b) The work done by the earth’s gravitational force in keeping the moon in its orbit for its
one revolution is zero.
a) False, the external forces affect the energy of the system.
b) True, Gravitational force is a conservative force.

55) Which physical quantity remains constant a) In an elastic collision and b) In an inelastic
i -
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a) In an elastic collision, both momentum and kinetic energy remains constant
b) In an inelastic collision, only momentum is constant
56) A body freely falling from a certain height ‘h’ after striking a smooth floor rebounds and h
rises to height h/2. What is the coefficient of restitution between the floor and the body?
Given hy =h, h, =h/2

_ ha_ h2_1
Ty TV

57) What is the total displacement of a freely falling body, after successive rebounds from
the place of ground, before it comes to stop?
Total displacement = Height of freely falling body

SYSTEM OF PARTICLES AND ROTATIONAL MOTION

58) Is it necessary that a mass should be present at the centre of mass of any system? (1
time

Ex: circular ring, hollow sphere

59) What is the difference in the positions of a girl carrying a bag in one of her hands and
another girl carrying a bag in each of her two hands?
« When a girl carrying a bag in one of her hands, centre of mass shifts towards the hand

« When a girl carrying a bag in each of her two hands, centre of mass does not change

60) Two rigid bodies have same moment of inertia about their axes of symmetry. Of the two,
which body will have greater kinetic energy?
2

L
Rotational K.E = —
otationa 21

Given moment of inertia (I) is same
> K.E aL?
~ A body with greater angular momentum will have greater kinetic energy.

61) Why are spokes provided in a bicycle wheel? (2 times)
To.increase the moment of inertia without large increase. in.its. mass and thereby it increase the
rotational inertia.
(OR)
To ensure uniform speed of the cycle wheel, it should possess large moment of inertia. To
increase moment of inertia of the wheel without large increase in its mass, it is provided with
spokes.

62) We cannot open or close the door by applying force at the hinges. Why? (1 time)
We know that torque, 7 = rFsin 6
At hings,r =0
sT1=0
So we cannot open or close the door by applying force at the hinges.
63) Why do we prefer a spanner of longer arm as compared to the spanner of shorter arm?
We know that torque, 7 = rFsin 6
For constant force, T « r
With less applied force, more torque acts on a spanner of longer arm compared to spanner of
shorter arm. Hence we prefer a spanner of larges arm.

o
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64) By spinning eggs on a table top, how will you distinguish a hardboiled egg from a raw

egg? (2 time)
According to law of conservation of angular momentum,

Iw = constant

1

WX =

. I
Since I, > I, ,50 w, < w,

So the raw egg comes to rest quickly.

65) Why should a helicopter necessarily have two propellers?
If the helicopter had only one propeller, then helicopter itself will rotate in the opposite direction
to conserve angular momentum. To avoid this, the helicopter should have two propellers.

66) If the polar ice caps of the earth were to melt, what would the effect of the length of the
day be?
As polar ice caps melts, moment of inertia increases. To conserve the angular momentum,
angular velocity( w) decreases, thereby increasing the length of the day.
(OR)
Length of the day increases

67) Why is it easier to balance a bicycle in motion?
Due to law of conservation of angular momentum the bicycle is easier to balance in motion.

OSCILLATIONS

68) Give two examples of periodic motion which are not oscillatory.
% Motion of planets around the sun

3

% Motion of seconds hand in a clock

69) The displacement in SHM is given byy = asin(20t + 4). What is the displacement when it
is increased by 2n/w?

Displacement doesn’t change because after every 2;" second the motion is repeating.

70) A girl is swinging seated in a swing. What is the effect on the frequency of oscillation if
she stands?

1
Frequecy,n « _l
When the girl stands up, the effective length decreases. So the frequency increases.

71) The bob of a simple pendulum is a hollow sphere filled with water. How will the period of
oscillation change, if the water begins to drain out of the hollow sphere?
Time period first increases and then decreases to original value.

72) The bob of a simple pendulum is made of wood. What will be the effect on the time period
if the wooden bob is replaced by an identical bob of aluminum?
Time period remains same, because it is independent of material of the bob.

73) Will a pendulum clock gain or lose time when taken to the top of a mountain?
1
Since period of oscillation, T o« —
On the top of mountain ‘g’ decreases and ‘T’ increases. So pendulum clock loses time.

74) A pendulum clock gives correct time at the equator. Will it gain or lose time if it is taken
to the poles? If so. Why?

o
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1
Since period of oscillation, T o« —

At the poles, ‘g’ increases and ‘T’ decreases. So it will gain time.

75) What fraction of the total energy in K.E when the displacement is one half of amplitude of
particle executing S.H.M?

Giveny = ;
E A2\ 3
Kinetic energy Emwz(A2 -y?) (AZ - T) 23
Total energy  Lmw242 A2 A2 4
2

3
~ Kinetic energy = 7 X Total energy
76) What happens to the energy of a simple harmonic oscillator it its amplitude is doubled?
Energy of simple harmonic oscillator is given by
E= EmAzw2
E o A?
«~ If the amplitude is doubled, then energy becomes four times.

77) Can a simple pendulum be used in an artificial satellite?
No. In artificial satellite acceleration due to gravity is zero.

GRAVITATION

78) State the unit and dimension of the universal gravitational constant.
Units: Nm?/kg?

D.F: M~13T~2
79) State the vector form of Newton’s law of gravitation.
L, Gmym, . Gmum, 7
F = 7 (or) F = 7 ==
r2 r3 r

80) If the gravitational force of earth on the moon is F, what is the gravitational force of moon
on earth? Do these forces form an action — reaction pair?

& The gravitational force of the moon on the earth is also F
% Yes, these forces form an action — reaction pair.

81) What would be the change in acceleration due to gravity (g) at the surface, if the radius of
earth decreases by 2% keeping the mass of earth constant?
dR
Given (? X 100) =-2%

We know that,
1
g < o

dg dR
(— X 100) =-2 (— X 100)
g R

dg
(7 x 100) — 2% (=2) = 4%

.»'g’ Increased by 4%
VN
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82) As we go from one planet to another, how will a) The mass and b) The weight of a body
change?
a) Mass remains same
b) Weight of the body changes, because g changes from planet to planet.

83) Keeping the length of a simple pendulum constant, will the time period be the same on all
planets? Support your answer with reason.
No,
As ‘g’ changes from planet to planet, the time period also changes.

84) Give the equation for the value of ‘g’ at a depth ’d’ from the surface of earth. What is the
value of ‘g’ at the centre of earth?

* g8a=g (1 - g)
« Atthe centre of the earth, d = R
85) What are the factors that make ‘g’ the least at the equator and maximum at the poles?
We know that g, = g — Rw? cos? ¢
a) The factors that make ‘g’ the least at the equator are
* Equatorial radius of the earth is maximum
* Latitude, ¢ = 0°
b) The factors that make ‘g’ the maximum at the poles are
*  Polar radius of the earth is minimum
x  Latitude, ¢ = 90°

86) “Hydrogen is in abundance around the sun and not around earth”. Explain.
The escape velocity on the sun is greater than the rms velocity of the hydrogen. But the escape
velocity on the earth is less than the rms velocity of the hydrogen. Hence hydrogen is
abundance around the sun and not around earth.

87) What is the time period of revolution of geostationary satellite? Does it rotate from west
to east or from east to west?
T = 24hours. It rotates from west to east.

88) What are polar satellites?
* The satellites which revolve in polar orbits (N — S direction) are called polar satellites.
*  Polar satellites are low altitude satellites.

MECHANICAL PROPERTIES OF SOLIDS

89) Sate Hooke’s law of elasticity.
Hooke’s law: Within elastic limit, stress is directly proportional to strain
Stress a Strain
Stress = K Strain
Where K is called modulus of elasticity

90) State the units and dimensions of stress. (Or)
State the units and dimensions of modulus of elasticity. (Or)
State the units and dimensions of young’s modulus. (Or)
State the units and dimensions of modulus of rigidity. (Or)
State the units and dimensions of bulk modulus.
Units: N/m? (or) Pascal
D.F: M L7172

91) What are the theoretical and practical limits of Poisson’s ratio? (1 time)
Theoretical limits: — 1 t0 0.5

s: 0t0 0.5
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92) What is elastic fatigue?

The state of temporary loss of elastic nature of a body due to repeated stress is called elastic
fatigue.

93) Define Poisson’s ratio
The ratio of lateral strain to longitudinal strain is called Poisson’s ratio.

94) “steel exhibits more elastic nature than rubber” explain
Young'’s modulus of steel is more than rubber. Hence steel is more elastic than rubber.
95) State the examples of nearly perfect elastic and plastic bodies.

Nearly perfectly elastic body: Quartz fibre, Phosphor bronze
Nearly perfectly plastic body: Putty, wax

MECHANICAL PROPERTIES OF FLUIDS

96) Define average pressure. Mention its unit and dimensional formula. Is it a scalar or a
vector?

The normal force acting per unit area is called average pressure.
F

Pavg ==

Units: N/m? (or) Pascal D.F: M L7'T~2
It is a scalar quantity.

97) Define coefficient of viscosity. What are its units and dimensions?

The tangential viscous force acting per unit area per unit velocity gradient normal to the direction
of fluid flow is called coefficient of viscosity.

Sl Unit: Pascal-second (or) N — Sec/m? CGS Unit: poise

D.F: ML7iT!

98) Define viscosity. What are its units? (3 times)

Viscosity: The property of a fluid which opposes the relative motion between its layers is called
viscosity.
Sl Unit: Pascal-second (or) N — Sec/m? CGS Unit: poise

99) Define viscosity and coefficient of viscosity.
Viscosity: The property of a fluid which opposes the relative motion between its layers is called
viscosity.
Coefficient of viscosity: The tangential viscous force acting per unit area per unit velocity
gradient normal to the direction of flow is called coefficient of viscosity.

100) What is the principle behind the carburetor of an automobile? (3 times)
Carburetor works_on Bernoulli’s_principle.
The carburetor of automobile has a venturi channel (nozzle) through which air flows with a large
speed. The pressure is then lowered at the narrow neck and the petrol is sucked up in the
chamber to provide the correct mixture of air to fuel for combustion.

101)What is Magnus effect? (2 times) -
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When a ball is spinning and moving in the air, it experiences a net upward force called dynamic
lift. This dynamic lift due to spinning is called Magnus effect

(Or)
The difference in the velocities of air results in the pressure difference between the lower and
upper faces and there is a net upward force on the ball. This dynamic lift due to spinning is
called Magnus effect.

102)Why are drops and bubbles spherical? (7 times)
Due to surface tension
(Or)
Due to surface tension, the free surface of the liquid tends to acquire minimum surface area. For
a given volume sphere possess minimum surface area. Hence drops and bubbles are spherical.

103)Give the expression for the excess pressure in a liquid drop. (2 time)

Excess pressure, P = 25 Where ‘S'"i§ surf;flce ten§iop
r 1’ is radius of liquid drop

104)Give the expression for the excess pressure in an air bubble inside the liquid.

28 < i
Excess pressure, P = — Where S' ,1§ surfa.lce tens'lon
r’ is radius of air bubble

105)Give the expression for the soap bubble in air. (1 times)
Where ‘S’ is surface tension

4S
E P =—
XCeSS pressure r ‘T’ is radius of soap bubble

106)What are water proofing agents and water wetting agents? What do they do?
Water proofing agents: The substances which are used to increase the angle of contact are
called Water proofing agents.
*  Water proofing agents decreases the wetting nature of the surface.
*  Ex: Wax

Water wetting agents: The substances which are used to decrease the angle of contact are
called Water wetting agents.

*  Water wetting agents increases the wetting nature of the surface.

* Ex: Soaps, detergents

107)What is angle of contact? (2 times)

Angle of contact: The angle between tangent drawn to the liquid surface at the point of contact
and the solid surface inside the liquid is called angle of contact.

For pure mercury with glass, 6 = 140°

For pure water with glass, 6 = 0°

108)Mention any two examples that obey Bernoulli’s theorem and justify them. (1 time)
* 1) Dynamic lift on aero plane wing 2) Magnus effect
*  Pressure is low at large velocity and vice versa.

109)When water flows through a pipe, which of the layers moves fast and slowest? (1 time)
The layers in contact with the walls of the pipe moves slowly and the central layer moves fast.

110)“Terminal velocity is more if surface area of the body is more”. Give reasons in support
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Terminal velocity is
2
v, = 2r'(p — o)g
on
Vy o r?
Surface area, A = 4nr? = A « r?

~ Terminal velocity is more if surface area of the body is more.

111)Why a water droplet wet the glass surface and does not wet the lotus leaf? (1 time)
For glass — water pair, angle of contact is acute(6 < 90°). So water wet the glass surface.
For water — lotus leaf, angle of contact is obtuse(6 > 90°). So water does not wet the lotus leaf.

112)Explain the effect of temperature on the viscosity of liquids.
Viscosity of a liquid decreases with increase in temperature

113)Explain how viscosity of a gas changes with temperature.
Viscosity of a gas increases with increase in temperature.

114)What is the effect of temperature on surface tension?
Surface tension decreases with increase in temperature.

115)What are cohesive and adhesive forces?
Cohesive force: The force of attraction between the molecules of the same substance is called
cohesive force.
Adhesive force: The force of attraction between the molecules of different substances is called
adhesive force.

116)Define the velocity gradient and give its units.
The change in velocity per unit distance is called velocity gradient.
Sl unit: sec™

117)Hot liquid flows faster than cold liquids. Explain. (1 time)
Viscosity of hot liquids is less than viscosity of cold liquids. Hence hot liquids flow faster than
cold liquids.

THERMAL PROPERTIES OF MATTER

118)Distinguish between heat and temperature. (1 time)
Heat Temperature

Heat is a form of energy Temperature is the degree of hotness or

coldness of a body

Heat is a cause Temperature is effect

Units: calorie (or) Joule Units: °C, °F, (or) K

119)What are the lower and upper fixing points in Celsius and Fahrenheit scales? (2 times)
Celsius scale:
Lower fixed point = 0°C
Upper fixed point =100°C
Fahrenheit scale:

i point =32°F —
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Upper fixed point = 212°F

120)Do the values of coefficients of expansion differ, when the temperature is measured on
Centigrade scale or on Fahrenheit scale?
Yes,

Because (a in Celsius scale) = g X (a in Fahrenheit scale)

121)Can a substance contract on heating? Give an example. (1 time)
Yes,
Ex: Indian rubber, water from 0°C to 4°C, cast iron, type metal

122)Why gaps are left between rails on a railway track? (4 times)
To allow linear expansion in summer

123)Why do liquids have no linear and areal expansions?
Liquids_have no shape of their own. They do not have individual length and area. Hence liquids
have no linear and areal expansions.

124)What is latent heat of fusion?
Latent heat of fusion: The amount of heat required to convert unit mass of substance from
solid state to liquid state at constant temperature is called latent heat of fusion.

125)What is latent heat of vaporization? (1 time)
Latent heat of vaporization: The amount of heat required to convert unit mass of substance
from liquid state to gaseous state at constant temperature is called latent heat of vaporization.

126)What is specific gas constant? Is it same for all gases?
. . e R
Gas constant per unit mass is called specific gas constant. (r = ﬁ)

* It changes from gas to gas.

(OR)
For 1 gram of ideal gas, the ratio % is called specific gas constant
% |t changes from gas to gas.

127)What are the units and dimensions of specific gas constant? (1 time)
Units: JKg 1 K™?
Dimensions: L2T~2K~!

128)Why utensils are coated black? Why the bottom of the utensils is made of copper?
*  Black is a good absorber and good emitter. Hence utensils are coated with black.
*  Copper.is a good conductor of heat. Hence copper is used at bottom of utensils.

129)State Wien’s displacement law. (1 time)
The wavelength corresponding to maximum energy emitted by a black body is inversely
proportional to its absolute temperature.

1
Amax € T (01) ApaxT = constant

130)Ventilators are provided in rooms just below the roof. Why? (2 time)
Because to escape hot air from the room due to convection

(Or) o
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Ventilators are provided in rooms just below the roof, hecause the hot air escapes out and fresh
air enters into the rooms due to convection.

131)Does a body radiate heat at 0K? Does it radiate heat at 0°C?
* No, a body does not radiate heat at 0 K.
* Yes, a body radiate heat at 0°C

132)State the different modes of transmission of heat. Which of these modes require
medium?
a) Modes of transmission of heat are
* Conduction
*  Convection
* Radiation
b) For conduction and convection, medium is necessary

133)Define coefficient of thermal conductivity and temperature gradient.
Coefficient of thermal conductivity: It is defined as the amount of heat flowing through a
conductor of unit area of cross section per second per unit temperature gradient.

A(2)e
Temperature gradient: The change in temperature per unit distance in the direction of heat
flow is called temperature gradient.
(62 —84)
l

134)What is thermal resistance of a conductor? On what factors does it depend?
The resistance offered by the conductor for the flow of heat is called thermal resistance.
l
R=xa
It depends on
a) The nature of the material
b) Length and area of cross-section of the conductor

Temperature gradient =

135)State the units and dimensions of coefficient of convection.
Units: Wm—2K~!
Dimensions: M!T—3K~!

136)Define emissive power and emissivity.
Emissive power: The energy emitted by a body per second per unit surface area at a given
temperature and wavelength range is called emissive power.
Emissivity: The ratio of the emissive power of the body to that of black body at the same
temperature is called emissivity.

137)What is greenhouse effect? Explain global warming. (4 times)
Greenhouse effect: The surface of the earth and atmosphere gets heated up due to green
house gases like C0,, CH,, N, O etc., (Carbon dioxide, methane, nitrous oxide). This is called as
Green house effect.
Global warming: As greenhouse gases content increases, more heat is retained in the
atmosphere and the temperatures all over the world increase. This is called global warming.

138)Define absorptive power of a body. What is the absorptive power of a perfect black body?
Absorptive power: The ratio of energy absorbed to the energy incident on the body at a given
temperature and wavelength range is called absorptive power.
For a perfect black body, the absorptive power is 1.

o
[ Min. Material -Max. Marks ]

v

[ Target = 60 ]

AIMSTUTORIAL Phvsics-1 '=

139)State Newton’s law of cooling. (2 times)
Newton’s law of cooling: The rate of loss of heat of a hot body is directly proportional to the
temperature difference between the hot body and its surroundings.
dq
T « (T, —Ty)
140)State the conditions under which Newton’s law of cooling is applicable? (2 times)
» Loss of heat is negligible by conduction and only when it is due to convection.
> Loss of heat occurs in a steam lined flow of air.
» Temperature of the body is uniformly distributed over it.
» Temperature difference is small.

141)Why is it easier to perform the skating on the snow? (1 time)
Skating is possible on snow due to the formation of water below the skates. Water is formed due
to the increase of pressure and it acts as a lubricant.

142)The roofs of building are often painted white during summer. Why? (2 times)
Because white paint is a good reflector (or) bad absorber of heat

THERMODYNAMICS

143)Define thermal equilibrium. How does it lead to Zeroth law of thermodynamics? (1 time)
Thermal equilibrium: If two systems are at the same temperature, then they are said to be in
thermal equilibrium.
Zeroth law of thermodynamics: If two systems A and B are in thermal equilibrium separately
with a third system C, then the two systems must be in thermal equilibrium with each other

144)Define calorie. What is the relation between calorie and mechanical equivalent of heat?
Calorie: The amount of heat required to raise the temperature of one gram of water through 1°C
at a pressure of 1atm is called Calorie.

— 4186 Joule
J=4 Calorie
Where J is called mechanical equivalent of heat

145)What thermodynamic variables can be defined by a) Zeroth law b) First law?
a) Zeroth law defines temperature
b) First law defines internal energy

146) Define specific heat capacity of the substance. On what factors does it depend?
The amount of heat required to raise the temperature of unit mass of substance through 1°C is
called specific heat capacity.

1dQ

mdT
It depends on the nature of the substance and scale of temperature.

147)Define molar specific heat capacity. (1 time)
The amount of heat required to raise the temperature of one mole of substance through 1°C is
called molar specific heat capacity.
1dQ

ndT
Where n is the number of moles of gas

148)For a solid, what is the total energy of an oscillator?
Total energy = Potential energy + Kinetic energy = 3RT

o
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149)Indicate the graph showing the variation of specific heat of water with temperature. What
does it signify?
The graph showing variation of specific heat of water with temperature is shown in figure.

Specific heat

. Temperature

It signifies that for a precise definition of calorie, the unit temperature interval should be taken as
14.5°C to 15.5°C.

150)Define state variables and equation of state.
State variables: The quantities like pressure, volume, temperature and mass used to study the
behavior of thermodynamic system are called state variables.
Equation of state: The mathematical relation between the state variables (Thermodynamic
variables) is called equation of state.

151)Why a heat engine with 100% efficiency can never be realized in practice?
T,
Efficiency,n=1 —FZ
1
For 100% efficiency, T, = 0K, which is not possible.
So 100% efficiency can never be realized in practice.

152)In summer, when the valve of a bicycle tube is opened, the escaping air appears cold.
Why?
When the valve of a bicycle tube is opened, the air expands adiabatically. In adiabatic
expansion, temperature decreases and hence escaping air appears cold.

153)Why does the brake drum of an automobile get heated up while moving down at constant
speed?
Due to increase in internal energy

154)Can a room be cooled by leaving the door of an electric refrigerator open?
No, because the refrigerator is a heat engine works in backward direction.

155)Which of the two will increase the pressure more, an adiabatic or an isothermal process,
in reducing the volume to 50%?

In isothermal process, PV = constant In adiabatic process, PVY = constant
PV, =Py PV, =Py
Vi /AN
Py x5 =PV P, x (71) =PV
Py =2pP P, =2P;
-~ Pressure in adiabatic process is greater than the pressure in isothermal process.

(OR)
Adiabatic process

o
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156)A thermo flask containing a liquid is shaken vigorously. What happens to its
temperature?
Temperature of the liquid increases due to increase in internal energy

157)A sound wave is sent into a gas pipe. Does its internal energy change?
Yes, propagation of sound in a gas pipe is an adiabatic process and hence the internal energy
changes.

158)How much will be the internal energy change in a) Isothermal process b) Adiabatic
process?
a) Internal energy remains constant
b) Internal energy changes with temperature

159)The coolant in a chemical or a nuclear plant should have high specific heat. Why?
The coolant in a chemical or a nuclear plant should absorb large amount of heat for a small rise
in temperature. Hence the specific heat of the coolant must be high.

160)Explain the following processes. a) Isochoric process b) Isobaric process
Isochoric process: A process that takes place at constant volume is called isochoric process.
Isobaric process: A process that takes place at constant pressure is called isobaric process

161)What is specific heat of a gas in a) isothermal process and b) adiabatic process? (1
time
a) Inisothermal process, specific heat is infinity

KINETIC THEORY

162)Define mean free path. (4 times)
Mean free path: The average distance covered by a molecule between two successive
collisions is called mean free path.

163)Name two prominent phenomena which provide conclusive evidence of molecular
motion.
*  Diffusion of gases
*  Brownian motion

164)How does kinetic theory justify Avogadro’s hypothesis and show that Avogadro number
in different gases is same?
Avogadro’s law: At the same temperature and pressure, equal volumes of all gases contain
equal number of molecules.
According to kinetic theory,

For 1% gas, PV, = %Nlmlvf For 2" gas, P,V, = %szzvzz

If two gases are at same pressure and volume,
PV = PV,
1 2 1 2
§N1m1V1 = §N2m2V2 -— 1)

If two gases are at same temperature, then kinetic energies of gas molecules are same.

1 1

Elelz = Eszzz
mVE =myVf ———-(2)

From (1) and (2) we get
-
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165)When does a real gas behave like an ideal gas? (4 times)
At low pressure and high temperature real gas behaves like an ideal gas.

166)State Boyle’s law and Charles law. (3 times)
Boyle’s law: At constant temperature, the volume of a given mass of gas is inversely
proportional to its pressure.

1
V « P = PV = constant

Charles law: At constant pressure, the volume of a given mass of gas is directly proportional to
its absolute temperature.

VT = T = constant

167)State Dalton’s law of partial pressure. (3 times)
The total pressure exerted by a mixture of non-reacting gases is equal to the sum of the partial
pressures of the individual gases.
AP=P+P+P+ ——————

168)Pressure of an ideal gas in container is independent of shape of the container. EprainQ
time
The pressure of an ideal gas in a container is given by

1 =2
P = Fnmv
From the above equation, shape of the container is immaterial (Irrelevant). Hence pressure of
an ideal gas is independent of shape of the container.

169)Explain the concept of degrees of freedom for molecules of a gas.
Degrees of freedom: The total number of independent ways in which a system can possess
energy is called degree of freedom.
* Monoatomic gas has 3 degrees of freedom
* Diatomic gas has 5 degrees of freedom
* Triatomic gas has 6 degrees of freedom

170)What is the expression between pressure and kinetic energy of a gas molecule? (3

times
2

P==-K
3
Where K is the average kinetic energy of gas molecule per unit volume of the gas
171)The absolute temperature of a gas is increased 3 times. What will be the increase in rms
velocity of the gas molecule? (1 time)

Vrms(x‘/T

U1 Ty

v, |
GivenT, = 3T

v, |y 1

v, 3T V3

v, =V3u;

increase in rms velocity = V3v, — v; = (1.732 — 1)v; = 0.732v,
o
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172)State the law of equipartition of energy. (1 time)
Law of equipartition of energy: For any dynamical system in thermal equilibrium, the total
energy is equally divided among its various degrees of freedom and the energy associated with
each degree of freedom is ;KBT.
Where
K = Boltzmann’s constant
T = Absolute temperature of the system

(LAQ)

WORK, ENERGY AND POWER:

1) A machine gun fires 360 bullets per minute and each bullet travels with a velocity of 600
ms™. If the mass of each bullet is 5gm, find the power of the machine gun?
Given,

N 360
i 360 bullets/sec = 50 - 6 bullets/sec

v=600m/s
m=5gm=5x10"3kg
Power of the machine gun is

1
P=6><E><(5><10‘3)><6002

P=3x5x%x1073x36x 10*
P =5400W = 5.4 KW

2) A pump is required to lift 600kg of water per minute from a well 25m deep and to eject it
with a speed of 50ms™'. Calculate the power required to perform the above task?
Given, m = 600 kg

t = 1min = 60 sec
h=25m
v=50m/s
Power required is
mgh +2mv? (600 x 10 X 25) + G x 600 X 502)
- t - 60
1
_ 600 (250 +2 x 2500)
60
P =10(250 + 1250) = 10 x 1500
P =15000 W = 15 KW

o
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3) In a ballistics demonstration a police officer fires a bullet of mass 50.0 gm with speed 200
m s™ on soft plywood of thickness 2.00 cm. The bullet emerges with only 10% of its initial
kinetic energy. What is the emergent speed of the bullet?

Given, m=50gm=50x10"3kg
u=200m/s
If v is the emergent speed of the bullet, then

lmv2 = (10%) x lmu2
2 2

2 10 2
v —m Xu
1:2=i ><2002=M=4000
10 10
v = /4000
v =632m/s

4) Consider a drop of mass1.00 g falling from a height 1.00 km. It hits the ground with a
speed of 50.0 m s™. (a) What is the work done by the gravitational force? What is the work
done by the unknown resistive force?

Given, m=1.00gm=10"3kg
h =1.00 km = 10%km
v =50 m/s
a) Work done by the gravitational force:
Wgzmgh=10‘3><10><103=101
b) Work done by the unknown resistive force:
From work — energy theorem,
Wy + W, = AK

1 2
Wg+Wr=Emv

1 1 2.5
10+Wr=§x10‘3x502=§x10‘3x2500=7=1.25

W, = 1.25—10
W, = —8.75]

5) Find the angle between force F = (31 + 47 — 5 k) unit and displacement d = 57T+
4§ + 3 k) unit. Also find the projection of F on d?
Given,
F=@i+47-5k)
d=Gl+47+ 3k)
Angle between F and d is

ﬁ.d’_(3i+47—51€).(5f+47+312)_15+16—15_16_032
Fd ~  V9+16+25v25+16+9  +50v50 50
0 = cos~1(0.32)

cosf =

Projection of F on d = Fcos® =+/50 x g ==

o
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6) A cyclist comes to a skidding stop in 10 m. During this process, the force on the cycle
due to the road is 200 N and is directly opposed to the motion. (a) How much work does
the road do on the cycle? (b) How much work does the cycle do on the road?

a) The stopping force 200 N and displacement 10 m makes and angle of 180° with each other.
~ Work done by the road, W = Fs cos 180° = —200 x 10 = —2000
b) Road undergo no displacement. Thus work done by cycle on the road is zero.

7) Find the useful power used in pumping 3425m° of water per hour from a well 8m deep to
the surface, supposing 40% of the horse power during pumping is wasted. What is the
horse power of the engine?

Given, V =3425m3
m = volume X desity = 3425 x 10° kg
t =1 hour = 60 X 60 sec
h=8m
Formula:
60 mgh
1000 =0
60 (3425 x 103) x 9.8 x 8

100 60 x 60
(3425 x 10%) x 9.8 x 8 x 100

60 X 60 X 60
_ (3425 % 10%) x 9.8 x 8 x 100

- 60 x 60 X 60 x 746
P =1.66x 102 HP

8) Find total energy of a body of 5 kg mass which is at a height of 10m from the earth and
falling downwards straightly with a velocity of 20 m/s ?(Take g = 10ms?)
Given, h=10m; m=5kg; v=20m/s; g=10m/s?
1

1
K=Emv2=2x5x20x20=1000]

U=mgh=5x%x10x10 =500/
Total energy is
E =K+ U=1000+ 500
E =1500).

9) If ¥ = 3i + 4 + 5k is the instantaneous velocity of a body of mass 1.5 kg. Calculate its
kinetic energy.
Given,
m=15kg
7 =30+4) + 5k
v=v9+16 + 25 =50 m/s
Kinetic energy is

1 1
K =5mv? =2 x15x50=375]

o
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10) A ball falls from a height of 10m on to a hard horizontal floor and repeatedly bounces. If
the coefficient of restitution is 1/1/2, what is the total distance travelled by the before it
ceases to rebound?

Given,
h=10m

Total distance travelled is
3

1+ e? 1+- 3

dzh[ ]:1 2l = 10 (2)

— 21=10x3=30m

d=30m

11) A block of mass 5kg initially at rest at the origin is acted on by a force along the X —
Positive direction represented by F = (20 + 5x)N . Calculate the work done by the force
during the displacement of the block from x = 0 to x = 4m.

Given,
m=>5kg
F = (20 4+ 5x)N
x=0tox=4m
Work done by the force is

x=4
w= f F dx
x=0
w 2 16
W= f(20+5x)dx=[20x+57] =[80+5><7]—0=80+40=120
x=0 0
W =120]
K

12) A force F = —x—z(x # 0) acts on a particle along the X-axis. Find the work done by the
force in displacing the particle from x = +atox = +2a. Take K as a positive constant?
Given,

K
F = —;(x * 0)

x = 4+a to x = +2a.
Work done by the force is

x=2a 2a 2a
K 1 172
w= Fdx=f(——2)dx=—1(f (—z)dx=—K[——]
x X xlq
xX=a a a
w=rf] - rl-al - x5
T a “"l2a al” 2a
_ K
T 2a J
o
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OSCILLATIONS:

13) What is the length of a simple pendulum, which ticks seconds?
Given, T=2sec
Time period of a simple pendulum is

L
T =2m |—
g

L
T? = 4m? x —
g

L
L=1m (or) L=100cm

14) On an average a human heart is found to beat 75 times in a minute. Calculate its
frequency and period.

S 75 5 i iaen
Tmin_ 60sec 4°°¢ =+ z

Beat frequency of heart,n =

1 4
Time period, T = — = = sec = 0.8 sec
n 5

15) A particle executes SHM such that, the maximum velocity during the oscillation is
numerically equal to half the maximum acceleration. What is the time period?
We know that Vpmax = WA; Amax = W?A
Given condition is

v — amax
max 2
w?A
A=
w=2
2n  2m
Time period, T = W = — =T5ec

16) What are physical quantities having maximum value at the mean position in SHM?
Velocity and kinetic energy

17) A particle executing SHM has amplitude of 4cm and its acceleration at a distance of 1cm
from the mean position is 2cms™. What will be its velocity when it is at a distance of 2cm
from its mean position?

Given,
A=4cm; y,=1cm; a =3cms %
Y2 = 2cm;
vy, =7
From a; = w?y,
3=w?x1
0=43

From V = w42 —yZ
V =+3V16 - 4=+/3V12 =36 = 6 cm/s

o
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18) A simple harmonic oscillator has a time period of 2s.What will be the change in the phase
0.25 s after leaving the mean position?
Given, T =2sec; t=0.25sec
2m
Phase change, ® = wt = Tt

o= 025=" radi
_2 . —47"(1 an

19) Calculate the change in the length of a simple pendulum of length 1m, when its period of
oscillation changes from 2s to 1.5s?
Given,

3
Ly=1m; T;=2sec; T, = 1.55€C=§SEC
L, =7 L,—L;=7?

L

Time period of a simple pendulum, T = Zn\/;

T VL
T? < L
T? L
il
=2

16

-7
changeinlength,L, — L, = 6~ 1= I3

~ Change in length is decreased by % m

20) What happens to the time period of a simple pendulum if its length is increased up to
four times?
Given, [, =4l

We know that,T = Zn\/g

T <L

T, L

2o |2_i=2
= =V
T, = 2T,

~ Time period increased by 2 times

21) The mass and radius of a planet are double that of the earth. If the time period of a simple
pendulum on the earth is T, Find the time period on the planet?

Given,
Mp=2M, =2 =3
P = e Me -
Rp=2R, = =2
P = e Re -
T,=T; Tp=7?
. . . L L GM
Time period of a simple pendulum, T = Zn\/: =21 |7n [ v9="4
g (V) S
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- LR?
- GM

RZ
T x m
T, Rp\2 M, 1
r_ (_P) x—C= [4x==+2
T, R, Mp 2

Tp=V2 T

22) A freely falling body takes 2 seconds to reach the ground on a planet, when it is dropped
from a height of 8m. If the period of a simple pendulum is = seconds on the planet,
calculate the length of the pendulum?

Given,
t=2sec; h=8m; T = 1 sec; L=7

1
For a freel falling body, h = E.gpt2

1
8=§(9p)><4

gp =4ms™?

Time period of a simple pendulum on planet is

L
T =2n |—
9p

L
T? = 4m? x —

Ip

L
2=4_ ZX—
T T 2
L=1m

23) The bob of a pendulum is made of a hollow brass sphere. What happens to the time
period of the pendulum, if the bob is filled with water completely? Why?

L
Time period, T = 2w |—
Ip

Where L = Length of the pendulum

When hollow brass sphere is completely filled with water, centre of mass does not change.
Hence length of the pendulum remains same.
Therefore, time period of hollow brass sphere filled with water completely has ‘no change’.

24) Two identical springs of force constant ‘K’ are joined one at the end of the other (in
series). Find the effective force constant of the combination.
Total elongation, e = e; + e,

PP F_2F
Kesf K K K
Kerr = g
Effective force constant of combination, K, ¢f = g -
[ Target = 60 ] [ Min. Material -Max. Marks J

v



AIMSTUTORIAL Phvsics-1 '= AIMSTUTORIAL

Phyvsics-1 '=

THERMODYNAMICS:
25) A refrigerator is to maintain eatables kept inside at 9°C. If room temperature is 36°C,
calculate the coefficient of performance?
Given,
Ty =273+36=309K
T, =273+9=282K
Coefficient of performance is
_ T _ 282 282,
‘B_TZ—Tl_3O9—282_ 27
26) An electric heater supplies heat to a system at a rate of 100W. If system performs work at
a rate of 75 joules per second. At what rate is the internal energy increasing?

Given,
AQ =100 W
AW =75]/s
We know that,

AQ = AU + AW
AU = AQ — AW =100 — 75 = 25 W

UNITS AND DIMENSIONS:

1) The vernier scale of an instrument has 50 divisions which coincide with 49 main scale
divisions. If each main scale division is 0.5 mm, then using this instrument what would
be the minimum inaccuracy in the measurement of distance?

Given 50 VSD = 49 MSD

1VSD = i MSD
T 50
And 1MSD = 0.5mm

Formula:

Least count,L.C = 1MSD - 1VSD

— 115D - 22 wsp = L msp = 22 mm = 0.01
= ~50 ~50 = 5o M T RO

L.C =0.01mm
~Minimum inaccuracy in the measurement of distance is 0.01 mm

2) In a system of units, the unit of force is 100 N, unit of length 10 m and the unit of time is
100 s. What is the unit of mass in this system?
Unit of force, F = 100 N

Unit of length, L =10 m
Unit of time, T=100 s
We know that, [F] = [MLT 2]
100

F
=~ Unit M=—=—
nit of mass LT ~ (10)(100)2

=105kg

o
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3) A physical quantity X is related to four measurable quantities a, b, ¢c and d as follows:

X = a?b3c%/2d~2 . The percentage error in the measurement of a, b, ¢ and d are 1%, 2%,
3% and 4% respectively. What is the percentage error in X?
Given,

X = a?b3c3/2d~2
The percentage error in X is

AX Aa Ab 5 (Ac Ad
— X100 = 2(—><100)+3(—>< 100)+—(—>< 100)+2(—>< 100)
X a b 2\c d
5
=2(1)+3(2) +E(3) +2(4)

=2+6+75+8
= 23.5%

4) The velocity of a body is given by v = At?> + Bt + C. If v and t are expressed in Sl what are
the units of A, B and C?

Given v = At? + Bt + C.
-1

. v ms 3
UmtofA=t—2=—2=ms
) v mst -
UmtofB=t—= =ms
N

Unitof C=v=ms™!

5) The error in measurement of radius of a sphere is 1%. What is the error in the
measurement of volume?

Given,

Ar
TX 100 = 1%

Error in the measurement of volume is
AV Ar
7>< 100=3(7><100) =3(1) =3%

6) The percentage error in the mass and speed are 2% and 3% respectively. What is the

maximum error in kinetic energy calculated using these quantities?
Given,

Am
—x100=2%
m
Av
7>< 100 = 3%

We know that, K = %mvz

Maximum error in kinetic energy is
AK Am Av
—x 100 = (—x 100)+2(—>< 100)
K m v
=24+23)=2+6
=8%

7) Find the relative errorin Z,if Z = A4Bl/3/CD3/2
Given, Z=a*B"3/cD%>
Relative errorin Z is

AZ_4(AA)+1(AB)+AC+3<AD)
_] 4)73\ )¢ T2\D -~

7
Target = 60 [ Min. Material -Max. Marks J

v




AIMSTUTORIAL Phvsics-1 '=

8) The temperatures of two bodies measured by a thermometer are t; = 20°C + 0.5°C
and t, = 50°C + 0.5 °C. Calculate the temperature difference and the error therein.
t' = t,-t; = (50°C £0.5 °C)- (20°C £ 0.5°C)
t'=30°C £ 1°C

9) The resistance R = V/l where V =(100 £ 5) V and | = (10 £ 0.2) A. Find the percentage error
in R.
We know that,

~I<

Percentage error in R i

[

AV 100) + (AI x 100)
v i
- ( > o 100) + (0'2 x 100)
—\100 10

ARX 100 = 7%
R = 0

10) State the number of significant figures in the following.
a)6729 b)0.024 c)0.08240 d)6.032 e)4.57 x 108
a)4 b)2 c)4 d)4 e)3

11) The measured mass and volume of a body are 2.42 g and 4.7 cm® respectively with
possible errors 0.01 g and 0.1cm?®. Find the maximum error in density?
Given,
m =242 gm; V=47cm3
Am = 0.01 gm; AV =01cm?
We know that

_ m
P=y
Ap Am AV
2P w100 = (— x 100) + (—x 100)
p m 4
ap x 100 = (0'01 X 100) + (0'1 X 100) = 2.54%
p “\242 4.7 TR

12) Each side of a cube is measured to be 7.203 m. What are the total surface area and the
volume of the cube to appropriate significant figures?
Given each side of a cube, a=7.203 m
i) Total surface area of the cube = 6a? m?
=6 x (7.203)?
= 311.299254
=311.3m?
ii) Volume of the cube = a3 m3
= (7.203)% = 373.714754
=373.7m3

o
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13) 5.74 g of a substance occupies 1.2 cm®. Express its density by keeping the significant
figures in view.
Given, m=574¢g

v=12cm®
. m 5.74
~ density,p = AV 4.78333
p=48g/cm3

14) Three measurements of the time for 20 oscillations of a pendulum give t; =39.6 s, t, =
39.9 s and t; = 39.5 s. What is the precision in the measurement? What is the accuracy of
the measurement?

Given, t1=39.6s,t,=39.9sandt;=395s

ti+t, +t3
Trean vaiue = 3
39.6 +39.9+395 119
=—F=—=39.666
3 3
= 39.7 sec

Precision: 0.1 sec
Accuracy: 39.6 sec

15) The distance of galaxy from earth is of the order of 10**m. Calculate the order of
magnitude of the time taken by the light to reach us from the galaxy?
Given,  Order of distance = 10 m
Order of velocity of light = 108 m
Order of magnitude of the time taken by the light to reach us from the galaxy is
da 10%
= ; = W = 1017S€C
16) The Earth — Moon distance is about 60 Earth radius. What will be the approximate
diameter of the earth as seen from the moon?
Given, Earth — moon distance = 60 R
Earth radius = R
Angular diameter of the earth as seen from the moon is

_ Diameter 2R 1 dign = 1 ><180 _6 20
" Distance ~ 60R 30 raduan = 30 T
17) A new unit of length is chosen so that the speed of light in vacuum is 1 ms™. If light
takes 8 min 20 s to cover this distance, what is the distance between the sun and earth
in terms of the new unit?
In new system, c¢c=1m/s
t =8 min 20 sec = 500 sec
Distance between the sun and the earth in new system is

d=cxt
d = 1x 500
d = 500m
VN
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18) A student measures the thickness of a human hair using a microscope of magnification
100. He takes 20 observations and finds that the average thickness is 3.5 mm. What is
the estimate of the thickness of hair?

Given, magnification = 100
Observed thickness = 3.5 mm
Real thickness = ?
Formula:
M . Observed thickness
agnification = Real thickness
Observed thickness 3.5mm

Real thick =
eat thickness Magnification 100

= 0.035mm

19) In the expression P = EI>m~56~2 the quantities E, I, m and G denote energy angular
momentum, mass and gravitational constant respectively. Show that P is a
dimensionless quantity?

Energy,E = [ML*T~?]
Angular momentum,l = [ML?>T™1]
mass,m = [M]
Gravitational constant, G = [M~1L3T 2]
Given condition is
P =El*’m=5G72
P = [ML2T 2| [ML>T 12 [M]S[M~tL3T~2]2
P = [ML?T?|[M?L*T~2] [M]~5[M?L~°T*]
P = [M1+2—5+ZLZ+4—6T—Z—Z+4]

P = [M°L°T®] - Pis a dimensional quantity.

20) Calculate the angle of a) 1° (degree) b) 1" (minute) and c) 1'! (second) in radians.

We Know that 180° = w radian =1°=1Z—0radian
. , 1°
1°=60 = 1 =—
60
1'=60" = 1'=~
h ~ 60

a) 1°= ;:Toradian = 1.745 x 1072 radian
_1° _ 1.745x1072

- ~4 radi

b) 1= 5 oS = 2.9(3223 X 10™* radian

c) 1'=+=—"1_= L745X907 _ 485 x 106 radian
60  60X60 60x60

21) The sun’s angular diameter is measured to be 1920”. The distance D of the sun from the
earth is 1.496 x 10''m. what is the diameter of the sun?
Given 6 = 1920 "= 1920 x 4.85 x 10~¢ radian = 9.31 x 1073 radian
D = 1.496 x 10''m
Diameter of the sun is
d=6D=9.31x10"3 x 1.496 x 10'*
d =13.93 x 108
d=139%x10°m

o
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MOTION IN A PLANE:

22) A force 2i + j — k newton acts on a body which is initially at rest. At the end of 20
seconds the velocity of the body is 4i + 2j — 2k ms™'. What is the mass of the body?
Given,
F=2i4+j—k; F=Vvd+1+1=vV6N
Initial velocity, u = 0
D=4i+2j—2k; v=v16+4+4=+24=2/6m/s
Time, t = 20 sec
We know that, F =ma

V—Uu
F=m( . )

246 V6
o=n(55)=m(5)
m =10 kg

23) Rain is falling vertically with a speed of 35 ms™. A woman rides a bicycle with a speed of
12 ms™ in east to west direction. What is the direction in which she should hold her

umbrella?
Given, \‘
Vg = 35m/sec Vs N
Vg =12 m/sec N
Let Vg is the velocity of rain w.r.to bicycle.
m’ — VR’ _ VB’ W E
Direction of Vzp is
6= Yo _12_ 0.343 S
b=y =3 Ves
0 = tan~1(0.343) M
6=19° R

Therefore, the woman should hold her umbrella at an angle 19° with the vertical towards the
west.

24) Rain is falling vertically with a speed of 35 ms™. Winds starts blowing after sometime
with a speed of 12 ms™ in east to west direction. In which directio/n should a boy waiting

at a bus stop hold his umbrella? Ky
Given, \\\ »
Vr = 35m/sec v
Vy = 12 m/sec 4 N
Let R is the resultant of Vz and Vy,,
Direction of R is 0 w E
6= V—W = E = 0.343
ant =y =35=90 s
0 = tan~1(0.343)

6 =19° R
Therefore, the boy should hold his umbrella at an angle 19° with thg vertical towards the east.

25) Wind is blowing from the south at 5m/s. To a cyclist it appears to be blowing from the
east at 5m/s. Find the velocity of the cyclist?

Given, N
Vw = (5)) m/s
Ve = (=50)m/s w E
But Viyo =V — V¢ - :
Target = 60 [ Min. Material -Max. Marks J
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29) An astronaut accidentally gets separated out of his small spaceship accelerating in inter
stellar space at a constant rate of 100 ms. What is the acceleration of the astronaut the

AIMSTUTORIAL AIMSTUTORIAL

Ve = Vi = Viwe = 5 — (=50) = (5i + 5)) m/s

V. =25+ 25 = V50 = 2V5m/s

Therefore, velocity of cyclist is 2v/5 m/s towards N — E.

26) O is a point on the ground chosen as origin. A body first suffers a displacement of 102
m north — east, next 10m north and finally 102 m north — west. How far is the body from

the origin?
Given,
S, = 10v2Zm due N — E = (10i + 10))m N
S, = 10m due N = (10j)m
S; = 10vV2m due N — W = (—10i + 10j)m w
+8§=545,+S; =10i + 10j + 10j — 10i + 10j = 30j
Therefore, the body is at a distance of 30m from the origin towards north. S
LAWS OF MOTION:

27) A batsman hits back a ball straight in the direction of the bowler without changing its

initial speed of 12 ms™'. If the mass of the ball is 0.15 kg, determine the impulse imparted

to the ball.
Given,
m=0.15kg
v=12 m/s
Impulse, ] =2mv
J=2x%0.15x12
] =3.6Ns

28) Calculate the time needed for a net force of 5N to change the velocity of a 10kg mass by

2m/s.

Given,
F=5N
m=10kg
(v—u)=2m/s

We know that,

v—Uu
F m( : )
2
5=10(%)
t
t 20 4
=—=4sec
5

o
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instant after he is outside the spaceship?
The acceleration of the astronaut is zero.

30) A bullet of mass 0.04 kg moving with a speed of 90 ms™ enters a heavy wooden block
and is stopped after a distance of 60 cm. What is the average resistive force exerted by
the block on the bullet?

m = 0.04kg = 4 X 10~%kg
v =90m/s
s=60cm=60x10"2m
Average resistive force is
mv?  4x107% x 81 x 102
T 25 2x60x102
F = 270N

31) The motion of a particle of mass m is described by y = ut + %gtz. Find the force acting
on the particle?
Given y = ut +§gt2

Now
dy
U—E—u+gt
T

Then the force is given
F =ma=mg

32) Determine the maximum acceleration of the train in which a box lying on its floor will
remain stationary, given that the co-efficient of static friction between the box and the
train’s floor is 0.15.

Given pg; = 0.15
S Qpax = Hsg = 0.15 X 10 = 1.5 m/s?

33) A mass of 4 kg rests on a horizontal plane. The plane is gradually inclined until at an
angle 6 = 15° with the horizontal, the mass just begins to slide. What is the coefficient of
static friction between the block and the surface?

Given 0,4, = 15°
Coefficient of static friction is
us = tan(Oq,) = tan15° = 0.27

34) A cyclist speeding at 18 km/h on a level road takes a sharp circular turn of radius 3 m
without reducing the speed. The coefficient of static friction between the tyres and the
road is 0.1. Will the cyclist slip while taking the turn?

Given,

5
v =18 kmph = 18 X (E)m/s =5m/s

r=3m
Condition for cyclist not to slip is given by
Vmax = /HsgT
Vmax = V01X 10 x 3
Vpmax = V3 =1732m/s
But givenv=5m/s -

[
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LV > Upay
Therefore the cyclist will slip while taking the circular turn.

35) The linear momentum of a particle as a function of time t is given by p = a + bt, where a
and b are positive constants. What is the force acting on the particle?

Given,
p=a+bt,
The force acting on the particle is
P _ L b=
Tdt T dt (a+bt) =
F=b

36) A constant force acting on a body of mass 3.0kg changes its speed from 2.0m/s to
3.5m/s in 25s. The direction of motion of the body remains unchanged. What is the
magnitude and direction of the force?

Given,

m=3kg

v—u=15m/s

t=25s
We know that,

F=m(v_u) N i PPy
t 25 25

Therefore, the force will be in the direction of motion of the body.

37) A ball of mass m is thrown vertically upward from the ground and reaches a height h
before momentarily coming to rest. If g is acceleration due to gravity, what is the
impulse received by the ball due to gravity force during its flight?

Impulse, ] = 2mv

Butv =,/2gh
~ ] =2m,/2gh = \/4m?2gh = /8m2gh

38) A container of mass 200 kg rests on the back of an open truck. If the truck accelerates at
1.5 m/s?, what is the minimum coefficient of static friction between the container and the
bed of the truck required to prevent the container from sliding off the back of the truck?

Given,
m = 200kg
a=15m/s?
We know that, a=ug
a 15

=2=2-015
“=5 710

SYSTEM OF PARTICLES AND ROTATIONAL MOTION:

39) Find the torque of a force 7i + 3j — 5k about the origin. The force acts on a particle
whose position vectoris i —j + k

Given,
F=7i+3j—5k
F=i—j+k
We know that,
2=%xF
i j k
=01 =1 1|=i(5-3)—j(-5-7)+kB+7)
7 3 =5
=2i+12j+ 10k -
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40) When 100 J of work is done on a fly wheel, its angular velocity is increased from 60rpm
to 180rpm. What is the moment of inertia of the wheel?

Given,
=60 -8 =1 ;
ny = 60rpm = rps = 17ps;
180
n, = 180rpm = arps =3rps

wy=2nn, =2nxX1=2m
W, = 21N, =21 X 3 =61
W =100j
We know that,
1
w =El(w§—w%)

1 1
100 = E1(36112 —47?) = EI x 32m% = 161 X 2

1= 100 = 0.63 kgm?
16wz gm

41) Find the scalar and vector product of two vectors @ = (3i — 4j + 5k)and b= (=2i+j—
3k)?

1) a.b=@@i—4j+5k).(-2i+j—-3k)=—6—4—15=-25

ik
2) dxb=|3 -4 5|=i(12-5)—j(-9+10)+k(3-8)
-2 1 -3

=7i—i-5k

42) The moment of inertia of a fly wheel making 300 revolutions per minute is 0.3 kgm?. Find
the torque required to bring it to rest in 20s?
Given,

300
ny = 300rpm = Erps =51rps
wq =21n, =2 X5 =10m
1 =0.3 kgm?
w, =0
t=20s
We know that,
oy (W2 Wy
t=la=1 (—t )

—10m\ _ 03x314 0942

T=03 ( 20 )~ z
Torque required to bring it to restis 0.471 Nm.

=—-0471Nm

43) What is the moment of inertia of a disc about one of its diameter?
- MR?
T4
44) What is the moment of inertia of a rod of mass M, length [ about an axis perpendicular to
it through one end?
I MI?
K
45) What is the moment of inertia of a ring about a tangent to the circle of the ring?

VN
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I= %MR2
46) To maintain a rotor at a uniform angular speed of 200 rad s™, an engine needs to
transmit a torque of 180 Nm. What is the power required by the engine?
Given,
w=200rads™L; T=180 Nm
Power, P = tw

P =180 x 200
P =36000 W
GRAVITATION:

47) Two spherical balls each of mass 1 kg are placed 1 cm apart. Find the gravitational force
of attraction between them?
Given
my=m, =1kg
r=1cm=10"2%m
G = 6.67 x 10712 Nm3/kg?
Gravitational force of attraction between them is
Gmm, 6.67x107' x1x1 _;
F = 2 = 10" =6.67%x107" N
MECHANICAL PROPERITES OF SOLIDS:

48) A copper wire of 1 mm diameter is stretched by applying a force of 10 N. find the stress

in the wire?
Given,
D =1mm
_b_1 ==-x1073
=3 me =3 m
F=10N
F F 10 280
-~ Stress = AT o 22 x 10 =12.73 x 10° = 1.273 X 10’N/m?

nr? (g) X % x 10-6 22

49) A tungsten wire of length 20cm is stretched by 0.1cm. Find the strain on the wire?
Given,

[l=20cm

Al=01cm
. Strai —Al—o'l—ooos
o ram—l—zo— B

50) If an iron wire is stretched by 1%, what is the strain on the wire?

Given,
Al 1% = 1 0.01
I~ "7 7100
Al
~ Strain = T =0.01
VN
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51) Determine the pressure required to reduce the given volume of water by 2%. Bull
modulus of water is 2.2 x 10° N/m?

Given,
& e
v -7 T 100
K =22x10° N/m?
We know that,

K= P
- AV
-%)
P—K( AV)—22><10"(2 )—44><107N 2
= v)=~ 100/ = ™ /m

52) A steel wire of length 20cm is stretched to increase its length by 0.2cm. Find the lateral
strain in the wire if the Poisson’s ratio for steel is 0.19?

Given,
Longitudinal strai —Al—0'2—001
ongi u’ inal strain = T=20°-0
Poisson s ratio = 0.19
We know that,

. , . Lateral strain
Poissonsratio = ——————
Longitudinal strain

Lateral strain = Poisson’s ratio X Longitudinal strain
Lateral strain = 0.19 x 0.01 = 0.0019

MECHANICAL PROPERITES OF FLUIDS:
53) If the diameter of a soap bubble 10mm and its surface tension is 0.04 Nm™, find the
excess pressure inside the bubble?

Given,
D =10mm
D
R=§=5mm=5><10‘3m
§$=0.04N/m
Excess pressure inside the bubble is

_4S_4x004 016 o 160
"R 5x102 5 =75 T /m

54) Find the excess pressure inside a soap bubble of radius 5 mm (surface tension is 0.04

N/m)?
Given,
R=5mm=5x10"3m
S$=004N/m
Excess pressure inside the bubble is
_4S5_4x004 016 . 160 .,
"R 5x102 5 =5 =32 N/m
-
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55) Calculate the work done in blowing a soap bubble of diameter 0.6cm against the surface
tension force. (Surface tension of soap solution = 2.5 x 1072 N/m)
Given,
§=25%x10"2N/m
D=06cm

D
R=5=0.3cm=0.3><10‘2m

Work done in blowing a soap bubble is
W =8rR?S =8x3.14 x (0.3x1072)2 x 2.5 x 1072
W =5652x107¢]

56) If work done by an agent to form a bubble of radius R is W, then how much energy is
required to increase its radius to 2R?
Given,
Work done to form a bubble of radius R is W
W = 8rR?S
Energy required to increase its radius from R to 2R is
E = 8m[(2R)? — R%]S = 8m[4R? — R?]S = 8m(3R?)S
E = 3(8nR2S) = 3W
57) If two soap bubbles of radii Ry and R; (in vacuum) coalesce under isothermal conditions,
what is the radius of the new bubble?
Work done to form bubble of radius R
= Work done to form bubble of radius R,
+ Work done to form bubble of radius R,
87mR2S = 87R,2S + 87R,%S
RZ=R,;2+R,?

R= /Rlz + R,?

58) The two thigh bones (femurs), each of cross-sectional area10 cm? support the upper part
of a human body of mass 40 kg. Estimate the average pressure sustained by the femurs.
Given A=2x10cm?=20x10"*m?
m=40kg
Average pressure is
F mg 40 x 10
b =4 =0 = 20x10%
Pay = 2% 105

59) What is the pressure on a swimmer 10 m below the surface of a lake?
Given h=10m
P, =1.01x 10° Pa
~P =P, +pgh
= (1.01 x 10%) + (103 x 10 x 10)
= (1.01 x 10°%) + 105
=2.01 x 10° Pa
~ 2 atm

60) The density of the atmosphere at sea level is 1.29 kg/m®. Assume that it does not change
with altitude. Then how high would the atmosphere extend?
Given p = 1.29 kg/m®

Pr= 1]01 x 105 Pa -
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o Paem = pgh
1.01x10° =129x 98 x h
_101x10° 1.01x10°

T 1.29x98 12.642
h~8km

=7989m

61) Show that Reynold’s number is dimensionless.

We know that Reynold’s number is
_pvD

n

Where  p = density of fluid = [ML™3]
v = velocity of fluid = [LT™1]
D = diameter of tube = [L]
n = coefficient of viscosity = [ML™1T™1]
pvD  [ML3][LTM[L] _ [ML'T™']
n MLTTTY  [MLTTY]
Therefore, Reynold’s number is dimensionless.

Re

“R,=

62) What should be the radius of a capillary tube if water has to rise to a height of 6 cm in it?
(Surface tension of water = 7.2 x 1072 Nm ™)
Given,
h=6cm=6x10"%m
§=72x10"2Nm™?
p=10% kg/m?
Radius of the capillary tube is

_25 __2x72x107 =24x10"* = 0.00024
T ogh T 10°x10x6x102 - =5 mn

THERMAL PROPERTIES OF MATTER:
63) Find the increase in temperature of aluminium rod if its length is to be increased by 1%?
(@ for aluminium = 25 x 107% /°C)

Given,
a=25x10"°/°C
Al 1% = 1
1~ ""7100
We know that,
N
EY:
At_Ale_ 1 o 1 _ 1 _10000_40006
T 1 7a 1007 25x10°6 25x10~% 25
At = 400°C
o
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64) What is the temperature for which the readings on Kelvin and Fahrenheit scales are
same?
K = F = x(say)
We know that,
K —27.015 F-32

100 180
x—27315 x—32
5 9

9x — 2458.35 = 5x — 160
4x = 2458.35 — 160 = 2298.35
x =574.58

~ x = 574.6°F = 574.6K

65) If the maximum intensity of radiation for a black body is found at 2.65um what is the
temperature of the radiating body? (Wein’s constant = 2.9 x 10-3mK)
Given,
Amax = 2.65um = 2.65X 107°m
Wein’s constant, b = 2.9 x 1073mK
We know that,
AmaxT = constant (b)
b 29x1073

T=— """
Amax  2.65 X 10-6

=1094 K
66) If the volume of nitrogen of mass 14 kg is 0.4 m® at 30°C; calculate the pressure.
Given,
m = 14kg = 14 x 103gm
M =28
V =04m3
T =30+273 =303K
We know that,

pv ="pr
M
_mRT_14><103x8.314x303_315x105N/ ,
v T 28x 04 oL mn

67) The volume of a mass of gas at 37°C and a pressure of 75 cm of mercury is 620 cc. Find
the volume at N.T.P?

Given,
Ty = 273 + 37 = 310K T, = 273K
P, =75cmof Hg P, =76cmof Hg
V, = 620 cc V, =?
We know that,
PV RV,
T, T,
75 %620 76XV, 76 XV,
- = = 150 =
310 273 273
150 x 273
=g =5388lcc
VN
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68) Two absoluting scales A and B have triple points of water defined to be 200A and 350B.
What is the relation between T, and Tg?

T, 200 4
Ty 350 7
KINETIC THEORY:
69) What is the ratio of rms speed of oxygen and hydrogen molecules at the same
temperature?
The rms speed of gas molecule is given by
3RT
Vims = |—=—
1

70) Four molecules of a gas have speeds 1, 2, 3 and 4 km/s. find the rms speed of the gas

molecule?
V2 + 1,2+ 132 41,2
I/7"!71,5 = f
12 4+ 22 4+ 32 4+ 42 1+4+9+16 30
Vims = 7 = 7 = |7 = V7.5 = 2.7km/sec

71) If a gas has f degrees of freedom, find the ratio of C, and Cy?
If a gas has f degrees of freedom, then

CV:ER and
CP=CV+R=§R+R=(§+1)R
f
.CP_(E+1)R_1+2
Cy Lr f

72) Calculate the molecular K.E of 1 gram of Helium (Molecular weight 4) at 127°C. Given
R=8.31Jmol 1K1
T = (127 + 273)K = 400K
m 1
n= n=12 mole
Molecular kinetic energy is

3 3.1
K.E=EnRT=E><Z><8.31><4—OO=3><8.31><50=124-6.5]

o
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73) When pressure increases by 2%, what is the percentage decrease in the volume of a
gas, assuming Boyle’s law is obeyed?

AP
?x 100 = 2%

According to Boyle’s law, V oc%

LAY 100 = — 2P« 100 = —2%
Y -7p e

~ Volume decreases by 2%

o
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