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UNIT -1 (NATURE OF PHYSICAL WORLD AND
MEASUREMENT)

From a point on the ground, the top of a tree is seen to have an angle of
elevation 600°. The distance between the tree and a point is 50 m. Calculate
the height of the tree?
Solution

0 = 600, The distance between the tree and a point x = 50 m,

Height of the tree (h)="?

. . h
For triangulation method tan 6 = —

X
h=xtan 0 ;=50 x tan 60°; =50 x 1.732
h = 86.6 m; The height of the tree is 86.6 m.

A RADAR signal is beamed towards a planet and its echo is received
7 minutes later. If the distance between the planet and the Earth is
6.3 x 1010 m, Calculate the speed of the signal?

Solution

The distance of the planet from the Earth No. Log
d=6.3x1019m

Timet =7 minutes =7 x 60 s. 126 | 11004

the speed of signal V =? 420 | 2.6232

10 —

The speed of signal V = % = % ; (=) | 24772
V=3x108 ms1 Antilog | 3.000x 10°

Two resistances R1 = (100 3) Q, R2 = (150 +2) Q, are connected in series.
What is their equivalentresistance?
Solution

R1=100 £33, R> =150 + 2Q

Equivalent resistance R =7?

Equivalent resistance R = R1+R2

= (100 +3) + (150 +2) ; =(100 + 150) + (3 + 2)

R=(250 +5) Q

The temperatures of two bodies measured by a thermometer are
t1 = (20 + 0.5)°C, t2 = (50 + 0.5)°C. Calculate the temperature difference
and the error therein.
Solution
t1=(20 £0.5)°C t2=(50 +0.5)°C ‘ temperature difference t=?
t=t2-t1;=(50 £0.5)- (20 +0.5)°C
= (50 - 20) + (0.5+0.5) ;t=(30+1)°C
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ZbZ
A physical quantity x is given by x = ‘zﬁ If the percentage errors of
measurement in a, b, ¢ and d are 4%, 2%, 3% and 1% respectively, then
calculate the percentage error in the calculation of x.

Solution
a?b?

Given x = :;ﬁi ,

The percentage error in x is given by

2 X100 =222 100 + 3 = x 100 + =2 x 100 + 3 = x 100

= (2 x 4%) + (3 x 2%) + (1 x 3%) + (V2 x1%); = 8% +6%+3% +0.5%
The percentage erroris x = 17.5%

State the number of significant figures in the following
i) 600800 - Four ii) 400 - One iii) 0.007 - One

iv) 5213.0 - Five v) 2.65 x 1024m - Three
vi) 0.0006032 - Four

Round off the following numbers as indicated

i) 18.35 up to 3 digits 3 1.84

ii) 19.45 up to 3 digits ) 19.4

iif) 101.55 x 106 up to 4 digjts" : 101.6 x 106
iv) 248337 up to digits 3«digits 248000

v) 12.653 up to 3 digits : 12.7

Convert 76 cm of mercury pressure into Nm—2 using the method of
dimensions.

Solution

In cgs system 76 ¢m of mercury pressure = 76 x 13.6 x 980 dyne cm—2

The dimensional formula of pressure P is [ML-1T-2]

Pa[M3 13 Tf | = Po[M3 L3 T5 ] 5 P> = Pafo ] = ] [
Mi=1g Mo=1kg; L1=1cm,Lo=1m; T1=1s,To=1s
Asa=1,b=-1,andc=-2

-2
Then Pa = 76 x 13.6 x 980 [“‘g] [“m] [ ]

3 -2
= 76 x 13.6 x 980 [10 "g] [10 m] [ ]
1kg

=76 x 13.6 x 980 x [10-3] x 102
P>=1.01 x 105 Nm~2
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If the value of universal gravitational constant in Sl is 6.6x10-11 Nm2 kg2,
then find its value in CGS System?
Solution
Let Gsi be the gravitational constant in the Sl system and Gegs in the cgs
system. Then Gg) = 6.6 x10-11Nm=2 kg2
Gegs =?

=l [ (2] s = el 2] ]
Mi=1kg L1=1m,T1=1s; M2o=1g,Lo=1cm,To=1s

The dimensional formula for Gis M-1L3T2;a=-1,b=3andc=-2

e =66 x 1024 " [ ]

_ ) 1kg
-eex10u[ ] [2a ] 1]
=6.6 x 10711 x 10-3x 106 x 1 ; Gegs = 6.6 x 108 dyne cm2g2

Check the correctness of the equation ¥2 mv2 = mgh using dimensional
analysis method.
Solution
Dimensional formula for %2 mv2={M][LT-1]2 =[ML2T-2]
Dimensional formula for mgh-= [M][LT-2][L]=[ML2T-2]
[ML2T-2] = [ML2T-2]
Both sides are dimensionally the same, hence the equations
12 mv2 = mgh is dimensionally correct.

Obtain an expression for the time period T of a simple pendulum. The time
period T depends on (i) mass ‘m’ of the bob (ii) length ‘I’ of the pendulum and
(ili) acceleration due to gravity g at the place where the pendulum
is suspended. (Constant k = 2m)
Solution

Toc m@1P g€ ; T=k m&lPg®

Here k is the dimensionless constant. Rewriting the above equation
with dimensions

[T1] = [Me] [L°] [LT~2]¢ [MOLOT!] = [Ma Lb*e T-2c]

Comparing the powers of M, L and T on both sides, a=0, b+c=0, -2c=1
Solving fora,bandca=0,b=1/2,andc=-1/2

From the above equation T = k. mo [Y/2 g1/2

T=k (1) 'k |Y g ; Experimentally k = 2m, hence T=2n |1/
g =P y ' g
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EXERCISE PROBLEM

12. In a submarine equipped with sonar, the time delay between the generation
of a pulse and its echo after reflection from an enemy submarine is observed
to be 80 s. If the speed of sound in water is 1460 ms1. What is the distance
of enemy submarine?

Solution
v=80s,v=1460 ms1, D=7

D=2 = 12%0%80 . _ 1460x40:58400m

2 2
D = 58.4km

13. The radius of the circle is 3.12 m. Calculate the area of the circle with regard
to significant figures.

Solution No. Log
r=31.2m;A="?
A=mr? ;=3.14x3.12x3.12 ; =30.57m2 3.14 0.4969

A = 30.6 m2 (rounding off with significant figure3) 310 0.4947

312 04942

(+) 1.4853

Antilog | 3.057 x 101

14. Jupiter is at a distance of ‘824.7 million km from the Earth. Its angular
diameter is measured todbe 35.72". Calculate the diameter of Jupiter
Solution

X =824.7 million km = 82 No.
4.7 x 106 x203 m
0=35.72"=35.72x4.85x 10%rad; b="? 8247 | 29163

Log

b
x=2;b=x8; 35.72 | 1.5529
=824.7 x109x 35.72 x4.85 x 106
=1.428 x 105x 103 m ; 4.85 0.6857

= 5
b=1.428 x 105km (+) 5.1549

Antilog | 1.428x 10°
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UNIT - 2 (KINEMATICS)

15. Two vectors A and B of maghnitude 5 units and 7 units respectively make an
angle 60° with each other. Find the maghitude of the resultant vector and its

direction with respect to the vector A
Solution

The magnitude of the resultant vector Ris given by

R = V109 units
The angle « between Rand A is given by tan @ = ——m"
i 0 V3 7%x+3 A+B Cos0
- 7xs1n600 ;=7x _ 20713 : @ = 350
5+7 cos60 10+7 17

16. Two vectors A and B of maghnitude 5 units and 7.units make an angle 60°
with each other . Find the maghnitude of the difference vector A— Bandits

direction with respect to the vector A
Solution

The magnitude of the differencecvector A— Bis given by
|A — B| = V52 + 72 — 2x5x7¢0s60° ; =25 + 49 — 35 ;

= V39 units
The angle that between A= B makes the vector A given by
B Sin 6
tana =
_ %+B CosO 75
= X0 S ZXV =T 24041 ;a=tant (4.041); a =760
5-7 cos60 10-7 V3

17. Two vectors A and B are given in the component form as A=50+ 7] — 4k

andB=6i+3]+2k.FindA+B,B+A,A-B,B-A.

Solution

A+B=(5{+7]— 4k) + (6T + 3] + 2k) ; =117 + 10j — 2k.
B +A = (614 3]+ 2k) + (57 + 7] — 4k) ; = 111 + 10j — 2k.
= (504 7] — 4k) - (67 + 3] + 2k) ;= —T + 4] — 6k.

= (6T + 3]+ 2k)- (50 + 7] — 4k); =T — 4] + 6k.
Note that the vectors A + B and B + A are same and the vectors A - B
and B-Aare opposite to each other.

18. Given the vector A = 27 + 3j, what is 3A ?
Solution

3A = 3(27+3))

= 67+ 9. The vector 3A is given as in the same
direction as vector A
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19. Given two vectors A = 27 + 4j + 5k and B = i + 3] + 6k. Find the product
A. §, and the maghnitudes of A and B. What is the angle between them?

Solution

A.B=2+12+30=44 No. Lo
Magnitude A = V& + 16 + 25 ; = V45 units 44 {16435
Magnitude B = VT + 9 + 36 ; = V46 units ¥2x 2070 | 1.6580
The angle between the two vectors is given by (=) | 1.9855

0 = cos? (A;B); Antilog | 9.672x 10

AB
= -1 44 "= -1 _44 "= -1 ° = 0
cos ( _45“6) ; = COS (45_49) ; =€0s1(0.967) . 6 = 15

20. Check whether the following vectors are orthogonal.
)A=2i+3jandB=4i—5 i)C=5i+2jandD=2i— 5]
Solution
AB=8-15=-7#0.Here A and B are not orthogonal to each other.
C.D=10-10=0.Here C and D are orthoegonal to each other.

21. Two vectors are given as 7 = 2 + 3j + 5k-and F = 37 — 2j + 4k. Find the
resultant vector 7 = ¥ x F

Solution

T=7rxF-=

i

2
3 =2 4 R R
= (12— (—10)i&#(15—-8)] + (—4—-9) k ;7T=22i+7j —13k

22. Assume your school-is located 2 km away from your home. In the morning

you are going to school and in the evening you come back home. In this entire

trip what is the distance travelled and the displacement covered?
Solution

morning 2 km

Home |

The displacement covered is zero. It is because your initial and final
positions are the same. But the distance travelled is 4 km.

*| SCHOOL

Evening

23. An athlete covers 3 rounds on a circular track of radius 50 m. Calculate the
total distance and displacement travelled by him.
Solution
The total distance the athlete covered =3x circumference of track
Distance = 3 x 2t x50 m ; = 3001 m(or)
Distance ~r 300 x 3.14 ~ 942 m
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The displacement is zero, since the athlete reaches the same point A
after three rounds from where he started.

The position vector of a particle is given ¥ = 2ti + 3t%j — 5k.

a) Calculate the velocity and speed of the particle at any instant t

b) Calculate the velocity and speed of the particle at timet=2s

Solution

dr

The velocity ¥ = = 27+ 6t ; No. Log
The speed v(t) = /22 + (6t)2 mst 1y 148 | 2% 21703
The velocity of the particleatt=2s; 1.0851
v(2sec) = 2T+ 12] . ]
The speed of the particleatt=2s; AMEEN..216x 10

v(2s) =+/22 + 122 = V4 + 144
=4/148; = 12.16 ms1

The velocity of three particles A, B, C are given below. Which particle travels
at the greatest speed?

T, =31—5]+2k ;U =1+ 2]+ 3k ;D= 51+ 3] + 4k
Solution
Speed of A= |7,] = /(3)2 + (=5)2 + (2)2 =9 + 25 + 4 ; ; = /38 ms+
Speed of B=|7,| = /(1)2+ (2)2+ (3)2;=VI+ 4 +9;; = V14 mst
Speed of C = |7g| = /(5)%2 + (3)2.4(4)? ;=v25+9 +16;; =50 ms*
The particle C has the greatest.speed /50 > /38 > V14

Consider two masses of©10 g and 1 kg moving with the same speed
10 m s?. Calculate the magnitude of the momentum.
Solution
p=mv
For the mass of 10 g, m = 0.01 kg; p = 0.01 x 10 = 0.1 kg ms!
For the mass of 1 kg; p=1 x 10 = 10 kg ms1
Thus even though both the masses have the same speed, the
momentum of the heavier mass is 100 times greater than that of the
lighter mass.

A particle moves along the x-axis in such a way that its coordinates x varies
with time 't' according to the equation x = 2 - 5t + 6t2. What is the initial
velocity of the particle?

Solution
X =2 - 5t + 612
Velocity v = % = %(2 — 5t + 6t2) orv=-5+ 12t

For initial velocity, t = O. Initial velocity = -5 ms?
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Suppose two trains A and B are moving with uniform velocities along parallel
tracks but in opposite directions. Let the velocity of train A be 40 km h1 due
east and that of train B be 40 km h1 due west. Calculate the relative
velocities of the trains
Solution

Relative velocity of A with respect to B Vas= 80 km h1 due east Thus to
a passenger in train B, the train A will appear to move east with a velocity of
80 km ht

The relative velocity of B with respect to A, Vea = 80 km h-1 due west
To a passenger in train A, the train B will appear to move westwards with a
velocity of 80 km h-1

Consider two trains A and B moving along parallel tracks with the same
velocity in the same direction. Let the velocity of each train be 50 km h-1 due
east. Calculate the relative velocities of the trains.
Solution
Relative velocity of B with respect to A, vea = Vg - Va
=50 kmh1+ (=50)kmh? ;=0kmht
Similarly, relative velocity of A with respeetto B i.e., vag is also zero.
Thus each train will appear to be at rest'with respect to the other.

How long will a boy sitting near the window of a train travelling at 36 km h1
see a train passing by in the opposite direction with a speed of 18 km h-.
The length of the slow-moving trainis 90 m.
Solution

The relative velocity of'the slow-moving train with respect to the boy is

= (36 + 18) km 4254 km hi = 54 x = ms = 15 ms

Since the boy.will'watch the full length of the other train, to find the time

taken to watch the full train: 15 = % ort= % ;1=6s
A swimmer’s speed in the direction of flow of a river is 12 km h-1. Against the
direction of flow of the river the swimmer’s speed is 6 km h-1. Calculate the
swimmer’s speed in still water and the velocity of the river flow.
Solution

Let vs and v, represent the velocities of the swimmer and river

respectively with respect to ground.

Vst v =12 (1) and VS'Vr=6(2)

Adding the both equations (1) and (2)

2vs =12+ 6 =18 km h1orvs =9 km h1

From Equation (1),

9+v,=120rvi,=3 kmht

When the river flow and swimmer move in the same direction, the net

velocity of swimmer is 12 km h-1,
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An iron ball and a feather are both falling from a height of 10 m.
a) What are the time taken by the iron ball and feather to reach the ground?
b) What are the velocities of iron ball and feather when they reach the
ground? (Ignore air resistance and take g = 10 m s2)
Solution

Since kinematic equations are independent of mass of the object.

The time taken by both iron ball and feather to reach the ground are the

same. This is given by T = \/%h = |22 =25 ~ 1.414s

10
Thus, both feather and iron ball reach ground at the same time.

v=,/2gh =v2x10x10 =200 ms? ~ 14.14 ms?

A train was moving at the rate of 54 km h-1 when brakes were applied. It
came to rest within a distance of 225 m. Calculate the retardation produced
in the train.
Solution

The final velocity of the particle v=0

The initial velocity of the particle u = 54 x % msd=715ms?l ;s=225m
Retardation is always against the velogity of the particle.
v2=y2 - 2aS; 0 =(15)2 - 2a (225);450 a = 225
a=——ms2 ; =0.5ms2 ; Retardation ==0.5 ms2

In the cricket game, a batsman strikes the ball such that it moves with the
speed 30 m s at an angle 302 with the horizontal. The boundary line of the
cricket ground is located at ‘@ distance of 75 m from the batsman? Will the
ball go for a six? (Neglect'the air resistance and take acceleration due to
gravity g = 10 m s2).

Solution
The motionyof the cricket ball in air is essentially a No. Log
projectile motion. As we have already seen, the range a5 | 16532
(horizontal distance) of the projectile motion is given by 1732 | 0.2385
2 .
R="1 S;nze : The initial speed u= 30m s-1 () | 18017
The projection angle 8 = 300 Antilog | 7.793x 10
The horizontal distance travelled by the cricket ball
R = (30)2x sin60° _ 900 X\/??: = 77.94m
10 '

10
This distance is greater than the distance of the boundary line.
Hence the ball will cross this line and go for a six.
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EXERCISE PROBLEM

The position vectors particle has length 1m and makes 300 with the x-axis.
What are the lengths of the x and y components of the position vector?
Solution

[=1m, 6= 300 ; Length of x - component [, = lcos® = 1 x cos 30° = ?

Length of y - component [, = Isinf = 1x sin 30° = i =0.5

A particle has its position moved from r; =3i+4j to

T, = i + 2j Calculate the displacement vector (Ar_)) anddraw 7

the 77, 7, and A7 vector in a two dimensional Cartesian *T

coordinate system. 2 I _ o

AP =75 — 7 = (1+27)—(Bi+4));=1+27-31-4 | p =
AY = —-21—-2f R

0 i 2 3 4

Calculate the average velocity of the particle whose position vector changes
from7; = 31 + 6jto 7, = 21 + 3] in a time 5 second.

Solution
o o AP Fy—Fy (21437)—-(3i+6j)
The aver velocity v = — = ;=
e average velocity Vg, g o > -
_ 204+3j-5i-6] _ _ —3]-3] . > 50" 3, 4
- 5 r 5 ’vavg__g(l+])

Convert the vector = 3i + 2j«dnto a unit vector.
Solution
The magnitude of the,vector 7= 3i + 2

#l=V3T+ 2250 ¥4 =yI3; #=_= 31

What are the resultants of the vector product of two given vectors given by
A=4i—-2j+kand B =5i+2j—4k

Solution
R [ k
AxB=[4 -2 1
5 3 -4 ~
8-3)i+(5+16)j] +(12+ 10)k ;
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40. An object at an angle such that the horizontal range is 4 times of the
maximum height. What is the angle of projection of the object?
Solution
25in20 . . 2sin?0
Horizontal Range R = Y sinz ; maximum height hmax = - 521; ;
R = 4ha ;uzsinze . uzszigze
22 sinb cosO 25in2@ . in@
U2 sinb cosh _ 4x = : cosO = sinb 2 — 1itan® = 1
g 2g cosH
0 =tan"1(1) = 45°
41. Calculate the area of the triangle for which two of its sides are given by the
vectors A = 5i — 3j and B=4i+ 6j
Solution
A= 2|AxB| ——1
2 ~
Lo | j k
AxB=|5 3 0
=(0-0)i+(0-0)j +(30+12) k 5JAxB| = 42k
|Ax B| = 42 put this in equation 1A= % x42; A =21m?2
42. If Earth completes one revolution in 24 hours, what is the angular
displacement made by Earth.in-one hour. Express your answer in both radian
and degree.
Solution
Angular displacement for one complete revolution (i.e.)
for 24 hours:=360°
0
Hence, angular displacement for one hour, 6 = %; = 15%r
0= ——x15%;=-"rad [1800 = T rad]
180 12
43. A object is thrown with initial speed 5 ms1 with an angle of o Loz
projection 30°. What is the height and range reached by the '25 T3970
particle? — 1.39;3
Solution —
. (=) | 1.5038
. . . o _ uZsin?0
i) maximum height of the projectile, hmax = 28 Antilog | 3.188x 10"
_ 5%sin30%sin30%  _ 25% E] X [%] .__25 ,_2325

, hmax = 0.3188m

hmax - ’ ’

2%98 2x938 8x98°' 784
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No. Log
244 2 i 2 i 0 0
ii) Horizontal Range R = u“sin26 = u“2 sin6 cos@ = 54 x 2sin30" cos 30 433 | 1.6365
"I & & o8 19.6 | 1.2922
25x2 4] X[?] 25x1.732 43300 03443
= ) = = ‘R=2.21m il e
-8 2x9.8 19.6 Antilog | 2.209x 10°

A foot-ball player hits the ball with speed 20 ms1 with angle 30° with respect
to horizontal direction. The goal post is at distance of 40 m from him. Find
out whether ball reaches the goal post?
Solution

Here the reaches ball is considering as a projectile. Its range

. u?sin206 u22 sind cosO 202 x 2 sin30° cos 30°
Horizontal Range R = ;= ;=
g g 9.8
1 V3
400 x 2 H X [—]
2 2 400x1.732 692.800
= P = = 'R =35.35m

9.8 2x9.8 19.6
Thus the range of the reaches ball is 35.35 m. But the goal post is at a

distance of 40 m from him. So ball will not_reach the goal post.

If an object is thrown horizontally with an initial speed 10 m s1 from the top

of a building of height 100 m. what is.the horizontal distance

. No. Log
covered by the particle?
Solution 20000 | 4.3010
Horizontal range of the objeetprojected horizontally, 98 | 09912
R=1y ,@;=10 ,2)(100=10 ’@;=\/200x100;=\]20000 ; ) | 3.3098
g 9.8 9.8 9.8 9.8
=45.18m = 45m Yz x 3.3095 = 1.6549
An object is executing uniform circular motion with an angular | Antilog | 4 518x 10

speed of % radian per second. At t = O the object starts at an

angle 0 = 0. What'is the angular displacement of the particle after 4 s ?
Solution

0
w=-0r0=wt:0="x4:= ~rad;= 60°
t 12 3

The Moon is orbiting the Earth approximately once in 27 days, what is the
angle transverse by the Moon per day?

Solution No Log
Angle traversed by the Moon for one complete rotation -
(i.e.) for 27days = 3600 =2xrad 6.28 | 0.7980
Angle traversed by the Moon for one day, 27 | 14314
=z_n; =2x3.14; _ 6.28 - | 1.3666
27 27 27
0 =0.2362 rad = 13.330 [ 1rad = 57270] Antilog | 2.326x 101
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An object of mass m has angular acceleration a = 0.2 rads1 . What is the
angular displacement covered by the object after 3 second? (Assume that
the object started with angle zero with zero angular velocity).

Solution

. . . . 1
From equation for uniform circular motion, 8 = Wot+ at? [ wy = 0]

e=0+§x0.2x32 ;6=%x0.2x9;=0.1x9
0=0.9rad =51° [ 1 rad =57.279]

Ererr uTHFlSaTs 6hs (6 UsSssmall LnT eers@d smalnrGarm 9aiGer
TS Mmoo memTuer ererelm  oylireEmd cdmisaT. @hsl LUSSSD 2 mSTS)
Carallad Qeaumml Qum LpSSNSHTTS IEMUESTH |G TeThGS Sl Ga Ceumnml.

“2_qudled Mg epelGleum (meu(HLD, LommeuiT
Q& (pipwrs eermms ClFug) (g EGLD
seflédmiy és g mmenel
QuidmsSlnriser. gbsECFwe) TG 6Teoms
s CEmeTEpmISaT. 96ms L HGL

oueTT &GS GlsmeT(h aubSTel, 2 mIS6T
suLflulled RIS EHLD FT MBI LisL S|

Qeum)l smevor @udaith.”
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UNIT - IlIl (LAWS OF MOTION)

A book of mass m is at rest on the table. (1) What are the forces acting on

the book? (2) What are the forces exerted by the book? (3) Draw the free

body diagram for the book.

Solution

(1) There are two forces acting on the book.

(i) Gravitational force (mg) acting downwards on the book

(ii) Normal contact force (N) exerted by the surface of the table on the book.
It acts upwards as shown in the figure.

(2) According to Newton’s third law, there are two reaction forces exerted

by the book.
(i) The book exerts an equal and opposite force (mg) on the Fre toay diagram
Earth which acts upwards. N
(i) The book exerts a force which is equal and opposite to T
normal force on the surface of the table (N) acting Bock
downwards. I
my

If two objects of masses 2.5 kg and 100 kg experience the
same force 5 N, what is the acceleration experienced by each of them?
Solution

For the object of mass 2.5 kg, the acceleration is a =

; = 2ms2

3=

S
L 2.55
For the object of mass 100 kg, the.acceleration is a = = e 0.05ms=2

A person rides a bike with a.constant velocity ¥ with respect to ground and
another biker accelerates:with acceleration a with respect to ground. Who
can apply Newton’s second law with respect to a stationary observer on the
ground?
Solution

Second biker cannot apply Newton’s second law, because he is moving
with acceleration d with respect to Earth (he is not in inertial frame). But the
first biker can apply Newton’s second law because he is moving at constant
velocity with respect to Earth (he is in inertial frame).

The position vector of a particle is given by 7 = 3t7 + 5t2] + 7k. Find the
direction in which the particle experiences net force?

Solution
. . = d_? _ i - i 2 - i 7
Velocity of the particle, v = — = Bt + " (5t%)] +2dt (Mk
d'F - > ., . . > d_l—; _ d_‘fz _ -
- = 31+ 10tJ ; Acceleration of the particle a = — = —— = 10y

Here, the particle has acceleration only along positive y direction.
According to Newton’s second law, net force must also act along positive y
direction. In addition, the particle has constant velocity in positive x direction
and no velocity in z direction. Hence, there are no net force along x or z
direction.
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A particle of mass 2 kg experiences two forces, F,= 57+ 8j+ 7k and ,

-

F,= 37 — 4] + 3k. What is the acceleration of the particle?
Solution

—

Fnet

I_fnet= 1_51+§2. Accelerationisa = -
Frot = (5+3)T+ (8—4)]+ (7 +3)k ;Fpe = 87+ 4] + 10K
e (s ()E - airaie s

An object of mass 10 kg moving with a speed of 15 m s™1 hits the wall and
comes to rest within a) 0.03 second b) 10 second .Calculate the impulse and
average force acting on the object in both the cases.
Solution

Initial momentum of the object P = 10x15 = 150 kgms1

final momentum of the object Ps=0; Ap = 150 - O = 150 kgms1

(@) Impulse J = Ap = 150 Ns ; (b) Impulse J = Ap = 150 Ns

Ap _ 150

(a) Average force Fayg = AA—t =503 5000N
(b) Average force Favg = A—ZZ = 11—500 ; = 15N

impulse is the same in both cases, but:the average force is different.

Consider an object of mass 2 kg restingon the floor. The coefficient of static
friction between the object and the floor is p; =0.8. What force must be
applied on the object to move it?
Solution
Since the object is aterest, the gravitational force experienced by an
object is balanced by:normal force exerted by floor.
N =mg
The maximupastatic frictional force f"** = ugN = psmg
fiaX = 0.8%x2x 9.8 = 15.68N
Therefore, to move the object the external force should be greater than
maximum static friction Fext > 15.68 N

Consider an object of mass 50 kg at rest on the floor. A Force of 5 N is applied
on the object but it does not move. What is the frictional force that acts on
the object?
Solution
When the object is at rest, the external force and the static frictional
force are equal and opposite.
The magnitudes of these two forces are equal, fs = Fext
Therefore, the static frictional force acting on the object is fs = 5N
The direction of this frictional force is opposite to the direction of Fex: .
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57. If a stone of mass 0.25 kg tied to a string executes uniform circular motion
with a speed of 2 ms-1 of radius 3 m, what is the magnitude of tensional force
acting on the stone?

2 2x(2)?
Solution:  Fe, ==~ ; *—— =0.333N

r

58. Consider a circular leveled road of radius 10 m having coefficient of static
friction 0.81. Three cars (A, B and C) are travelling with speed 7 m s+,
8 m s1 and 10 ms-1 respectively. Which car will skid when it moves in the
circular level road? (g =10 m s2)
Solution
From the safe turn condition, the speed of the vehicle (v) must be less

than or equal \/psrg ; v < \/usrg ; 4/isTg = v0.81x10x10 =9 ms?

For car C, ,/pusrg is less than v
The speed of car A, Band C are 7 ms1, 8 ms?and 10 mst respectively. The
cars A and B will have safe turns. But the car C has speed 10 ms1 while it
turns which exceeds the safe turning speed. Hence,.the car C will skid.

59. Consider a circular road of radius 20 meter banked at an angle of
15 degrees. With what speed a car has to.move on

the turn so that it will have safe turn? No. Log
Solution >0 | 13010
v =,/(rgtand) = v20 x 9.8 xtan 15°
=v20x9.8x0.26 = 7.1 ms? 98| 098912
The safe speed for the.car on this road is 0.26 | 1.4150
7.1 ms1

(+) | 1.7072 /2
0.8536

Antilog | 7.139x 10Y

60. Calculate the centrifugal force experienced by a man of 60 kg standing at
Chennai? (Given: Latitude of Chennai is 139)
Solution
The centrifugal force is given by Fc = mw?Rcos 8

The angular velocity of Earth = 2?” ,
where T is time period of the Earth (24 hours)

2T 2T

w = = =7.268 x 105 radsec?!
24 x60x 60 86400

The radius of the Earth R = 6400 Km = 6400 x 103 m
Latitude of Chennai is 13°

Fer =60 x (7.268 x 107°)% x 6400 x 103 x cos (139)
Fer=1.9678 N A 60 kg man experiences centrifugal

force of approximately 2 Newton. But due to Earth’s gravity
a man of 60 kg experiences a force=mg=60x9.8=588N.
This force is very much larger than the centrifugal force.
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EXERCISE PROBLEM

61. Aforce of 50N act on the object of mass 20 kg. shown in the figure. -
Calculate the acceleration of the object in x and y directions.
Solution

From Newton’s second law; F=m a

. F 50
Hence the acceleration ; a = —=2 ;

=25 ms2

The acceleration in x-axis; ax =acos 0; = 2.5 x cos300 ; =2.5 x —
=1.25x 1.732; ax= 1.165 ms2

The acceleration in y-axis; ay = asin 0; = 2.5 xsin30° ; = 2.5 x % ;
ay= 1.25 ms=2

62. Aspider of mass 50 g is hanging on a string of a cob web. What is the tension
in the string?
Solution
Here two forces acting on the spider.
(1) Downward gravitational force (mg) (2)-Upward tension (T)
Hence, T=mg; =50 x 103x 9.8 =490X 10-3; T=0.49 N

63. A bob attached to the string oscillates back and forth. Resolve the forces
acting on the bob in to components. What is the acceleration experience by
the bob at an angle 0 .
Solution
In the arc path, the restoring force acting along the tangential direction
gives the tangential acceleration. Hence from Newton’s second law,
F resforce = mg sin@; m ar= mgsing . ar=gsin@
The tension @ctting along the string gives centripetal acceleration.

Hence form:Newton’s second law, T-mg cos 8 = m acp
__ T—-mgcos 6

acp = m

64. Calculate the acceleration of the bicycle of mass 25 kg as shown in Figures

1 and 2.
Solution 500 N
Apply Newton’s second law in figure (1)
500-400=ma
a4 = F = 500-400 _ 100 . a=4ms? -
m 25 25 400 N
Apply Newton’s second law in figure (2)
400-400=ma
_ F _ 400-400 _o0 _ _ § —_—
a=—;=—¢ oo+ a=0ms? 400 N
-
400 N
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A stone of mass 2 kg is attached to a string of length 1 meter. The string can
withstand maximum tension 200 N. What is the maximum speed that stone
can have during the whirling motion?
Solution
During whirling motion of the stone, the tension acting along the string
provides necessary centripetal force.
If tension becomes maximum, then the centripetal force also be

19

10kg

2
maximum. Hence Tmax = (Fep)max = mv;"ax S VEax = _Tm;;lxr ;
= 22522100 ; Vpax = 10 ms??
Two bodies of masses 15 kg and 10 kg are 15kg
connected with light string kept on a smooth -
surface. A horizontal force F=500 N is applied to ]
a 15 kg as shown in the figure. Calculate the —————

tension acting in the string.
Solution
Here motion is along horizontal direction only:
Consider the motion of mass m1 ; F — T=m1a (or) 500 -T=15a
(onT=500-15a----(1)
Consider the motion of mass m; ; T\=mea=10a- - - - (2)
From equation (1) and (2)
500-15a=10a;

25a=500;a=52%;=20ms-2

Put this in equation (2),we getT=10a=10x 20 = 200N

People often say “For every action there is an equivalent opposite reaction”.
Here they meant ‘action of a human’'. Is it correct to apply Newton’s third law
to human actions? What is mean by ‘action’ in Newton third law? Give your
arguments based on Newton’s laws.
Ans: Newton’s third law is applicable to only human’s actions which
involves physical force. Third law is not applicable to human’s
psychological actions or thoughts.

A car takes a turn with velocity 50 ms1 on the circular road of radius of
curvature 10 m. calculate the centrifugal force experienced by a person of
mass 60Kkg inside the car?

Solution
2
Centrifugal force is given by, Fer = m: ;= 60Xigxso ; =6 x2500
Fcf =15000 N

Kindly send me your questions and answerkeys to us : Padasalai.Net@gmail.com


https://www.padasalai.net/
https://www.padasalai.net/

www.Padasalai.Net - No.1 Educational Website in Tamilnadu

XI STD. PHYSICS NUMERICAL PROBLEMS, DEPARTMENT OF PHYSICS | 20
SRMHSS, KAVERIYAMPOONDI, TIRUVANNAMALAI
RAJENDRAN M, M.Sc., B.Ed., C.C.A., P.G. TEACHER IN PHYSICS

A long stick rests on the surface. A person standing 10 m away from the stick.
With what minimum speed an object of mass 0.5 kg should he thrown so
that it hits the stick. (Assume the coefficient of kinetic friction is 0.7).
Solution

When the stone moves towards the stick, it experiences kinetic friction.

According to Newton’s second law,
fk=—ma;,uN=-ma; ygmg=-ma;a=- g
From equations of motion, v12=u2+2as

When the stone hits the stick, it comes to rest. So
v=0;0=u2+2as; u2=-2as ; No.

Log
w=-2(- s;u2=2 S
(- e g) Hic g 1372 | 2137 x %
uz\/Zngs;=\/2X0.7X9.8X10; 1.0687
=+137.2 ;u=11.71ms1 Antilog | 1.171x 10!

6TSSEMETGIIT  LoTemTeui &6 LisTaflé@ eTUSHLILTS LM&SSTTS aubg)
Wevteort  dlmisasiu’L  gratsmras osemdl’ Guraemsl umissemd. B
QuUnGCHT(HEE 2-emTamWTd @)\[. fThSL LPSSSMSIWLD Ij6uTsHEnHs @SS g fleur
Gurdlmgl eter, 15 CuDOsTeiEHd LLalgSmessT 2 aTéHE — How
GarenTi &GS maTEHL Lem&6 @SL.

2 oo GUOGMTALDL Cu&:  geuTasGamm@® meLLuwld. al@wemn Erlsafls
Ijburemel Carmemm 2 (Hlie masafle GUTLE GlFTsed 2 . 2 6 FEmSGWTH
weorld eI (HUGLE. 26 @Qeaflu anTdmasGer gauiser guimeils GUTS@GLD
sllfflsarnn. usteflulled ELluameanl udlitgQarsr. @ awdlnel UnG
IIOUTSHEHLD 2 aTemerr CaTpaTs HLSSG al@mhyamTESear. SnSTET SHEGHlmiu
UETIT &GS G S TaT.

sers@S Oafitg Ho wvremaniser QuOGmrilear ymsluLsms
eSS HLULTTS6T. YjauiseT sTaGemmd meve Hlemeulled @\maEInTiasar.

o aTdE Seuiser g Gasmud amaug @Qunms. @HSUILGaD Ly,
15 Flener S 56m5 6T6060MD vl GeueuaT(BILD sTevT&Sm TevvTenn HSINES (WL (HSSL 6mL
GumLmed, 2 erd G Gamud QuTsgs Qamen(® aum. JHLGUTGGeeumD &leuTeor
audled 2 ard@ BLES|D, Cuaa)d, GETmM L b IeuTESeT GYEmSWTS Lmmflw
s _dleow Flenersgs Qamer. gery Guel@Ln. @UGuTgILh GgmedsCmeur.

G606V LOGEUTTS @(HLLMSS ST leald WEHSFHTS FTHmeT Couml eeuTmiLblsiemev.
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UNIT - IV (WORK, ENERGY AND POWER)

A box is pulled with a force of 25 N to produce a displacement of 15 m. If the
angle between the force and displacement is 309, find the work done by the

force. o, Log
SOIUtion 125 | 10969
Force, F = 25 N; Displacement, dr = 15 m; - —
Angle between F and dr,0 = 300 15 | 11761
Work done, W = Fdr cos 6 ; W = 25 x 15 x cos30° 2 | 02380
=25x15x 2 ; W=324.76 ) () | 25115
2 Antilog | 3.247 x10?

A variable force F = k x2 acts on a particle which is initially at rest. Calculate
the work done by the force during the displacement of the particle from
x =0 mto x =4 m. (Assume the constant k =1 N m=2)
Solution
Xf 4 64

Work done, W = fxi F(x)dx =k [, x*dx ;5 Nm
Two objects of masses 2 kg and 4 kg are moving with the same momentum
of 20 kg m s,
(a) Will they have same kinetic energy?
(b) Will they have same speed?

Solution

(a) The kinetic energy of the mass.is given by KE =%

For the object of mass 2kg; kinetic energy is KE1 = % =20~ 100J
For the object of mass4kg, kinetic energy is KE> = % = % =50J

the kinetic energy of ‘both masses is not the same. The kinetic energy of the
heavier object has lesser kinetic energy than smaller mass.
(b) As the momentum, p = mv, the two objects will not have same speed.

An object of mass 2 kg is taken to a height 5 m from the ground g=10ms=2.

(@) Calculate the potential energy stored in the object.

(b) Where does this potential energy come from?

(c) What external force must act to bring the mass to that height?

(d) What is the net force that acts on the object while the object is taken
to the height ‘h’?

Solution

(@) The potential energy U=mgh =2x10x5 = 100 J. Here the positive sign
implies that the energy is stored on the mass.

(b) This potential energy is transferred from external agency which applies
the force on the mass.

(c) The external applied force ﬁa which takes the object to the height 5 m
is F,= - I_fg. F, = —(—mg)) ;= mg] , where J represents unit vector
along vertical upward direction.
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(d) From the definition of potential energy, the object must be moved at
constant velocity. So the net force acting on the object is zero

Fg + F,=0

Let the two springs A and B be such that ka>ks. On which spring will more
work have to be done if they are stretched by the same force?

Solution

F F
F=kAxA=kaB ;XAzk_;xB=_
A

kp
The work done on the springs are stored as potential energy in the
springs.
1 1
Ua = Ekij , Us = Ekaé
o)

Ua _kaxi_ “Aa) . _ka .Ua _ ks
Ug kgx3 F\°' L 'ug &k

B Kpxg ks(g) p B A

ka > kg implies that Ug > Ua . thus, more work is done on B than A.

Consider an object of mass 2 kg moved by an external force 20 N in a surface
having coefficient of kinetic friction 0.9 to a distance 10 m. What is the work
done by the external force and kinetic. friction? Comment on the resulit.
(Assume g = 10 ms=2)
Solution
m =2 kg, d = 10 m, Fexx = 202N, uk = 0.9. When an object is in motion
on the horizontal surfacepit experiences two forces.
(a) External force, Fext=20 N
(b) Kinetic friction fks.uk mg = 0.9 x (2) x 10 = 18N
The work done by:-the external force Wext = Fd = 20 x10 = 200J
The work done by theforce of kinetic friction Wy = fx d= (-18)x10 =-180 J.
Here the negative sign implies that the force of kinetic friction is
opposite to the direction of displacement.
The total work done on the object Wiotal = Wext+Wk ; = 200 J-180J =201 .
Since the friction is a non-conservative force, out of 200 J given by the
external force, the 180 J is lost and it cannot be recovered.

An object of mass 1 kg is falling from the height h = 10 m. Calculate

(@) The total energy of an object at h =10 m

(b) Potential energy of the object whenitisath =4 m

(c) Kinetic energy of the object whenitisath=4 m

(d) What will be the speed of the object when it hits the ground?
(Assume g =10 ms2)

Solution

(@) The gravitational force is a conservative force. So the total energy
remains constant throughout the motion. At h =10 m, the total energy
E is entirely potential energy.
E=U=mgh=1x10x10=100J
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(b) The potential energy of the objectath =4 m is
U=mgh=1x10x4=10J

(c) Since the total energy is constant throughout the motion, the kinetic
energy ath =4m must be KE=E - U=100 - 40 =60J
Alternatively, the kinetic energy could also be found from velocity of the
object at 4 m. At the height 4 m, the object has fallen through a height
of 6 m.
The velocity after falling 6 m is calculated from the equation of motion,

V=,/2gh = V2x10x6 =120 ms? ;v2 =120
The kinetic energy is KE=%Y2mv2 =% x 1 x 120 = 60J

(d) When the object is just about to hit the ground, the total energy is
completely kinetic and the potential energy, U =0

E=KE=%mv2=100J ;v= \/i KE=\/§X 100 =+/200 ~14.12 ms?

Water in a bucket tied with rope is whirled around in a vertical circle of radius
0.5 m. Calculate the minimum velocity at the lowest point so that the water
does not spill from it in the course of motion. (g =10 ms2)
Solution

Radius of circle r = 0.bm

The required speed at the highest point vy = \/g_ =+/10x0.5 = /5 ms?
The speed at the lowest point v; = \/5gr = V5 x ,/gr = V5xV5 = 5ms?

Calculate the energy consumed in-electrical units when a 75 W fan is used
for 8 hours daily for one month (30 days).
Solution
Power, P=75W
Time of usage;1.=8 hour x 30 days = 240 hours
Electrical energy consumed is the product of power and time of usage.
Electrical energy = power x time of usage =P x t
=75 watt x 240 hour ; =18000 watt hour
=18 kilowatt hour = 18kWh
1 electrical unit = 1kWh ; Electrical energy =18 unit

Show that the ratio of velocities of equal masses in an inelastic collision

when one of the masses is stationary is :—; = 5
Solution
_ Velocity of seperation (after collision) | _ (V,=V;) _ (V,-Vy)  (V,-Vy) |
a Velocity of approach (before collision) ’ - (ug—uy) - (u;—0) a uq » V2
-vi=eus —1
From the law of conservation of linear momentum, mus = mv1 + mvz; U1
=vis+vy 2

using the equation 2 for u1 in 1, we get vo - v1 = e(v1+v2)

. g . v 1-e
on simplification, we get =+ = —
v 1+e
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EXERCISE PROBLEM

Calculate the work done by a force of 30 N in lifting a load of 2kg to a height
of 1I0Om (=10 ms™2)
Solution

Work done by gravitational force: W= FS=30 x 10= 300 ]
A bob of mass m is attached to one end of the rod of negligible mass and
length r, the other end of which is pivoted freely at a fixed centre O as shown
in the figure. What initial speed must be given to the object to reach the top
of the circle? (Hint: Use law of conservation of energy). Is this speed less or
greater than speed obtained in the theory?

Solution

At point A, Potential energy =mg (0)=0 / \

. . 1
Kinetic energy = Emvj

Total energy =0 + = %va == %mvﬁ
At point B, Potential energy =mgh=mg\(2r) \

m@y=0

N |-

Kinetic energy= = %mvB ==

Total energy=mg (2r)+ 0 = mg(2 r)

According to the law of.conservation of energy, the total energy is always
1

constant. Hence, Emvﬁ =mg(2r) ;vi=481;v, =./48r

This speed is less than the speed obtained in the theory, because the bob

must have a speed at point A, v, >./5gr to stay in the circular path
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UNIT -V (MOTION OF SYSTEM OF PARTICLES AND
RIGID BODIES)

82. The position vectors of two point masses 10 kg and 5 kg are

(-37+ 27+ 4k)m and (37 + 6j + 5k)m respectively. Locate the position of
centre of mass.
Solution

m1= 10Kg, Mz = 5kg ; £; =(—37+ 2] + 4K)m ; £, = (37 + 6] + 5K)m

- m;ty+m,T, 2 10(—31+2j+4k)+5(3i+6]+5k)
"~ my+m, S 10+5 ’
30i+2j+40k+151+30]+25k —1574+50]+65k 5 105 137

- 1045 ' 15 = (mtAg i km

The centre of mass is located at position T

83. A force of (41 — 3]+ ST{)N is applied at a point whose position vector is

(7T + 45 — Zf{)m. find the torque of force about:the origin.
Solution

i ]k
7 4 =2
4 -3 5
=(20—6) 1 — (35 +8) ] 4#(=21-16) k ;

= (141 — 43j — 37 k) Nm

T=7rxF =

84. A cyclist while negotiating a circular path with speed 20 m s is found to
bend an angle by 300 with vertical. What is the radius of the circular path?
(given, g =10 ms=2)

Solution
Speed of the cyclist, v=20 ms1;
Angle of bending with vertical, 8 = 300

2
Equation for angle of bending, tan 6 = :—g

2
Rewriting the above equation for radius r =

tan 6g
(20)2 20 x 20 400
= ; = ;= ;= (V3) x40 ;
tan30°x10 = (tan30°)x 10 (%)X 10 (\/_)

=1.732x40;r=69.28m
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Find the rotational kinetic energy of a ring of mass 9 kg and radius 3 m
rotating with 240 rpm about an axis passing through its centre and
perpendicular to its plane. (rpm is a unit of speed of rotation which means
revolutions per minute)

Solution

The rotational kinetic energy is , KE = %Iooz.
The moment of Inertia of the ring is, | = MR2
|=9x32;=9x9; =81kgm=2

The angular speed of the ring is, w = 240 rpm ; = 2t

rads1

2
KE=% x 81 x (2406);271) . ;=% x 81 x (8m)? ;
KE =§x81x64(n)2;
=2592 x (m)? ; KE = 25920)J
KE =25.920 k) [(r)? ~ 10]

A rolling wheel has velocity of its centre of mass as 5 ms. If its radius is
1.5 m and angular velocity is 3 rads, then check whether it is in pure rolling
or not.
Solution

Translational velocity (virans) or velocity of centre of mass,

VoM =5 mst

The radius is, R = 1.5 m and thé.angular velocity is, w = 3 rads1

Rotational velocity, vror = RW

VroT = 1.5%3; vror = 4.5 ms?

As vem > Rw (or) virans2Rw, It is not in pure rolling, but sliding.

A solid sphere is undergoing pure rolling. What is the ratio of its translational
kinetic energy to rotational kinetic energy?
Solution

The expression for total kinetic energy in pure rolling is,

KE = KE trans + KEroT

2
For any object the total kinetic energy KE = %MVCZM + %MVCZM (%)

= 1vv2 S 1 vv2 Y. 1wz ivvz (K
KE = 2MV3y (1+) then, sMVZy (1 + ) 5 = MV, + 3 MVEy (55)
The above equation suggests that in pure rolling the ratio of total kinetic

energy, translational kinetic energy and rotational Kinetic energy is

given as, KE : KE trans : KE ror :: (1 + 11:_;) 11 (E—z)

K2 . KZ
Now, KE trans : KE roT :: 1 : (ﬁ) ; For a solid sphere , i

vl N

Then, KE trans: KE roT: 1 :% or KE trans: KE rot:: 5: 2
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Four round objects namely a ring, a disc, a hollow sphere and a solid sphere
with same radius R start to roll down an incline at the same time. Find out
which object will reach the bottom first.
Solution

For all the four objects namely the ring, disc, hollow sphere and solid

sphere, the radii of gyration K are R, \/g R, \E R, \E R With numerical values

the radius of gyration K are 1R, 0.707R, 0.816R, 0.632R respectively. The
expression for time taken for rolling has the radius of gyration K.

The one with least value of radius of gyration K will take the
shortest time to reach the bottom of the inclined plane. The order of
objects reaching the bottom is first, solid sphere; second, disc; third,
hollow sphere and last, ring.

EXERCISE PROBLEM

Two particles P and Q of mass 1kg and-3 kg respectively start moving
towards each other from rest under mutual attraction. What is the velocity of
their centre of mass?
Solution

Since they are at resttnitially, the velocity of centre of mass of the
system is zero. (i.e.) Initially;, vcmy=0
There is no external foree and their translational motion are only due to the
internal forces. It doecs not change the position of the centre of mass. So the
velocity of the centre of mass veu=0

Find the moment of inertia of a hydrogen molecule about an axis passing
through its centre of mass and perpendicular to the inter-atomic axis. Given:
mass of hydrogen atom 1.7x10-27 kg and inter atomic distance is equal to
4x101°m
Solution
The moment of inertia of a hydrogen molecule about an axis passing
through its centre of mass and perpendicular to the inter-atomic axis,
Iev=2muyd2 + mpyd2 =2mp d?
Iem=2x1.7x10727x2x 1010 x 2 x 1010
Iem =13.6 x 10747
Icw = 1.36 x 1046 kgm
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UNIT - VI (GRAVITATION)

Calculate the value of g in the following two cases:

(@) If amango of mass 2 kg falls from a tree from a height of 15 meters,
what is the acceleration due to gravity when it begins to fall?

Solution

g =g(1- zhi) g =98(1- =222 ;g = 9.8(1 — 0.469 x 10°)
But 1 - 0.00000469 = 1 ; Thereforeg' = g

(b) Consider a satellite orbiting the Earth in a circular orbit of radius
1600 km above the surface of the Earth. What is the acceleration
experienced by the satellite due to Earth’s gravitational force?

Solution

= % The above two examples show that the acceleration due to gravity

is a constant near the surface of the Earth.

Find out the value of ' gin your school laboratory?
Solution
Calculate the latitude of the cityor village where the school is located.
The information is available in Google search. For example, the latitude of
Chennai is approximately 13 degrees. g’ = g = w?Rcos?A
Here w?R = (2 x 3.14 / 86400)2 x (6400 x 103) = 3.4 x 102 ms=2,
It is to be noted thatthe value of A should be in radian and not in degree.
13 degrees is equivalentto 0.2268 rad.
g’ =98=(3.4x 102) x (cos 0.2268)2
g' =9.7677 ms2

Calculate the energy of the Moon orbiting the Earth.
Solution
Assuming the orbit of the Moon to be circular, the energy of Moon is given by,

Em= — GIZIE& ; where Mk is the mass of Earth 6.02 x1024 kg; Mn is the

mass of Moon 7.35 x1022 kg; and Rn is the distance between the Moon
and the center of the Earth 3.84 x10%km
G =6.67 x 1011 Nm2kg2
6.67 x 107 11x 6.02 x 10%* x 7.35 x 1022

= — - = — -19 46
Em P ; Em = —38.42x 1019 x 10

Em =—38.42 x 1027 Joule

The negative energy implies that the Moon is bound to the Earth.

Same method can be used to prove that the energy of the Earth is also
negative.
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EXERCISE PROBLEM
94. An unknown planet orbits the Sun with distance twice the semi major axis
distance of the Earth’s orbit. If the Earth’s time period is T1, what is the time
period of this unknown planet?

Solution
a> = 2a1 . From Kepler's third law TZ o a3 ; T? « a3
T2  ad T? a3 a3 1
O T L
T3 a; T; (2a4)3 (8ay)? 8

T, =V8T,; =2V2 T,

95. Assume that you are in another solar system and provided with the set of
data given below consisting of the planets’ semi major axes and time
periods. Can you infer the relation connecting semi major axis and time

period?
Planet Time period(T) (inyear) | Semi major axis (a) (in AU)
(imaginary)
Kurinji 2 8
Mullai 3 18
Marutham 4 32
Neithal 5 50
Paalai 6 72
Solution

1) For Kurunji; T=2years,'a=8AU=2x4 =2 (2)2=2T2
2) For Mullai; =3 years,a=18AU=2x9=2(3)2=2T?
3) For Marutham ; 4years,a =32AU=2x16=2(4)2=2T2
4) For Neithal ; 5.years,a=50AU=2x25=2(5)2=2T2
5) For Paalai j6vyears,a=72AU=2x36=2(6)2=2T2
Hence the relation.connecting semi major axis and time period; a= 2T?

96. If the masses and mutual distance between the two objects are doubled,
what is the change in the gravitational force between them?

Solution

G
By Newton’s law of gravitation, F = —";127”2

If M1 —> 2mq1, m2 > 2moandr =2r
_ G2m12m2 - 4Gm1m2 . Gm1m2
S

;= T2 o= F ; There is no change in the force.

97. If the angular momentum of a planet is given by L=5 2i- 6 t j+ 3 K. What
is the torque experienced by the planet? Will the torque be in the same
direction as that of the angular momentum?

Solution
Torque is given by, 7= == (5 t2i~ 6tj+ 3k) ; 7= 10t i~ 6]
Here the torque produced will be in the direction of angular momentum.
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Suppose unknowingly you wrote the universal gravitational constant value as
G' =6.67 x 1011  instead of the correct value G =6.67 x 1011, what is the
acceleration due to gravity g' for this incorrect G? According to this new
acceleration due to gravity, what will be your weight W'?
Solution
The acceleration due to gravity for the value G =6.67x 10-11 s,
GM 6.67x10711x M
== > 1
The acceleration due to gravity for the value G’ =6.67x 1011 is,
y _G'M__ 667x10'1xM

R2 R2 1
Divide (2) by (1)
g_,_(i_lzw) =Zi= M'loﬂ' "'=1022
g - ((};2_1\24) T 6’ 667x10711] g = g

The equivalent weight is, w' = mg’ = mg102?; 10%?w

What is the gravitational potential energy of the Earth and Sun? The Earth to
Sun distance is around 150 million km. The:>mass of the Earth is
5.9 x 1024 kg and mass of the Sun is 1.9%x1030 kg.

Solution

No. Log
Re=150 x 106 km — Distance between Sun and Earth
Me=5.9 x 1024 kg - Mass of the-Earth 6.67 | 0.8241
Ms=1.9 x1030 kg — Mass of the Sun 1.9 | 0.2788
G =6.67 x 10-11 Nm2kg-2 —Gravitational constant
U = _ GMgMg , ___667x107''x1.9x10%%x5.9x 10** 2.9 | 0.7709
r= Rg = 150 x 106X 103 B ) | 18738
43 !
— _ 6.67 x 1.9 X 5.9 x.10 ') _ 6.67x19x59x10 150 | 21781
150 x 102 ’ 150 —
U(r) = —4.985x10"'x10%*;= —49.85x107%x 103* (=) | 1.6977
_ 32 ;
U(r) = —49:85 x10°“ joule Antilog | 4.985x 10!

Earth revolves around the Sun at 30 km s~1, Calculate the kinetic energy of
the Earth. If the calculated the potential energy of the Earth is — 49.85 x 1032
joule. then what is the total energy of the Earth in that case? Is the total
energy positive? Give reasons.
Solution

v=30 kms1=30 x 103 ms1

The kinetic energy of the Earth KE = Y2 Mev2

KE=%x5.9x1024x30x103x 30x 103

KE=2.95x1024x30x 103x 30 x 103

KE =2.95x 1024x 9 x 108

KE = 26.55 x 1032 Joule

Hence the total energy, E = KE + UE

=26.55x 1032 + (-49.85 x 1032)

E=(26.55 - 49.85) x 1032 ; E=-23.2x 1032 Joule

The negative sign implies that Earth is bounded with Sun.
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UNIT - Vil (PROPERTIES OF MATTER)

A wire 10 m long has a cross-sectional area 1.25x10-4 m=2. It is subjected to
a load of 5 kg. If Young’s modulus of the material is 4x101° Nm-2, calculate
the elongation produced in the wire. Take g = 10 ms-2,

Solution

% =YX % ; AL = (g) (%) ; (1.251520-4) (4 x110010) =104 m

A metallic cube of side 100 cm is subjected to a uniform force acting normal
to the whole surface of the cube. The pressure is 10€ pascal. If the volume
changes by 1.5%10-5 m3, calculate the bulk modulus of the material.

31

Solution No. Log
F
A \Y 106x 1 10! | 11.0000
K=& =P— ;K=———;=6.67 x 1010 Nm?
v AV 1.5x10 1.5 | 01761
(=) 10.8239
A metal cube of side 0.20 m is subjected to a shearing force [, og | 6.666x 100

of 4000 N. The top surface is displaced through:0.50 cm

with respect to the bottom. Calculate the shear modulus of elasticity of the

metal.

Solution

Here, L = 0.20m, F=4000N, x=0.50cm5=0.005m and Area A = L2 = 0.04 m2
Therefore,ng = G)x (E) & (m)x (ﬂ) ; =4 x106 Nm-2

X 0.04 0.005

A wire of length 2 m with the area of cross-section 10-6 m2 is used to suspend
a load of 980 N. Calculate i)the stress developed in the wire ii) the strain and
iii) the energy stored. Given: Y=12 x 1010N m—2

Solution No. Log
i) Stress = £= 1908_06 ; =98 x 107 Nm-2 980 | 2.9912
7
ii) Strain = 2o 28X . _g 17 x 103 81.66 | 1.9120
i) Volume = 2 x 106 m3
Energy = %2 (Stress x Strain) x Volume (¥) ] 4.9032
=15 (98x107) x8.17x103) x2x 106 = 8)J Antilog | 8.002x 104

A solid sphere has a radius of 1.5 cm and a mass of 0.038 kg. Calculate the
specific gravity or relative density of the sphere.
Solution

Radius of the sphere R = 1.5 cm; mass m = 0.038 kg

Volume of the sphere V= =mtR? ; = = (3.14) x (1.5 x 1072)* ; 1.413 x 105m?

. 0.038k
Density p = % = m ; = 2690 kgm-3
2690

Hence, the specific gravity of the sphere = Too0 - 2.69
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106. Two pistons of a hydraulic lift have diameters of 60 cm and 5 cm. What is
the force exerted by the larger piston when 50 N is placed on the smaller
piston?

Solution
Since, the diameter of the pistons are given, we can calculate the radius

of the pistonr = g

2
Area of smaller piston , A1 =1 (g) =11(2.5)?

2
Area of larger piston , Ao =T (?) =1t(30)?

_ 4 _ 302
F2—A1XF1—(50N)X(25) - 7200 N

This means that with thé force of 50 N, the force of 7200 N can be lifted

107. A cube of wood floating in water supports a 300 g mass at the centre of its
top face. When the mass is removed, the cube rises by 3 cm. Determine the
volume of the cube.

Solution
Let each side of the cube be [. The volume occupied by 3 cm depth of cube,
V = (3cm) x [%; = 31%cm
According to the principle of floatation; we have Vpg = mg = Vo =m
p is density of water = 1000 kgm>3
=(31% x 10-2m) x (1000 kgm-3)"= 300 x 10-3kg

300x 1073
2 = ———————m2; =% 2700 x 104 m2
3x1072x 1000

[ =10x 102 m = 10cm’.volume of cube V = I3 = 1000 cm3

108. A metal plate of area 2:5%10-4 m2 is placed on a 0.25x10-3 m thick layer of
castor oil. If a force:of-2.5 N is needed to move the plate with a velocity
3x10-2 m s-1, calculate the coefficient of viscosity of castor oil.

Given: A=2.5x10-4 m2, dx = 0.25x10-3m, F=2.5 N and dv = 3x10-2 ms1

Solution
_ _adv - Fdx | _ (2.5N) (0.25x1073m)
F nA ax N7 aqw ' 7 (2.5x10~4m?2)(3x 10~2 ms~D
= (0.083 x 103 N m=2s

’

109. Let 2.4x10-4 ) of work is done to increase the area of a fi Im of soap bubble
from 50 cm2 to 100 cm2. Calculate the value of surface tension of soap
solution.

Solution
A soap bubble has two free surfaces, therefore increase in surface area
AA =A>—A1 = 2(100-50) x 10-4m2 = 100 x 10-4m=.

-4
Since, work done W=Tx AA ;T=— .= 24x10 7 .
AA 100 x 10~4m?2
=2.4x102Nm1
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110. If excess pressure is balanced by a column of oil (with specific gravity 0.8)
4 mm high, where R = 2.0 cm, find the surface tension of the soap bubble.

Solution

The excess of pressure inside the soap bubbleis Ap = P, — P, = %

4T

Ap = P, — P, =pgh [pgh = —]

pghR  _ (800)(9.8)(4x107%)(2x 1072

)
Surface tension, T = o 4 :T=15.68x102 Nm-?

111. Mercury has an angle of contact equal to 140° with soda lime glass. A narrow
tube of radius 2 mm, made of this glass is dipped in a trough containing
mercury. By what amount does the mercury dip down in the tube relative to
the liquid surface outside? Surface tension of ‘mercury T=0.456 Nm-1;
Density of mercury p = 13.6x103 kgm-3
Solution

Capillary descent, cos140 = cos(90+50) -sin50 = -0.7660

0
oo 2Tcose _ _ 2x(0456 N~ 1) (€0s1407)  2x0.456x (—0.7660)
rpg  (2x10-3m)(13.6x103) (9.8 ms™2)’ 2x13.6x9.8
~0.6986
= ; = —262x 103 m
266.56

where, negative sign indicates that there is fall of mercury (mercury is

depressed)in glass tube.

112. In a normal adult, the average speed of the blood through the aorta

(radius r = 0.8 cm) is 0.33 ms-1. From the aorta, the blood goes into major

arteries, which are 30 in number, each of radius 0.4 cm.

No. Log
Calculate the speed of the blood through the arteries. 132 | 01206
Solution 30 | 1.4771
2 (-) | 2.6435
a,vy = 30a,v, ;mrév, = 30 rav 'V2=i(r—1) v
171 2%z » 1M 272 » 30\r,/ 1 | Antilog | 4.400x 102

2

) x (0.33 ms1) : Vo =0.044 ms1

1 (0.8 x107%m

Vo =—
30 \0.4x10"2m
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EXERCISE PROBLEM

A capillary of diameter d mm is dipped in water such that the water rises to
a height of 30mm. If the radius of the capillary is made 2/3 of its previous

value, then compute the height up to which water will rise in the new

capillary?
Solution
. . . . rh 2 TcosO
Surface tension by capillary rise method is, T = T8 s h=
2 cosH prg
1
h « - (or) hr = constant
hyry 30x1073X%r 3x30x1073XT
hiry = hyry  hy = ;= ;=
111 212 2 T (E) o

3

h, =45x103m=45mm

The reading of pressure meter attached with a closed pipe is 5x105 N m=2,
On opening the valve of the pipe, the 'reading of the pressure meter is
4.5 x 105 Nm=2, Calculate the speed,of the water flowing in the pipe.
Solution

Under closed state, velocity of water; v1=0

Under open state,velocity of water; vo=v

Density of water; p =1000 kg m-3

According to Bernoulli’'s theorem, for horizontal pipe

P 1 P 1 P P 1 1
2tovi=24-vE; 2-2=-vi—cvi
o] 2 p 2 o] p 2 2
P-P, 1. 9 2\ . 2 2 _ 2

—p :E(VZ_V1),V2_V1:E(P1_P2)

2

v2—0=—(5x10° —4.5x10%) ;v? = —(5 — 4.5x 10%)
1000 1000
2 _ 2 5, 10° 2y — .
v:=—x05x10= —;= 10°;v=10ms?
1000 10
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UNIT - Vill (HEAT AND THERMODYNAMICS)

115. Eiffel tower is made up of iron and its height is roughly 300 m. During winter
season (January) in France the temperature is 29 C and in hot summer its
average temperature 259 C. Calculate the change in height of Eiffel tower
between summer and winter. The linear thermal expansion coefficient for
irona =10 x10-€ per °C
Solution

== a AT ; AL = ayLoAT;
0

AL = 10x10-6x300%x23 = 0.069 m=69 mm

116. A person does 30 kJ work on 2 kg of water by stirring using a paddle wheel.
While stirring, around 5 kcal of heat is released from water through its
container to the surface and surroundings by thermal conduction and
radiation. What is the change in internal energy of the system?

Solution
Work done on the system (by the ‘person while stirring),
W = -30 kJ = -30,000J
Heat flowing out of the system, Q = —5:keal = -5x4184 J =-20920 J
Using First law of thermodynamics, At= Q-W
AU =-20,920 J- (-30,000) J
AU =-20,920 J+30,000 J = 9080 J
Here, the heat lost is less than the work done on the system, so the
change in internal energy.is*positive.

117. Jogging every day is good:for health. Assume that when you jog a work of
500 kJ is done and 230:kJ of heat is given off. What is the change in internal
energy of your body?

Solution
Work done by the system (body), W = +500 kJ
Heat released from the system (body),Q = -230 kJ
The change in internal energy of a body = AU =-230 kJ-500 kJ = -730 kJ

118. 500 g of water is heated from 300 C to 60°C. Ignoring the slight expansion of
water, calculate the change in internal energy of the water? (specific heat of
water 4184 J/kg.K)

Solution
When the water is heated from 300C to 60°C, there is only a slight
change in its volume. So we can treat this process as isochoric. In an
isochoric process the work done by the system is zero. The given heat
supplied is used to increase only the internal energy. AU = Q = msy AT
The mass of water = 500 g =0.5 kg;
The change in temperature = 30K
The heat Q = 0.5x4184x30 = 62.76 kJ
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During a cyclic process, a heat engine absorbs 500 J of heat from a hot
reservoir, does work and ejects an amount of heat 300 J into the
surroundings (cold reservoir). Calculate the efficiency of the heat engine?
Solution

QL 300

The efficiency of heat engine is given byn =1 — 9 nm=1- w00

H
=1-2;n=1-06;04
The heat engine has 40% efficiency, implying that this heat engine
converts only 40% of the input heat into work.

There are two Carnot engines A and B operating in two different temperature
regions. For Engine A, the temperatures of the two reservoirs are 150°C and
1000°C. For engine B the temperatures of the reservoirs are 350°C and 300°C.

Which engine has lesser efficiency? 3 1
Solution s CE
The efficiency for engine A=1 — 373 ; 73 | 25017
- 023 423 | 2.6263
= 0.11. Engine A has 11% efficiency :
(- | 1.9454
A ; No. Log
The efficiency for engine S Antilog | 8.819x 10
B=1— 22:=0.08. §23°] 2.7945
623 =
(=) | 1.9637
Engine B has 8% efficiency Antilog | 9.198x 10

A refrigerator has COP of 3."How much work must be supplied to the

refrigerator in order to remove 200 J of heat from its interion?
_ 200

Solution COP=p = Ew=1 ;=22 -66.67)

EXERCISE PROBLEM

Calculate the number of moles of air is in the inflated balloon at room
temperature The radius of the balloon is 10 cm, and pressure inside the
balloon is 180 kPa.

Solution . No. Log
From ideal gas equation PV =pRT orp = — ——1
4 RT 180 | 2.2553
Volume of spherical shaped balloon, V = = tr3
4 3 4184 | 0.6216
=5 X 3.14x(10x1072)3:4x 1.046 x 103 ;
V=4184x103 (+) | 2.8769
. 180x103x4.184x 1073 2493 | 3.3967
From equation 1,= ; =
8.31x (274273) (=) | 1.4802
180x4.184
© 831x300 ' Antilog | 3.021x 101
= 222201 =03021 ; p = 0.3 moles
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123. In the planet Mars, the average temperature is around -53°C and
atmospheric pressure is 0.9 kPa. Calculate the number of moles of the
molecules in unit volume in the planet Mars? Is this greater than that in

earth?
Solution
. , . PV
Number of molecules per unit volume in Mars planet is Wyars = RT
_09x1000x1 __ 900 __ 9 __ 90
831x(-53+273) " 831x220° 831x22 18282’
Mmars = 0.4922 moles
. . . PV
Number of molecules per unit volume in Earth planetis pearm = T

_ 1013 x1000x1 _ _ 101300 . _ 1013 _ _ 1013 ,

© 831x(27+273)" 831x300’ 831x3’ 2493’
Mearth = 40.46 moles

124. A man starts bicycling in the morning at a temperature around 25° C, he
checked the pressure of tire which is equal to be 500 kPa. Afternoon he
found that the absolute pressure in the tyre is.increased to 520 kPa. By
assuming the expansion of tyre is negligible, what-is the temperature of tyre
at afternoon?

Solution
Let this is considered as isochoricprocess, then P = [HVR] T
In morning , P1 = [%R]Tl ——————————————— 1 In afternoon , P2 = [%R]Tz -2
Divide equation (1) by (2)
Py _ Ty .o _Pi_ @i 520x1000 . _52
P, T, T2 P, Ti: T2 500 x 1000 (25+273); 50 ¢ 298

=1.04 x 298; = 309.92 k, T2 = 309.92 k or 36.92 Oc

125. For a given ideal gas 6 x 105/ heat energy is supplied and the volume of gas
is increased from:4 m3 to 6 m3 at atmospheric pressure. Calculate (a) the
work done by the gas (b) change in internal energy of the gas (c) graph this
process in PV and TV diagram.

Solution
(a) Work done by the gas:

Work done by the gas during isobaric expansion, W =P AV =P [Vs - V;];

W=101.3x103x (6 - 4); =101300 x (2) = 202600 J; W = 202.6kJ
(b) Change in internal energy of the gas

From second law of thermodynamics Q =AU + W (or) AU=Q - W

=6 x 105 - 202600; AU = 6 x 105 - 2.026 x105;

AU = (6 —2.026) x 105;=3.974 x 105=397.4 x 103J ; AU = 397.4kJ
(c) PV diagram and TV diagram

1 atm
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126. Consider the following cyclic process consist of isotherm, isochoric ~
and isobar which is given in the figure.
Draw the same cyclic process qualitatively in the V-T diagram
where T is taken along x direction and V is taken along y-direction.
Analyze the nature of heat exchange in each process. -
Solution

Process 1 to 2 = increase in volume. So heat must be added.

Process 2 to 3 = Volume remains constant. Increase in :
temperature. The given heat is used to increase the internal

energy.

Process 3 to 1: Pressure remains constant. Volume and
Temperature are reduced. Heat flows out of the system. It is an !
isobaric compression where the work is done on the system.

127. Suppose a person wants to increase the efficiency of the reversible heat
engine that is operating between 100°C and 300°C. He had two ways to
increase the efficiency. (a) By decreasing the cold reservoir temperature from
100°C to 50°C and keeping the hot reservoir«itemperature constant (b) by
increasing the temperature of the hot reservoir from 300°C to 350°C by
keeping the cold reservoir temperature.constant. Which is the suitable

method?

Solution No. Log
Temperature of hot source;I'ag=(300+273)=573 K 200 | 23010
Temperature of cold sink;Tr=(100+273)= 373 K ‘

N _ T, Th-m, 573 | 2.7582
Hence efficiency of heatenginen = 1 — Te = Ty o | 15428
n = M Antilog | 3.490x 101
573
200 0
n=_-;= 0.349 ;11 =34.9% No. Log
In case (a) Tw = (300 + 273) = 573 K & 250 | 23979
573 | 2.7582
TL=(B0+273)=323 K o | 16397
n=1- ;_L — THT;TL ‘M = 573;_323 Antilog | 4.362x 10
H H 73
_ 250 _ c = 0
== 0.4362 ;11 =43.6%
In case (b) Th = (350 + 273) =623 K & No. Log
TL=(100+273)=373 K 250 | 2.3979
TL _ TH-T . 623-373 623 | 2.7945
=-1—-——=—= = —
" T Tw 623 (=) | 1.6034
= @; =0.4012 ;n = 40.1% Antilog | 4.012x 101
623
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128. A Carnot engine whose efficiency is 45% takes heat from a source
maintained at a temperature of 327 °C. To have an engine of efficiency 60%
what must be the intake temperature for the same exhaust (sink)
temperature?

Solution

Efficiency when , Th = (327+ 273) =600 K & n = 45% = 0.45
n=1——=;045= 1——L'——1 —-0.45;=0.55
600 600

TL=0.55x600 =330 K; T.=330 Kor 57°C

Efficiency when , Th = (57+ 273) =330 K & n =60% = 0.60

n=1—— 0.60=1-2>;22=1-0.60;=0.40
Ty Tu
Tu=220=22: =825 K ; Ty = 825 K or 5520C

129. An ideal refrigerator keeps its content at.:0°C while the room temperature is
27 °C. Calculate its coefficient of performance.
Solution
Coefficient of performance (COP) of refrigerator, when
Th=(27 + 273) =300 K& T =(0+273) =273 K

273 |

CcopP = B_ PN B_300 273'_? ’ No. Log
B =10.11 273 | 2.4362
27 | 1.4314
(=) 1.0048
Antilog | 1.011x 101
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UNIT - IX (KINETIC THEORY OF GASES)

130. A football at 27°C has 0.5 mole of air molecules. Calculate the internal
energy of air in the ball.
Solution
The internal energy of ideal gas = % NKT
The number of air molecules is given in terms of number of moles so,

rewrite the expression as U = % uRT; Nk = pR. Here p is number of
moles.

Gas constant R = 8.31 ﬁ ; Temperature T =273+27=300K

U= zx 0.5 x 8.31 x 300 = 1869.75 J.

This is approximately equivalent to the kinetic energy of a man of
57 kg running with a speed of 8 ms1.

131. A room contains oxygen and hydrogen molecules in the ratio 3:1. The
temperature of the room is 27 °C. The molar mass of 02 is 32 g mol-1 and
of H2 is 2 g mol-L. The value of gas constant R is:8.32 J mol1 K1,

(a) Calculate rms speed of oxygen and hydrogen molecule.

(b) Average kinetic energy per oxygen molecule and per hydrogen molecule
(c) Ratio of average kinetic energy. of oxygen molecules and hydrogen
molecules.

Solution
(a) Absolute Temperature T=27°C =27+273=300 K.

Gas constant R=8.32,4 mol1 k1
For Oxygen molecule: Molar mass M=32 g =32 x 10-3 kg mol1

3RT 3x8.32x300
rms speed.(Vims) = EYE y = T32x10-3 : 483.73 ms1 =~ 484 ms1

For Hydrogen molecule: Molar mass M= 2 x 103 kg mol1

3RT 3x8.32x300
rms speed (Vims) = T y = W : 1934 ms1 :=1.93k ms1

The rms speed of hydrogen is 4 times greater than rms speed of oxygen

1934
at the same temperature Yy 4,

3
b) The average kinetic energy per molecule is > KT

—

N | W

KT = 2 x 1.38 x 1022 x 300 = 6.21 x 1021 J

—_

3
c) Average Kinetic energy of total oxygen molecules = > No KT

3
Average kinetic energy of total hydrogen molecules = > Nu KT

The ratio of average kinetic energy of oxygen molecules with average
Kinetic energy of hydrogen molecules is 3:1.

Kindly send me your questions and answerkeys to us : Padasalai.Net@gmail.com


https://www.padasalai.net/
https://www.padasalai.net/

www.Padasalai.Net - No.1 Educational Website in Tamilnadu

XI STD. PHYSICS NUMERICAL PROBLEMS, DEPARTMENT OF PHYSICS | 41
SRMHSS, KAVERIYAMPOONDI, TIRUVANNAMALAI
RAJENDRAN M, M.Sc., B.Ed., C.C.A., P.G. TEACHER IN PHYSICS

132. Ten particles are moving at the speed of 2, 3,4, 5, 5,5, 6, 6, 7 and 9 m s1.
Calculate rms speed, average speed and most probable speed.

Solution

_  243+4+5+5+5+6+6+7+9
The average speed UV = ;=5.2mst

10

To find the rms speed, first calculate the mean square speed
—  224324424524524524624624+7%2492

v2 = - = 30.6 m2s2

10
Venex =VVZ = V30,6 ; = 5.53 ms

The most probable speed is 5 ms? because three of the particles
have that speed.

133. Find the adiabatic exponent y for mixture of 1. moles of monoatomic gas
and p2 moles of a diatomic gas at normal temperature (27°C) .
Solution

The specific heat of one mole of a monoatomic gas Cy = z R
For u; mole, Cy = % WwR ,Cp= g W R

The specific heat of one mole of a diatomic gas , Cv = 2 R
For pu, mole, Cy = g WwR ,Cp= % R

specific heat of the mixture at econstant volume Cy = S w R+ g W, R

The specific heat of the mixttre at constant pressure

5 7
Ce =3 R+ EHZR

Cp _ 5ug+7;

The adiabatic exponenty = o 3p. 458
v 1 2

134. An oxygen moleculeis travelling in air at 300 K and 1 atm, and the diameter
of oxygen molecule is 1.2x10-19m. Calculate the mean free path of oxygen

molecule.
Solution
1
A= v2mnd2 °
We have to find the number density n By using ideal gas law
3
n=S=2L2__ LI3X10° _._5 499 x 1025 molecules / m3
V kT  1.381x10723x300
A=

V2 x T x2.449 x 1025 x (1.2 x 10710)2

= 1 .2-063x10%m
15.65 x 105
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EXERCISE PROBLEM

135. A fresh air is composed of nitrogen N2(78%) and oxygen 02(21%). Find the

136.

rms speed of N2 and Oz at 20°C.
Solution
Na = Avogadro Number and R = 8.314 J mol'1 K1
1) Nitrogen molecule (N2)
Atomic mass of Nitrogen = 14,
Then One Nitrogen molecule = 2x14=28

Thus 28 g nitrogen gas contains Na number of nitrogen No. Log
molecules Hence, Molecular mass of one
mole of nitrogen 3104771
molecule, M = 28 g/mol = 0.028 kg/mol 8-2;;‘ g-iéig
RMS speed of nitrogen molecule, :
(+) | 3.8638
(v, )= 3RT = 3x8.314x (20+273) 0028 | 7 4472
ms M 0.028
3x8.314 x 293 =) ?'4166 X2
= T ooss ;=510.9 ms1; (vrms) =511ms1 =2.7083
' Antilog | 5.109x 102
2) Oxygen molecule (02)
Atomic mass of Oxygen = 16. Then.One Oxygen molecule =2x16=32
Thus 32 g Oxygen contains«<NA" number of oxygen
molecules No. Log
Hence, Molecular mass of:ane mole of oxygen molecule Ny pe—
M = 32 g/mol = 0.032Kkg/mol & 314 | 00108
RMS speed of oxygen molecule, (V,,s) 293 | 7 4689
— SE - 3x 8314 x (20+273) (+) | 3.8638
M’ 0.032 0.032 | 2.5051
3 x8.314.x293 14
= f—x 2 = 477.9 ms?; (V,ms) = 478 mst (=) | 53587 x ¥4
0.032 =2 6793
] ] Antilog | 4 779x 10?
If the rms speed of methane gas in the Jupiter's atmosphere
is 471.8 ms?, show that the surface temperature of No Log
Jupiter is sub-zero. )
Solution 4710 | 26738
T RT 2 M 4710 | 26738
3 3 5
(vrms) ~ T or Vrz'ms = T orT= _Vr;nlz 0.016 | 2.2041
y (+) | 35517
T (471.8)%x 0.016  471.8x 471.8 x 0.016 24042 | 13069
3 x 8314 ! 24.942 ’

T=1428 K =143 K

(-) | 21548

orT=143 - 273 ; = - 130°C

Antilog | 1.428x 107

Thus surface temperature of Jupiter planet is less than 0°C
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137. Calculate the temperature at which the rms velocity of a gas triples its value
at S.T.P. (standard temperature T1 = 273 K)
Solution
At standard temperature and pressure (STP) ; Vpyps1 = v & T1 =273 K
At new temperature and pressure ; Uy s, = 3v & T2 =7
3RT,
M

. _ 3RT,
'"""""'1 ’ vrms 2 — M '"""""'2

By definition, v,,s1 =

Divide equation 2 by 1

3RT
Vrms2 2 vrms 2 vrms 2 2 . 3v 2
yTo=T1 ;273 X |—
Vrms 1 3RT1 vrms 1 T Vrms 1 v

=273x9,; T2—2557K

138. A gas is at temperature 80°C and pressure 5x10-1°N m~2, What is the
number of molecules per m3 if Boltzmann’s constant is 1.38x10-23 J K-1

Solution
Ideal gas constant PV = nkT;
PV 5x1071% 1 __ 5x10%3
KT 138x10-23%(804273) ' 138x353

n=1.026 x 102 x 1013; n = 1.026 x 4011

139. Calculate the mean free path of air molecules at STP. The diameter of N2 and
02 is about 3 x 10-10 m,
Solution
AtSTPP =1.013 x 105%Nm=2 & T=273K

N P P
By ideal gas equation,-PV = NKT or — = — orn =—

V KT kT

_ P 1013x10° . 1.013x10%8

~ kT’ 138%x10-23x273 ' 138x273
n=2.688 x103x 1028
n = 2.688 x'1025 molecules /m3

1
The mean free path A =
b \/Eﬂndz
— 1 . 1
3.14x (3x10710)2x 2,688 x 1025x 1.414 *  3.14x9X 2.688 x 1.414 x 105

=0.313x103x10°% ;A =9.313x108m
140. A gas made of a mixture of 2 moles of oxygen and 4 moles of argon at

temperature T. Calculate the energy of the gas in terms of RT. Neglect the
vibrational modes.
Solution
Oxygen (02) is a di atomic molecule. Its number of degrees of freedom
f=5
Argon (Ar) is a mono atomic molecule. Its number of degrees of freedom
f=3
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For mono atomic molecule, total energy of u mole of gas,
U= X SNAkT; =y X %RT

For di atomic molecule, total energy of u mole of gas,

Uz = i, X ZNoKT; = 1, x ZRT

Total energy of gas mixture U = U4 + U2

U=y X ZRT+ i x 2RT ;U =4x RT+2x ~RT
U=6RT+5RT;U=11RT

141. Estimate the total number of air molecules in a room of capacity 25m?3 at a

temperature of 27°C.

Solution
No. Lo
ldeal gas constant PV = NKT or N = %; 8
5 1.013 | 0.0056
_ 1.013x10°x 25 25 | 1.3979
1.38x 10723 x (27 + 273) (+) | 1.4035
_ 1.013x105x25 _ _ 1.013x25X 1028 414 | 2.6170
 1.38x10723x300 414 (=) | 2.7865
N =6.116 x 103 x 1025; : ,
Antilog | 6.116x 10
N =6.116 x 1025 molecCules
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UNIT - X (OSCILLATIONS)

142. Consider two springs whose force constants are 1 Nm~1 and 2 Nm~1 which
are connected in series. Calculate the effective spring constant (ks) and
comment on Ks .

Solution

k1k2
= -1 = -1 - =_- 4 -1 =
ki=1Nm y ko =2 Nm ; Ks Kyt Nm ; Ks 12

1x2 2
= =§Nm-1

ks < k1 and ks < ko

Therefore, the effective spring constant is lesser than both k1 and k2

143. Consider two springs with force constants 1 Nm~1 and 2 Nm~1 connected in
parallel. Calculate the effective spring constant (k,).and comment on k.
Solution

k1 =1 Nm™ ko=2Nm1; ky = k1 + ke Nm-1
ko=1+2=3Nm1; kp > ks andkp> ko

Therefore, the effective spring constant is greater than both k1 and ko.

144. If the length of the simple pendulum is increased by 44% from its original
length, calculate the percentage increase in time period of the pendulum.
Solution

T « /1 ; T ="constant V1
14—
?= % V144 =1.2 ;
i
Therefore, Tr=1.2Ti=Ti+ 20% T;
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EXERCISE PROBLEM

145. Consider a simple pendulum of length [ = 0.9 m which is properly placed on
a trolley rolling down on a inclined plane which is at 6 = 45° with the
horizontal. Assuming that the inclined plane is frictionless, calculate the time
period of oscillation of the simple pendulum.

Solution
The effective value of acceleration due to gravity will be equal to the

component of g normal to the inclined plane which is g'=g cos 6

Then the time period is given by T = 2@ /L, =2n / :
g g cos0
T=27 |———— = 21 [—21;;=2x314 /L
9.8 x c0s45° 9.8x NG 9.8x 0.707

0.9
6.9286

; = 6.28v0.1290 ; =6:28 x 0.3604 ; T= 2.263s

146. A piece of wood of mass m is floating erect in a liquid whose density is p. If
it is slightly pressed down and.released, then executes simple harmonic

motion. Show that its time petiod of oscillation is T = 27 fAlgp

Solution
Let the wood pieceof mass ‘m’ and area ‘A’ floating in liquid of density

‘p’ is pressed.down by a distance ‘x’ and released, so that it executes

SHM.

The restoring force is given by, F=k x (or) mg = kx (or) k = %;

_ (pvig L) pAg

X X

The time period of vertical oscillation is, T = Zn\/%; = 21 fAlgp
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UNIT - XI (WAVES)

The average range of frequencies at which human beings can hear sound
waves varies from 20 Hz to 20 kHz. Calculate the wavelength of the sound
wave in these limits. (Assume the speed of sound to be 340 ms-1.
Solution

v 340 v 340

7\1=E—% =17 m ;?\2=€——20X103 :=0.017m

Therefore, the audible wavelength region is from 0.017 mto 17 m when
the velocity of sound in that region is 340 ms-1.

A man saw a toy duck on a wave in an ocean. He noticed that the duck moved
up and down 15 times per minute. He roughly measured the wavelength of
the ocean wave as 1.2 m. Calculate the time taken by the toy duck for going
one time up and down and also the velocity of the ocean wave.
Solution
Given that the number of times the toy duck moves up and down is 15
times per minute. This information gives us‘ftequency (the number of

times the toy duck moves up and down)
f= 15 times toy duck moves up and down
- one minute

But one minute is 60 second, therefore, expressing time in terms of second.
15 1

f—a— Z’=O25 Hz
The time taken by the toy duek for going one time up and down is time
. . .. 1 1
period which is inverse of\frequency T = et 4s
The velocity of ocean wave is v = Af = 1.2 x0.25 = 0.3ms1
149. Calculate the speed. of sound in a steel rod whose | N Log
Young’s modulus Y-= 2 x 1011 Nm-2 and p = 7800 kg m-3- 10** | 11.0000
Solution 3900 | 3.5911
_ Y _ f2x 1011 5 . (=) 7.4089x 32
v= \ﬁ = [ Taog 5 V0-2564x 108 ; 3.7044
=0.506x 104 ms?t;=5x103ms1 Antilog | 5.062x 103

Therefore, longitudinal waves travel faster in a solid than

150.

in a liquid or a gas. Now you may understand why a shepherd checks before
crossing railway track by keeping his ears on the rails to safeguard his cattle.

An increase in pressure of 100 kPa causes a certain volume of water to
decrease by 0.005% of its original volume. (a) Calculate the bulk modulus of

water? (b) Compute the speed of sound (compressional waves) in water?

Solution

AP 100x 103 100 x 103
(a) Bulk modulus B = V |3 = X0 = JE
AV 5x10

i 0.005x 1072
where Mpa is mega pascal

(b) Speed of sound in wateris v = \/% = /% =1414 mst

; = 2000Mpa,
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151. Suppose a man stands at a distance from a cliff and claps his hands. He
receives an echo from the cliff after 4 second. Calculate the distance
between the man and the cliff. Assume the speed of sound to be 343 ms-1.
Solution

The time taken by the sound to come back as echois2t=4=>t=2s
~The distance isd = vt =(343 m s-1)(2 s) = 686 m.

152. A mobile phone tower transmits a wave sighal of frequency 900MHz.
Calculate the length of the waves transmitted from the mobile phone tower.
Solution

Frequency, f = 900 MHz; = 900 x 106 Hz
The speed of wave isc =3 x 108ms-1

8
A =L =—""1:=033m

f ~ 900x106’

153. Two vibrating tuning forks produce waves whose equation is given by
y1 = 5 sin(240mt) and y2 = 4 sin(244mnt). Compute the number of beats per
second.

Solution
Given y1 = 5 sin(240mt) and y2 = 4 sin(244mt)
Comparing with y = A sin(2nf4t), we get
2nf1 = 240 = f1 = 120Hz ; 2nfa=244n = f, = 122Hz
The number of beats producediis*| f1 — f2| = 1120 - 122| = |- 2|
=2 beats per sec

154. A baby cries on seeing a dog and the cry is detected at a distance of 3.0 m
such that the intensity of sound at this distance is 10-2 Wm-2, Calculate the
intensity of the baby’s cry at a distance 6.0 m.

Solution
l1 is the intensity of sound detected at a distance 3.0 m and it is given
as 102 W m=.
Let |2 be the intensity of sound detected at a distance 6.0 m. Then,
ri=3.0m, ro = 6.0 mand since, | riz

the power output does not depend on the observer and depends on the
2

2
baby. Therefore, 1—1 =2 ;=12 ;1= 0.25x 102 Wm?

2
2 i 2

155. The sound level from a musical instrument playing is 50 dB. If three identical
musical instruments are played together then compute the total intensity.
The intensity of the sound from each instrument is 10-12 W m-2
Solution
I I
AL = 10logy, [ 2| = 50 dB ;logy, [2X] = 5 dB
0 0
i—; =105 11 =105 lp; = 105 x 1012Wm=2; 11 = 107 Wm=2
Since three musical instruments are played, therefore liotai = 311=3x107 Wm-2
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156. If a flute sounds a note with 450Hz, what are the frequencies of the second,
third, and fourth harmonics of this pitch? If the clarinet sounds with a same
note as 450Hz, then what are the frequencies of the lowest three harmonics
produced.

Solution
For a flute which is an open pipe, we have
Second harmonics fo = 2 f1 = 900 Hz
Third harmonics fz = 3 f1 = 1350 Hz
Fourth harmonics f4 = 4 f1 = 1800 Hz
For a clarinet which is a closed pipe, we have
Second harmonics fo = 3 f1 = 1350 Hz
Third harmonics fz =5 f1 = 2250 Hz
Fourth harmonics f4 = 7 f1 = 3150 Hz

157. If the third harmonics of a closed organ pipe is equal to the fundamental
frequency of an open organ pipe, compute the length of the open organ pipe
if the length of the closed organ pipe is 30 cm.

Solution
Let [, be the length of the open organ pipé,with [;=30 cm the length of
the closed organ pipe.
It is given that the third harmonic of,closed organ pipe is equal to the
fundamental frequency of open grgan pipe.

The third harmonic of a closed organ pipe f, = /11 = :Tv : = 3fy
2 1
The fundamental frequencyof open organ pipe is f; = /11 = % ;
1 2
Therefore — = 3_1;; l,"= 21 =20 cm
2L, 4l 3

158. A frequency generator with fixed frequency of 343 Hz is allowed to vibrate
above a 1.0 m high:'tube. A pump is switched on to fill the water slowly in the
tube. In order to get resonance, what must be the minimum height of the
water? (speed of sound in air is 343 m s™1)

Solution

-1
The wavelength , A = c A= 343 ms ;=1.0m
f 343 Hz

Let the length of the resonant columns be L4, L> and Ls.

The first resonance occurs at length L4. L1=% = i =0.25m

The second resonance occurs at length Lo. L2=3I/1 = % =0.75m

The third resonance occurs at length Ls. L:-;:T'1 = Z =1.25 m and so on.

Since total length of the tube is 1.0 m the third and other higher
resonances do not occur. Therefore, the minimum height of water Hmin
for resonance is, Hnin=1.0m - 0.75m=0.25m
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159. A student performed an experiment to determine the speed of sound in air
using the resonance column method. The length of the air column that
resonates in the fundamental mode with a tuning fork is 0.2 m. If the length
is varied such that the same tuning fork resonates with the first overtone at
0.7 m. Calculate the end correction.

Solution

. L, —3L 0.7-3 (0.2
End correction e= =2 - L. = ’ 2( ) -=0.05m

160. Consider a tuning fork which is used to produce resonance in an air column.
A resonance air column is a glass tube whose length can be adjusted by a
variable piston. At room temperature, the two successive resonances
observed are at 20 cm and 85 cm of the column length. If the frequency of
the length is 256 Hz, compute the velocity of the sound in air at room
temperature.

Solution
Two successive length (resonance) to be L1 =20 cm and Lo = 85 cm
The frequency is f = 256 Hz; v =f A = 2f AL =.2f (L2 — L1)
=2 x256%(85-20)%x102ms1v=3328ms1?

161. Asound of frequency 1500 Hz is emitted by-a source which moves away from
an observer and moves towards a cliff at.a'speed of 6 ms-1,
(@) Calculate the frequency of the.sound which is coming directly from the
source.
(b) Compute the frequency of'sound heard by the observer reflected off
the cliff. Assume the speed of sound in air is 330 ms-1.
Solution
(a) Source is moving away and observer is stationary, therefore, the
frequency 'of sound heard directly from source is
£ =4 f = [22] x 1500 = 1473 Hz

V+vg 330+6
(b) Sound is reflected from the cliff and reaches observer, therefore,

f' = || f = [ 22| x 1500 = 1528 Hz

V—Vg 330-6

162. An observer observes two moving trains, one reaching the station and other
leaving the station with equal speeds of 8 m s—1. If each train sounds its
whistles with frequency 240 Hz, then calculate the number of beats heard by
the observer.

Solution
Observer is stationary
(i) Source (train) is moving towards an observer:
The observed frequency due to train arriving station is
fin = || f = [2o=| x240 = 246 Hz

V—Vg 330-8
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(ii) Source (train) is moving away from an observer:
The observed frequency due to train leaving station is
four = || £ = [ =] x 240 = 234 Hz

V+vg 330+8

So the number of beats = |f;,, — f (]| = (246 - 234) = 12

EXERCISE PROBLEM
163. The speed of a wave in a certain medium is 900 m/s. If 3000 waves passes
over a certain point of the medium in 2 minutes, then compute its
wavelength?
Solution

Since 3000 waves passes over in 2 minutes (120 s), the number of

. 3000
waves passes per second is, f = ——; = 25 per second.

120
v 900

The wavelengthA = - = —; A =36m
f 25

164. Aship in a sea sends SONAR waves straight down into the seawater from the
bottom of the ship. The signal reflects from the deep bottom bed rock and
returns to the ship after 3.5 s. After the ship . moves to 100 km it sends
another signal which returns back after 2s. Calculate the depth of the sea in
each case and also compute the difference in height between two cases.

Solution
. 533x35 53655
Depth at first place, d1=‘”;t1 N L 332"3 = 362 - d1 =2682.75m
Depth at second place, d3= V’;tz ;= 15323X2; = 5325'5 - dq =1533m

The difference in height between two cases Ad = d, — d,
= 2682.75 - 1533 ;-Ad = 1149.75m

165. A sound wave is transmitted into a tube as shown P

in figure. The sound waves splits into two waves /A \\
at the point A which recombine at point B. Let R /\
Source = mEmEs ————————=Sum—+ [etector

be the radius of the semi-circle which is varied A B
until the first minimum. Calculate the radius of
the semi-circle if the wavelength of the sound is 50.0 m.
Solution
The length of semi-circle from Ato B; r1 =R = 3.14R

The length of straight line from Ato B; ro = 2R

. No. Log
Hence path difference, Ar =r1 —r2 =3.14R - 2R
=R (3.14-2)=1.14R 50 | 1.6990
From the condition of minimum intensity, 228 | 0.3579
Ar=nZ(Here,n=1,3,5,....) o | 13411
A
Hence condition for first minimum, Ar =n > Antilog | 2.193 x 101
A
(or) 1.14R = 2
R=—2 ;R=—2_.=3% R=2193m
2x1.14 2x1.14 2.28

Kindly send me your questions and answerkeys to us : Padasalai.Net@gmail.com


https://www.padasalai.net/
https://www.padasalai.net/

www.Padasalai.Net - No.1 Educational Website in Tamilnadu

XI STD. PHYSICS NUMERICAL PROBLEMS, DEPARTMENT OF PHYSICS | 52
SRMHSS, KAVERIYAMPOONDI, TIRUVANNAMALAI
RAJENDRAN M, M.Sc., B.Ed., C.C.A., P.G. TEACHER IN PHYSICS

166. N tuning forks are arranged in order of increasing frequency and any two
successive tuning forks give n beats per second when sounded together. If
the last fork gives double the frequency of the first (called as octave), Show
that the frequency of the first tuning fork is f = (N—1)n.

Solution
Number of tuning forks = N
Let f be the frequency of first tuning fork and ‘n’ be the number beats
per second when two successive forks are sounding together, then the
frequencies of N tuning forks in ascending order,
f, f£n, f£2n, f+3n, .., 2f
This is similar to the AP having ‘n’ number of terms
(i.e.) a, atd, a+2d, a+3d,......
We know the nthterm in APis, t,=a + (n'= 1)d
Here, the frequency of last tuning forkis 2f, then
2f=f+(N-1n ;2f-f=(N=yn ;f=(N-1)n

167. Consider two organ pipes of same length in which one organ pipe is closed
and another organ pipe isopen. If the fundamental frequency of closed pipe

is 250 Hz. Calculate the'fundamental frequency of the open pipe.

Solution
The third harmonic of a closed organ pipe f, = i —
The fundamental frequency of open organ pipe is f, = i D
fo [%]
Divide equation 2 by 1 7 = m =2 fo=2fc. =2 x250 =500Hz
¢ 4L
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168. A police in a siren car moving with a velocity 20 ms chases a thief who is
moving in a car with a velocity Vo ms. The police car sounds at frequency
300Hz, and both of them move towards a stationary siren of frequency
400Hz. Calculate the speed in which thief is moving. (Assume the thief does
not observe any beat)

Solution
Velocity of sound v =330 m/s
Velocity of a police siren car vs=20 m/s
Frequency of a police siren car f =300Hz

Frequency of police siren heard by thief is

f1=[v—v0]f; _ [330—V0]X300;= [330 ] 300

v— v 330 — 20

Frequency of stationary siren f =400Hz

Frequency of stationary siren heard by-thief

f, = [v+vv0]f; _ [330+V0]X400

330

It there are no beats then f1 = o
330 — 330 —vo 3300 v,
x300 = [2F v

310 330
(330 — vy) x0.9677= (330 + v,)x1.2121
319.341 - 0.9677v, = 399.993 + 1.2121v,

1.2121v,+0.9677v, = 319.341 - 399.993

]X400

_80.652

2.1798v, = —80.652 ; v, 1798

; =36.99 vy=37m/s

“NeHs kahd Kawnay fin ljj
ntwwad %ykhff fim ITFk kfiornad
nfuj nj ahUk mstfNt KbahJd”
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