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Preface

It gives us immense pleasure to present ‘Solutions To Concepts Of Physics’. This book contains solutions
to all the exercise problems from ‘Concepts Of Physics 1 and 2’. The problems have been illustrated in

detail with diagrams.
You are advised to solve the problems yourself instead of using this book.

The book is not written by any of our members and is not meant for sale.

- Indrajeet Patil (Admin)
- Aniket Panse (Mod Head)



SOLUTIONS TO CONCEPTS
CHAPTER -1

a) Linear momentum mv = [MLT"1]

b) Frequency : %= MCLOT™)

Force _ [MLT?] _
Area [L?]
a) Angular speed o = 6/t = [M°L°T™]

0y 01-2
b) Angular acceleration o = % = u =[M°L°T ]
c) Torque © = F r = [MLT ] [L] = [ML*T ]
d) Moment of inertia = Mr* = [M] [L?] = [ML*T"]

c) Pressure : MLT'T?)

-2
a) Electric field E = F/q = M';T = [MLT317"]
-2
b) Magnetic field B = F_ Lﬂ =[MT27]
Qv [ITILT

Bx2ma MT 2 "]x[L]

c) Magnetic permeability p = I 0 =[MLT272]
a) Electric dipole moment P = gl = [IT] x [L] = [LTI]
b) Magnetic dipole moment M = IA = [I] [L?] [L°I]
E = hv where E = energy and v = frequency.
212
h=E_MUT7] T1 ][MLZT’1]
v [T7]
2+-2
a) Specific heat capacity = C = _Q _MUT] 2T K™
mAT M]IK]
b) Coefficient of linear expansion = o = Lilp _ 1] _ K™

LoAT  [LIR]

11217 3
c) Gas constant =R = ﬂ = M
nT  [(mol)][K]
Taking force, length and time as fundamental quantity
i -2
a) Density = m_ (force/acceleration) _ [F/LT™] _ F _FLT2
\% Volume IL2] 472
b) Pressure = F/A = F/L? = [FL™]
¢) Momentum = mv (Force / acceleration) x Velocity = [F / LT x [LT™'] = [FT]
2 _ Force

acceleration

{ F }X[LTHZ:{ F }X[LZTZ]:[FL]

=[ML2T 2K (mol)™"]

d) Energy = %mv x (velocity )?

LT LT2?]

metre

8602

The average speed of a snail is 0.02 mile/hr
0.02x1.6x1000

Converting to S.1. units, 3800 m/sec [1 mile = 1.6 km = 1600 m] = 0.0089 ms™’

The average speed of leopard = 70 miles/hr

70x1.6x1000 _
3600

g=10 =36 x 10° cm/min®

In Sl units = 70 miles/hour = 31 m/s

11



Chapter-I

10.

1.

12.

13.

14.

15.

16.

17.

Height h = 75 cm, Density of mercury = 13600 kg/m®, g = 9.8 ms™ then
Pressure = hfg = 10 x 10* N/m? (approximately)

In C.G.S. Units, P = 10 x 10° dyne/cm?

In S.1. unit 100 watt = 100 Joule/sec

In C.G.S. Unit = 10° erg/sec

1 micro century = 10* x 100 years = 107 x 365 x 24 x 60 min
So, 100 min = 10° / 52560 = 1.9 microcentury

Surface tension of water = 72 dyne/cm

In S.1. Unit, 72 dyne/cm = 0.072 N/m

K = kI* ©° where k = Kinetic energy of rotating body and k = dimensionless constant
Dimensions of left side are,

K = [ML*T?

Dimensions of right side are,

2= [MLZ]a, OJb = [T—1]b

According to principle of homogeneity of dimension,

[ML?T?] = [ML2T A [T

Equating the dimension of both sides,
2=2aand-2=-b=a=1andb=2

Let energy E o« M°C® where M = Mass, C = speed of light

= E = KM°C® (K = proportionality constant)

Dimension of left side

E = [ML?T

Dimension of right side

M = [MF, [C]° = [LTT°

~[ML2T 3 = [MPILT P

=a=1,b=2

So, the relation is E = KMC?

Dimensional formulae of R = [MLZT'3I"2]

Dimensional formulae of V = [ML?T*™"]

Dimensional formulae of | = [I]

SMLATY = (MLPTR

=V=IR

Frequency f = KL?F°M° M = Mass/unit length, L = length, F = tension (force)
Dimension of f = [T]

Dimension of right side,

L® =[L%, F° = [MLT°, M® = [ML']°

[T = KL [MLT P [MLT']®

M0L0-|—1 = KMb+c La+b—c -|—2b

Equating the dimensions of both sides,

~b+c=0 ..(1)
—-c+a+b=0 ...(2)
—2b=-1 ...(3)

Solving the equations we get,
a=-1,b=1/2andc=-1/2

~. So, frequency f = KL'F""M™"? = %FWM‘”2 =%= %

1.2



Chapter-I

2SCos0
prg
LHS =[L]

18. a) h=

MLT 2

Surface tension = S = F/l = =[MT72]

Density = p = M/V = [ML™TY

Radius =r=[L], g =[LT?]

2Scos6 S[I\fI)T’ | — MPLITO] =
prg  [MLPTOILILT ]

LHS = RHS

So, the relation is correct

RHS = [L]

b) v= P where v = velocity
p

LHS = Dimension of v =[LT™]
Dimension of p = F/A = [ML™'T 3]
Dimension of p = m/V = [ML™]

ML'T?]
M
So, the relation is correct.
c) V= (npr't) / (8nl)
LHS = Dimension of V = [L?]
Dimension of p = [ML™'T?], r* = [L*], t = [T]
Coefficient of viscosity = [ML™'T]
RHS = mprit _ [MLTT 2]
8nl MLT L]

So, the relation is correct.

RHS = =[L2T2)"2 = LT

1
d) v= o (mgl/l)
LHS = dimension of v = [T_1]

[MILT][L]

= T;I
MCZ] (mT1]

RHS = /(mgl/l) =

LHS = RHS
So, the relation is correct.

=[L%

19. Dimension of the left side =

.[\/ x_j\/ L2

Dimension of the right side = sm [j L"1

So, the equation is dimensionally incorrect.

1.3



Chapter-I

20. Important Dimensions and Units :

Physical quantity | Dimension Sl unit
Force (F) MLT™] newton
Work (W) MLET™] joule
Power (P) MLT™] watt
Gravitational constant (G) MLT] N-mz/kg2
Angular velocity (o) [T radian/s
Angular momentum (L) MLET] kg—mZ/s
Moment of inertia (1) ML) kg-m?
Torque (t) MLT™) N-m
Young’s modulus (Y) MLTT) N/m?
Surface Tension (S) M1 N/m
Coefficient of viscosity (1) LT N-s/m?
Pressure (p) ML) N/m? (Pascal)
Intensity of wave (I) MT] watt/m?
Specific heat capacity (c) [T JIkg-K
Stefan’s constant (o) MK watt/m?-k*
Thermal conductivity (k) MLT K watt/m-K
Current density (j) L] ampere/m2
Electrical conductivity (o) [FToML] Q'm™
Electric dipole moment (p) LT C-m
Electric field (E) ML) Vim
Electrical potential (V) ML) volt
Electric flux (V) ML) volt/m
Capacitance (C) [FTML) farad (F)
Permittivity (&) [FTML7] C2/N-m?
Permeability (u) ML) Newton/A?
Magnetic dipole moment (M) '] N-m/T
Magnetic flux () ML) Weber (Wb)
Magnetic field (B) M) tesla
Inductance (L) MILAT] henry
Resistance (R) M7 ] ohm (Q)

* ok kK




SOLUTIONS TO CONCEPTS
CHAPTER -2

As shown in the figure,
The angle between A and B = 110° — 20° = 90°
|A| =3and |B|=4m

Resultant R = YA2 +B2 + 2ABcos® = 5m
Let B be the angle between R and A

b= tan-" 45sin90°
3+4co0s90°

.. Resultant vector makes angle (63° + 20°) = 73° with x-axis.

j =tan™' (4/3) = 53°

Angle between A and B is 6 = 60° — 30° =30°
|A|and|B| =10 unit

R = 102 +10° +2.10.10.cos 30° = 19.3

B be the angle between R and A

_ 10sin30° B 1 _
=tan (—j:tan ! =tan™" (0.26795) = 15°
P 10 +10cos 30° 2+43 ( )

.. Resultant makes 15° + 30° = 45° angle with x-axis.

x component of A = 100 cos 45° = 100/+/2 unit
x component of B = 100 cos 135° = 100/~2
x component of C =100 cos 315° = 100/+2

Resultant x component = 100/+/2 = 100/+/2 + 100/+/2 = 100/+/2
y component of A = 100 sin 45° = 100/~/2 unit

y component of B =100 sin 135° = 100/+2

y component of C =100 sin 315° =—100/+/2

Resultant y component = 100/+/2 + 100/+/2 — 100/+/2 = 100/+/2

Resultant = 100

y component _
X component -
= a=tan"' (1) = 45°
The resultant is 100 unit at 45° with x-axis.

Tan o = 1

a)|al=v4?+3% =5

b) [bl=v/9+16 =5

) |a+b|H7i+7] =742
d)a-b=(-3+4)i+(-4+3)j=i-]

|a-b =y +(-12 =+2.

21



Chapter-2

x component of OA = 2c0830° = V3 v A

x component of BC = 1.5 cos 120° = -0.75 . E? 3,_0::___559__1'5_”2 <
x component of DE = 1 cos 270° = 0 Oi QOOFmB

y component of OA =25sin 30° = 1 ' E

y component of Eé =1.5sin120°=1.3

y component of DE = 1 sin 270° = —1

R, = x component of resultant = V3-0.75+0=0.98m
R, = resultant y component=1+13-1=13m

So, R =Resultant=1.6 m

If it makes and angle o with positive x-axis

_ ycomponent _
- X component -

Tan a 1.32

= o =tan" 1.32

|a| =3m |b| =4

a) IFR=1unit= v32+42123.4.c0s0 =1

0 = 180°

b) +/32+42+2.3.4.c080=5
0 = 90°

) V32+442123.4.c080 =7
0=0°

Angle between them is 0°.

AD =2i+0.5) + 4K = 61 +0.5] c__4m D

0.5k
AD = VAE? + DE? =6.02 KM e 105 km
Tan 6 = DE/AE =1/12 A om B E
0=tan"' (1/12) ) 6m >

The displacement of the car is 6.02 km along the distance tan™ (1/12) with positive x-axis.

In AABC, tan6 = x/2 and in ADCE, tan6 = (2 — x)/4 tan 6 = (x/2) = (2 — x)/4 = 4x
=4 - 2x =4x
=6x=4=x=2/3ft

C
a) In AABC, AC = YAB? +BC? = %Jﬁ ft
b) In ACDE, DE = 1 — (2/3) = 4/3 ft AR\ |FBCc=21
4 AF =2 ft
CD =4 ft. So, CE = YCD? +DE? = gﬂ ft 2 DE = 2x
G D

c) In AAGE, AE = YAG? + GE? = 24/2 ft.

Here the displacement vector r = 7i+ 4] +3k

a) magnitude of displacement = /74 ft 1
b) the components of the displacement vector are 7 ft, 4 ft and 3 ft. Y

2.2



Chapter-2

10.

1.

12.

13.

14.

15.

16.

a is a vector of magnitude 4.5 unit due north.
a) 3la|=3x4.5=135
3a is along north having magnitude 13.5 units.
b) —4|a|=-4 x 1.5 = -6 unit
—4 a is a vector of magnitude 6 unit due south.
|al=2m,|b|=3m
angle between them 6 = 60°
a)a-b=|a|-|b|cos60° =2x3x1/2=3m’
b) |axbl|=a|-|b|sin60° =2x3x 3/2 = 33 m?.
We know that according to polygon law of vector addition, the resultant A,
of these six vectors is zero.
Here A=B =C =D = E = F (magnitude)

So, Rx = A cosb + A cos n/3 + A cos 2n/3 + A cos 3n/3 + A cos 4n/4 + A, As
Acos5n/5=0

[As resultant is zero. X component of resultant R, = 0] - A 60° = /3
=cos 0 + cos /3 + cos 2n/3 + cos 3n/3 + cos 4n/3 + cos 5n/3 =0 A A

Note : Similarly it can be proved that,
sin 6 + sin /3 + sin 21/3 + sin 37/3 + sin 47/3 + sin 51/3 =0
a=2i+3]+4k; b=3i+4]+5k

3.b=abcosd = 0=cos 22
ab
- cos™! 2x3+3x4+4x5 _0031[ 38 j
V22 +32 44232 4+ 42 4 52 1450

A-(AxB)=0 (claim)
As, AxB = ABsin0h

AB sin 0 n is a vector which is perpendicular to the plane containing A and B, this implies that it is
also perpendicular to A . As dot product of two perpendicular vector is zero.

Thus A-(AxB)=0.
A=2i+3j+4k, B=4i+3j+2k

k
AxB = 4l = i(6-12)—j(4-16)+k(6—12) = —6i +12] — 6k .

AN —
W —o

3

N

Given that A, B and C are mutually perpendicular

A x B is a vector which direction is perpendicular to the plane containing A
and B.

Also C is perpendicular to A and B

.. Angle between C and A x B is 0° or 180° (fig.1)
So, C x (A xB)=0

The converse is not true.

For example, if two of the vector are parallel, (fig.2), then also
Cx(AxB)=0
So, they need not be mutually perpendicular.

23



Chapter-2

17.

18.

19.

20.

21.

22.

The particle moves on the straight line PP’ at speed v.
From the figure,
OP x v = (OP)vsin0i = v(OP) sin 0 i = v(OQ)f
It can be seen from the figure, OQ = OP sin 6 = OP’ sin 6’
So, whatever may be the position of the particle, the magnitude and
direction of OP xV remain constant.

. OPxV is independent of the position P.
Give F=qE+q(VxB)=0
= E =—(VxB)
So, the direction of v xB should be opposite to the direction of E. Hence,
v should be in the positive yz-plane.

Again,E=vBsind=v=

Bsin6
For v to be minimum, 6 = 90° and so v,,» = F/B

So, the particle must be projected at a minimum speed of E/B along +ve z-axis (6 = 90°) as shown in the
figure, so that the force is zero.

For example, as shown in the figure,

A1B B along west

BLC A along south 5 Ié
c along north ) lA ) B

AB=0 .. AB=B-C

B-C=0 ButB=C

The graph y = 2x° should be drawn by the student on a graph paper for exact

results.

To find slope at any point, draw a tangent at the point and extend the line to meet
x-axis. Then find tan 6 as shown in the figure.

It can be checked that,

Slope =tan 6 = dy = i(2x2) =4x
dx dx
Where x = the x-coordinate of the point where the slope is to be measured.
y = sinx y4
So, y + Ay = sin (x + Ax)
Ay = sin (x + AX) — sin x /\Fsinx . X
= (545 )-sin = o.0t67. _/
3 100 3 v
Given that, i = i;e "/R¢
~. Rate of change of current = di_ iioe’”RC =ip e
dt dt dt RC
When a)t=0,ﬂ:;I
dt RC
b)whent=RC, & -
dt RCe
_ di =iy
c)whent=10RC, —=
dt Rce™

2.4



Chapter-2

23.

24,

25.

26.

27.

28.

Equation i = iye "/R¢

ib=2A,R=6x10°Q,C=0.0500 x 10°F=5x10"F
(ooant)_,_ (o5

a) i=2xe 6x03x5x107 ) _ 9 g\ 0.3 =Zamp.

e

b) di_Zo gRe yhent=03sec o2 (0303 _ ﬂAmp/sec
dt RC dt 0.30 3e
c) Att=0.31sec,i= 2¢el03/03) :EAmp.
3e
y= 3 +6X+7
.. Area bounded by the curve, x axis with coordinates with x = 5 and x = 10 is Y y=3x>+6x+7
given by,

y 10 X3 10 X2 10
Area = Idy = I(3X2 +6x+7)dx = 3?:| +5?i| +7X]150 =1135 Sq.UnitS-
5 5 5 5

y b
Area = de = Isinxdx =—[cosx]; =2
0 0

The given function is y = e y
Whenx=0,y=e_°=1

x increases, y value deceases and only at x = o0, y = 0.

So, the required area can be found out by integrating the function from 0 to . X

So, Area = j eXdx =—[e 7 =1.
0

mass

= =a+bx
P length Y4
a) S.I. unit of ‘a’ = kg/m and S| unit of ‘b’ = kg/m? (from principle of
homogeneity of dimensions) o — x

b) Let us consider a small element of length ‘dx’ at a distance x from the
origin as shown in the figure.
. dm = mass of the element = p dx = (a + bx) dx
2 2
bx } bL

L
So, mass of the rod =m = Idm:I(a+bxﬁx = {ax+7 :aL+7
0
0

2—‘: = (10 N) + (2 N/S)t

momentum is zero att =0
.. momentum at t = 10 sec will be
dp =[(10 N) + 2Ns t]dt

10 10 10
tz}

p
[dp = [10dt+ [ (2tat) = 10tl +2--| =200kgms.
0 0 0

25
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29.

30.

31.

32.

33.

34.

35.

The change in a function of y and the independent variable x are related as dy =x2.
X

=dy= X2 dx

Taking integration of both sides,

.[dy:szdx =>y= X?s+c

3
..y as a function of x is represented by y = X? +cC.

The number significant digits

a) 1001 No.of significant digits = 4
b) 100.1 No.of significant digits = 4
c) 100.10 No.of significant digits = 5
d) 0.001001 No.of significant digits = 4

The metre scale is graduated at every millimeter.
1m =100 mm

The minimum no.of significant digit may be 1 (e.g. for measurements like 5 mm, 7 mm etc) and the
maximum no.of significant digits may be 4 (e.g.1000 mm)

So, the no.of significant digits may be 1, 2, 3 or 4.
a) Inthe value 3472, after the digit 4, 7 is present. Its value is greater than 5.
So, the next two digits are neglected and the value of 4 is increased by 1.
.. value becomes 3500
b) value = 84
c) 2.6
d) value is 28.
Given that, for the cylinder
Length =1=4.54 cm, radius =r =1.75 cm G
Volume = nr?l = & x (4.54) x (1.75)?
Since, the minimum no.of significant digits on a particular term is 3, the result should have
3 significant digits and others rounded off.
So, volume V = il = (3.14) x (1.75) x (1.75) x (4.54) = 43.6577 cm®
Since, it is to be rounded off to 3 significant digits, V = 43.7 cm®.
We know that,

Average thickness = 217+ 2';7 +218 _ 21733 mm

Rounding off to 3 significant digits, average thickness = 2.17 mm.

As shown in the figure,

Actual effective length = (90.0 + 2.13) cm

But, in the measurement 90.0 cm, the no. of significant digits is only 2.

So, the addition must be done by considering only 2 significant digits of each
measurement.

So, effective length =90.0 + 2.1 =92.1 cm.

* sk ok ok
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SOLUTIONS TO CONCEPTS

CHAPTER - 3
1. a) Distance travelled=50+40+20=110m b d0m
C

b) AF=AB—BF=AB—DC=50-20=30M \ o

His displacement is AD W E 50m

AD = YAF? —DF? =+/30° + 402 = 50m

S
A

In AAED tan 6 = DE/AE = 30/40 = 3/4

_1 A — Initial point
= 0 =tan (3/4) (starting point)
His displacement from his house to the field is 50 m,
tan™ (3/4) north to east.

2. 0O — Starting point origin. ‘[_

. . B +— A
i) Distance travelled=20+20+20=60m — =
ii) Displacement is only OB =20 m in the negative direction.

Displacement — Distance between final and initial position.
3. a) Vae of plane (Distance/Time) = 260/0.5 = 520 km/hr.
b) Vave of bus =320/8 = 40 km/hr.
c) plane goes in straight path
velocity = V,,, = 260/0.5 = 520 km/hr.
d) Straight path distance between plane to Ranchi is equal to the displacement of bus.
.. Velocity = V,,, = 260/8 = 32.5 km/hr.
4. a) Total distance covered 12416 — 12352 =64 km in 2 hours.
Speed =64/2 =32 km/h
b) As he returns to his house, the displacement is zero.
Velocity = (displacement/time) = 0 (zero).
5. Initial velocity u =0 (.. starts from rest)
Final velocity v = 18 km/hr =5 sec
(i.e. max velocity)
Time interval t = 2 sec.
. Acceleration = agye = % :% =2.5m/s%
6. Inthe interval 8 sec the velocity changes from 0 to 20 m/s.

20[--------
change in velocityj 10

time

Initial velocity
u=0

Average acceleration =20/8 = 2.5 m/s> [

48
Distance travelled S = ut + 1/2 at? Time in sec

= 0+1/2(2.5)8%° =80 m.
7. In1"10secS; =ut+1/2at> = 0+ (1/2 x 5 x 10°%) = 250 ft.
At10secv=u+at=0+5x 10 =50 ft/sec. N

.. From 10 to 20 sec (At = 20 — 10 = 10 sec) it moves with uniform
velocity 50 ft/sec,

3.1

0 10 20
t (sec)



Chapter-3

10.

11.

12.

Distance S, =50 x 10 = 500 ft
Between 20 sec to 30 sec acceleration is constanti.e. =5 ft/sz. At 20 sec velocity is 50 ft/sec.
t=30-20=10s
S; =ut+1/2 at?

=50 x 10 + (1/2)(-5)(10)* = 250 m
Total distance travelled is 30 sec =S; + S, + S3 = 250 + 500 + 250 = 1000 ft.
a) Initial velocity u=2 m/s.

final velocity v=8 m/s

t
time = 10 sec, 8
v-u 8-2 e
acceleration = -2"2-06m/s® 4
10 2
b) v —u’=2aS R
22 PP 5 0
— Distance S= V-4 = 8-2" 5o,
2a 2x0.6
c) Displacement is same as distance travelled.
Displacement = 50 m.
a) Displacementin 0 to 10 sec is 1000 m.
time = 10 sec. 100
Vave = s/t = 100/10 = 10 m/s. .
b) At 2 sec it is moving with uniform velocity 50/2.5 = 20 m/s.
at 2 sec. Vinst = 20 m/s. 025 5 75 10 5 "

At 5 sec it is at rest. (slope of the graph at t = 2 sec)

Vinst = Z€ro.
At 8 sec it is moving with uniform velocity 20 m/s
Vinst =20 m/s
At 12 sec velocity is negative as it move towards initial position. Vinst = — 20 m/s.
Distance in first 40 sec is, A OAB + ABCD 5m/s

:%x5x20+%x5x202100m.

[0} T > t (sec)
Average velocity is 0 as the displacement is zero. 20\/‘“)

Consider the point B, att = 12 sec
Att=0;s=20m
andt=12secs=20m

So for time interval 0 to 12 sec

Change in displacement is zero.

10 12 20
So, average velocity = displacement/ time =0

.. The time is 12 sec.

At position B instantaneous velocity has direction along BC. For Va

average velocity between A and B. 4 8
Vave = displacement / time = (AB/t) t =time 5 - ¢
2 PR

3.2
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13.

14.

We can see that AB is along BC i.e. they are in same direction.

The point is B (5m, 3m).
u=4m/s,a=12m/s t=5sec

Distance=s = ut+%at2

=4(5) +1/2 (1.2)5*=35m.
Initial velocity u = 43.2 km/hr =12 m/s
u=12m/s,v=0
a=-6 m/s’ (deceleration)

V2—U2

2(-6)

Distance S =

=12m

3.3
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15. Initial velocityu=0
Acceleration a = 2 m/s’. Let final velocity be v (before applying breaks)
t=30sec
v=u+at=0+2x30=60m/s

a) S, = ut+%at2= 900 m

when breaks are applied u’ = 60 m/s

v' =0, t =60 sec (1 min)

Declaration a’ = (v —u)/t = = (0 - 60)/60 = —1 m/s’.
2 2

S, =Y 2‘“ =1800 m

’

Total S=S;+S,=1800 + 900 = 2700 m = 2.7 km.
b) The maximum speed attained by train v =60 m/s
c) Half the maximum speed = 60/2=30 m/s
2_y2 30202
2a 2x2
When it accelerates the distance travelled is 900 m. Then again declarates and attain 30
m/s.
. u=60m/s,v=30m/s,a=-1m/s>
vi-u® _ 30°-60°
2a 2(-1)
Position is 900 + 1350 = 2250 = 2.25 km from starting point.
16. u=16 m/s (initial), v=0, s = 0.4 m.
2

2
VoY - _320m/s%

Distance S = ¥ =225 m from starting point

Distance = =1350 m

Deceleration a =

v=u_0-16_ 405 sec.
-320

17. u=350m/s,s=5cm=0.05m,v=0

vZ-u® _ 0-(350)*
2s 2x0.05

Deceleration is 12.2 x 10° m/s>.

18. u=0,v=18 km/hr=5m/s, t =5 sec

v-u_5-0
t 5

Time=t=

Deceleration=a = =—-12.2 x 10° m/s%.

a= =1m/s’.

s= ut+%at2 =12.5m

a) Average velocity Vae = (12.5)/5 = 2.5 m/s.
b) Distance travelled is 12.5 m.
19. In reaction time the body moves with the speed 54 km/hr = 15 m/sec (constant speed)
Distance travelled in this time is S; =15 x 0.2 =3 m.
When brakes are applied,
u=15m/s,v=0, a=-6 m/s’ (deceleration)
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vZ-u? 0-15?
2a  2(-6)
Total distances=s;+s,=3+18.75=21.75=22 m.

SZ = = 1875 m
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Driver X Driver Y
Reaction time 0.25 Reaction time 0.35
A (deceleration on hard | Speed =54 km/h Speed =72 km/h
braking = 6 m/s’) Braking distance a= 19 m Braking distance c =33 m
Total stopping distance b = | Total stopping distance d = 39
22 m m.
B (deceleration on hard | Speed = 54 km/h Speed =72 km/h
braking = 7.5 m/s?) Braking distance e =15 m Braking distance g =27 m
Total stopping distance f = 18 | Total stopping distance h = 33
m m.
2 2
a=2"1_19m
2(-6)

So,b=0.2x15+19=33m

Similarly other can be calculated.

Braking distance : Distance travelled when brakes are applied.

Total stopping distance = Braking distance + distance travelled in reaction time.
. Vp=90 km/h =25 m/s.

Vc=72km/h=20m/s. Police 10 t=10 sec
In 10 sec culprit reaches at point B from A. Al P
Distance converted by culprit S =vt =20 x 10 = 200 m. clmpm 1
At time t = 10 sec the police jeep is 200 m behind the

culprit.

Time =s/v=200/5 = 40 s. (Relative velocity is considered).

In 40 s the police jeep will move from A to a distance S, where
S=vt=25x%x40=1000 m = 1.0 km away.

.. The jeep will catch up with the bike, 1 km far from the turning.
. v1 =60 km/hr=16.6 m/s.

v, =42 km/h =11.6 m/s.

Relative velocity between the cars = (16.6 — 11.6) =5 m/s. — —
Distance to be travelled by first caris 5+t =10 m. | Vo | | Vo | —
Time =t = s/v = 0/5 = 2 sec to cross the 2" car. : M B Vi

In 2 sec the 1* car moved = 16.6 x2=33.2 m o ‘%Tsmg’

Before crossing
H also covered its own length 5 m.

.. Total road distance used for the overtake =33.2 +5=38 m.
. u=50m/s, g =—-10 m/s* when moving upward, v = O (at highest point).
a) S= sz_auz = g(_j(())z) =125m
maximum height reached =125 m
b) t=(v—u)/a=(0-50)/-10=5 sec
¢) s'=125/2=62.5m, u=50m/s, a=-10m/s?,
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24,

25.

26.

27.

28.

v2—u’®=2as

= v = (U2 + 2as) = /50% + 2(~10)(62.5) =35 m/s.
Initially the ball is going upward
u=-7m/s,s=60m,a=g=10 m/s*

5= ut+%at2 — 60 = 7t + 1/2 10t?

= 5t2—7t—-60=0

¢ 7£/49-4.5(-60) _ 7+35.34

2x5 10
7+35.34

taking positive sign t = =4.2sec(..t#-ve)

Therefore, the ball will take 4.2 sec to reach the ground.
u=28m/s,v=0,a=—-g=-9.8m/s
2 2 2 2
a) S= vi-u _0°-28 =40 m
2a 2(9.8)
b) timet= Y=Y _0-28 _5 g5
a -9.8
t'=285-1=1.85
v =u+at'=28-(9.8) (1.85) =9.87 m/s.

.. The velocity is 9.87 m/s.

c) No it will not change. As after one second velocity becomes zero for any initial velocity and
deceleration is g = 9.8 m/s” remains same. Fro initial velocity more than 28 m/s max height
increases.

For every ball,u=0,a=g=9.8 m/s’
. 4™ ball move for 2 sec, 5™ ball 1 sec and 3™ ball 3 sec when 6" ball is being dropped.
For 3" ball t = 3 sec

Sy = ut+%at2 - 0+1/2(9.8)3% = 4.9 m below the top.

For 4t ball, t = 2 sec
S,=0+1/2gt’=1/2(9.8)2* = 19.6 m below the top (u = 0)
For 5t ball, t =1 sec
S;=ut+1/2 at’=0+1/2 (9.8)t* = 4.98 m below the top.
At point B (i.e. over 1.8 m from ground) the kid should be catched.

For kid initial velocity u=0 b I
Acceleration = 9.8 m/s* 10m

Distance S=11.8-1.8=10m 1.8 i

S= ut+%at2 —10=0+1/2 (9.8)t I % 1-3mI %
= t°=2.04 = t=1.42. ) 7m i

In this time the man has to reach at the bottom of the building.
Velocity s/t =7/1.42 =4.9 m/s.
Let the true of fall be ‘t’ initial velocity u =0
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29.

30.

31.

32.

Acceleration a = 9.8 m/s’
Distance S=12/1m P
. S= ut+at?
2 1.66 m/s ﬂ
—12.1=0+1/2(9.8) x t* P —

2= %: 2.46 =t = 1.57 sec e

For cadet velocity = 6 km/hr = 1.66 m/sec

Distance =vt =1.57 x 1.66 = 2.6 m.

The cadet, 2.6 m away from tree will receive the berry on his uniform.
For last 6 m distance travelleds=6m, u="?
t=0.2sec,a=g=9.8m/s’

5= ut+%at2: 6= u(0.2) + 4.9 x 0.04

= u=5.8/0.2=29 m/s. 6m} | t=02sec
For distance x, u=0,v=29m/s, a=g=9.8m/s
2 2 2 2
s= VU _29-0" _4r05m
2a 2x9.8
Total distance = 42.05 + 6 = 48.05 =48 m.

Consider the motion of ball form A to B.

B — just above the sand (just to penetrate)
u=0,a=9.8m/s’,s=5m

S= ut+1at2
2

—=5=0+1/2(9.8)t?
=1t°=5/4.9=1.02=t=1.01. 10cm
.. velocityatB,v=u+at=9.8x1.01 (u=0)=9.89 m/s.
From motion of ball in sand
uy=9.89m/s,vi=0,a=?,s=10cm=0.1 m.
vi-u?  0-(9.89)2

a= = =—490 m/s’
2s 2x0.1

The retardation in sand is 490 m/sz.

For elevator and coinu=0

As the elevator descends downward with acceleration a’ (say)
The coin has to move more distance than 1.8 m to strike the floor. Time taken t = 1 sec.

al % 1 IGft=1.8m
[l
Total distance covered by coin is givenby=1.8+1/2a=12g -

= 1.8+a/2=9.8/2=49

= a=6.2m/s’=6.2 x 3.28 = 20.34 ft/s”.

It is a case of projectile fired horizontally from a height.

S.= ut+%a’t2 -0+1/2g1)?=1/2¢g

Se = ut+%at2: u+1/2a(1)’=1/2a
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h=100m, g =9.8 m/s
a) Time taken to reach the ground t = \/(2h/g)

= ,/2”00 = 4.51 sec. <> 20m/s
98 N

b) Horizontal range x = ut =20 x 4.5 =90 m. 100m

c) Horizontal velocity remains constant through out the AN
motion. lﬂ@:
AtA,V=20m/s V.

AVy=u+at=0+9.8x4.5=44.1m/s.

Resultant velocity V, = /(44.1)? + 202 =48.42 m/s.

Vy 444
TanB=y 20
X

= B =tan " (2.205) = 60°.
The ball strikes the ground with a velocity 48.42 m/s at an angle 66° with horizontal.

=2.205

33. u=40m/s, a=g=9.8 m/s’, 0 = 60° Angle of projection.
u?sin?® _ 407(sin60°)?
29 2x10
b) Horizontal range X = (u’ sin 20) / g = (40” sin 2(60°)) / 10 = 80+/3 m.

=60m

a) Maximum height h =
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34.

35.

36.

37.

g =9.8m/s, 32.2 ft/s*; 40 yd = 120 ft
horizontal range x = 120 ft, u = 64 ft/s, 6 = 45° Cﬂlo ft
We know that horizontal range X = u cos 0t P ——
120 120 ft
t= =% =2.65 sec.

ucos0 - 64 cos 45°

. 1 1

=usinO(t)—1/2 gt’ = 64— ——(32.2)(2.65)?
y (t)-1/2¢g 12(2.65) 2( )(2.65)
= 7.08 ft which is less than the height of goal post.

In time 2.65, the ball travels horizontal distance 120 ft (40 yd) and vertical height 7.08 ft which
is less than 10 ft. The ball will reach the goal post.

The goli move like a projectile.

Here h=0.196 m

Horizontal distance X=2 m

Acceleration g = 9.8 m/s’. u
Time to reach the ground i.e. 0.196m

t= 2h = 1/—2X0'196 =0.2 sec
g 9.8 < >

Horizontal velocity with which it is projected be u.

Sox=ut
- =§—i=10m/5
t 0.2

Horizontal range X =11.7 + 5 = 16.7 ft covered by te bike.
g =9.8 m/s? = 32.2 ft/s%.
gx?sec?0

2u?

To find, minimum speed for just crossing, the ditch

y=xtan0 -

y=0 (.. Aison the x axis)

2.2 2 o2
_ 0 gx“sec 0 gx gx
—xtan@= 9 5€C 9 o 2 - -
2u? 2xtan®  2sinBcos® sin20
=us= (822)(16.7) (because sin 30° =1/2)

1/2

= u =32.79 ft/s = 32 ft/s.
tan = 171/228 = 0 =tan™" (171/228)
The motion of projectile (i.e. the packed) is from A. Taken reference axis at A.
.. 0 =-37°as uis below x-axis.
u=15ft/s, g =32.2 ft/s?, y=—171 ft

x2gsec? 0
y=xtan0- QZT

x2g(1.568) 171ft
2(225)

= 0.1125x* + 0.7536 x—171=0

x = 35.78 ft (can be calculated)

- =171 =-x(0.7536) -
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Horizontal range covered by the packet is 35.78 ft.
So, the packet will fall 228 — 35.78 = 192 ft short of his friend.
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38.

39.

40.

41.

42.

Here u =15 m/s, 0 = 60°, g = 9.8 m/s’

u?sin20 _ (15) sin(2x 60°)
9.8

In first case the wall is 5 m away from projection point, so it is in the horizontal range of

projectile. So the ball will hit the wall. In second case (22 m away) wall is not within the

horizontal range. So the ball would not hit the wall.

=19.88 m

Horizontal range X =

2usin®

g A A B
change in displacement H/2 yH H/2| \

time
From the figure, it can be said AB is horizontal. So there is no effect of vertical component of
the velocity during this displacement.

Total of flight T =

Average velocity =

So because the body moves at a constant speed of ‘u cos 6’ in horizontal direction.
The average velocity during this displacement will be u cos 0 in the horizontal

direction. e
During the motion of bomb its horizontal velocity u remains constant and is same

,:’ 0
as that of aeroplane at every point of its path. Suppose the bomb explode i.e. —»u

reach the ground in time t. Distance travelled in horizontal direction by bomb = ‘:
ut = the distance travelled by aeroplane. So bomb explode vertically below the
aeroplane.
Suppose the aeroplane move making angle © with horizontal. For both bomb and
aeroplane, horizontal distance is u cos 0 t. t is time for bomb to reach the ground.

So in this case also, the bomb will explode vertically below aeroplane.

Let the velocity of car be u when the ball is thrown. Initial velocity of car is = Horizontal
velocity of ball.

Distance travelled by ball B S, = ut (in horizontal direction) y
9.8 m/s
And by car S =ut +1/2 at’> where t — time of flight of ball in air.

.. Car has travelled extra distance S — S, = 1/2 at’.

Ball can be considered as a projectile having 6 = 90°.
g 9.8
5 Se—Sp=1/2at’=2m
.. The ball will drop 2m behind the boy.
At minimum velocity it will move just touching point E reaching the ground.
Ais origin of reference coordinate.

If uis the minimum speed.

A
X=40,Y=-20,0=0° 20 cm
2 2 30|cm 20 <
cm
s Y=xtan G—g&ge (because g = 10 m/s* = 1000 £
2u 20 cm M
cm/s?)

1000 x 402 x1

=-20=xtan 06— 5
2u
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43.

44,

45.

= u=200cm/s=2m/s.
.. The minimum horizontal velocity is 2 m/s.

a) As seen from the truck the ball moves vertically upward comes back. Time taken = time
taken by truck to cover 58.8 m.
o time= 2 _588 _ 4 sec. (V =14.7 m/s of truck)
v 147
u=?,v=0,g=-9.8m/s’ (going upward), t = 4/2 = 2 sec.
v=u+at=>0=u-9.8x2=u=19.6 m/s. (vertical upward velocity).

b) From road it seems to be projectile motion. ‘N
Total time of flight = 4 sec

In this time horizontal range covered 58.8 m = x
S.X=ucosOt
= ucos0=14.7 ..(1)

Taking vertical component of velocity into consideration.
y= —02;82222 =19.6 m [from (a)]

L y=usinOt—1/2gt?

—19.6=usin 0 (2) —1/2(9.8)2> = 2usin B =19.6 x 2

= usin0=19.6 ..(ii)
usind _iano= 196_1333
ucos0 14.7

= 0=tan" (1.333) =53°
Again u cos 0 =14.7
us= a7 24.42 m/s.
ucos53°

The speed of ball is 42.42 m/s at an angle 53° with horizontal as seen from the road.
0=53° socos 53°=3/5

35m/s
Sec’ 0 = 25/9 and tan 0 = 4/3 -
Suppose the ball lands on nth bench 77777770 mmmmTees

So,y=(n—1)1 ..(1) [ballstarting point 1 m above ground]

2 2
Againy:xtane—%ezCe [x=110+n—-1=110+Yy]
u
_ 10(110 + y)?(25/9)
=y =(110 +y)(4/3) -
y = (110 +y)(4/3) o
440 4 250(110 +vy)?
= — 4y ———
3 3 18 x 352
From the equation, y can be calculated.
s.y=5

=>n-1=5=n=6.

The ball will drop in sixth bench.

When the apple just touches the end B of the boat.
x=5m,u=10m/s,g=10m/s%, 0="?
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46.

47.

48.

- u? sin20
9
2 .
:5:% — 5=105in 20
= sin 20 = 1/2 = sin 30° or sin 150° 5m im
=06=15%0r75°
Similarly forend C, x=6m
Then 260, = sin™* (gx/u?) = sin”* (0.6) = 182° or 71°.
So, for a successful shot, © may very from 15° to 18° or 71° to 75°.

a) Here the boat moves with the resultant velocity R. But the
vertical component 10 m/s takes him to the opposite shore. ;

Tan0=2/10=1/5 400m 12m/s’”
Velocity = 10 m/s 10m/s
distance =400 m A
Time = 400/10 = 40 sec.

b) The boat will reach at point C.

InAABC,tan(}:E:E:l
AB 400 5
= BC=400/5=80m.
a) The vertical component 3 sin O takes him to N

opposite side. — 5km/h
5km/h 3sin0  3km/h W £

Distance = 0.5 km, velocity = 3 sin © km/h

Distance 0.5

Velocity 3sin6
=10/sin® min.

b) Here vertical component of velocity i.e. 3 km/hr takes him to opposite side.

Time = istance —0;5:0.16 hr

Velocity 3 5km/h 5km/h
. 0.16 hr =60 x 0.16 = 9.6 = 10 minute. 3km/h
Velocity of man V,,= 3 km/hr

Time = hr S

BD horizontal distance for resultant velocity R.
X-component of resultant R, =5 + 3 cos 0
t=0.5/3sin0

which is same for horizontal component of velocity.

H=BD = (5 + 3 cos 0) (0.5 / 3 sin 0) = 236080 f ,
6sin6 500m skm/h,’

For H to be min (dH/d0) =0 35in6W
(

i[5+3cosej:0
dol\ 6sin6

— —18 (sin? 0 + cos’* 0) —30 cos H =0

= -30cos0=18=cos0=-18/30=-3/5
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49.

50.

51.

Sin 0 = V1-cos?0 =4/5

_5+3cos6 5+3(-3/5)_ 2
H= : = = Zkm.
6sin6 6x(4/5) 3

In resultant direction R the plane reach the point B.
Velocity of wind V,, =20 m/s
Velocity of aeroplane V, = 150 m/s

In AACD according to sine formula
C 20 190 gina= 2 singoe= 22 1T
sinA  sin30° 150 150 2 15
= A=sin"(1/15)
a) The direction is sin™* (1/15) east of the line AB.

b) sin™* (1/15) = 3°48’

= 30° + 3°48' = 33°48’ 150
R= J1 502 + 202 + 2(150)20 cos 33°48' = 167 m/s.
Time = £ 2300000 _ 5994 sec = 49 = 50 min.

v 167

Velocity of sound v, Velocity of air u, Distance between A and B be x.
In the first case, resultant velocity of sound =v+u

= (v+u)ty=x

=v+u=x/t;  ..(1)

In the second case, resultant velocity of sound =v—u

L Voy— B.
Sv—u)t=x [ _ |
—v-u=x/t; .(2) . N
T X |
From (1) and (2) 2v= X+ X [ 1+ 1 A
t‘l t2 t‘l t2

_x(1 1

=>v=Z|—+—

2t 4
From(Ju=Z2-v=2X_| X, X=X 11
t, t 2t 2t,) 2\t t

. Velocity of air V= 2 1.1

And velocity of wind u = x(1_1
2\t t,

Velocity of sound v, velocity of air u

Velocity of sound be in direction AC so it can reach B with resultant velocity AD.
Angle between v and uis 0 > /2.

Resultant AD =+/(v2 - u?)

Here time taken by light to reach B is neglected. So time lag between seeing and hearing =
time to here the drum sound. .-
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52.

_ Displacement _~ x
velocity V2 — 2
= X = X [from question no. 50]
J+u)(v—u)  (x/ty)(x/ty)

The particles meet at the centroid O of the triangle. At any instant the particles will form an
equilateral AABC with the same centroid.

Consider the motion of particle A. At any instant its velocity makes angle 30°. This component
is the rate of decrease of the distance AO. A

2
. 2 a a
Initially AO= £ [a2-| 2| ==
YRS [2) 7
Therefore, the time taken for AO to become zero.
al\3 2a 2a

~ Vcos30° JBux3 v

k %k ok 3k
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SOLUTIONS TO CONCEPTS
CHAPTER -4

G“l»] 2
= r—

6.67x107""%x(1/1000)x(1/1000)

r2

2 6.67x107""x10° 1077 _
- 7 1017
6.64x10 10

F=667x10""N=>F

. 6.67x207""=

= r= 41 =1metre.

So, the separation between the particles is 1 m.

A man is standing on the surface of earth

The force actingonthe man=mg ......... (i)

Assuming that, m = mass of the man = 50 kg

And g = acceleration due to gravity on the surface of earth = 10 m/s’
W =mg = 50x 10= 500 N = force acting on the man

So, the man is also attracting the earth with a force of 500 N

The force of attraction between the two charges

1 1
= — Ell;lg- = 9 X 10 9 —Er
47g o r r
The force of attraction is equal to the weight
9
Mg = 9><r10
P 9x10° 9x10° oking 10 e
= = "m =10 m [Taking g=10 m/s7]
o [9x10° _3x10%
m Jm
For example, Assuming m= 64 kg,
3x10* 3, 4
r= =—10" =3750m
J64 8
mass = 50 kg

r=20cm=0.2m

-1
F.=G mym, _6.67x10"""x2500
r? 0.04

2

Coulomb’s force Fc= 1 G% _gyq0° 0.04

4ng, r?
_ 6.7x107""x2500 _9x10° xg?
0.04 0.04
-1 -9
g2z B.7x10711x2500_6.7x10°
0.04 9x10°

=18.07 x 107"
q=v18.07x10"® =43 x 10°C.

Since, Fg = F;

ms=1gm mz=1gm
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10.

The limb exerts a normal force 48 N and frictional force of 20 N. Resultant magnitude of
the force,

R = /(48)?+(20)?

= /2304 +400

= V2704 Teon
=52N

The body builder exerts a force = 150 N.

Compression x=20cm=0.2m

.. Total force exerted by the man = f = kx F 7VVVY ¢

= kx =150
:k:ﬂ:@:?soN/m
0.2 2

Suppose the height is h.
At earth station F = GMm/R?
M = mass of earth
m = mass of satellite
R = Radius of earth
GMm _ GMm
(R+h)?>  2R?
= 2R?=(R+h’=R*-h’-2Rh=0
=h*+2Rh-R*=0

(—2Ri,/4R2+4R2j _ _2R:2/R
2 2

=Rt 2R =R(2-1)

= 6400 x (0.414)

= 2649.6 = 2650 km
Two charged particle placed at a sehortion 2m. exert a force of 20m.

H=

F; =20 N. r, =20 cm
F, =7 rp=25cm
Since, F = 1 _q1c212 , Fox 12
me, I r
2 2 2
i=r2—2:>F2=F1x Tl =20 x (ﬁj —20x 16 -8 _jo8N=13N.
For r 25 25 5
m,,m
The force between the earth and the moon, F= G m2 c

r

F o 6:67x107"1x7.36x10%x6x10% _ 6.67x7.36x10%

(3.8x10°f (3.8 x10"
=20.3%x10"=2.03 x 10°N=2x10"N
Charge on proton = 1.6 x 107"

1 GG _ 9x10° x(1.6) x107%8

4ne,  r? r2

.. Felectrical -

mass of proton = 1.732 x 107 kg
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1.

12.

mm, _ 6.67 x10 "' x(1.732)x 10>

Fgravity = G I'2 r2
9x10° x(1.6)* x107%8 ,
-29
F, 2 __9x(1.6x10 — 1,24 x 10%°

Fy 6.67x10""x(1.732)x10%* ~ 6.67 (1.732)% 10
2
;

The average separation between proton and electron of Hydrogen atom is r= 5.3 10" m.

ad; _ 9x10°x(1.0x10"
r’ (5.3x10°""

b) When the average distance between proton and electron becomes 4 times that of its ground state

1 a0y _ 9><109><(1 6x107"°f _ 9x(1.6) 107
dre. (R 2 22 7%
e, (4r) 16x (5.3 x10 16x(5.3)
=0.0512x 107 =5.1 x 10° N.
The geostationary orbit of earth is at a distance of about 36000km.
We know that, g’ = GM / (R+h)?
At h = 36000 km. g’ = GM / (36000+6400)>
g 6400x6400 256

So== = =0.0227
g 42400x42400 106x106

=g’ =0.0227 x 9.8 = 0.223

[ taking g =9.8 m/s® at the surface of the earth]

A 120 kg equipment placed in a geostationary satellite will have weight
Mg =0.233 x 120 =26.79 =27 N

a) Coulomb’s force = F = 9 x 10° x =82x10°N.

Coulomb’s force F =

% %k ok ok
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SOLUTIONS TO CONCEPTS
CHAPTER -5

m = 2kg

S=10m

Let, acceleration = a, Initial velocity u = 0.

S=ut+1/2 at’

=10=%a(2) = 10=2a = a=5m/s?

Force: F =ma =2 x5 = 10N (Ans)

u =40 km/hr = M =11.11 m/s.
3600

m=2000kg;v=0;s=4m

2 2 2 2
vi-u® _ 0 (11'11) - 12343 = —15.42 m/s? (deceleration)

acceleration ‘a’ =

2s 2x4 8
So, braking force = F = ma = 2000 x 15.42 = 30840 = 3.08 10*N (Ans)
Initial velocity u = 0 (negligible)

v=5x10° m/s.
s=1cm=1x10"m.

v2-u? _ (5x10°F -0 _ 25x10"

acceleration a = = . i 12.5 x 10" ms™>
2s 2x1x10~ 2x10~
F=ma=9.1x10""x125x10"=113.75x10""=1.1 x 107"° N.
A AT'i
v0.3g vy 0.2g
fig 2 .
fig 3
g = 10m/s? T-03g=0=T=03g=03x10=3N

T,—(029+T)=0=T,=02g+T=02%x10+3=5N
. Tension in the two strings are 5N & 3N respectively.

R R
S—> 4 4
B T« A > F ma< B > T
Fig 1
mg mg
Fig 2 Fig 3
T+ma-F=0 T-ma=0=T=ma............ (i)
=>F=T+ma=F=T+T from (i)
=>2T=F=T=F/2
2 v(m/s)
m =50g=5x%x 10" kg
As shown in the figure, 15
Slope of 0A = Tang 22 = 18 _ 5 ye2 10
oD 3 5
So, at t = 2sec acceleration is 5m/s?
Force =ma =5 x 1072 x 5 = 0.25N along the motion 2

o|------->
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10.

11.

Att=4sec slope of AB = 0, acceleration =0 [ tan 0° = 0]
..Force =0
At t = 6 sec, acceleration = slope of BC.
In ABEC =tan 6 = % = 1—5 =5
EC 3

Slope of BC = tan (180° — 8) = — tan 8 = -5 m/s® (deceleration)
Force=ma=5x10°5=0.25N. Opposite to the motion.

Let, F — contact force between mu & mg.

And, f — force exerted by experimenter.

R N
S—>» y 4
f mq | my
I 22 I A I e
Fig 1
v “
mag mgg
Fig 2 Fig 3
F+mapa—f=0 mga —f =0
=>F=f-mpa.......... (i) =F=mga........ (ii)

From eqn (i) and eqn (ii)
>f-mpa=mga=f=mgat+tmpa=Ff=a(ma+mp).

=f= F (Mg + mpy) = F[1+ﬁj [because a = F/mg]
Mg Mg

.. The force exerted by the experimenter is F(1+ﬁJ
Mg
r=1mm=10"
‘m’ =4mg = 4 x 10 %g

s=10"m.
v=0
u =30 m/s.
2 2
So,a= viout_ Z30x30 —4.5 x 10° m/s® (decelerating)

25 2x107°

Taking magnitude only deceleration is 4.5 x 10° m/s?
So, force F=4x10°x45%x10°=1.8N
x=20cm =0.2m, k=15 N/m, m = 0.3kg.

F _—kx _ -15(0.2)

. 3
Accelerationa= — = -—
m

X 0.3 0.3
So, the acceleration is 10 m/s? opposite to the direction of motion
Let, the block m towards left through displacement x.

F1 = k4 x (compressed)

F, = ko x (expanded)

They are in same direction.

Resultant F=F;+ F; > F=ky x + ko x = F = x(kq + kp)

F_ x(ky+ky)
— =

=—10m/s? (deceleration)

So, a = acceleration = opposite to the displacement.

m = 5 kg of block A. [B]
ma=10N 10N_’;—0.2m'>
=a10/5=2m/s’.

As there is no friction between A & B, when the block A moves, Block B remains at rest in its position.

5.2



Chapter-5

12.

13.

14.

Initial velocity of A=u = 0. R s

Distance to cover so that B separate out s = 0.2 m.

Acceleration a = 2 m/s® ma <«— » 10N
ss=ut+ Yat®

—02=0+ (%) x2x 2 = 2= 0.2 = t = 0.44 sec = t= 0.45 sec, M

a) at any depth let the ropes make angle 6 with the vertical
From the free body diagram
FcosB+Fcos8-mg=0

=2FcosO=mg=F= _mg_
2cosH
As the man moves up. 6 increases i.e. cos 0 decreases. Thus F ntg
increases. Fig-2
b) When the man is at depth h
cos 0 = __h 2,

(d/2)? +h? '
h
Force= — 9 _ M9 Vd? + 4h?

h 4h )
= +h?

From the free body diagram |‘| 0.5%x2
ZR+05%x2-w=0
=>R=w-05x2 l2m/szA
=0.5(10-2) =4N.
So, the force exerted by the block A on the block B, is 4N. | B |

W=mg=0.5x10

3 P Y
3+«

a) The tension in the string is found out for the different conditions from the free body diagram as

shown below. T
T-(W+0.06x12)=0
=T= 0.05%x9.8+0.05%1.2 (])
=055N TZmIs2 w
' ' 0.05x1.2
Fig-1 Fig-2 0.05x1.2
b) .. T+0.05x1.2-0.05%x9.8=0 T
=T= 0.05x9.8-0.05x12 0 t-a
- 1.2m/s?
=0.43N. J1:2mis <
T Fig-3 Fig-4
c) When the elevator makes uniform motion _a=0
— Unif
T-W=0 & My
=T= W=0.05x9.8 W
=0.49N Fig-5 Fig-6 T
d) T+0.05x1.2-W=0 o la=1-2m'sz .
=>T= W-0.05x12 ] — 0.05%1.2
=0.43N. Fig-8
€) T—(W+0.05x12)=0 O Jhramst s
=T= W+0.05x%x1.2 l_a 0.05%1.2
=0.55N Fig-9 Fig-10
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15.

16.

17.

f) When the elevator goes down with uniform velocity acceleration = 0 T

T-W=0 é) Uniform
=T= W=0.05x%x9.8 velocity 4
=0.49 N. Fig1 Fig 2

When the elevator is accelerating upwards, maximum weight will be recorded.
R-(W+ma)=0

= R =W + ma =m(g + a) max.wt.

When decelerating upwards, maximum weight will be recorded.

R+ma-W=0 R |
=>R=W-ma=m(g-a) Ta
So, m(g+a)=72%x9.9 ...(1) %m
m(g—a)=60x9.9 ...(2) [ rinr)
Now, mg+ma=72x9.9 = mg—-ma=60x9.9 W
= 2mg = 1306.8 ma R
1306.8
M= 2xeg 20K fa
So, the true weight of the man is 66 kg. l_a
Again, to find the acceleration, mg + ma =72 x 9.9 "
= 72X9'9_66X9'9=£=0.9m/sz. ma
66
Let the acceleration of the 3 kg mass relative to the elevator is ‘a’ in the downward direction.
As, shown in the free body diagram
T-15g-15(@/10)-15a=0 from figure (1)
and, T—3g-3(g/10) +3a=0 from figure (2)
=T=15g+1.5(g/10) + 1.5a (i) T T
And T = 3g + 3(g/10) — 3a ... (i)
Equation (i) x 2 = 3g + 3(g/10) + 3a = 2T
Equation (ii)) x 1 = 3g + 3(g/10)-3a=T
Subtracting the above two equations we get, T = 6a 1.5g 3
Subtracting T = 6a in equation (ii) 1.5(g/10) 3(g/10)
6a = 3g + 3(g/10) - 3a. v1.5a 3a
33 _ (9.8)33 Flg-1 Fig-2
=% =—T=a=—"—"—=32.34
10 10

—=a=359 .. T=6a=6x359=21.55
T'=2T=2x21.55=43.1N cutis T, shown in spring.

Mass = wt :ﬂ= 4.39 =4.4 kg
9.8
Given, m = 2 kg, k = 100 N/m
From the free body diagram, kl —2g = 0 = kIl = 2g P R
—1=29_2x98 196 _ 106_0om

k 100 100
Suppose further elongation when 1 kg block is added be x, v2g
Then k(1 + x) = 3g
= kx=3g—-2g=g=9.8N

=>X= £=0.098=0.1 m
100
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18.

19.

20.

a=2m/s’
kI—(2g+2a)=0

=kl =2g + 2a
=2x98+2x%x2=196+4

_ 236

=1 0 =0.236 m=0.24m

When 1 kg body is added total mass (2 + 1)kg = 3kg.
elongation be |4
klfi=3g+3a=3%x9.8+6
== 334 _ 0.0334 =0.36
100
Further elongation =1, —1=0.36 - 0.12 m.
Let, the air resistance force is F and Buoyant force is B.
Given that
F, oc v, where v — velocity
= F, = kv, where k — proportionality constant.
When the balloon is moving downward,

B + kv=mg ()
M= B + kv
g

For the balloon to rise with a constant velocity v, (upward)
let the mass be m
Here, B—(mg + kv) =0 ... (i)
= B=mg + kv
B —kw
g
So, amount of mass that should be removed = M —m.
_B+kv B-kv B+kv-B+kv 2kv _ 2(Mg-B)
g 9 9 g G

When the box is accelerating upward,
U-mg-m(g/6)=0
= U=mg+mg/6=m{g+(g/6)} =7 mg/7 ...(i)
= m =6U/7g.
When it is accelerating downward, let the required mass be M.

U-Mg+Mg/6=0

_ 6Mg-Mg _ 5Mg —~ M= 6u

=>m=

=2{M - (B/g)}

= U

6 6 5g
Mass to be added=M-m = @—@:@ 1_1]
5 7g g\5 7

%(AJ_EE
g \ 35 35\ g

=mel from (i)
35\ 6 g
=2/5m.

.. The mass to be added is 2m/5.

ki

{L

ta [ | T

o
vy 2a

ki

T2m/s2

[z

akVv 4B

AB TV

I
ymg 'kV
Fig-1 Fig-2

gl6T

\ 4 mg
v mg/6
Fig-1

g/6T

mg/6
Fig-2
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21.

22.

23.

Given that, F =iixA and m~g act on the particle.

EN
For the particle to move undeflected with constant velocity, net force should be zero. i
[ — X
S (UuxA)+mg =0 2.7
(ﬁxA)z—m_’g mg

Because, (GxA) is perpendicular to the plane containing u and A, i should be in the xz-plane.
Again, u A sin 8 =mg

- Mg

~ Asing
u will be minimum, whensin® =1 =6 =90°

S Umin = % along Z-axis.

AT AT

Ymig Img

Y msa moa
m4 = 0.3 kg, m, = 0.6 kg
T-(mg+mqa)=0 ...(i) = T=mg+ma
T+mea—-myg=0 ..(i) = T=myg-ma

From equation (i) and equation (ii)
m4g + mqa + mya — myg = 0, from (i)
= a(mq + my) = g(mz —my)
—a= f(wj - 9.8[Mj = 3.266 ms 2.
m; +m, 0.6+0.3
a) t=2 sec acceleration = 3.266 ms™
Initial velocity u=0
So, distance travelled by the body is, F
S=ut+1/2at? = 0+ %(3.266) 2°=6.5m
b) From (i) T=m4(g+a)=0.3(9.8+3.26)=3.9N

c) The force exerted by the clamp on the pully is given by T T
F-2T=0
F=2T=2x39=78N.

a=3.26 m/s®

T=39N

After 2 sec mass m, the velocity

V=u+at=0+3.26 x 2 =6.52 m/s upward.

At this time m, is moving 6.52 m/s downward.

At time 2 sec, m, stops for a moment. But m; is moving upward with velocity 6.52 m/s.
It will continue to move till final velocity (at highest point) because zero.

Here,v=0 ;u=6.52

A=-g=-98 m/s® [moving up ward m;]

V=u+at=0=6.52 +(-9.8)t

=t=6.52/9.8 = 0.66 =2/3 sec.

During this period 2/3 sec, m, mass also starts moving downward. So the string becomes tight again
after a time of 2/3 sec.
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24. Mass per unit length 3/30 kg/cm = 0.10 kg/cm. 10m 20m
Mass of 10 cm part =mq =1 kg 20N«—[mi][ m; |—32N
Mass of 20 cm part = m, = 2 kg. R R
Let, F = contact force between them. )y —a N
From the free body diagram liZ:ON »E Eif +32N
F-20-10=0 ...(i)
And,32-F-2a=0 ...(ii) 1"9 2';;

From eqa (i) and (i) 3a—12=0=a =12/ 3 =4 m/s’
Contactforce F =20+ 1a=20+1%x4 =24 N.

25.
N e
»0: 1a
19
Fig-1 Fig-3
Sin 6, =4/5 gsing;—(a+T)=0 T-gsin6,—a=0
sin 6, = 3/5 =gsingb;=a+T ...(i) =T=gsin6,+a ... (i)
=T+a-gsind; =0
From eqn (i) and (ii), gsin6,+a+a—-gsin6,=0
o . _ 4 3)_
—=2a=gsin®;—gsinB,=g|———|=g/5
5 5
26. f( —a ::;nza
g . e
mg mo
Fig-2 Fig-3
From the above Free body diagram From the above Free body diagram
Ma+F-T=0=>T=ma+F ..(i) mya + T —my,g =0 ....(ii)
= mpa + mya + F —myg = 0 (from (i))
= a(m; + my) + myg/2 — myg = 0 {because f = ng/2}
= a(m; + my) —myg =0
= a(my+my)=myg/l2=>a= M9
2(my =mjy)
. . m,g .
Acceleration of mass my is towards right.
2(my =mjy)
27. AT W T
4;m1a
rng
Y mig Fy
v F '_'mza
Fig-1 Fig-2 Flg3
From the above free body diagram From the free body diagram
T+ma-mmg+F)=0 T—(myg + F + mya)=0
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28.

29.

=T=mg+F-ma=T=5g+1-5a...(i)
=>T=myg+F+mya=T=2g+1+2a...(ii)
From the eqn (i) and eqn (ii)

5g+1-5a=2g+1+2a=3g—-7a=0=7a=3g 5a
—a= % = &7'4 =4.2 m/s’ [ g= 9.8m/s?]
a) acceleration of block is 4.2 m/s 159
b) After the string breaks m; move downward with force F acting down ward. VE=IN
mia =F +myg=(1+5g)=>5(g+0.2) Force = 1N, acceleration = 1/5= 0.2m/s.
So, acceleration = Force _ 5(g+02) _ (g+0.2) m/s®
mass 5
AT AT/2 L3(artaz)
AT2
mi la m3
Tlg 29 md
v la v 2(a—az) v3g
Fig-2 Fig-3 Fig-4

Fig-1

Let the block m+1+ moves upward with acceleration a, and the two blocks m, an m3; have relative
acceleration a, due to the difference of weight between them. So, the actual acceleration at the blocks
m4, m, and mz will be aj.

(a1 —ay) and (a; + a,) as shown

T=1g—-1a,=0 ...(i) from fig (2)

T/2—-2g-2(a;—ay)=0 ..(ii) from fig (3)

T/2-3g—-3(a; +a,)=0 ..(iii) from fig (4)

From eqn (i) and eqn (ii), eliminating T we get, 1g + 1a, = 4g + 4(a; + a,) = 5a,— 4a; = 3¢ (iv)

From eqn (ii) and eqn (iii), we get 2g + 2(a; — a,) = 3g — 3(a; — az) = 5a; + a; = (v)

o 29 10g _ 199
Solvin and a;=—=anda,=g-5a;=g-—= ==
ving (iv) (v) a4 29 2=9 1= 9 29 29
So,a;—a,. 29 _ 199 __17g
29 29 29
2g 199 21g . 199 179 219
a; + a, - =2, 79 _239 So, acceleration of my, my, my ae —=(u —~= (doan) —= (down
' T 59729 T o9 1w Mz My 88 —g7(up) g (doan) g (down)

respectively.
Again, for my, u =0, s= 20cm=0.2m and a, = %g [g= 10m/sz]
1 19

~S=ut+%at’= 02=—x—gt? = t=0.25sec.
2 29
AT AT/2 AT/2
m Y2 Y 3
v 9 9 4'32
Flg-2 v 281 . 1
Fig-3 Fig-4
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m4 should be at rest.

T-mg=0 T/2—-2g-2a;=0 T/2-3g-3a,=0

= T=mqg...(i) =T —-4g—-4a;=0...(ii) = T =6g — 6a, ...(iii)
From eqn (ii) & (iii) we get

3T -12g =129 - 2T = T = 249g/5= 408g.

Putting yhe value of T eqgn (i) we get, m; = 4.8kg.

“13 R
QP—W ] it 4
[ ]
T« — 1
Fig-1 B B °
v
w’]g 19
Fig-2 Fig-3
T+1a=1g...(i) T-1a=0=T =1a (ii)
From eqn (i) and (ii), we get
la+1a=1g=>2a=g=a-= % = % = 5m/s?
From (i) T = 1a = 5N.
‘R AT
I -« » 2T
2m(a/2)
e
Fig-2 Fig-3
Ma-2T=0 T+Ma-Mg=0
=>Ma=2T=T=Ma/2. = Ma/2 + ma = Mg. (because T = Ma/2)

=3Ma=2Mg=a=29/3
a) acceleration of mass M is 2g/3.
b) TensionT= — = — = ===
2 2 3 3
c) Let, R' = resultant of tensions = force exerted by the clamp on the pulley

R'= JT24+72 =21

T T
45°
Mg '\/EMg ‘ﬂ 45°
S R= 4272428 _ VY9
V2 ‘/—3 3 R R* O

T T T
Again, Tano = ?= 1= 60=45°
So, itis @at an angle of 45° with horizontal.
T 42T
2ma
x2mg
mg 2ma
Fig-2 Fig-3
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33.

34.

2Ma +Mgsin6-T=0 2T +2Ma-2Mg =0
= T=2Ma + Mg sin 6 ...(i)

= 4Ma + 2Mgsin6 + 2 Ma — 2Mg =0
= 6Ma + 2Mg sin30° - 2Mg =0

= 6Ma = Mg =a =g/6.
Acceleration of mass M is 2a = s x g/6 = g/3 up the plane.

aMa
AAT
ma
0
y Mg "Mb mg
FBD-1 FBD-2 FBD-3

As the block ‘m’ does not slinover M’, ct will have same acceleration as that of M’

From the freebody diagrams.

T+Ma-Mg=0 ...(i) (From FBD — 1)
T-Ma-Rsing=0 ...(ii) (From FBD -2)
Rsin6-ma=0 ...(iii) (From FBD -3)
R cos 6 —mg =0 ...(iv) (From FBD -4)
Eliminating T, R and a from the above equation, we get M = Mtg m1
coto —
a)ba+T-5g=0=T=5g->5a ...(i) (From FBD-1) 5a
Again (1/2) —4g—-8a=0=T=8g—-16a ..(ii) (from FBD-2) “T
From equn (i) and (i), we get
5g-5a=8g+16a—=21a=-3g=>a=-1/7g la
So, acceleration of 5 kg mass is g/7 upward and that of 4 kg mass
is 2a = 2g/7 (downward). v 59
b) AT FBD-1
R
42 »T/2
x59 }
5a 29
FBD-3 FBD-4

4a-1/2=0=8a-T=0=T=8a ... (ii) [From FBD -4]

Again, T+5a-5g=0=8a+5a-5g=0

= 13a-5g =0 = a = 5g/13 downward. (from FBD -3)
Acceleration of mass (A) kg is 2a = 10/13 (g) & 5kg (B) is 5g/13.

c) AT AT
T2T/2
B
C T 19 Y 29
1a 4a ]V
FBD-5 FBD-6
T+1a-1g=0=>T=1g-1a ...() [From FBD - 5]

Again, % —29-4a=0=T-4g-8a=0...(ii) [From FBD -6]

= 1g—1a—4g—8a =0 [From (i)]

= 2(2Ma + Mg sin 0) + 2Ma — 2Mg = 0 [From (i)]

FBD-3
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35.

36.

37.

38.

= a =—(g/3) downward.
Acceleration of mass 1kg(b) is g/3 (up)
Acceleration of mass 2kg(A) is 2g/3 (downward).
m4=100g = 0.1kg
m, = 500g = 0.5kg
m; = 50g = 0.05kg.
T+05a-0.59g=0 (i)
T;—-0.5a-0.05g=a ... (ii) m3
T4+0.1a—-T+0.05g=0 ...(iii)
From equn (ii) Ty = 0.05g + 0.05a ...(iv) AT AT T
From equn (i) T = 0.5g — 0.5a (V) / R
Equn (i) becomes T; + 0.1a — T + 0.05g = 0 I fa 7
= 0.05g + 0.05a + 0.1a — 0.5g + 0.5a + 0.05g = 0 [From (iv) T
and (v)] 0.5a }
= 0.65a=04g=>a= 04 ﬂg = ig downward FBD-1 FBD-2

0.65 65 13
Acceleration of 500gm block is 8g/13g downward.
m = 15 kg of monkey. a=1m/s’
From the free body diagram
S T-[15g+15(1)]=0=>T=15(10+1)=>T=15%x11=>T=165N. Ta
The monkey should apply 165N force to the rope. 15g
Initial velocity u = 0 ; acceleration a = 1m/s? ; s=5m. 15a
L s=ut+%at’
5=0+ (1721 =t=5x2 =t= 10 sec.
Time required is V10 sec.

Suppose the monkey accelerates upward with acceleration 'a’ & the block, accelerate downward with
acceleration a,. Let Force exerted by monkey is equal to ‘T’

From the free body diagram of monkey T

S~ T-mg—-ma=0 (i)

= T =mg + ma. T 2
Again, from the FBD of the block, mg mg

ma maq
T=ma;—-mg=0.

= mg+ ma+ma;—mg =0 [From ()] > ma=-ma; = a = a;.
Acceleration ‘—a’ downward i.e. ‘a’ upward.
.. The block & the monkey move in the same direction with equal acceleration.

If initially they are rest (no force is exertied by monkey) no motion of monkey of block occurs as they
have same weight (same mass). Their separation will not change as time passes.

Suppose A move upward with acceleration a, such that in the tail of A maximum tension 30N produced.

AT 4T,=30N
A aT aT
B Y 59 A 29
T1=3ONJ
V{ 5a v 2a
Fig-2 Fig-3
T-59g-30-5a=0 ..(i) 30—2g-2a=0 ..(ii)
= T=50+30+(5x5)=105N (max) =30-20-2a=0=a=5m/s’

So, A can apply a maximum force of 105 N in the rope to carry the monkey B with it.
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39.

40.

41.

For minimum force there is no acceleration of monkey ‘A’and B. > a=0

Now equation (ii)is T'y —2g = 0= T’y =20 N (wt. of monkey B)

Equation (i)is T—-5g—-20=0[As T’y =20 N]

=T=5g+20=50+20=70N.

.. The monkey A should apply force between 70 N and 105 N to carry the monkey B with it.
(i) Given, Mass of man = 60 kg.

Let R’ = apparent weight of man in this case. T TT
Now, R"+ T — 60g = 0 [From FBD of man]

=T=60g-R’ (i) R
T-R' -30g=0 ..(ii) [ From FBD of box] 609 ¢|
= 60g - R'— R’ - 30g = 0 [ From (i)] R 309

= R’ = 15g The weight shown by the machine is 15kg.
(i) To get his correct weight suppose the applied force is ‘T’ and so, acclerates upward with ‘a’.
In this case, given that correct weight = R = 60g, where g = acc” due to gravity

RT T4 T'T

af
I%I a!

60g i?:og
60a 30a
From the FBD of the man From the FBD of the box
T'+R-60g—-60a=0 T'-R-30g-30a=0
=T'-60a=0[..R =60g] =T'-60g-30g—30a=0
=T'=60a () = T' - 30a = 90g = 900
= T'=30a - 900 ...(ii)

From eqn (i) and eqn (ii) we get T'=2T"-1800 = T' = 1800N.

.. So, he should exert 1800 N force on the rope to get correct reading.

The driving force on the block which n the body to move sown the plane is F = mg sin 6,

So, acceleration = g sin 6 TV

Initial velocity of block u = 0. A
s=¢(,a=gsin6

Now, S =ut + %2 at®

=1=0+%(gsin0)t* =g°= 2.f =>t= Z_Z
gsin® gsino
Time taken is 2_ !
gsino

Suppose pendulum makes 6 angle with the vertical. Let, m = mass of the pendulum.
From the free body diagram

a—» T4o
E «——
mg

TcosO—-mg=0 ma—T sin 6 =0

= T cos 6 =mg = ma=Tsin0O
mg . ma .
= (i >t= — ... (ii
cos0 @ sin® (W
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mg :ﬂ:tan(a: a =0=tan™"

From (i) & (ii) ! a
cosO sin0 g g

The angle is Tan‘1(a/g) with vertical.
(ii) m —> mass of block. mgvg
Suppose the angle of incline is ‘0’
From the diagram

sin6 _a

macos0-mgsin6=0=macos®=mgsind = ——=
cos® g

=tanf=alg=0-= tan"1(a/g).

. Because, the elevator is moving downward with an acceleration 12 m/s? (>g), the bodygets separated.
So, body moves with acceleration g = 10 m/s? [freely falling body] and the elevator move with
acceleration 12 m/s?

Now, the block has acceleration =g =10 m/s?
u=0 12 m’szl 10 m/sleZI
t=0.2 sec []

So, the distance travelled by the block is given by.
Ls=ut+%at’

=0+ (%)10(0.2)>=5x 0.04 = 0.2 m = 20 cm.
The displacement of body is 20 cm during first 0.2 sec.

k sk ok ok

5.13



SOLUTIONS TO CONCEPTS

CHAPTER 6
Let m = mass of the block R
From the freebody diagram, t
R-mg=0=R=mg ..(1) Celocity a—>
Againma—p R =0=ma=pR =pmg (from (1)) I&I ma <+ > iR
Sa=ug=>4=pug=>n=4/g=4/10=04
The co-efficient of kinetic friction between the block and the plane is 0.4 Mg
Due to friction the body will decelerate
Let the deceleration be ‘@’ Ra—>
R-mg=0=R=mg (1) velocity a— I
ma—puR=0= ma=pR=pumg (from (1))
—a=pg=0.1x10=1m/s> ' ma+ >R
Initial velocity u = 10 m/s
Final velocity v =0 m/s d
a=-1m/s’ (deceleration) mo
g= Vi-u?_0-10° _ 100 _ .

2a 2-1) 2
It will travel 50m before coming to rest.
Body is kept on the horizontal table.

If no force is applied, no frictional force will be there mg T
f — frictional force o i )
F — Applied force
From grap it can be seen that when applied force is zero, R
F —»

frictional force is zero. o

From the free body diagram,

R-mgcos6=0=R=mgcos6 ..(1)

For the block

U=0, s =8m, t = 2sec. 30°
ss=ut+%att > 8=0+%a2’= a=4m/s’

Again, uR+ma-mgsin6=0

—>umgcos®+ma-mgsind=0 [from (1)] R
= m(ugcosO+a—-gsind)=0 3
= ux 10 x cos 30°=gsin 30°—a
= ux10x ,/(3/3) =10 x (1/2) — 4 ma’~  Mip

'

= (5/43)u=1=pn=1/(5/+/3) =0.11 g
.. Co-efficient of kinetic friction between the two is 0.11. A/4N
From the free body diagram 4kg
4—-4a-uR+4gsin30°=0 (1) 30°
R—-4gcos 30°=0 ..(2)
= R=4g cos 30° R

uR_ &

Putting the values of R is & in equn. (1)
4—-4a-0.11 x4gcos 30°+4gsin30°=0

:>4—4a—0.11><4><10x(\/§/2)+4><10><(1/2)=0 ma,// S
—4-4a-381+20=0=a~5m/s SN
For the block u =0, t = 2sec, a =5m/s? mg

Distance s =ut+ % at? = s=0+ (1/2) 5 = 22 = 10m
The block will move 10m.
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To make the block move up the incline, the force should be equal and opposite to

the net force acting down the incline = u R + 2 g sin 30°

=0.2 x (9.8)\/§+ 219.8 x(1/2) [from (1)]

=3.39+9.8=13N

With this minimum force the body move up the incline with a constant velocity as net

force on it is zero.
b) Net force acting down the incline is given by, (body movmg down)
F=2gsin 30° - uR
=2x9.8x(1/2)-3.39 =6.41N
Due to F = 6.41N the body will move down the incline with acceleration.
No external force is required.
.. Force required is zero. \
From the fzree body diagram (body ::gvmg u5)
g = 10m/s”, m = 2kg, 0 =30°, p=0.2
R-mgcos6-Fsin6=0
=R=mgcos0+Fsin6 ..(1)
Andmgsin6+uR—-Fcos =0
= mgsin0+umgcos6+Fsinb)—Fcos6=0
= mgsind+umgcosO+puFsin6—-Fcos6=0
(mgsin® —umgcos0)
(usin®—cos )

L p o 2x10x(1/2)+0.2x2x10x(/3/2) _ 13464 _ o o o

0.2x(1/2)-(\/3/2) 0.76

EOO\

mg
m — mass of child R R
R-mgcos45°=0 5
= R=mg cos 45° =mg Ve (1)
Net force acting on the boy due to which it slides down is mg sin 45° - uR e
=mg sin 45° - u mg cos 45° mg N

=F=

=mx10(1/+/2)=0.6 x m x 10 x (1/+/2)
=m[(5/V2)-0.6x (5/42)]

=m(2+2)
acceleration = Force _ 2\/_ = 24/2 m/s?

mass m
Suppose, the body is accelerating down with acceleration ‘a’.
From the free body diagram
R-mgcos06=0
= R=mgcos 6 (1)
ma+mgsin0—pR=0
=a= mg(smer;ucose) =g (sin 6 — u cos 0)
For the first half mt. u=0, s=0.5m, t=0.5sec.
So,v=u+at=0+(0.54=2m/s
S=ut+%att =05=0+%a (057 =a=4m/s*> ..(2)
For the next half metre
u =2m/s, a= 4m/sz, s=0.5.
=05=2t+(12)4t? =2t +2t-05=0
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10.

1.

12.

=>4+4t-1=0

- —4+416+16 - 1.656
N 2x4 8
Time taken to cover next half meter is 0.21sec.

=0.207sec

f — applied force
F;— contact force

- R
F — frictional force ! N
R — normal reaction

F —>f
p=tan A =F/R AT

When F = pR, F is the limiting friction (max friction). When applied force increase, force of friction
increase upto limiting friction (uR)
Before reaching limiting friction

Limiting
F< HR Friction
Stand = Esﬁ :tanksu:kstan"1 n
R R
From the free body diagram
- A B

T+05a-05g=0 (1) ,WI m A
pR+1a+ T -T=0 ...(2) 1=0.2 1=0.2 la
pR+1a-T4=0

0.5kg 0.5g
pR+1a=T, ...(3) T0'59
From(2)& (3)=>uR+a=T-T,4
AT=Ty=Ty R N
=T=2T,

. T4 1a o HR T
Equation (2) becomes yuR+a+T,-2T;=0 <—R<— -« >T -9 >
= HR +a-— T1 =0 :
=>T,=pR+a=02g+a ..(4) A¥1g 19
Equation (1) becomes 2T, + 0/5a - 0.5g =0
=T = w = 0.25g — 0.25a ..(5)

From (4) & (5) 0.2g + a =0.25g — 0.25a

= a

= 0'0: x 10 =0.04 1 10 = 0.4m/s’

a) Accln of 1kg blocks each is 0.4m/s?

b) Tension T =0.2g +a + 0.4 = 2.4N

c)T=059-05a=05%x10-0.5%x04=4.8N a&f m/s?
From the free body diagram

WwR+1-16=0 X $ko
= p1(29) +(-15)=0 2kg 30°
= uy = 15/20 = 0.75 T T T
poR1+4%x05+16-4gsin30°=0
R
—15(204/3)+2+16 —20=0 ‘ H
= —2_ = =0057~006 205 »16N 405
203 17.32 UR;
16N=T

..Co-efficient of friction pq = 0.75 & p, = 0.06 v

49
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13.

14.

15.

AT B t LT1
A T
T1 ].LR
< > —>
1159 159 5a|°9
15a ¢ r=5g |
From the free body diagram
T+15a-15g=0 T—(T4y +5a+ puR)=0 Ti—5g—-5a=0
=>T=15g-15a ...(i) =>T-(5g+5a+5a+uR)=0 =T4=5g + 5a ...(iii)

= T=5g+10a + puR ...(ii)
From (i) & (ii) 15g — 15a = 5g + 10a + 0.2 (5g)
= 25a =90 = a = 3.6m/s
Equation (i) => T=5%x10+10%x 3.6 +0.2x 5% 10
= 96N in the left string
Equation (iii) Ty =5g + 5a =5 x 10 + 5 x 3.6 =68N in the right string.

s=5m, p=4/3, g = 10m/s?
u = 36km/h = 10m/s, v=0,

2 2 2
a= Y Y - 0-10 = —10m/s?

2s 2x5
From the freebody diagrams,
R—mgcos€)=0;g=10m/s2
= R=mgcos0....() ; = 4/3.
Again,ma+mgsin®-pR=0
= ma+mgsind—pumgcos6=0
—a+gsind-mgcos6=0
= 10+10sin0®-(4/3)x10cos 6 =0
=30+ 30 sin 6 —-40cos 6 =0
=3+3sinB-4cos8=0
=4cos0-3sinb=3

= 41-sin?0 =3 +3sin O

=16 (1—sin“0) =9 + 9sin0 + 18 sin O

—18+182-4(25)(-7) _ —18+32 _14
2x25 50 50

= 0=sin"' (0.28) = 16°

Maximum incline is 6 = 16°

sin 6 = = 0.28 [Taking +ve sign only]

to reach in minimum time, he has to move with maximum possible acceleration.

Let, the maximum acceleration is ‘a’
~ma—-pR=0=ma=pumg
=a=pg=0.9x10=9m/s’

a) Initial velocityu=0,t="7?
a=9m/s’, s=50m

s=ut+%atf=50=0+(12)9t’ =>t= |—

100 _ 10
= —SecC
3

b) After overing 50m, velocity of the athelete is
V=u+at=0+9x(10/3) = 30m/s
He has to stop in minimum time. So deceleration ia —a = —9m/s? (max)

6 — the max.
angle
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16.

17.

18.

R =ma

ma = puR(max frictional force)

= a = g = 9m/s?(Deceleration)
u'= 30m/s, vi=0
t= vi-u'_0-30 _ 30 _ 10 e

a —-a -a 3

Hardest brake means maximum force of friction is developed between car’s type & road.
Max frictional force = uR
From the free body diagram
R -mg cos 6 =0
=>R=mgcos6 ..(i)
and uR+ma—-mgsin)=0 ...(ii)
= umgcos®+ma—-mgsin6=0
—>ugcosO+a—-10x(1/2)=0 ma
—a=5-{1-(2/3)}x 10 (+/3/2) = 2.5 m/s? mg
When, hardest brake is applied the car move with acceleration 2.5m/s?
S=12.8m, u=6m/s
S0, velocity at the end of incline

V = Ju? +2as = /62 +2(2.5)(12.8) = +/36+64 = 10m/s = 36km/h

Hence how hard the driver applies the brakes, that car reaches the bottom with least velocity 36km/h.
Let, , a maximum acceleration produced in car.

Il/m

pR

R
.. ma = puR [For more acceleration, the tyres will slip] Y a2,

—Sma=pmg=a=pug=1x10=10m/s’
For crossing the bridge in minimum time, it has to travel with maximum uR
acceleration “-—d—-—= >

u=0, s =500m, a = 10m/s?
s=ut+ %at?
= 500=0+(1/2) 10 * =t = 10 sec. ,

If acceleration is less than 10m/s?, time will be more than 10sec. So one can’t drive through the bridge
in less than 10sec.

From the free body diagram
a
R=4gcos30°=4x10 x+/3/2 =203 ...(i) o

2kg
ue R+4a—-P—-4gsin 30° =0 = 0.3 (40) cos 30° +4a— P —40sin20° =0 ...(ii) 4kg

P+2a+p,R—2gsin30°=0  ...(iii)
Ry=2gcos30°=2x10x +/3/2 =10+/3 ..(iv)
Equn. (i) 6+/3 +4a—P-20=0

R 2a /
Equn (iv)P+2a+2+3 -10=0 ya &~ P wi Ry
From Equn (ii) & (iv) 643 +6a—30+2+3 =0
= 6a=30-8+3 =30-13.85=16.15

—a= % =2.69 = 2.7m/s? 49

mg

b) can be solved. In this case, the 4 kg block will travel with more acceleration because, coefficient of
friction is less than that of 2kg. So, they will move separately. Drawing the free body diagram of 2kg
mass only, it can be found that, a = 2.4m/s>.
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19.

20.

21.

From the free body diagram

a uR4 R
DR N
S a
LAEAN
-

R=M; gcos 6 . (i)
Ro=M,gcosf ... Mip
T+Migsind—-mya—puRy=0 ... (iii)

T-My—-Mya+puR,=0 ..(iv)
Equn (ii)=> T+ M4gsin6—-M;a—pMigcos=0

Equn (iv) > T-Mygsin6+Mya+pMygcos0=0 ..(v)
Equn (iv) & (v) = g sin 6 (M + My) —a(M; + M) —ug cos 6 (M; + M) =0
= a(M;+M;y)=gsind (My+M,y)—pgcos 6 (My+ M)

= a =g(sin 6 — u cos 0)

Mza

uR;

Mg

.. The blocks (system has acceleration g(sin 6 — p cos 6)
The force exerted by the rod on one of the blocks is tension.

Tension T = - Mg sin 6 + Mya + p M4g sin 6

= T =- Mg sin 6 + M4(g sin 6 —p g cos 8) + u Mg cos 6

=T=0

Let ‘p’ be the force applied to at an angle 6
From the free body diagram
R+Psin6-mg=0

= R=-Psin6+mg . (i)

uR —p cos 6 ... (ii)

Equn. (i) is u(mg—P sin®) —Pcos06=0
wmg

>umg=ppsin6—-Pcosf=p= ———
psin® +cos6

Applied force P should be minimum, when p sin 6 + cos 6 is maximum.

Again, p sin 0 + cos 0 is maximum when its derivative is zero.

-.d/dé (nsin® +cos0) =0
—>upcosf-sing=0=> 6=tan"1u

So. P = pmg _ umg/cos6 _ pmgsec 0 _ kmgsecH
’ usinO+cos®  psin® cos®  1+putano 1+tan?0
cosO cosH

_ uwmg _  umg e

_ _um
secO  Jdt+tan20  1+p2

pmg 1
V1+ u?

Let, the max force exerted by the man is T.
From the free body diagram

Minimum force is

R+T-Mg=0
=>R=Mg-T .(i)
Ri—-R-mg=0
= R;=R+mg ...(ii)

AndT-uR;=0

atan angle 6 =tan ™ p.

i

R+

r mg

D
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22.

23.

=>T-p(R+mg)=0 [From equn. (ii)]
=>T-uR-umg=0
=>T-uMg+T)—pumg=0 [from (i)]
=T(1+n)=pMg+pmg
_ 7= #M+m)g
T+
Maximum force exerted by man is uM=mjg
T+
R Ri
2 2kg| =02 y 2, 4 2
4kg 0.2R4 19N 4a . R
| E— > > 2a K
v ‘749
29 V2
R1 - 29 =0
=>R;=2%x10=20 4a1—uR1=0
2a+02R;-12=0 =4a,;=pu Ry =0.2(20)
= 2a+0.2(20) =12 =4a,=4
—=2a=12-4=8 = a; = 1m/s’
= a=4m/s’
2kg block has acceleration 4m/s® & that of 4 kg is 1m/s’
R1 a R1
4 = ?
12N R, 4a
—> | 4kg ‘28 y 1 - P uR;
| —
'LZ v49
g v2g
(i)Ry=2g =20 4a+02%x2x10-12=0
Ma-pRy=0 =4a+4=12
=2a=0.2(20)=4 =4a=8
= a=2m/s’ =a=2m/s’
10N
2g \ 39
=02 A[2 kg —>10N 15N
wm=03 B HR1=<4_N__ 4 »10N — — —»
w=05C[ 7kg |
I
IR1 lR2=5g

a) When the 10N force applied on 2kg block, it experiences maximum frictional force
uR4 = p x 2kg = (0.2) x 20 = 4N from the 3kg block.

So, the 2kg block experiences a net force of 10 — 4 = 6N

So, a; = 6/2 =3 m/s’

But for the 3kg block, (fig-3) the frictional force from 2kg block (4N) becomes the driving force and the
maximum frictional force between 3kg and 7 kg block is

].,L2R2 = (03) X 5kg = 15N
So, the 3kg block cannot move relative to the 7kg block. The 3kg block and 7kg block both will have
same acceleration (a, = a3) which will be due to the 4N force because there is no friction from the floor.

say=a;=4/10 = 0.4m/s?
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24.

25.

4N ng
4 3g
A[2 kg 10N
B [ 3kg 3kg —ON
C 7 kg
15N _
R=5g

b) When the 10N force is applied to the 3kg block, it can experience maximum frictional force of 15 + 4
= 19N from the 2kg block & 7kg block.

So, it can not move with respect to them.

As the floor is frictionless, all the three bodies will move together

- ay=ap=az=10/12 = (5/6)m/s’

c) Similarly, it can be proved that when the 10N force is applied to the 7kg block, all the three blocks will
move together.

Againa;=a;=az= (5/6)m/s2

Both upper block & lower block will have acceleration 2m/s? R
Ry
HR; T
F < T >—> HRs ) -
I
n;g R
Ri=mg ..(i) T-uRy=0
F-uRi = T=0=F—-umg-T=0 ..(ii) = T=umg
S~ F=umg+umg=2pumg [putting T = n mg]
R a
\ e
a R 1
— A
‘;‘ma T >
2 TR MR ’
Mo
I
1
b)2F—-T—umg—-ma=0 ...(i) T-Ma-pmg=0 [.. Ry =mg]

=T=Ma+pumg
Putting value of T in (i)
2f—Ma—umg—pumg—ma=0
= 2(2umg)-2umg=a(M+m) [Putting F =2 umg]

2um
=4umg-2umg=a(M+m) — g = ZHMY
M-+m
Both blocks move with this acceleration ‘a’ in opposite direction.
51 5\:2
i :
_F T R ‘HR1 HR1 T
< >— a ‘4 < >
M
mg Mg T=mR;y
1 1R =m (mg-ma)
ma ma

R1 + ma—-mg =0

= Ry=m(g-a)=mg-—ma ...(i)
T-uRi=0=T=m(mg—-ma) ..(ii)
Again, F—T—-puR;=0
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26.

27.

28.

= F —{u(mg —-ma)} —u(mg -ma) =0
=>F-pmg+pma-pmg+uma=0
=>F=2umg-2uma=F =2um(g-a)
b) Acceleration of the block be a,

a —

R pma
l ! R, &
@ 2F T :HRJ may mai puRy T R
ymg
Y m
L YRy
ma
Ri=mg-ma (i) T-uRy—Ma;=0
2F—T—HR1—ma1=0 :>T=HR1+M31
= 2F-t—-umg+pa—-ma; =0 .. (i) =T =p(mg - ma) + Ma,

=>T=pmg—puma+Ma,
Subtracting values of F & T, we get
2(2um(g — a)) — 2(umg — uma + Ma;) —umg + pma —pa; =0

=>4umg—-4pma—-2umg+2uma=ma;+Ma, :>a1=M
M+m
Both blocks move with this acceleration but in opposite directions.
Ri+QE-mg=0
Rs=mg-QE (i)
F-T-uR;=0
=>F-T uimg-QE)=0
=F-T-umg+uQE=0 ...(2) F=QE
T- o8 Ri=0 AR R,
=T=pRy =p(mg-QE)=nmg-pQE I 1
Now equation (ii)isF-mg+ pQE-pumg+pu QE=0 L T Ry W& ]
=>F-2umg+2uQE=0 il mﬁ . 1mg
= F=2umg-2u QE v ae R,
= F=2p(mg — QE) R
Maximum horizontal force that can be applied is 2u(mg — QE). 1
Because the block slips on the table, maximum frictional force acts on it. ug 3
From the free body diagram |
R=mg m
S~ F-uR=0=F=pR=pumg
But the table is at rest. So, frictional force at the legs of the table is not u Ry. Let be mgy _”B
f, so form the free body diagram. R
fo-nR=0= f,=puR=pmg. -
Total frictional force on table by floor is © mg. P
Let the acceleration of block M is ‘a’ towa;ds right. So, the block ‘m’ must go down with an acceleration ‘2a’.
AT Ro4
H1R1T R, ma Ma ﬁ&
— — T
¥ mg HR2 ¥ Mg
(FBD-1) (FBD-2)

As the block ‘m’ is in contact with the block ‘M, it will also have acceleration ‘a’ towards right. So, it will
experience two inertia forces as shown in the free body diagram-1.

From free body diagram -1
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29.

30.

31.

Ri—ma=0=R;=ma . (i)
Again,2ma+T-mg+ wR;=0
=T=mg-(2-p)ma ...(ii)

From free body diagram-2
T+H1R1 +mg—R2=0

= R,=T+ pyma+ Mg [Putting the value of R4 from (i)]
= (mg - 2ma — ps ma) + uy ma + Mg [Putting the value of T from (ii)]
R, =Mg + mg - 2ma ...(iii)

Again, form the free body diagram -2

T+T-R-Ma—-R,=0

=2T-MA-mA -, (Mg +mg-2ma)=0 [Putting the values of Ry and R, from (i) and (iii)]

= 2T = (M + m) + uy(Mg + mg — 2ma) . (iv)

From equation (ii) and (iv)

2T=2mg—-2(2 + py)mg = (M + m)a + uy(Mg + mg — 2ma)

=2mg-uwp(M+m)g=a(M+m-2um+4m + 2um)
[2m — 1, (M+m)]g

M+m[5 +2(pq —pp)]

Net force = *(202 + (15)2 — (0.5) x 40 = 25— 20 = 5N

. tan 0 = 20/15 = 4/3 = p = tan”'(4/3) = 53°

So, the block will move at an angle 53 ° with an 15N force

a) Mass of man = 50kg. g =10 m/s’

=a=

Frictional force developed between hands, legs & back side with the wall the wt of 0
man. So he remains in equilibrium. R 5 R
He gives equal force on both the walls so gets equal reaction R from both the walls. If <

he applies unequal forces R should be different he can't rest between the walls.
Frictional force 2uR balance his wt.

From the free body diagram

_ 40x10

x0.8

= 250N

uR + uR =40g = 2 uR =40 x 10 =R

b) The normal force is 250 N.
Let a4 and a, be the accelerations of ma and M respectively. velocity a
Here, a; > a, so that m moves on M az
Suppose, after time ‘Y’ m separate from M.
In this time, m covers vt + %2 a1’t2 and Sy=vt+%a, t t
For ‘m’ to m to ‘m’ separate from M. vt + V2 a, = vt + Y% a, P+ (1)
Again from free body diagram R
Ma; + w/2 R =0 toa, I
— may = — (W2) mg = — (W2)m x 10 = a;= ~5p Ma, g ol
Again, uM+mg
Ma; + p (M + m)g — (n/2)mg = 0 | 4
=2Ma,+2u (M+m)g—umg=0 (M+m)g
= 2Ma,=pumg-2uMg -2 umg
—pmg — 2uMg

M
Putting values of a; & a, in equation (1) we can find that

T- { 4ml ]
(M+m)ug

= day

L N N N )
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SOLUTIONS TO CONCEPTS
CHAPTER 7

Distance between Earth & Moon
r=3.85x10° km = 3.85 x 10°m
T =27.3 days = 24 x 3600 x (27.3) sec = 2.36 x 10° sec

2nr _ 2x3.14x3.85x108

circular motion;;

vV — = =1025.42m/sec
T 2.36x10°8
2 2

a= Y = % = 0.00273m/sec? = 2.73 x 10°m/sec?
r 3.85x10

Diameter of earth = 12800km
Radius R = 6400km = 64 x 10° m

2nR _ 2x3.14x64x10°

V= m/sec = 465.185
T 24 3600
2 2
a= L - (4651857 _ 4 o33gmisec?
R 64x10

V = 2t, r=1cm

2 2
Vo2 4cm/sec?
r 1
b) Tangential acceleration at t = 1sec.
a= av i(2t) = 2cm/sec’
dt dt

c) Magnitude of acceleration att = 1sec

a= V42 +2% = 20 cm/sec?

Given that m = 150kg,

v= 36km/hr = 10m/sec, r=30m

mv2 _ 150x(10)> _ 150x100
r 3 30

Horizontal force needed is

in the diagram

R cos 6 = mg (i)
2
Rsino= """ i)
r
Dividing equation (i) with equation (ii)
2 2
Tan 0 = UL
rmg rg
v = 36km/hr = 10m/sec, r=30m
2
Tano=Y_ = 190 __ 43
rg 30x10

= 0 =tan""(1/3)
Radius of Park = r = 10m

speed of vehicle = 18km/hr = 5 m/sec
2
Angle of banking tan6 = A
rg

v2 25
=60=tan"" g = tan™ 700 = tan ~'(1/4)

= 500N

R
) mv’/R

mg

7.1



Chapter 7

10.

1.

12.

The road is horizontal (no banking)

2 TR
mL = HN
R mv’/R
and N =mg —>
2
So MV - pmg v = 5m/sec, R=10m
A mg

25 25
2 =25 _025
70 M7 00

Angle of banking = 6 = 30°
Radius = r = 50m

v2 v2
tan0= — = tan30°= —
rg

1 v? ) 5010

- -9
= —== — DV = =
NER NEREE]

500
=vVv= _[— =17m/sec.
V3

Electron revolves around the proton in a circle having proton at the centre.
Centripetal force is provided by coulomb attraction.

r=53-t10"'m m = mass of electron = 9.1 x 10_3kg.

charge of electron = 1.6 x 10™"°c.

mv2 _ q® o ka?® _ 9x10°x1.6x1.6x10® _ 23.04
r r2 rm  53x10 "x9.1x1073" 4823
=2 =0477x10%=4.7x10"

= v=+47x10" =22 x 10°m/sec

At the highest point of a vertical circle
2

— =m
R g

=V =Rg=v= \/Rig

A celling fan has a diameter = 120cm.

-.Radius = r =60cm = 0/6m

Mass of particle on the outer end of a blade is 1g.

n = 1500 rev/min = 25 rev/sec

w=2nn=2nx25=157.14

Force of the particle on the blade = Mro® = (0.001) x 0.6 x (157.14) = 14.8N

The fan runs at a full speed in circular path. This exerts the force on the particle (inertia). The particle
also exerts a force of 14.8N on the blade along its surface.

x10"

A mosquito is sitting on an L.P. record disc & rotating on a turn table at 33% rom.

1 100
= 33— =
n 3 m 360 rps
100 _ 10n

= — rad/sec
180 9

r=10cm=0.1m, g = 10m/sec’

2
2 0.1><(10n)
", \9 )

2
mg = mr =
umg > mro” = p . 10
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13.

14.

15.

16.

17.

A pendulum is suspended from the ceiling of a car taking a turn

r=10m, v =36km/hr =10 m/sec, g= 10m/sec? |
OmviR
2 |
From the figure  Tsin®= % (i) !
T cos 6 = mg (i) mg
; 2 2 2
= Sinf =m—V:>tane=V—:e=tan‘1[V—J \ ,
cos6 rmg rg rg
100

=tan™' 10x10 = tan”'(1) = 0 = 45°

At the lowest pt.
2
T=mg+ m;/
Here m = 100g = 1/10 kg, =

r=1m, v =1.4 m/sec

2 2
T=mg+ ™" = 1 08x04)" _g98+0196=1176=12N
r 10 10 mv Ir

Bob has a velocity 1.4m/sec, when the string makes an angle of 0.2 radian.

m = 100g = 0.1kg, r=1m, v =1.4m/sec.
From the diagram,
2
T-mgcos 6 = m%
mg sin 6

2 mg cos 0

mv
=T= + mg cos 0
R g N\

2
~T= 70-“(11'4) +(0.1)x9. 8><[1—97J

- (:2)° : _ . ¥
= T=0.196 + 9.8 x 1—7 (. cos 0= 1—7forsmalle)

= T=0.196 + (0.98) x (0.98) = 0.196 + 0.964 = 1.156N ~ 1.16 N

At the extreme position, velocity of the pendulum is zero.

So there is no centrifugal force.

So T =mg cos 6,

a) Net force on the spring balance. mg sin 6

mg cos
R=mg- mo’r
So, fraction less than the true weight (3mg) is

_ mg-(mg-mo’r) _ o® =[ 2n )2><6400><103 35 x 107
mg g 24 %3600 10 ' - v
b) When the balance reading is half the true weight, MR

mg — (Mg - mw?r) - 12

0r=gl=ow0= \/E = /La rad/sec
2r 2x6400x10

.. Duration of the day is

2x6400x10° 64><106 _ 2mx8000 _
2| S sec = o hr=2hr
9.8 7 %3600
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Chapter 7

18.

19.

20.

Given, v = 36km/hr = 10m/s, r=20m, n=0.4
The road is banked with an angle,

v 1
0=tan”"' g =tan‘1( 100 ]=tan"{§} ortan 6 =0.5

mv,° Ir
20x10

A
When the car travels at max. speed so that it slips upward, pR; 8\ R
acts downward as shown in Fig.1 HRy g Mg
2
So, R1—mg cos 0 — ™1 Sing=0 (i) uR;
r
2] R,
o M9

2

And uR; + mg sin 6 - ™1 cos 6 =0 (i) mv,” Ir
r

Solving the equation we get,

V= |rg8no-p Jzoxmxﬂ = 4.082 m/s = 14.7 km/hr
1+utano 1.2

So, the possible speeds are between 14.7 km/hr and 54km/hr.

R = radius of the bridge
L = total length of the over bridge mv’/R
a) At the highest pt.
mv2 2
mg=T =V =Rg=v= \/@
i =1 20=LIR
b) Given, v 72 \/@ y

my2 mv¥4/R
suppose it loses contact at B. So, at B, mg cos 6 = T

= v*=Rg_cos 0

Rv Rg
V2 =Rgcose:>7 =Rgcos 6 = cos 8 =1/2=0=60°=n/3

So, it will lose contact at distance ? from highest point

c) Let the uniform speed on the bridge be v.

%R
The chances of losing contact is maximum at the end of the bridge for which o = % . m
mv? L
So, —— =mgcos a = Vv = _|gRcos| — (
R 2R
Since the motion is nonuniform, the acceleration has both radial & tangential 20= L/IR

component
v2 il

ar = —
r

a = d_V =a umg mv4/R )
dt mv‘/R

m dv/d

2
2

Resultant magnitude = [V—J +a?
r

2

2 232 4
Now uN =m [V—J +a’ =S umg=m [V—J +a’ =>u292= (V—z}Laz
r r r

3
z

— vt = (1Pg% - a%) 2 = v = [(uPg? — a%) 1"
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21.

22.

23.

24,

a) When the ruler makes uniform circular motion in the horizontal

mg
plane, (fig—a)
pmg = mo,’L b pmg "_l_“ podl
o= /u_g [ ]
L |: L :T R
(Fig—a)

b) When the ruler makes uniformly accelerated circular motion,(fig—b)

1/4 N 2
2.2 2 pmg mez L
pmg = \/(mm22L)2 +(MLa)? = ot +o’= ”L29 == KHTQJ —(xz} >
v (Fig-b)
mLa
(When viewed from top)
Radius of the curves = 100m
Weight = 100kg
Velocity = 18km/hr = 5m/sec
2
a) atBmg— " =N = N=(100 x 10)=199%25 _ 1500 _ 25 = 975N
R 100 oS
2 C // \\\
Atd,N=mg+ ™ = 1000 + 25 = 1025 N R E
N S
b) AtB & D the cycle has no tendency to slide. So at B & D, frictional force is zero. v
IR
At'C’,mg sin®=F = F = 1000 x —— = 707N "
V2
mv? mv? N
c) (i)Before ‘C’mgcos6—N = R = N=mgcos 6 — R =707 — 25 = 683N T

2 2
(ii)N—mgcose=%3N= mv

+ mg cos 6 =25+ 707 = 732N

d) To find out the minimum desired coeff. of friction, we have to consider a point just before C. (where
N is minimum)

Now, u N =mg sin 6 = u x 682 = 707

So, u =1.037

d=3m=R=15m F mmzr‘

R = distance from the centre to one of the kids I

N =20 rev per min = 20/60 = 1/3 rev per sec

o =2xnr=2n/3 15kg 15kg

m = 15kg

2 mg
(2M)° _ 5 x (0.5) x 472 = 1072

. Frictional force F = mro® = 15 x (1.5) x

. Frictional force on one of the kids is 10n?

If the bowl rotates at maximum angular speed, the block tends to slip upwards. So, the frictional force
acts downward.

Here,r=R sin 6

From FBD -1
Ry —mg cos 6 — ma;* (R sin 6) sin 6 = 0 ..(i) [because r = R sin 6]
and uR; mg sin 6 — moq? (Rsin®)cos6=0 (i)
Substituting the value of R; from Eq (i) in Eqi), it can be found out that
i 1/2 s
g(sin® + pcos0) 7
Rsin 9(cose—usin6)}
Again, for minimum speed, the frictional force mo+? r
1R, acts upward. From FBD-2, it can be proved uR; a
that, Ry
(FBD - 1)
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25.

26.

27.

28.

®2

_ g(sin®—pcos ) Ve
Rsin6(cos6 + psin0)
.. the range of speed is between w1 and o,

Particle is projected with speed ‘U’ at an angle 0. At the highest pt. the vertical component of velocity is
o

So, at that point, velocity = u cos 6 mv2/r
0 usin®

centripetal force = m u” cos’| U cos 6
At highest pt. mg

mv? u? cos? 0
mg=s — =>r= ——— 0

r 9
Let ‘v’ the velocity at the pt where it makes an angle 6/2 with horizontal. The
horizontal component remains unchanged
mv?/
S0,vcos0/2=wCcos 0 =v= ucos9 ()] o
0
COS(ZJ mgcos6/2

, 0 mg
From figure , , 11 CoS0
mg cos (6/2) = mv_ = v

r gcos(6/2)

putting the value of ‘v’ from equn(i)

r= u®cos? 0
gcos3(0/2)
A block of mass ‘m’ moves on a horizontal circle against the wall of a cylindrical room of radius ‘R’

Friction coefficient between wall & the block is .
2
a) Normal reaction by the wall on the block is = mv_

2
b) .. Frictional force by wall = vz
Hsz HVZ m
c) =ma = a =——— (Deceleration)
R R -
2
d) Now, v vd—v =_W :>ds=_5d_"
dt ds R pov
=>s= _Ru InV+c )
mv‘/R
Ats=0,v=yvg < /
Therefore, c = —In V, umv’/R
u
S0, s = —Elni - V= gweR
n Vo Vo

For, one rotation s = 2nR, so v = voe_z““

The cabin rotates with angular velocity o & radius R

.. The particle experiences a force mRo’.

The component of mRo’ along the groove provides the required force to the particle to move along AB.

. MR®? cos 6 = ma = a = Rw? cos 0 =
length of groove = L A {e
L=ut+%at?!=>L=%Re’cosot?® e L=
2L 2L mVZ/R
=>tP= ———— ==>t= 1 — R
Rw* cos6 Rw* cos6

7.6



Chapter 7

29.

30.

v = Velocity of car = 36km/hr = 10 m/s

r = Radius of circular path = 50m

m = mass of small body = 100g = 0.1kg.

p = Friction coefficient between plate & body = 0.58

a) The normal contact force exerted by the plate on the block

b) The plate is turned so the angle between the normal to the plate & the radius of the road slowly
increases

2
N="™" coso )
r

2
uN=""gino i
r

Putting value of N from (i)
2 2
n % cos 0 = % sin®=p=tan 6 = 6 =tan ' p=tan ~'(0.58) = 30°

Let the bigger mass accelerates towards right with ‘a’. v\
From the free body diagrams,

T-ma-meo’R=0 () ——— Cfcz,’“

T +2ma-2me’R=0 ..(i) R —
Eq (i) - Eq (ii) = 3ma = mo’R
mo’R ma T
—a= — <+ _F—meR
Substituting the value of a in Equation (i), we get T = 4/3 mo°R. 2ma <T_|:}_> ome’R
kosk sk ok
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SOLUTIONS TO CONCEPTS
CHAPTER -8

M =mc +m; = S0kg u=1.66 m/s v=3.33m/s
u= 6 km/h=1.666 m/sec [0z | [s0kg |

v =12 km/h =3.333 m/sec : !
Increase in K.E. = % Mv? — % Mu?

=190 x (3.333)° = % x 90 x (1.66)° = 494.5 — 124.6 = 374.8 ~ 375 J
my, = 2 kg.

u =10 m/sec

a =3 m/aec? | 2] @ =3m/s

t=5sec

v=u+at=10+315=25m/sec.
SFKE=%mvi=1%x2x625=625). :
F=100 N oo - .t

S=4m,0=0° [

®=FS =100 x4 =400 v
m =5 kg

mg
0=30° i
ay
F=mg s

So, work done by the force of gravity
®=mgh=5x9.8x5=245]
F=2.50N, S =2.5m, m =15g = 0.015kg.

SO,W:Fxsﬁazizﬂzﬁm/sz | | IV_>
m  0.015 3 A B
=F x S cos 0° (acting along the same line)
=2.5x%x25=6.25)
Let the velocity of the body at b = U. Applying work-energy principle % mv? —0 = 6.25
—v= 89222 _ 53 86 m/sec.
0.015

So, time taken to travel from A to B.

—t= v-u _ 28.86x3

a 500
.. Average power = ¥= %: 36.1
Given
T, = 2i + 3]
Q:ﬁ+ﬁ

So, displacement vector is given by,

F=h-f, =7 =(3i+2))-(2i+3j)=i-]
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Chapter 8

So, work done = Fx§=5x1+5(-1) =0 R
7. my=2kg, s =40m, a = 0.5m/sec’ t
So, force applied by the man on the box ] —F
F=mya=2x(05)=1N ml
©=FS=1x40=40) *
8. Given that F=a + bx
Where a and b are constants.
So, work done by this force during this force during the displacement x =0 and x =d is given
by
W= J:F dx = J;(a+bx)dx =ax+ (bx%/2)=[a+ % bd] d
9. mp=250g=.250kg
0=37°S=1m.
Frictional force f = pR
mgsinB=pR .. (1)
mg cos 0 .(2)
so, work done against pR = utRS cos 0° =mg sin 6 $=0.250x9.8 x0.60x1=1.5)
10. a= 2(MF+m) (given) N
a) from fig (1) &F
ma = Y Ry and Ry = mg ?‘1
_ema L F . :
R, 2(M+m)g ma < g
b) Frictional force acting on the smaller block f = pR = Lx mg = mxF me
2(M+m)g 2(M+m) N
c) Work done w = fs s=d Ry < 1
W= mF wd= mFd ma < >
2(M+m) 2(M+m) HR; i
11. Weight=2000N, S =20m, n=0.2 me
a)R+PsinG-2000=0 ..(1) ; i
Pcos6-0.2R=0 .(2) g
From (1) and (2) P cos® — 0.2 (2000 — P sinB)=0 02R< g
400 v
P= c0s0+0.2sin0 .(3) 2000 N
So, work done by the person, W = PS cos0 = 8000 COS? = 8000_ - 40000
cos0+0.2sin6 1+0.2sin®6 5+tan6
b) For minimum magnitude of force from equn(1)
d/d6 (cos 6 + 0.2 sinB) =0 = tan 6 = 0.2
putting the value in equn (3)
4
- 53?::9 - 4(%(.)2)0 = 7630
12. w=100N, 6=37°, s=2m
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13.

14.

15.

16.

17.

Force F=mgsin 37°=100x 0.60 =60 N
So, work done, when the force is parallel to incline.
w=Fscos®=60x2xcos0=120)

In AABC AB=2m
CB=37°
so,h=C=1m

..work done when the force in horizontal direction
W=mgh=100x1.2=1201

m = 500 kg, s=25m, u=72km/h=20 m/s,
2 2
((a)= Y Y 5= @:Sm/secz
2S 50
Frictional force f = ma =500 x 8 = 4000 N
m = 500 kg, u=0, v=72km/h=20m/s
2 2
a= Q:ﬂ: 8m/5ec2
2s 50

force needed to accelerate the car F=ma =500 x 8 =4000 N v

mg

Given, v = av/x (uniformly accelerated motion)
displacements=d-0=d

putting x =0, vi=0

putting x =d, Vo= a/d

a=_—<£ "2 =" " ==
2s 2d 2
2
force f=ma= "2
2
2 2
work donew =FS cos 0 = %xd: mz d
a) m = 2kg, 0=37°, F=20N

From the free body diagram

F = (2g sin 0) + ma = a = (20 — 20 sinB)/s = 4m/sec’
S=ut+%at® (u=0,t=1s,a=1.66)

=2m

So, work, donew =Fs=20x2=40)

b) If W = 40
- W_40
F 20

h=2sin37°=12m

So, work done W =—-mgh=-20x1.2=-24
cjv=u+at =4x10=40m/sec

S0, KE. =¥%mv’=%x2x16=16

m =2kg, 0=37°, F=20N, a =10 m/sec’

a)t=1sec
So, s= ut+% at’=5m

\"

0
a

v=20m/s —> —a
m=500 kg v=0

=1 me

—» a

3

|500kg|4ﬂ> L 2

20N

ma 2gsin®

ma

B
R\/></
270

20N

2g cosO
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18.

19.

20.

21.

22.

23.

Work done by the applied force w = FS cos 0°=20x5=100
b) BC (h) =55sin 37°=3m

So, work done by the weight W=mgh=2x10x3 =60

c) So, frictional force f = mg sin6

work done by the frictional forces w = fs cos0° = (mg sin6) s =20 x 0.60 x5 =60

Given, m = 250 g = 0.250kg,

u =40 cm/sec = 0.4m/sec

n=0.1, v=0

Here, u R = ma {where, a = deceleration}

a= MR _ pmg _ png =0.1x9.8=0.98 m/sec’
m m

V2—U2

S= =0.082m =8.2cm

Again, work done against friction is given by

—w=pRScos0

=0.1%x2.5x0.082x1(0=0°=0.02)

=>W=-0.02J

h=50m, m=1.8x10kg/hr, P =100 watt,

P.E.=mgh =1.8x10° x 9.8 x 50 = 882 x 10° J/hr

Because, half the potential energy is converted into electricity,
Electrical energy % P.E. = 441 x 10° J/hr

441x10°
3600

) . 441x10° _
.. number of 100 W lamps, that can be lit —————=122.5~122
3600x100

So, power in watt (J/sec) is given by =

m =6kg, h=2m

P.E. at a height 2m’=mgh=6x(9.8) x2=117.6

P.E. at floor =0

Lossin P.E.=117.6-0=117.6J~118)

h=40m, u=50m/sec

Let the speed be ‘v’ when it strikes the ground.

Applying law of conservation of energy

mgh + % mu® = % mv?

= 10 x 40 + (1/2) x 2500 = % v* = v* = 3300 = v = 57.4 m/sec ~58 m/sec
t=1min57.56sec=11.56sec, p=400W, $s=200m

= % Work w = pt = 460 x 117.56 J

Again, W = FS = W: 2703 N~270 N

S=100 m, t=10.54 sec, m=50kg

The motion can be assumed to be uniform because the time taken for acceleration is

minimum.
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24.

25.

26.

27.

28.

a) Speed v=S5/t=9.487 ¢/s

So, K.E. = % mv® = 2250 J

b) Weight =mg =490 J

givenR=mg/10=49

so, work done against resistance Wg=—RS =—49 x 100 =-4900 J

¢) To maintain her uniform speed, she has to exert 4900 j of energy to over come friction
P= ¥= 4900/ 10.54 =465 W

h=10m

flow rate = (m/t) = 30 kg/min = 0.5 kg/sec

power P = ngh - (0.5)x 9.8 x10=49 W

So, horse power (h.p) P/746 = 49/746 = 6.6 x 10 *hp

m = 200g = 0.2kg, h=150cm=1.5m, v=3m/sec, t=1sec
Total work done = % mv® + mgh = (1/2) x (0.2) x9 + (0.2) x (9.8) x (1.5) = 3.84 )
h.p. used = 284 - 514 x 1073
746
m =200 kg, s=12m, t=1min =60 sec

So, work W = F cos 6 = mgs cos0° [0 = 0°, for minimum work]
=2000 x 10 x 12 = 240000 J

Se—1 >

So, power p = %: 240000 _ 4000 watt
h.p = % =5.3 hp.

The specification given by the company are
Uu=0, m =95 kg, Pn=3.5hp

Vm = 60 km/h = 50/3 m/sec t, =5 sec
So, the maximum acceleration that can be produced is given by,
_ (50/3)-0 _ 10
5 3
So, the driving force is given by
F:ma:95xE:@N
3 3

So, the velocity that can be attained by maximum h.p. white supplying ? will be

=v= 3.5x746x5 _ 8.2 m/sec.
950
Because, the scooter can reach a maximum of 8.s m/sec while producing a force of 950/3 N,

the specifications given are some what over claimed.

V=

kel

Given m =30kg, v=40cm/sec=0.4m/sec s=2m F
From the free body diagram, the force given by the chain is, |

F = (ma—mg) = m(a—g) [where a = acceleration of the block] |

a=(212) 016 404 m/sec’ v mg
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29.

30.

31.

32.

So, work done W = Fs cos O = m(a —g) s cos 6
= W=30(0.04-9.8) x2 =W =-585.5= W =-586.

So, W=-586)

Given, T=19 N

From the freebody diagrams,

T-2mg+2ma=0 (i)

T-mg—-ma=0 ..(ii)

From, Equation (i) & (i) T=4ma=a= %3 A= 16 =% m/s’.

4m
Now, S = ut + % at?

=S= l><i><1 =S= 2 m [ because u=0]
2 m m

Net mass=2m-m=m
Decrease in P.E. = mgh =>P.E.=mxgx 2 = P.E.=9.8x2 =P.E.=19.6])
m

Given, m; = 3 kg, m, = 2kg, t = during 4" second
From the freebody diagram

T-3g+3a=0 .

T-2g-2a=0 ..ii)

2

Equation (i) & (ii), we get3g—3a=2g+2a=a= = m/sec

[ 0]¢e]

Distance travelled in 4™ sec is given by

79 _ 7x9.8
10 10
Net mass ‘m’=m;—-m,=3-2=1kg

m

QJ
Sath = E(2n—1) = (i(2x4—1)=
2 s

So, decrease in P.E. = mgh =1x9.8 x % x9.8=67.2=67)

m; = 4kg, m, = 1kg, V,=0.3m/sec V1 =2 x(0.3) =0.6 m/sec
(v1 = 2x2 m this system)

h = 1m = height descent by 1kg block

s =2 x 1 =2m distance travelled by 4kg block

u=0
Applying change in K.E. = work done (for the system)
[(1/2)mavs’ + (1/2) Myvin’] =0 = (—uR)S + myg [R=4g=40N]

= % x4x(0.36) x %5 x1x(0.09)=—ux40x2+1x40x1
= 0.72 +0.045 =—80u + 10

== %:0.12

Given, m = 100g = 0.1kg, v=5m/sec, r=10cm

Work done by the block = total energy at A — total energy at B

(1/2 mv? + mgh) -0

S W=¥%mv?+mgh—-0=%x(0.1) x 25 + (0.1) x 10 x (0.2) [h = 2r = 0.2m]
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33.

34.

35.

36.

37.

=>W=125-02=>W=1.45]
So, the work done by the tube on the body is

W;=-1.45
m = 1400kg, v = 54km/h = 15m/sec, h=10m B
Work done = (total K.E.) — total P.E. 15m/s h

| 10m

=0+ % mv’ —mgh = % x 1400 x (15)* — 1400 x 9.8 x 10 = 157500 — 137200 = 203004
So, work done against friction, W, = 20300 J

m = 200g = 0.2kg,s = 10m, h=3.2m, g = 10 m/sec?
a) Work done W=mgh=0.2x10x3.2=6.4 O
b) Work done to slide the block up the incline 1 32m
w:(mgsine):(O.Z)xwx:i—'OZX1O:6.4J -

.
c) Let, the velocity be v when falls on the ground vertically, R F t
%mv'—0=6.4l =v=8m/s
d) Let V be the velocity when reaches the ground by liding gt mg cosd !
%mV>-0=6.4)=V=8m/sec me
£=10m, h=8m, mg = 200N

£=200x > = 60N
10

8m

a) Work done by the ladder on the boy is zero when the boy is going up
because the work is done by the boy himself.

b) Work done against frictional force, W = uRS = f € = (—60) x 10 =— 600 J

c) Work done by the forces inside the boy is

W, = (mg sind) x 10 = 200 x % x 10 = 1600 J

H=1m, h=0.5m
Applying law of conservation of Energy for point A & B
mgH =% mv’ + mgh =g =(1/2) vV’ +0.5g = Vv’ 2(g—0.59) =g = v = ./g =3.1m/s

A

After point B the body exhibits projectile motion for which

0=0°, v=-05 -
So,-0.5 = (usinf) t - (1/2) gt? = 0.5=4.9t* = t = 0.31 sec. rem hd5m
So,x=(4cos0)t =3.1x3.1=1m. —
So, the particle will hit the ground at a horizontal distance in from B.

mg = 10N, n=0.2, H=1m, u=v=0

change in P.E. = work done.

Increase in K.E. A
=>w=mgh=10x1=10) m

Again, on the horizontal surface the fictional force
F=pR=pmg=0.2x10=2N
So, the K.E. is used to overcome friction

W _ 10J

5= = Hogy
F 2N

8.7



Chapter 8

38.

39.

40.

41.

42.

43.

Let ‘dx’ be the length of an element at a distance x from the table
mass of ‘dx’ length = (m/2) dx

Work done to put dx part back on the table

W = (m/8) dx g(x)

So, total work done to put /3 part back on the table

1/3 2 3
W= ~l.(m/f)gx dx =>w=(m/8)g l:—} =
0 2 0

Let, x length of chain is on the table at a particular instant.

So, work done by frictional force on a small element ‘dx’
dWs = uRx = u(%dxjgx [where dx = %dx]
Total work don by friction,

0
_ M
W;s = J.ufgx dx
2L/3

270 2
W= Mg X = “M A 2uMg L/9
L™ 2 oL/3 L[ 18

Given,m=1kg, H=1m, h=0.8m

Here, work done by friction = change in P.E. [as the body comes to rest]
H=1m

= Ws=mgh - mgH
=mg (h—H)
=1x10(0.8-1)=-2)
m =5kg, x=10cm =0.1m, v =2m/sec,
h =? G = 10m/sec?
50, k= M9 = 50 _ 500 N/m
X 0.1
Total energy just after the blow E = % mv? + % kx? (i)
Total energy a a height h = % k (h —x)* + mgh (i)
% mvi+ % kx® =% k (h—x)? + mgh
On, solving we can get,
H=0.2m=20cm
m =250 g =0.250 kg,
k=100 N/m, m=10cm =0.1m
g = 10 m/sec?
Applying law of conservation of energy

1 E]: 100 x(0.1)?

k> =mgh=h=—
2\ mg 2x0.25x10

=0.2m=20cm

m = 2kg, s;=4.8m, Xx=20cm =0.2m, S, =1m,

sin 37°=0.60 = 3/5, 0=37°, cos37°=.79=0.8=4/5
g = 10m/sec?

Applying work — Energy principle for downward motion of the body

21/3
—

i

o - 2.

21/3

dx <%
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44,

45.

46.

47.

48.

0-0=mgsin37°x5—pR x5 —% kx?

= 20 % (0.60) x 1 — 1 x 20 x (0.80) x 1 + % k (0.2)*= 0

= 60—80p-0.02k =0 = 80n + 0.02k = 60 (i)

Similarly, for the upward motion of the body the equation is
0-0=(-mgsin37°)x1—puRx1+%k(0.2)°

= -20x(0.60) x 1 - ux20x(0.80) x 1+ % k (0.2)=0

=-12-16p+0.02K=0 (i)

Adding equation (i) & equation (ii), we get 96 p =48

=>u=0.5

Now putting the value of p in equation (i) K = 1000N/m

Let the velocity of the body at A be v

So, the velocity of the body at B is v/2 PEIN
Energy at point A = Energy at point B W ‘Lm

So, % mva® = % mvg” + % kx**

2 2
. 3mv
= % kx> =% mva’ - % mve? = kx? = m (va’ Tved) = kP = m(v2 ——] =k=

Mass of the body = m

Let the elongation be x

So, % kx* = mgx

=>x=2mg/k

The body is displaced x towards right

Let the velocity of the body be v at its mean position

Applying law of conservation of energy
x2(ky +ky)
BmvP =Yk + Bk > mvP = (ky+ ko) =>vi= T —

> V=X @
U m

Let the compression be x

According to law of conservation of energy g_’ X ]

Bmvi=%kx = x> =mv?/ k= x = v,[(m/k)

b) No. It will be in the opposite direction and magnitude will be less due to loss in spring.
m = 100g = 0.1kg, X =5cm =0.05m, k = 100N/m

when the body leaves the spring, let the velocity be v

Bmvi=% kx> = v = xvk/m =0.05 x LL? =1.58m/sec [ 5
For the projectile motion, 6 =0°,Y =-2

Now, y = (u sin 0)t — % gt’

—-2=(-1/2) x9.8 x t* = t = 0.63 sec.
So,x=(ucos0)t=1.58x0.63=1m

\
,
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49.

50.

51.

52.

53.

Let the velocity of the body at A is ‘V’ for minimum velocity given at A velocity of the body at
point B is zero.

Applying law of conservation of energy at A & B
“mvi=mg(28) =>v= \/@ = 2\/&

m =320g = 0.32kg

k =40N/m

h =40cm =0.4m

g =10 m/s?

From the free body diagram,

kx cos 6 = mg
(when the block breaks off R = 0)

=> cos 0 = mg/kx kx cosd

So, 04 _ 32 . 16x=32x+128=x=0.1m oo >
0.4+x 40xx

SO, s=AB = (h+x)2 —h? =,/(0.5 —(0.4)2 =0.3m mg

Let the velocity of the body at B be v

Charge in K.E. = work done (for the system)

(1/2 mv? + % mv®) ==1/2 kx* + mgs

= (0.32) x v* = —(1/2) x 40 x (0.1)* + 0.32 x 10 x (0.3) = v = 1.5 m/s.
0 =37°;1=h=natural length

Let the velocity when the spring is vertical be ‘v’.

Cos 37°=BC/AC=0.8=4/5

Ac = (h + x) =5h/4 (because BC = h)

So, x = (5h/4)—h =h/4

Applying work energy principle % kx* = % mv?

= v=x,/[(k/m)= %\/%

The minimum velocity required to cross the height point c = c
J2g [ ]
Let the rod released from a height h. Iil_‘_f-\ ,
Total energy at A = total energy at B ] h B

mgh = 1/2 mv?; mgh = 1/2 m (2gl) y M

[Because v = required velocity at B such that the block
makes a complete circle. [Refer Q — 49]

So, h=1.

a) Let the velocity at B be v,
1/2 mvi? = 1/2 mv,? + mgl
= 1/2 m (10 gl) = 1/2 mv,” + mgl
v22 =8gl

So, the tension in the string at horizontal position

8.10 mg
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54.

55.

56.

_ mv?  m8gl
TR

b) Let the velocity at C be V3
1/2 mvi? = 1/2 mva2 + mg (21)

= 1/2 m (log l) = 1/2 mvs* + 2mgl

=8 mg

= v32 =6 mgl
So, the tension in the string is given by
2

T, = m:/ _mg= 6 ﬁ;lm
c) Let the velocity at point D be v,

Again, 1/2 mvi® = 1/2 mva® + mgh

1/2 x m x (10 gl) = 1.2 mv,* + mgl (1 + cos 60°)
= V42 =7 gI

So, the tension in the string is

To = (mv%/1) — mg cos 60°

mg=5mg

=m(7 gl)/I-1-0.5mg =7 mg—-0.5 mg=6.5 mg.
From the figure, cos © = AC/AB
= AC=AB cos 6 = (0.5) x(0.8) =0.4.
So, CD = (0.5) — (0.4) = (0.1) m
Energy at D = energy at B
1/2 mv? = mg (CD)
vV'=2x10x(0.1) =2
So, the tension is given by,

2

T=""  mg=(0.1) (imo]: 14N.
r 0.5

Given, N=mg
As shown in the figure, mv® /R = mg
— v’ =gR (1)
Total energy at point A = energy at P
1/2 kx? = MZZ”WQR [because v* = gR]
= x> =3mgR/k = x = ,[(3mgR)/k .
V=,3gl

1/2 mv? —1/2 mu® = —mgh
v2 = u®-2g(l + IcosH)
= v? = 3gl - 2gl (1 + cos 0) ..(1)
Again,

mv?/l = mg cos 0

v2 =g cos O
From equation (1) and (2), we get
3gl —2gl—2gl cos 6 =gl cos 6

8.11
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57.

58.

3cos0=1=cos0=1/3
0 = cos* (1/3)
So, angle rotated before the string becomes slack
=180° —cos * (1/3) = cos* (-1/3)
l=1.5m; u=+57 m/sec.
a) mgcos@zmvz/l
v2=Igcos 6 (1)
change in K.E. = work done
1/2 mv? —1/2 mu? = mgh
= Vv -57=-2x1.5g (1 +cos0)...(2)
— v? =57 —3g(1 + cos 0)
Putting the value of v from equation (1)
15cos0=57-3g(1+cos0) = 15cos0=57-30-30cos 0O
= 45 cos 0 =27 = cos 0 = 3/5.
— 0 =cos ' (3/5)=53°

b) v= /57 -3g(1+cos0) from equation (2)
= J9 =3 m/sec.

c) Asthe string becomes slack at point B, the particle will start making projectile motion.

2 a2
H=OE +DC=1.5cos 0+ 2+ 3" 0
29
2
= (1.5)x (3/5) + 22(08) _q 5,

2x10

va/(L/Z)

a) When the bob has an initial height less than the peg and then released from rest (figure 1),
let body travels from A to B.

Since, Total energy at A = Total energy at B
.. (K.E)a = (PE)a = (KE)g + (PE)s
(PE)a=(PE)g [because, (KE)a = (KE)z =0]
So, the maximum height reached by the bob is equal to initial height.

b) When the pendulum is released with 6 = 90° and x = L/2, (figure 2) the path of the particle
is shown in the figure 2.

At point C, the string will become slack and so the particle will start making projectile
motion. (Refer Q.No. 56)

(1/2)mv2—0=mg (L/2) (1 - cos a)
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59.

because, distance between A nd C in the vertical direction is L/2 (1 — cos a)
—vl=gl(l-cos0)  .(1)
Again, form the freebody diagram (fig — 3)

sz

—C = b T.=0
/5 mg cos o. {because T, =0}
So, V¢’ = %cosa .(2)

From Eqn.(1) and equn (2),

gl(l—cosa)= % cos o

=1-cosa=1/2cosa

=3/2cosa=1=cosa=2/3 .(3)

To find highest position C, before the string becomes slack
L 2

BF=£+£COS@=£+—X——L1+1
2 2 2 23 2 3

So, BF = (5L/6)

c) If the particle has to complete a vertical circle, at the point C.
mv,?

L-x)

=vi=g(L-x) .(1)

Again, applying energy principle between A and C,

1/2 mv.2—0 = mg (OC)

=1/2v’=mg[L-2(L-x)] =mg (2x - L)

= v =2g(2x - L) .(2)

From equn. (1) and equn (2)

mv?/(L-x)
g(L—x)=2g(2x- L)
=L-x=4x-2L €3
= 5x=3L
~X=3-06 m8

L 5

So, the rates (x/L) should be 0.6
Let the velocity be v when the body leaves the surface. .
From the freebody diagram, B
mv? .
R = mg cos O [Because normal reaction]
v2=Rg cos 0 (1)
Again, form work-energy principle,
Change in K.E. = work done e /R
— 1/2 mv?-0 = mg(R — R cosH) g singd

:>V2:2gR (1—COS 9) (2) mg cos0
From (1) and (2)
Rg cos 6 = 2gR (1 — cos 0)
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60.

61.

3gRcos0=2gR
Cos0=2/3

0 = cos }(2/3)
a) When the particle is released from rest (fig—1), the centrifugal force is zero.
N force is zero = mg cos 0

J3mg
2

b) When the particle leaves contact with the surface (fig-2), N = 0.

2
So, % mg cos 0

=mg cos 30° =

—v’=Rgcosh ..(1)
Again, % mv® = mgR (cos 30° — cos 0)

— v’ = 2Rg {@—cose] .(2)

Fig-2
From equn. (1) and equn. (2) ®

Rg cos 0 = +/3 Rg — 2Rg cos 0
—=3cos0=+3

=cos0= % =0=cos" [%J

So, the distance travelled by the particle before leaving contact,

£ =R(0 - t/6) [because 30° = /6]

putting the value of 0, we get € = 0.43R

a) Radius =R

horizontal speed = v

From the free body diagram, (fig—1) i -

2
N = Normal force = mg - %

Fig-1 Fig-2
b) When the particle is given maximum velocity so that the centrifugal force balances the
weight, the particle does not slip on the sphere.

2
—m; =mg =>Vv=,gR

c) If the body is given velocity v,

Vi=,gR/2
vi’-gR/4
Let the velocity be v, when it leaves contact with the surface, (fig—2)

2
So, % =mgcos 0

—v,’=RgcosH ..(1)

Again, 1/2 mv,>—1/2 mv;® = mgR (1 - cos 6)
= vy2 = vi? + 2gR (1 — cos ) .(2)

From equn. (1) and equn (2)
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62.

63.

Rg cos O = (Rg/4) + 2gR (1 — cos 0)
=>cos0=(1/4)+2-2cos 0

=3 cos0=9/4

=cos0=3/4

=0 =cos (3/4)

a) Net force on the particle between A & B, F =mg sin 6
work done to reach B, W =FS=mgsin 6 €

Again, work done to reach Bto C=mgh =mgR (1 —cos 0)
So, Total workdone = mg[€sin 6 + R(1 — cos 0)]

Now, change in K.E. = work done

= 1/2 mvo’ =mg[8sin 6+ R (1 - cos 0)

= Vo= 4/2g(R(1—cos 0) + £sin @)

b) When the block is projected at a speed 2v,,.

Let the velocity at C will be V..

Applying energy principle,

1/2 mv? - 1/2 m (2v,)? = —mg [8sin 6 + R(1 — cos 0)]

= v’ = 4v,— 2g [8sin O + R(1 — cos0)]

4.2g [8sin 6 + R(1 — cos 0)] — 2g [@sin O + R(1 — cos 0)

= 6g [@sin O + R(1 — cos 0)]

So, force acting on the body,

2
mv,,

= N-= =6mg [(£/R) sin 6 + 1 — cos 0]

c) Let the block loose contact after making an angle 6

mv?2

?z mg cos 0= v*= Rg cos 6 ..(1)

Again, 1/2 mv? = mg (R—R cos 0) :>v2:2gR (1 —cos 0) I (7 (?)
From (1) and (2) cos 6 = 2/3 = 6 = cos ~* (2/3)

Let us consider a small element which makes angle ‘d®’ at the centre.
*..dm=(m/€)Rd 6

a) Gravitational potential energy of ‘dm’ with respect to centre of the sphere

=(dm)g R cos O

= (mg/€) Rcos 6 dO

1213

So, Total G.P.E. = J
0

2
mg[R cos0do [ o = (8/R)](angle subtended by the chain at the

= %29[5”1 0] (8/R) = mTRQsin (¢/R)

b) When the chain is released from rest and slides down through an angle 0, the K.E. of the
chain is given
K.E. = Change in potential energy.
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64.

_ mR?%g . gR
== sm(B/R)-mJ‘ J

2
cos9do......... ?

_ %29[ sin (&/R) + sin © - sin {0 +(&/R)}]

¢) Since, K.E. =1/2 mv? = mF:Zg [ sin (8/R) + sin O - sin {0 +(£/R)}]

Taking derivative of both sides with respect to ‘t’

0

av _ R’ o _ o
UQ)XZVXE_ ; [cos O x o cos (0 +2/R) dt]

. p d0, dv _R%g do B
AR5) = X g [cos 0—cos (0+(&/R))]

When the chain starts sliding down, 6 = 0.
dv _ R
So, i 79 [1-cos (£/R)]
Let the sphere move towards left with an acceleration ‘a
Let m = mass of the particle
The particle ‘m’ will also experience the inertia due to acceleration ‘a’ as it is on the sphere. It
will also experience the tangential inertia force (m (dv/dt)) and centrifugal force (mv?/R).

m(:j_‘t’: ma cos 0 + mg sin 6 = mv Z_\t/ = ma cos 0 (R%} + mg sin @ mdv

do
R—
( dtj "
Because, v = R@
dt

mv/R

ma

mg

=vdv=aRcos0dO+gRsin6db

Integrating both sides we get,

V2

- = aRsin® —gRcosO+C

Given that,at6=0,v=0, So, C=gR
2
So,v7 =aRsin6-gRcosO+gR

S V2=2R(a sin(9+g—gc059):>v:[2R(asin9+g—gc059)]1/2

k %k 3k k Xk
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SOLUTIONS TO CONCEPTS

CHAPTER 9
mq=1kg, m,= 2kg, m; = 3kg,
X1 = O, Xo = 1, X3=1/2 Y
y1=0, y, =0, y3=\/§/2 1 -
The position of centre of mass is A 1272

CM = (m1x1 T MoXp +M3Xg Myyq +Myys + maYa]

my+mMy+ms;  my+my+ms 1m m
_ ((1x0)+ (2x N+ (3x1/2) (1x0)+(2x0)+ (3x(+/3/2)) (1.1)
17243 ’ 1+2+3 (0. 0% — X

= {lﬂ] from the point B.
12° 12
Let 6 be the origin of the system
In the above figure
m;=1gm, X, =—(0.96x10"%sin52° y;=0
m,=1gm, X, =-(0.96x10"%sin 52° y,=0
X3 =0 ya= (0.96 x 107'%) cos 52°
The position of centre of mass
MyXq + MyXp + M3Xz My +MoYyy +M3ys
( my+m,+my;  my+m,+mg J

_ [—(0.96x107"%)xsin52 +(0.96x10'%)sin52+16x0 0+0+16y;
1+1+16 ' 18

0, (8/9)0.96x107"° cos52°) | L/10
Let ‘O’ (0,0) be the origin of the system.

Each brick is mass ‘M’ & length ‘L.

Each brick is displaced w.r.t. one in contact by ‘L/10’
.. The X coordinate of the centre of mass

L L L L 2L L 3L L 3L L L L L
m—[+m —+—|+m 4+ [+m —+-— [+m| —+-———— |+m| —+— [+m| =
(2} (2 10} (2 10} [2 10) (2 10 10) (2 10) [2)

m
L L L L L L 3L L L L L L
et — -+ —+—

-2 2 10 2 5 2 10 2 5 2 10 2

Xcm =

7

7L 5L 2L
2 710" 5 _35L+5L+4L _ 44L_ 11
7 ~ 10x7 70 35

Let the centre of the bigger disc be the origin.
2R = Radius of bigger disc
R = Radius of smaller disc

m;=7R?x T x p
m, = n(2R)’ 1 T x p %
where T = Thickness of the two discs

p = Density of the two discs
.. The position of the centre of mass

9.1
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MX4 +MyXy; Myy+Myys
m;+m,  my+m,

X1 = R Y1 = 0

Xo = 0 Yo = 0

mR?TpR +0 0 _ [ #R?TpR ol [5 OJ
mR?*Tp + n(2R)?Tp My +m, 57R*Tp 5’

At R/5 from the centre of bigger disc towards the centre of smaller disc.
Let ‘0’ be the origin of the system.
R = radius of the smaller disc
2R = radius of the bigger disc
The smaller disc is cut out from the bigger disc
As from the figure
mq = nR*Tp X =R y1=0
m, = n(2R)*Tp X, =0 y>=0
- R?TpR +0 0+0
~7R?Tp + n(2R)*TpR "My +m,

P2
L [ZERETER o) (_5, o)
3nR“Tp 3
C.M. is at R/3 from the centre of bigger disc away from centre of the hole.

Let m be the mass per unit area.
.. Mass of the square plate = M, = d’m

2
Mass of the circular disc = M, = %m M;

Let the centre of the circular disc be the origin of the system. d/2 | di2

The position of C.M. = (

G

.. Position of centre of mass 0(0,0)
(X2, ¥2)

=[d2md+n(d2/4)m><0 0+o]= d*m 0=(4d )
d’m+n(d?/4)m My +M, dzm[”;rj’ n+d’

The new centre of mass is [4—(14) right of the centre of circular disc.
T+

m; = 1kg. V,=-15c0s37 i —1.55sin37) =—12i —0.9]
m, = 1.2kg. V, =0.4]

ms = 1.5kg V, =—08i +0.6]

my = 0.5kg vy =3I 1kg 0.4m/s

ms = 1kg Vs =16i-1.2] 37
G = MqV4 +MyVy +M3Vg +MyV, + MgV

So,
¢ My + My + Mg + My, +Mjg 1.5m/s 1.2kg

1(-1.2i —0.9j)+1.2(0.4]) +1.5(-0.8i + 0.6]) + 0.5(3i) + 1(1.6i —1.2])
5.2
~1.2i-0.9j+4.8]-1.2i +.90j+1.5 +1.61 —1.2]
5.2

52 5.2

dr2 (x1, y1)

07i 0.72] 05kg 3m/s

1m/s

37°
1.5kg

2m/s

9.2
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10.

1.

12.

13.

Two masses m; & m, are placed on the X-axis

m4 = 10 kg, m, = 20kg.

The first mass is displaced by a distance of 2 cm
My +moX, _ 10x 2+ 20x,

M my+m, 30

20 + 20x,

- X

=0= =20+20x,=0

= 20=-20x, = X, = —1.

. The 2" mass should be displaced by a distance 1cm towards left so as to kept the position of centre
of mass unchanged.

Two masses m; & m, are kept in a vertical line

m4 = 10kg, m, = 30kg

The first block is raised through a height of 7 cm.

The centre of mass is raised by 1 cm.

L g2 Mysi+Mayp _ 10x7 + 30y,

m; +m, 40
:1=% — 70 +30y, = 40 = 30y, = — 30 = y, = —1.

The 30 kg body should be displaced 1cm downward inorder to raise the centre of mass through 1 cm.
As the hall is gravity free, after the ice melts, it would tend to acquire a
spherical shape. But, there is no external force acting on the system. So, the L
centre of mass of the system would not move. y '

The centre of mass of the blate will be on the symmetrical axis.

Ry (4R, (7R ) 4R,
_ 2 3n 2 3n
=>Vem =
omn TER22 _ TER12
2
_ (2/3R;° _Q/3R,’
n/2(R,2 —R?)
(R,* +R* +RR,)
R{+R,
m4 = 60kg, m, = 40kg , m; = 50kg,
Let A be the origin of the system.
Initially Mr. Verma & Mr. Mathur are at extreme position of the boat.

*. The centre of mass will be at a distance
60><0+40><2+50><4 @—187mfromA i i

150 150
60kg 40kg  20kg

2
4 (R —Ry)R,* +R? +RRy)
3n Ry =R(R; +Ry)

Si above the centre.

N

When they come to the mid point of the boat the CM lies at 2m from ‘A’.
*. The shiftin CM =2 — 1.87 = 0.13m towards right. < >

But as there is no external force in longitudinal direction their CM would not shift.

So, the boat moves 0.13m or 13 cm towards right.

Let the bob fall at A,. The mass of bob = m.

The mass of cart = M. M
Initially their centre of mass will be at l m
mxL+Mx0 _ [ m JL

M+m M+m A

Distance from P ] .
When, the bob falls in the slot the CM is at a distance ‘O’ from P. P
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14.

15.

16.

17.

18.

ShiftinCM =0 - mlL = - mL towards left
M+m M+m

- _mb towards right.
M+m

But there is no external force in horizontal direction.

So the cart displaces a distance towards right.

Initially the monkey & balloon are at rest.

So the CM is at ‘P’

When the monkey descends through a distance ‘L’
The CM will shift

_ mxL+Mx0_ mL

t, = from P
M+m M-+m

—r—

So, the balloon descends through a distance

Let the mass of the to particles be m; & m, respectively
m4 = 1kg, m, = 4kg

..According to question

Ya m1V12 =% m2V22

2
m;, Vv v m v m
M Yo Y2 MY M2
my v, V4 my Vo my
m1V1_m1 mz_'\m‘] _ﬁ_1/2
Now, ———=—x [—% = =Y =
mavy My my  Jm, J4
myVv
- 11 =92
myVs

As uranium 238 nucleus emits a a-particle with a speed of 1.4 x 10’m/sec. Let v, be the speed of the
residual nucleus thorium 234.

S Myvy = Mavy
=4x1.4x10" =234 x v,
7
Sy, = BXAAA0T e 10° misec.
234
miVvq4 = MyVo
=50x1.8=6x10%x v,
V, = M =1.5x 10_23 m/sec
6x10%

so, the earth will recoil at a speed of 1.5 x 10°m/sec.

Mass of proton = 1.67 x 1077

Let 'V, be the velocity of proton < : >

Given momentum of electron = 1.4 x 10’26kg m/sec

Given momentum of antineutrino = 6.4 x 10" kg m/sec

a) The electron & the antineutrino are ejected in the same direction. As the total momentum is
conserved the proton should be ejected in the opposite direction.

167 x 107 xV,=14x10°+6.4 x 107 =204 x 1077

=V, =(20.4/1.67) = 12.2 m/sec in the opposite direction.

b) The electron & antineutrino are ejected L" to each other.

Total momentum of electron and antineutrino, e

=(14)% +(6.4)> x1072 kg m/s = 15.4 x 107%" kg m/s a

Since, 1.67 x 102" V, = 15.4 x 107 kg m/s
SoV,=9.2m/s
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19.

20.

21.

22.

23.

Mass of man = M, Initial velocity = 0

Mass of bad = m
Let the throws the bag towards left with a velocity v towards left. So,
there is no external force in the horizontal direction.
The momentum will be conserved. Let he goes right with a velocity h
—>

mv=MysyeY o MY

M m
Let the total time he will take to reach ground = \/2H/g =t; Hard ground pound

Let the total time he will take to reach the heighth =t, = \/2(H-h)/g

Then the time of his flying =t - t, = \/2H/g - \/2(H -h)/g = ,/2/9(\/ﬁ -+vH —h)
Within this time he reaches the ground in the pond covering a horizontal distance x
=>x =Vxt=V=x/t

As there is no external force in horizontal direction, the x-coordinate of CM will remain at that position.
_ Mx(x)+mxx,
B M+m

.. The bag will reach the bottom at a distance (M/m) x towards left of the line it falls.
Mass = 50g = 0.05kg

Vv =2 cos 45° i — 2 sin 45° ]

Vi =—2cos 45° | —2sin45°]

a) change in momentum =mv —mv, v
=0.05 (2 cos 45°i —2sin 45° j)—0.05 (— 2 cos 45° i —2sin 45°])

=0.1cos 45°7 — 0.1 sin 45"] +0.1 cos 45° i + 0.1 sin 45°] —
= 0.2 cos 45° i

M
=0 =X = ——X
m

=0.14 kg m/s

BT _02
V2 V2
c) The change in magnitude of the momentum of the ball

| - [P|=2x05-2x05=0.

. magnitude = (

|5incidence = (h/1) cos 6 i - (h/2) sin ej
s . - 0
Prefiected = — (/1) cos © i — (h/L) sin O X1PR— h/\ cos 6 « Pi1=h/x cos 0 X
N

The change in momentum will be only in the x-axis direction. i.e. N
|AP|= (/1) cos 6 — ((h/1) cos ) = (2h/2.) cos 6 Pr—h/A

AN
AN

P1— h/}:‘sm 0= PR
As the block is exploded only due to its internal energy. So net

external force during this process is 0. So the centre mass will not change. Y

Let the body while exploded was at the origin of the co-ordinate system.

If the two bodies of equal mass is moving at a speed of 10m/s in + x & +y axis

direction respectively, —r

V102 +102 +210.10c0s90° = 10+/2 m/s 45° w.rt. + x axis

If the centre mass is at rest, then the third mass which have equal mass with other

two, will move in the opposite direction (i.e. 135° w.r.t. + x- axis) of the resultant at the same velocity.
Since the spaceship is removed from any material object & totally isolated from surrounding, the
missions by astronauts couldn’t slip away from the spaceship. So the total mass of the spaceship
remain unchanged and also its velocity.
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24,

25.

26.

27.

28.

d=1cm, v=20m/s, u=0, p=900 kg/m3 = O.S)gm/cm3

volume = (4/3)rr® = (4/3)  (0.5)° = 0.5238cm®

. mass =vp =0.5238 x 0.9 = 0.4714258gm

.. mass of 2000 hailstone = 2000 x 0.4714 = 947.857

.. Rate of change in momentum per unit area = 947.857 x 2000 = 19N/m’
.. Total force exerted = 19 x 100 = 1900 N.

A ball of mass m is dropped onto a floor from a certain height let ‘h’.

.'.v1=\/29—h, vy =0, v2=—\/297h &v, =0
.. Rate of change of velocity :-

_ mx2,/2gh

=

.'.v=\/29—h,s=h, v=0

= v=u+at

=42g0h =gt=t= %

.. Total time 2, /Z_th

_ mx242gh _
2 [
g

A railroad car of mass M is at rest on frictionless rails when a man of mass m starts moving on the car

towards the engine. The car recoils with a speed v backward on the rails.
Let the mass is moving with a velocity x w.r.t. the engine.

.. The velocity of the mass w.r.t earth is (x — v) towards right

Vem = 0 (Initially at rest)

S 0==Mv+m(x—-v)

S>Mv=mXx-v)=>mx=Mv+myv=x= [M;mjv =>X= (1+%}v

A gun is mounted on a railroad car. The mass of the car, the gun, the shells and the operator is 50m

where m is the mass of one shell. The muzzle velocity of the shells is 200m/s.

Initial, Vem = 0.
L 0=49mxV+mx200=V= %m/s

. @ m/s towards left.
49

When another shell is fired, then the velocity of the car, with respect to the platform is,

=V = % m/s towards left.

When another shell is fired, then the velocity of the car, with respect to the platform is,

=V = @ m/s towards left
48

.. Velocity of the car w.r.t the earth is [% + %} m/s towards left.

Two persons each of mass m are standing at the two extremes of a railroad car of mass m resting on a

smooth track.
Case — |

Let the velocity of the railroad car w.r.t the earth is V after the jump of the left man.

=—mu+(M+m)V
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29.

30.

31.

32.

33.

34.

=>Vs= towards right
+m
Case -
When the man on the right jumps, the velocity of it w.r.t the car is u. ,« ~
) Utst, 1 U2nd
S 0=mu-Mv o0
= mu ‘—ve'  ‘+ve’

M
(V' is the change is velocity of the platform when platform itself is taken as reference assuming the car
to be at rest)
.. So, net velocity towards left (i.e. the velocity of the car w.r.t. the earth)

mv. - mv__ mMu + m2v — Mmu _ m2v
"M M+m MM +m) " M(M+m)
A small block of mass m which is started with a velocity V on the horizontal part of the bigger block of
mass M placed on a horizontal floor.
Since the small body of mass m is started with a velocity V in the horizontal direction, so the total initial
momentum at the initial position in the horizontal direction will remain same as the total final momentum

at the point A on the bigger block in the horizontal direction.
From L.C.K. m: A -
mv [m]
mv+MxO=m+M)v=>v = —— |
M+m
Mass of the boggli = 200kg, Vg =10 km/hour.

.. Mass of the boy = 2.5kg & Vg,, = 4km/hour.

If we take the boy & boggle as a system then total momentum before the process of sitting will remain
constant after the process of sitting.

2o My Vi = Mgy Vioy = (Mp + Mpgy) V

= 200 x 10 + 25 x 4 = (200 +25) x v

Mass of the ball = my = 0.5kg, velocity of the ball = 5m/s

Mass of the another ball m, = 1kg

Let it’'s velocity = v’ m/s

Using law of conservation of momentum,

05x5+1xv=0=>Vv=-25

~. Velocity of second ball is 2.5 m/s opposite to the direction of motion of 1% ball.
Mass of the man = m; = 60kg

Speed of the man = v; = 10m/s

Mass of the skater = m, = 40kg

let its velocity = v’

.. 60x10+0=100 % v' = Vv =6m/s

loss in K.E.= (1/2)60 x(10)*— (1/2)x 100 x 36 = 1200 J

Using law of conservation of momentum.

m4uq + mouy = m1V(t) + myV’

Where V' = speed of 2" particle during collision.

= m4yuq + Mpup; = MUy + my + (t/At)(V1 - U1) + myv'

myu, My t

= Vy—Uq )V
m2 mzAt('] 1)

, my t
SV =Uu,———(vy—U
2y

Mass of the bullet = m and speed = v
Mass of the ball =M
m’ = frictional mass from the ball.
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35.

36.

37.

Using law of conservation of momentum,
mv+0=(m+m)v +(M-m’)v,
where v’ = final velocity of the bullet + frictional mass
mv —(M+m")V,

m+m’
Mass of 1°' ball = m and speed = v
Mass of 2™ ball = m

=V =

Let final velocities of 1% and 2™ ball are v4 and v, respectively

Using law of conservation of momentum,
m(vq + Vp) = mv.

S>VitVva =V (1)
Also
Vi—Vy=ev ...(2)

Given that final K.E. = % Initial K.E.
31/zmv12+1/zmv22=%><1/zmv2
= v+ V= YV

(Vo + Vo + (Vg - v, f _3.2

—V
2 4
21,2
DM:EV231+92=§332= 1:>e=i
2 4 2 2 2

Mass of block = 2kg and speed = 2m/s

Mass of 2" block = 2kg.

Let final velocity of 2™ block = v

using law of conservation of momentum.

2x2=(2+2)v=>v=1m/s

. Loss in K.E. in inelastic collision

=(1/2)x2%x (2°v—(1/2) (2 +2) x(1)’=4-2=2

b) Actual loss = w =1J

(1/2) x 2 x 22 — (1/2) 2 x vi2 + (1/2) x 2% v,° = 1

=4—(vii+v)=1

(1+e®)x4
2

= 4 - =1

=2(1+e’)=3=1+¢e” =

N | w
U
(0]

1]

N| =

-

Final K.E. = 0.2J
Initial K.E. = % mV4? + 0 =% x 0.1 u? = 0.05 u?
mvq = mvy = mu

Where v; and v, are final velocities of 1% and 2™ block respectively.

=>vit+tVv,=u (1)
(V1—V2)+E(a1—U2)=ODEa=V2—V1 (2)
u, =0, U= u.

Adding Eq.(1) and Eq.(2)
2vo = (1+u = vy = (U/2)(1 + 1)
u u

SViEU-———/
2 2

w=%U—D

Given (1/2)mv,? +(1/2)mv,® = 0.2
= V12 + V22 =4

100 g

B

100 g

U2=0
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38.

39.

40.

2 2 2
u 2 U 2 u 2 2 8
==—01-0)"+—1+0) =4 = —1+/¢%) =4 =>u'=s ——

4 (=1 4 (+£) 2 ( ) 1402
For maximum value of u, denominator should be minimum,
=1{=0.

>u'=8=u=2J2 mss
For minimum value of u, denominator should be maximum,
=10=1

wW=4=u=2mls
Two friends A & B (each 40kg) are sitting on a frictionless platform some distance d apart A rolls a ball
of mass 4kg on the platform towards B, which B catches. Then B rolls the ball towards A and A catches
it. The ball keeps on moving back & forth between A and B. The ball has a fixed velocity 5m/s.

a) Case — | :— Total momentum of the man A & the ball will remain constant f—d —»]|

. 0=4x5-40x%xv = v = 0.5 m/s towards left sm/s

b) Case — Il :— When B catches the ball, the momentum between the B & the _o'

ball will remain constant. 6 - 6
=4 x5=44v = v = (20/44) m/s

Case — lll := When B throws the ball, then applying L.C.L.M (Cof(; 1) e fvev
=44 x (20/44)=—-4x5+40 x v = v = 1m/s (towards right) -
Case — IV := When a Catches the ball, the applying L.C.L.M.

= —4 x5+ (-0.5)x 40 = — 44v =>vV= % m/s towards left.

c) Case — V :—= When A throws the ball, then applying L.C.L.M.

=44 x (10/11)=4x5-40%xV =V =60/40 = 3/2 m/s towards left.

Case — VI :—= When B receives the ball, then applying L.C.L.M

=40x1+4x5=44x%xy = v = 60/44 m/s towards right.

Case — VIl := When B throws the ball, then applying L.C.L.M.

=44 x (66/44)=-4x5+40%xV =V =80/40 = 2 m/s towards right.

Case — VIl := When A catches the ball, then applying L.C.L.M

=>-4x5-40x(3/2)=-44v = v =(80/44) = (20/11) m/s towards left.

Similarly after 5 round trips

The velocity of A will be (50/11) & velocity of B will be 5 m/s.

d) Since after 6 round trip, the velocity of A is 60/11 i.e.

> 5ml/s. So, it can’t catch the ball. So it can only roll the ball six.
e) Let the ball & the body A at the initial position be at origin.

40x0+4x0+40xd _ 10 A B
D = —d fe—d
c 40+ 40+ 4 11 —
u = ./2gh = velocity on the ground when ball approaches the ground.
= U= 4/2x9.8x2
v = velocity of ball when it separates from the ground.
V+/u=0

V2x9.8x15 _ [3_ 43

=/MU=-V == —=—

V2x9.8x2 4 2
EV _ E?
K.E. ofNuc|eus=(1/2)mv2=(1/2)m(—J = —
mc 2mce

linear momentum = E/c

Energy limited by Gamma photon = E.
\Y% —
E2 -
Decrease in internal energy = E + 5

2mc
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41.

42.

43.

Mass of each block Ma and Mg = 2kg.

Initial velocity of the 1* block, (V) = 1m/s
Va=1m/s, Vg = 0m/s

Spring constant of the spring = 100 N/m.

The block A strikes the spring with a velocity 1m/s/
After the collision, it's velocity decreases continuously and at a instant the whole system (Block A + the
compound spring + Block B) move together with a common velocity.

Let that velocity be V.

Using conservation of energy, (1/2) MaVaZ + (1/2)MgVg” = (1/2)Mav? + (1/2)MgV? + (1/2)kx’.

(1/2) x 2(1)% + 0 = (1/2) x 2x v + (1/2) x 2 x v + (1/2) x* x 100

(Where x = max. compression of spring)

=1=2V" +50x° ...(1)

As there is no external force in the horizontal direction, the momentum should be conserved.

= MAVA + MBVB = (MA+ MB)V
= 2x1=4xvy
=V=(1/2)m/s. ...(2)

Putting in eq.(1) 22'2'5 e
1=2x(1/4) + 50x+2+ —YWWVW

= (1/2) = 50%° A B
= x*=1/100m*

= x=(1/10)m = 0.1m = 10cm.

Mass of bullet m = 0.02kg.

Initial velocity of bullet V4 = 500m/s 500 m/s

Mass of block, M = 10kg. :>—"

Initial velocity of block u, = 0. | |

Final velocity of bullet = 100 m/s = v.

Let the final velocity of block when the bullet emerges out, if block = v'.

mvs + Mu, = mv + MV’

= 0.02 x 500 = 0.02 x 100 + 10 x v’

=V =0.8m/s

After moving a distance 0.2 m it stops.

= change in K.E. = Work done

= 0—(1/2) x 10 (0.8)° = —p x 10 x 10 x 0.2 = p =0.16

The projected velocity = u.

The angle of projection = 6.

When the projectile hits the ground for the 1% time, the velocity would be the same i.e. u.
Here the component of velocity parallel to ground, u cos 6 should remain constant. But the vertical
component of the projectile undergoes a change after the collision.

usin® . u |
—>e=—— = v=eusinoO.
v nd L . u + usin @
Now for the 2™ projectile motion, :
0
_ : P 2 a2
U = velocity of projection = \/ (ucos0)” +(eusino) e
. ucos 0
— _ usin _
and Angle of projection = o = tan™' eusing) _ tan™'(e tan 0)
acoso

ortana=etan6 ...(2)

gx?sec? a 3)
2u?

Here,y =0, tan o = e tan 0, sec?a=1+e’tan’0

And u? = u”cos’ 0 + e sin® 0

Putting the above values in the equation (3),

Because, y = x tan o —
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44.

45.

gx*(1+e?tan?0)
2u?(cos? 0 + e? sin? 0)
«= 2eu? tan H(cos? 0 + e2 sin? 0)
g(1+e? tan? 0)

xetano =

9 g
= So, from the starting point O, it will fall at a distance

(1+e)

= 2eu?tan®—cos? 0 _ eu’sin20

_ u? sin 20 N eu? sin20 _ u? sin 20
g g 9

Angle inclination of the plane = 6

M the body falls through a height of h,

The striking velocity of the projectile with the indined plane v = \/29—h
Now, the projectile makes on angle (90° — 20)

Velocity of projection = u = \/2g—h

Let AB=L.

So,x=1{cos6,y=-1{sin0
From equation of trajectory,

gx?sec? a

y=xtan o —
2u?

2 a2 2000 _
—£fsin0=2£cos 0.tan (90° - 20) — g (7 cos” fsec”(90” - 20)

2x2gh
2 2 2
=—-Isin®=1Lcos0O.cot20- g!” cos” Hcosec”20
4gh

2 2

So, £'cos” Hcos ec” 20 =sin 6 + cos 0 cot 20
4h
2
== %(sin 6 + cos 0 cot 20) = 4hLI2ze[sineﬂ:osexCflzej
cos“ Bcosec 20 cos“ 6 sin20

. 2 2 . .
_ 4h x 4 sin“ 6cos” 6 S|nex3|n2§+003900526 =16 h sin? 0 .cose = 8h sin 0

cos? 0 sin 20 2sin0cos O
h=5m, 0 =45°, e = (3/4)

Here the velocity with which it would strike = v = ,/2gx 5 = 10m/sec

After collision, let it make an angle p with horizontal. The horizontal component of velocity 10 cos 45°
will remain unchanged and the velocity in the perpendicular direction to the plane after willisine.

=V, =e x 10 sin 45°

= (3/4) x 10 x —— = (3.75) /2 misec

V2

V, = 10 cos 45° = 542 m/sec
So,u= \/V,>+V,* = /50+28.125 = 78.125 =8.83 m/sec

52
= Angle of projection a=90— (6 + ) =90 — (45° + 37°) = 8°
Let the distance where it falls = L
= x=Lcos6,y=-Lsin0
Angle of projection (a) = —8°

Angle of reflection from the wall B = tan™ [3'75\5] =tan™ [%j =37°
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46.

47.

48.

gx2 sec? o
2u?

gx /cos0sec? 8°

U2

2 g0 .
—» — sin 45° = cos 45° — tan 8° — 1008”45 23608 ()
(8.83)

Using equation of trajectory, y = x tan o, —

= —-0sin®=1{cos O xtan 8° —

Solving the above equation we get,
£=18.5m.

Mass of block

Block of the particle = m = 120gm = 0.12kg.

In the equilibrium condition, the spring is stretched by a distance x = 1.00 cm = 0.01m.

=02xg=K x.
= 2=Kx0.01 = K=200 N/m.
The velocity with which the particle m will strike M is given by u

= J2x10x0.45 = f =3 m/sec.

So, after the collision, the velocity of the particle and the block is
V= 012x3 _ gm/sec.
0.32 8

Let the spring be stretched through an extra deflection of 5.

0—(1/2) x 0.32 x (81/64) = 0.32 x 10 x §— ( 1/2 x 200 x (5 + 0.1)% — (1/2) x 200 x (0.01)?

Solving the above equation we get
8 =10.045 =4.5cm
Mass of bullet = 25g = 0.025kg.
Mass of pendulum = 5kg.
The vertical displacement h =10cm =0.1m
Let it strike the pendulum with a velocity u.
Let the final velocity be v.
= mu=(M+ m)v.

m 0.025 u

u= XU = —

(M+m) 5.025 201
Using conservation of energy.

= V=

2

u
(201)°

0-(12)(M+m).V2=—(M+m)gxh= =2x10x0.1=2
=u =201x /2 =280 m/sec.

Mass of bullet = M = 20gm = 0.02kg.

Mass of wooden block M = 500gm = 0.5kg

Velocity of the bullet with which it strikes u = 300 m/sec.

Let the bullet emerges out with velocity V and the velocity of block = V'
As per law of conservation of momentum.

mu = Mv'+ mv (1)

Again applying work — energy principle for the block after the collision,
0 —(1/2) M x V? = — Mgh (where h = 0.2m)

=V'?=2gh

V' = \/E= J20x0.2 = 2m/sec

Substituting the value of V' in the equation (1), we get\
0.02x300=05%x2+02xvVv

=V= ﬂ = 250m/sec.
0.02

I

=
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49.

50.

51.

Mass of the two blocks are m; , m.

Initially the spring is stretched by X,

Spring constant K.

For the blocks to come to rest again, <"‘1"| | X“I I"Xz_'
Let the distance travelled by m; & m, W_WVW“M—ITZI
Be x4 and x, towards right and left respectively.

As o external forc acts in horizontal direction,

miXq = MyXo (1)

Again, the energy would be conserved in the spring.

= (1/2) k x x* = (1/2) K (X1 + X2 — Xo)?

= Xo = X1+ Xo—Xg

= X4 +X2=2X0 (2)

- 2m,
= X1 = 2Xg — X Similarly x4 = | ——=— |x
0

2m,
= m1(2X0 - X2) = MoXo = 2m1X0 — M4yX2 = MoyXo =X = | —— [Xp
My xVo +Myx0 _ myvy

a) .. Velocity of centre of mass =

b) The spring will attain maximum elongation when both velocity of two blocks will attain the velocity of
centre of mass.

d) x— maximum elongation of spring.

Change of kinetic energy = Potential stored in spring.

2
m-,Vv K
= (1/2) my v? = (1/2) (my + my) (| —22—| = (1/2) kx? Vo
(1/2) ma vo — (1/2) (m4 2)((m1+m2 (172) szl_,
m, 1/2
% (1_mj=kx2 =x= [—mmlmrf] ] X Vo
1 2

If both the blocks are pulled by some force, they suddenly move with some acceleration and
instantaneously stop at same position where the elongation of spring is maximum.

.. Let x4, xo — extension by block my and m,

Total work done = Fx4 + Fx, (1)

.. Increase the potential energy of spring = (1/2) K (x4+ x2)2 ...(2)

Equating (1) and (2)

Flxi +30) = (12) K (xi# 30 = (% x0) = 2

Since the net external force on the two blocks is zero thus same force act on opposite direction.
S MeXq = MoXo (3)

And (x4+ Xp) = %

S Xp = mx1 . K .
m2 4—,T1’—\/\/\/\/\/\/\/\/\/\/\—|T2'—>
Substituting Mg+ Xq = 2
m, K
( m1J 2F _2F m,
=X 1+—|=— =X = —=——2
my) K K m,+m,
Similarly x, = %L
m, +m,
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52.

53.

54.

. F,—F.
Acceleration of mass my = ——2—
my +m,
. . . F2 - F1
Similarly Acceleration of mass m, = ————

Due to F4 and F, block of mass m; and m, will
inertia force.
.. Netforceonmy=F;—-m, a

—F—m,x 1P o mFrmoFy —miFy +Fomy  moF +mif,
m; +m, my +m, mq +m;

Similarly Net forceon my,=F,—-m, a

= Fy—my x Fo -F _ mF, +moF, —moFy, +Fmy, _ myF, +myF,
my +m, my +my My + My

experience different acceleration and experience an

K

F4 F2
o—’m_1'—/v\/\/\/v\/\/\/\/\—| mz |_>

.. If my displaces by a distance x4 and x, by m, the maximum extension of the spring is x; + m,.
.. Work done by the blocks = energy stored in the spring.,

- m,F, + myF, N
my +m,

myF; + myF, _
— £ XX, =
m, +m,

X1+

o Xgt Xp = 2 myFy +miF,

K my+m,
Mass of the man (M,,)) is 50 kg.
Mass of the pillow (M,) is 5 kg.

(1/2) K (x1+ x2)°

When the pillow is pushed by the man, the pillow will go down while the man goes up. It becomes the

external force on the system which is zero.
= acceleration of centre of mass is zero

= velocity of centre of mass is constant
..As the initial velocity of the system is zero.
oMy x Vi =M, x V, ...(1)

Given the velocity of pillow is 80 ft/s.

Which is relative velocity of pillow w.r.t. man.

Voim = Vo =V =Vo= (Vi) =V, + Vo= V= V= Vi

Putting in equation (1)
M % Vi = My (Vg /m = Vi)

=50 x Vi =5 % (8= V)

= 10xVy=8-Vn=>Vn= % =0.727m/s

.. Absolute velocity of pillow = 8 — 0.727 = 7.2 ft/sec.

.. Time taken to reach the floor = —
v
As the mass of wall >>> then pillow

The velocity of block before the collision = velocity after the collision.

= Times of ascent = 1.11 sec.
.. Total time taken = 1.11 + 1.11 = 2.22 sec.
Let the velocity of A = us.

S = i =1.1 sec.
7.2

Let the final velocity when reaching at B becomes collision = v;.

=~ (1/2) mv4® = (1/2)mus® = mgh

= v; = 4/2gh—u,?

=vi’-u’=2gh

..(1)

Lpillow

e =
l— =

When the block B reached at the upper man’s head, the velocity of B is just zero.

For B, block
- (1/2) x 2m x 0% = (1/2) x 2m x v* = mgh

= v = ,/2gh
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.. Before collision velocity of us = v;, ug = 0.

After collision velocity of va = v (say) Vg = 4/2gh

Since it is an elastic collision the momentum and K.E. should be coserved.
amxvy+2mx0=mxv+2m x ,/2gh

=>vi—-v=2,2gh

Also, (1/2) x m x v;% + (1/2) | 2m x 0% = (1/2) x m x v* + (1/2) x2m x (ngh)2
SviZ-v?=2x [2gh x 2gh  ..(2)

Dividing (1) by (2)

(v +V)(v4—V) _ 2x+2gh x2gh )
v, +v) 2><\/29—h = vy +v=,2gh ...(3)

Adding (1) and (3)

2vi=3 2gh = v = (gj J/2gh
Butv, = y2gh+u? = [gj vJ2gh

= 2gh+u’= %ngh

= u=25 ,/2gh
So the block will travel with a velocity greater than 2.5 ,/2gh so awake the man by B.

Mass of block = 490 gm.

Mass of bullet = 10 gm.

Since the bullet embedded inside the block, it is an plastic collision.
Initial velocity of bullet v, = 50 V7 mis.

Velocity of the block is v, = 0.

Let Final velocity of both = v.

2 10%x 107 x50 x /7 +107°x 19010 = (490 + 10) x 107 x V,

=V, = V7 mis.
When the block losses the contact at ‘D’ the component mg will act on it.
m(V, )2 2
— B8/ =mgsin® = (Vg)°=grsin 6 (1)
r
Puttin work energy principle MVe/r

(1/2) m x (Vg)? = (1/2) x m x (Vo) = —mg (0.2 + 0.2 sin 6)
= (1/2) x gr sin 6 — (1/2) x (\/7)2 =-mg (0.2 + 0.2 sin 6)
=35-(1/2)x9.8x 0.2 xsin®=9.8x0.2(1+sin0)

= 3.5-0.98 sin 0 = 1.96 + 1.96 sin 0

=sin0=(1/2) = 6 = 30°

.. Angle of projection = 90° - 30° = 60°.

.. time of reaching the ground = /@
g

=0.247 sec.

_ \/2>< (0.2+0.2 x sin30°)
- 9.8

.. Distance travelled in horizontal direction.
s=VcosOxt=,/grsinxt = /9.8x2x(1/2)x0.247 =0.196m

.. Total distance = (0.2 — 0.2 cos 30°) + 0.196 = 0.22m.
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56.

57.

Let the velocity of m reaching at lower end =V,

From work energy principle.

L (12)xmx V2= (1/2) xmx 0°=mg {

= vy =./290 .

Similarly velocity of heavy block will be v, =,/2gh .

2. vy =V, = u(say)

Let the final velocity of m and 2m v4 and v, respectively.
According to law of conservation of momentum.

m x X4 +2m % Vo = mvy + 2mv,

S mxu—2mu =mvy +2mv,

=>vit+t2v,=—u  ...(1)
Again, Vi —Vo =— (V1 - V2)
SVi—Va=—[u—(-v)]=-2V ...(2)
Subtracting.
u 2g/

Vo =uD V= — = 2 —

2 = V2 3 3
Substituting in (2)
Vi—Vp=-2Uu= Vi =—-2U+V,=-2u+ % =—§u=—§x,/29£ =—

b) Putting the work energy principle
(1/2) x 2m x 0% = (1/2) x 2m % (v,)* =—=2m x g x h
[ h —> height gone by heavy ball]
:(1/2)@=[><h :h=£

9 9
Similarly, (1/2) x m x 0 = (1/2) x m x vi>=m x g x h,
[ height reached by small ball]
50g/¢ 25¢

9

:)(1/2))( =gxh2 =h,= —

9

+/50g/

3

Someh, is more than 2{, the velocity at height point will not be zero. And the ‘m’ will rise by a distance 2{.
Let us consider a small element at a distance ‘x’ from the floor of length ‘dy’ .

So,dm = %dx

So, the velocity with which the element will strike the floor is, v = /2gx

.. So, the momentum transferred to the floor is,

M = (dm)v = %x dx x 4/2gx [because the element comes to rest]

So, the force exerted on the floor change in momentum is given by,

dM_ M dx
= = —x——X4/20X
dt L dt

Because, v = c:j—)t( = 4/2gx (for the chain element)

Fi= ¥x,/2gXX,/2gx = ¥ngx = %

[RE
l

(Initial position)

Again, the force exerted due to ‘x’ length of the chain on the floor due to its own weight is given by,

M Mgx
W= —(x = 39

3 (x)xg 3
So, the total forced exerted is given by,
2Mgx N Mgx _ 3Mgx

L L L

F=F,+Ws=
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58.

59.

60.

V1 =10 m/s V2 =0

V4, vo — velocity of ACB after collision.

a) If the edlision is perfectly elastic.

mV; + mV, = mvy + mvs, m 10 m/s
=10+0=vq4+ Vv,

Svi+v=10 ..(1) [A ] B
Again, vi —Vv,=— (U1 —Vvp) == (10-0) =-10 ...(2) u=0.1
Subtracting (2) from (1)

2v, =20 = v, =10 m/s.

The deacceleration of B = ug

Putting work energy principle

L (12)xmx 02 =(1/2) xmx vy,  =—mxaxh

100
—(1/2)x10°=-pgxh h= ——  =50m
==-02) g =N 50110

b) If the collision perfectly in elastic.
mxu;+mxu,=(mM+m)xv

=>mx10+mx0=2mx v :>v=%=5m/s.

The two blocks will move together sticking to each other.
.. Putting work energy principle.
(1/2) x 2m x 0= (1/2) x 2m x vV’ =2mx pg x s

52
= —— =58

0.1x10x2

Let velocity of 2kg block on reaching the 4kg block before collision =u;.
Given, V, = 0 (velocity of 4kg block).

=s=125m.

.. From work energy principle, 1mis
(12)ymxul—(1/2)mx1°=—mxug xs -
2 _ 2 _ 2kg 4kg
u 1. _oxs —_1p= U1

u=02 «— 16cm —> u=02
=64 x107%=u," -1 = U = 6m/s

Since it is a perfectly elastic collision.

Let V4, V, — velocity of 2kg & 4kg block after collision.

m1V1 + m2V2 =mqVvq + MyVvy

=2x%x06+4%x0=2vy+4v, =V +2v,=0.6 (1)
Again, V4 —=V,=—(uy—uy) =— (0.6 —0)=-0.6 ...(2)
Subtracting (2) from (1)

3v,=1.2 = vy, =0.4 m/s.

S vi=—06+04=-02m/s

. Putting work energy principle for 1% 2kg block when come to rest.

(1/2)x2x 0% = (1/2) x 2 x (0.2)>=—=2x02x 10 x s

= (1/2)x2x02%x02=2%x02%x10xs = Sy =1cm.

Putting work energy principle for 4kg block.

(1/2) x 4 x 0= (1/2) x 4 x (0.4 =—4x02x 10 x s

=2x04%x04=4%x02%x10x%xs =S,=4cm.

Distance between 2kg & 4kg block =S;+S,=1+4=5cm.

The block ‘m’ will slide down the inclined plane of mass M with acceleration a; g sin a (relative) to the
inclined plane.

The horizontal component of a; will be, a, = g sin a cos a, for which the block M will accelerate towards
left. Let, the acceleration be a,.

According to the concept of centre of mass, (in the horizontal direction external force is zero).

ma, = (M +m) a,
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—a,= ma, _ mgsinoacosa ()
M+m M+m
So, the absolute (Resultant) acceleration of ‘m’ on the block ‘M’ along the direction of the incline will be,

a=gsina-aycosa

o mgsinacos?o _ . mcos? o T
=gsina- ——— """ % =gsing |1-——
M-+m M-+m
h
I I:M+m—mcosza} ""2{7
=gsinag |——————> =
M-+m
2
SO,a=gsina[w} 2
M+m

Let, the time taken by the block ‘m’ to reach the bottom end be ‘t'.
Now, S = ut + (1/2) at®
— = (1/2) at? >t= 2
sina asina
So, the velocity of the bigger block after time ‘t’ will be.

=

: 2 21 2 2
V, = u+at= mg sin o cos a ?h _ |2m“°g hsm2 0CoS” o
M+m asina (M+m)“asina
Now, subtracting the value of a from equation (2) we get,
2.2 i 2 2 172
Vy = 2m“g“hsin“ a cos o (M+m)
(M+m)?sina gsina(M+msin? a)
112
_ 2m2g®hcos? a
orVy = —
(M+m)(M+msin© a)

The mass ‘m’ is given a velocity ‘v’ over the larger mass M.
a) When the smaller block is travelling on the vertical part, let the velocity of the bigger block be v
towards left.
From law of conservation of momentum, (in the horizontal direction)
mv = (M + m) v4

mv

M+m

b) When the smaller block breaks off, let its resultant velocity is vs.
From law of conservation of energy,
(1/2) mv? = (1/2) Mv4? + (1/2) mv,” + mgh

=V =

S v =V %vf— 2gh  ..(1)

2 M m
= v,2" v {1——><

2
m (M+m)2}—29h

P 2 1/2
=V, = (I'T]Lrn-l-zrn)vz _29h
(M+m)
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e) Now, the vertical component of the velocity v, of mass ‘m’ is given by,
2 2 2
Vy =V2 —Vq

2 2 2.2
_ MM +Mm+2m )V2_2gh_ m“v .
(M+m) (M+m)
) _ _mv
[ v M+v]
2 2 2
Dvyz _ M +Mm+m2—m V2_2gh
(M+m)
2
2 Mv
v, = ———-2gh ...(2
=Vy (M+m) g (2)

To find the maximum height (from the ground), let us assume the body rises to a height ‘h’, over and
above ‘h’.
2
2 _ _ Yy
Now, (1/2)mv,” = mghy = hy = —=— ...(3)

2g
v,? mv?

So, Total height=h+h;=h+ 2 =h+ ———h
29 (M+m)2g

[from equation (2) and (3)]
mv?2
(M+m)2g
d) Because, the smaller mass has also got a horizontal component of velocity ‘v;’ at the time it breaks
off from ‘M’ (which has a velocity v,), the block ‘m’ will again land on the block ‘M’ (bigger one).
Let us find out the time of flight of block ‘m’ after it breaks off.
During the upward motion (BC),

0=v, —gt
y T v 1/2
= L=_ v -2gh ...(4) [from equation (2)]
g g (M+m)

So, the time for which the smaller block was in its flight is given by,
2 1/2
T=ot = 2| Mv” —2(M+m)gh
g (M+m)
So, the distance travelled by the bigger block during this time is,
mv 2 [Mv?—2(M+m)gh]"’?
M +m g (M + m)1/2
_ 2mv[Mv® —2(M+m)gh]'""?
gM+m)3'2
Givenh<<<R.
Grnass = 6 1 107" kg.
M, = 3 x 10** kg.
Let V. — Velocity of earth
V, — velocity of the block.

The two blocks are attracted by gravitational force of attraction. The gravitation potential energy stored
will be the K.E. of two blocks.

pm 1T

R+(h/2) R+h

Again as the an internal force acts.
My Ve

S=V1T=

orS

} = (1/2) Mg x Ve + (1/2) mp x 2

MeVe = meb = Ve = (2)

e
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64.

Putting in equation (1)
1

Gmexmb 2 -
2R+h R+h

' : @
2 2
x Ve + (1/2) My x V.
. ( ) b b m=6x1024 m=3><1024
= (1/2) x my, x V2 (%HJ

e

24
m|2R+20=2R-h = (1/2) x V.2 % 304 = | CMxh = (1/2) x Vy” X(3/2)
(2R +h)(R+h) 6x10% 2R? + 3Rh +h?

As h < < <R, if can be neglected

GMxh 2 2gh
= (1/2) x V.2 x(3/2 v=,/—
= —R? (1/2) x Vp" %(3/2) =Vy 3

Since it is not an head on collision, the two bodies move in different dimensions. Let V4, V, — velocities
of the bodies vector collision. Since, the collision is elastic. Applying law of conservation of momentum
on X-direction.

mu, + mxo = mv, cos o + mv, cos 3
=vicosa+vycosb=u; ...(1)

2. 2
= (1/2) x Mg x %

Squaring equation(1)

us® = v42 cos? o + v,° cos 2 B + 2 v4v, COS . COS B
Equating (1) & (3)

Va2 + vl = v?cos® o+ Vp2 cos 2 B+ 2 V4V, COS o COS B
= v1zsin2 o+ v22 sin? B =2 vy, cos o cos B

Putting law of conservation of momentum in y direction. —
0 = mv, sin oo — mv, sin B
= vy sin @ = v, sin B (2) C N VA S X
Again amu+0="%mv® + % mx vy T
:>U12 = V12 + V22 (3) E
1
:

. v sina
=2v2sin2a =2 x vy x — X COS 0. COS JB
= sin a sin B = cos a cos B = cosacosB—sinasinpB=0
= cos (o + ) =0 = cos 90° = (a+ B)=90°

. r
\\\ VvV sin o 0
I S ap
/r27p2

Let the mass of both the particle and the spherical body be ‘m’. The particle velocity ‘v’ has two
components, v cos a normal to the sphere and v sin o tangential to the sphere.

After the collision, they will exchange their velocities. So, the spherical body will have a velocity v cos a
and the particle will not have any component of velocity in this direction.

[The collision will due to the component v cos o in the normal direction. But, the tangential velocity, of
the particle v sin a will be unaffected]

So, velocity of the sphere = v cos o = %wlrz - p2 [from (fig-2)]

And velocity of the particle = v sin o = ve
r

* ok ok ok K
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CHAPTER -10

wp=0;p=100rev/s; ®=2n; p=200 = rad/s
= o=y = ot

= o= at

= o = (200 m)/4 = 50  rad /s or 25 rev/s®

5 0= ot + 1/2 o’ = 8 x 50 1 = 400 = rad

. o =50 7 rad/s® or 25 rev/s®

6 =400 & rad.

0=100m;t="5sec

0 =1/2 of = 1007 = 1/2 o 25

= a=8nx5=40rnrad/s = 20 rev/s

. o= 8nrad/s® = 4 rev/s®

o = 40r rad/s? = 20 rev/s®.

Area under the curve will decide the total angle rotated

. maximum angular velocity = 4 x 10 = 40 rad/s 100k - -
Therefore, area under the curve = 1/2 x 10 x40+ 40 x 10 + 1/2 x 40 x 10 N\
=800 rad 10 ;20

.. Total angle rotated = 800 rad.

o = 1 rad/s?, oo = 5rad/s; ® = 15 rad/s

LW =wo + at

=t=(0 - o)/a=(15-5)/1=10 sec

Also, 6 = oot + 1/2 at?

=5x10+1/2 %1 x 100 =100 rad.
e=5rev,oc=2rev/sz,(oo=0;w=?

o’ =(2a0)

= o= +2x2x5= 25 revis.

or0=10nrad, o =4n rad/sz, 0 =0,0="7

o= \/g =2x4xx10%

= 4nv/5 rad/s = 245 rev/s.

A disc of radius =10 cm =0.1 m

Angular velocity = 20 rad/s

.. Linear velocity on the rim = or =20 x 0.1 =2 m/s

.. Linear velocity at the middle of radius = wr/2 = 20 x (0.1)/2 =1 m/s.
t=1sec,r=1cm=0.01m

o = 4 rd/s’

Therefore = at = 4 rad/s

Therefore radial acceleration,

A, = o’ =0.16 m/s® = 16 cm/s®

Therefore tangential acceleration, a, = ar = 0.04 m/s? = 4 cm/s®.

The Block is moving the rim of the pulley G
The pulley is moving at a ® = 10 rad/s

Therefore the radius of the pulley = 20 cm

Therefore linear velocity on the rim = tangential velocity = ro m
=20 x 20 =200 cm/s =2 m/s.
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Therefore, the L distance from the axis (AD) = \/5/2 x10 = 5\/5 cm. A
Therefore moment of inertia about the axis BC will be

I =mr?=200K (5v/3)% =200 x 25 x 3

= 15000 gm — cm” = 1.5 x 10° kg — m”.

b) The axis of rotation let pass through A and L to the plane of triangle

! U p YV I
Therefore the torque will be produced by mass B and C B C
Therefore net moment of inertia = | = mr® + mr?
=2 x 200 x10? = 40000 gm-cm? = 4 x1072 kg-m?.
. Masses of 1 gm, 2 gm ...... 100 gm are kept at the marks 1 cm, 2 cm, ...... 1000 cm on he x axis
respectively. A perpendicular axis is passed at the 50" particle.
Therefore on the L.H.S. side of the axis there will be 49 particles and on
the R.H.S. side there are 50 particles. @%
Consider the two particles at the position 49 cm and 51 cm.
Moment inertial due to these two particle will be =
49 x 1% + 51 + 1% = 100 gm-cm” 110 20 30 40 30 60 70 80 90 100
Similarly if we consider 48" and 52" term we will get 100 x2% gm-cm?
Therefore we will get 49 such set and one lone patrticle at 100 cm. OO | O O
Therefore total moment of inertia = ig \4'5 ! ?1/ \55

100 {12 + 2% + 32 + ... + 49% + 100(50)>.
=100 x (50 x 51 x 101)/6 = 4292500 gm-cm?
= 0.429 kg-m? = 0.43 kg-m”.
. The two bodies of mass m and radius r are moving along the common tangent.
Therefore moment of inertia of the first body about XY tangent.
= mr® + 2/5 mr®
— Moment of inertia of the second body XY tangent = mr? + 2/5 mr’ = 7/5 mr’ 1 2
Therefore, net moment of inertia = 7/5 mr? + 7/5 mr? = 14/5 mr? units.

. Length of the rod = 1 m, mass of the rod = 0.5 kg ’
Let at a distance d from the center the rod is moving " P
Applying parallel axis theorem : M. d T
The moment of inertial about that point I - - 1
= (mL?/12) + md®*=0.10 « ™ >

= (0.5 x 1%)/12 + 0.5 x d* = 0.10

= d*=0.2-0.082=0.118

= d = 0.342 m from the centre.

. Moment of inertia at the centre and perpendicular to the plane of the ring.
So, about a point on the rim of the ring and the axis L to the plane of the ring, the

moment of inertia A

=mR? + mR? = 2mR? (parallel axis theorem)
= mK? = 2mR? (K = radius of the gyration)

= K=2R? =2 R.

. The moment of inertia about the center and L to the plane of the disc of
radius r and mass m is = mr®.

According to the question the radius of gyration of the disc about a point = C_r\\
radius of the disc. S P4
Therefore mk® = % mr® + md”
(K = radius of gyration about acceleration point, d = distance of that point 172 m 1/2 mr2+md?
from the centre)

>K=rR2+d

>rP=rR+d (. K=r)

SrR=d=d=r/y2.

mP12  (miPA2)+md?
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15.

16.

17.

18.

19.

20.

Let a small cross sectional area is at a distance x from xx axis.
Therefore mass of that small section = m/a” x ax dx Ya y BX
Therefore moment of inertia about xx axis

al2
=ly= 2 j(m/az)x(adx)x x2 = (2x(m/a)(x? /3)]3'2 x x

0
2
=ma“/12
xP y Cy

Therefore | = Iy + lyy

= 2 x *ma?/12)= ma%/6
Since the two diagonals are L to each other
Therefore |, = lex + 1y
= ma?/6 = 2 x lex (because lee = lyy) = | = ma*/12
The surface density of a circular disc of radius a depends upon the distance from the centre as
P(r)=A+Br
Therefore the mass of the ring of radius r will be

0=(A+Br)x 2zrdrxr

The(refore r)noment of inertia about the centre will be @de
a a a

= j(A +Br)2zr xdr = | 2rAr3dr + j 2nBrédr

0 0 0

= 2nA (r*/4) + 2n B(r°/5) |3 = 2na® [(A/4) + (Ba/5)].

At the highest point total force acting on the particle id its weight acting downward.
Range of the particle = u® sin 2x / g

Therefore force is at a L distance, = (total range)/2 = (v2 sin 20)/2g

(From the initial point)
Therefore T = F x r ( 6 = angle of projection) _

=mg x V* sin 20/2g (v = initial velocity) (v’sin20) /26
= mv® sin 26 / 2 = mv® sin 6 cos 6.

A simple of pendulum of length | is suspended from a rigid support. A bob of weight W is hanging on the
other point. L

N

When the bob is at an angle 6 with the vertical, then total torque acting on the point of | 5
suspension=i=F xr /
=Wrsino=WIsin 6 A

o

At the lowest point of suspension the torque will be zero as the force acting on the body
passes through the point of suspension.

A force of 6 N acting at an angle of 30° is just able to loosen the wrench at a distance 8 cm from it.
Therefore total torque acting at A about the point 0

=6 sin 30° x (8/100)

Therefore total torque required at B about the point 0

=F x 16/100 = F x 16/100 = 6 sin 30° x 8/100

=F=8x3)/16=15N.

Torque about a point = Total force x perpendicular distance from the point to that force.

Let anticlockwise torque = + ve

And clockwise acting torque = —ve

Force acting at the pointBis 15 N

Therefore torque at O due to this force

=15x 6 x 107 x sin 37°

=15 x 6 x 107 x 3/5 = 0.54 N-m (anticlock wise)

Force acting at the point C is 10 N

Therefore, torque at O due to this force

=10 x4 x1072=0.4 N-m (clockwise)

Force acting at the point Ais 20 N

Therefore, Torque at O due to this force = 20 x 4 x 107 x sin30°
=20 x 4 x 107 x 1/2 = 0.4 N-m (anticlockwise)

Therefore resultant torque acting at ‘O’ = 0.54 — 0.4 + 0.4 = 0.54 N-m.
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22.

23.

24,

25.

The force mg acting on the body has two components mg sin 6 and mg cos 6

and the body will exert a normal reaction. Let R =

Since R and mg cos 6 pass through the centre of the cube, there will be no torque
due to R and mg cos 6. The only torque will be produced by mg sin 6.

- i=F xr(r=al/2) (a=ages of the cube)
= i=mgsin 0 x a/2

=1/2 mg a sin 0.
A rod of mass m and length L, lying horizontally, is free to rotate about a vertical axis passing through its
centre.

A force F is acting perpendicular to the rod at a distance L/4 from the centre.

Therefore torque about the centre due to this force A’ At =sec

= F xr=FL/4. N
This torque will produce a angular acceleration a. < .
Therefore 1. = I, X o Al 1B
=i =(mL%/12) x a (I, of a rod = mL?/ 12) IW
= Fil4=(mL?/12) x o = o = 3F/ml F .

Therefore 0 = 1/2 at’ (initially at rest)

= 0 =1/2 x (3F / mI)t® = (3F/2mlI)t*.

A square plate of mass 120 gm and edge 5 cm rotates about one of the edge.

Let take a small area of the square of width dx and length a which is at a distance x from the axis of
rotation.

Therefore mass of that small area

m/a® x a dx (m = mass of the square ; a = side of the plate) E—

X

dx

| = j(m/a2)x ax2dx = (m/a)(x® /3)]2
0

= ma’/3
Therefore torque produced = | x o = (ma%/3) x a
={(120 x 107 x 5% x 107)/3} 0.2
=02x10"*=2x 10" N-m.
Moment of inertial of a square plate about its diagonal is ma®/12 (m = mass of the square plate)
a = edges of the square
Therefore torque produced = (ma2/12) X o NG x
={(120 x 102 x 57 x 107%/12 x 0.2
=0.5x 107° N-m.
A flywheel of moment of inertia 5 kg m is rotated at a speed of 60 rad/s. The flywheel comes to rest due
to the friction at the axle after 5 minutes.
Therefore, the angular deceleration produced due to frictional force = ® = g + at
= mp = —at (o =0+
= o = —(60/5 x 60) = —1/5 rad/s’.
a) Therefore total workdone in stopping the wheel by frictional force @
W = 1/2 in° = 1/2 x 5 x (60 x 60) = 9000 Joule = 9 KJ.
b) Therefore torque produced by the frictional force (R) is
Ir=1xa=5x(-1/5) = IN — m opposite to the rotation of wheel.
c) Angular velocity after 4 minutes

= o =0y + at=60-240/5=12rad/s
Therefore angular momentum about the centre = 1 x @ = 5 x 12 = 60 kg-m/s.
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27.

28.

29.

30.

31.

32.

The earth’s angular speed decreases by 0.0016 rad/day in 100 years.
Therefore the torque produced by the ocean water in decreasing earth’s angular velocity
T=la
=2/5 mr® x (o — o)/t
=2/6 x 6 x 10°* x 64 x 10'° x [0.0016 /(26400° x 100 x 365)] (1 year = 365 days= 365 x 56400 sec)
=5.678 x 10° N-m.
A wheel rotating at a speed of 600 rpm.
®g = 600 rpm = 10 revolutions per second.
T =10 sec. (In 10 sec. it comes to rest)
o=0
Therefore wg = —at
= a=-10/10 = -1 rev/s’
>o=mnytat=10-1x5=5rev/s.
Therefore angular deacceleration = 1 rev/s® and angular velocity of after 5 sec is 5 rev/s.
® = 100 rev/min = 5/8 rev/s = 10n/3 rad/s
06=10rev=20=nrad,r=0.2m
After 10 revolutions the wheel will come to rest by a tangential force
Therefore the angular deacceleration produced by the force = a. = v?/26
Therefore the torque by which the wheel will come to an rest = I, x a
=SFxr=lgmxa—Fx0.2=1/2mr % [(10n/3)°/ (2 x 20m)]
=F=1/2x10x0.2x 100 7°/ (9 x 2 x 20x)
=5n/18=15.7/18 =0.87 N.
A cylinder is moving with an angular velocity 50 rev/s brought in contact with another identical cylinder
in rest. The first and second cylinder has common acceleration and deacceleration as 1 rad/s?
respectively.
Let after t sec their angular velocity will be same ‘w’.
For the first cylinder ® = 50 — at
=t=(0-50)-1
And for the 2™ cylinder ® = ast
=t= ol
So, ® = (o —50)/-1
=20=50= o =25rev/s.
= t=25/1 sec = 25 sec.
Initial angular velocity = 20 rad/s
Therefore o = 2 rad/s®
=t = w/aqy =20/2 =10 sec
Therefore 10 sec it will come to rest.
Since the same torque is continues to act on the body it will produce same angular acceleration and
since the initial kinetic energy = the kinetic energy at a instant.
So initial angular velocity = angular velocity at that instant
Therefore time require to come to that angular velocity,
t= (1)2/0(2 =20/2 =10 sec
therefore time required = t; + t, = 20 sec.
Inet = lnet X
= Firy—Forp = (M2 +mur2)x 0 —2x 10 x 0.5
=5x10x0.5=(5x (1/2)° + 2 x (1/2)°) x o
=15=7/4 a
= a = 60/7 = 8.57 rad/s”.
In this problem the rod has a mass 1 kg
a) Tnet = lnet X @
=5%x10%x105-2x10x0.5
= (5% (1/2)° + 2 x (1/2)° + 1/12) x a

10.5



Chapter-10

33.

34.

35.

36.

= 15 = (1.75 + 0.084) o

= a = 1500/(175 + 8.4) = 1500/183.4 = 8.1 rad/s? (g = 10)

= 8.01 rad/s” (if g = 9.8)

b) Ty—myg=mja
=Ty =msa+myg=2(a+g)
=2(ar+g9)=2(8x0.5+9.8)
= 27.6 N on the first body.
In the second body
=>myg—Tr=mea= T, =myg—ma

= T,=5(g—a)=5(9.8 -8 x 0.5) = 29 N.

According to the question

Mg—-T,=Ma ..(1)
T,=ma ...(2)
(Ti—Ty)=1alr ...(3) [because a =ra]...[T.r =l(a/r)]

If we add the equation 1 and 2 we will get
Mg+ (T,-Ty)=Ma+ma ...4)
:Mg—la/r2=Ma+ma

= (M +m +l/r)a = Mg

= a=Mg/(M+m+ I/r2)

| = 0.20 kg-m? (Bigger pulley)

r=10cm = 0.1 m, smaller pulley is light
mass of the block, m = 2 kg

therefore mg — T =ma ..(1)
=T =la/n? ..(2)

= mg = (m + I/)a =>(2 x 9.8) / [2 + (0.2/0.01)]=a

=19.6/22 =0.89 m/s®

Therefore, acceleration of the block = 0.89 m/s?.

m = 2 kg, iy = 0.10 kg-m?, ry=5 cm = 0.05 m

i, =0.20 kg-m*, r,=10cm =0.1m

Therefore mg—-Ty=ma ...(1)
(T4 =To)r1 = lha ...(2)
T2|'2 = |2(X (3)

Substituting the value of T, in the equation (2), we get

= (t1 - |2 (x/r1)r2 = |1(X
= (T1=lyalr?) = lalr,?
= Ty = [(I/r%) + 1/r,)]a

Substituting the value of T4 in the equation (1), we get

= mg-— [(I1/r12) + I2/r22)]a =ma
mg
=a
[(/67)+ (1o /r5)]+m

2x9.8

—a= =0.316 m/s?

(0.1/0.0025) + (0.2/0.01) + 2

= T, = Lair,? = 22020310 555\
0.01

According to the question

Mg-T; =Ma

(T- TR =1a/R = (T, - Ty) = la/R?

(T, - T3)R = la/R?

= T3 —mg=ma

By adding equation (2) and (3) we will get,

= (T1=T3) =2 la/lR?

By adding equation (1) and (4) we will get

(1)
.(2)
..(3)
..(4)

..(5)

mg mz2g
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38.

39.

40.

41.

—mg+ Mg+ (T;—T¢)=Ma+ma ...(6)
Substituting the value for T3 — T4 we will get
=Mg-mg=Ma+ma+ 2la/R?

M-m)G

—as a2y
(M+m+2I/R%)

A'is light pulley and B is the descending pulley having | = 0.20 kg —m®and r=0.2 m

Mass of the block = 1 kg
According to the equation

T1 =mya (1)
(To=To)r = la .(2)
mog — myp al2=T4+T, (3)

To,-Ty= la/2R? = 5a/2 and T4 = a (because a = a/2R)
=>T,=72a

=>myg=myal2+7/2a+a
=2l/Pg=2l/ra/2+9/2 a (112 mr® = 1)
=98=5a+45a

—a=98/9.5=10.3 ms’

m4g sin®—T;=mya ..(1)
(T1=To) =lalr® ..(2)
T, — myg sin 6 = mya ...(3)

Adding the equations (1) and (3) we will get
m4g sin 6 + (T, — T¢) —myg sin 6 = (my + my)a
= (Mmy—my)g sind = (my + my + 1/r2)a
—a= M-M)ISING _ 4548 = 025 ms
(my+m, +1/r?)
mq =4 kg, my = 2 kg
Frictional co-efficient between 2 kg block and surface = 0.5
R=10cm=0.1m
| =0.5 kg —m?
m4g sin®—-Ty=mya ..(1)
T, — (mxg sin 6 + p myg cos B) = mya ...(2)
(T1=Tp) = lair®
Adding equation (1) and (2) we will get
mg sin 6 — (m,g sin 6 + umy,g cos B) + (T, — T¢) = mya + mya

=4x98x (1/42) —{(2%x 9.8 x (1/4/2)+0.5x2x 9.8 x (1/+/2)} = (4 + 2 + 0.5/0.01)a

= 27.80 - (13.90 + 6.95) =65 a = a = 0.125 ms ™.
According to the question
m;=200g,l1=1m,m,=20g

Therefore, (T4 x rq) — (T2 x rp) — (myf x rzg) =0
=Tyx07-T,x03-2x02%xg=0

= 7T,-3T,=3.92 ..(1)
Ti+T,=02%x98+0.02x9.8=2.156 ...(2)
From the equation (1) and (2) we will get
10T,=10.3

= T,;=1.038 N=1.04 N

Therefore T, =2.156 — 1.038 =1.118 = 1.12 N.
R1=].,LR2, R2=169+609=745N

R x 10 cos 37° = 16g % 5 sin 37° + 60 g x 8 x sin 37°
= 8R;=48g +288 g

= R;=3369/8 =412 N =f

Therefore p = Ry / Ry = 412/745 = 0.553.

AT,

—> 200kg

R>

R4

60g
169
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43.

44,

45.

46.

p=0.54,R,=16g + mg ; R4 = uR;
= Ry x 10 cos 37° =16g x 5sin 37° + mg x 8 x sin 37°
= 8R; =48g + 24/5 mg

~R,= 48g+24/5 mg

8x0.54
= 169+mg: M:16+mzw
5x8x0.54 40x0.54
= m =44 kg.

m = 60 kg, ladder length = 6.5 m, height of the wall =6 m
Therefore torque due to the weight of the body
a) t=600%x6.5/2sin0=i
= 1=600%6.5/2 x 4[1-(6/6.5)]
= 1 =735 N-m.
b) R, =mg=60x 9.8
R;=puR, = 6.5 R, cos 6 = 60g sin 6 x 6.5/2
= R;y=60gtan 6 =60 g x (2.5/12)[because tan 0 = 2.5/6]
= Ry =(25/2) g=122.5N.
According to the question
8g=F1+F;; Ny =N,
Since, R1 =R,
Therefore F1 = F,
:>2F1=892>F1 =40

Let us take torque about the point B, we will get Ny x 4 =8 g x 0.75.

=N;=(80x%x3)/(4x4)=15N

Therefore y(F2 +N? =R, =v40? +152 =42.72 =43 N.
Rod has a length = L

It makes an angle 6 with the floor

The vertical wall has a height = h

R,=mg - Rq cos 6 ..(1)

R sin 6 = puR, ...(2)

R; cos 6 x (h/tan 6) + Ry sin 6 x h=mg x 1/2 cos 6

= Ry (cosze/sin 0)h + Rysin®h=mg x 1/2 cos 6

— R, = mgxL/2cos6
" {(cos?0/sin6)h + sinOh}
— R cos 0= mgL / 2cos? 0sin©
k {(cos? 6/sinB)h + sin bh}

mg L/2 cos6.sin6
{(cos? 0/sinB)h + sinbh)}mg —mg 1/2 cos? 6
L/2 cosH.sinbx2sin6
2(cos? 6h + sin? 6h) — L cos? 0sin 0
_ Lcos6sin? @
M 2h “LcosZosing

= u=R1Sin6/R2=

= pu=

Rz

R4

60g
169

Risin®

R, I:\’ﬂcose
0

mg

A uniform rod of mass 300 grams and length 50 cm rotates with an uniform angular velocity = 2 rad/s

about an axis perpendicular to the rod through an end.
a) L=lo
| at the end = mL?%/3 = (0.3 x 0.5%)/3 = 0.025 kg-m?
=0.025 x 2 =0.05 kg — m*/s
b) Speed of the centre of the rod
V =or=w x (50/2) =50 cm/s = 0.5 m/s.
c) lIts kinetic energy = 1/2 lo® = (1/2) x 0.025 x 2 = 0.05 Joule.
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48.

49.

50.

51.

52.

53.

[=0.10N-m;a=10cm =0.1m; m=2kg
Therefore (ma2/’|2) x o0 =0.10 N-m
= o =60 rad/s

|1=0.10N-m

Therefore o = wg + at «

= ® =60 x5=2300 rad/s

Therefore angular momentum = lo = (0.10 / 60) x 300 = 0.50 kg-m?/s
And 0 kinetic energy = 1/2 lo® = 1/2 x (0.10 / 60) x 300% = 75 Joules.
Angular momentum of the earth about its axis is

=2/5 mr® x (2n/ 85400)  (because, | = 2/5 mr?)

Angular momentum of the earth about sun’s axis

= mR? x (2r / 86400 x 365) (because, | = mR?)

2/5mr? x (2r/86400)

Therefore, ratio of the angular momentum = >
mMR* x 21 /(86400 x 365)

= (2r° x 365) / 5R?
= (2.990 x 10/ (1.125 x 10"") = 2.65 x 107"
Angular momentum due to the mass m, at the centre of system is = m, r'2,

m § mm2r2
=m1 2 o= T2 7O ..(1)
m; +m, (my+my)

Similarly the angular momentum due to the mass m; at the centre of system is m;

112
ro

2 2
=m2( i ] 0= MM o ..@2)

m1m§r2m n m2m12r2m

Therefore net angular momentum = > >
(my+my)" (Mg +my)

2
N mymy(my +m22)r © _ MMy r’o=prlo (proved)
(Mg +m,) (my +m;)
T=la
— F x r:(mr2+mr2)a = 5x0.25=2mr’ x o
g 1.25 —20

2x0.5x0.025%0.25
oo =10 rad/s, t=0.10 sec, » = wy + at
= o=10+010x230=10+2 =12 rad/s.
A wheel has
| =0.500 Kg-m?, r=0.2 m, o = 20 rad/s
Stationary particle = 0.2 kg
Therefore l1w1 = l,m, (since external torque = 0)
= 0.5%x10=(0.5+ 0.2 x 0.2%)w,
= 10/0.508 = 0, = 19.69 = 19.7 rad/s
l; = 6 kg-m?, @; = 2 rad/s , |, = 5 kg-m?
Since external torque = 0
Therefore l1wq = oy
= wp,=(6x2)/5=24rad/s
®1=120 rpm =120 % (2n/ 60) = 4n rad /s.
l4 =6kg—m2, I2=2kgm2
Since two balls are inside the system
Therefore, total external torque = 0
Therefore, l1mq = Loy
=6 x4n=2wm,
= oy =12 n rad/s = 6 rev/s = 360 rev/minute.

<« myr
M1+ Mgl «——>]
@7 —

mar

O—+0O
0.5kg 0.5kg
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54.

55.

56.

57.

58.

59.

l1=2x 107 kg-m2 ilp=3 % 107 kg—m2 ;o1 =2rad/s

From the earth reference the umbrella has a angular velocity (©; — ®,) o1

And the angular velocity of the man will be o,

Therefore (w1 — ®2) = lhwa

= 2x10° (2= ) =3%x10" x o, S— 01—, from earth
= 50, =4 = w,=0.8 rad/s. Earth reference

Wheel (1) has

l1=0.10 kg-mz, o4 = 160 rev/min

Wheel (2) has @
F >

I, =?; wo, =300 rev/imin
Given that after they are coupled, ® = 200 rev/min
Therefore if we take the two wheels to bean isolated system
Total external torque = 0
Therefore, l1oq + l10o = (I1 + 1)
= 0.10 x 160 + I, x 300 = (0.10 + 1,) x 200
= 5l,=1-0.8 = |, =0.04 kg-m”.
A kid of mass M stands at the edge of a platform of radius R which has a moment of inertia I. A ball of m
thrown to him and horizontal velocity of the ball v when he catches it.
Therefore if we take the total bodies as a system
Therefore mvR = {Il + (M + m)R%o
(The moment of inertia of the kid and ball about the axis = (M + m)R?)
- mvR
1+ (M+m)R?
Initial angular momentum = Final angular momentum
(the total external torque = 0)
Initial angular momentum = mvR (m = mass of the ball, v = velocity of the ball, R = radius of platform)
Therefore angular momentum = lo + MR%w
Therefore mVR = lo + MR? o
mVR
(1+MR?)
From a inertial frame of reference when we see the (man wheel) system, we can find that the wheel
moving at a speed of ® and the man with (o + V/R) after the man has started walking.
(o’ = angular velocity after walking, ® = angular velocity of the wheel before walking.
Since 21 =0

Extended torque = 0 VIR of man w.r.t.
Therefore (1 + MR?)o = lo’ + mR? (o’ + V/R) the platform
= (I+mR%o + lo’ + MR%0’ + mVR @

, mVR
> 00—,
(1+mR*?)

A uniform rod of mass m length { is struck at an end by a force F. L to the rod for a short time t
a) Speed of the centre of mass
mv=Ft=>v= Pt
m
b) The angular speed of the rod about the centre of mass
fo—-rxp
= (M /12) x o = (1/2) x mv
S>m /12 % o =(1/2) o’
= o =6Ft/m¢
c) KE. = (1/2) mv® + (1/2) {0’
(1/2) x m(Ft/my* (1/2) {w’
(1/2) x m x (F*im?) + (1/2) x (mi?/12) (36 x( F**/m?¢%))
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60.

61.

=F?¢/2m+32 (F?)/m=2F*#/m

d) Angular momentum about the centre of mass :-
L=mvr=mxFt/mx(1/2) =F{t /2

Let the mass of the particle = m & the mass of the rod = M

Let the particle strikes the rod with a velocity V. C

If we take the two body to be a system,

Therefore the net external torque & net external force = 0
Therefore Applying laws of conservation of linear momentum
MV’ = mV (V' = velocity of the rod after striking)

=V /V=m/M

Again applying laws of conservation of angular momentum
mVR

= — ={o

mVR _ MR? =« _ MRz
= Xx— =>t=

2 12 2t mi12xV
Therefore distance travelled :-
MRth _.m M Rrn _R=n
2, a2 R o RE
mi12x

Vit= v =
M m 12 12

a) If we take the two bodies as a system therefore total external force = 0
Applying L.C.L.M :-

mV=(M+m)Vv v
, mv
=V= ptetsipluteiviptutisiptutrinlet
M+m | ;
b) Let the velocity of the particle w.r.t. the centre of mass = V' l
M
,_ mx0+Mv , Mv
S>V=E——— V=
M+m M+m

c) If the body moves towards the rod with a velocity of v, i.e. the rod is moving with a
towards the particle.
Therefore the velocity of the rod w.r.t. the centre of mass =V~
MxO=mxv —-mv
M+m ~ M+m
d) The distance of the centre of mass from the particle
_ Mx1/2+mx0O  MxI|/2
~ M+m)  (M+m)
Therefore angular momentum of the particle before the collision
=lo=Mrcmo
=m{m1/2)/ (M + m)}2 x V[ (1/2)
= (mM?vl) / 2(M + m)
Distance of the centre of mass from the centre of mass of the rod =
R' _ Mx0+mx(l/2) _ (ml/2)
em (M+m) (M+m)
Therefore angular momentum of the rod about the centre of mass
= MV RY,
=M x {(-mv) /(M + m)} {(ml/2) / (M + m)}
- ‘ ~Mm?3lv ‘_ Mm?lv
12M+m)?|  2(M+m)>
e) Moment of inertia of the system = M.I. due to rod + M.I. due to particle

=V =

(If we consider the magnitude only)

velocity — v
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62.

63.

M2 s M(ml/ 2)? s m(MI/s)?
12 (M+m)2  (M+m)?

_ MP(M+4m)
12M+m)
f) Velocity of the centre of mass V,, = M0+ mV =
(M+m)

(Velocity of centre of mass of the system before the collision = Velocity of centre of mass of the

system after the collision)
(Because External force = 0)

Angular velocity of the system about the centre of mass,

Pcm = lcm Q]
= MVy x Ty +mvy, xr =0

mv ml Mv MI
M x X +mx

_ MP(M+4m) y

M+m) 2(M+m) (M+m)x2(M+m)
Mm?vl+ mM?vl  MI?(M + 4m) 5
2M+m)?  12(M+m)
_ Mm/M+m) _ MI%(M + m) 5
2(M+m)? 12(M +m)
_, _6bmv _
(M+4m)l
Since external torque = 0
Therefore l10q =15 2

m2 mi> mP
=—+—=—

4 4 2
w; =0
2mi> mi>  3ml?
L="——t—=
4 4 4

Lo
Therefore @, = — = >~ 2 = ——

Two balls A & B, each of mass m are joined rigidly to the ends of a light of rod of length L. The system
moves in a velocity vg in a direction L to the rod. A particle P of mass m kept at rest on the surface

sticks to the ball A as the ball collides with it.

a) The light rod will exert a force on the ball B only along its length. So collision will not affect its

velocity.
B has a velocity = vy
If we consider the three bodies to be a system

Vo

Applying L.C.L.M.
L
Therefore mvg =2mv' = v’ = Yo
2 Yo,
Therefore A has velocity = V?O
b) if we consider the three bodies to be a system
Therefore, net external force = 0
mxvg, + Zm(vzoj m m 2
Therefore V¢, = = MVo TMVo _ Vo (along the initial velocity as before collision)
m+2m 3m 3
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64.

65.

66.

c) The velocity of (A + P) w.r.t. the centre of mass = 2V _

— = &
3 2 6
. 2vy _ Vg
The velocity of B w.r.t. the centre of mass v, 3 ° 3

[Only magnitude has been taken]
Distance of the (A + P) from centre of mass =1/3 & for B it is 2 1/3.
Therefore Pey = lem X ©

2 2
:>2m><v—°><1+m><v—°><£=2m1 +mg X M
6 3 3 3 3 3

emvyl  6ml _Vy
=S— X0 D= —
18 9 21

The system is kept rest in the horizontal position and a particle P falls from a height h and collides with

B and sticks to it.

Therefore, the velocity of the particle ‘p’ before collision = ,/2gh
If we consider the two bodies P and B to be a system. Net external torque and force = 0

Therefore, m,/2gh =2mxv p,ol
X
=V = ,/(2gh)/2 /‘ v
Therefore angular momentum of the rod just after the collision ,'o\ / E';i
=2m (V' xr)=2mx ./(2gh)/2 x1/2 = ml/(2gh)/2 ¥
L mly/2gh 2,/gh  .f8gh
o= —= = =
I 2mi2/4+2mi?/4) 3l 3l

b) When the mass 2m will at the top most position and the mass m at the lowest point, they will
automatically rotate. In this position the total gain in potential energy = 2 mg x (I/2) — mg (I/2) =
mg(l/2)

Therefore = mg /2 = 12 lo?
= mg /2 = (1/2 x 3ml®) / 4 x (8gh / 9gI%)

= h =3I/2.
According to the question om
04g-Ty=04a ...(1)
T,-02g=02a ...(2)
(Ty=To)r=lalr ...(3)
From equation 1, 2 and 3
m
= (0.4-0.2)g _g/5

(04+02+1.6/0.4)

Therefore (b) V = v/2ah = /(2x gl® x0.5)
= (g/5) =+/(9.8/5) = 1.4 m/s.

a) Total kinetic energy of the system

=12 mVZ+1/2 mpV2 + 1/2 18°

= (1/2x 0.4 x 1.4%) + (1/2 x 0.2 x 1.4%) + (1/2 x (1.6/4) x 1.4%) = 0.98 Joule.
I=0.2 kg-m? r=0.2m, K= 50 N/m,
m=1kg,g=10msz,h=0.1 m
Therefore applying laws of conservation of energy
mgh = 1/2 mv? + 1/2 kx*
=1=12x1xV*+1/2x0.2xV?/0.04 + (1/2) x 50 x 0.01 (x = h)
=1=05V+25Vv'+1/4
= 3v’ = 3/4
=v=12=05m/s
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67.

68.

69.

70.

71.

72.

Let the mass of the rod = m

Therefore applying laws of conservation of energy
1/2 1o? = mg 112 ml \mg
=1/2xM /3 x o> =mg 1/2
= o’ =3g/l
mg

= o= 43g/l =5.42 rad/s.

12 10> -=0=0.1x 10 x 1
= n= 420

o le1m
For collision 0.1kg

0.1 x 12 x 20 + 0 = [(0.24/3)x1% + (0.1)% 1o’ 1m

= o' = /20 /[10.(0.18)]

=0-1/2 0%=-myg | (1= cos 0)—myg /2 (1 — cos 6)
=0.1%x10(1—-cos 0)=0.24 x 10 x 0.5 (1 — cos 0)

= 1/2 x 0.18 x (20/3.24) = 2.2(1 — cos 0)

= (1-cos 0)=1/(2.2 x 1.8)

= 1—cos 6 =0.252

= cos 8=1-0.252 =0.748

= o =cos (0.748) = 41°.

Let | = length of the rod, and m = mass of the rod.

Applying energy principle

(1/2) lo* — O = mg (1/2) (cos 37° — cos 60°)

1 m? 5, 1(4 1
= —X o =mgx—|—--—|t
2" 3 2\5 2

—o’=9 —gg[9
101 |

Again [%joc =mg [%j sin 37° = mgl x %

~a=09 [%j = angular acceleration.
So, to find out the force on the particle at the tip of the rod
F; = centrifugal force = (dm) o” | = 0.9 (dm) g

F, = tangential force = (dm) a1 = 0.9 (dm) g

So, total force F = ,/iFiz +F,2 ) 20942 (dm)g

A cylinder rolls in a horizontal plane having centre velocity 25 m/s. A

At its age the velocity is due to its rotation as well as due to its leniar motion & this two

velocities are same and acts in the same direction (v = r ®) Q)%:
Therefore Net velocity at A = 25 m/s + 25 m/s = 50 m/s

A sphere having mass m rolls on a plane surface. Let its radius R. Its centre moves

with a velocity v v
Therefore Kinetic energy = (1/2) lo® + (1/2) mv?

=l><3mR2><ﬁ+lmv2=£mv2+lmv2 =249 = Ty mg
2 5 R2 2 10 2 10 10
Let the radius of the disc =R P
Therefore according to the question & figure
Mg—-T=ma ..(1)
& the torque about the centre
=TxR=Ixaqa
= TR = (1/2) mR? xa/R mg
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73.

74.

75.

76.

= T=(1/2) ma
Putting this value in the equation (1) we get
= mg - (1/2) ma = ma
= mg =3/2ma=a=2g/3
A small spherical ball is released from a point at a height on a rough track & the sphere does not slip.
Therefore potential energy it has gained w.r.t the surface will be converted to angular kinetic energy
about the centre & linear kinetic energy.
Therefore mgh = (1/2) lo® + (1/2) mv® J m
h

= mgh = %x% mR? @’ + lmv2

2

V2 + —v

[$ ] =N
N[ =

=gh=

>, 10 /10
vi= —gh=v=_,—gh
= 7g:> 7g

A disc is set rolling with a velocity V from right to left. Let it has attained a height h.
Therefore (1/2) mV? + (1/2) lo® = mgh

m
= (1/2) mV? + (1/2) x (1/2) mR? ®* =mgh A
= (1/2) V* + 1/4 V* = gh = (3/4) V> = gh
2
= h= EXV_
4 g

A sphere is rolling in inclined plane with inclination 6
Therefore according to the principle
Mgl sin 6 = (1/2) lo® + (1/2) mV? ®

= mgl sin 6 = 1/5 mv® + (1/2) mv?
Gl sin 6 = 7/10 o’ L \@
[0 |
v=,—glsind
= 7g

A hollow sphere is released from a top of an inclined plane of inclination 6.
To prevent sliding, the body will make only perfect rolling. In this condition,

mg sin 6 —f=ma ..(1)
& torque about the centre
fxR=2mR? x &
3 R
2
=f==—ma ..(2
3 2)

Putting this value in equation (1) we get

. 2 3 .
:>mgsm6—§ma=ma:>a=§gsm6

. 3 . 2 .
:>mgsm6—f=§ mgsm9:>f=gmgsm9

2 . 2
:pmgcose=gmgsme:>u=§tane
1 _2 2

b)gtane(mgcose)R— ng o
N 0L_ixgsme

" 10 R

. g. ._4 .
a,=gsind— =sinB= —sin0O
=g 5 5
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77.

78.

79.

th = é: 2 = ol
a. (4gsin9) 2gsin®
5

Again, o = at

K.E. = (1/2) mV® + (1/2) lo® = (1/2) m(2as) +(1/2) | (o® £*)
. 2 oin2
1m><4gs|n9x2xI+ 1Xngzxig sin ex 5!

2 5 2 3 100 R 2gsin®

4mglsin6 N 3mglsin6 _
5 40

mv

Total normal force = mg +

=mg (R=r)=(1/2) lo®+ (1/2) mv?

=mg(R-r)= 1><Emv2 +lmv2
2 5 2

mg+mv?/(R-r)

7 5 2_ 10
= —mv =mg(R-r)=>vi=—gR-r
o™ gR-nN=v = g(R-T1)

mg + m[170jg(R -r)
R-r

_ [mJ_ 17
=mg+mg | —|= —-mg

Therefore total normal force = mg + 2 7

At the top most point
mv?
R-r

Let the sphere is thrown with a velocity v’
Therefore applying laws of conservation of energy
= (12) mV® + (1/2) lo* = mg 2 (R = 1) + (1/2) mV* + (1/2) lo®

7 2 7 2
=>—v? =g2(R-r)+— Vv
g2(R-r) 10

=mg:v2=g(R—r)

20
2= Z 9R-N+gR-7)

=V = 2—779(R—r)

a) Total kinetic energy y = (1/2) mv’ + (1/2) lo?

Therefore according to the question

mg H = (1/2) mv® + (1/2) le®> + mg R (1 + cos 6)

=mgH-mgR(1+cos0)=(1/2) mV +(1/2) o’ O

= (1/2) mv® + (1/2) o =mg (H- R - R sin 0) H /N R sind
b) to find the acceleration components w

= (1/2) mv® + (1/2) lo® = mg (H — R = R sin 0)

= 7/10 mv®*=mg (H - R = R sin 6)

v _ 10 [(H

— = —¢g|| = |-1-sin6 | > radical acceleration
R 7 R

=V = gg(H—R)—Rsine

:>2vd—V =—Echos€)@

dt 7 dt

:de—V=—§chose@
dt 7 dt

dv 5 . .
= o =— 7 g cos 0 — tangential acceleration
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80.

81.

82.

83.

c) Normal force at 6 = 0
2
N mv® _ 70 10 <10 0.6-0.1 - 5N
R 1000 7 0.1
Frictional force :-

7 100

Let the cue strikes at a height ‘h’ above the centre, for pure rolling, V; = Ro
Applying law of conservation of angular momentum at a point A,

mvch — 20 =0 X
° 3 R y

h= R

3
A uniform wheel of radius R is set into rotation about its axis (case-l) at an angular speed ®
This rotating wheel is now placed on a rough horizontal. Because of its friction at contact, the wheel
accelerates forward and its rotation decelerates. As the rotation decelerates the frictional force will act
backward.

If we consider the net moment at A then it is zero.

Therefore the net angular momentum before pure rolling & after pure rolling remains
constant \Y

f=mg-ma=m(g—a)=m (10— gx10)=o.o7 (70‘50j = 1 x20=02N

Before rolling the wheel was only rotating around its axis. ©
Therefore Angular momentum = £ o = (1/2) MR* o ...(1) (1% case)
After pure rolling the velocity of the wheel let v

Therefore angular momentum = {;,, ® + m(V x R)

= (1/2) mR? (V/R) + mVR = 3/2 mVR ...(2)

Because, Eq(1) and (2) are equal

Therefore, 3/2 mVR = % mR? o 2"d case)
=>V=0oR/3

The shell will move with a velocity nearly equal to v due to this motion a frictional force well act in the
background direction, for which after some time the shell attains a pure rolling. If we

consider moment about A, then it will be zero. Therefore, Net angular momentum v

about A before pure rolling = net angular momentum after pure rolling. ; >
Now, angular momentum before pure rolling about A = M (V x R) and angular

momentum after pure rolling :- (15‘ case)
(213) MR? x (Vo /R) + M Vo R

(Vo = velocity after pure rolling)

= MVR = 2/3 MV(R + MV(R

= (5/3) Vo=V

=Ve=3V/5 Znu case)
Taking moment about the centre of hollow sphere we will get

FXR=§MRZOL

F
_ 3F
o= >
2MR

Again, 21t = (1/2) at® (From 6 = ot + (1/2) of’)

>@

2 87tMR
=>t= 2"
3F
F
= a,= —
m
=X=(12)at =(1/2) = ?
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84.

85.

86.

If we take moment about the centre, then
FxR=faxfxR F

= F=2/5 mRa + umg (1)
Again, F =ma,—umg ...(2) @
— g =F*Hmg -
m
Putting the value a. in eq(1) we get

szmx(mjwmg
5 m
= 2/5(F+umg)+umg

S F=2F12,05x10+2x05x10
5 5 7

3F _4 10
= —=—+—=2
5 77
F=222_10 _333y
3 3

a) if we take moment at A then external torque will be zero

Therefore, the initial angular momentum = the angular momentum after rotation stops (i.e. only leniar
velocity exits)

MV xR-f®=MVg xR

= MVR - 2/5 x MR*V /R = MV, R

= Vo =3V/5

b) Again, after some time pure rolling starts
therefore = M x v, x R = (2/5) MR? x (V'/R) + MV'R
= m x (3V/5) x R =(2/5) MV'R + MV'R

= V' =3V/7

When the solid sphere collides with the wall, it rebounds with velocity ‘v’ towards left but it continues to
rotate in the clockwise direction.

So, the angular momentum = mvR — (2/5) mR? x v/R

After rebounding, when pure rolling starts let the velocity be v’
and the corresponding angular velocity is v/ / R

Therefore angular momentum = mv'R + (2/5) mR? (V'/R)

So, mvR — (2/5) mR?, v/IR = mvR + (2/5) mR*(v'/R)

mvR x (3/5) = mvR x (7/5)

V' = 3v/7

So, the sphere will move with velocity 3v/7.

* sk ok ok
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SOLUTIONS TO CONCEPTS
CHAPTER 11

Gravitational force of attraction,
GMm

r2

_ 6.67x107""x10x10
(0.1

F=

=6.67 x 107 N

To calculate the gravitational force on ‘m’ at unline due to other mouse.

— _ Gxmx4m _ 8Gm?

F = =
op (alr?)y? a®
o - Gxmx2m - 6Gm?
ol (alr?)? a®
Fo = Gxmx2m _ 4Gm?
o8 (a/r2)2 a®
S Gxmxm - 2Gm?
oA (alr?)? a’
. 22 2)2 2
Resultant For = \/64[Gr2 ] +36[Gn2] J = 10Gn21
a a a

. 2)2 2\? 2
Resultant Fop = \/64(&2 J +4(G"21 J PN
a a a
The net resultant force will be,

Gm? 2 Gm? 2 Gm?
F= 100[ d J +2o[ : J —2[ d szo\/g
a a

a

- \/[G;‘z ]2(120—40\6) = \/(Ga—rff(120—89-6)

2 2
Sm” 204 = 44287
a a

a) if ‘m’ is placed at mid point of a side

4Gm?

then a = >— in OA direction
a

. 2
Fog = 4G_r2n in OB direction

a
Since equal & opposite cancel each other

. 2 2
o= CM = 46M" i ¢ direction

[P r2hf 3

Net gravitational force on m =

4Gm?

a2

b) If placed at O (centroid)
Gm® _ 3Gm’

the FOA = (a/rs) a2

A E B
m C 2m
q
m
4m 3m
D F C
v
A m
m
(0]
B C
m m
A m
(0]
B C
m m
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— _ 3Gm?
FOB = 2
a
~ sem2) (36m2)’ 1 _ 3Gm?
Resultant F= 2[ > J—Z( > ]x—= 5
a a 2 a

. 2
Since Foe = 3Gm equal & opposite to F, cancel

7
a
Net gravitational force = 0
. 2 . Gm? . -
Fos = 2™ 05601~ ™ sin60j
4a 4a M
= 2 N 2 H ?
For = 2™ 605601~ S™_sin60] GAV

—4a 4a “

_ 2 . 2 2

- 2G;n sin60j = 2G;n [ r3Gr2
4a 4a° 2 4a

Force on M at C due to gravitational attraction.
F—’ - sz 1

o8~ Re ! A~ B
— _ -GM?:
Fep = IR i < R
— . _GM? . 2 . D_¢c
Fea = %COS%H i::lz sin45j

So, resultant force on C,

~“Fc = Fea + Feg + Fep

_G_le 2+i ’|\+G_NI2 2+i ]
4R? T V2) 4R V2
_ GMm?
.'.Fc— W(Z'\/E+1)

~ 2
For moving along the circle, F = mv_

(2«/§+1)= % orV= W

GM _ 6.67x107""'x7.4x10%2 _  49.358x10"

R+h) (1740 +1000)2x10° 2740 x2740x10°

_ 49.358x10""
0.75x10"

The linear momentum of 2 bodies is 0 initially. Since gravitational force is internal, final momentum is

also zero.

So (10 kg)vq = (20 kg) v,

OrV1=V2 (1)

Since P.E. is conserved

-1
Initial P.E. = ‘6'67”01 x10x20 _ 433410y

When separation is 0.5 m,

GM?
or
4R?

=65.8 x 107 = 0.65 m/s?
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10.

1.

~13.34x107°
(1/2)
= —13.34 x 10 =-26.68 x107° + 5 v;* + 10 v,°
= —13.34 x 10 =-26.68 x10™° + 30 v,
vz 13307 g qg0
30
= v, =2.1x107° m/s.
So, vi =4.2 x 10 m/s.
In the semicircle, we can consider, a small element of d, then R d6 = (M/L) R d6 = dM.
GMRdém

—13.34x10°+0= +(1/2) x 10 vi? + (1/2) x 20 vo°  ...(2)

F=
LR?
dFs = 2 dF since = 2MM g g o,
" 2GM 2GMm
~F= '[ M sin6do = [~ cos 652
LR
=_p GMm (1) = 2GMm _ 2GMm _ 27GMm
- LR LR LxL/A L2
A small section of rod is considered at X’ distance mass of the element = (M/L). dx = dm
_ G(dm)x1 _
dE; = Z 2] dE,
Resultant dE = 2 dE; sin 0 ‘7 9
_py Odm) d _  2xGMxddx dEzI dE;
2 2
lo*+x°) Va2 +x2) L(d2+x2X\/id2+x2 0 d
Totall_/gzravitational field M l 0 a
E- I 2Gmd dx L T
0 L(d2 +x2)3/2 — O<—>X | dx|

Integrating the above equation it can be found that,

E= 2GM
dyL? + 4d?
The gravitational force on ‘m’ due to the shell of M, is 0.

M is at a distance m

mp
Then the gravitational force due to M is given by Q

GMm _  4GMym
(Ri+Rz2  (R{+R,)
Man of earth M = (4/3) nR%p

Man of the imaginary sphere, having
Radius = x, M’ = (4/3)nX3p

M’ x3
or — = —
M RS
.. Gravitational force on F = GMzm
m

_ GMx®m _ GMmx
orF = T = 3
R°x R
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12. Let d be the distance from centre of earth to man ‘m’ then

2
D= x2+(RT] = (1/2) Vax? +R? A

M be the mass of the earth, M’ the mass of the sphere of radius d/2. '
Then M = (4/3) nR%p
M’ = (4/3)nd> ©

M! _ d3
or — = —
M R®
.. Gravitational force is m,
F= Gm'm _ Gd*Mm _ GMmd

d? R3d? R®
So, Normal force exerted by the wall = F cos®.
_ GMmd R _ GMm
= 0 X— =
R® 2d 2R?
13. a) m' is placed at a distance x from ‘O’.
If r<x, 2r, Let's consider a thin shell of man

(therefore | think normal force does not depend on x)

. m 4 5 mxd
- 2X3™ T 73
(4/3)rc 3 r
3
_ mx
Thus J.dm = D
3,,.3 0
Then gravitational force F = Gmgm = Gmler = GTX
X X r
b) 2r < x < 2R, then F is due to only the sphere.

Gmm’

" xrf

c) if x > 2R, then Gravitational force is due to both sphere & shell, then due to shell,

(xR}
due to the sphere = GLmz
(x=r)
So, Resultant force = Gmm'  GMm

(x=rf  (x-RP
14. At P4, Gravitational field due to sphere M = ﬂ = GM

(3a+af  16a?
At P,, Gravitational field is due to sphere & shell, 49

oM, oM _ew1 1) (ejon g :
(a+4a+a)® (4a+a)® a® (36 25 900 ) a2 P, a

15. We know in the thin spherical shell of uniform density has gravitational field at its internal point is zero.

At A and B point, field is equal and opposite and cancel each other so Net field is

Hence, Ep = Eg

P =
16. Let 0.1 kg man is x m from 2kg mass and (2 — x) m from 4 kg mass. v

. 2x04 _ 4x0.1

x2 (2-x)?
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17.

18.

19.

20.

21.

or 2 =R 0.4

x2 (2-x)?
oriz= 2 2or(2—x)2=2x2

X (2-x)
or2—x=+2xor X(ra+1)=2
orx= _2 . 0.83 m from 2kg mass.

2.414 m
Initially, the ride of A is a
To increase it to 2a, a a
_Gm? Gm? _ 3Gm?
work done = + =
a 2a m a m 100g

Work done against gravitational force to take away the particle from sphere,
_ Gx10x0.1 _ 6.67x107""x1
0.1x0.1 1x107"

E =(5N/kg) i +(12N/kg) j
a) F=Em
=2kg [(5N/kg) i + (12 N/kg) j1=(10N) i + (12N) j

H= J100+576 =26 N

=6.67x107°Y

10kg

=
<l
1]
mi
-

At (12m, 0), V =— (60 J/kg)i ]\7] =60J

AL(0,5m), V =- (60 Jkg) V| =-60J
o (129 . -1 Y125)
C)AV = j E mdr = [[(10N)i+(24N)J]r}o,d)
(0,0
=—(120Ji +120J i)=240J
. ~ 10,5m)
dAv=- [r(1ON| + 24Nj)}12m_0)
=-120 | +120 i =0
a) V = (20 N/kg) (x +y)
GM _MLTZ, o MATM _ MUT™
R M L M
Or MO L2 T—2 = MO L2 T—Z
~ LHS=RH.S
b) E(xy) = — 20(N/kg) i — 20(N/kg) j

xy) =
c) F=Em

= 0.5kg [~ (20 N/kg) i — (20 N/kg)j =— 10N i - 10N j

- |F|=+100+100 =102 N

E =2i +3]

The field is represented as

tan 6, = 3/2

Again the line 3y + 2x = 5 can be represented as o/ &
tan 6, =—2/3
my my = —1
Since, the direction of field and the displacement are perpendicular, is done by the particle on the line.

3j
6,
52 % 2]

11.5
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22.

23.

24,

25.

26.

27.

28.

Let the height be h
(172 G';/I GM 5
R (R+h)
Or2R*= (R + h)?
Ory2R=R+h
Orh=(r,—1)R
Let g’ be the acceleration due to gravity on mount everest.

2
g=gd R

9.8(1-_176% | _ g5 (1-0.00276) = 9.773 m/s?
6400000

Let g’ be the acceleration due to gravity in mine.

Theng'=g [1 —Ej

R

640
6400 x10°

Let g’ be the acceleration due to gravity at equation & that of pole = g

g=g- o’R

=9.81 - (7.3 x 10°)? x 6400 x 10°

=9.81-0.034

= 9.776 m/s’

mg’ = 1 kg x 9.776 m/s’

=9.776 N or 0.997 kg

The body will weigh 0.997 kg at equator.

At equator, g’ =g - o’R (1)

Let at ‘h’ height above the south pole, the acceleration due to gravity is same.

=9.8 [1— j = 9.8 x 0.9999 = 9.799 m/s”

Then, here g’ =g (1—%} ...(2)
2 2h

Lg-o°R= 1-—

ITe s [ RJ

2

or1-2°78 R - 1—&
g R
22 -5 3

orh=2 R = (7'3X10 )ZX(6400X10 )2 = 11125 N = 10Km (approximately)
2g 2x9.81

The apparent ‘g’ at equator becomes zero.
ie.g=g-0’R=0

org—sz
orw—\/7 / 9.8 = = V1.5x107° =1.2x 107 rad/s.
6400 x 10
T= 2 o 231 455 10®sec. = 1.41 hour
®  1.2x10"

a) Speed of the ship due to rotation of earth v = ®R
b)To=mgr=mg—mm2R

S To—mg = mo’ R

c) If the ship shifts at speed ‘v’

T=mg- mo,”’ R
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29.

30.

31.

32.

RZ

_ (vz +@?R? —203Rv]
= TO_ m

- (toenF

R

L T=To+20vm
According to Kepler’s laws of planetary motion,

T? o R®
2 3
Tm — Rms
2 3
Te Res

Rus | _ [1.88)2
Re. 1
R

. ms — (1-88)2/3 - 152
Res
3
T=2n r_
GM
5
667)(10_ XM
5
or2.73x273= 2><3-14><(3.8141><10 )3
6.67x107""xM
2 3,105
orm= 250 X(3{184) X120 =6.02 x 10% kg
3.335x101(27.3)
~. mass of earth is found to be 6.02 x 10* kg.
3
T=2n ,]—
GM
3 3
= 27540 =2 x 3.14 9.4x10 ><111O
667)(10_ XM
6
or (27540)% = (6.28)? 9.4><1O11
6.67X10_ xM
2 3 18
orm= O2IXOY X1 65 107 kg,

6.67x107"1 x (27540)?

2
a)V = [GM _ /
r+h +h
9.8x 6400><1O3)2
10° x (6.4 +2)

b) K.E. = (1/2) mV?
= (1/2) 1000 x (47.6 x 10°) = 2.38 x 10" J

=6.9 x 10° m/s = 6.9 km/s

C) PE. = GNI—m
—(R+h)
—11 24 3 13
_ 6.67x10""x6x10 210 010" oy
(6400 +2000)x 10 8400
3
ayT= 2K 2X3'14X8402X10 =76.6 x 10° sec = 2.1 hour
Vv 6.9x10
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33.

34.

35.

36.

Angular speed f earth & the satellite will be same

2 _ 2z
Te TS
3
or—— = ! or 1213600 = 3.14 | (RN
24 x 3600 (R+h)? gR
2n >
gR
o (R+h)® _ (12x3600)° o (6400 +h)° x10° _ (12x3600)
gR? (3.14)? 9.8 x(6400)% x10° (3.14)?
3 9
(6400 + h) ><91O - 432 x 10°
6272x10

or (6400 + h)® = 6272 x 432 x 10*

or 6400 + h = (6272 x 432 x 104"

or h = (6272 x 432 x 10%)"® — 6400

=42300 cm.

b) Time taken from north pole to equator = (1/2) t

— (112)  6.28 (43200 + 6400)° _314 (497)® x108
' 10x(6400)2x10% (64)? x10""

=3.14 497 <497 <497 6 hour.
64 x64x10°

For geo stationary satellite,

r=42x10*km

h=3.6 x 10* km

Givenmg=10N

=0.23N

10 (6400x10°F _ 4096
(6400x10° +3600x103f | 17980

: : __ 4n% R,
~. Acceleration due to gravity of the planetis = —-—=-
T° R, A

Colatitud
The colattitude is given by ¢. ¢ .

Z0OAB =90° — ZABO

Again ZOBC = ¢ = ZOAB
. 6400 _ 8 f o
sosing= = —
42000 53 [

B \
~¢=sin” [5—83j =sin"' 0.15. UC
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37.

38.

39.

The particle attain maximum height = 6400 km.
On earth’s surface, its P.E. & K.E.

- GMm
R

E. = (1/2) mv? + [ ..(1)

In space, its P.E. & K.E.
E. = [_ GMmj
R+h
GMm
= [ j ...(2) (- h=R)

Equating (1)
GMm 1, GMm

R 2 2R

Or (1/2) mv® = GMm LN
2R R

Oorvv= ==
R

6.67x107"" x6x10%*
6400 x10°
_40.02x10™

T 6.4x10°
=6.2x 10" =0.62 x 10°

Orv = 10.62x10% =0.79 x 10* m/s = 7.9 km/s.

Initial velocity of the particle = 15km/s
Let its speed be ‘v’ at interstellar space.

~(1/2) m[(15 x 10%2 —v?] = GMm

= (1/2) m[(15 x 10%)? — ]| = GMm{—%}

R
= (1/2) m[(225 x 10%) =] = G'\f'Tm
. 205 x 10° _ 2 = 2X8.67x10711x6x10%
6400x10°
=2 =225 x 10° = 2002 448
32

= v*=225x10°-1.2 x 10% = 10° (1.05)
Orv=1.01x 10* m/s or

=10 km/s
The man of the sphere = 6 x 10* kg.
Escape velocity = 3 x 10° m/s

V.= [2GM
R
orr= 2N

2
c

_ 2x6.67x10""x6x10** _ 80.02
(3x108f 9

L N N W)

x 107 =8.89% 10> m ~ 9 mm.
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SOLUTIONS TO CONCEPTS

CHAPTER 12

Given, r = 10cm.
Att=0,x=5cm.
T =6 sec.
SO,W= E = E: Esec_1

T 6 3
At,t=0,x=5cm.
So,5=10sin (w x 0+ ¢) =10 sin ¢ [y =rsin wt]

Sin¢=1/2:¢=%

.. Equation of displacement x = (10cm) sin [g)

(i) At t = 4 second

x =10 sin {Ex4+ﬁ} =10 sin {
3 6

=10sin [2F) =10sin [n+ %] =-10sin [ ] =-10
2 2 2

2
Acceleration a = — w’x = —[%j x (-=10) =10.9 ~ 0.11 cm/sec.

87t+rc}

Given that, at a particular instant,
X =2cm =0.02m

V =1 m/sec

A =10 msec™

We know that a = @?x

Sa= |2 = 119 = 500 =105
x V0.2
2

2n _ 2x3.14
10\/5 10x2.236

Again, amplitude r is given by v = m(\/r2 —xz)

=V = o}(rF = %%

1 =500 (r* - 0.0004)

= r=0.0489 ~ 0.049 m

S r=4.9cm.

r=10cm

Because, K.E. = P.E.

So (1/2) m o? (- y?) = (1/2) m w?y?

= (0.28 seconds.

T:_Tt
(O]

r— y2 = y2 = 2y2 == y= % = % =54/2 cm form the mean position.
Vmax = 10 cm/sec.
=ro=10
o' = @ (1)
r
Amax = o’r = 50 cm/sec
So2= 202950
y r

121
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100 50
L T — =r=2cm.
r r

0= ,/@ = 5 sec?
r

Again, to find out the positions where the speed is 8m/sec,
2_ 2,2
Vi = 0? (P - y?)
=64=25(4-Yy)
= 4-y= g—g = y*=1.44 = y= J1.44 = y=+1.2 cm from mean position.

x = (2.0cm)sin [(1003_1) t + (n/6)]

m = 10g.
a) Amplitude = 2cm.
o =100 sec”’
T= 2n _ sec = 0.063 sec.
100 50
2
We know that T = 2z \/E NS L RN e
k k T2
=10° dyne/cm = 100 N/m. [because o = % =100 sec‘1]
b)Att=0

X = 2cm sin (gj =2 x (1/2) = 1 cm. from the mean position.

We know that x = A sin (ot + ¢)
v =Acos (ot + ¢)
V3

=2 x 100 cos (0 + n/6) = 200 % - =100 3 sec™' = 1.73m/s

c)a=—w’x=100%x1=100 m/s®
x =5 sin (20t + n/3)
a) Max. displacement from the mean position = Amplitude of the particle.
At the extreme position, the velocity becomes ‘0’.
- x =5 = Amplitude.
. 5="5sin (20t + n/3)
sin (20t + /3) = 1 = sin (w/2)
= 20t + /3 = 1/2
=t =n/120 sec., So at /120 sec it first comes to rest.
b) a = 0’x = ©” [5 sin (20t + n/3)]
Fora =0, 5sin (20t + ©/3) = 0 = sin (20t + 1/3) = sin (n)
=20t=n-n/3 =2n/3
=t =n/30 sec.
c)v=A o cos (ot +1/3) = 20 x 5 cos (20t + n/3)
when, v is maximum i.e. cos (20t + n/3) = -1 =cos n
= 20t=n-n/3 =2n/3
= t = /30 sec.
a) x = 2.0 cos (50nt + tan™" 0.75) = 2.0 cos (50xt + 0.643)
V= Z—)t( =-100 sin (50xt + 0.643)
= sin (50xt + 0.643) =0
As the particle comes to rest for the 1% time
= 50nt+0.643 =~
=t=1.6x 107 sec.
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10.

1.

12.

b) Acceleration a = Z—\tl =—100xn x 50 n cos (50xnt + 0.643)

For maximum acceleration cos (50nt + 0.643) = — 1 cos © (max) (so a is max)
=t=1.6x 107 sec.
c) When the particle comes to rest for second time,
50xnt + 0.643 = 2
=t=36x10"s.

Yy = % , = r (for the two given position)

Now, y1 =r sin ot,
t

:L=rsinmtzsinmt=1:>(ot=£:ﬁ><t=£:>t:_
2 ! T T T T e T 12
Again, y, = r sin ot,
:>r=rsinmt2:>sinwt2=1:>mt2=n/2:>(%)tfg:tz:%
Sot,_ti=t_t ot

4 12 6
k=0.1 N/m

T= 27r\/E = 2 sec [Time period of pendulum of a clock = 2 sec]

k 01
— -

~m= 2 49 =0.01kg ~ 10 gm.

Time period of simple pendulum = 27r\/I
g

Time period of spring is Zn\/%

T, = Ts[Frequency is same]

1 \/F 1 m
= —_ = —_ = — = —

g k g k

mg F _ . e

= 1= K- X. (Because, restoring force = weight = F =mg)
= 1 =x(proved)
x=r=0.1m
T=0.314 sec
m = 0.5 kg.
Total force exerted on the block = weight of the block + spring force.

T=2n % 30.314=2n,/% — k = 200 N/m

.. Force exerted by the spring on the block is
F =kx=201.1 x 0.1 = 20N

.. Maximum force = F + weight = 20 + 5 = 256N
m = 2kg.

T =4 sec.

T=2n m:4=27t\/z:>2=7t\/z
k K K

12.3
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13.

14.

15.

But, we know that F = mg = kx

mg_ 2x10 _

4
k 5

= X=

..Potential Energy = (1/2) k X2 = (1/2) x5 x16=5x 8 =40J

x =25cm = 0.25m

E=5J
f=5
So, T = 1/5sec.

Now P.E. = (1/2) kx®

=(1/2) kx®* =5 = (1/2) k (0.25)° =5 = k = 160 N/m.

M = m=0.16 kg.
160

m 1

Again, T=2n,]— = — =2n

5

a) From the free body diagram,

R+mm2x—mg=0

(1)

Resultant force mw?x = mg — R

= moX=m
(M+m}

[ @ = yk/(M+m) for spring mass system]

b) R=mg—mm2x=mg-m

M+m
For R to be smallest, mo?x should be max. i.e. x is maximum.

_ mkx
M+m

The particle should be at the high point.

c) We have R =mg — mo’x

X =mg—

mkx
M+m

The tow blocks may oscillates together in such a way that R is greater than 0. At limiting condition, R

=0, mg = mo’X
mg _ mg(M+m)

ma? mk

X =

So, the maximum amplitude i

a) At the equilibrium condition,

kx = (mq+ m,) g sin 0
(m;+my)gsin®
k

= X=

k

b) x; = %(m1 + m,) g sin 6 (Given)

when the system is released, it will start to make SHM

k
my +m,

where o =

When the blocks lose contact, P =0

So ngsin6=m2x2m2= mj X (

(m;+m,)gsin®

= X2 = k

So the blocks will lose contact with each other when the springs attain its natural length.

<= g(M+m)

|

(M1 +my)g

mag

\r
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16.

17.

c) Letthe common speed attained by both the blocks be v.
112 (Mg + my) V2 = 0 = 1/2 k(X1 + X2)° = (M4 + My) g sin 6 (X + X1)
[ x + x4 = total compression]
= (1/2) (m4 + m2) = [(1/2) k (3/k) (m4 + my) g sin 6 —(m4 + my) g sin 0] (X + X4)
= (1/2) (m4 + my) vi= =(1/2) (m4 + my) g sin 6 x (3/k) (m4 + my) g sin 6

_ 3 .
=>v= [————gsino.
k(m;+m,)

Given, k =100 N/m, M=1kgand F=10N
a) In the equilibrium position, M

compression 8 = F/k =10/100=0.1m =10 cm K
b) The blow imparts a speed of 2m/s to the block towards left. w/vw—‘:—

~PE.+KE. = 1/2k8 + 12 MV F

= (1/2) x 100 x (0AY + (1/2) x 1 x 4= 05+ 2= 25

c) Time period = 2n \/: = 1/10 = —sec

d) Let the amplitude be ‘X’ which means the distance between the mean position and the extreme

position.

So, in the extreme position, compression of the spring is (x + d).

Since, in SHM, the total energy remains constant.

(1/2) k (x + 8)* = (1/2) k& + (1/2) mV® + Fx = 2.5 + 10x

[because (1/2) k&% + (1/2) mv® = 2.5]
So, 50(x + 0.1)> = 2.5 + 10x
5 50 x* + 0.5+ 10x = 2.5 + 10x
250%% =2 = X 222 . i:x= im=200m.
50 100 10

e) Potential Energy at the left extreme is given by,

P.E. = (1/2) k (x +8)* = (1/2) x 100 (0.1 +0.2)> =50 x 0.09 = 4.5J
f) Potential Energy at the right extreme is given by,

P.E.=(1/2) k (x +6)2 — F(2x) [2x = distance between two extremes]

=4.5-10(0.4)=0.5J
The different values in (b) (e) and (f) do not violate law of conservation of energy as the work is done by
the external force 10N.

a) Equivalent spring constant k = k; + k; (parallel)

T=2n \/: =
k1+k2

b) Let us, displace the block m towards left through displacement X’
Resultant force F = F; + F, = (k; + ky)x

(kq +Kky)x
m

parallel

Acceleration (F/m) =

i X
Time period T = 2n dlsplacem.ent =on |—X -9 m K, |X | ke
Acceleration m(k, +k5) ky+k, AAAN

m f

i . - - 1

The equivalent spring constant k = k4 + ky
c) In series conn equivalent spring constant be k.
so, L=y Moketks o ki
k ki ky Kiks ki+k,
k
=2 Moy mitahe) NN
k k k2 ¥ i - iR iR -

12.5
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18. a) We have F =kx = x =

19.

20.

21.

x|

Acceleration = E

m
Time period T = 2 |disPlacement _, [Pk o, \/E
Acceleration F/m k

Amplitude = max displacement = F/k

b) The energy stored in the spring when the block passes through the equilibrium position
(1/2) kx® = (1/2) k (F/K)* = (1/2) k (F?/K?) = (1/2) (F?/k)

c) At the mean position, P.E. is 0. K.E. is (1/2) kx? = (1/2) (F2/x)

Suppose the particle is pushed slightly against the spring ‘C’ through displacement x’.
Total resultant force on the particle is kx due to spring C and % due to spring A and B.

kx ¥ (k) -
.. Total Resultant force = kx + (—Xj +£—Xj = kx + kx = 2kx.

V2 V2 B S 90
Acceleration = 2% X 450 y

m
Time period T = 2x \/ displacement _, | x__,. |m
Acceleration \/ 2kx 2k
m

[Cause:- When the body pushed against ‘C’ the spring C, tries to pull the block towards
XL. At that moment the spring A and B tries to pull the block with force k—Xand

V2
kx

72 respectively towards xy and xz respectively. So the total force on the block is due to the spring force

‘C’ as well as the component of two spring force A and B.]
In this case, if the particle ‘m’ is pushed against 'C’ a by distance ‘x'.
Total resultant force acting on man ‘m’ is given by,

B
F=kx+ X2 3KX i X
2 2
kx ° (kx)? kx ) kx kx "
[Because netforce A&B = .|| —| +| —| +2| — | = |cos120° = — C Tra0e 1, A
2 2 2 \ 2 2 X
F _ 3kx kx
La=s —= — 2
m 2m
a _ 3k _ 2 _ |3k kx 120°
> —=—=0" Do=,[—
X m 2m
kx
. Time period T = 2 2n 2m V2
® 3k
K, and K3 are in series.
Let equivalent spring constant be K, ks
2 2 % %% % %
Lo T KKy o KoK o ks M —>
Ky Ky Ks KoKy K, +Kj A AAAN AN F

Now K, and K; are in parallel.
KyoK4 . koks +kiky +Kkiks

So equivalent spring constant k = k; + ks =
a pring T K, Ky +K;

nT=2n \/M=2n Mz +ks)

12.6
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22.

23.

24,

b) frequency = AR SRl SPRASLE
c) Amplitude x = F. Flkp +ks)
K Ky +Kokg +KiKs

k1, ko, ks are in series,
1= 1+i 1 k= kikoks

JR— +_
ki ky kg
Time period T = 2x \/E =2n m(kik, +koks +kiks) _ 21 |m i+i 1
kikoks

Now, Force = weight = mg.

- At k4 spring, x4 = %
1

Similarly x, = mg and X3 =m9
ko Ks
2 2.2 2.2
ZPEy=(12) ke xi2 =k M9| = 1y M9" _ Mg
2 k4 2 k12 2k,
2.2 2.2
Similarly PE, = M9~ and pE,= M 9
2k, 2k
When only ‘m’ is hanging, let the extension in the spring be ‘¥’
So T4 = kf =mg.
When a force F is applied, let the further extension be ‘X’

S Ta = k(x +)
.~.Driving force = T, =T = k(x + £) — kf = kx

..Acceleration = Q
m

T=21 dlsplacem.ent —op | X —pp /M
\' Acceleration kx k

m
Let us solve the problem by ‘energy method’.
Initial extension of the sprig in the mean position,
5= M9

k
During oscillation, at any position ‘X’ below the equilibrium position, let the velocity of ‘m’ be v and
angular velocity of the pulley be ‘w’. If r is the radius of the pulley, then v = ro.
At any instant, Total Energy = constant (for SHM)
s (112) mv® + (1/2) T o® + (1/2) K[(x +8)? - §°] — mgx = Cosntant
= (1/2) mv® + (1/2) 1 ©° + (1/2) kx* — kx5 - mgx = Cosntant
= (1/2) mV® + (1/2) 1 (vV’/r*) + (1/2) kx* = Constant (8 = mg/k)
Taking derivative of both sides eith respect to ‘1,

——V— =0
dt r? dt dt
:>am+L = kx ( x=d—xanda d—X)
r2 dt dt
m+I
2
=2 kI =0’ =>T=2n r
X
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25.

26.

27.

28.

The centre of mass of the system should not change during the motion. So, if the block ‘m’ on the left
moves towards right a distance ‘X', the block on the right moves towards left a distance x’. So, total
compression of the spring is 2x.

1
2
Taking derivative of both sides with respect to ‘1. K

mx2vd—v+2kx2xd_x= W_NWV\_F'
dt dt i g

1

By energy method, %k (2x)2 +— mv’ + 2 mv’ = C = mv? + 2kx’ = C.

I Te—x —
.ma+2kx=0 [because v = dx/dt and a = dv/df] X
a _ 2k _ 2= _ 2k
S=_2 - = |22
X m m

= Time period T = 2x 1/2
2k

Here we have to consider oscillation of centre of mass
Driving force F = mg sin 6

Acceleration = a = F. g sin 6.
m
For small angle 0, sin 6 = 0.

La=g6= g(%j [where g and L are constant]

Soaoc X,
So the motion is simple Harmonic
Time period T = 2z \/—D'Sp'acem_e”t =on | X =2p |-
Acceleration ( gx ] g
L

Amplitude = 0.1m
Total mass = 3 + 1 = 4kg (when both the blocks are moving together)

S T=2n \/M=2n Ji = Esec.
k 100 5 3kg

.. Frequency = zi Hz.
T

100N/m

Again at the mean position, let 1kg block has velocity v. S A

KE. = (1/2) mv? = (1/2) mx* where x— Amplitude = 0.1m.
5 (172) x(1 x v?) = (1/2) x 100 (0.1)
= v =1m/sec ..(1)

After the 3kg block is gently placed on the 1kg, then let, 1kg +3kg = 4kg block and the spring be one
system. For this mass spring system, there is so external force. (when oscillation takes place). The
momentum should be conserved. Let, 4kg block has velocity v'.

.. Initial momentum = Final momentum

LIxv=4xv = Vv =14m/s (As v = 1m/s from equation (1))

Now the two blocks have velocity 1/4 m/s at its mean poison.

KEmass = (1/2) m'v’ = (1/2) 4 x (1/4)* = (1/2) x (1/4).

When the blocks are going to the extreme position, there will be only potential energy.

- PE=(1/2) k&% = (1/2) x (1/4) where 6 — new amplitude.

~1/4=10082 =5 = 1/i = 0.05m = 5cm.
400

So Amplitude = 5¢cm.

When the block A moves with velocity V' and collides with the block B, it transfers all energy to the
block B. (Because it is a elastic collision). The block A will move a distance ‘X’ against the spring, again
the block B will return to the original point and completes half of the oscillation.
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m
2m, [—
. . . k _ |m
So, the time period of B is =n N
A%
The block B collides with the block A and comes to rest at that point. A AB B
The block A again moves a further distance ‘L’ to return to its original
position. m m
.. Time taken by the block to move fromM — N and N -»> M l I
L L L M m <+—X —»R
is —+— =2 — < L >
vV Vv \Y
. . - L L m
.. So time period of the periodic motion is 2 v +n "
29. Let the time taken to travel AB and BC be t; and t, respectively
Fro part AB, a; =g sin45°. s, = L =2m
sin45°
Let, v = velocity at B A
V2 - U2 =2a; S, c
= V% =2 x g sin 45° x 01 _,
sin45° 10cm
=vVv= \/5 m/s 45° 60°
B
=YY = —\/5_0 =2 -2 _02sec
ay 9 10
V2
Again for part BC, a, = —g sin 60°, u =J§, v=0
b= 042 _2V2 _ 2x(1414) _ a6 00
J3 \/§g (1.732)x10
— g [
2
So, time period = 2 (t; + ;) = 2(0.2 + 0.155) = 0.71sec
30. Let the amplitude of oscillation of ‘m’ and ‘M’ be x4 and x, respectively.
a) From law of conservation of momentum,
mx4 = Mxy ...(1) [because only internal forces are present]
Again, (1/2) kx> = (1/2) Kk (X1 + X,)°
o X = Xq X0 (2)
[Block and mass oscillates in opposite direction. But x — stretched part] 41,

From equation (1) and (2) |_N\/k\Am |_|
r

X0=X1+mX1=[M+ij1 | |

M M O M O
Mx,
"M+m
S0, Xp = Xg— X1 = Xg | 1- M | MXo respectively.
M+m M+m

b) At any position, let the velocities be v4 and v, respectively.
Here, v4 = velocity of ‘m’ with respect to M.
By energy method
Total Energy = Constant
(1/2) MV? + (1/2) m(vy =v,)? + (1/2) k(x4 +X2)? = Constant ...(i)
[v4 — v = Absolute velocity of mass ‘m’ as seen from the road.]
Again, from law of conservation of momentum,
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31.

:>R1=

a
= =
X

.. Time period = 2xn L
\/ 2rg

M
MXo = MXq =>X1 = — X (1)
m

M
mvy, = m(V1 —Vz) = (V1 —Vz) = E Vo (2)
Putting the above values in equation (1), we get
1 1 M? 1

2
M2+ = m v+ — kx? 1+ M) < constant
2 2 m? 2 m

2
M (1 +M) Vo + k [1 +M) x22 = Constant.
m m

= mv22 + k(1 +Mj x22 = constant
m

Taking derivative of both sides,

M x 2v, da k—(|\/|+m)—ex22 X =0
dt dt
:>ma2+k[M+mjx2=0[because, v2=ddit2]
Xo Mm
o= k(M+m)
Mm
So, Time period, T = 2x ﬂ
k(M +m)

l )4 l
Ry =——Ryx=mg = —-Ryx+mgx—-R; —
= 12 1 92 1 g 12

4

>Ry L +Ry -~ =mg (X+g)

2 2

AN 2x+(
=Ry |=+=|=mg
(3v)me (%)

= R1 {= w
2

mg(2x + ¢

Now F4 = uRq = M
2¢
Similarly F, =uR, = 2M9(/=2X)
20

Since, Fy > F,. = F; —F, =ma = 2},1;’]9 «

@ = 032 => 0= ﬂ

¢ ¢

Let ‘X’ be the displacement of the plank towards left. Now the centre of gravity is also displaced through ‘X’
In displaced position

R1 + R2 = mg.

Taking moment about G, we get

R1(#/2 — x) = Ry(#/2 + x) = (mg — Ry)(#/2 + x) ...(1)\
So, Ry (/12 —x) = (mg — Ry)(¥/2 + x)

12.10
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32.

33.

34.

35.

36.

T = 2sec.
T=2n \/Z
g
m2=2n |- = L= p=tem (nn?~10)
10 10 2
From the equation,

0 = sin [ sec” {]
o = sec ' (comparing with the equation of SHM)

:E=n:>T=2sec.

WeknowthatT=2n\/Z :>2=2\/Z 1= |t
9 g 9

.. Length of the pendulum is 1m.
The pendulum of the clock has time period 2.04sec.

Now, No. or oscillation in 1 day = w =43200

=1

But, in each oscillation it is slower by (2.04 — 2.00) = 0.04sec.

So, in one day it is slower by,
=43200 x (0.04) = 12 sec = 28.8 min
So, the clock runs 28.8 minutes slower in one day.

For the pendulum, L /92
T, 91

Given that, T4 = 2sec, g, = 9.8m/s?

__ 24x3600  _., 3600
27 [24%3600 - 24 3599
2
2
NOW,g—=[LJ
(o] T,
3599\
gy =(9.8) | =22 | =9.795m/s?
g = ( >[3600j ms

a)T= 2n\/§ =2140.5 = 27(0.7)

. In 27(0.7)sec, the body completes 1 oscillation,

In 1 second, the body will complete 1
27(0.7)

1 10 0.70 .
= = times

27t(0 7) 14rn b
b) When it is taken to the moon

T=2n i, where g'— Acceleration in the moon.
9
=2n S
1.67

1 1.67 1 .
=== —/—=—(0.577 times.
T 2n\/ 5 = 5, 057N 2n 3

oscillation

1m.

12.11
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37.

38.

39.

40.

The tension in the pendulum is maximum at the mean position and minimum on the extreme position.
Here (1/2) mv® — 0 = mg {(1 — cos 60)

v = 2g8(1 - cosb)

Now, Tnax = mg + 2 mg (1 — cos 6) [T=mg +(mv2/£)]
Again, T, = mg coso.

According to question, Tmax= 2Tmin

= mg + 2mg — 2mg cos6= 2mg cos6

= 3mg = 4mg cosb

= cos 0 = 3/4

= 0=cos™ (3/4)

Given that, R = radius.

Let N = normal reaction.

Driving force F = mg sin®.

Acceleration =a = g sin 6 R

As, sin 0 is very small, sin6 — 0

..Acceleration a = go N/ (o
Let ‘X’ be the displacement from the mean position of the body, \
L 0=xR

=a=g0 =g(x/R) = (alx) = (g/R)
So the body makes S.H.M.

CT=2n \/Dlsplacem.ent =on X _ —op R
Acceleration gx/R g

Let the angular velocity of the system about the point os suspension at any time be ‘o’
So,ve = (R-no
Again v, = ro, [where, o4 = rotational velocity of the sphere]

0)1=VTC=[R-:_rJOJ ()

mg cos 0 mg sin 6 mg

mg

By Energy method, Total energy in SHM is constant.
So, mg(R — r)(1 — cos) + (1/2) mvZ+(1/2) los® = constant ,
R-r
- mg(R—r) (1= cosb) +(1/2) m(R —r)’ o +(1/2) m*| ) o’ = constant

= g(R-r)1-cosb) +(R- r)2 o’ [%+%} = constant

Taking derivative, g(R —r) sin 0 %:% (R- r)22w

do B
dt

7
in6=2x —(R-
= gsin x 10( ro R-1)

=gsind = % (R-n)a (R-r)cos 6

o= 5gsin® _ 596

7R-r) 7(R-r)
PRI

0 7(R-r)

So the motion is S.H.M. Again ® = ® 5 _ q=p; (fRZD)
7(R-r) 59

Length of the pendulum = 40cm = 0.4m.
Let acceleration due to gravity be g at the depth of 1600km.

mg

= constant

~gd=g(1-d/R) =98 [1-1890) _g g (1-1 =98 x 3 =7.35mss?
6400 4 4

12.12
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. Time period T' = 2% L
gd

= ZnJ% =21 4/0.054 =21 x0.23 =2 x 3.14 x 0.23 = 1.465 ~ 1.47sec.

41. Let M be the total mass of the earth.
At any position x,

4 PA
" px[gjnxﬁ T H JoR
™M a2y . p3 T o3 m
M px(4ij3 R R 0
I
So force on the particle is given by, : / R
u \L
~Fx= G'V'zm = G'V'3mx (1) i
X R | M
So, acceleration of the mass ‘M’ at that position is given by, QT
p= M B 2 GM_g g CM
* R? X R® R Y R?

So, T=2n /E = Time period of oscillation.
g
a) Now, using velocity — displacement equation.

V =0o (A% -R?) [Where, A = amplitude]
Givenwhen,y=R,v= JgR,» = \/g

= \/g_R = \/g \/(A2 —R2) [because o = \/g]

S>R*=A’-R’= A= 42R

[Now, the phase of the particle at the point P is greater than =/2 but less than = and at Q is greater
than & but less than 37/2. Let the times taken by the particle to reach the positions P and Q be t; & t,
respectively, then using displacement time equation]

y = rsin ot
We have, R = \/5 R sin ot; = oty = 3n/4
&-R = /2 Rsin ot, = oty = 5n/4
So, o —t) =2 > th—t = =

20 2.J(R/g)

T

m sec

b) When the body is dropped from a height R, then applying conservation of energy, change in P.E. =

Time taken by the particle to travel from Pto Qis t; —t; =

gain in K.E.

GMm GMm 1 5

- - = _—_m = R
= = R 5 \% =V=.g

Since, the velocity is same at P, as in part (a) the body will take same time to travel PQ.

c) When the body is projected vertically upward from P with a velocitng_R, its velocity will be Zero at
the highest point.
The velocity of the body, when reaches P, again will be v =\/giR, hence, the body will take same

time _r to travel PQ.

2JR/g)

12.13
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42.

43.

M = 4/3 nR%p.

M' = 4/3 nx°p
M

l\/l'I = [R3 jx13

a) F = Gravitational force exerted by the earth on the particle of mass ‘X’ is,

_ GM'm _ GMm x,° _ GMm _ _ GMm R?
Fe s s = X+
X4 R®  x, R R 4
b)F, = F cos 6 = SMmxy X _ GMmx
R X4 R3
F.=Fsing= GMmx; R _ GMm

R® 2x; 2R?

c)Fy= (;'YITT [since Normal force exerted by the wall N = F,]

d) Resultant force = GMan
R
e) Acceleration = Driving force _ Gl\/:!mx _ Gl\gx
mass R3m R

So, a a x (The body makes SHM)

3
'.E=W2=— = GM DT 2 R
X V \Gm

Here driving force F=m(g+ap)sin6 (1)

Acceleration a = F_ (g +ao) sin 0 = w
m C

(Because when 0 is small sin 6 — 6 = x/f)
(9+ag)x

l
.. acceleration is proportional to displacement.
So, the motion is SHM.

Soa=

Now 2 = (9+30)
)4
S T=2n £
g+ag

b) When the elevator is going downwards with acceleration ag
Driving force = F = m (g — ap) sin 6.
(g-apg)x _ 2

Acceleration = (g — ap) sin 6 = - o” X
= E =21 £
® g-3ap

¢) When moving with uniform velocity ag = 0.

For, the simple pendulum, driving force = %

=a-= g—:5=£
)4 a

/d|splaceme nt on v
acceleration g

s

mg

+ag)sin 6
m(g+ap)sin ma.

>

mg

lao

mg

0

mag

m(g+ag)sin 6

12.14
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44. Let the elevator be moving upward accelerating ‘ay’
Here driving force F = m(g + ao) sin 6
Acceleration = (g + ao) sin 6
=(g +ap)o (sin 6 — 0)
= (g+ag)x = o2

g+3ag
Given that, T = n/3 sec, £ = 1ft and g = 32 ft/sec?
T 1

— =2n
3 32+ag

L
9 32+a

=32+a=36 = a=36-32 =4 ftlsec’
45. When the car moving with uniform velocity

T=2Tt\/Z:>4=2TE\/Z (1)
g g

When the car makes accelerated motion, let the acceleration be ag
4

g2 + aOZ

~399=2n |
g” +ag

/
I__4 _ (92+5102)1 ‘
T 3.99 \/5
Solving for ‘ag’ we can get ap = g/10 ms
46. From the freebody diagram,

T=_[(mg)? +[mr—‘2’2]

4 412
\ . 2 Vv
=m ,|g° +— =ma, where a = acceleration = | g% + -
r2 r2 T

The time period of small accellations is given by,

T=2n

Now

-2

47. a)f=3cm =0.03m.

T=2n \/7 1/00 = 0.34 second.

b) When the lady sets on the Merry-go-round the ear rings also experience
centrepetal acceleration

Resultant Acceleration A = /g% +a® = /100 +64 = 12.8 m/s’

Time period T = 2 \/z = 27:1/0 03 = 0.30 second.
A 12.8

mg

L
A Tao
o1 |
O mg l
B mg
map
{
mg mv?/r
mg
| |
mv?/r
vaIr
A
[¢]
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48. a) M.l. about the pt A =1= lc g + Mh?

me? m¢? ° M

T2 M2T g +m(03)'= M(i+0.09 =m (1108 -y (—2'08 N

12 12 12 30cm
B
L T=2rn . 2n W/ﬂ (' = dis. between C.G. and pt. of suspension)
mg/’ mx9.8x0.3
~ 1.52 sec.
b) Moment of in isertia about A A

| = lcg+ mr* =mr? + mr® =2 mr®

2
.. Time period = 27 S 2n 2mr” 2n 2
\/ mg/ mgr g

2ma?
3

2., .2
c) lzz (corner) = m(a ;—a j =

In the AABC, £ + {* = a°

V

~E=

oE

2

2 2
S T=2r ! =2n 2ma =2n 2a =2n @
\ mg/ \I 3mg/ 3gav2 | 3g

d)h=r/2, £=r/2=Dist. Between C.G and suspension point.

2 2 2 4
2 2
- T=2n L =21 m:zn L:zn i
mg/ 4mg/ [ r J 29
49 -
2
49. Let A — suspension of point.
B — Centre of Gravity.
v=12, h =142
Moment of inertia about A is

m¢?2 N m¢? _ m¢?2
12

4 3
,7 2
=>T=2rn ! =2n 2m¢ =2n 20
\/ [/j 3mgl 3g
mg| —
2
Let, the time period ‘T’ is equal to the time period of simple pendulum of length ‘x’.
S T=2n \/%.So 2 _x =X= 2

"33 g 3

.. Length of the simple pendulum = %

2 2
M.I. about A, 1 = Ig. g+ Mh? = ﬂm[ﬁj = mr? [l+lj - %mrz

| =lcg + mh? =

50. Suppose that the point is ‘X’ distance from C.G.
Let m = mass of the disc., Radius =r
Here I = x
M.I. about A = I g + mx® = mr¥/2+mx’ = m(r’/2 + X°)
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51.

52.

R dt? _
For T is minimum — =0
dx
2,2 2052
d e d(4nr , 4n%2x J

"X dx| 2gx 2gx

According to Energy equation,

mgf (1 — cos 0) + (1/2) lo? = const.

mg(0.2) (1 — cosb) + (1/2) lo” = C. )
Again, | = 2/3 m(0.2)* + m(0.2)?

=m [—0'?308 + 0.04}

(0.1208
=m

From equation
Differenting and putting the value of  and 1 is

d 10.1208 P d
— 0.2)(1- 0)+———— =—(C
dt{mg( )(1—cos )+2 3 mm} dt( )

=0

= mg (0.2) sin6 @+ 1(0.1208 m2md—(D
dt 2 3 dt

— 2N = 0.1208

o [because, g = 10m/s?]

For simple pendulum T = 2x % = 0.86sec.

% more = % =0.3.
. Itis about 0.3% larger than the calculated value.

(For a compound pendulum)

a)T=2n /—I =2n L
mg/ mgr

The MI of the circular wire about the point of suspension is given by
o I=mr? + mr? = 2 mr? is Moment of inertia about A.

Jm. Where | - Moment of Inertia about the pt of suspension A

@ X
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2
0=7 2mr“mgr - o 2r
g
:gzlzzr=i2=0.5n=50cm.(Ans)
g =n 2n

b) (1/2) ®*> — 0 = mgr (1 — cos0)
= (1/2) 2mr® — ©° = mgr (1 — cos 2°)
= w’=g/r (1 - cos 2°)
= o = 0.11 rad/sec [putting the values of g and r]
=vVv=0X%2r=11cm/sec.
c) Acceleration at the end position will be centripetal.
=a, = o’ (2r) = (0.11)* x 100 = 1.2 cm/s?
The direction of ‘a,’ is towards the point of suspension.
d) At the extreme position the centrepetal acceleration will be zero. But, the particle will still have
acceleration due to the SHM.
Because, T = 2 sec.

Angular frequency o = ZT (n=3.14)

So, angular acceleration at the extreme position,

3
o= 0’0 = n? x 2n _ 2n [1°= —rad|ous]
180 180 180

3
So, tangential acceleration = o (2r) = 12;50

x 100 = 34 cm/s®.

53. M.L. of the centre of the disc. = mr®/2

T= Zn\/7 ‘,mr [whereK Torsional constant]

T2 = 412 ﬂ = 272 K N\
2K
2 2
2P mP=KT? =K-= 2mr2n ©
T
2 2
.. Torsional constant K = 2mr2n
T
54. The M.I of the two ball system
| =2m (L/2)* = m L%?2 —
At any position 6 during the oscillation, [fig-2]

Torque = kb
So, work done during the displacement 0 to 6y,
9 O———=0

W = Ikede= K 06%/2

By work energy method,
(1/2) lo® = 0 = Work done = k 8,%/2
o2 = KOo® _ KOp®
2l mL2
Now, from the freebody diagram of the rod,

T, = y(mw?L)? +(mg)?

2 ) 20 4
= \/[m k902 xL] +m?g®> = k0 +m?g?
mL’
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55. The particle is subjected to two SHMs of same time period in the same direction/
Given, ry = 3cm, r = 4cm and ¢ = phase difference.

Resultant amplitude = R = \/r12 + r22 +2ryr, cos ¢
a) When ¢ = 0°,
R= (32 +42+2x3x4c0s0° =7 cm
b) When ¢ = 60°
R= (32 +42 +2x3x4c0s60° = 6.1 cm
c) When ¢ =90°
R= /(32 +42 +2x3x4c0s90° =5 cm

56. Three SHMs of equal amplitudes ‘A’ and equal time periods in the same dirction combine.
The vectors representing the three SHMs are shown it the figure.
Using vector method,

Resultant amplitude = Vector sum of the three vectors
=A+Acos60°+Acso60°=A+A2+A2=2A
So the amplitude of the resultant motion is 2A.

57. x1=2sin 100 =t
X2 = w sin (120xt + n/3)
So, resultant displacement is given by,
X = X1 + X2 = 2 [sin (100xt) + sin (120xnt + 7/3)]
a) Att=0.0125s,
x =2 [sin (1007 x 0.0125) + sin (120% x0.0125 + 7/3)]
= 2 [sin 57t/4 + sin (31/2 + 7/3)]
=2[(-0.707) + (-0.5)] = - 2.41cm.
b) Att=0.025s.
x =2 [sin (100% x 0.025) + sin (120% x0.025 + ©/3)]
= 2 [sin 51/2 + sin (3n + 7/3)]
=2[1+(-0.8666)] = 0.27 cm.
58. The particle is subjected to two simple harmonic motions represented by,
X = Xg Sin wt
S =g sin wt
and, angle between two motions = 6 = 45°
..Resultant motion will be given by,

R = /(x? + 52 + 2xsC0S 45°)

= \/{xo2 sin? wt + 5,2 sin® Wt + 2X,S, sin? wix(1/~/2)}
= [xo2 +soz= \/E xoso]”2 sin wt

.. Resultant amplitude = [xo2 +302= 2 xoso]”2

L XX X X
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SOLUTIONS TO CONCEPTS
CHAPTER 13

p=hpg
It is necessary to specify that the tap is closed. Otherwise pressure will gradually decrease, as h
decrease, because, of the tap is open, the pressure at the tap is atmospheric.

a) Pressure at the bottom of the tube should be same when considered for both limbs. Pa
From the figure are shown, l
Pg * pHg X N2 X g =pa+ pug X hy x g T
= Pg = Pa * Prg X g(h1 — hy) == Pa
b) Pressure of mercury at the bottom of u tube Gas ;a l
P =patpughixg !

From the figure shown
Pa + hpg = pa + mg/A

= hpg = mg/A A =900 cm’
= h= ﬂ
Ap

a) Force exerted at the bottom.
= Force due to cylindrical water colum + atm. Force
=Axhxp,xg+p,*xA
=A(h pw g + pa)
b) To find out the resultant force exerted by the sides of the glass, from the freebody, diagram of water
inside the glass
PaxA+mg=Axhxp,xg+Fs+p,xA
=>mg=Axhxp,xg+F
This force is provided by the sides of the glass.
If the glass will be covered by a jar and the air is pumped out, the atmospheric pressure has no effect.
So,
a) Force exerted on the bottom.
=(hpwg) xA
b) mg=hxp,xgxAxF
c) It glass of different shape is used provided the volume, height and area remain same, no change in
answer will occur.
Standard atmospheric pressure is always pressure exerted by 76 cm Hg column
= (76 x 13.6 x g) Dyne/cm®.
If water is used in the barometer.
Let h — height of water column.
“hxp,xg
F=PxA=(hp,xg)A
The force does not depend on the orientation of the rock as long as the surface area remains same.
F=Ahpg.
The force exerted by water on the strip of width 8x as shown,
dF=pxA
= (xpg) x A
c) Inside the liquid force act in every direction due to adhesion.
di=Fxr
d) The total force by the water on that side is given by

O 0O T O
— — — —

)
F= j 20000 x5x = F = 20,000 [x2/2]}
0

e) The torque by the water on that side will be,

131
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10.

11.

12.

13.

14.

15.
16.

17.
18.

1
i= jzoooo x8x (1= x) = 20,000 [x2/2-x3/3]}
0

Here, mp=ma, + m, =36 g (1)
Let V be the volume of the ornament in cm®
So,Vxpyxg=2xg

= (Vau+ Vo) XpuXg=2xg

= (£+£Jpwxg =2xg

Pau au

= [Mau  Mau | 425
9.3 8.9

=89 mp, +19.3my, =2 x19.3 x 8.9 =343.54 ...(2)
From equation (1) and (2), 8.9 mp, + 19.3 m¢, = 343.54
N 8.9(mp, +m,)=8.9%x36

me, =2.225g
So, the amount of copper in the ornament is 2.2 g.

[MA“ + VCJpW xg =2 x g (where V, = volume of cavity)

PAu
mg = U + R (where U = Upward thrust)
=>mg-U=R

= R=mg-v py g (because, U = vp,g)
m

=Emg- —XpyX*g
p

a) LetV; - volume of boat inside water = volume of water displace in m?>.
Since, weight of the boat is balanced by the buoyant force.
= mg=Vixp,xg
b) Let, v' = volume of boat filled with water before water starts coming in from the sides.
mg+V' pyxg=Vxp,xg.
Let x - minimum edge of the ice block in cm.
So, mg + Wi, = U. (where U = Upward thrust)
:>O_5xg+x3xPicexg=x3waxg
Vice = Vk + Vw
Vice ® Pice X 9= Vi X px X g+ Vy X py X g
= (Vi + Vi) X pice = Vik X px + Vy, X py
= V—W =1.
Vk
Vig =V puwg
(my + mpb)g =(Vy + Vpb) pxg
m

m
= (my, + Mpy,) = “w o pb p
Pw  Ppb

Mg =w = (my + my)g=V,*xpxg

Given, x =12 cm

Length of the edge of the block png = 13.6 gm/cc
Given that, initially 1/5 of block is inside mercuty.
Let p, — density of block in gm/cc.

. (x)° % py x g = (x)° % (x/5) % prg X g

=12°x p, =122 x 12/5x 13.6

13.6
= pp= = gm/cc

13.2



19.

20.

21.

22.

23.

24.

25.

After water poured, let x = height of water column.
Vp = Vig + V= 12°

Where V4 and V,, are volume of block inside mercury and water respectively

(Vb X ppxg)= (VHg X PHg % 9) + (Vu X pw *x Q)
= (VHg + Vw)pb = VHg x PHg + Vw X Pw-

136 =Vpgx 13.6 +V,, x 1

= (VHg + Vw) x

13.6

= (12)° x = (12 =x) x (12)° x 13.6 + (x) x (12)* x 1

=x=104cm
Here, Mg = Upward thrust
= Vpg = (V/2) (pw) *x g (where p,, = density of water)

:inrs—inr3 —1 i7rr3><
32 31P 232 Pw

= (° —r’)xp =%r23 x1 = 865 kg/m®.

W1 + W2 =U.
=>mg+V xpgxg=V xp, x g (where ps = density of sphere in gm/cc)
=1-ps=0.19

= ps=1-(0.19) = 0.8 gm/cc
So, specific gravity of the material is 0.8.

m
Wi=mg—Viparxg= [m_;pairJg

m
Wy =mg -V, par g = (m __pairJg

w

Driving force U = Vp,g

—a=mn?(X)xpyg = T=2n /dlsplacem.ent
Acceleration

a) F +U=mg (where F = kx)

= kx+ Vp,g=mg

b) F=kX+ Vpy xg

= ma=kX+ar’ x (X) X py x g = (k + 1’ x p,, x g)X

(k+Tcr2><pW><g)><
m

= T=2n +
K+arexp, xg

a) mg = kX +Vp,g

= o’ x(X)= (X)

b) a=kx/m
w?x = kx/m
T= 2nvm/k

Let x — edge of ice block
When it just leaves contact with the bottom of the glass.
h — height of water melted from ice
W=u
= X3xpicexg=xthxpwxg
Again, volume of water formed, from melting of ice is given by,
#-x=nxr*xh-xh ( because amount of water = (r:r2 - x2)h)
=4 -xX>=1x3"xh-x*h
Putting h =0.9 x = x = 2.26 cm.

13.3
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26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

If p — atm. Pressure

A — area of cross section

h — increase in hright
P-A+AxLxpxag=pa"+hpgx A
= hg=agl = aol/g

Volume of water, discharged from Alkananda + vol are of water discharged from Bhagirathi = Volume of

water flow in Ganga.
a) ap x VA = Q/.\
b) apn X Va=ag*x Vg
C) 1/2 pvaZ + pa=1/2 pvs’ + s

= (pa—Ps) = 1/2 p (v* — Va")
From Bernoulli’s equation, 1/2 pva® + pgha + pa
= 1/2 pvg® + pghg + ps.
= Pa—Pg = (1/2) p (V> = Va2) + pg (hg — ha)
112 pvg” + pghg + pg = 1/2 pva® + pgha + pa
1/2 pvaZ + pgha + pa =1/2 pvg® + pghs + ps
= Pg—Pa=1/2 p(va’ = V&°) + pg (ha — hg)
V@, =Vg xag
= 1/2 pva? + pgha + pa = 1/2 pve® + pghs + pg
= 1/2 pva® + pa = 1/2 pve’ + pg
= Pa—Pg = 1/2 p(ve? — v&?)
Rate of flow = v, x ap
Vaap=Vgag = Va _%

B a,

5va = 2vg = vg = (5/2)va
1/2 pva? + pgha + pa = 1/2 pvg? + pghg + pg
= Pa—Pg=1/2p (vs° — vg°) (because P — Pg = hpng)
Pa + (1/2)pva” = Pg + (1/2) pve® = pa— pas = (1/2)pvs” {va = 0}
= pgh = (1/2) pVs’ {pa = Paim *+ pgh}

= Vg = ,/2gh

dh \/297h —dh= ax,IZgh x dt

= AXx —=ax
dt A

d) dh = 2xyegh xat \'29h><dt:>'|'=%\/§[\/|-|_1_ﬁ]

A
v = 2gH-h)

t=2h/g

x=vxt=,2gH-h)x2h/g = 44/(Hh—h?)

So, = [d—(th(Hh—hz):O =0=H-2h = h=H/2.

W)
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FL AL F
= —_— : —_— —
AAL L YA
p = stress = mg/A
e = strain = p/Y
Compression AL = el
aL=FL
AY
Lsteel = Lcu and Asteel = Acu
Stress of cu _ Fy, Ag
Stressof st Ay, Fy

Alst  Fylg

A

SOLUTIONS TO CONCEPTS
CHAPTER 14

= Fc_u:’]
Fst

Y,

—— ( Lcu = |st ; Acu = Ast)

b) Strain = =
Alcu Ay Y

(Tl
L Ju AY,

(ELw
L o AV

strain steel wire

Fedl

cu'cu

Yeu

Strain om copper wire - AYg F

. T,
Stress in lowerrod = -+ =

1

Stress in upper rod = T2

u

For same stress, the max load that can be put is 14 kg. If the load is increased the lower wire will break

first.
T _M8+09 _ g, 408

The maximum load that can be put is 2 kg. Upper wire will break first if load is increased.

A, A,

T, _ myg+mg+og
AU AU
FL

CAAL

_FL _ p_YAAL
AAL L
myg—T = msa (1)

and T—-F=ma

m,g—-F

..(2)

—a=

FAY,,

(A =Ag) ="

Y,

st
m,g + og
A1
Mmag+mg+wg
Ay

=w =14 kg

= w=.18 kg

= w=14kg

=8x10°= wy=2kg

14.1
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10.

1.

12.

myg

From equation (1) and (2), we get —=———
2(my+my)

Again, T=F + msa

_or_Mg., Mg M3 -+ 2mymy,g
! 2(my+m,) 2(my+my)
Now Y = i:A_L:L
A AL L AY

_ AL _(m3+2mimy)g _ myg(m, +2m;)
L 2(my+my)AY  2AY(m,+m,)
At equilibrium = T =mg

mzg

When it moves to an angle 0, and released, the tension the T' at lowest point is

2
mv
=T =mg+ —
"
2

The change in tension is due to centrifugal force AT = mTv ..(1)
= Again, by work energy principle,

= %mv2 — 0 =mgr(1 - cosb)

= v* = 2gr (1 - cosf) ..(2)
So, AT = M =2mg(1-cos )

= F=AT

=F= YA AL _ 2mg — 2mg cos 6 = 2mg cos 6 = 2mg — YALAL
=cosf=1- If(gmAgL)

From figure cos 6 =

-1/2
X X X2
=
X2 +1? ' |

=x/I (1)
Increase in length AL = (AC + CB) — AB
Here, AC = (I* + x)'"?

So, AL = 2(* + x%)"? - 100 ..(2)
F I
Y= —— ...(3
A Al 3
From equation (1), (2) and (3) and the freebody diagram,
2| cosb = mg.
Y = i = A_L = L
AAL L Ay
_ AD/D AD AL
- — = —
AL/L D L
Again, % = &
A r
= A= &

14.2



15.

16.
17.
18.

19.

20.

21.

22.

23.
24,

0
pogh 1 2 pogh

(Vo —Va)/ Vo Vo B
= E:@—@j )
Vo B
Putting value of (2) in equation (1), we get

PV o1
po 1-pogh/B P (1=pgh/B) "

_F
LY
Lateral displacement = 16.

F=TI

vol.strain =

2T, 4T 2T
a) P= ng byP=—2  c)P=—2

a) F=PA
b) Pressure = Py + (2T/r)
F=PA=(Py+ (2T/INA

c) P=2TIr
F=PA= EA
r
a) h, = 2Tcos6 b) hg = 2Tcos6
A —P9 'sP9
2Tjy4 COS Opyg
Pg=—-—""
rpHgg
h, = 21,086, where, the symbols have their usual meanings.
.9
h

hy _ Ty  Prg COSO,
Phg Thg Po COSOyg
_ 2Tcosb6

rrg
p=2T

r

P=FIr
A=nr?
iTtR3 = i7Tr3 x8
3 3
=r=R/2=2
Increase in surface energy = TA’ — TA

h

14.3
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25.

26.

27.
28.
29.

30.

31.

32.

h= 2T cos6 b= 2T cos6

rpg rpg

h'rpg
= cos 6=
2T
So, 0 = cos™" (1/2) = 60°.
a) h= 2T cos6
rpg
b) Tx2nrcos 6 =nr‘hx pxg
.. Ccos 0= M
2T

T(2)=[1 x (107%) x h]pg

Surface area = 4xr’
The length of small element=rd 6
dF=Txrdo
considering symmetric elements,
dF, = 2T rd6 . sin® [dF, = 0]
/2
so, F = 2Trj sin6d6 = 2TrfcosO%/2 =T x 2r
0
Tension = 2T =T x2r=> T =Tr
a) Viscous force = 6nnrv

b) Hydrostatic force = B = (%)nrscg

c) 6mnrv+ (%J aricg =mg

m
o ol
_2r%(p-o)g _ 25\ (4/3)m
9 n 9 n

\"

To find the terminal velocity of rain drops, the forces acting on the drop are,

i) The weight (4/3)x r* pg downward.
ii) Force of buoyancy (4/3)r r og upward.
iii) Force of viscosity 6 n n r v upward.

Because, o of air is very small, the force of buoyancy may be neglected.

Thus,
2
6rnrv= (i)nrng or v=2Cp9
3 9
pD n
AAAA
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SOLUTIONS TO CONCEPTS
CHAPTER 15

v =40 cm/sec
As velocity of a wave is constant location of maximum after 5 sec
=40 x 5 = 200 cm along negative x-axis.

Giveny = Aelx/a)(t/ TP
a) [A1=[M°L'T, [T] = [M°L°T']
[a] = [M0L1-|—0]

b) Wave speed, v = A/T = a/T [Wave length A = a]
c) Ify =f(t— x/v) > wave is traveling in positive direction

and if y = f( t + x/v) > wave is traveling in negative direction
—(1/T)[L+tr

So,y= Ae X/ = pg ™ HalT

_ Aef(wT)Bn]z

ie.y=ft+(x/v)}
d) Wave speed, v =alT
. Max. of pulse att =T is (a/T) x T = a (negative x-axis)
Max. of pulse at t = 2T = (a/T) x 2T = 2a (along negative x-axis)
So, the wave travels in negative x-direction.

At t=1 sec, s;=vt=10x1=10cm
t =2 sec, s, =vt=10x2=20cm
t =3 sec, s3=vt=10x3=30cm

The pulse is given by, y = [(a%) / {(x — vt)* + a%}]
a=5mm=0.5cm,v=20cm/s
Att=0s,y=a’/(x* +a’)
The graph between y and x can be plotted by taking different values of x.
(left as exercise for the student)
similarly, att=1s, y= a’/ {(x— v)2 + a2}
andatt=2s, y=a’/{(x—2v)®+a?%
At x =0, f(t) = a sin (V/T)
Wave speed = v
= A = wavelength = vT (T = Time period)
So, general equation of wave
Y =Asin [(VT) — (x/vT)] [because y = f((t/T) — (x/A))
Att=0, g(x) = A sin (x/a)
a) [ML'T =[]
a=[ML"TY =[]
b) Wave speed = v
.. Time period, T = a/v (a = wave length = 1)
.. General equation of wave
y =Asin{(x/a)—t/(alv)}
=Asin {(x—vt)/ a}
Att=ty, g(x, to) = A sin (x/a) ..(1)
For a wave traveling in the positive x-direction, the general equation is given by

x t
= fl ———
Y (a TJ
Putting t = —t; and comparing with equation (1), we get

= g(x, 0) = A sin {(x/a) + (t,/T)}
= g(x, t) = A sin {(x/a) + (to/T) — (V/T)}
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Chapter 15

10.

1.

As T = alv (a = wave length, v = speed of the wave)

=>y= Asin[§+t—°—#J
a (alv) (alv)

_ Asin(x +V(tg —t))
a
x —v(t —to)}
a

The equation of the wave is given by
y= (0.1 mm) sin [(31.4 m)x +(314 s)t]  y=rsin {(2nx/ L)} + ot)
a) Negative x-direction
b) k=314m™
=>20UA=314=21=21/31.4=0.2mt=20 cm
Again, » =314 5™
= 2nf=314 = =314/ 21 = 314 / (2 x (3/14)} = 50 sec™’
.. wave speed, v = Af =20 x 50 = 1000 cm/s
c) Max. displacement = 0.10 mm

Max. velocity = aw = 0.1 x 107" x 314 = 3.14 cm/sec.
Wave speed, v =20 m/s

A=0.20cm

A=2cm
a) Equation of wave along the x-axis

y = A sin (kx — wt)
w k=2n/A=2n/2=mcm’

T = A/v = 2/2000 = 1/1000 sec = 10~ sec

= o =2n/T=2nx 10" sec™

So, the wave equation is,
- y=(0.2 cm)sin[(r cm™)x — (21 x 10° sec )]
b) Atx=2cm,andt=0,

y=(0.2cm)sin (n/2)=0
*~ v=rocos nx = 0.2 x 2000 & x cos 2n =400 =

=400 x (3.14) = 1256 cm/s
=400 n cm/s = 4n m/s

=>y= Asin[

Y=(1 mm)sinn[i— t }
2cm 0.01sec

a) T=2x0.01=0.02sec=20ms
A=2x2=4cm

b) v = dy/dt = d/dt [sin 21 (x/4 — t/0.02)] = —cos2x {x/4) — (t/0.02)} x 1/(0.02)

= v =-50 cos 2= {(x/4) — (t/0.02)}
atx=1andt=0.01sec, v=-50cos 2" [(1/4) - (1/2)] =0
c) i) atx=3cm,t=0.01sec
=-50cos 2n (3/4-"%)=0
i) atx=5cm, t=0.01sec, v =0 (putting the values)
iii) atx=7cm, t=0.01sec,v=0
atx=1cmandt=0.011sec

= 50 cos 27 {(1/4) — (0.011/0.02)} = —50 cos (3n/5) = -9.7 cm/sec

(similarly the other two can be calculated)
Time period, T=4 x 5 ms = 20 x 10°=2x107%s
A=2x2cm=4cm
frequency, f=1/T=1/(2x 10?) =50 s = 50 Hz
Wave speed = Af =4 x 50 m/s = 2000 m/s = 2 m/s
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12.

13.

14.

15.

16.

17.

Given that, v =200 m/s
a) Amplitude, A=1mm
b) Wave length, A =4 cm

c) wave number, n = 2n/A = (2 x 3.14)/4 = 1.57 cm™ (wave number = k)

d) frequency, f = 1/T = (26/1)/20 = 20/4 = 5 Hz
(where time period T = A/v)
Wave speed = v = 10 m/sec
Time period =T=20ms =20 x 10° =2 x 107 sec
a) wave length, . =vT=10x2x 102 =0.2m =20 cm
b) wave length, L =20 cm
. phase diff" = (2n/L) x = (2n / 20) x 10 = & rad
y1=asin (ot—kx) = 1.5=asin (ot-kx)
So, the displacement of the particle at a distance x = 10 cm.
2nx  2nx10
T
y> =asin (ot — kx + 1) = —a sin(ot — kx) = -1.5 mm
", displacement = —1.5 mm
mass = 5 g, length | =64 cm
.. mass per unit length = m = 5/64 g/cm
.. Tension, T =8N =8 x 10° dyne

V= J(T/m) =+/(8x10° x64)/5 = 3200 cm/s = 32 m/s

a) Velocity of the wave, v = /(T/m) = /(16 x10°)/0.4 = 2000 cm/sec

. Time taken to reach to the other end = 20/2000 = 0.01 sec

=n]is given by

Time taken to see the pulse again in the original position = 0.01 x 2 = 0.02 sec
b) Att=0.01s, there will be a ‘though’ at the right end as it is reflected.

The crest reflects as a crest here, as the wire is traveling from denser to rarer medium.

= phase change =0

a) To again original shape distance travelled by the wave S = 20 + 20 = 40 cm.

Wave speed, v =20 m/s = time = s/v = 40/20 = 2 sec

b) The wave regains its shape, after traveling a periodic distance = 2x30 = 60 cm

.. Time period = 60/20 = 3 sec.

c) Frequency, n = (1/3 sec™")
n=(1/21){/(T/m) m = mass per unit length = 0.5 g/cm
= 1/3 =1/(2 x 30) /(T/0.5)

= T =400 x 0.5 = 200 dyne = 2 x 10~ Newton.
Let v = velocity in the 1% string

=vy=/(T/my)

I <«— 20 cm —|

o)
30 cm—

Because m; = mass per unit length = (psa4l4 / |1) = p1a; where a; = Area of cross section

=>vi=(T/pay) ...(1)

Let v, = velocity in the second string

=V, = (T/m?)

= vy = (T/psa,) ...(2)

Given that, v4 = 2v,

= \/(T/P1a1) = 2\/(Tlpzaz) = (T/aips) = 4(T/azp,)
S pilp2=14=pi:p=1:4 (because a; = ay)
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18.

19.

20.

21.

22.

23.

m = mass per unit length = 1.2 x 107 kg/mt
Y =(0.02m) sin [(1.0 m™)x + (30 s
Here, k =1 m = 2n/n
®=30s"=2xf
.. velocity of the wave in the stretched string
v =AM = w/k =30/1=30 m/s
=v=+T/m = 30y(T/1.2)x107*N)
=T=10.8x10°N=T=1.08x 10" Newton.
Amplitude, A=1cm, Tension T=90 N
Frequency, f = 200/2 = 100 Hz
Mass per unit length, m = 0.1 kg/mt
a) =>V=+T/m =30m/s
A =VIf=30/100=0.3 m=30cm
b) The wave equation y = (1 cm) cos 2= (1/0.01 s) — (x/30 cm)
[because at x = 0, displacement is maximum]
c) y=1cos 2n(x/30 — t/0.01)
= v =dy/dt = (1/0.01)2x sin 2= {(x/30) — (¥/0.01)}
a = dv/dt = — {4n? / (0.01)% cos 2 {(x/30) — (t/0.01)}
When, x=50cm,t=10ms =10 x 103s
x = (2r / 0.01) sin 2z {(5/3) — (0.01/0.01)}
= (p/0.01) sin (2r x 2/ 3) = (1/0.01) sin (4n/3) = =200 = sin (n/3) = —200 nx (~/3/2)
=544 cm/s =5.4 m/s
Similarly
a = {4n° / (0.01)% cos 2x {(5/3) — 1}
= 471° x 10* x % = 2 x 10° cm/s® = 2 km/s®
I=40cm, mass=10g
.. mass per unit length, m = 10/ 40 = 1/4 (g/cm)
spring constant K = 160 N/m
deflection=x=1cm=0.01m
= T=kx=160x0.01=1.6 N =16 x 10* dyne

Againv = [(T/m) = {(16x10* /(1/4) =8 x 10 cm/s = 800 cm/s
.. Time taken by the pulse to reach the spring

t =40/800 = 1/20 = 0/05 sec.
m; =m, = 3.2 kg

mass per unit length of AB = 10 g/mt = 0.01 kg.mt A "
mass per unit length of CD = 8 g/mt = 0.008 kg/mt c
for the string CD, T=3.2 x g m;

=v=(T/m) = J(3.2x10)/0.008 = /(32x10%)/8 = 2x10+10 =20 x 3.14 = 63 m/s

for the string AB, T=2x3.2g=64xg=64N

=v=/(T/m) = ,/(64/0.01) = /6400 =80 m/s

Total length of string 2 + 0.25 = 2.25 mt
45%x107°

Mass per unitlengthm= ===~ =2 x 107 kg/m
P g 225 1P

T=2g=20N

Wave speed, v = /(T/m) = @/(2><10’3):\/F= 10° m/s = 100 m/s
Time taken to reach the pully, t = (s/v) = 2/100 = 0.02 sec.

m=19.2 x 10~ kg/m

from the freebody diagram,

T-4g—-4a=0 4 kg
=>T=4(a+g)=48N 4g
wave speed, v = /(T/m) =50 m/s

4a
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24. Let M = mass of the heavy ball
(m = mass per unit length)

Wave speed, v; = /(T/m) = /(Mg/m) (because T = Mg)
=60 = ,/(Mg/m) = Mg/ m =60 ...(1)

From the freebody diagram (2),

vy = /(T'/m)

[(Ma)? +(Mg)*]"*

m1/2

[(Ma)” +(Mg)]"* |
m'/2 Ii,

2 2 Ma
(Mo + MG _ g @

=V, = (because T’ = 4/(Ma)® +(Mg)?* )

=62=

=

Eq(1) + Eq(2) = (Mg/m) x [m /y/(Ma)? + (Mg)? ] = 3600 / 3844 (Mﬁ?on)
=g/ @ +g?) =0.936 = g°/ (a° + g°) = 0.876
= (a® + 100) 0.876 = 100
=a’°x0.876 =100 - 87.6 = 12.4
=a’°=12.4/0.876 = 14.15 = a = 3.76 m/s’
~. Acce" of the car = 3.7 m/s?

25. m = mass per unit length of the string
R = Radius of the loop
o = angular velocity, V = linear velocity of the string
Consider one half of the string as shown in figure. I
The half loop experiences cetrifugal force at every point, away from :
centre, which is balanced by tension 2T. l ¢
Consider an element of angular part do at angle 6. Consider another T T
element symmetric to this centrifugal force experienced by the element
= (MRd6)w°R.
(...Length of element = Rd0, mass = mRdo)
Resolving into rectangular components net force on the two symmetric elements,

DF = 2mR? d0w? sin 0 [horizontal components cancels each other]
/2
So, total F = j 2mR%0? sin0do = 2mR%w? [- cosh] = 2mR%w’
0

I (MRdOWR
0

Again, 2T = 2mR%»’ =T =mR%’
Velocity of transverse vibration V= vT/m = oR =V
So, the speed of the disturbance will be V.
26. a) m — mass per unit of length of string
consider an element at distance X’ from lower end.
Here wt acting down ward = (mx)g = Tension in the string of upper part

Velocity of transverse vibration =v = /T/m = \/(mgx/m) =./(gx)

b) For small displacement dx, dt = dx /./(gx)

L
Total time T = [dx/\/gx = /(4L/g)
0

c) Suppose after time ‘t’ from start the pulse meet the particle at distance y from lower end.

“

Yy
t= [dx/Jox = (dy/g) A g
!X\/?JVQ T

B%;
.. Distance travelled by the particle in this time is (L — y) 31 Ts
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27.

28.

29.

30.

31.

32.

33.

L S—ut+1/2gf

= L-y(1/2)gx {{(4y/9)’} {u=0}

=>L-y=2y=3y=L
= y = L/3. So, the particle meet at distance L/3 from lower end.
ma=1.2x 107 kg/m, TA=4.8N
=Va=~+T/m =20 m/s
mg=12x107kg/m, Tg=7.5N
= Vg=+T/m =25m/s
t=0instring A
t,=0+20ms =20 x 10~ = 0.02 sec
In 0.02 sec A has travelled 20 x 0.02 = 0.4 mt
Relative speed between A and B =25 -20=5m/s
Time taken for B for overtake A = s/v = 0.4/5 = 0.08 sec
r=0.5mm=05x 10" mt
f=100Hz T=100N
v =100 m/s
v=T/m = Vv’ =(T/m) = m = (TAV*) = 0.01 kg/m
Pave = 27 mvrif?
= 2(3.14)%(0.01) x 100 x (0.5 x 107°)? x (100)° = 49 x 10~ watt = 49 mW.
A=1mm=10"m, m=6g/m=6x 10~ kg/m
T=60N,f=200Hz
S~ V=+JT/m =100 m/s
a) Payerage = 21° mv A’ = 0.47 W
b) Length of the string is 2 m. So, t = 2/100 = 0.02 sec.
Energy = 2n° mvfPA’t = 9.46 mJ.
f=440 Hz, m=0.01 kg/m, T=49N,r=05x 10" m
a) v =JT/m =70 m/s
b) v=Af=A=v/f=16cm
C) Payerage = 21° mvr’f* = 0.67 W.
Phase difference ¢ = /2
fand A are same. So, o is same.
y1 =1 sin wt, y, = rsin(wt + 1/2)
From the principle of superposition
y=yit+ty, — =rsin wt + rsin (wt + 1/2)
= r[sin wt + sin(wt + 7/2)]
= r[2sin{(wt + wt + 1/2)/2} cos {(wt — wt — /2)/2}]
= y = 2r sin (wt + /4) cos (-n/4)
Resultant amplitude = V2r=42 mm (because r =4 mm)
The distance travelled by the pulses are shown below.

t=4ms=4x10"s s=vt=50x10x4x10°=2mm
t=8ms=8x10"s s=vt=50x10x 8 x 10~ =4 mm
t=6ms=6x10"s s=3mm

t=12ms=12x107"s s=50x10x12x10°=6 mm
The shape of the string at different times are shown in the figure.
f=100Hz,A=2cm=2x10?m
. wave speed, v=fA =2 m/s
a) in 0.015 sec 1% wave has travelled

x =0.015 x 2 = 0.03 m = path diff"

", corresponding phase difference, ¢ = 2nx/A = {2n/ (2 x 10"2)} x 0.03 = 3.

b) Path different x =4 cm =0.04 m

10 14
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34.

35.

36. m=

37.

38.

39.

40.

41.

= ¢ = (2n/A)x = {(21/2 x 107%) x 0.04} = 4.

c) The waves have same frequency, same wavelength and same amplitude.

Let, y4 =r sin wt, y, = r sin (wt + ¢)

=y =y ty, =rfsinwt+ (wt + ¢)]

= 2r sin (wt + ¢/2) cos (¢/2)

resultant amplitude = 2r cos /2
So when ¢ = 3, r=2x10°m
Ries = 2 x (2 x 107%) cos (3n/2) =
Again, when ¢ = 47, Ryes = 2 x (2 x 107) cos (4n/2) = 4 mm.
I=1m,V=60m/s
~. fundamental frequency, f, = V/2I = 30 sec™' = 30 Hz.
I=2m, fo =100 Hz, T=160 N

= 1/2(T/m)
= m =1 g/m. So, the linear mass density is 1 g/m.
(4/80) g/ cm = 0.005 kg/m
T=50N,1=80cm=0.8m
(T/m) =100 m/s

fundamental frequency fo = 1/21\/(T/m) =62.5 Hz

First harmonic = 62.5 Hz
f4 = frequency of fourth harmonic = 4f, = F; = 250 Hz
V =14 Ay = Ay = (V/If) =40 cm.
I1=90cm=0.9m
= (6/90) g/cm = (6/900) kg/mt
f=261.63 Hz
f=1/2(T/m) = T =1478.52 N = 1480 N.

First harmonic be f,, second harmonic be f,

- £ =2f

=fo=1/2

f1 =256 Hz

. 1% harmonic or fundamental frequency

fo=1/2=256/2=128 Hz

A2 =1.5m = A = 3m (when fundamental wave is produced)

= Wave speed =V = f,Ql = 384 m/s.

I=1.5m, mass-12g

= m=12/1.5g/m=8x 107 kg/m

T=9xg=90N

A=15m,f =2/21T/m

[for, second harmonic two loops are produced]

fy = 2fo = 70 Hz.

A string of mass 40 g is attached to the tuning fork
= (40 x 107) kg/m

The fork vibrates with f = 128 Hz

A=05m

v=fA=128 x 0.5 =64 m/s
= JT/m = T=v"m=163.84 N = 164 N.

This wire makes a resonant frequency of 240 Hz and 320 Hz.

The fundamental frequency of the wire must be divisible by both 240 Hz and 320 Hz. @

a) So, the maximum value of fundamental frequency is 80 Hz.
b) Wave speed, v =40 m/s
= 80=(1/21) x40 = 0.25 m.

15.7



Chapter 15

42.

43.

44,

45.

46.

47.

Let there be ‘n’ loops in the 1% case
= length of the wire, | = (ni)/2 [M=2%x2=4cm]
So there are (n + 1) loops with the 2" case
= length of the wire, I = {(n+1)A,/2 A =2 x 1.6 =3.2 cm]
= n7\.1/2 = w
=>nx4=(n+1)(3.2)=>n=4
.. length of the string, | = (nX4)/2 = 8 cm.
Frequency of the tuning fork, f = 660 Hz
Wave speed, v=220m/s = A =v/f=1/3m
No.of loops = 3
a) So,f=(3/2l)v = 1=50cm
b) The equation of resultant stationary wave is given by
y = 2A cos (2nx/Ql) sin (2rvt/A)
=y = (0.5 cm) cos (0.06 = cm™') sin (1320 ns™'t)
11=30cm=0.3m
f1=196 Hz, f, = 220 Hz
We know f oc (1/1) (as V is constant for a medium)

LY =1,=26.7 cm

f2 1
Again f; = 247 Hz
~hB_h 03
fi 1 I3

=13=0.224 m=224cmandl; =20 cm
Fundamental frequency f; = 200 Hz

Let |, Hz be nth harmonic

= F,/F; =14000/200

= NF/F;=70=>N=70

.. The highest harmonic audible is 70" harmonic.
The resonant frequencies of a string are

f; =90 Hz, f, = 150 Hz, f; = 120 Hz

a) The highest possible fundamental frequency of the string is f = 30 Hz

[because f4, f, and f; are integral multiple of 30 Hz]
b) The frequencies are f; = 3f, f, = 5f, f3 = 7f

1.6 cm

«— | —

So, f;, f, and f3 are 3 harmonic, 5" harmonic and 7™ harmonic respectively.

c) The frequencies in the string are f, 2f, 3f, 4f, 5f, ..........
So, 3f = 2" overtone and 3™ harmonic
5f = 4™ overtone and 5™ harmonic
7f = 6" overtone and 7™ harmonic
d) length of the string is I = 80 cm
= f1=(3/2l)v (v = velocity of the wave)
= 90 = {3/(2x80)} x K
=(90 x 2 x 80) /3 =4800 cm/s =48 m/s.

Frequency f = / / T1 /
P |D1 7‘01 I2n2 Py

Given that, T1/T2 = 2, r / r, = 3= D1/D2
&_ 1

fi _LD; [Ty |mpy (I = I, = length of string)
f2 I D1 T2 P4

=f:
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48.

49.

50.

51.

52.

Length of therod =L =40cm =04 m
Mass of the rod m = 1.2 kg
Let the 4.8 kg mass be placed at a distance [ 1

‘X’ from the left end T — 1T
Given that, f, = A —~B ¢
—>
40 em
' 2I\/7 2I\/7 T
Ta R
- I' —2:1‘—4 () | B
r r A t c
From the freebody diagram, ,_'l
T+ T, =60N A
= 4T, +T,=60N
~T,=12Nand T)=48 N
Now taking moment about point A,
x (0.4)=48x+12 (0.2) > x=5cm
So, the mass should be placed at a distance 5 cm from the left end.
ps=7.8 g/cm3 ,pa=2.6 g/cm3
ms = ps As = 7.8 x 107 g/cm (m = mass per unit length)
Ma = pa A = 2.6 x 1072 x 3 g/cm = 7.8 x 10~ kg/m R

A node is always placed in the joint. Since aluminium and steel rod has I\A/W

same mass per unit length, velocity of wave in both of them is same. Steel 20 m

= v =+T/m = 500/7 m/x

For minimum frequency there would be maximum wavelength for maximum wavelength minimum no of
loops are to be produced.

.. maximum distance of a loop = 20 cm

= wavelength=1=2x20=40cm=0.4m

- f=v/A =180 Hz.

Fundamental frequency

V=172 NT/m = JT/m =v2I [V T/m = velocity of wave]

a) wavelength, A = velocity / frequency = v2I /v = 2| | |
and wave number = K = 2n/A = 21/2| = n/l

b) Therefore, equation of the stationary wave is | [
y = A cos (2nx/A) sin (2rVt/ L) < T >

= A cos (2nx / 2I) sin (2nVt/ 2L)

v =V/2L [because v = (v/2])]

V=200 m/s, 2A=0.5m

a) The string is vibrating in its 1% overtone

:>}\,=1=2m m
= f=v/A =100 Hz I\/\/I

b) The stationary wave equation is given by -«
y=2A coszixsin 2Vt e
A A
= (0.5 cm) cos [(nm"1)x] sin [(200 s |
The stationary wave equation is given by
y = (0.4 cm) sin [(0.314 cm — 1)x] cos [(6.00 s~ )]
a) o =600t = 2=f =600 = = f =300 Hz V_\/_\/_\I
wavelength, A = 21/0.314 = (2 x 3.14) / 0.314 =20 cm
b) Therefore nodes are located at, 0, 10 cm, 20 cm, 30 cm 0 10 20 30
c) Length of the string = 3A/2 = 3 x 20/2 = 30 cm I
d) y=0.4sin (0.314 x) cos (600 nt) = 0.4 sin {(n/10)x} cos (600 =t)

since, A and v are the wavelength and velocity of the waves that interfere to give this vibration A = 20
cm
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53.

54.

55.

56.

57.

v= w/k = 6000 cm/sec = 60 m/s
The equation of the standing wave is given by
y = (0.4 cm) sin [(0.314 cm™")x] cos [(6.00 ns™')]
= k=0.314 =7/10
= 2n/A =n/10 = A =20 cm

for smallest length of the string, as wavelength remains constant, the string |

should vibrate in fundamental frequency
=1=M2=20cm/2=10cm

L=40cm=0.4m, mass =3.2kg=3.2x 107 kg

. mass per unit length, m = (3.2)/(0.4) = 8 x 10~ kg/m
change in length, AL = 40.05 — 40 = 0.05 x 102 m
strain = AL/L = 0.125 x 10 m

f=220 Hz

f=i\/f: 1 T T-24819N
2'Nm  2x(0.4005)\8x 1073

Strain = 248.19/1 mm’ = 248.19 x 10°

Y = stress / strain = 1.985 x 10" N/m?

Let, p — density of the block

Weight p Vg where V = volume of block

The same turning fork resonates with the string in the two cases

_ 10\/T—png:1_1\/(p—pw)Vg

10 E m 2| m

As the f of tuning fork is same,

10 [oVg 11 [(p-py )V
fo :f“:_\/ﬁ’_g__\/%

2\ m 2

- 10_ Jp=pw _ p=1_100 (because, p,, = 1 gm/cc)
1\ m o 121

= 100p = 121 p — 121 = 5.8 x 10° kg/m®

| =length of rope =2 m

M = mass =80 gm = 0.8 kg

mass per unit length = m = 0.08/2 = 0.04 kg/m
Tension T =256 N

Velocity, V= +T/m =80 m/s
For fundamental frequency,
I=M4 =>X=4=8m
= f=80/8=10 Hz
a) Therefore, the frequency of 1% two overtones are
1% overtone = 3f = 30 Hz
2" overtone = 5f = 50 Hz
b) A1=4l=8m
7\,1 =V/ f1 =2.67m
}\,2 = V/f2 =1.6 mt
so, the wavelengths are 8 m, 2.67 m and 1.6 m respectively.
Initially because the end A is free, an antinode will be formed.
So,I=Ql; /4

Again, if the movable support is pushed to right by 10 m, so that the joint is placed on the pulley, a node

will be formed there.
So, =%y /2

A

string

A

«— rope

—

U

= o .

Initial position

B
«—>
I = M4

|

. ——

¢

= A 0

Final position

Since, the tension remains same in both the cases, velocity remains same.
As the wavelength is reduced by half, the frequency will become twice as that of 120 Hz i.e. 240 Hz.

MDA

A
—>

|
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SOLUTIONS TO CONCEPTS

CHAPTER - 16
Vair= 230 m/s. Vs =5200 m/s. Here S =7 m
So, t=t1-t, = L—L =2.75x 10 sec = 2.75 ms.
330 5200
Here given S=80m x 2 =160 m.

v =320 m/s

So the maximum time interval will be
t = 5/v =160/320 = 0.5 seconds.

He has to clap 10 times in 3 seconds.

So time interval between two clap = (3/10 second).

So the time taken go the wall = (3/2 x 10) = 3/20 seconds.
=333 m/s.

a) for maximum wavelength n = 20 Hz.

as ocl
nk

b) for minimum wavelength, n = 20 kHz
5 % =360/ (20 x 10°) =18 x 10° m = 18 mm
= x =(v/n) =360/20 =18 m.

a) for minimum wavelength n = 20 KHz

1450

20x10°

b) for maximum wavelength n should be minium
=Vv=nL=>A=v/In=1450/20=72.5m.

According to the question,

a) A=20cmx10=200cm=2m

:>v=nk:>k=[ J=7.25cm.

v =340 m/s

so, n = v/\A = 340/2 =170 Hz.

N=v/L= > 3:'872 =17.000 Hz = 17 KH, (because A =2 cm =2 x 107 m)
X

a) Given V,, =340 m/s, n=4.5x10° Hz

= Ao = (340/4.5) x 10°=7.36 x 10° m.
b) Vissue = 1500 m/s = A, = (1500 / 4.5) x 10° =3.3 x 10~ m.
Here givenr, =6.0 x 10° m
a) Given 2n/A =1.8 = A = (2n/1.8)
So, v _ 8:0x(1.8)x10°m/s _

A 2n

b) Let, velocity amplitude =V,

V = dy/dt = 3600 cos (600 t — 1.8) x 10™° m/s

Here V, = 3600 x 10° m/s

Again, L = 21/1.8 and T = 27/600 = wave speed = v = A/T = 600/1.8 = 1000 / 3 m/s.

3600x3x107°

1.7x10°m

So the ratio of (V,/v) =

1000
a) Here given n =100, v =350 m/s
=Y 30 35
100

In 2.5 ms, the distance travelled by the particle is given by
Ax=350x25x 107
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10.

11.

12.

13.

14.

So, phase difference ¢ = %x AX =

2n

(350/100)

b) In the second case, Given An =10 cm = 10" m

SO,(I):_

_ 27x10”"
(350/100)

a) Given Ax=10cm, A =5.0cm

2n
= = —xAn=
o N n=

2

T 10=4rn.
5

So phase difference is zero.
b) Zero, as the particle is in same phase because of having same path.
Given thatp = 1.0 x 10° N/m? T=273K,M=32g=32x 10" kg
V =224 litre =22.4 x 10° m®
C/IC,=r=35R/25R=14

-5
=>V= \/E: wa =310 m/s (because p = m/v)
f 32/22.4

V;=330m/s, V, =?
Ti=273+17=290K, T, =272 + 32 =305 K

We know v oc ﬁ

W
W T

>V,=—"7=

= 340x ,/ =349 m/s.

T,=273
V1 =V

V2—2V1
T2=?

We know that V o «/_ =

So temperature will be (4 x 273) —

V1><\/i
\/?

2 V2

1 1

=2n/35.

The variation of temperature is given by

T=T1+

M-Tp)
d

We know that V o« J_:>

dx

o [273

=dt= —=—x

Vr
273

t-—

_ 4273

\Y T

r dx

273 =819°c.

2 > T,=273x2"=4x273K

\/7 F
=V, —
27 273

o [T+ (T =T)/ d)x]"2

X

\

=T= 2d

T, +
ToT

V273

VT T

d

Putting the given value we get

_ 2x33

V273

330

/280 + /310

=96 ms.

2d

2d T = [_

\

|

-
TZ_T‘I

x350%2.5x1072 =

(m/2).

<«—10cm—— B 10%cm

[«—20cm———
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15.

16.

17.

18.

19.

We know that v = /K /p

Where K = bulk modulus of elasticity
= K =v?p = (1330)? x 800 N/m?

We know K = F/A
AV IV
5
AV = Pressures _ 2x10
K 1330x1330 x 800

So, AV =0.15 cm®
We know that,
Ap  Pyh
(AV/V) 218,
Where Py = pressure amplitude = Py = 1.0 x 10°
S, = displacement amplitude = Sy = 5.5 x 10° m
B= 14x35:107m _y 4108 Ny
27(5.5)x10™°m
a) Here given V,;, = 340 m/s., Power = E/t=20 W
f=2,000 Hz, p = 1.2 kg/m*
So, intensity | = E/t.A
20 20
4nr?  Axnx6?

Bulk modulus B =

=44 mw/m’ (because r = 6m)

2

b) We know that | = ZP\O/ = Py =1x2pV,;
P Vair

= V2x1.2x340x44x10° = 6.0 N/m?,
c) We know that | = 272S3v?pV  where S, = displacement amplitude

=8y= [————
nzpzpvair

Putting the value we get §; = 1.2 x 10° m.
Here I, =1.0 x 10° Wy/m? ; I, = ?
rr=50m,r,=25m.

We know that | o 12
r

2 _ 2 _ |1r12
= |1|'1 = |2|'2 = |2 = —
r
-8
= 1010 X254 0% 107 wim?,
625

We know that = 10 log+ (ILJ
0

Ba= 10Ioglli, Bs = 10Iog||£

(o] (o]

= 1a/lg= 10P/10) — |1, = 10Pe/10)

2 2
:IA:%:(@) - 10(BABB):102
IB 7N 5

= —BA1_OBB =2= By —Pg =20
= Ps =40-20 =20 dp.

16.3



Chapter 16

20.

21.

22.

23.

24.

25.

26.

We know that, g = 10 log4g J/lo

According to the questions

Ba =10 log1o (21/l5)

= Bg—PBa=101log (2I/1) =10 x 0.3010 = 3 dB.

If sound level = 120 dB, then | = intensity = 1 W/m?

Given that, audio output = 2W

Let the closest distance be x.

So, intensity = (2 / 4nx?) = 1 = x* = (2/21) = x = 0.4 m = 40 cm.
B1=150dB, B, =60 dB

o =107 Wim?, I, = 107° W/m?

(because B = 10 logyg (I/lp), where 1y = 107" W/m?)

Again, /14 = (p2/p1)2 =(10‘6/10‘7) =10 (where p = pressure amplitude).
“ (p2/p1) = V10

Let the intensity of each student be I.

According to the question

501 100 |
Ba= 10Iog1OI—;BB= 10Iog10[ I J
o 0

501 1001
=>Bs—Pa= 10|091o|— - 10'°910[ i j
o 0

= 10Iog(%j:10logm2:3

So, Ba =50+ 3 =53 dB.
Distance between tow maximum to a minimum is given by, A/4 = 2.50 cm
=1=10cm=10"m
We know, V = nx
=>n= v_340_ 3400 Hz = 3.4 kHz.
Ao107

a) According to the data

MA=165mm =i=66mm=66x10°""m

n:X i=5kHZ

A 66x107
b) Iminimum = K(A1 = Ag)” =1 = Ay — A, = 11
Imaximum = K(A1 + Ag)® = 9 = Aq + A; = 31
So, B1*tA2 _3 A A, =21
A+A, 4
So, the ratio amplitudes is 2.
The path difference of the two sound waves is given by
AL=6.4-6.0=04m
The wavelength of either wave = A = v = 320
p p

(2n+ 1A
2

(m/s)

For destructive interference AL = where n is an integers.

2n+1_ 320
x 222

p

= p=n= 320 :8002n+1
04 2
Thus the frequency within the specified range which cause destructive interference are 1200 Hz,

2000 Hz, 2800 Hz, 3600 Hz and 4400 Hz.

or04m=

Hz = (2n + 1) 400 Hz
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27.

28.

20.

30.

31.

According to the given data
20cm

V =336 m/s, | =x/4
Al4 = distance between maximum and minimum intensity D
=(20cm) => A =80cm S
_ v 336 _ \/
= n = frequency = —=————=420 Hz.
A 80x10

Here given A = d/2
q)\
Initial path difference is given by = 2 [E) +2d? —d

If it is now shifted a distance x then path difference will be

2
=2 f[gj +(\/§d+x)2—d:%(2d+%J

2
(O i 108 158

64 64
= J2d+x=154d=x=154d—-1414d =0.13 d.

As shown in the figure the path differences 2.4 = Ax = 4/(3.2)? +(2.4)* —-3.2
A A
Again, the wavelength of the either sound waves = 320 B
p
We know, destructive interference will be occur

2 2
e (20 (3.2)2 +(2.4)
2

(2n+1) 320 A

=322+ (2472 -(32) =
2 p

Solving we get

— v = 200400 06000 41)

wheren=1,2,3, ...... 49. (audible region)

According to the data 20em
A =20 cm, S48, =20 cm, BD = 20 cm f

Let the detector is shifted to left for a distance x for hearing the — .

minimum sound.
So path difference Al = BC — AB .

= (202 + (10 +x)? —/(20)2 + (10 - x)2 B

So the minimum distances hearing for minimum
_ @+ A 20
2 2 2

= (202 + (10 +x)2 —4/(20)% + (10 - x)? = 10 solving we get x = 12.0 cm.

=10cm

Q

Given, F =600 Hz, and v = 330 m/s = A = v/f = 330/600 = 0.55 mm
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32.

33.

34.

35.

36.

37.

38.

LetOP=D,PQ=y=06=y/R (1)
Now path difference is given by, x = S,Q — S;Q = yd/D
Where d = 2m

[The proof of x = yd/D is discussed in interference of light waves]
a) For minimum intensity, x = (2n + 1)(A/2)
. yd/D = A/2 [for minimum y, x = A/2]
S ylD=0=A2=0.55/4=0.1375rad = 0.1375 x (57.1)° =7.9°
b) For minimum intensity, x = 2n(\/2)
yd/D =)\ = y/D=0=A/D=0.55/2=0.275 rad
. 0=16°
c) For more maxima,
yd/D = 2}, 31, 42, ...
= y/D=6=232° 64°, 128°
But since, the maximum value of 6 can be 90°, he will hear two more maximum i.e. at 32° and 64°.

Py & o Py A2

S S, S5 P ]
Because the 3 sources have equal intensity, amplitude are equal 120° -
So, A=Ay = Ay P
As shown in the figure, amplitude of the resultant = 0 (vector method)
So, the resultant, intensity at B is zero. As
The two sources of sound S and S, vibrate at same phase and frequency. b
Resultant intensity at P = |
a) Let the amplitude of the waves at S; and S, be r'.

When 6 = 45°, path difference = S;P — S,P = 0 (because S{P = S,P)

So, when source is switched off, intensity of sound at P is I,/4. 0 0
b) When 6 = 60°, path difference is also 0. Sy Sz

Similarly it can be proved that, the intensity at P is Iy / 4 when one is switched off.
If V=340 m/s, | =20 cm =20 x 10 m

Fundamental frequency = — = Lz =850 Hz
21 2x20x10~
We know first over tone = 2V __2x340 (for open pipe) = 1750 Hz

21 2x20x1072
Second over tone = 3 (V/21) = 3 x 850 = 2500 Hz.
According to the questions V = 340 m/s, n = 500 Hz
We know that V/4lI (for closed pipe)
340
4 x500
Here given distance between two nodes is = 4. 0 cm,
=A=2x40=8cm
We know that v = n\A

== m =17 cm.

328
= 82102 4.1 Hz.
V =340 m/s
Distances between two nodes or antinodes
= M4 =25cm

=A=100cm=1m

= n =v/k =340 Hz.

Here given that 1 =50 cm, v = 340 m/s

As it is an open organ pipe, the fundamental frequency f; = (v/21)

= L_z= 340 Hz.
2x50x10
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39.

40.

41.

42.

43.

44.

45.

So, the harmonies are
f3 =3 x 340 = 1020 Hz
fs =5 % 340 = 1700, fg = 6 x 340 = 2040 Hz

so, the possible frequencies are between 1000 Hz and 2000 Hz are 1020, 1360, 1700.

Here given I, =0.67 m, |, =0.2 m, f =400 Hz
We know that

A=2(,-11) =1 =2(62-20)=84 cm=0.84 m.
So, v=nA =0.84 x 400 = 336 m/s

We know from above that,
li+d=M4d=d=7M4-1,=21-20=1cm.
According to the questions

f; first overtone of a closed organ pipe P = 3v/4l = 3xV
4x30
f, fundamental frequency of a open organ pipe P, = %
2
Here given 3V :l: =20 cm
4%x30 2,

.. length of the pipe P, will be 20 cm.
Length of the wire = 1.0 m

For fundamental frequency A/2 = |
=A=21=2x1=2m

Here given n = 3.8 km/s = 3800 m/s

We know = v=nA = n=3800/2=1.9kH.

So standing frequency between 20 Hz and 20 kHz which will be heard are

=nx1.9kHz wheren=0,1,2, 3, ... 10.
Let the length will be I.

Here given that V = 340 m/s and n = 20 Hz
Here M2 =1= A =2

WeknowV=nx:>I=X= 340 _34
n 2x20 4
a) Heregivenl=5cm =5 x 10 m, v = 340 m/s
n=xzi=3.4KHz
2l 2x5x1072

b) If the fundamental frequency = 3.4 KHz
= then the highest harmonic in the audible range (20 Hz — 20 KHz)
_ 20000

= 5.8 = 5 (integral multiple of 3.4 KHz).
3400

The resonance column apparatus is equivalent to a closed organ pipe.

Here 1=80cm =10 x 102 m; v = 320 m/s

= ng =Vv/4l = L=100 Hz

4x50x1072

So the frequency of the other harmonics are odd multiple of no = (2n + 1) 100 Hz
According to the question, the harmonic should be between 20 Hz and 2 KHz.

Let the length of the resonating column will be = 1
Here V = 320 m/s

(n+1)v nv

Then the two successive resonance frequencies are

(n+1)v

Here given = 2502 ) = % = 1944

%-%ﬂwz— 1944 = 548 cm = 25 cm.

16.7
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46.

47.

48.

49.

50.

51.

Let, the piston resonates at length I; and |,
Here, |1=32cm;v=?,n=512Hz Iy
Now = 512 = v/A I
= v=512x0.64 = 328 m/s.

1222722227 (2-h)

Let the length of the longer tube be L, and smaller will be L.

According to the data 440 = % ...(1) (first over tone)
xLa
and 440 = 330 ...(2) (fundamental)
4xL,

solving equation we get L, =56.3 cmand L, = 18.8 cm.
Let ng = frequency of the turning fork, T = tension of the string
L=40cm=04m,m=4g=4x10"kg
So, m = Mass/Unit length = 107> kg/m
1T

Ng= —4/— .
2lVm

So, 2" harmonic 2n = (2/2)VT/m
As it is unison with fundamental frequency of vibration in the air column
340

= 2ng = =85Hz
4 x1

—85=—2_ | T _ 7=852x(0.4)x 107 = 11.6 Newton.
2x0.4\ 14

Given,m=10g =10 x 1073 kg,1=30cm=0.3m
Let the tension in the string willbe =T
p = mass / unit length = 33 x 107 kg

The fundamental frequency = ng = % T (1)
i
The fundamental frequency of closed pipe
340
= ng = (V/4)——— =170 Hz ..(2
0= () 50 X102 @)
According equations (1) x (2) we get
1 T

170 = > X 3
2x30x10™ 33x10~

= T = 347 Newton.
We know that f oc T
According to the question f + Afoc VAT +T

f+Af At+T
- =

1/2
=1+ A—f: 1+£ = +1A—T+... (neglecting other terms)
f T f T 2T
= AT _172)AL
f T
We know that the frequency = f, T = temperatures
foc ﬁ

o fi_AT _ 203 _ 293

=
f, JT, B 4295

g 293x4205 o,
V293
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52.

53.

54.

55.

56.

57.

58.

59.

Vieg =2, Vair =340 m/s, L, = 25 x 1072, d, = 5 x 107 metres

-2
e ey, = 34022570 T2 _ 3400 ms.
Va Da 5x10~

a) Heregiven, L, =1.0/2=05m,d,=6.5cm=6.5x102m
As Kundt’s tube apparatus is a closed organ pipe, its fundamental frequency

—n= 4V|_r =V, =2600 x 4 x 0.5 =5200 m/s.

r

V, 2L, _ 5200x6.5x1072
b) —-= SVpgm ——————
V, d, 2x0.5

a
As the tunning fork produces 2 beats with the adjustable frequency the frequency of the tunning fork will
be = n= (476 + 480)/ 2 = 478.
A tuning fork produces 4 beats with a known tuning fork whose frequency = 256 Hz
So the frequency of unknown tuning fork = either 256 — 4 = 252 or 256 + 4 = 260 Hz
Now as the first one is load its mass/unit length increases. So, its frequency decreases.
As it produces 6 beats now original frequency must be 252 Hz.
260 Hz is not possible as on decreasing the frequency the beats decrease which is not allowed here.

=338 m/s.

Group — | Group — Il

Given V = 350 v = 350

A1 =32cm Ao =32.2cm

=32x10%m =322%x107m

So 1, = frequency = 1093 Hz N2 =350/32.2 x 10 = 1086 Hz

So beat frequency = 1093 — 1086 = 7 Hz.
Given length of the closed organ pipe, | = 40 cm = 40 x 107 m
Vair = 320

So, its frequency p = V. 30 | 200 Hertz.

41 4x40x1072
As the tuning fork produces 5 beats with the closed pipe, its frequency must be 195 Hz or 205 Hz.
Given that, as it is loaded its frequency decreases.
So, the frequency of tuning fork = 205 Hz.
Here given ng = 600 = 118
21V 14
As the tension increases frequency increases
It is given that 6 beats are produces when tension in A is increases.

So, np = 606 = i E
21V M

na _ 600 _(1/2)y(TB/M) _TB

ng 606 (1/2)/(TA/M) +TA

T

_, V'a _606_, = Taq02,
JTs 600 Ts

Given that, | =25 cm =25 x 10°m

By shortening the wire the frequency increases, [f = (1/21),/(TB/M) ]

As the vibrating wire produces 4 beats with 256 Hz, its frequency must be 252 Hz or 260 Hz.
Its frequency must be 252 Hz, because beat frequency decreases by shortening the wire.

So, 252 = ;2\/? (1)
2x25x107 VM

Let length of the wire will be |, after it is slightly shortened,
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60.

61.

62.

63.

64.

65.

= 256 = LIS ...(2)
2xl; VM
Dividing (1) by (2) we get
-2

E: l4 3|1:252><2><25><‘10 = 02431 m

256 2x25x1072 260
So, it should be shorten by (25 — 24.61) = 0.39 cm.
Let u = velocity of sound; Vm = velocity of the medium; 100 m/s

—_—

v, = velocity of the observer; v, = velocity of the sources. (ﬁf |

U+Vv, -V
f=|—"—2F (36km/h = 10m/s)
(v +V,, -V, J
using sign conventions in Doppler’s effect,

Vimn=0,u=340m/s,vs=0and v,=-10 m (36 km/h = 10 m/s)

- (M}&KH2= 350/340 x 2 KHz = 2.06 KHz.

34010-0
fl= (MJ f [18 km/h = 5 m/s]
U+Vp, — Vg Lﬁ—‘
& 18km/h = 5m/s

using sign conventions,
340+0-0
340+0-5

RN =

a) Given vg =72 km/hour = 20 m/s, p = 1250

app. Frequency = [ jx 2400 = 2436 Hz.

340+0+0
apparent frequency = ———x1250 = 1328 H
PP aueneY = 340+0-20 " 2
b) For second case apparent frequency will be = MMZSO =1181 Hz.
340+0-(-20)

Here given, apparent frequency = 1620 Hz
So original frequency of the train is given by

1620 = [332+0+0) . . (1620x317)
332-15 332

So, apparent frequency of the train observed by the observer in

fl = Mjf «[1620x317 1 31—7><1620=1480 Hz.
332+15 332 347

Let, the bat be flying between the walls W, and W..
So it will listen two frequency reflecting from walls W, and W;.

So, apparent frequency, as received by wall W = fw, = fo= 330/324
. L
Therefore, apparent frequency received by the bat from wall W, is given by Wy w2

Fy of wall W, = [ 320+0=(6)} ~_[336) (330
2 330+0+0 2 1330/ \ 324
Similarly the apparent frequency received by the bat from wall W is

fy, = (324/336)f

So the beat frequency heard by the bat will be = 4.47 x 10* = 4.3430 x 10" = 3270 Hz.
Let the frequency of the bullet will be f
Given, u =330 m/s, vs =220 m/s
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66.

67.

68.

69.

70.

. 330
A tf bef =f=|—=———=|f=3f
a) Apparent frequency before crossing (330 - 220}

. 330
b) Apparent frequency after crossing =" =| ——— |f=0.6 f
) App quency N9 (530+220J
so, [£]206f_¢5
' 3f
Therefore, fractional change =1 - 0.2 =0.8.

The person will receive, the sound in the directions BA and CA making an angle 6 with the track.

Here, 0 = tan™' (0.5/2.4) = 22°

So the apparent frequency received by the man from train B.

So the velocity of the sources will be ‘v cos 6’ when heard by the observer. §

340 —vcos22°
And the apparent frequency heard but the man from train C,
fr = 340+0+0
340 -vcos22°
Let the velocity of the sources is = v,
a) The beat heard by the standing man = 4
So, frequency = 440 + 4 = 444 Hz or 436 Hz
340+0+0
340 - vy
On solving we get Vs = 3.06 m/s = 11 km/hour.
b) The sitting man will listen less no.of beats than 4.
Here given velocity of the sources vs =0
Velocity of the observer vy = 3 m/s

fr = [ 340+0+0 j500=529Hz

JX 500=476 Hz.

= 440 = [ Jx400

So, the apparent frequency heard by the man = [3:;2 +3

from the approaching tuning form = f’

f" =[(332-3)/332] x 256 = 253.7 Hz.

So, beat produced by them = 258.3 — 253.7 = 4.6 Hz.

According to the data, Vs = 5.5 m/s for each turning fork.

So, the apparent frequency heard from the tuning fork on the left,

fr = ( 330
330-5.5

similarly, apparent frequency from the tunning fork on the right,

fr = [ﬂjxmz: 510 Hz

jx512 =527.36 Hz = 527.5 Hz

330+5.5

So, beats produced 527.5 — 510 = 17.5 Hz.
According to the given data

Radius of the circle = 100/z x 107> m = (1/x) metres; o = 5 rev/sec.

So the linear speed v = or = 5/ = 1.59
So, velocity of the source Vg = 1.59 m/s

Jx 256 =

v cos 6
0.5km
o 0 =]
1.2km 1.2km

B~ %
kbt

e Y
ey

As shown in the figure at the position A the observer will listen maximum

and at the position B it will listen minimum frequency.

So, apparent frequency at A = __ 332 x 500 = 515 Hz
332-1.59
_ 332 _
Apparent frequency at B= —————— x 500 = 485 Hz.
332+1.59
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71.

72.

73.

74.

75.

76.

According to the given data Vs = 90 km/hour = 25 m/sec. — —
Vo = 25 m/sec
So, apparent frequency heard by the observer in train B or A B

350 +25 O O O O OO0 O OO

350-25
Here given fs = 16 x 10° Hz

Apparent frequency f' = 20 x 10° Hz (greater than that value)
Let the velocity of the observer = v,

observer in = [ jx 500 = 577 Hz.

Givenvg =0
S020 x 10% = [ 230+Vo ) 46 x 10°
330 +0
I>(330+V0)= M
16
= Vo= 20X330;16X330 :%m/s=297 km/h

b) This speed is not practically attainable ordinary cars.
According to the questions velocity of car A =V, = 108 km/h = 30 m/s
Vg =72 km/h =20 m/s, f = 800 Hz

So, the apparent frequency heard by the car B is given by, [ >

330p_p20 q y y g y ,_ﬂ:Dd 30m/s .‘lt —_—
ff=| ———|x800=826.9 =827 Hz.

330-30

a) According to the questions, v = 1500 m/s, f = 2000 Hz, vs = 10 m/s, v, = 15 m/s
So, the apparent frequency heard by the submarine B,

1500 +15 A °
= [mj x 2000 = 2034 Hz @—nom 15mis 4—@
Vs Vs

b) Apparent frequency received by submarine A,
_ (1500 +10
- (1500 -15
Given that, r=0.17 m, F = 800 Hz, u = 340 m/s

Frequency band =f; —f, =6 Hz

Where f; and f, correspond to the maximum and minimum apparent frequencies (both will occur at the
mean position because the velocity is maximum).

J x 2034 = 2068 Hz.

Vs
Now, f; = ﬂ f andf, = ﬂ f “«——— 017m
340 - v 340 +vg
———————e¢ —— ¢ — —— —— e D

f1 - f2 =8 A —O> B

1 1 Vs
= 340f - =8

340-v, 340 +vy
2vg 8

= =
3402 -v2 340x800

= 340% - v;* = 68000 v,
Solving for vs we get, v = 1.695 m/s
For SHM, vi = ro = o = (1.695/0.17) = 10 N

So, T=2n/®=n/5=0.63 sec. 4
u=334m/s, v, = 4J§ m/s, vo =0 s
S0, Vs = Vy COS 0 = 442 x (1/+/2) = 4 mis. W < - amis | g
u+0 334
so, the apparent frequency ' = f= 1650 = 1670 Hz. /
PP a y [u—vbcosGJ [334—4)>< E v cos 0
S
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77.

78.

79.

80.

81.

u =330 m/s, Vo =26 m/s
a) Apparent frequency at, y = — 336

v
m = N Xf
[v—usmej

330 140m
= | —— |x660
[330—263in23°}< [ vo 26mss

[because, 6 = tan™" (140/336) = 23°] = 680 Hz.
b) At the point y = 0 the source and listener are on a x-axis so no apparent change L

in frequency is seen. So, f = 660 Hz. 140
c) As shown in the figure 6 = tan™ (140/336) = 23° 0

Here given, = 330 m/s ; v =V sin 23° = 10.6 m/s s 336 i

So,F"= — 660 = 640 Hz.

u+vsin23°

Virain OF Vg = 108 km/h = 30 m/s; u = 340 m/s

a) The frequency by the passenger sitting near the open window is 500 Hz, he is inside the train and
does not hair any relative motion.

b) After the train has passed the apparent frequency heard by a person standing near the track will be,

sofr = [340+0 ) 500 =450 Hz
340130

c) The person inside the source will listen the original frequency of the train.
Here, given V,, =10 m/s

For the person standing near the track ‘ ﬁ: “ X ll

_ UtV +0 500 = 458 Hz. |
+ Vm - (_Vs)
To find out the apparent frequency received by the wall,
a) Vs =12km/h =10/3 = m/s
Vo, =0,u=330m/s

Apparent frequency =

330-10/3

b) The reflected sound from the wall whistles now act as a sources whose frequency is 1616 Hz.
So,u=330m/s, V=0, V,=10/3 m/s
So, the frequency by the man from the wall,

So, the apparent frequency is given by = f' = (&jx 1600 = 1616 Hz K [

o= [ 330410731 1616 = 1632 mis.
330
Here given, u = 330 m/s, f = 1600 Hz 20m/s
So, apparent frequency received by the car _f, <f_43:c>_>
. _(u=V, 330-20 _ _
f= f= x1600 Hz ... [V, =20 m/s, Vs = 0]
u-Vg 330

The reflected sound from the car acts as the source for the person.
Here, Vs =-20m/s, V,=0

Sofr=|339=0 | ¢330 310 160= 1417 Hz.
330+ 20 350 330

.. This is the frequency heard by the person from the car.
a) f=400Hz,, u=335m/s

= X\ (v/f) =(335/400) = 0.8 m =80 cm

b) The frequency received and reflected by the wall,

f=|Y=Vo |, ¢-33% 400 [V.=54misandV, = 0]
u_V, 320
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82.

83.

84.

85.

_ 320x335

= X' = (v/f) =0.8m=80cm
335x400
c) The frequency received by the person sitting inside the car from reflected wave,
f= Mfzﬁmoo =467 [Vs=0and V,=-15 m/s]
335-15 320

d) Because, the difference between the original frequency and the apparent frequency from the wall is
very high (437 — 440 = 37 Hz), he will not hear any beats.mm)

u-(V)p 3244V 400 (1)

f=400 Hz, u =324 m/s, ' =
u—(0) 324

for the reflected wave,

fr=a10= Y= 0¢ @ 4_&

u-v
= 410= 524 3244V 400
324-v 324
= 810v =324 x10
=>vV= 32410 _ 4 m/s.
810
f=2kHz, v=330 m/s,u=22m/s s — P
- |
Att =0, the source crosses P
a) Time taken to reach at Q is
S 330 330m
t=—=——=1sec
v 330
b) The frequency heard by the listner is Q

fr= f[i" j
V—-ucoso

since, 0 = 90°
f'=2x (v/u) =2KHz.
c) After 1 sec, the source is at 22 m from P towards right.
t=4000 Hz, u=22 m/s
Let ‘t’ be the time taken by the source to reach at ‘O’. Since observer hears the sound at the instant it
crosses the ‘O’, ‘'t’ is also time taken to the sound to reach at P.

. 0Q=utand QP = vt S
Cos 6 = ulv
Velocity of the sound along QP is (u cos ). u=22mis || 0 P
_ 2
f'=f( v-0 ]:f V2:f 2"2 s [0
vV -—ucos0 v—u— Ve —u <— 660m/s—»
v
. . . _ 3302 _ _
Putting the values in the above equation, f' = 4000 x W =4017.8 = 4018 Hz.
a) Given that, f = 1200 Hz, u =170 m/s, L =200 m, v = 340 m/s
From Doppler’s equation (as in problem no.84) (Detector)
2 2
P=f Y| =1200 x —20 - 4600 Hz. P
ve-u 340 -170

b) v = velocity of sound, u = velocity of source L=vt

let, t be the time taken by the sound to reach at D
DO =vt'=L,and S'O = ut’ ut’
t =LV A 0
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S'D = YS'0%+D0? =, |u —+L2 ——\/u +v2
V

Putting the values in the above equation, we get

sD = 220 1702 4+ 3402 = 2236 m.

340

86. Given that,r=1.6 m, f=500 Hz, u =330 m/s

87.

a) AtA, velocity of the particle is given by A

Va= frg =\1.6x10 =4m/s Vi .
and at C, vo = 4/5rg =4/5x1.6x10 =8.9m/s B S --e- 9

VB

So, maximum frequency at C, IS ve

po= Y o330 500-513.85Hz.
u-vg 330-8.9

Similarly, maximum frequency at A is given by f, = S 330 (500) =494 Hz.
u

—(-vg) 330+4
b) Velocity at B = ,/3rg =v3x1.6x10 =6.92m/s

So, frequency at B is given by,
fo= —Y xfo—330 500=490Hz vo
U+Vvg 330+6.92
and frequency at D is given by,
o= —9 =330 500 "
u—vg 330-6.92
Let the distance between the source and the observer is ‘X’ (initially)
So, time taken for the first pulse to reach the observer is t; = x/v

and the second pulse starts after T (where, T = 1/v)

and it should travel a distance (x—%aTz) x— % at?

_ 2
Sot, = T4 X-1/2aT ON—{)—H

t2—t1 = T+_—:—:T—__

Putting = T = 1/v, we get
2uv-a

t,—t =
2T 2w?

2
so, frequency heard = 2w (because, f = L
2uv-a t, -t

)

fooohoh b

16.15



SOLUTIONS TO CONCEPTS

CHAPTER 17
Given that, 400 m < A <700 nm.
1 1 1
<—<
700nm A  400nm
1 1 1 3x10® ¢ 3x10%

(Where, ¢ = speed of light = 3 x 10° m/s)

= <—< = <—X
7x107 A 4x107  7x107 A 4x107

= 43x10"<c/h<7.5x10"

=43x10"Hz<f<7.5x 10" Hz

Given that, for sodium light, A = 589 nm = 589 x 10°m

8
a) f,= 10 _ 509 10" sec” [-.-f:E}
58910 x
py Ha _tw_, 1 Mw ) =443 nm

= =
m, Ay 1.33 589x107°
c) fy=1fa=5.09 x 10" sec™ [Frequency does not change]

8
dy Ho Yw_, _Ha¥a 31X;0 = 2.25 x 10° m/sec.

Hw  Va Hw :
We know that, K2 _ V1

Mo Vo
8
So, 1472 _3:A07 Vo0 = 2.04x10°m/sec.
1 V400
[because, for air, u = 1 and v = 3 x 10° m/s]
8
Again, 1452 _3x10° Vg = 2.07 x108m/sec.
1 V760

_ 1x3x10® 125 | since. u = velocity of light in vaccum

a (2.4)x10% M velocity of light in the given medium

Giventhat,d=1cm=10"m,A=5x10"mandD=1m
a) Separation between two consecutive maxima is equal to fringe width.

-7
Sop= 2P 10 < 5 10°m=0.05mm.
d 1072
b) When, B =1mm=10"m
-7
10°%m=210" 55410 m=050mm.

Given that, p =1 mm = 1073 mD=2tmandd=1mm= 102 m
_ 25x A
1073

Giventhat,d=1mm=10"m,D=1m.

So, 10°m =1 =4x10" m =400 nm.

So, fringe with = % =0.5 mm.

a) So, distance of centre of first minimum from centre of central maximum = 0.5/2 mm = 0.25 mm
b) No. of fringes = 10/ 0.5 = 20.
Given that, d =0.8 mm = 0.8 x 10° m, A =589 nm = 589 x 10° mand D = 2 m.
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10.

11.

12.

13.

14.

15.

Given that, x =500 nm =500 x 10 mandd=2x 10" m D
AD %

A\

|

B _ % _500x10°
D d 2x1073
= 25 x 107™° radian = 0.014 degree.

S0, 0= =250 x 107°

We know that, the first maximum (next to central maximum) occurs aty = %

Given that, A1 =480 nm, A, =600 nm, D =150cm =1.5mand d = 0.25 mm = 0.25 x 102 m

_ Dk, _1.5x480x10°°
d  025x10°

_ 1.5x600x107°
0.25x107°

So, the separation between these two bright fringes is given by,

.. separation =y, —y; =3.60 —2.88 = 0.72 mm.

Let m™ bright fringe of violet light overlaps with n™ bright fringe of red light.
mx400nm xD _ nx700nmxD jmzz

d d n 4

So, =2.88 mm

= 3.6 mm.

I
|
As shown in the figure, angular separation 6 = B =— == |
D db d |
| 0
I
|
|
|

T

= 7" bright fringe of violet light overlaps with 4" bright fringe of red light (minimum). Also, it can be

seen that 14" violet fringe will overlap 8" red fringe.

Because, m/n = 7/4 = 14/8.
Let, t = thickness of the plate
Given, optical path difference = (un — 1)t = 1/2

2(n-1)

a) Change in the optical path = pt—t=(n — 1)t
b) To have a dark fringe at the centre the pattern should shift by one half of a fringe.
SN

=t
2 2(u—-1)
Given that, p = 1.45,t=0.02 mm = 0.02 x 10~ m and A = 620 nm = 620 x 10° m

= (-1

We know, when the transparent paper is pasted in one of the slits, the optical path changes by (n — 1)t.

Again, for shift of one fringe, the optical path should be changed by A.
So, no. of fringes crossing through the centre is given by,
(u-Nt  0.45x0.02x10°°

A 620x107°
In the given Young’s double slit experiment,
1 =1.6,t=1.964 micron = 1.964 x 10° m

(n="t
A

n= =14.5

We know, number of fringes shifted =

So, the corresponding shift = No.of fringes shifted x fringe width
- (H_1)tXE_(H_1)tD (1)

A d d
Again, when the distance between the screen and the slits is doubled,
Fringe width = @ ...(2)
From (1) and (2), (u="D0 _ M2D)
d d
-6
= A= (u;1)t = (1'6‘1)X(12'964)X10 = 589.2 x 10° = 589.2 nm.
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16.

17.

18.

19.

20.

21.

Given that, t; =t, =0.5mm = 0.5 x 10° m, p,, = 1.58 and p, = 1.55,

A=590nm =590 x 10°m,d=0.12cm=12x10"m,D=1m Screen
-9 .
a) Fringe width = 2% — M =4.91x 10" m. mica
d 12x10 S;

b) When both the strips are fitted, the optical path changes by _f;\é O

AX = (pm = Tt = (o — Ntz = (U — pp)t S

= (1.58 — 1.55) x (0.5)(107%) = 0.015 x 107> m. polysterene

-3
So, No. of fringes shifted = m =25.43.
590x10~

= There are 25 fringes and 0.43 th of a fringe. (1-0.43)p ~ | Dark
= There are 13 bright fringes and 12 dark fringes and 0.43 th of a dark fringe. fringe

So, position of first maximum on both sides will be given by 0.43p
. x=0.43x4.91x10*=0.021cm T

X' =(1-0.43) x 4.91 x 107" = 0.028 cm (since, fringe width = 4.91 x 10~ m)

The change in path difference due to the two slabs is (1 — pp)t (as in problem no. 16).
For having a minimum at Py, the path difference should change by A/2.

So, = M2 = (-t > t= —
2(ny —p2)
Given that, t = 0.02 mm = 0.02 x 10°m, s = 1.45, 2 = 600 nm = 600 x 10° m
a) Let, I = Intensity of source without paper = |
b) Then I, = Intensity of source with paper = (4/9)I

L 9

=—=—= 3 [because | « r2]
b 4 r, 2
where, ry and r, are corresponding amplitudes.
So, Imax - (115 _ o5 4
’ Imin (r1 —-h )2
b) No. of fringes that will cross the origin is given by,
(-1t _ (1.45-1)x0.02x107°
A 600x107°
Given that, d = 0.28 mm = 0.28 x 1073 m, D =48 cm =0.48 m, A, = 700 nm in vacuum
Let, A, = wavelength of red light in water
Since, the fringe width of the pattern is given by,
b= A,D  525x107x0.48
d  028x10°
It can be seen from the figure that the wavefronts reaching O from S; and S, will \l&
O 0

n= =15.

=9x 10 m=0.90 mm.

have a path difference of S,X.

In the A S1Szx,

S,X 7
S$iS; !
So, path difference = S, X = S;S, sin6 =d sin6 =d x A/2d = A/2 X
As the path difference is an odd multiple of A/2, there will be a dark fringe at point Po.

a) Since, there is a phase difference of n between direct light and
reflecting light, the intensity just above the mirror will be zero. Screen

sin 0=

b) Here, 2d = equivalent slit separation IS*
D = Distance between slit and screen. T !
We know for bright fringe, Ax = yx2d ni 2d |
l fr’”.- /ﬁ’ % v
But as there is a phase reversal of A/2. 4
S
:>yx_2d+&=n}\’ :>y><2d=n}\‘_&:>y=£ :2: D >
D 2 2 d
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22.

23.

24.

25.

26.

Given that, D =1 m, » = 700 nm = 700 x 10° m
Since, a=2mm, d =2a =2mm =2 x 10~ m (L loyd’s mirror experiment)
AD _ 700x10°mx1m

Fringe width = 3 =0.35 mm.
d 2x107°m
Given that, the mirror reflects 64% of energy (intensity) of the light.
So, M_opesa-18_n_4
Iy 25 r, 5
So, tmax - (1HR) _gq g,

Imin (r1 - r2 )2
It can be seen from the figure that, the apparent distance of the screen from the slits is,
D= 2D1 + D2

So, Fringe width = % _ (2D1+D,)n

d
Given that, A = (400 nm to 700 nm), d = 0.5 mm = 0.5 x 1073 m, |
D =50 cm = 0.5 m and on the screeny, = 1mm=1x 10°m | 4
a) We know that for zero intensity (dark fringe) A Vn 1 Tm
d=0.5
n = (2n+1jan wheren=0,1,2, ....... ;mm D
2 |<—500m—>
-3 -3
o = 2 rd 2 ><10 x0.5x10 N 2 «10°m — 2 <10%nm
(2n+1) D 2n+1 0.5 (2n+1) (2n+1)

lfn=1,2% =(2/3)x 1000 = 667 nm

Ifn=1,2%,=(2/5)x 1000 = 400 nm
So, the light waves of wavelengths 400 nm and 667 nm will be absent from the out coming light.
b) For strong intensity (bright fringes) at the hole

_nAD o = y,d
nD
-3 -3
When, n =1, 3,y = Y04 = 107x05x907 _ 4561 4000nm .
D 0.5
1000 nm is not present in the range 400 nm — 700 nm
Again, where n =2, A, = y’s =500 nm

So, the only wavelength which will have strong intensity is 500 nm.
From the diagram, it can be seen that at point O.
Path difference = (AB + BO) — (AC + CO)

=2(AB—-AC) [Since, AB =BO and AC = CO] = 2(vd? +D? -D)
For dark fringe, path difference should be odd multiple of A/2.
So, 2(vd? +D? —D) = (2n + 1)(A/2)

O+— x—>

= VJd?>+D? =D+ (2n + 1) 1/4
= D?+d?=D?+ (2n+1)?A%/16 + (2n + 1) AD/2
Neglecting, (2n+1 )2 22116, as it is very small

We get,d= ,[(2n+ 1)%

For minimum ‘d’, putting n = 0 = dyin = /% .
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27.

28.

29.

30.

For minimum intensity
o SIP=S,P=x=(2n+1) A2
From the figure, we get

Screen
= \/ZZ+(2k)2—Z:(2n+1)% | S
t
% 2
22 +402 =72 + (2n+ 12—+ Z(2n + 1
= (@n+19 2+ Z(2n 1) K}L P
2 2042 2 242 Z
I (2n+17(2%/4) _ 1627 —(2n +1)°) () Ss
(2n+ 11 4(2n+ 11
Putting, n=0 = Z=15)\/4 n=-1=272=-151/4

nN=1=2Z=7112 n=2=2Z=-91/20
- Z=T7TA12 is the smallest distance for which there will be minimum intensity.
Since S4, S, are in same phase, at O there will be maximum intensity.
Given that, there will be a maximum intensity at P.
= path difference = Ax = n)
From the figure,

(S1P)? = (SoP)? = (VD? + X2 )2 — (y/(D — 21)% + X? )2
= 40D - 42 = 4 AD (A? is so small and can be neglected)

SP_SP 40D N Screen
= OF —=9F = ————= =N
24x* +D?
2D
= —— =V
Vx? +D?

= n’ (X*+D?) = 4D = AX = Da—w
n

whenn=1,x=+3D (1 order)
n=2,x=0 (2™ order)
.. When X = \/5 D, at P there will be maximum intensity.
As shown in the figure,
(SiP)* = (PX)? + (S1X)? (1)
(SoP)* = (PX)* + (S,X)? (2) P

From (1) and (2),
(SIPY =~ (S2P) = (SX)° - (80 /
= (1.5 + R cos 0)> — (R cos 6 — 15 1) o
=6AL Rcos0
= (SiP—,P)= OMRCOSE _ 5, s,
2R
For constructive interference,
(S4P = S,P)’ = x = 3% cos 0 = n\
= cos0=n/3=0= cos"1(n/3), wheren=0,1,2, ....
= 0=0° 48.2° 70.5° 90° and similar points in other quadrants. |

a) As shown in the figure, BPy — APy = A/3 _f__. c

= J(D?*+d’)-D=1r/3 d 5

= D’+d*=D?*+ (1%/9) + (2AD)/3 'd |

= d=,/(20AD)/3 (neglecting the term 2/9 as it is very small) $ > AL— Po
b) To find the intensity at Py, we have to consider the interference of light X —t

waves coming from all the three slits.
Here, CPo — AP, = VD? +4d? -D
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31.

32.

1/2
= /02 +@—D=D{1+Sl} -D
3 3D

= D<1+ 8 F e }—D :43—7L [using binomial expansion]

3Dx2
So, the corresponding phase difference between waves from C and A is,

¢C=2LX:2’TX4K:8_“:(2HE):E (1)
A 3\ 3 3 3

. 2nX  2n
Again, = —— =— (2
gain, ¢s 3. 3 ()

So, it can be said that light from B and C are in same phase as they have some phase difference
with respect to A.

So,R = /(22 +r? +2x2r xrcos(2n/3) (using vector method)
“. g, —K(/3r)? =3Kr? =3I
As, the resulting amplitude is J3 times, the intensity will be three times the intensity due to individual slits.

Giventhat,d=2mm=2x10"m, x =600 nm =6 x 107 m, Inax = 0.20 W/m?, D = 2m
For the point, y = 0.5 cm

yd _0.5x107%x2x107°

We know, path difference = x = =5%x10%m

2
So, the corresponding phase difference is,
-6
(I): %:—275)(5)(170 :)@:16714_@:4):&
A 6x10~" 3 3 3

So, the amplitude of the resulting wave at the point y = 0.5 cm is,
A= 2 +r2 +2r%cos(2n/3) =r2 +r2 —r% =t
: | A2 . : :
Since, = > [since, maximum amplitude = 2r]
Inax ~ (2r)
A2 r2

|
02 4r2 4r2
020

= 1=—2=-0.05 W/m%

i) When intensity is half the maximum ! =—
max 2

4a®cos?(9p/2) 1
4232 2

cos?(9/2) =1/2 = cos(¢/2) = 1/2

02=nl4d = ¢=mn/2

Path difference, x = A/4

y = xD/d = AD/4d

U

LUy yl

When intensity is 1/4" of the maximum ! =—
max

~

2 2
- 4a“ cos“(¢/2) _ 1
4a? 4
cos?(¢p/2)=1/4 = cos(§/2)=1/2
02=n/3=¢=2n/3
Path difference, x = A/3
y = xD/d = AD/3d

LUl
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33. Giventhat,D=1m,d=1mm=10"m, 2 =500nm=5x10"m
For intensity to be half the maximum intensity.

y= E (As in problem no. 32)
4d
-7
= M =>y=1.25x 10‘4m.
4x10™

34. The line width of a bright fringe is sometimes defined as the separation between the points on the two
sides of the central line where the intensity falls to half the maximum.
We know that, for intensity to be half the maximum

»D
:i_
Y= 4
. Line width = 22 + P _ 2D
4d 4d  2d

35. i) When, z = AD/2d, at S4, minimum intensity occurs (dark fringe)
= Amplitude =0,

S
At S;, path difference = 0
_
= Maximum intensity occurs. T | ’ 4
= Amplitude = 2r. > i | S y
So, on X2 screen, -, - :
S
lmﬂ:(zr-}_o)z:»] 42—D—>|<— D —»
Imin (2[’—0)2 21 22

i) When, z=2AD/2d, At S,;, minimum intensity occurs. (dark fringe)
= Amplitude = 0.

At S;, path difference =0

= Maximum intensity occurs.

= Amplitude = 2r.

So, on X2 screen,

hnax _ (2r+2r)* _ .
Imin (2[‘ - 0)2

iii) When, z=2AD/4d, At S,, intensity = ./ 2

= Amplitude = Jor .

. At S;, intensity is maximum.

= Amplitude = 2r

Inax _ (20+32rf _
max 2= 7 =34,
Imin (2r— \/5)2
36. a) When, z=D)/d
So, 0S; = 0S, = DA/2d = Dark fringe at S; and S,.

= AtS;, intensityatS;=0=1,=0 > |Sw ‘ Sy
At S,, intensityatS,=0=1,=0 I | | T_
At P, path difference = 0 = Phase difference = 0. > i’ | |o lz P
= I=lj+ 1+ i, cos 0°=0+0 +0=0= Intensity at P = 0. =
b) Given that, when z = DA/2d, intensity at P = | |‘_ D— S D—»

Here, OS; = OS, =y = DA/4d

_2nix 2n yd 2n DA d =

TP E —=—X—=—Xx—X—=—.
A A D A 4d D 2

Let, intensity at S;and S, =1’
.. At P, phase difference = 0
So,I"+ 1"+ 2I"cos 0° = 1.
S 4'=1=1"=1/4.

[Since, x = path difference = yd/D]
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37.

38.

39.

40.

When, zZ= ?)D_}\‘, =y = 3D—}\'
2d 4d
_2nx 2n yd 27 3DA d 3=n

LS —=— X =—X——X—=—

A A D A 4d D 2
Let, I” be the intensity at S; and S, when, ¢ = 3n/2
Now comparing,
I' _a®+a®+2a’cos(3n/2) 2a* _
| a?+a%+2a’cosn/2 2a®
o Intensity at P =1/4 +1/4 + 2 x (1/4) cos 0° = 1/2 + /2 = I.
c) When z = 2DA/d
= y=08;=0S,=D\d
g2 _2vyd 2w DL od

A A D A d D
Let, I'” = intensity at S; and S, when, ¢ = 2x.

Ill!

=>1"=1=14.

" a’+a®+2a’cos2n _4a’ _
I a®+a?+2a’cosn/2 2a°

= 1" =21"=2(1/4) = /2

At P, liesutant = 112 + 1/2 + 2(1/2) cos 0° =1 + | = 2I.

So, the resultant intensity at P will be 2I.

Givend =0.0011 x 10° m

For minimum reflection of light, 2ud = nA

-9
o _2nk _580x10 x2n_ 58 5n) = 0.132 (2n)
2d  4d  4x11x107 44
Given that, p has a value in between 1.2 and 1.5.
= When,n=5, 1 =0.132 x 10 = 1.32.

Given that, . =560 x 10° m, p = 1.4.

For strong reflection, 2ud = (2n + 1)AM/2 = d = 7(2n4z1)k
For minimum thickness, putting n = 0.
-9
—d=2 o= 0007 4572 100 nm.
4d 14

For strong transmission, 2 ud =nA = A = %
Giventhat, p=1.33,d=1x10"cm=1x 10° m.
_ 2x1.33x1x10° 2660x107°
- n - n m
when, n=4,\; =665nm
n=5,A =532 nm
n=6,A; =443 nm
For the thin oil film,
d=1x10"cm=10"m, py = 1.25 and p, = 1.50
2ud  2x10°x1.25x2 5x10°m
(n+1/2) 2n+1 o 2n+1
5= 5000 nm
2n+1
For the wavelengths in the region (400 nm — 750 nm)
5000 5000
2x3+1 7

= A

When,n=3, A = =714.3 nm
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41.

42.

43.

5000 5000

When,n=4,A = = =555.6 nm
2x4+1 9

When,n=5,A= ﬂzm =454.5 nm
2x5+1 11

For first minimum diffraction, b sin 9 = A

Here, 6 =30°,b=5cm

S A=5xsin30°=5/2=2.5cm.

7»=560nm=560><10"9m,b=0.20mm=2><104‘m,D=2m

Since, R = 1.22E = 1.22><5&)L09><2
b 2x107

So, Diameter = 2R = 1.37 cm.

A =620 nm =620 x 10° m,

D=20cm=20x10"m,b=8cm=8x107?m

“R= 1.22x620X104X220X10 1891 10°=19x10°m

8x10~
So, diameter =2R =3.8 x 10°m

=6.832 x 10° M = 0.683 cm.
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SOLUTIONS TO CONCEPTS
CHAPTER - 18

SIGN CONVENTION :

1)

The direction of incident ray (from object to the mirror or lens) is taken as positive direction.

. — Sign convertion
?y S

<

2) All measurements are taken from pole (mirror) or optical centre (lens) as the case may be.
1. =-30cm,R=-40cm
From the mirror equation,
1.1 2
—_—t—=—
v u R
P
1 2 1 2 1 1

v R u -40 -30

60

or,v=-60cm
So, the image will be formed at a distance of 60 cm in front of the mirror.

2. Given that,
Hy =20 cm, v=-5m =-500 cm, h, =50 cm
Since, V. h—2
u hy
or 500 = _%0 (because the image in inverted)
u 20
oru= —% =-200cm=-2m
17 1 1 1 1 1
—+—==0f —+—=—
v u f -5 -2 f
orf= -10 =-1.44m
7
So, the focal length is 1.44 m.
3. For the concave mirror, f=-20cm, M =—-v/u=2
= v=-2u
1% case 2™ case A, \
1.1 1 111 m
—_t—=— - =
v u f 2u u f
B” o B
EBRI El \
2u u f 2u f Case‘l (Virtual)
=u=f2=10cm =u=3f2=30cm
.. The positions are 10 cm or 30 cm from the concave mirror.
4, m=—v/u=0.6andf=7.5cm=15/2cm
From mirror equation,
17 1 1 1 1 1
= —t—=—= = ———— ==
v u f 06u u f
= u=5cm
5. Height of the object AB = 1.6 cm

Diameter of the ball bearing =d = 0.4 cm
= R=02cm
Given, u =20 cm

We know, 1 + 1

2
R

u v

\ 30cm

<+——40cm ——»

Case lI(Real)

18.1



Chapter 18

Putting the values according to sign conventions A +1 = 2
-20 v 0.2

1.1 -2
v 20 20
Magnification = m = AB - Y_ _o1 = A
AB u -20 200

= AB' = ﬁ =£ = +0.008 cm = +0.8 mm.
200 200

GivenAB=3cm,u=-7.5cm,f=6 cm.
o111 1 1 1 +ve
Using —+—=- > —=—-———
v u f v f u N A
Putting values according to sign conventions, C F % T
Ry B
1.1 1 3 §

v 6 75 10 — e .
6cm 7.5cm
= v=10/3cm

= = v =0.1 cm =1 mm inside the ball bearing.

I v 10
.. magnificaton=m= ——=
u 7.5x3
= £=l:>A’B’:@:i:1.33 cm.
AB 75x3 72 3

.. Image will form at a distance of 10/3 cm. From the pole and image is 1.33 cm (virtual and erect).
R=20cm, f=R/2=-10 cm
For part AB, PB =30 + 10 =40 cm

So,u=-40cm = 1:1—1:—1—£Lj:—i
v

f u 10 (40 40
= v= —% =-13.3cm. A D SN
So, PB'=13.3cm c_ B §
* P

AB (v -13.3 1 B ¢C | 3
m= = — | =] — | = —— —>

AB u -40 3 10om by A8
= A'B'=-10/3=-3.33 cm T 30em >

For part CD, PC = 30, So, u=-30cm
l:1—1:—1—( L J:—i =>v=-15cm=PC’

v fu 10 30/ 15
Cc'D’ v -15 1
Soom=—~—=——=—|— |=——
CD u -30 2
= C'D' =5cm

B'C'=PC'-PB'=15-13.3=17cm
So, total length A’B' + B'C'+ C'D'=3.3+1.7+5=10 cm.
u=-25cm

A'B’ v v 14 v
m=s-—=—=14=-| — |=>—=—
AB u -25 10 25

V= 25x14 =35cm.

Now, l+l:—
v u f

= 1:i_ L :ﬂ:_i :>f=_8750m
f 35 \-25 175 175
So, focal length of the concave mirror is 87.5 cm.
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10.

11.

12.

13.

u=-3.8x10°km
diameter of moon = 3450 km ; f=-7.6 m

11 1 1 ( 1 ] 1 ]
= D — | ——— | =] —=—
v u f v 3.8x10° 7.6

Since, distance of moon from earth is very large as compared to focal

length it can be taken as .
= Image will be formed at focus, which is inverted.

:>1: [1J:>v——76m oo
Y 7.6
d —(— d.
m = _X: image _ ( 76) _ image
U dopest  (-3.8x10%) 3450x10°
_ 3450x7.6x10° _ _
dimage = W =0.069 m=6.9 cm.
u=-30cm, f=-20cm
We know, l + l 21 leage
v u f

1 1 1
= _+£__]:(——] = v =-60 cm. -
% 30 20 \/ w 20c

Image of the circle is formed at a distance 60 cm in front of the mirror.
\ Rimage -60 Rimage

=2 = - = ="
u R -30 2

object
= Rimage =4 Cm
Radius of image of the circle is 4 cm.

Let the object be placed at a height x above the surface of the water.

The apparent position of the object with respect to mirror should be at the centre
of curvature so that the image is formed at the same position.

Real depth 1

Since, ————————— =— (with respect to mirror)
Apparentdepth
NOW L — 1 = X = H i
R-h u

Both the mirrors have equal focal length f.
They will produce one image under two conditions.
Case | : When the source is at distance ‘2f from each mirror i.e. the source is at
centre of curvature of the mirrors, the image will be produced at the same point
S. So, d = 2f + 2f = 4f.
Case Il : When the source S is at distance ‘f from each mirror, the rays from the
source after reflecting from one mirror will become parallel and so these parallel
rays after the reflection from the other mirror the object itself. So, only sine
image is formed.
Here,d =f +f = 2f.
As shown in figure, for 1% reflection in M;,u=-30cm, f=-20 cm

1 1 1

v =30 20

Robject S

30cm

= —4+——=—-—— =>v=-60cm. _forNh +ve |~ for M,
e

So, for 2™ reflection in M,

{

u=60—(30 +x)=30—x

=—x;f=20cm
T i 10x-600-0
30-x x 20

2.

J
T
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14.

15.

16.

17.

18.

19.

20.

10+50 @
2 2
.. Total distance between the two lines is 20 + 30 = 50 cm.

sini 3x10® sin45°

=20cmor-30cm

We know, — - =
sinr Y sin30°
= Vv= 3x10° m/sec
7 .
Distance travelled by light in the slab is,
__Im _ 2
cos30° /3
So, time taken = 2X7\/§8 =054 x 10° =5.4 x 107 sec.
J3 x3x10
Shadow length=BA'=BD+ A'D=0.5+05tanr
Now, 1.33 = SN4%° _ qinr=0.53.

= cosr= \1-sin?r =\1-(0.53)> =0.85

So, tanr=0.6235

So, shadow length = (0.5) (1 + 0.6235) = 81.2 cm.

Height of the lake = 2.5 m

When the sun is just setting, 6 is approximately = 90°

" m:& = ;:4—/3:>sinr:§:>r=49°
sinr sinr 1 4

As shown in the figure, x/2.5 =tanr=1.15

=>x=25x115=28m.

The thickness of the glassisd =2.1 cmand p =1.5

Shift due to the glass slab

AT = {1—1}1 - (1—LJ2.1 =07 CM
n 15

So, the microscope should be shifted 0.70 cm to focus the object again.

Shift due to water At, = | 1— -+ |d = [1 —szo =5cm
u 1.33
Shift due to oil, At, = (1—%)20 =46cm

Total shift At=5+4.6=9.6 cm
Apparent depth = 40 — (9.6) = 30.4 cm below the surface.

The presence of air medium in between the sheets does not affect the shift.

The shift will be due to 3 sheets of different refractive index other than air.

_ (-1 1 1
-£1 12)(0.2){1 13)(0.3)+[1 14j(o.4)

= 0.2 cm above point P.
Total no. of slabs =k, thickness = t4, t5, t3 ... t
Refractive index = p4, po, 13, Has-.- Mk

. The shift At = {1—ijt1+[1—ijt2+ ...... +£1_ijtk (1)
M4 Ho My

&

3

5]
>

— o>

+—3
g
o
3
‘/

2.5m A5

l

w X O
0il 20cm
Water 20cm
(O
n=14 t=0.4cm
1cm
p=13 t=0.3cm

If, u — refractive index of combination of slabs and image is formed at same place,

At = [1—1J(t1+t2+...+tk) ...(2)
n
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21.

22.

23.

Equation (1) and (2), we get,

[1—1J(t1 +t, +...+t) = {1—1}1 +£1—ijt2 +oeeee +[1—ijtk
H Hq Ho My

tL b

=(t1+t2+...+tk)—[ +—+...+t—"]
My Ho Ly
k
k K (t Ztl
Y LI R
M i=1 \ M1 Z(t1/H1)

Givenr=6cm,ry=4cm, hy =8 cm
Let, h = final height of water column.

The volume of the cylindrical water column after the glass piece is put will be, ®
nr’h = 800 © + mry’hy
or r’h =800 + |'12h1 Water
or 6°h =800 +4%x8=257cm h-h1
There are two jhifts due to gl1ass block as well as water. . [G5s|sem
So, Aty = |[1-— |t; = [1-—— |8 =2.26 cm —
1 [ Ho ) 0 ( 3/2) 8cm

12cm

1 1
And, At, = [1——|t, =|1-—— |(25.7-8) =4.44 cm.
? [ ) v ( 4/3)( )
Total shift = (2.66 + 4.44) cm = 7.1 cm above the bottom.
a) Let x = distance of the image of the eye formed above the surface as seen by the fish

So, H_ Realdepth 1 orx = uH _

w

X Apparent depth - 1) _
H 1 T @ IH
So, distance of the direct image = 3 +uH=H(n +§) I—' Y
H/2 ~1
— . H 3H 3 S = e
Similarly, image through mirror = 3 +(H+x)= - +uH=H(n+ E) R TR

b) Here, H—/2= K, SO,y = H
y 2u

Where, y = distance of the image of fish below the surface as seen by eye.

So, Directimage=H +y = H+i =H 1+i
2u 2u

Again another image of fish will be formed H/2 below the mirror.

So, the real depth for that image of fish becomes H + H/2 = 3H/2

So, Apparent depth from the surface of water = 3H/2p.

So, distance of the image from the eye = H +ﬁ =H(1 +i) .
2u 2n
According to the figure, x/3 = cotr ...(1)
Again, ﬂ = 1 = 3
sinr 133 4
. 4 .. 4 3 4 L c_3
= sinr= —sini=—x—=— (because sini= —==)
3 3 5 5 AC 5
= cotr=3/4 ...(2)

From (1) and (2) = x/3 =%
=>x=9/4=225cm.
.. Ratio of real and apparent depth =4 : (2.25) = 1.78.
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24.

25.

26.

27.

28.

29.

30.

For the given cylindrical vessel, dimetre = 30 cm
=r=15cmand h=30cm

sini 3 [Hw :1'33:%}

Now, — =—
sinr 4
= sini=3/4/2 [because r = 45°]
The point P will be visible when the refracted ray makes angle 45° at point of P’
refraction. -
Let x = distance of point P from X. P
x+10

Now, tan 45° =

= d=x+10
Again, tan i = x/d
3 d-10

23 d
3 10

(1)

. . 3 .
since, sini=—— = tani=

42
= —-1=—-——=d-= m
V23 d V23 -3
As shown in the figure,
sin45° 2 . sin45° 1 45
- =—=sinff=———=—==r=21° S
sinr 1 2 22 AR
Therefore, 6 = (45° — 21°) = 24° h
Here, BD = shift in path = AB sin 24° - -
= 0.406 x AB = AE o
cos21°
For calculation of critical angle,
sini_w, _ snC _ 15 75
sinr sin90 1.72 86

= C = sin”’ (Ej
26

Let 6. be the critical angle for the glass .
s.|nec LN sin@, = 1.2, 0, =sin™’ (gj
sin90°  x 3
From figure, for total internal reflection, 90° — ¢ > 6,
= ¢ <90°— 0, = ¢ < cos(2/3)
So, the largest angle for which light is totally reflected at the surface is cos™ (2/3).

From the definition of critical angle, if refracted angle is more than 90°, then reflection occurs, which is
known as total internal reflection.

So, maximum angle of refraction is 90°.
Refractive index of glass pg = 1.5
Given, 0° <i<90°

Let, C — Critical angle.

=)

=26.7 cm.

2cm=AE

x0.406 =0.62 cm.

90°—p
90°—

8

AN

sinC  p, sinC 1 .
—="2=——=—=066 1 - |
sinr Hg sin90° 15 40°48" 45 90

= C =40°48"

The angle of deviation due to refraction from glass to air increases as the angle of incidence increases
from 0° to 40°48". The angle of deviation due to total internal reflection further increases for 40°48” to
45° and then it decreases.

He=15=3/2; p,=133=4/3
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31.

32.

33.

For two angles of incidence, v
1) When light passes straight through normal, T=0
= Angle of incidence = 0°, angle of refraction = 0°, angle of deviation = 0 =0
2) When light is incident at critical angle, glass
: T=0
SI,LC =Hw (since light passing from glass to water) vio "
sinr g
= sin C =8/9 = C =sin '(8/9) = 62.73°. )
. Angle of deviation = 90° — C = 90° — sin™'(8/9) = cos™'(8/9) = 37.27° \d glass
Here, if the angle of incidence is increased beyond critical angle, total internal I—'ngoo >
reflection occurs and deviation decreases. So, the range of deviation is 0 to water

cos™(8/9).
Since, p = 1.5, Critial angle = sin™"(1/p) = sin™" (1/1.5) = 41.8°
We know, the maximum attainable deviation in refraction is (90° — 41.8°) = 47.2°
So, in this case, total internal reflection must have taken place.
In reflection,
Deviation = 180° — 2i = 90° = 2i = 90° = i = 45°.
a) Let, x = radius of the circular area

%: tanC (where C is the critical angle) | . '
P [l X 1 >
: HESNPG
_, Xx__snC _ T (because sin C = 1/p) v
h J1—sin?C \/1_1
W2
X 1 h
= —= orx =

h lu2_1 u2_

So, light escapes through a circular area on the water surface directly above the point source.

R

b) Angle subtained by a radius of the area on the source, C = sin™ (1/u).

a) As shown in the figure, sin i = 15/25
SO, ﬂ — l — E
sinr p 4
= sinr=4/5
Again, x/2 = tan r (from figure)

. tanr x/2
So, sinr = =
Vittan?r  1-x2/4
X 4
= =—

Va+x? S
= 25x°=16(4 +X°) = 9x° =64 = x=8/3m
.. Total radius of shadow = 8/3 + 0.15=2.81m
b) For maximum size of the ring, i = critical angle = C
Let, R = maximum radius
sinC _ R
sinr \/202 +R?
= 16R* = 9R? + 9 x 400
= 7R% =9 x 400
= R =22.67 cm.

=sinC= = 3 (since, sinr=1)
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34.

35.

36.

37.

38.

39.

Given, A=60°, n=1.732
Since, angle of minimum deviation is given by,
. (A + SmJ
sin
=\ 2 ) 1732 x % =sin(30 + 5m/2)
sinA/2

= sin"'(0.866) = 30 + dm/2 = 60° = 30 5m/2 = 5m = 60°
Now,dm=i+i"—A
= 60°=i+i"—60° (6 =60° minimum deviation)
= i = 60°. So, the angle of incidence must be 60°.

Givenp=1.5
And angle of prism = 4°
S|n(m)
= . 2 _(A+5n)/2 (for small angle sin 6 = 0)
sinA/2 (A/2)

A+,

:>H.=T:>15= 4 +8m

4°

= 8 =4° x (1.5) = 4° = 2°.

Given A =60° and 5 = 30°
We know that,

sin Atdy ) sini600 * O

= ( 2 = , 2 =2$in600+(Sm
sinA/2 sin30° 2

Since, one ray has been found out which has deviated by 30°, the angle of minimum deviation should
be either equal or less than 30°. (It can not be more than 30°).
60°+35,,

So, u < 2sin (because p will be more if 3, will be more)

or,u<2x 1132 or,us\/i.

s =1, up = 1.5, R = 20 cm (Radius of curvature), u = -25 cm "f —sign convertion
CMp M _Mpow 15 05 1 1 1 -3 k=10 / w=15
v ou R v 20 25 40 25 200 S g
= v=-200 x 0.5=-100 cm. WW’

So, the image is 100 cm from (P) the surface on the side of S.

Since, paraxial rays become parallel after refraction i.e. image is formed at .
V=00, U1 = 1.33, u= ?, U2 = 1.48, R=30cm —sign convertion
Hp B4 _Hp—iy 1.48 1.33 _ 1.48-1.33 :_1.33 _0.15 ,=1.48

vV u R 0 u 30 u 30

= u=-266.0cm
.. Object should be placed at a distance of 266 cm from surface (convex) on side A.

30cm
Given, u; = 2.0
So, critical angle = sin™’ [i] =sin™ (l) =30°
K2 2
a) As angle of incidence is greater than the critical angle, the rays are totally
reflected internally. c /
b) Here, M2 _H1_H2—H1 A
v u R hs
= 2 —(—l) = 2-1 [For parallel rays, u = «] | B,
\ 0 3 \ 3
‘\ /’ cm ,’
:>Z=% =v=6cm \\A:/

Y - .-
= If the sphere is completed, image is formed diametrically opposite of A.
c) Image is formed at the mirror in front of A by internal reflection.
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40.

41.

42.

43.

a) Image seen from left :
u=(5-15)=-3.5cm

=-5cm
CMp W _ppowm 1 15 1-15
vV u R v 35 5
1 = 1.3 =>vV= -0 —3 cm (inside the sphere).
v 10 7 23

= Image will be formed, 2 cm left to centre.
b) Image seen from right :
=—-(5+15)=-6.5cm

=-5cm
DM By Moo 1 15 1215
v u R v 6.5 -5
1 = 1.3 = V= _130 _ —7.65 cm (inside the sphere).
v 10 13 17

= Image will be formed, 2.65 cm left to centre.
Ri=R;=10cm,t=5¢cm,u=-w
For the first refraction, (at A)

Bg Mo _Mg=Ma 15 o 15

vV u R, v 10

=v=30cm.

Again, for 2" surface, u = (30 — 5) = 25 cm (virtual object)
R, =-10cm

So, 1—E:ﬁ =v=91cm.
v 25 -10

So, the image is formed 9.1 cm further from the 2" surface of the lens.

For the refraction at convex surface A.
p=—oo, =1, up="7?
a) When focused on the surface,v=2r,R=r

So Mo M1 _ M —my

vV u R

_ Hp_pp 1
2r
b) When focused at centre, u=r;, R=r

S =20 -2 pp=2

u R

-1
TIPS}
R r
This is not possible.
So, it cannot focus at the centre.

Radius of the cylindrical glass tube = 1 cm

So, M2 M1 _ M2~

We know’ ﬁ_ﬂzu
vV u R
Here, u=-8 cm, p, = 3/2, uy =4/3, R=+1cm
3 4 3 1 1
So, —+ —==— V=

= —+
2v. 3x8 2v. 6 6
.. The image will be formed at infinity.

+ve| —Sign convention
N for both surfaces

p= Glass rod

3/2)

u=4/3 Q

water

8cm
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44,

45.

46.

47.

In the first refraction at A.
=32, 1y =1,u=0,R=w
Mo — 1y

So, K2 M1
vV u R

= v=0since (R= wandu=0)

.. The image will be formed at the point, Now for the second refraction at B,

u=-3cm,R=-3cm, uy=3/2, up =1 3cm

1 N 3 1-15 1 A

-3 6

object

= v =-3 cm, .. There will be no shift in the final image.
Thickness of glass =3 cm, pg = 1.5

Image shift = 3(1 —ij
1.5

[Treating it as a simple refraction problem because the upper surface is flat and
the spherical surface is in contact with the object]

= SX% =1cm.
1.5

The image will appear 1 cm above the point P.
As shown in the figure, OQ =3r, OP =r

So, PQ =2r
For refraction at APB
We know, M_Z_h = M
VvV u R
= E—L:E:i [because u = —-2r]
v =2r r 2r
=V=w®
For the reflection in concave mirror
u=oo

So, v = focal length of mirror = r/2
For the refraction of APB of the reflected image.

Here, u = -3r/2

1_15 :ﬁ [Here, py=1.5and up =1 and R =]
v =3r/2 -r

=Vv==2r

As, negative sign indicates images are formed inside APB. So, image should be at C.
So, the final image is formed on the reflecting surface of the sphere.
a) Let the pin is at a distance of x from the lens.

Then for 1% refraction, K2 _ K1 _H2 —H1
v u R

Here u, = 1.5, uy =1, u=-x, R=-60 cm

15 1 05

v —x -60

= 120(1.5x + v) = —vx
= v(120 + x) = -180x
-180x
120 + x
This image distance is again object distance for the concave mirror.

..(1)

=>V=
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48.

49.

50.

_ -180x
120 + x
17 1 1 1 1 —(120 + x)

L —t—=o > —=———
v u f v, -10 180x

1 120+x-18x 180x
—_——_— V=

V4 180x ©120-17x

Again the image formed is refracted through the lens so that the image is formed on the object taken in
the 1°! refraction. So, for 2" refraction.
According to sign conversion v =—x, u, =1, uy = 1.5, R =-60

Mo Wi_Ha—ii o 180x ]

,f=—-10cm (.. f=R/2)

Now,

v u R 120 -17x
15 120-17%="22
-x 180x —60

1 120-17x -1
= —4—=—
X 120x 120
Multiplying both sides with 120 m, we get
120 + 120 — 17x = —x
= 16x=240 = x=15¢cm
.. Object should be placed at 15 cm from the lens on the axis.
For the double convex lens

f=25cm, Ry =R and R, = -2R (sign convention)

1 1 1 +ve
el L
f=( >[R1 RZJ R
- i=(15—1)(1—ij = 0.5[5) . A
5 R -2R 2 C \/ I
1. 3] = R=18.75cm

25 4R
R;=18.75cm, R, =2R = 37.5 cm.
Ri=+20cm; R, =+30cm; un=1.6
a) If placed in air :

R e
\

= f=60/6 =100 cm
b) If placed in water :

—
1 1 1)_(16 1 1 Re
c= N oo | = | 7ox 1 5030
f R, R, 1.33 20 30
= =300 cm
Givenn=1.5

Magnitude of radii of curvatures = 20 cm and 30 cm
The 4types of possible lens are as below.

1 1 1
G

Case (1) : (Double convex) [R; = +ve, R, = —ve]

1:(15—1)[i—ij = f=24cm
f 20 -30
Case (2) : (Double concave) [R1 = —ve, R, = +ve]

1:(15—1)(_—1—ij =f=-24cm
f 20 30
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Case (3) : (Concave concave) [R; = —ve, R, = —ve]

1:(15—1)(L—L) = f=-120 cm

f -20 -30

Case (4) : (Concave convex) [Ry = +ve, Ry = +ve]
! =(15- 1)( 1 ij =f=+120cm
f 20 30

51. a) When the beam is incident on the lens from medium p.

Then M2 _ M1 _H2—"Hq Ho M4 Mo — 1y

or =2 ™1
v u R v (-o0) R
- R

or L M2 THr o M

v R Ha =y
Again, for 2" refraction, Hs M2 _Ms~Hp

v u R

N e R 3 —Hp — Uy +u1}
or, —= — = | == Tz e 71

: { e, m} oo

R
or,v= —{—“3 }
M3 — 2up + 1y

So, the image will be formed at = MaR

2up — g —p3
b) Similarly for the beam from p; medium the image is formed at

52. Given that, f=10cm
a) Whenu=-95cm
11 1 1

:> p—

1.1 _-02

1
v uf v 10 98 98
= v=-490cm
So,=>m= V. —4% =50cm
u -9.8
So, the image is erect and virtual.
b) When u=-10.2 cm

1 1.1 _1_1 1 _102

v u f v 10 -10.2 0.2
=v=510cm
v _ 510
u 98
The image is real and inverted.
53. For the projector the magnification required is given by
v 200

m=—=——=u=17.5cm
u 3.5

So,m=

AN

1
3
n 25
+ve
—
H1 3
n L

10cm

10cm

10.2cm
(Real image)

[35 mm > 23 mm, so the magnification is calculated taking object size 35 mm]

Now, from lens formula,

111
v u f
17 1 1 1 1 1
—_—_— e — 4 — ==
v -u f 1000 175 f
=f=17.19 cm
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54.

55.

56.

57.

58.

When the object is at 19 cm from the lens, let the image will be at, v;.
1T 1 1 1 1 1

19 12

vioup f Vi ___21cm V4

= v, =32.57 cm
Again, when the object is at 21 cm from the lens, let the image will
be at, v,

:>i—i:1:>i+i:i A l\'/l 'B

=V, =28 cm

A M B

AB" v,-v,
2

.. Amplitude of vibration of the image is A =

32.57-28

=A= =2.285cm.

Given,u=-5cm,f=8cm
o, 1 1 1 1.1 3
v u f 8 5 40
= v =-13.3 cm (virtual image).
Given that,
(-u) + v =40 cm = distance between object and image

ho=2cm, hj=1cm

Since :—' -Y - magnification
. -

1 v 40cm
= —=— > u=-2v
A
1 Tho B

2 -u
1T 1 1 1 1
—t — =
v 2v f

Now, ———=- =
v u f

1 2v

=5 —=—-=f=—
2v f 3
Again, (-u) +v =40
= 3v=40=v=40/3cm
_ 2x40
=53
From eqn. (1) and (2)
= -2v = -3f = -3(8.89) = 26.7 cm = object distance.

A real image is formed. So, magnification m = -2 (inverted image)

3

o f

= 8.89 cm = focal length

Y= oo v=2u=(-2)(-18)=36
u

1 1 1 1 1 1
From lens formula, - ——=- = — ———=—
v u f 36 -18 f
=f=12cm
Now, for triple sized image m = -3 = (v/u)

171 1 1T 1 1
=

v ou f 3u u 12
=3u=-48=u=-16cm
So, object should be placed 16 cm from lens.
Now we have to calculate the image of A and B. Let the images be A’, B'. So, length of A’ B’ = size of
image.
For A,u=-10cm, f=6cm
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59.

60.

61.

. 1 1 1 1 1 1
Since, ———=- > ————=—
v u f v -10 6
=v=15cm = OA’
ForB,u=-12cm, f=6cm
Again, 1111 11 G
v u f v 6 12
=v=12cm= 0B’
~AB =0A'-0B'=15-12=3cm.
So, size of image = 3 cm.
=—15x10"m;f=+20x 102 m
Since, fis very small compared to u, distance is taken as «. So, image will be formed at focus.
=v=+20x107%m
v h

. We know, m = — =M%
u h

<o >

11cm

object
20 ><10_2 Dimage

= "o 9
1.5x10 1.4x10

= Dimage = 1.86 mm

D.
So, radius = % =0.93 mm.

Given, P = 5 diopter (convex lens)

=f=1/5m=20cm

Since, a virtual image is formed, u and v both are negative.
Given, v/iu=4

W
ALY
\
Lo

= v =4u (1) MLX*
From lens formula, 11 = 1 ‘A//K/ F
v u f

11 14 3 u

f 4u u 20 4u 4u ) v "
=u=-15¢cm
.. Object is placed 15 cm away from the lens.
Let the object to placed at a distance x from the lens further away from the mirror.
For the concave lens (1% refraction) A S
u=-x,f=-20cm ri::%tl_’;g’ / ¥\
From lens formula, B :é‘ 5 = S :
11 1 1 1 1 v
———= = —=—+— A 4
v u f v -20 -—x < — N

X 5cm

_ ( 20x j
=>V=—
X+ 20

So, the virtual image due to fist refraction lies on the same side as that of object. (A'B’)
This image becomes the object for the concave mirror.
For the mirror,
_ ( 20x j_ (25x+100j
=_| 5+ =
x+20 x+20
=-10cm
From mirror equation,
11 1 1 1 x+20

=t
v u f v -10 25x+100
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62.

63.

64.

65.

_ 50(x+4)

© 3x-20
So, this image is formed towards left of the mirror.
Again for second refraction in concave lens,

u= —[5 —M} (assuming that image of mirror is formed between the lens and mirro)

3x-20
vV = +Xx (Since, the final image is produced on the object)
Using lens formula,
S O I B B
v u f " x g 50(x+4 -20
3x-20
=x=60cm

The object should be placed at a distance 60 cm from the lens further away from the mirror.
So that the final image is formed on itself.
It can be solved in a similar manner like question no.61, by using the sign conversions properly. Left as
an exercise for the student.
If the image in the mirror will form at the focus of the converging lens, then after transmission through
the lens the rays of light will go parallel.
Let the object is at a distance x cm from the mirror
=-xcm ;v =25-15=10 cm (because focal length of lens = 25 cm)

f=40cm

111 1 1 1
= 4 -—-=—>—=———

v u f x 10 40 A i
= x =400/30 = 40/3 [¢) Q § E
.. The object is at distance (15 —%) :g = 1.67 cm from the lens. \/ X

15cm

The object is placed in the focus of the converging mirror.

There will be two images.

a) One due to direct transmission of light through lens.

b) One due to reflection and then transmission of the rays through lens.
Case | : (S’) For the image by direct transmission,

40cm .
u=-40cm,f=15cm ;
17 1 1 11 1 _ s N a

vuf v 15 40 s s 3
= v =24 cm (left of lens) g
Case Il : (S") Since, the object is placed on the focus of mirror, after 500m
reflection the rays become parallel for the lens.

SO, u=oo
= f=15cm

11 1
= il = v =15 cm (left of lens)

Let the source be placed at a distance X’ from the lens as shown, so that images formed by both
coincide.

For the lens, i—i:i:>v/: 15x ...(1) x
v, x 15 ' x-15 /\ §
Fro the mirror, u = —(50 — x), f =—10 cm . . 5
1 1 1 s 0 S 3
So, —+—=——
vV, —(50-x) 10 §
50cm

18.15



Chapter 18

66.

67.

68.

1 1 1
- =
v, —(50-x) 10
10(50 - x)
So,vp= ——* ..(2
&Ym= 40 @)

Since the lens and mirror are 50 cm apart,
15x  10(50 - x)
x-15 (x-40)

vV, -V, =50= =50

= x=30cm.
So, the source should be placed 30 cm from the lens.
Given that, f; =15cm, F,, =10 cm, h, =2 cm

. . 1 1 1 30cm
The object is placed 30 cm from lens ———=—. AI /\ A" %
' B

v u f I
V= Ut BlB” lgf ;
u+f A" \/ A /\§
Since, u=-30cmand f=15cm *
So,v=30cm
So, real and inverted image (A’B’) will be formed at 30 cm from the lens and it will be of same size as
the object. Now, this real image is at a distance 20 cm from the concave mirror. Since, f,, = 10 cm, this

real image is at the centre of curvature of the mirror. So, the mirror will form an inverted image A"B" at
the same place of same size.

Again, due to refraction in the lens the final image will be formed at AB and will be of same size as that
of object. (A"'B"")
For the lens, f=15cm, u =-30 cm

50cm

From lens formula, 1 —1 = 1 p=1.5
v u f /\
:>l=i—i=l =v=30cm .
v 15 30 30
The image is formed at 30 cm of right side due to lens only.
Again, shift due to glass slab is, 30cm Tem

=At= (1—%)1 [since, pg=1.5andt=1cm]

=1-(2/3)=0.33 cm
. The image will be formed at 30 + 0.33 = 30.33 cm from the lens on right side.
Let, the parallel beam is first incident on convex lens.
d = diameter of the beam = 5 mm

=15
Now, the image due to the convex lens should be formed on its =
focus (point B) TR
So, for the concave lens, R - 1"_2:‘
u = +10 cm (since, the virtual object is on the right of concave lens) -- "'6? \
f=—-10cm E Tom
So,l_lzljl: 1 +i:0:>\,=oo 10cm 10cm

v u f v -10 10
So, the emergent beam becomes parallel after refraction in concave lens.
As shown from the triangles XYB and PQB,
PQ RB 10 1
XY zB 20 2
So, PQ =% x5=25mm
So, the beam diameter becomes 2.5 mm.
Similarly, it can be proved that if the light is incident of the concave side, the beam diameter will be 1cm.
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69.

70.

71.

Given that, f; = focal length of converging lens = 30 cm
f, = focal length of diverging lens = —20 cm

and d = distance between them = 15 cm

Let, F = equivalent focal length

11 1 d 1 ( 1 ) 15 1
So, . —=—F———F = —+|— || —— |=—
F £ f, ff, 30 20 30(-200 ) 120
=F=120cm
= The equivalent lens is a converging one.
Distance from diverging lens so that emergent beam is parallel (image at infinity),
_dF 15x120
dy=—=
f, 30
It should be placed 60 cm left to diverging lens
= Object should be placed (120 — 60) = 60 cm from diverging lens.
Similarly, d, = 3 - 19x120
f, 20
So, it should be placed 90 cm right to converging lens.
= Object should be placed (120 + 90) = 210 cm right to converging lens.
a) Firstlens :
=-15cm, f=10cm

17 1 1 1 ( 1) 1
—_————e ) — | —— | = ——
v u f Y 15 10

=60 cm

=90 cm

=v=30cm 15¢m

So, the final image is formed 10 cm right of second lens. ‘—m’ ond

b) m for 1% lens : T A A
v h 30) h

_ 'image ( ) _ 'limage

— = = — | =

u hObject -15 5mm \/ \/

= himage = —10 mm (inverted) -

Second lens : 40cm
=—40-30)=-10cm;f=5cm

[since, the image of 1% lens becomes the object for the second lens].

17 1 1 1 ( 1) 1
—_—_——=— = —— | —— | = —
v u f Y 10 5

=v=10cm

m for 2™ lens :
\ himage (10) _ himage
A ===

U Nopject 10 -10

= himage = 10 mm (erect, real).

c) So, size of final image = 10 mm

Let u = object distance from convex lens = -15 cm

v41 = image distance from convex lens when alone = 30 cm
f1 = focal length of convex lens

60cm
Now, - 11 N

vi u f

S I B I .
ff 30 -15 30 15 « »

or f{=10cm

Again, Let v = image (final) distance from concave lens = +(30 + 30) = 60 cm

v = object distance from concave lens = +30 m

30cm
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72.

73.

74.

f, = focal length of concave lens

Now, - +— -1
v vy
or, l:i—i = f, =-60 cm.
f, 60 30

So, the focal length of convex lens is 10 cm and that of concave lens is 60 cm.

a) The beam will diverge after coming out of the two convex lens system because, the image formed by
the first lens lies within the focal length of the second lens.

b) For 1% convex lens, 1.1 :1 = 1 = s (since, u = —x)
v u f v 10
or,v=10cm 1 1 1 f, =10cm f, =10cm
for 2™ convex lens, — =+ M
vi f u
1 1 1 -1
o, —=—+———=— ,&VI/
vi 10 —-(15-10) 10 \\VL
or, v'=-10 cm 15cm
So, the virtual image will be at 5 cm from 1% convex lens.
c) If, F be the focal length of equivalent lens,
11 1 d 1 1 15 _ 1
Then, - =—+ ———=> —+—-—= —
F f f, ff, 10 10 100 20
= F=20cm.
Let us assume that it has taken time ‘t’ from A to B.
1
.. AB = —gt
5 g
1 =h
.. BC=h- =gt v | ot?
2g h BI ?
This is the distance of the object from the lens at any time ‘t’. ic
Here,u=—(h— %gtz)
p2 = p(given) and py =i (air)
So, = 11 = “F;1
\% 2 !
—(h—-—gf
( 59 )
(u-1)h- 1 gt?)-R
_m_m 1 ~ 1 _ u 2 9
\ R 1 2 1 2
h-—gt R(h-—gt
( 59 ) ( 59 )
uR(h - gt2)
So, v = image distance at any time 1’ = 12
(u—1)(h—§9t2)—R
uR(h—lgtz) 2
So, velocity of the image =V = z—\t/ =% 12 = uR7gt (can be found out).

(-1h-29)-R | (1-1(h-gt*)-R

Given that, u = distance of the object = —x
f = focal length = —-R/2
and, V = velocity of object = dx/dt
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75.

. . 1 1 2
From mirror equation, — + —=—-—
-X Vv R
1 2 1 R-2x Rx .
=2y V= = Image distance ,
v R x Rx R -2x

So, velocity of the image is given by,

[
V1=dv_ dt

a)

(XRIR - 2x)]~ [ (R~ 20)lIXR]

v o
Object Image \E\
d 'ag
dt /§
g

dt (R-2x) —_—3

RIS (R-2x)1-[-2 5

_ R[v(R-2x)+2vx0
(R-2x)? (R—2x)?
VR?  R[VR-2xV +2xV

(2x-RY?  (R-2x)

When t < d/V, the object is approaching the mirror

As derived in the previous question, t< (di)
Velocity of object x R? = v

[2 x distance between them —R]?

VR? o T
m [At any time, x = d —Vt]

After a time t > d/V, there will be a collision between the mirror and the mass.

As the collision is perfectly elastic, the object (mass) will come to rest and the mirror starts to move
away with same velocity V.

At any time t > d/V, the distance of the mirror from the mass will be
X = V(t—g) =Vt-d
\Y

Here,u=—-(Vt—-d)=d-Vt;f=-R/2 v t<(dw)
1 1 1 _ 1 N 1 _{R+2(d—Vt)} 3

image —

= Vimage =

1
v uf v d-Vt (-R/2)
_ R(d-Vt)
>V | —— L
R-2(d-Vt)
So, Velocity of the image will be,

i(Image distance) = df_R@=Vt)
dt dt| R+2(d - Vt)

Let, y = (d — V1)

:>d—y:—V

dt

So, —+—=- =
R(d-Vt)

} = Image distance

Vimage =

SO: Vimage =

d { Ry } _ (R+2y)R(-V) -Ry(+2)(-V)
dt|R+2y | (R +2y)?

_ _ 2
_ _V{R+2y Zy} VR

(R+2y)2 (R+2y)2

Since, the mirror itself moving with velocity V,

R2
—2:| (since, V = Vyiror + Vimage)

Absolute velocity of image = V| 1-
(R+2y)

= V|:']_R—2:| i
[2(Vt—d)-R?
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76.

77.

Recoil velocity of gun = V4 = mVV .

At any time ‘t’, position of the bullet w.r.t. mirror = Vt +mVVt = (1 +%)Vt

For the mirror, u = —(1+%)Vt =kVt

mirror(

v = position of the image v,
Vo= (mv),m‘_‘F
From lens formula,

1T 11 1 1 1 1 1 f-kvt

v F TKVE KV KVAT

V f u
Let (1+m: )
M

kVft ( kVif j
So,v= =
—KkVt+f \f-kVt

So, velocity of the image with respect to mirror will be,
d_v _ i[ kVtf } _ (fF—kVt)kVf —kVtf(—kV) kVt?
dt  dt[f—kvt (f —kVt)? (f —kVt)?

Since, the mirror itself is moving at a speed of mV/M and the object is moving at ‘V’, the velocity of
separation between the image and object at any time ‘t’ will be,

Vq =

_ mV  kVf?
Vs =V —+———
M (f —kVit)
When, t = 0 (just after the gun is fired),

Ve = V+m—V+kV:V+mV+(1+m)V:2(1+mjV
M M M M

Due to weight of the body suppose the spring is compressed by which is the mean position of
oscillation.

m=50x10"kg,g=10ms > k=500 Nm? h=10cm=0.1m ——
For equilibrium, mg = kx = x = mg/k = 10°m = 0.1 cm 30 om
So, the mean position is at 30 + 0.1 = 30.1 cm from P (mirror). L]

Suppose, maximum compression in spring is 3.
Since, E.K.E. — |.LK.E. = Work done

=0-0=mg(h+3)-" k&? (work energy principle)
= mg(h +8) = % k&% = 50 x 107> x 10(0.1 + 8) = % 500 &° “”;’;’;{f’"
So, 5= 222025450 _ 645 1 = 1.5cm.
2x 250
From figure B,
Position of B is 30 + 1.5 = 31.5 cm from pole. mirror
Amplitude of the vibration = 31.5 - 30.1 — 1.4. | ®
Position A is 30.1 — 1.4 = 28.7 cm from pole. A 130-1 em
ForAu=-315,f=-12cm 1.4c
LIS S mean

v f u 12 315 tem

= Vp= _1 938 cm ’//A;-:_//A-Yf/fx
Fig-B

ForBf=-12 cm, u=-28.7 cm
1 1 1 1+ 1

v f u 12 287
= vg =—-20.62 cm
The image vibrates in length (20.62 — 19.38) = 1.24 cm.
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78.

79.

a) Intime, t = R/V the mass B must have moved (v x R/v) = R closer to the mirror stand
So, For the block B :

=-R, f=-R/2

Tt 112 1 1

v f u R R R _ 2R L R .
= v = -R at the same place. ) S .
For the block A : u=-2R, f=-R/2 L v

1 11 2 1 -3 H i. ) ‘m
S Em— = — o —=— =

v f u R 2R 2R - N

A I B

_ origin
=>vV= % image of A at % from PQ in the x-direction.

So, with respect to the given coordinate system,
.. Position of A and B are % R respectively from origin.

b) When t = 3R/v, the block B after colliding with mirror stand must have come to rest (elastic collision)
and the mirror have travelled a distance R towards left form its initial position.

So, at this point of time, R R
For block A : 4
=-R,f=-R/2
Using lens formula, v = —R (from the mirror), H H
So, position xa = —2R (from origin of coordinate system) N 5
For block B :

Image is at the same place as it is R distance from mirror. Hence,

position of image is ‘0. < R ,\‘1 R >
Distance from PQ (coordinate system) ¥ -
.. positions of images of A and B are = -2R, 0 from origin. <L:‘ J:‘ EB,E H
c) Similarly, it can be proved that at time t = 5R/v, il By '
I

the position of the blocks will be —3R and —4R/3 respectively. A
Let a = acceleration of the masses A and B (w.r.t. elevator). From the freebody diagrams,
T-mg+ma-2m=0 (1) T
Similarly, T-ma =0 ...(2) T
From (1) and (2),2ma-mg—-2m =0 ,a
= 2ma =m(g + 2)

TZm/s2

=a= M:E =6ms_2
2 2
so, distance travelled by Bint=0.2 sec is,
s=%at2:%x6x(0.2)z=0.12m=120m. mg
So, Distance from mirror, u = —(42 - 12) =-30 cm ; f= +12 cm FBL”;(Z)
. .1111(1)1 FBD-A

From mirror equation, —+—=-=—+| —— |=—

v u f v 30/ 12

=v=8.57cm
Distance between image of block B and mirror = 8.57 cm.

AADA
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SOLUTIONS TO CONCEPTS

CHAPTER 19
The visual angles made by the tree with the eyes can be A
calculated be below.
_ 'Helght of the tree :ﬁ: 0, :£:0.04
Distance from the eye OB 50 height

similarly, 6g =2.5/80 = 0.03125
0c=1.8/70=0.02571 Distance B
6p =2.8/100 = 0.028

Since, 65 > 05 > 0p > 6, the arrangement in decreasing order is given by A, B, D and C.

For the given simple microscope,
f=12cmand D =25cm

For maximum angular magnification, the image should be produced
at least distance of clear vision.
So,v=—-D=-25¢cm

11 1

Now, ———=— <« D=25cm
v u f _.l

_ 1_1_1_#_1__& (Simple Microscope)
u v f 25 12 300

=u=-8.1cm

So, the object should be placed 8.1 cm away from the lens.

The simple microscope has, m = 3, when image is formed at D = 25 cm
D 25

aym=1+— = 3=1+—
f f

=f=25/2=125cm
b) When the image is formed at infinity (normal adjustment)
25

s D
Magnifying power= —=—— =2.0
gniving p f 125

The childhas D =10cm and f =10 cm

The maximum angular magpnification is obtained when the image is formed at near point.
m = 1+9:1+E =1+1=2
f 10

The simple microscope has magnification of 5 for normal relaxed eye (D = 25 cm).

Because, the eye is relaxed the image is formed at infinity (normal adjustment)
So,m=5= b_2 =f=5cm
f f
For the relaxed farsighted eye, D = 40 cm
So,m= b = 40 _ 8
f 5

So, its magnifying power is 8X.
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For the given compound microscope
fp=— ' =004m=dcm f= — ' =02m=20cm
25 diopter 5 diopter
D = 25 cm, separation between objective and eyepiece = 30 cm

The magnifying power is maximum when the image is formed by
the eye piece at least distance of clear visioni.e. D =25 cm

for the eye piece, ve = -25 cm, fo =20 cm

For lens formula, i—i :l
Ve ue fe
:>i:i_l:>L_l = Us=11.11cm

u, v, f, 25 20
So, for the objective lens, the image distance should be
vo=30-(11.11) = 18.89 cm
Now, for the objective lens,
Vo = +18.89 cm (because real image is produced)
fo=4 cm
So, i:i_le_l =0.053-0.25=-0.197
u, v, f, 1889 4
= U, =-5.07 cm
So, the maximum magnificent power is given by
m= _v_o 1+2 :_w[1+§:|
u, f. -5.07 20
=3.7225 x 2.25 = 8.376
For the given compound microscope
fo=1cm,fo=6cm, D =24 cm
For the eye piece, vo =—24 cm, f, = 6 cm
NOW, i_i = l
Ve ue fe
1 1 1 [ 1 1} 5
_— = | — 4 — | =——
u, Ve fo 24 6 24

= U, =-4.8cm

fe=0.2m
objective
fo = 0.04m
objective 111
e cm
A
B B’

a) When the separation between objective and eye piece is 9.8 cm, the image distance for the objective

lens must be (9.8) — (4.8) =5.0 cm

Now, -1
Vo U Ty
A+ 1 1.1__4
U vy fo 5 1 5
= U=—-—=-—1.25¢cm

So, the magnifying power is given by,

m= V_O|:1+B:| = _—5|:1+ﬁ:| =4x5=20
u, f -1.25 6
(b) When the separation is 11.8 cm,
Vo=11.8-48=7.0cm, fo=1cm

1 1 1_11_ 6

u v fo 7 1

~

I
T

—— >

24 cm e
Fig-A

T o7(:m l 4.8cm :

11.8cm
24 cm

Fig-B

<-=-=-===

A
4
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So,m=—v—°[1+9} = ‘—7{1+ﬁ} =6x5=30
wl ) (7 6
6

So, the range of magnifying power will be 20 to 30.
For the given compound microscope.
fo= —— =0.05m="5cm, fo= —— =0.1m=10cm.
20D 10D
D = 25 cm, separation between objective & eyepiece= 20 cm

For the minimum separation between two points which can be distinguished by eye using the
microscope, the magnifying power should be maximum.
For the eyepiece, vy = 25 cm, fo=10 cm

11 1 _ 1 1_{2+5} _ 50
So, —= ————=——-— =- = Ue=— —cCm

U e fo —25 10 50 7
So, the image distance for the objective lens should be,
Vo=20- @ = % cm

7 7

Now, for the objective lens,
(I N U N O |
u Vv Ty 90 5 90

90
= Uy=— —cm
11

= ﬂ><3.5 =55
7

Thus, minimum separation eye can distinguish = % mm = 0.04 mm

For the give compound microscope,
fo = 0.5cm, tube length = 6.5cm
magnifying power = 100 (normal adjustment)

Since, the image is formed at infinity, the real image produced by the objective lens should lie on the
focus of the eye piece.

So, vp +fs =6.5cm (1)
Again, magnifying power= V_onB [for normal adjustment]

0 e fo
«—

:>m=_1_v_02 .‘.V_0:1_V_0 Vo Eye piece
fo | fe Ug fo Tﬁ\ Fe

=100 = —{1 —(‘)’_‘;} x§ [Taking D = 25 cm] om\e/ct.ve\%'

€ ©

=100 f, = —(1 — 2vp) x 25
=2v—4f=1  ..(2)
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10.

11.

12.

Solving equation (1) and (2) we can get,
Vo=4.5cmandf, =2 cm
So, the focal length of the eye piece is 2cm.

Given that,

fo ==1cm, f. =5 cm, Uu=05cm, v.=30cm " fem > Eye piece

For the objective lens, ug =—-0.5cm, f; =1 cm. f T A /\ B

From lens formula, B’ B v l
1 1 1 1 1 1 1 1 Objective A

_— = _——t— = — 4 =-1 —

vo Uy fo vg u, fy -05 1 0.5cm 30cm

=Vvo=—1cm < 60cm >

So, a virtual image is formed by the objective on the same side as that of the object at a distance of 1
cm from the objective lens. This image acts as a virtual object for the eyepiece.
For the eyepiece,
1 1 1 1 1 1_1 1_-5_-1 _
—_———=— > —=—-—=—-—-=—=— = U=-6cm
vg Uy T up v fy 30 5 30 6
So, as shown in figure,
Separation between the lenses = ug—vo=6—-1=5cm
The optical instrument has

1

fo=—= =0.04m=4cm

25D
f= — =005m=5cm

20D 5em
tube length = 25 cm (normal adjustment) 20cm

(a) The instrument must be a microscope as fy < f. AW /\
(b) Since the final image is formed at infinity, the image produced S i
by the objective should lie on the focal plane of the eye piece.

So, image distance for objective = vy =25-5=20cm R
Now, using lens formula.

1 1 1 1 1 1_ 1 1_-4_ -1 _
—_——=— > —=—-—=—-—=—=— =U=-5cm
Vo Uy fo up vg fo 20 4 20 5
So, angular magnification = m = —V—Oxf2 [Taking D = 25 cm]
Uog e
=_£xé =20
-5 5

For the astronomical telescope in normal adjustment.
Magnifying power = m = 50, length of the tube =L = 102 cm
Let fy and f, be the focal length of objective and eye piece respectively.

m=;—°=50:>f0=50fe (1) e

e <f°_, Eye piece
and,L=f,+f.=102cm ...(2) Tﬁ\ F.

Putting the value of f, from equation (1) in (2), we get, V
fo+fe=102 =51, =102 =f,=2cm=0.02m Objective 2

So,f,=100cm=1m o

.. Power of the objective lens = fi =1D
0
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13.

14.

15.

16.

17.

18.

For the given astronomical telescope in normal adjustment,

Fe=10cm, L=1m=100cm

S0, fo=L-f.=100-10=90 cm

and, magnifying power = -2 = 0 _q
f, 10

For the given Galilean telescope, (When the image is formed at infinity)
fo =30 cm, L=27cm

Since L = fo — [f|

[Since, concave eyepiece lens is used in Galilean Telescope]
=>f=fh-L=30-27=3cm

For the far sighted person,
u=-20cm, v=-50cm

17 1 1
from lens formula ———=—

v u f
1 1 1 1 1 3 100 1
- = = =_— =f=— cm=—m
f -50 -20 20 50 100 3 3

So, power of the lens = % = 3 Diopter

For the near sighted person,
u=owandv=-200cm=-2m
S D R O N P

f v u -2 o 2
So, power of the lens is —0.5D
The person wears glasses of power —2.5D
So, the person must be near sighted.

u = oo, v = far point, f= % =—0.4m =-40cm

Now,l—lz1
v u f
:>l:l+1= 0+L =v==40cm
v u f -40

So, the far point of the person is 40 cm

On the 50" birthday, he reads the card at a distance 25cm using a glass of +2.5D.

Ten years later, his near point must have changed.
So after ten years,

u=-50cm, f=L=O4m=4OCm v = near point
2.5D
1 1 1 17 1 1 1 1 1
Now, ———=— = —=—4-=F —t— = —
v u f v u f -50 40 200

So, near point = v =200cm
To read the farewell letter at a distance of 25 cm,

U=-25cm

For lens formula,

17 1 1 1 1 - 1 1 9 200 2
—_—-——s - =F—————=——+4-—=—— =f=—cm=—m
v u f f 200 -25 200 25 200 9 9
= Power of the lens = — = % =4.5D

..He has to use a lens of power +4.5D.

19.5



Chapter 19

19.

20.

21.

22.

23.

Since, the retina is 2 cm behind the eye-lens

v =2cm
(a) When the eye-lens is fully relaxed
u=o, v=2cm=0.02m Eye lens
1.1 1 1 1 (’ Retina

So, in this condition power of the eye-lens is 50D

(b) When the eye-lens is most strained,
=—25cm=-025m, v=+2cm=+0.02m [ 2om —|
= 121_1 = L_#=50+4=54D

f v u 002 -025
In this condition power of the eye lens is 54D.
The child has near point and far point 10 cm and 100 cm respectively.
Since, the retina is 2 cm behind the eye-lens, v = 2cm

For near pointu=-10cm=-0.1m, v=2cm=0.02m
So, L :1—1=L—L=50+10=60D

fiear Vv u 0.02 -0.1
For far point, u=-=100cm=—-1m, v=2cm=0.02m
So 1—1—1=—1 —i=50+1=51D

"fe vV ou 002 -1

So, the rage of power of the eye-lens is +60D to +51D
For the near sighted person,
v = distance of image from glass
= distance of image from eye — separation between glass and eye
=25cm—-1cm =24 cm = 0.24m
So, for the glass, u=wand v=—-24 cm=-0.24m
S B N P
f v u -024 o«
The person has near point 100 cm. It is needed to read at a distance of 20cm.
(a) When contact lens is used,
=—20cm=-0.2m, =—100cm=-1m

SO, -=———=———_=-1+5=+4D

(b) When spectacles are used,
u=-(20-2)=-18cm=-0.18m, v=-100cm=-1m
so -t A1 1 4is555-4+45D

f v u -1 -0.18
The lady uses +1.5D glasses to have normal vision at 25 cm.

So, with the glasses, her least distance of clear vision = D = 25 cm

Focal length of the glasses = A m = 100 cm
1.5 1.5
So, without the glasses her least distance of distinct vision should be more
If, u=-25cm, f= mcm
1.5
Now, 11115 1 _15-4_ =25 = v = —40cm = near point without glasses.
v u f 100 25 100 100

Focal length of magnifying glass = % m=0.05m=5cm="f
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24.

(a) The maximum magnifying power with glasses

m=1+2=1+§=6 [~ D =25cm]
f 5
(b) Without the glasses, D = 40cm
So,m= 1+2 = 1+ﬂ =9
f 5

The lady can not see objects closer than 40 cm from the left eye and 100 cm from the right eye.
For the left glass lens,
v=-—40cm, u=-25cm

1 1 1 1 1 1 1 3 200
= = 3f=Tcm

"f v u -40 -25 25 40 200
For the right glass lens,

=—-100 cm, =-25¢cm

1 1 1 1 1 1 1 3 100
—— e e = — = = :>f:_0m
f v u -100 -25 25 100 100 3

(a) For an astronomical telescope, the eye piece lens should have smaller focal length. So, she should

use the right lens (f = % cm) as the eye piece lens.

(b) With relaxed eye, (normal adjustment)

_ 200 _ 100
fo=——om, fo= —cm
3 3
magnification = m = f_O = _(200/3) =2
f,  (100/3)

L B N N )
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SOLUTIONS TO CONCEPTS
CHAPTER - 20

Given that,

Refractive index of flint glass = u; = 1.620
Refractive index of crown glass = pu. = 1.518
Refracting angle of flint prism = A; = 6.0°
For zero net deviation of mean ray

(= DA = (e — 1) A

A= M (= 16201 g g0 = 700
e —1 1.518 - 1
Given that

t =156, p,=1.60,and p, =1.68

(a) Dispersive power = @ = Hv "Hr = 168-1.56 _g,
py -1 1.60 -1

(b) Angular dispersion = (u, - u)A=0.12 x 6° = 7.2°

The focal length of a lens is given by

K
And p,—1= — 4
K_K
byt (= D-( =1 _ 96100 - 98x4 _ 0408
o = K 9600
98

So, Dispersive power = ®

Given that, p, — u, = 0.014
Realdepth _ 2.00 = 1515 n E
Apparentdepth ~ 1.30 1.32cm '
p= byt o 00 o007 0 Hpeeee 7 |
py =1 1.515-1 f
Given that, u, = 1.61, u, = 1.65, ® = 0.07 and 5, = 4° Object
NOW, o= M
p’y -1

1.65-1.61

Hy -1

Again, p, =

So, dispersive powe

= 0.07 =

201
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10.

Given that, &, = 38.4°, 5, = 38.7° and 5, = 39.2°

(o4

Dispersive power = Hy

“'y_1 (Hy_1) [SVJ

_%,-98, _ 39.2-384
-8, 387
Two prisms of identical geometrical shape are combined.
Let A = Angle of the prisms
p'y=152and p, =1.62,3,=1°
o = (w—1A-(wy—1)A [since A=A
=8, = (W — HV)A
o - 1 =10°
py —py,  1.62-1.52
Total deviation for yellow ray produced by the prism combination is
8y = By — Bry + Boy = 2 8oy — By = 2(Hoy — 1)A — (Hey — 1A’
Similarly the angular dispersion produced by the combination is
8y = & = [(tve = DA = (v = DA" + (ve = 1Al = [(pre = 1) A= (e = A" + (1, — 1) A)]
= 2(pve — DA = (ur — A
(a) For net angular dispersion to be zero,
8 —-8=0
= (e — NA = (s — DA’
ﬂ = 2(P-cv _“rc) = 2(P-v _“r)
A (v —rg) (Y —r)
(b) For net deviation in the yellow ray to be zero,

=0.0204

= A=

8,=0
= 2oy — DA = (= DA’
ﬂ - 2(Mcy - 1) 2(Hy _1)

A (uy -1 (ny =1
Given that, pe = 1.515, pey = 1.525 and pg = 1.612, uy = 1.632 and A =5°
Since, they are similarly directed, the total deviation produced is given by,
3=08:+8= (e~ DA+ (=1 A= (U + 1t —2)A
So, angular dispersion of the combination is given by,
8y — 8y = (Hov + v — 2)A — (Hor + pr — 2)A
= (Uev + My — Mor — ir)A = (1.525 + 1.632 - 1.515-1.612) 5=0.15°

Given that, A’ = 6°, o' =0.07, w'y = 1.50
A=7? » =0.08, ny = 1.60
The combination produces no deviation in the mean ray.
@3, =(uy-—1MHA-(uy,—1A'=0 [Prism must be oppositely directed]
= (1.60-1)A=((1.50 - 1)A’
A= 0.50 x 6° _ 5o
0.60

(b) When a beam of white light passes through it,
Net angular dispersion = (u, — 1)oA — (W'y — 1)o'A’
= (1.60 — 1)(0.08)(5°) — (1.50 — 1)(0.07)(6°)
=0.24°-0.21° = 0.03°

(c) If the prisms are similarly directed,
8y = (uy— DA+ (wy— DA
=(1.60-1)5°+(1.50-1)6°=3°+3°=6°

(d) Similarly, if the prisms are similarly directed, the net angular dispersion is given by,

8y — 8 = (1y — 1)oA — (y — 1) @'A’ = 0.24° + 0.21° = 0.45°

3y
B 1y =1 — (e —1) = A A [+ 6= (u—1)A]

/\ /\
A A
Crown Crown
\/

2>
2>

Z
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11. Given that, p', — u'y = 0.014 and p, — p, = 0.024

A’'=53%and A=3.7°

(a) When the prisms are oppositely directed,
angular dispersion = (u, — p)A — (Wy — ')A’
=0.024 x 3.7° - 0.014 x 5.3° = 0.0146°

(b) When they are similarly directed,
angular dispersion = (u, — pu)A + (p'y — WA’
=0.024 x 3.7° + 0.014 x 5.3° = 0.163°

(XX XX
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SOLUTIONS TO CONCEPTS
CHAPTER 21

In the given Fizeau’ apparatus,
D=12km=12x10°m
n=180
¢ =3x 10® m/sec

2Dnw

We know, ¢ =

_ 180x3x108
o= 707 Y
24 x10° x180
In the given Focault experiment,
R = Distance between fixed and rotating mirror = 16m
® = Angular speed = 356 rev/' = 356 x 2x rad/sec
b = Distance between lens and rotating mirror = 6m
a = Distance between source and lens = 2m
s = shiftinimage =0.7cm=0.7x 10° m
So, speed of light is given by,
co AR%0a _ 4x167 x356x 2nx 2
s(R +b) 0.7x1073(16 + 6)
In the given Michelson experiment,
D=48km=48x10"m

=1.25x 10* deg/sec

=2.975 x 10® m/s

N=8
We know, ¢ = DoN
2n
8
=X @ rad/sec = L rev/sec = A =7.8 x 10° rev/sec
DN 4.8x10°x8

* ok ok ok K
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10.

SOLUTIONS TO CONCEPTS
CHAPTER 22

Totalenergy emitted _ 45 _

Radiant Flux = - —
Time 15s

To get equally intense lines on the photographic plate, the radiant flux (energy) should be same.

S0, 10W x 12sec = 12W x t
_ 10W x12sec
S 12w

it can be found out from the graph by the student.

Luminous flux of a source of given wavelength
Luminous flux of a source of 555 nm of same power
Let the radiant flux needed be P watt.

Luminous flux of source 'P' watt

=t =10 sec.

Relative luminousity =

Ao, 0.6 =
685 P
.. Luminous flux of the source = (685 P)x 0.6 = 120 x 685
- 120 _ 200W
0.6

The luminous flux of the given source of 1W is 450 lumen/watt
Luminous flux of the source of given wavelength _ 450 _
Luminous flux of 555 nm source of same power 685

[.. Since, luminous flux of 555nm source of 1W = 685 lumen]
The radiant flux of 555nm part is 40W and of the 600nm part is 30W
(a) Total radiant flux = 40W + 30W = 70W
(b) Luminous flux = (L.Fllux)sssnm * (L.Flux)soonm
=1 x40%x 685 + 0.6 x 30 x 685 = 39730 lumen
Total luminous flux 39730

(c) Luminous efficiency = - = = 567.6 lumen/W
Total radiant flux 70

Overall luminous efficiency = Totalluminous flux _ 35x685 _ 239.75 lumen/W

Power input 100
Radiant flux = 31.4W, Solid angle = 4=
Luminous efficiency = 60 lumen/W
So, Luminous flux = 60 x 31.4 lumen
Luminous Flux _ 60x31.4

4n 4n

.. Relative luminosity = 66%

And luminous intensity = =150 candela

| = luminous intensity = % =50 Candela

T
r=1m, 0 =237° Source]

Normal

N37°

So, illuminance, E = cos = 50xcos 37

Let, | = Luminous intensity of source
Ea = 900 lumen/m?
Eg = 400 lumen/m?

Icose and Eg = Icose2
X (x+10)
A

E x® _ Eg(x+10)? 0 |

Now, E, =

So, | =

[ ]

=40 lux -
r2 12 L—1m—>|

Area

B

cos 6 cos 6

X =333x=2x+203x=200m
x+10 3

So, The distance between the source and the original position is 20cm.

= 900x” = 400(x + 10)* =

«— X —»L—100m—>|
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Chapter 22

, _ _ o
11. Given that, E; =15 lux = W o
= 1o =15 x (0.6)* = 5.4 candela 5 1
m
| 0 5.4 x [2] 0.6m
So, Eg= 2 0032 = >—2=3.24 lux
(OB) 1
A 0.8m B

12. The illuminance will not change.
13. Let the height of the source is ‘h’ and the luminous intensity in the normal direction is I,.
So, illuminance at the book is given by,
E= M = @ = L
r2 3 (r2 +n2)3/2

3

M%R2+h%”2—2hx(R2+hwmx2{

For maximum E, E =0=>
dh

(R? +h?)°
- (R2 + h2)1/2[R2 +h2_ 3h2] =0
R
=>R*-2n’=0=>h= —
V2
XX XX
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CHAPTER - 23

HEAT AND TEMPERATURE

EXERCISES

Ice point =20° (Ly) Ly =32°

Steam point = 80° (L1qo)
L,-Lg <100 = 32-20

L1go —Lo 80 -20

Py = 1.500 x 10* Pa

P =2.050 x 10* Pa

We know, For constant volume gas Thermometer

4
7= P o73.16K = 2990x10° 73 46 = 373.31

e 1.500 x 10*
Pressure Measured at M.P = 2.2 x Pressure at Triple Point

= Pi><27316 = %

tr tr
P,=40x10°Pa, P=7?

T= x100 =20°C

x273.16 =600.952 K~ 601 K

T=100°C = 373 K, =£><273.16K

tr

TxP, _ 373x49x10°

=>P=
273.16 273.16
P, =70 K Pa, P,=?
T, =273 K, T, = 373K
3

T=P1,07316 —o73= 10X10" 57316

tr tr
T,= P2, 973 16 —373= —12x273

Py 70x273.16x10
Pice point = Po- = 80 cm of Hg
Psteam point = P'IOO“ 90 cm of Hg
Py =100 cm
t= _P=Po 1000 = 80=100 00 - 200°C

Pioo —Po 90-100

T=_V T To= 273,

V-V
V = 1800 CC, V' =200 CC

= 1899, 573 = 307.125 ~ 307

1600
Ri=86Q; Rg =809; R1ooe = 90Q
= Ri-Ro 00 _86-80 .00 oo

Rio0 - Ro 90 - 80

R at ice point (Ry) = 20Q

R at steam point (R1g0) = 27.5Q
R at Zinc point (R420) = 50Q

Re = Ro (1+ a6 + p6°)

= Ryo0 = R + R ab +R, p6°

Rioo =Ro _ a0 + B6>
Ro

= Ptr

DPZ

= 54620 Pa = 5.42 x 10° pa=~ 55 K Pa

70x273.16x10°
273

_ 373x70x10°
273

=95.6 KPa
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23.Heat and Temperature

10.

1.

12.

13.

14.

15.

3M=QX1OO+BX1OOOO
20

- 15 =100 o + 10000 B

20
Ruzo = Ro (1+ 00 + %) = 0-Ro _ 4o+ R

0

:M=420X(x+176400><[3 :%:420(“1764003

75 3
:E-moamoooos :>§=4200c+176400[$
Ly =72, Lo=10m, a=1x107/°C, t= 35

Ly =Lo (1+ at)=10(1+107° x 35) = 10 + 35 x 107" = 10.0035m
t; = 20°C, t,=10°C,L;=1cm=0.01m, L, =?

Osteel = 1.1 % 107°/°C

Lo =Ly (1 + 0teeAT) = 0.01(1 + 101 x 10™° x 10) = 0.01 + 0.01 x 1.1 x 10~
=10*x10°+1.1 x10° =107 (10000 + 1.1) = 10001.1
=1.00011 x 10 m = 1.00011 cm

Lo=12cm, a=11x%x10"/C

tw = 18°C ts = 48°C

Lw = Lo(1 + atw) =12 (1 + 11 x 10™° x 18) = 12.002376 m
Ls=Lo(1+ ats)=12(1+ 11 x 107 x 48) = 12.006336 m

AL = 12.006336 — 12.002376 = 0.00396 m ~ 0.4cm
di=2cm=2x107

t;=0°C, t,=100°C

0a =2.3%x107° /°C

dy=d; (1+ aAt)=2x 107 (1 +2.3 x 107° 10%)

=0.02 + 0.000046 = 0.020046 m = 2.0046 cm

L = La at 20°C aa =2.3 x 107°/°C
S0, Log; (1 — ot X 20) = Loa (1 — oiay % 20) ag = 1.1 x 107°/°C
_ _ -5
(a) > Log _ (1-anx20) _ 1-2.3x10°x20 _ 0.99954 _ oo
Loy (1—agx20) 1-1.1x10°x20 0.99978
_ _ -5
(b) > Losst . (1= x40) _ 1-2.3x10°x20 _ 0.99954 _ oo

Logn (1—0gx40)  1-1.1x1075x20 0.99978

_ Loy 1+23x10°x10 _ 0.99977 x1.00092 _ 1.0002496 ~1.00025

Log, 273 1.00044
Lojoos  (1+cig x100) 1,00011 '
(a) Length at 16°C =L

L="7 T,=16°C, T,=46°C

a=1.1x%10"/°C
AL=LaAd =L x1.1x 107 x 30
LaAO

% of error = (ATLMOOJ% = ( ><1OOJ% =1.1x 107 x 30 x 100% = 0.033%

(b) T,=6°C

% of error = (AT"mooj% - (L(T_AOMOOJ% =11 %10 x 10 x 100 = — 0.011%
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23.Heat and Temperature

16.

17.

18.

19.

20.

T, =20°C, AL = 0.055mm = 0.55 x 10° m
t,=7? ag = 11 x 107%°C

We know,

AL = Loo AT

In our case,

0.055x 1072 =1x1.11107° x (T, +T5)
0.055=11x10°x20+11x 10° x T,

T,=20+5=25°C or20-5=15°C
The expt. Can be performed from 15 to 25°C
fo-c=0.098 g/m®, fac=1gm®
foec=f4—°C:>0.998= L :1+4y=L

1+ yAT 1+yx4 0.998

1 4
=4+y=——-1 =y=0.0005=5x 10
0.998

As density decreases y = -5 x 10
Iron rod Aluminium rod
Lre La
are =12 x 107°/°C oa =23 x107°/°C

Since the difference in length is independent of temp. Hence the different always remains constant.
L're = Lre(1 + are x AT) (1)

L'ar = La(1 + ap x AT) (2)

L're — L'a = Lre — Lai + Lre % ape X AT —La % oy X AT

Lre _ on _ 23

= ZA = 22 =923:12
LA| G’Fe 12
g1 = 9.8 m/s’, g = 9.788 m/s’
| | J(1+ AT
T, = ZTt£ T, = 275£ = 275—1( +AT)
(o] 9o g
st = 12 X 1078 /°C
T1 =20°C T2=?
Ti=T,
| ,(1+ AT
_ ol o 5 H0+AT) Ll h(eam)
(o] (eP) 91 9o
-6

L1 141251070 xAT L 9788 oy 10 x AT

9.8 9.788 .
_ 9788 o100 AT AT = ~0:00122

9.8 12x107°
=T,-20=-101.6 =T,=-101.6+20=-81.6~-82°C
Given
dsg = 2.005 cm, dA| =2.000 cm
as=11x107°/°C on =23 %107 /°C Steel

d's = 2.005 (1+ as AT) (where AT is change in temp.)
= d's = 2.005 + 2.005 x 11 x 107° AT
d'a=2(1+ an AT) =2+ 2 x 23 x 10° AT
The two will slip i.e the steel ball with fall when both the
diameters become equal.
So,
= 2.005+2.005x 11 x 10°AT=2+2x 23 x 10° AT
= (46 — 22.055)10° x AT = 0.005
0.005 x 10°

= AT= —————— =208.81
23.945

Aluminium
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23.Heat and Temperature

21.

22.

23.

24.

25.

Now AT =T,-T{=T,-10°C [.. T1=10°C given]
=T,=AT+T,=208.81 + 10 = 281.81
The final length of aluminium should be equal to final length of glass.
Let the initial length o faluminium = |
I(1 — aaAT) = 20(1 — 0,pAB)
=1(1-24x107° x 40) =20 (1 -9 x 107 x 40)
= 1(1 - 0.00096) = 20 (1 — 0.00036)
== 20x0.99964 _ 20.012 cm
0.99904
Let initial breadth of aluminium =b
b(1 — anAT) = 30(1 — 0,0A0)

b= 30x(1-9x10°x40) _ 30x0.99964

=30.018 cm
(1-24 x107° x 40) 0.99904
Vg = 1000 CC, T, =20°C
Vig = ? THg = 1.8 x 107* /°C

14=9%x107°/°C
AT remains constant
Volume of remaining space = V'g — V'q

Now
V'g = Vg(1 + v4AT) ..(1)
V'ig = Vig(1 + vhgAT) (2)

Subtracting (2) from (1)

V'g = Vg = Vg = Vg + VgrgAT — VigyngAT
Vg _ Thg 1000 _ 1.8x107*
2 =15 =

Vig g Vg 9x10°°
9x1072
= Vhe = —~__ =500 CC.
" 18x107*

Volume of water = 500cm®

Area of cross section of can = 125 m?

Final Volume of water

=500(1 + yA®) = 500[1 + 3.2 x 107* x (80 — 10)] =511.2 cm®

The aluminium vessel expands in its length only so area expansion of base cab be neglected.
Increase in volume of water = 11.2 cm®

Considering a cylinder of volume = 11.2 cm?

Height of water increased = % =0.089 cm

Vo =10x10x 10 = 1000 CC

AT =10°C, Vi — Vg = 1.6 cm®
0g =6.5x 107°°C, YHg = 7, 1= 3 % 6.5x 107°°C
V'hg = Vig(1 + vHoAT) (1)

Vig = vg(1 + 7,AT)  ...(2)

VIHg - Vlg = VHg —Vg + VHgYHg AT — Vng AT

= 1.6 = 1000 % y.4g x 10 — 1000 x 6.5 x 3 x 107° x 10
_ 1.6+6.3x3x1072

=1.789x 10 ~ 1.8 x 107*/°C

= Yhe T 10000
fo =880 Kg/m®, fp = 900 Kg/m®
T,=0°C, Yo =1.2%x 107 /°C,

T =15x10"/°C
The sphere begins t sink when,
(Mg)sphere = displaced water
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23.Heat and Temperature

26.

27.

28.

29.

30.

=>Vf'w9=Vfsg
= fu) — fb

T+v,40  1+7,A0

880 _ 900

= =

1+1.2x1073A0  1+1.5x1073A0
=880 +880 x 1.5 x 107 (AB) =900 + 900 x 1.2 x 107 (A0)
= (880 x 1.5 % 107 - 900 x 1.2 x 10"3) (A0) =20
= (1320 — 1080) x 107 (A0) = 20
= A0 =83.3°C = 83°C
AL =100°C
A longitudinal strain develops if and only if, there is an opposition to the expansion.

Since there is no opposition in this case, hence the longitudinal stain here = Zero.

0, =20°C, 6,=50°C
Osteet = 1.2 X 107° /°C
Longitudinal stain = ?

=1.2%x107° x (50-20)=3.6x 107"
A=0.5mm? =0.5x10°m?
T,=20°C, T,=0°C

as=1.2x107°/°C, Y=2x2x10"N/m?
Decrease in length due to compression = LaA6 ..(1)
Y = Streés _F.Lt - Fb (2

Strain A AL AY

Tension is developed due to (1) & (2)
Equating them,

FL
LaAb = — = F = aABAY

AY

=1.2x10°%x(20-0)x0.5x10°2x10""=24 N

61 =20°C, 6, = 100°C
A=2mm’=2x10"°m?
Osteet = 12 x 107° /°C, Yot = 2 x 10" N/m?
Force exerted on the clamps = ?

A
A Ly s YxAL - YLaAOR L vaane
Strain L L

=2x10"x2x10°x12x 10°x 80 = 384 N

Let the final length of the system at system of temp. 0°C = {,
Initial length of the system = {,

When temp. changes by 6.

Strain of the system = /, —i—o
0

total stress of system

But the total strain of the system =
total young's modulusof of system

Now, total stress = Stress due to two steel rod + Stress due to Aluminium
=700 +ysds O+ v,at0=2% as 0 +y2 ALO
Now young’ modulus of system = ys+ ys + va = 2ys *+ va

U=0 — g m—»>

Steel

Aluminium

Steel
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23.Heat and Temperature

31.

32.

33.

34.

2y5050 + 750,50
2y +7a
Ly =1Ly - 2y5050 + 750150
Lo 2Ys+Yal

= f=1{ |:1+aaIYal+2asYse:|

.. Strain of system =

=

Yal +27s
The ball tries to expand its volume. But it is kept in the same volume. So it is kept at a constant volume.
So the stress arises
P

()
v
=B x3aA0=16x10" x10° x 3 x 12 x 107° x (120 — 20) = 57.6 x 19" ~ 5.8 x 10° pa.
Given

Io = Moment of Inertia at 0°C

o = Coefficient of linear expansion

To prove, [ =15 = (1 + 200)

Let the temp. change to 6 from 0°C

=B:>P=B%=BXYA9

AT =0
Let ‘R’ be the radius of Gyration,
Now, R'=R (1 + af), Io = MR? where M is the mass.

Now, I' = MR? = MR? (1 + af)® ~ = MR? (1 + 2a6)

[By binomial expansion or neglecting o 6% which given a very small value.]
So,1=1p (1 +200) (proved)

Let the initial m.I. at 0°C be I,

T=27t\/I
K

I=15(1+20A0) (from above question)

ALSC, T, = / 1+2aA6 \/ o(1+205) _ 2n\/10(1+10a)
K
At 45°C I 1+20c45 / 1+9oa

T, _ [1+90a \/1+90><24><105 /100216
T 1+10a 1+10x2.4x107° V1.00024

% change = [ J x100 =0.0959% = 9.6 x 10 %

T, = 20°C, T, =50°C, AT =30°C
a=1.2x10°/°C
® remains constant

(I)w=% MHo=—

Now, R’ = R(1 + 0A0) =R + R x 1.2 x 107 x 30 = 1.00036R

From (I) and (II)

vV VoV

R R 1.00036R

=V’ =1.00036 V

(1.00036V - V)
v

% change = x 100 = 0.00036 x 100 = 3.6 x 107

L N N N )
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CHAPTER 24
KINETIC THEORY OF GASES

Volume of 1 mole of gas
RT _ 0.082x273 _

PV=nRT = V= S i e 2238=224L=224%x10°=224x107m®
:ﬂ: 1X1X10_3 =1O_3 = 1
RT 0.082x273 224 22400
No of molecules = 6,023 x 10 x — ' = 2,688 x 10'®
22400
V=1 cms, T=0°C, P =10 mm of Hg
-6
G PV _ fghxV _ 1.36x980x10°x1 _ oo\ o3
RT RT 8.31x 273

No. of moluclues = No x n = 6.023 x 10 x 5.874 x 107> = 3.538 x 10"
_PV _ 1x1x10°® _10°

RT  0.082x273 224
!10*3 x 32?

mass = =1.428x10°g=1.428m
24 9 g g

Since mass is same
N{=nN=n

nR x 300 nR x 600
P1 =, P2 - —

VO 2V0 2\/0 VO

P _nRx300 2o _1_,., 600K 300K
P, Vo nRx600 1

V =250 cc =250 x 107
P=10"mm=10"x 10" m =107 x 13600 x 10 pascal = 136 x 10~ pascal
T=27°C=300K

-3
G PV _ 136x107°x250 .5 _ 136x250 o
RT 8.3x 300 8.3x300
No. of molecules = 130%250  16-6 . 6x10% =81 x 107 = 0.8 x 10"
8.3x300
P,=8.0x10°P,, P,=1x10° P, T, = 300 K, T,=?

Since, V4=V, =V

PV, _ PV,  8x10°xV _ 1x10°xV _ 1x10° x 300
= = = =>Ts —————

T, T, 300 T, 8x10°

m=2g, V=0.02m’=0.02x10°cc=0.02x 10°L, T =300K, P=?

M=2g,

=375°K

PV =nRT = PV = %RT =Px20= %x0.082x300

:P=w =1.23 atm = 1.23 x 10° pa=1.23 x 10° pa
P:ﬂ :mxﬂ =ﬂ

f—1.25x 107 g/lem®
R — 8.31 x 10’ ert/deg/mole

T—->273K
-3 7
M= fRT _ 1.25x107 x8.31x10" x273 = 0.002796 x 10* = 28 g/mol
P 13.6 x980 % 76
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Kinetic Theory of Gases

10. T at Simla = 15°C = 15 + 273 = 288 K
P atSimla=72cm =72 x 1072 x 13600 x 9.8
T at Kalka = 35°C = 35 + 273 = 308 K
P at Kalka = 76 cm = 76 x 1072 x 13600 x 9.8
PV = nRT

—pv="RT =pM=TRT = f= PM
M v RT

fSlmIa - PSimIa xM % RTKaIka
fKalka RTsimia  Pkalka XM

_ 72x107 x13600x9.8x308 _ 72x308

. = =1.013

288 x76x107“x13600x9.8 76x288
fKalka _ 1 _ 987
fSimla  1.013

1. n1=ny=n _—
s e

p,= NRT p,= NRT gﬁ 44

1 v 2 3V \ %? \% 3V ??-" \%
P. RT 3V A"ﬁ ‘éﬁ
—1=n—x—=3:1 Pr Pr Por P1.

12. r.m.s velocity of hydrogen molecules = ?
T=300K, R=8.3, M=2g=2x10"Kg

C= ,fﬁ =C= /M =1932. 6 m/s =1930 m/s
M 2x1073

Let the temp. at whichthe C =2 x 1932.6is T’

2% 19326 = M = (2 x 1932.6)° = M
2x107 2x10"

(2x1932.6)2x2x107°
=

=T
3x8.3
= T'=1199.98 = 1200 K.
4
13. Vo= o0 P=10°Pa=1atm, f= 177x10
f 1073

5 -3
= (21997~ 1301.8~ 1302 mis.
1.77x10°

14. Agv.K.E.=3/2KT
3/2KT=0.04x16x107"°

= (3/2)x1.38x 102 x T=0.04x1.6 x 107"

= 2x0.04x1.6x107"®

S35 - 00309178 x 10" =309.178 ~ 310K
xX 1. X

15. Vag = \/SRT - \/8X8.3X300
™M 3.14x0.032
_ Distance _ 6400000 x 2 = 445.25 m/s
Speed 445.25

km =7.985 = 8 hrs.
3600

16. M=4x10"Kg
Vo= \/8RT= \/ 8><8.3><2733 - 120135
M 3.14x4x10"
Momentum = M x V,, = 6.64 x 107 x 1201.35 = 7.97 x 107°* = 8 x 107 Kg-m/s.
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Kinetic Theory of Gases

17.

18.

19.

20.

21.

22.

23.

8RT _ 8x8.3x300

V = =
& ™M 3.14x0.032
Now, oRT1 - 8RTy .1
nx2 nx4 T, 2

Mean speed of the molecule = 1/%
TU

Escape velocity = ,/2gr

8RT _ \/ﬂ N 8RT = 2gr
™M ™

2griM _ 2x9.8x6400000x 3.14 x2x 1073
8R 8x8.3

8RT
Vo=
V,,H / [ /
avg 2 _ 8RT>< nx28 _ §=m=3'74
VavgN2 X2 8RT 2
The left side of the container has a gas, let having molecular wt. M4

Right part has Mol. wt = M,
Temperature of both left and right chambers are equal as the separating wall is diathermic

SRT _ |8RT _ ORT _8RT My 3 M 3n_q1775~1.18
M1 TCM2 M1 TEMZ T[Mz 8 M2 8

Vmeanz\/SRT =\/8><8.3><273  1698.96

=T= =11863.9 = 11800 m/s.

™ 3.14x2x107°
Total Dist = 1698.96 m
No. of Collisions = M =1.23x10"

1.38x10~
P =1 atm = 10° Pascal
T=300K, M=2g=2x10"Kg
(@) Vavg = \/SRT = \/ 8X8'3X3003 = 1781.004 = 1780 m/s
M 3.14x2x10"

(b) When the molecules strike at an angle 45°,

Force exerted = mV Cos 45° — (-mV Cos 45°) =2 mV Cos 45°=2m V . V2 mv

2

Force - Pressure
\/Emv x Area \/Emv

No. of molecules striking per unit area =

5
= 10 - = 3 x10%1 =1.19x10°x 10" =1.19 x 10% = 1.2 x 10%®
V2x2x1073x1780  +2x1780

6x10%
PV, - PV,
P, — 200 KPa =2 x 10° pa P,=7?
T, =20°C = 293 K T,=40°C = 313K
Vo=V + 2%V, = 102 Ve

100
5 7

o 2A0° Vg PpxA02x Vs 2x07 X313 _ 509465 pa = 209.462 KPa

293 100 x 313 102 x 293
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24,

25.

26.

27.

28.

Vy=1x107 m?, P,=1.5x 10° Pa, T, =400 K
PiVi=nR4T4
_ PV, _ 1.5x10°x1x1073 _ 15

=>n= = =n=

RT, 8.3 x 400 8.3x 4
=my= 15 m=_15 .30 =14457~1446

8.3x4 8.3x4
P,=1x10° Pa, Vo=1%x10"m3, T, =300 K
P2V = naR,T,

5 -3

:>n2= P2V2 = 10 X1O _ 1 =0040

R,T, 8.3x300 3x8.3
=m,;=0.04 x32=1.285
Am=m;—m,=1.446—1.285=0.1608 g=0.16 g
P, =10°+ fgh =10°+ 1000 x 10 x 3.3 = 1.33 x 10° pa

P, =10°, T, =T,=T, V= %E(ZX 107%)°
Vy = ir:r3, r="7?
3
PV, - PV,
T T,
5_4 _3.3 5_ 4 2
1.33x10° x —x7tx(2x1077) 10° x —x7r
- 3 - 3
T, T
=1.33x8x10°x10°=10°xr* =r=31064x10"° =219x10° =22 mm
P,=2atm=2 x 10° pa
V, =0.002 m®, T, =300 K
P1V1=n1RT1
5
g PVi_ 2x10°x0.002 | 4 00
RT, 8.3x 300 8.3x3
P,=1atm=10°pa
V, = 0.0005 m®, T, =300 K
P2V2=n2RT2
5
ny= PV, _ 10°x0.0005 _ 5 1 _ ..,

RT, 8.3x300 3x8.3 10
An = moles leaked out = 0.16 — 0.02 = 0.14

m=0.040 g, T = 100°C, My =4 g
=3 Rtz 3 M RT T =2
2 2" M

Given E><m><RT+12 = E><m><RT’
2 M 2 M

=15%x0.01x83x373+12=15x0.01x83xT'
_ 58.4385
©0.1245
PV?2 = constant
= P1V12 = P2V22
_ MR, 2 _ 0RT,
V, V,

=>T =469.3855 K =196.3°C = 196°C

2
XV2

3T1V1=T2V2=TV=T1X2V3T2=%
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30.

31.

32.

_ (0.05+0.1)x8.3x 300
F)mix -
0.166
P4 = Atmospheric pressure = 75 x fg
V=100 x A
P, = Atmospheric pressure + Mercury pessue = 75fg + hgfg (if h = height of mercury)
V,=(100-h) A
P1V1 = P2V2
= 75fg(100A) = (75 + h)fg(100 — h)A
= 75 x 100 = (74 + h) (100 — h) = 7500 = 7500 — 75 h + 100 h — h?
=h’-25h=0=h"=25h=h=25cm
Height of mercury that can be poured = 25 cm
Now, Let the final pressure; Volume & Temp be
After connection = P,’ — Partial pressure of A
Pg' — Partial pressure of B

Pa x2V _ PyxV

Now, P = —
A
N

= 2250 N/m?

’

-

Or PL = P_A (1)
T 2TA Pa @ Ta Pg: T
, Y, v
P, P,
Similarly, -8 = B (2
A @

Adding (1) & (2)
Pan Ps _Pa P _ 1(PA +P_B]

T T 2Ty, 2Ty 2\Tp T

P _1(Py Pg
=== | ==+= S PA+Pg =P

T Z(TA TB] [ Pa'+Pe’=F]
V =50 cc =50 x 10° cm®
P =100 KPa = 10° Pa M=288g
(@) PV =nrT,4

5 -6 -1
— PV = ERT1 —m= PMV _ 10°x28.8x50x10" _ 50x28.8x10 - 0.0635g.
M RT, 8.3x273 8.3x273
(b) When the vessel is kept on boiling water
5 -6 -1
PV = mRTZ —m= PVM _ 10°x28.8x50x10" _ 50x28.8x10 — 0.0465
M RT, 8.3x373 8.3x373
(c) When the vessel is closed
Px50x10°= 90465 g3, 573
28.8

p= 0.0465x8.3x 273

28850107 =0.07316 x 10° Pa =73 KPa
.OX X
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33.

34.

35.

36.

Case | —» Net pressure on air in volume V I I
= Pam —hfg = 75 x frig— 10 fug = 65 x frg x g
Case Il — Net pressure on air in volume V' = Py + frg x g x h 20 C? v Il
PVy =PV, - 10?cm
= frg X gx65xAx20=fuyxgx75+ fugxgx10xAxh 4
_ _ 65x20 _ Vi oh
=62x20=85h=h= 5 =15.2cm=15cm v
2L+10=100=2L=90= L =45cm
Applying combined gas eqn to part 1 of the tube
(45A)P, _ (45-x)P,
300 273 —Ll— —l—
_ 273x45xP, ( 1 | | 2 )
"7 7300(45 - x) 27°c Po <10, P07
Applying combined gas eqn to part 2 of the tube
45AP, _ (45+x)AP,
300 400
_ 400x45xP,
27 7300(45 + x)
P,=P, «—Lx— «—Lx—
273x45xP, _ 400x45xP, C P b P )
300(45-x)  300(45+x) 0°c 0, 0°c
= (45 -x) 400 = (45 + x) 273 = 18000 — 400 x = 12285 + 273 x
= (400 + 273)x = 18000 — 12285 — x=8.49
P, = 273x46x76 =85 % 25 cm of Hg
300 x 36.51
Length of air column on the cooler side = L — x =45 — 8.49 = 36.51
Case | Atmospheric pressure + pressure due to mercury column
Case Il Atmospheric pressure + Component of the pressure due
to mercury column SO 2*Ocm Gij :
PV;=PsyV, ' 6 \ [/
= (76 X fug * g+ fug X g x 20) x A x 43 43cm
= (76 % fug x g + fug x g x 20 x Cos 60°) A x { t <
=96 %x43=86 x1{
=>1{= 9643 =48 cm
86
The middle wall is weakly conducting. Thus after a long
time the temperature of both the parts will equalise. «20em_, J0°m «X» +30-x,
The final position of the separating wall be at distance x 400 K 100 K
from the left end. So it is at a distance 30 — x from the right P P TP TP
end

Putting combined gas equation of one side of the separating wall,
Py x V, _ P, xV,
T T,
P x20A P'xA
:> =
400 T
Px10A _ —P'(30-x)
100 T
Equating (1) and (2)
1 X
:> _—=
2 30-x
The separator will be at a distance 10 cm from left end.

(1)

(2)

=30-x=2x=3x=30=>x=10cm
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37. av =r=dV=rdt
dt
Let the pumped out gas pressure dp
Volume of container = V, At a pump dv amount of gas has been pumped out.
Pdv = -Vdf = Py df = -V, dp

P t
Djd—p = - % >P=pPe™"
5 P 5 Vo
Half of the gas has been pump out, Pressure will be half = %e""“v"
2=t =t=In?X0
38 p= 1o 5
1+ [lJ
Vo
= nST = Po > [PV = nRT according to ideal gas equation]
1+ [lJ
Vo
= E = P—°2 [Since n =1 mole]
v Vv
1+(J
Vo
RT __ P AtV = Vgl

=v. T .2
1+ —
Vo

5 PgVy = RT(1 +1) = PoVo = 2 RT = T = 0¥

39. Internal energy = nRT

Now, PV = nRT
nT = % Here P & V constant

= nT is constant
.. Internal energy = R x Constant = Constant
40. Frictional force = u N
Let the cork moves to a distance = dl
.. Work done by frictional force = uNde
Before that the work will not start that means volume remains constant
:>5=P—2:>L=i:>P2=2atm
T T, 300 600
.. Extra Pressure = 2 atm — 1 atm = 1 atm
Work done by cork =1 atm (Adl)  uNdl = [1atm][AdI]

1x10°x(5x107%)* _ 1x10° xtx25x10~°

N =
2 2
Total circumference of work = 2rr ﬂ = i
dl 2nr
5 -5 5 -5
= 1x10° xTx25%x10 _ 1x10 ><25><105 = 125 x 10 N/M
0.2x27r 0.2x2x5x10
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41.

42.

43.

44,

PV, = PV, 2P, P
PV PV L p=2p,
Ty 2T,

Net pressure = Py outwards
.. Tension in wire = Py A
Where A is area of tube.
(a) 2Pgx = (hy + ho)fg [.. Since liquid at the same level have same pressure]
= 2P, =h, fg + ho fg
= h, fg = 2Py — hy fg Ihz
h _ 2P _hofg =&—h0 2P0 h
fa  fg fg I Com
(b) K.E. of the water = Pressure energy of the water at that layer
1 P

= —mV:= mx—
2

H

:>V2=£=|: 2 :|
f o Lf(Po+ fathy—hy)

2 12
f(Py + fo(hy - ho)}
(c) (x + Po)fh = 2P,
= 2P + fg (h —hg)= Po + fgx
x=__Fo
fg+hy—hg
.. i.e. x is hy meter below the top = x is —h; above the top
A=100cm® =102 m
m =1 kg, P =100 K Pa=10°Pa _
£=20cm ] 6
Case | = External pressure exists
Case Il = Internal Pressure does not exist
PV =PV,
1><9.8jv - 1x9.8 "
1073 1073
= (10°+9.8x10°)Ax =98 x 10 x A x I/
=10°x2x107"+2%x9.8x10°=9.8 x 10> x {!
_ 2x10* +19.6x10?

Dv{

=h2+h1

= (105 + \A

Ny - =2.24081 m
9.8x10
PVy=P,V,
= (ﬂwojm Py Al
A
= (L'sﬁms)o.z = 10% ¢
10x10-

= (9.8x10°+10°x 0.2=10°{'
=109.8x 10°x 0.2 =10 '

_ 109.8x0.2

=0
102

=0.2196=0.22 m =22 cm
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45.

46.

47.

48.

49.

50.

51.

52.

53.

When the bulbs are maintained at two different temperatures. % Vv
The total heat gained by ‘B’ is the heat lost by ‘A’
Let the final temp be x So, m; SAt = m, SAt
=>n Mxs(x=0)=n,Mx S x (62 —x) =N X=62n,—nNy X
— X = &: % =31°C =304 K
ni+ny,  2n,
For a single ball Initial Temp = 0°C P =76 cm of Hg
PVi _ PVy V=V, Hence n = n,
6V _ PV p,- 403570 _ 54630 =~s4°C
273 304 273
Temp is 20° Relative humidity = 100%

So the air is saturated at 20°C
Dew point is the temperature at which SVP is equal to present vapour pressure
So 20°C is the dew point.

T=25°C P =104 KPa
VP
H= — [SVP = 3.2 KPa, RH =0.6]
SVP

VP=0.6x3.2x10°=192x10°=2x 10°
When vapours are removed VP reduces to zero
Net pressure inside the room now = 104 x 10% — 2 x 10° = 102 x 10° = 102 KPa
Temp = 20°C Dew point = 10°C
The place is saturated at 10°C
Even if the temp drop dew point remains unaffected.
The air has V.P. which is the saturation VP at 10°C. It (SVP) does not change on temp.
RH= P
SVP
The point where the vapour starts condensing, VP = SVP
We know P4V, = P,V,
Ry SVP x 10 = SVP x V, =V,=10Ry = 10 x 0.4 = 4 cm®
Atm—Pressure = 76 cm of Hg
When water is introduced the water vapour exerts some pressure which counter acts the atm pressure.
The pressure drops to 75.4 cm
Pressure of Vapour = (76 — 75.4) cm = 0.6 cm

SVP 1
From fig. 24.6, we draw _Lr, from Y axis to meet the graphs.
Hence we find the temp. to be approximately 65°C & 45°C
The temp. of body is 98°F = 37°C
At 37°C from the graph SVP = Just less than 50 mm
B.P. is the temp. when atmospheric pressure equals the atmospheric pressure.
Thus min. pressure to prevent boiling is 50 mm of Hg.
Given
SVP at the dew point = 8.9 mm SVP at room temp = 17.5 mm
Dew point = 10°C as at this temp. the condensation starts
Room temp = 20°C
SVP at dew point _ 8.9

RH = =
SVP at room temp  17.5

=0.508 = 51%
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54.

55.

56.

57.

58.

59.

50 cm?® of saturated vapour is cooled 30° to 20°. The absolute humidity of saturated H,O vapour 30 %/m3
Absolute humidity is the mass of water vapour present in a given volume at 30°C, it contains 30 g/m

at 50 m® it contains 30 x 50 = 1500 g
at 20°C it contains 16 x 50 = 800 g
Water condense = 1500 — 800 = 700 g.
Pressure is minimum when the vapour present inside are at saturation vapour pressure
As this is the max. pressure which the vapours can exert. l l
Hence the normal level of mercury drops down by 0.80 cm
.. The height of the Hg column =76 — 0.80 cm = 75.2 cm of Hg.
[+ Given SVP at atmospheric temp = 0.80 cm of Hg]
Pressure inside the tube = Atmospheric Pressure = 99.4 KPa
Pressure exerted by O, vapour = Atmospheric pressure — V.P.
=99.4 KPa - 3.4 KPa = 96 KPa

No of moles of O, =n
96 x 10° x50 x 10°=n x 8.3 x 300

= 96x50x107°

8.3x300

Let the barometer has a length = x
Height of air above the mercury column = (x — 74 — 1) = (x = 73)
Pressure ofair=76 —-74—-1=1cm
For 2™ case height of air above = (x =721 -1-1)= (x=-71.1)
Pressure of air = (74 - 72.1-1)=0.99

=1.9277 x 10°=1.93 x 107

(x—73)(1)=%(x—71.1) = 10(x—73)=9 (x - 71.1)

=x=10x73-9x71.1=730-639.9=90.1

Height of air = 90.1

Height of barometer tube above the mercury column =90.1 + 1 =91.1 mm
Relative humidity = 40%

SVP = 4.6 mm of Hg

04= P —=VP=04x46=1.84

4.6
ﬂ:ﬂ Dﬂzp_szz=ﬂ><293
T T, 273 293 273

Relative humidity at 20°C
VP _ 1.84x293
SVP 273x10

=0.109 =10.9%

RH= VP

SVP
Given, 0.50 = ﬂ
3600

= VP =3600 x 0.5
Let the Extra pressure needed be P
m RT _ m 8.3x300

So,P= —x— = —x
MV 18 1

Now, %x 8.3x 300 +3600x%0.50 = 3600 [airis saturated i.e. RH =100% =1 or VP = SVP]

- (36_18]x6 =13g

24.10



Kinetic Theory of Gases

60. T =300K, Rel. humidity = 20%, V=50m?
SVP at 300 K = 3.3 KPa, V.P. = Relative humidity x SVP = 0.2 x 3.3 x 10°

PV = %RT =0.2x3.3x10°x 50 = %x8.3x300

3

—m= 0.2x3.3x50x18x%x10 = 238.55 grams ~ 238 g

8.3x300

Mass of water present in the room = 238 g.

61. RH= VP =0.20= L:>VP=0.2 x 3.3 x 10° = 660
SVP 3.3x10°
PV =nRT=p= "L - M RT 500, 8.3x300 _ 43833
\Y MV 18 50
Net P = 1383.3 + 660 = 2043.3 Now, RH = 20343 _ 0.619 = 62%
3300

62. (a) Rel. humidity = vP 4=—YP L yp=04x16x10°

- =0
SVP at 15°C 1.6x10°

The evaporation occurs as along as the atmosphere does not become saturated.
Net pressure change = 1.6 x 10°— 0.4 x 1.6 x 10° = (1.6 — 0.4 x 1.6)10° = 0.96 x 10°

Net mass of water evaporated =m = 0.96 x 10° x 50 = %x 8.3x 288

_ 0.96x50x18x10°
- 8.3x 288

(b) At 20°C SVP = 2.4 KPa, At 15°C SVP = 1.6 KPa
Net pressure charge = (2.4 — 1.6) x 10° Pa = 0.8 x 10° Pa

-=m =361.45~361g

Mass of water evaporated = m’ = 0.8 x 10% 50 = :n—sx 8.3x293

_ 0.8x50x18x10°
8.3x293

!

=296.06 = 296 grams

L N N N )
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CHAPTER - 25

CALORIMETRY
Mass of aluminium = 0.5kg, Mass of water = 0.2 kg
Mass of Iron = 0.2 kg Temp. of aluminium and water = 20°C = 297°k
Sp heat o f Iron = 100°C = 373°k. Sp heat of aluminium = 910J/kg-k
Sp heat of Iron = 470J/kg-k Sp heat of water = 4200J/kg-k
Heat again = 0.5 x 910(T — 293) + 0.2 x 4200 x (343 -T)
=(T—-292) (0.5 %910 + 0.2 x 4200) Heat lost = 0.2 x 470 x (373 - T)

.. Heat gain = Heat lost
= (T—-292) (0.5%x 910 + 0.2 x 4200) = 0.2 x 470 x (373 -T)
= (T —293) (455 + 8400) =49(373-T)

= (T -293) 129 295) =(373-T)
94
= (T-293)x14=373-T
=>T= 4475 _ 298 k
15
.. T=298 - 273 = 25°C. The final temp = 25°C.
mass of Iron = 100g water Eq of caloriemeter = 10g
mass of water = 240g Let the Temp. of surface = 0°C
Siron = 470J/kg°C Total heat gained = Total heat lost.
So, 100, 470 x(6 — 60) = 250 4200 % (60 — 20)
1000 1000

= 470 — 47 x 60 = 25 x 42 x 40
= 06 =4200 + 2820 _ 44820 _ 953.61°C

47 47
The temp. of A =12°C The temp. of B = 19°C
The temp. of C = 28°C The temp of = A+ B = 16°

The temp. of = B + C =23°
In accordance with the principle of caloriemetry when A & B are mixed

Mca (16 — 12) = Mcg (19 — 16) = CA4 = CB3 :CA=%CB (1)
And when B & C are mixed
Mcg (23 — 19)= Mcc (28 — 23) = 4CB =5CC = CC = %CB ...(2)

When A & c are mixed, if T is the common temperature of mixture
Mca (T=12) =Mcc (28 -T)
= [3 CB(T-12) = i) CB(28-T)
4 5
= 15T — 180 = 448 — 16T

=>T= 632—18 =20.258°C = 20.3°C

L I G B
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11.

12.

13.
14.

15.

CHAPTER 26
LAWS OF THERMODYNAMICS
QUESTIONS FOR SHORT ANSWER

No in isothermal process heat is added to a system. The temperature does not increase so the internal
energy does not.

Yes, the internal energy must increase when temp. increases; as internal energy depends upon
temperature U oc T

Work done on the gas is 0. as the P.E. of the container si increased and not of gas. Work done by the
gas is 0. as the gas is not expanding.

The temperature of the gas is decreased.

W=F xd=FdCos 0° =Fd

Change in PE is zero. Change in KE is non Zero.
So, there may be some internal energy. 1e—d—>1
The outer surface of the cylinder is rubbed vigorously by a polishing machine.

The energy given to the cylinder is work. The heat is produced on the cylinder which transferred to the
gas.

No. work done by rubbing the hands in converted to heat and the hands become warm.

When the bottle is shaken the liquid in it is also shaken. Thus work is done on the liquid. But heat is not
transferred to the liquid.

Final volume = Initial volume. So, the process is isobaric.

Work done in an isobaric process is necessarily zero.

No word can be done by the system without changing its volume.

Internal energy = U = nCyT

Now, since gas is continuously pumped in. So n, = 2n; as the p, = 2p4. Hence the internal energy is
also doubled.

When the tyre bursts, there is adiabatic expansion of the air because the pressure of the air inside is
sufficiently higher than atmospheric pressure. In expansion air does some work against surroundings.
So the internal energy decreases. This leads to a fall in temperature.

‘No’, work is done on the system during this process. No, because the object expands during the
process i.e. volume increases.

No, it is not a reversible process.

Total heat input = Total heat out put i.e., the total heat energy given to the system is converted to
mechanical work.

Yes, the entropy of the body decreases. But in order to cool down a body we need another external sink
which draws out the heat the entropy of object in partly transferred to the external sink. Thus once
entropy is created. It is kept by universe. And it is never destroyed. This is according to the 2" law of
thermodynamics

> F

OBJECTIVE — |

(d) Dg = DU + DW. This is the statement of law of conservation of energy. The energy provided is
utilized to do work as well as increase the molecular K.E. and P.E.

(b) Since it is an isothermal process. So temp. will remain constant as a result ‘U’ or internal energy will
also remain constant. So the system has to do positive work.

(a) In case of A AW, > AW, (Area under the graph is higher for A than for B). AAQq
AQ = Au + dw. Pl >
du for both the processes is same (as it is a state function) T BAQ,
AQ1 > AQQ as AW1 > AWZ vV —
(b) As Internal energy is a state function and not a path function. AU, = AU, A
1O
. B

\L
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Laws of thermodynamics

(a) In the process the volume of the system increases continuously. Thus, the work
done increases continuously.

N

V—P

>0

(c) for A — In a so thermal system temp remains same although heat is added.
for B — For the work done by the system volume increase as is consumes heat.

(c) In this case P and T varry proportionally i.e. P/T = constant. This is possible only P f

when volume does not change. .. pdv=0 ®
T

(c) Given : AVa = AVg. But Py < Pg
Now, WA = PA AVB, WB = PB AVB, So, WA < WB- —_—

\

(b) As the volume of the gas decreases, the temperature increases as well as the pressure. But, on
passage of time, the heat develops radiates through the metallic cylinder thus T decreases as well as
the pressure.

OBJECTIVE -1

(b), (c) Pressure P and Volume V both increases. Thus work done is positive (V increases). Heat must
be added to the system to follow this process. So temperature must increases.

(a) (b) Initial temp = Final Temp. Initial internal energy = Final internal energy.

0

i.e. AU =0, So, this is found in case of a cyclic process.

(d) AU = Heat supplied, AW = Work done.
(AQ — AW) = du, du is same for both the methods since it is a state function.

(a) (c) Since it is a cyclic process.
So, AU; == AUy, hence AU, + AU, =0
AQ-AW =0

(a) (d) Internal energy decreases by the same amount as work done.
du = dw, .. dQ = 0. Thus the process is adiabatic. In adiabatic process, dU = — dw. Since ‘U’ decreases

-~

V—b

—» T

U, — U, is —ve. ..dw should be +ve = n—R1(T1 —Tz) is +ve. T1 > T, .. Temperature decreases.
v—

EXERCISES

ty=15°¢c t,=17°c
At=t,—1,=17-15=2°C=2+273=275K
m, =100 g = 0.1 kg m,, =200 g=0.2kg
cug = 420 J/kg—k W,y = 4200 J/kg—k
(a) The heat transferred to the liquid vessel system is 0. The internal heat is shared in between the
vessel and water.
(b) Work done on the system = Heat produced unit

= dw =100 x 107° x 420 x 2 + 200 x 107° x 4200 x 2 = 84 + 84 x 20 = 84 x 21 = 1764 J.
(c)dQ =0, dU = - dw = 1764. [since dw = —ve work done on the system]

(a) Heat is not given to the liquid. Instead the mechanical work done is converted
to heat. So, heat given to liquid is z.

(b) Work done on the liquid is the PE lost by the 12 kg mass = mgh =12 x 10x
0.70=84J

(c) Rise in temp at At We know, 84 = msAt

5 84 = 1 x 4200 x At (for ‘m’ = 1kg) = At = —o4— =0.02 k
4200
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Laws of thermodynamics

10.

mass of block = 100 kg
u=2m/s,m=02 v=0
dQ =du +dw

In this case dQ =0

1

= -—du=dw=du= —(Emvz—%muzJ = —x100x2x2 =200 J

1
2
Q=100J
We know, AU = AQ — AW
Here since the container is rigid, AV = 0,
Hence the AW = PAV =0,

So, AU = AQ =100 J.

P, =10 kpa =10 x 10° pa. P, =50 x 10° pa.

vy = 200 cc. v, =50 cc

(i) Work done on the gas = %(10 +50)x10° x (50 —200)x107° =—4.5

(ildQ@=0=0=du+dw=du=-dw=45J

initial State ‘I’ Final State ‘f’
Given i = P—2
T T,

where P4 — Initial Pressure ; P, — Final Pressure.

T,, Ty — Absolute temp. So, AV =0

Work done by gas = PAV =0

In path ACB, \/T
Wac + Wae =0 + pdv = 30 x 10° (25— 10) x 10°=0.45 J

In path AB, Wag = % x (10 + 30) x 10° 15 x 107° = 0.30 J

In path ADB, W = Wap + Wpg = 10 x 10°(25-10) x 10°+0=0.15J

10 cc

AQ = AU + AW

Inabc, AQ=80J AW =30J
So,AU=(80-30)J=50J

Now in adc, AW =10 J
So,AQ=10+50=60J[..AU =50 J]

In path ACB,
dQ=50050x4.2=210J 1
dW = Wpe + Weg =50 x 10° x 200 x 10° =10 J 155k§a
dQ =duU + dw

50 kpa

=du=dQ-dw =210-10=200J

In path ADB, dQ =7

dU =200 J (Internal energy change between 2 points is always same)
dW = Wpap + Wpg = 0+ 155 x 10° x 200 x 10° =31 J
dQ=dU +dW =200 + 31 =231 J =55cal

Heat absorbed = work done = Area under the graph
In the given case heat absorbed = area of the circle
=nx10*x10°%x10°=3.14 x 10=31.4J

25 cc ) > B

10 kpa 30 kpa P—>
d_, b
Cc
a
i —pP
D B
A o}
200 cc 400 cc V—>
100 300
P—>(kpa)
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Laws of thermodynamics

1.

12.

13.

14.

15.

16.

17.

dQ =24 cal =24 J Joules

dw = Wpg + Wpe + Wipc v c

=0+ (1/2) x (100 + 200) x 10%200 x 10° - 100 x 10° x 200 x 107° 700ce -

= (1/2) x 300 x 10% 200 x 107° — 20 = 30 — 20 = 10 joules. h 5

du = 0 (in a cyclic process) 600 cer 4 K !

dQ =dU +dW =24 J=10 100 kpa 200 kpa p —»
10

=J=— =4.17 J/Cal
24

Now, AQ = (2625 x J) J

AU = 5000 J

From Graph AW = 200 x 10° x 0.03 = 6000 J.

Now, AQ = AW + AU 200kpat 4 b

= 2625 J = 6000 + 5000 J

J = 11000
2625

dQ=70cal = (70 x 4.2) J

dW = (1/2) x (200 + 500) x 10° x 150 x 10 e
= (1/2) x 500 x 150 x 10 !
100cc f--------- :

=525x 10" =525 J

du="7? dQ =du + dw
=—-294=du+525

= du=-294-525=—346.5J

U=1.5pV P=1x10°Pa

dV = (200 — 100) cm®= 100 cm® = 10™* m°
dU=15x10°x10"* =15

dW =10°x10"=10
dQ=dU+dwW=10+15=25J

dQ=10J
dV=Ax10cm®=4x10cm®=40x 10° cm®
dw = Pdv =100 x 10° x 40 x 10° = 4 cm®
du="? 10=du+dw=10=du+4=du=6J.
(a) P1 =100 KPa

300 kpa

=4.19 J/Cal 0.02m° .05 m®

200 kpa 500 kpa

vV, =2m® I
AV, =05m’ P
AP, =100 KPa 100 kpa
From the graph, We find that area under AC is greater than area under
than AB. So, we see that heat is extracted from the system. 2m’ 25m* V
(b) Amount of heat = Area under ABC.
= 1.5 410° = 25000 J

2 10
n =2 mole
dQ=-1200J
dU = 0 (During cyclic Process)
dQ =dU + dwc

= — 1200 = Wpg + Wgc + Wea

= — 1200 = nRAT + Wgc + 0

= —1200 =2 x 8.3 x 200 + Wg¢

= Wpgc =—400 x 8.3 — 1200 = — 4520 J.
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Laws of thermodynamics

18. Given n =2 moles
dv=0 v
in ad and bc.
Hence dW = dQ dW = dW,, + dW 4 A
= nRTLn2Y0 4 nRT,Ln Y0 o ————q 2%k
A 2V, :
=nR x 2.303 % log 2(500 — 300)
=2 x8.314 x 2.303 x 0.301 x 200 = 2305.31 J
19. Given M =2 kg 2t=4°c Sw = 4200 J/Kg—k
fo =999.9 kg/m* f4=1000 kg/m® P =10° Pa.
Net internal energy = dv
dQ = DU + dw = msAQ¢ = dU + P(vp — V4)
= 2 x 4200 x 4 =dU + 10°(m = m)

b
500 k

Vo Vo

m m

= 33600 = dU + 105[ J = dU + 10°(0.0020002 — 0.002) = dU + 10° 0.0000002

0o V4
= 33600 = du + 0.02 = du = (33600 — 0.02) J
20. Mass =10g = 0.01kg.
P =10°Pa
dQ = Q4,0°-100°+ Qu, —steam

=0.01 x 4200 x 100 + 0.01 x 2.5 x 10° = 4200 + 25000 = 29200
dW =P x AV
A= 0.01_001 _ 0.01699
0.6 1000
dW = PAV = 0.01699 x 10° 1699J
dQ = dW + dU or dU = dQ — dW = 29200 — 1699 = 27501 = 2.75 x 10* J
21. (a) Since the wall can not be moved thus dU = 0 and dQ = 0.
Hence dW = 0.
(b) Let final pressure in LHS = P4
In RHS = P,
(.. no. of mole remains constant)
P,V P,V

= — U =1.5nRT
2RT, 2RT

=P, = PT _ PP +P)TiTy
T1 }\.

(P +P)TT,
A

PoTi(Py +P,)

A

(c) Let T, > T4 and ‘T’ be the common temp.
P,V
2RT,

P1 T1 P2 Tz

Vi2 Vi2

As, T=

Simillarly P, =

Initially% =nirty =>ng =

Ny = P2V Hence dQ = 0, dW = 0, Hence dU = 0.

2RT,
In case (LHS) RHS
Auq = 1.5n1 R(T - T1) But AUq -AU, = 0 Auy, = 1.5n2 R(Tz —T)

=1.5n; R(T-T;) = 1.5 n, R(T,-T)
S T-nTi=nT-nT=Ti+np)=n Ti+n, Ty
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Laws of thermodynamics

—To n{T; +n,T,
PV 1, PV o P, +P,
_ 2RT, 2RT, _ P T, +P,T,
PV | PV T,T,
2RT, 2RT,
(d) For RHS dQ = dU (As dW = 0) =1.5n, R(T, - 1)
_15P,V [ To = (P —Po)TiT, | _ 1.5P,V [Pty ~PiTiT,
2RT, P,T, -P,T, 2T, A
= 18PV TP(T, —Ty) _ 3PPy(T, - Ty)V
2T, A 4

22. (a) As the conducting wall is fixed the work done by the gas on the left part

during the process is Zero. viz vi2
(b) For left side For right side PT, -
2
Pressure = P Let initial Temperature = T,
T T
Volume =V

V=15nRT  V=3nRT
No. of moles = n(1mole)

Let initial Temperature = T4

ﬂ = nRT1 ﬂ =Ny RT2
2 2
3ﬂ=(1)RT1 =T,= PV x1
2 2n,R
:>T1= —PV :>T2= —PV
2(moles)R 4(moles)R
(c) Let the final Temperature =T
Final Pressure =R
No. of mole = 1 mole + 2 moles = 3 moles
L PV=nRT=T= PV__PV
nR  3(mole)R
(d) For RHS dQ =dU [as, dW = 0]
PV PV

=15mR(T-Ty)=15%x2xRx -
3(mole)R  4(mole)R

4PV - 3PV 3xRxPV PV
=15x2xRx = = __
4 x 3(mole 3x4xR 4

(e) As, dQ =-dU
=>dU=-dQ-= %

L N N W)
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CHAPTER - 27
SPECIFIC HEAT CAPACITIES OF GASES

N =1 mole, W =20g/mol, V=50m/s
K.E. of the vessel = Internal energy of the gas
= (1/2) mv? = (1/2) x 20 x 107 x 50 x 50 = 25 J

3 50

25=nK(AT)= 25=1x S x 831 x AT = AT= =2k
2 2 3x8.3

m=5g, At=25-15=10°C
Cy =0.172 cal/g-°CJ = 4.2 J/Cal.
dQ =du+dw
Now, V = 0 (for a rigid body)
So, dw = 0.
So dQ = du.
Q=msdt=5x0.172x 10 =8.6 cal = 8.6 x 4.2 = 36.12 Joule.
y=1.4, w or piston = 50 kg., A of piston = 100 cm?
Po = 100 kpa, g=10m/s®, x=20cm.

50x10
100x 10~

mg

dw = pdv = [T+PojAdx = ( +105j100><10_4><20><10_2 =1.5x10° x 20 x 10 = 300 J.

nRdt = 300 = dT = 300

300 _ nyR300 _ 300x1.4

dQ = nCpdT = nCp x = =1050 J.
P PR ~G-nR 04

CyH, = 2.4 Callg°C, CpH? = 3.4 Cal/g°C

M = 2 g/ Mol, R =8.3 x 10" erg/mol-°C

We know, Cp — Cy = 1 Cal/g°C
So, difference of molar specific heats
=CpxM-CyxM=1x2=2Callg°C
Now, 2 x J=R =2 x J=8.3 x 10" erg/mol-°C = J=4.15x 10’ erg/cal.
Cp _
a =
(a) Keeping the pressure constant, dQ = du + dw,

AT =50 K, y=7/6, m=1mole,

dQ =du + dw = nC\dT = du + RdT = du = nCpdT — RdT

7.6, n =1 mole, AT = 50K

7
R Rx —

= 1x—L_»dT -RdT = — 6 dT —RdT
y-1 74

6
=DT - RdT = 7RdT — RdT =6 RdT =6 x 8.3 x 50 = 2490 J.
(b) Kipping Volume constant, dv = nC,dT
- 1x R «dt = 'I><8.3><
y—1 1_1
6
=8.3x50x6=2490J

(c) Adiabetically dQ =0, du=-dw

50

- |:n><F1<(T1_T2):| - 1X8-3(T _T1)= 8.3x50x6=2490J
Y- -1

o
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Specific Heat Capacities of Gases

10.

1.

m=1.18g, V=1x10>cm®=1L T=300k, P=10°Pa
PV =nRT or n= &=105=atm.
RT
=PV 1 I
RT 82x102x3x10? 8.2x3 246

Now, C, =1><g =246 x2=49.2
n dt

C,=R+C,=1.987 +49.2=51.187

1

Q=nC,dT = x51.187 x1 = 2.08 Cal.
24.6

V,; =100 cm®, V,=200cm® P =2x10°Pa, AQ = 50J

(a) AQ = du + dw = 50 = du + 20x 10°(200 — 100 x 107°) = 50 = du + 20 = du = 30 J

(b) 30 =n x %x 8.3x300 [U= %nRT for monoatomic]

= —— =0.008

dndTu _ 30 _
~ 0.008x300
C,=C,+R=125+8.3=20.3
(d) C, = 12.5 (Proved above)
Q = Amt of heat given

Work done = % AQ=W+AU

12.5

(c)du=nC,dT = C, =

for monoatomic gas = AU = Q — % = %
V=n§RT= Q =nTx §R=3Ran
2 2 2

Again Q =n CpdT Where Cp > Molar heat capacity at const. pressure.

3RnT = ndTCp = Cp =3R

P=KV3£=KV3RT=KV23RAT=2KVAU3—

\Y 2KV
dQ =du + dw = mcdT = C\dT + pdv = msdT = C, dT+ PR?/F
:>ms=CV+RKV:>CP+B

2KV 2
&—Y, Cr-Cy=R, Cy=——, CP-—YR
Cy Y= y—1
Pdv = —— (Rdt)

b+1
~0=CdT+ 1 (Rdt)= —— = SV
1 b+1 R

R _ —(Cp-Cy)
mb+1= R =2Ce=Cv) gy

& o 7

Considering two gases, in Gas(1) we have,

RAT
=dv

Y, Cp4 (Sp. Heat at const. ‘P’), Cv4 (Sp. Heat at const. ‘V’), n4 (No. of moles)

CPi_ & Cp—Cvi =R
Cv,
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Specific Heat Capacities of Gases

12.

13.

=7yCvy—Cvy=R=Cvy(y-1)=R
= Cvy = l & Cp; = YR1
In Gas(2) we have, y, Cp, (Sp. Heat at const. ‘P’), Cv, (Sp. Heat at const. ‘V’) n, (No. of moles)
CP2 . 8 Cpy—Cvy =R =yCvy— Cvy = R= Cvy (y— 1) =R = Cvp = -~ - &Cp, == R
Cv, Y= y—1
Givenny;:n,=1:2
dU; =nCv, dT & dU, = 2nCv, dT = 3nCvdT
R R

Cvi+2Cv, _ y-1 y-1_ 3R _ R

3 3 (y=-1) y-1

DCV=

(1)

&Cp=yCv= 1 (2
y-1

So, SP = [from (1) & (2)]
Cv

Cp'=25RCp"=35R

Cv=15R Cv'=25R

Ny =ny =1 mol (nq + ny)CydT =ny C,dT + n, C,dT

n,Cv'+n,Cv" _ 1.5R+2.5R
ny+n, - 2

Cp=Cy+R=2R+R=3R

:)CV= 2R

1 25

mole, R= 3 J/mol-k, Y= Tc

w|o;m
_|
o

(a) Temp at A =T,, PV, = nRT, 200 KPa -

_ P,V, _ 5000x107®x100x10% _ { 1
=>T,= = 1X§ =120 k. 100kpal 2T b Tb
2 3
Similarly temperatures at point b =240 k at C it is 480 k and at D it is 240 k. 5000 cm® 10000 cm?
(b) For ab process,
dQ = nCpdT [since ab is isobaric]
35 5

x 33 (240 -120) =
2

£ 3 x120 =1250J
9 "2

1 R 1
277 (T, -Ta) = 0

1,
2

wl o,

For bc, dQ=du+dw [dg=0, Isochorie process]
25

1.25 3

x93 _(240) = = x 22 x> x240 = 1500 J
5 27372
)

(c) Heat liberated in cd = — nC,dT

1 nR 1 125 3

= —x —x x—x240 =2500J
2 v-1 2 3 2

Heat liberated in da = — nC,dT

1. R (a—Td)=_71><275><(120 240) = 750 J

=dQ=du=nC,dT =

R
n 1(Tc _Ta) =

N| =

(Td T)=

27.3



Specific Heat Capacities of Gases

14.

15.

16.

17.

(a) For a, b 'V’ is constant

P _P, 100 _ 200 _ 200 %300

So, — =T, =600 k
T T, 300 T, 100
For b,c ‘P’ is constant
VvV, 'V, 100 _ 150 _ 600x150 _
So’f:fD%_T—ijz_—mO =900 k 100 KPa 200 KPa

(b) Work done = Area enclosed under the graph 50 cc x 200 kpa = 50 x 107 x 200 x 10° J =10 J
(c) ‘Q’ Supplied = nC,dT

Now, n = PV considering at pt. ‘b’
RT

Co= —R_dT =300 4, b.
y-1
3 -6
Qo= L R gp = 200x10°x100x0 7 55y - 14905 (-y=1.67)
RT y-1 600 x 0.67
. _ 'R
Q supplied to be nC,dT [..Cp= p—
-
3 -6
_PV 4R 4r o 200x10°x150x10°° 1.67x8.3 .00 o, oo
RT y—1 8.3x 900 0.67
(d)Q=AU+w

Now, AU = Q — w = Heat supplied — Work done = (24.925 + 14.925) — 1 = 29.850
In Joly’s differential steam calorimeter

= ml
" my(0,-6,)
m, = Mass of steam condensed = 0.095 g, L =540 Cal/g = 540 x 4.2 J/g
m4 = Mass of gas present = 3 g, 6, =20°C, 6, =100°C
—~C, = 0.095x540x4.2 _ 0.89 = 0.9 J/ig-K
3(100 - 20)
y=15
Since it is an adiabatic process, So PV’ = const.
(a) P1V1y = PszY Given V1 =41, V2 =31L, i—z =7
1
¥ 1.5
= Lic R U (i) =1.5396 = 1.54
P, V, 3

(b) TV™" = Const.
y-1 0.5
TV =TV = L = [ij = [ij =1.154
P,=25x10°Pa, V;=100cc, T;=300k
(a) P1V4' = PoVy!

1.5
—25x105x V' = gj <P,

=P,=2"%%x25x%x10°=7.07x10°~7.1 x 10°
(b) TsV4™ =T,V = 300 x (100)°~ ' =T, x (50)™° "

T,= 2990 _ 40430k~ 424 k
7.07
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18.

19.

20.

21.

(c) Work done by the gas in the process

mR P.V.
wW=_—"IT,-T,| =" |T,-T
-1 2 1] T(y—1)[ 2 1]
5 -6
_ 2.5x10°>x100x10 [424 - 300] = 2.5x10 <124 =20.72 =21 J
300(1,5-1) 300x0.5
y=1.4, T, =20°C =293 k, P, =2 atm, p. =1 atm

We know for adiabatic process,
P11—'y x T,! = PZH x T, or (2)1—1.4 < (293)1.4 - (1)1—1.4 % T21.4
= (2)" x (293)"* = T,"* = 2153.78 = T,'* = T, = (2153.78)""* = 240.3 K
P,=100KPa =10°Pa, V4 =400 cm’®=400x10°m° T, =300k,
Y= g—P =1.5
\%

(a) Suddenly compressed to V, = 100 cm®

PV, =PV, = 10° (400)"° = P, x (100)"°

= P,=10°x (4)"° = 800 KPa

_ 300x20

TV, = TV = 300 x (400" = T, x (100)' %' = T, = 600 K

(b) Even if the container is slowly compressed the walls are adiabatic so heat transferred is 0.
Thus the values remain, P, = 800 KPa, T, =600 K.

Given g—P =y P, (Initial Pressure), Vy (Initial Volume)
v

(a) (i) Isothermal compression, P,V = P,V, or, PoV, = P2Vo

= P2 = 2P0
Y Y
(ii) Adiabatic Compression P;V," = P,V," or 2P, [%] o [%]

Y Y
\;3/ « 2Pyt =21 x 2Py = Pe2"!

=P'=
Vo

v
(b) (i) Adiabatic compression P4V4" = P,V," or PyVy' = P’(%} = P’ =Py2'

ii) Isothermal compression PV, = P,V, or 2" Py x ﬁ =P, x ﬁ = P, = Pg2"
2 4

Initial pressure = Py
Initial Volume = V,

(a) Isothermally to pressure I%O

POV0= P70V1 :>V1=2V0

Adiabetically to pressure = ITT"

Po

P, P,
70(\/1)y = TO(Vz)y =5 (2Vy)' =

= 2y+1 VOY = sz = V2 = 2(y+1)/y V()
. Final Volume = 207 v,

27.5



Specific Heat Capacities of Gases

22.

23.

24.

(b) Adiabetically to pressure P—2° to Py
+1 —_ PO '
Po x (2 Voy)—?x(v)Y

P
Isothermal to pressure TO

P?Oxzﬂyvo = F;—OXV" =V = 2(Y+1)/y V()

-. Final Volume = 20"V,

PV = nRT
Given P = 150 KPa = 150 x 10° Pa, V=150cm®=150 x 10°m®, T=300k
3 -6
(a)n = DY 2 180107 x150x1077 _ g 36« 10 = 0,009 moles.
RT 8.3x300

C YR YR
(b) P=y=> =4 {C =—}

Cy (y-1Cy -1
=Cy= R __ 83 _83 = 2R =16.6 J/mole

(c) Given P; = 150 KPa = 150 x 10° Pa, P, =?
Vi =150 cm®=150x 10°m°, y=15
V,=50cm®=50x10°m?  T,=300k, T,=7
Since the process is adiabatic Hence — P,V" = P,V,'
= 150x 10° (150 x 107°)' = P, x (50 x 107y’
150x1078
50x107°
(d) AQ =W + AU or W = —AU [.AU = 0, in adiabatic]
=—nCydT =-0.009 x 16.6 x (520 — 300) = — 0.009 x 16.6 x 220 =—32.8 J~—33J
(e) AU = nCydT = 0.009 x 16.6 x 220 = 33 J

1.5
=P, =150 x 10° x ( J = 150000 x 3" = 779.422 x 10° Pa = 780 KPa

VA = VB = VC

For A, the process is isothermal

PaVa = Pa'VA' = Pa' = Py V—A/ = Py X%
Va

For B, the process is adiabatic,

v v 15
Pa(Vs)' = Pa'(Vs)' =Pg' = PB[ B’] =Pg x (_j -5

For, C, the process is isobaric
Ve _Ve Ve _2Ve _ 1,2

Tc Tc, Tc Te Te

Final pressures are equal.

=p7A=2P1%=PC:>PA:PB:PC=2:21'5:1=2:2\/§:1

P, = Initial Pressure V, = Initial Volume P, = Final Pressure V, = Final Volume

Given, V, = 2V4, Isothermal workdone = nRT, Ln (%]
;
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PV, PV,
y-1
Given that workdone in both cases is same.

Adiabatic workdone =

Hence nRT; Ln Vo | o PVi-PV, — (=1)In Vo | _ PVi-PV,
1 r=1 v, nRT,
\% nRT, —nRT. T,-T
-Nn | Z|=—1__——2 -N)n2=-"1-—"1 () [.V,=2V
IR £v1j oRT, 0 NWinz=—= M [ Ve=2Vy]

We know TV = const. in adiabatic Process.
TV =T Vo or Ty (Vo) ™' = T x (2)7 x (Vi)

or,Ty=2""xTorT, =T, (i)
From (i) & (ii)

_ 1=y
=1)in2=M=T1X27 0 4yn2=1-2"

1

y=15  T=300k, V=1Lv=%|

(a) The process is adiabatic as it is sudden,

15
P1 V= P2 Vo' = Py (Vo) = P2 [\g’j = P2 =Py (1/%) =P (2" = P -21%= 22

(b) Py =100 KPa=10°Pa W = ”—R1[T1 -T,]
=

T, Vi =P, V' =300 x (1) =T, (05)"°" =300x1=T, 0.5

1
T,=300 % |— =300+2 K
2 05 V2

PV, _10°x10° _ 1

P1 V1 =nRT1 =>n=
RT, Rx300 3R

(Vinmd)

300 (1— J2)=-8280~-824.

R
——T T,] = ——[300-300
y— [T = T] 3R(1.5—1)[ V2| =

(c) Internal Energy,

dQ=0, =du=-dw=-(-82.8)J=828J=82J.

(d) Final Temp = 30042 =300 x 1.414 x 100 = 424.2 k = 424 k.
(e) The pressure is kept constant. ... The process is isobaric.

Work done = nRdT = 3iR x Rx (300-30042)  Final Temp = 300 K

= %x 300 (0.414) =—41.4 J. Initial Temp = 3002
Vv, vV, Vv, o 1 1
(f) Initial volume = =+ = - =Vy/= ZIxT, = — %300 = —L.
o1, T 2x300x42 242

Final volume = 1L

Work done in isothermal = nRTlnﬁ

1

= 1 vRx300In "
3R 1

1242

(9) Net work done = W + Wg + W =—-82-41.4+103 =-20.4 J.

J= 100 x In (22 = 100 x 1.039 = 103
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26.

27.

28.

29.

Giveny=1.5 Vi
We know fro adiabatic process TV = Const. Vi2
So, Ty Vi =T, V! ...(eq) b1 P T
As, it is an adiabatic process and all the other conditions are same. Hence the
above equation can be applied.
1.5-1 1.5-1 0.5 0.5 3Vv/4 V/4
SO,T1X£ :sz X :>T1x ﬂ =T2x X
4 4 4 4 T T
1 2
05 05
T, \Y 4 1
= 4 =|— x| — = — So, T{:T,=1:+3 3:1
T (J (svj NE] 1Te= i
V =200 cm®, C = 12.5 J/mol-k, T =300k, P=75cm
(a) No. of moles of gas in each vessel,
PV _ 75><13.6><7980><200 =0.008 A B
RT 8.3x10" x 300
(b) Heat is supplied to the gas butdv =0
dQ=du=5=nCydT = 5=0.008 x 12.5 x dT = dT -5 for (A) [
0.008x12.5
For (B) dT = ___10 P = Pa [For container A]
0.008x12.5 T Ta
:E= P, x0.008 x12.5 P, = 75x5 = 12.5 cm of Hg.
00 5 300x0.008x12.5
P :P—B [For Container B] = 75 Pg x0.008x12.5 = Pg =2 P, =25cm of Hg.
T Tg 300 10
Mercury moves by a distance Pg— P, =25-12.5=12.5Cm.
mHe = 0.1 g, =1.67, =4 g/mol, mH, =?
) g ) Y u g 2 |
p=28/mol y,=1.4
Since it is an adiabatic surrounding
Heda=nCydT= 21 R gt =21, R _or )
4 v-1 4 (1.67-1) He H,
m R m R .
H, =nCydT = — dT = — dT here m is the rqd.
L S i 2 141" w a
Mass of H,]
Since equal amount of heat is given to both and AT is same in both.
Equating (i) & (ii) we get
01 R oar =M R ar = m=21,9% _00298=~003¢g
4 0.67 2 04 2 0.67
Initial pressure = Py, Initial Temperature = T,
Initial Volume =V,
C — A B | [—
P = y
Cy
(a) For the diathermic vessel the temperature inside remains constant
P1 V1 - P2 V2 = PO Vo = P2 X 2V0 = P2 = P—20, Temperature = TO
For adiabatic vessel the temperature does not remains constant. The process is adiabatic
1 1 1 1 Vo - 1\ Ty
TV =TV = TV =Tox (2Ve) = T = Tyl —— = Tyx|—= =
1 V1 2 V2 oVo 2% (2Vo) 2 0(2V0J OX(ZJ 511
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Specific Heat Capacities of Gases

Vo )} _ P
Py V=P, V) = Py Vo' =pg (2Vo) = Py = Py| =& | = 2
1 Vi 2 V2 o Vo' = p1 (2Vo) 1 O(ZVOJ o

(b) When the values are opened, the temperature remains T, through out

~MRTo Py = naRTo [Total value after the expt = 2V + 2V, = 4V(]
4V, 4V,
P=pP, +P,= (N +ny)RTy, _ 2nRTy, _ nRTy, _ Py
4V, 4V, 2V 2
. For an adiabatic process, Pv' = Const.
There will be a common pressure ‘P’ when the equilibrium is reached Vo/2 Vol2

P4

P, T1 P2 T2

Vo _
Hence P, - = PV

— VO ! ’
ForleftP = P| —= | (V') ...(1)
2 v VeV

Y
For Right P = Pz[%j Vo -V ..(2)

Equating ‘P’ for both left & right

= P1 = P2 or VO_VI = & "
(V) (Vo -V v’

ﬁ_ _ P21/Y VO _ P21/’\/+P11/Y

>—==__1 = — 01
V' XE VZ XE PP,

[

For left ....... (3)

- VA= .
Similarly Vo — V' = — For right ...... (4)
P +P,

(b) Since the whole process takes place in adiabatic surroundings. The separator is adiabatic. Hence
heat given to the gas in the left part = Zero.

y
[
\2)

(c) From (1) Final pressure P =

(Vv
(Vo)
11y P, v 1y o1y ty  p v
P +P, VAR 2 (Vo)'P; 2
P11/y+P21/y
.A=1cm?’=1x10"m?% M=0.03g=0.03x10"°kg,
P=1atm=10° pascal, L=40cm =0.4 m.
Ly =80cm=0.8m, P =0.355 atm
The process is adiabatic
P(V) =P(V')'= =1 x (AL)' = 0.355 x (A2L)' =1 1=0.355 2" = 3355 ;55 =2
1
=ylog 2 =log| ——— | = 1.4941
v g(o.sssj
5 5 5 -5
Ve /£=\/1.4941x10 _ | 1.4941x10 =\/1.441><10 <10 _ 6 33~ 447 mis
m/v 0.03x1072 3x10”
107% x1x 0.4
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Specific Heat Capacities of Gases

32. V =1280 m/s, T=0°C, foH, = 0.089 kg/m*®,  rR = 8.3 J/mol-k,
At STP, P = 10° Pa, We know

5 5 2
Viona = |10 = 1280= (10 (12807 = 10, - D.089x(1280) _ 45

Again,

Again, S—P =y or Cp = yCy = 1.458 x 18.1 = 26.3 J/mol-k

\%
33. n=4g=4x10"kg, V = 22400 cm® = 22400 x 10° m®
Cp =5 cal/mol-ki =5 x 4.2 J/mol-k = 21 J/mol-k
Co= R _ yx83
y=1 y-1

:>21(y—1)=y(8.3)321y—21=8.3y3y=%

Since the condition is STP, P =1 atm = 10° pa
21

N 7 12771 J21x105x22400x10-6  962.98 ms
f 4x107° 12.7x4x1073 '
22400 x107°
34. Given fo=1.7 x10~° g/lem® =1.7 kg/m®, P =1.5x 10°Pa, R = 8.3 J/mol-k,
f=3.0KHz.

Node separation in a Kundt” tube = % =6cm, =>A=12cm=12 x 102 m

So, V= fL=3x10>x 12 x 102 = 360 m/s

5 2
We know, Speed of sound = b = (360)% = vx1.5x10 =>y= (360)" x1.7 _ 1.4688
\ fo 1.7 1.5x10°
ButCy = R - _83 4772 Jimolk
y—1 1.488-1

35. f=5x10°Hz, T =300 Hz, %=3.3cm:>k=6.6><10_2m
V=7 L=5x10>x6.6x107=(66 x 5) m/s

v="P py=nRT=P= "™ xRt = PM= foRT = — = RT;
f mV fo m

2 3
ﬂ(66x5)= /M 3(66x5)2=wz>y= (66x5)” x32x10 =1.3995
m 32x10™ 32x10” 8.3x 300

Cp=Cy+R=20.77 + 8.3 = 29.07 J/mol-k.

AAAA
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CHAPTER 28

HEAT TRANSFER
t, = 90°C, t, = 10°C 10 cm
I=1cm=1x10"m 7 z
A=10cmx10cm=0.1x 0.1 m?=1x 1072 m? o 7
K = 0.80 w/m-°C ﬁy é?,
_ -1 -2
Q _ KAWM=0;) _ 8x10 x1x10 7x80 _ g4 s - 64 x 60 3840 J.
t I 1x1072 10 1em
t=1cm=0.01m, A=0.8m?
91 = 300, 92 =80
K = 0.025,
Q _ KA(8;-9,) _ 0.025x0.8x(30030) _ , 00 .
t | 0.01
K = 0.04 J/m-5°C, A= 16m’
t, = 97°F = 36.1°C t, = 47°F = 8.33°C
|=0.5cm =0.005m
_ -2
Q _ KA®O;-0;) _ 4x107°x1.6x27.78 _ 0\
t I 5x1073
A=25cm?=25x 10" m?
I=1mm=10"m
K = 50 w/m-°C
% = Rate of conversion of water into steam
-3 6 -1 6
_ 100x10 xg.26x1o _ 1071x2.26x10° _ o o
1 min 60
— _4 —
Q _ KA1 -05) _ (376 wqqt = 50%x25x10™ x(6-100)
t [ 1073
-3 4 5
o= 107°x0376x10° _ 10°x0376 _, . _ .,
50x25x1074 50 x 25
K = 46 w/m-s°C
I=1m
A=0.04cm’=4 x10° m?
qussicn ice = 336 X 105 J/Kg
0°C 100°C

-6
%= 46><4><110 x 100 =5_4x10_8kg=5.4x 10—59_
A = 2400 cm? = 2400 x 10~* m?

1=2mm=2x10"m

K = 0.06 w/m-°C
0, = 20°C
6, =0°C
_ -4
Q _ KAO:—0,) _ 0.06x2900x107 x20 _ ), g 10" x 10 = 24 x 6 = 144 Jisec
t / 2x1073
Rate in which ice melts = m_Q __ 144 Kg/h = 144 x3600 Kg/s = 1.52 kg/s.
t  txL 3.4x10° 3.4x10°
£=1mm=10"m m = 10 kg

A=200cm?=2x 1072 m?
Lyap = 2.27 x 10° J/kg
K = 0.80 J/m-s-°C
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Heat Transfer

10.

1.

dQ =2.27 x 10° x 10,
dQ _ 2.27x10’
dt 105
Again we know
dQ _ 0.80x2x107?x(42-T)

=2.27 x 10% JIs

dt 1x1073
So, 8x2x1073(42-T) = 297 x 102
1073
=16 x 42 — 16T =227 = T = 27.8 = 28°C
K =45 w/m-°C
£=60cm=60x102m Q; = 40° Q, = 20°

A=02cm’=02x10"*m?
Rate of heat flow,

KA(0; —0,) _ 45x0.2x107* x20

=30x107°0.03w

¢ 60x 102
A=100m2, h=10cm
_ -3
AQ _ KA(B;—6,) _ 200x107° x30 _ 6000
At / 1x1072
Since heat goes out from both surfaces. Hence net heat coming out.
= 29 _ 6000 x 2 = 12000, A9 _ ysad
At At At
_3 —1 Ae
= 6000%x2=10" %10 X1OOOX4ZOOXE
= 20 72000 _ og 57
At 420

So, in 1 Sec. 28.57°C is dropped
Hence for drop of 1°C

sec. = 0.035 sec. is required
28.57

£=20cm=20x 102 m
A=02cm? =0.2 x 10~ m?

6, = 80°C, 6, = 20°C, K =385
(@) Q = KA Z0;) _ 385x02x107(80-20) _ g4, x 10 x10 = 2310 x 10 = 231
t ‘ 20 %102
(b) Let the temp of the 11 cm point be 6
A0 _ Q
Al OiKA 20°C 80°C
A6 _ 2.31 . 11 em >
Al 385x0.2x107*
0-20 _ 2.31
11x1072  385x0.2x107*
Lp-20= 23110% 402 = a3
385x0.2
=6=33+20=53
Let the point to be touched be ‘B’
No heat will flow when, the temp at that point is also 25°C
i.e. Qas = Qe < 100 cm >
S KA(100-25) _ KA(25-0) c I |B IA
o, 100 — x = " <« x —> +— 100-x —

= 75x=2500-25x =100 x = 2500 = x =25 cm from the end with 0°C
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Heat Transfer

12.

13.

14.

15.

V =216 cm®
a=6cm, Surface area = 6 a° = 6 x 36 m?
t=0.1cm %=100W,
Q _ KA(®; ~6,)
t 14
-4
— 100 = K><6><36><102 x5
0.1x10~
B 100 _ R o
K= ——————— =0.9259 W/m°C = 0.92 W/m°C

6x36x5x10~
Given 04 = 1°C, 0, =0°C
K = 0.50 w/m-°C, d=2mm=2x10"m
A=5x1072m? v=10cm/s = 0.1 m/s

Power = Force x Velocity = Mg x v

Again Power = @ = M

dt d
SO, Mgv: M
d
_ -1 -2
= KAG-6;) 5x103 xsx1 1 _125kq.
dvg 2x107° x107"' x10
K=1.7 Wm-°C fw=1000 Kg/m3 N
Lice = 3.36 x 10° J/kg T=10cm=10%x102m —0°C
0 Q= KAO0) KAWL 0p) KA 0 g
t i t Q mL
_ KA(®;-0,) _ 1.7x[0 - (-10)] re
Atf,, L 10x1072 x 1000 x 3.36 x 10°
17

——x1077 =5.059 x 107" =5 x 10”" m/sec
3.36

(b) let us assume that x length of ice has become formed to form a small strip of ice of length dx, dt time
is required.
dQ _ KA(A0) N dmL _ KA(A6) N Adxfol _ KA(A0)

dt X dt X dt X
- dxfol _ K(A6) _ Xxdxfel !
dt X K(A0) ;
|

t t 2 2 d
= _[dt = Jo J.xdx =>t= foL | x7| _ JoL I ”

o K(a8)do K(A0)| 2 |~ KA® 2
Putting values

5 -2 6

_ = 1000x3.36x10 «f10x10 = 336 108 sec. = 338310 o 97 45 hrs = 27.5 hrs.

1.7x10x 2 2x17 2x17 x 3600
let ‘B’ be the maximum level upto which ice is formed. Hence the heat conducted at that point from both
the levels is the same.

Let AB =x A oo
i +

ie. Lice = Lwater _ Kige xAx10 _ Kygter x A x4 ! T

ot X (1=x) L L
*

1.7x10 _ 5x107"'x4 _ 17 _ 2 k3 l
= = I __2 :

X 1-x X 1—x S —
317_17X:2X:>19x=17:>x=ﬂ=0_894=89cm

—_
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Heat Transfer

16.

17.

18.

19.

20.

KAB =50 j/m-S-OC OA =40°C
Kgc = 200 j/m-s-°c 0g = 80°C
Kac = 400 j/m-s-°c 6c =80°C

Length =20 cm =20 x 102 m
A=1cm’=1x10"m’

Qus _ Kpg xA(Bg —04) _ 50x1x107* x40

a = =1W.
@ = I 20x1072
_ -4
(b) Qac _ Kac XA(Bc —64) _ 400x1x10 2><40 -800x102=8
t I 20x10~
© Qgc _ Kgc xA(Bg —0c) _ 200x1x107*x0 _
t [ 20x1072
We know Q = M
Q= KA(91—92), Q, = KA(6; - 6,) /_\
KA(6, -6,) 0
Q1 r 2r 2 r r
== M == == d:r’ d, =2r
Q, KA®,—0) w x [di=m o = 2r]
2r
The rate of heat flow per sec.
= dQA = KAd_e
dt dt
The rate of heat flow per sec.
= & = KAd&
dt dt
This part of heat is absorbed by the red.
% = mztAe where @ = Rate of net temp. variation
=80 a D a B g 90 - [ Dn
dt dt dt dt dt dt
do

= 04x =200 1 107 (5 - 2.5) °Clem

- 0.4x% =200 x 10% x 2.5

4
9 _ 200x25x10 ° oiny = 1250 x 102 = 12.5 °C/m

dt  04x10°2
Given
Krubber =0.15 J/m-s-°C T2 _ T1 =90°C \ /
We know for radial conduction in a Cylinder Y ‘
Q _ 27KT, - Ty) mes ;
t In(R, /R;) \
) 1
_ 2x3.14x15x10“x50x10"" x 90 =232.5=233j/s. P o om N
In(1.2/1)
@

. = Rate of flow of heat

Let us consider a strip at a distance r from the center of thickness dr.
dQ = K x 2nrd x do

o r [d6 = Temperature diff across the thickness dr]
r
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Heat Transfer

21.

22.

23.

K x 2nrd x do [ de}
C= — — c=

dr dr

= C% = K2nd do

Integrating

) 0,
=C j % = K2nd j do = Cllogr]? = K2nd (6, - 61)
g

04

= C(log 1, — log 11) = K2xd (8, — 6;) = C log ('%J = K2nd (8, — 6)
1

5

log(r, /1y)

T,>T,
A = (R,? - Ry%) v
So.Q = KA(Tzl ~T) - KAR," - le )T ~T1) ak
Considering a concentric cylindrical shell of radius ‘r' and thickness Ro !
‘dr’. The radial heat flow through the shell /
H= % =— KA% [(-)ve because as r — increases 6 +
decreases]
A =27l H=-2nr K do

dt

R 2nLK ¢
or a - _zr Ide

r H
Ry T

Integrating and simplifying we get
_dQ _ 2aKL(T, -Ty) _ 27KL(T, - Ty)
"~ dt  Loge(R,/R;)  In(R,/Ry)
Here the thermal conductivities are in series,
KiA(01 - 07) KoA(B1-65)

I l, _ KA(8,-6,)
" K4A((0,-65) . KyA(0,—65) Iy +1,
ly I
% X% K
1 2
Ky i Ky ly+15
KKy _ K —~ K= (KK +15)
Kecu = 390 w/m-°C Kst = 46 w/m-°C

Now, Since they are in series connection,
So, the heat passed through the crossections in the same.

L4

Lz

0°C| Cu

Steel

100°C

SO, Q1 =Q2
or Koy xAx(0-0) _ Kg xAx(100-6)
I I
= 390(0 — 0) =46 x 100 — 46 6 = 436 6 = 4600
4600

=>0=——=10.55=10.6°C
436

0°C
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Heat Transfer

24. As the Aluminum rod and Copper rod joined are in parallel

Q_(Q + Q 40°C
t t )y Ut ey 80°C Al Cu 80°C
- KA(61|—92) _ K1A(6|1 —0y) , K2A(6I1 -0,)
= K =K; + K, = (390 + 200) = 590
— _4 —
% _ KA(91I 02) _ 590””01 x(60-20) _ 590 x 107 x 40 = 2.36 Watt
25. Ku =200 w/m-°C Kcy = 400 w/m-°C
A=02cm?=2x10"° m?
1=20cm=2x10"m
Heat drawn per second
_ _ -5
= Qu + Qg = RaxAB0-40) Ke, xAB0-40) _ 2x10 " x40 1,54, 4001 = 2.4 4
[ [ 2x107"
Heat drawn per min = 2.4 x 60 = 144 J
26. (Q/t)as = (Qft)ge bent + (Q/t)se
KA(0; - 0,) KA(0; —0,)
Q/t)ge et = ———27 Qlt)ge = ——1 2/
( )BEb t 70 ( )BE 60
(Q/t)sepent _60 _6 5 c
(Q/t)ge 70 7
0°C E A1OO°C
(QAt)ee bent + (Qt)ee = 130 | B |
= (Q/t)ag pont * (Q/t)ge 7/6 = 130 +20 em—>4—60 cm—3<-20 om—>
= [ L 4+1) Q)5 bont = 130 — (Q)ge van = 2226 50
6 13
07 Qpont= 780xAx100
t 70 .
Q- 390xAx100 ] °om ]
e - - A~ cm cm
t 60 | |
(Q/t)bent _ 780xAx100 60 _12 " 20cm 20 cm
(Q/t) str 70 390xAx100 7
28. (a) & = KA =0,) _ 1x2xM80-32) _ 5500 yysec,
t / 2x10 1 mm
. / / pa—
(b) Resistance of glass = — + —
akg akg
glajg
Resistance of air =
a a
Net resistance = L+L+ !
aky akg ak,
_ff2, 1)t ZKatks
alky K, al Kgk,
_ 1x107° (2x0.025 +1
2 0.025
_ 1x107°x1.05
0.05
Q%28 8005 _gh9-381w
t R 1x107° x1.05
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29.

30.

31.

Now; Q/t remains same in both cases

i Case : KaXAX(100-70) _ Kg xAx(70-0) o 70°C
‘ ‘ A s |oc
= 30 Ka=70Kpg
In Case II - Kg xAx(100-6) _ Ky xAx(0-0)
¢ ¢ .
= 100Kp —Kp 0 = Ka 0 100°C o 0°C
70 B A
100Kg —Kg 6 = —Kg 0
= B B 30 B
=100 = Z6+6 =0= @=30°C
3 0
91—92=100
% = 5 ;{92 o a | Cu | A Jwooc
R_R1+R2+R3_ ¢ ¢ ¢ :ﬁ[i_}rij :ﬁ[ﬁj =£i
aK, aKg, aK, al200 400 al 400 a 80
Q_ 100 40-80x100x 2
t (¢/a)1/80) ¢
a_ 1
3 —_ - —
¢ 200
For (b)
| | |
+ +
R = R1 + RZ_ R1 + RCURAI - RAI+ RCURAI - AKAl AKCU AKAl
Reu +Ra Reu +Ra l +L
Acy  Aal Re
L | (1 1 |4 Ry Cu_ Rjroocc
= +—+ = | —t—|F —x=— Al Al
AK, A Kp +Kg, A[ZOO 200+400j A" 600
Q _60,-6, _ 100 _ 100x600 A _ 100x600 1 _
— = = = — = x——=175
t R (1/A)4/600) 4 | 4 200 =
For (c)
1 - i.‘,—i.‘ri = 1 + 1 + 1 OOC Cu 100°C
R R, R, R, I I I Al
aK,  aKg, aKy
a a a T3 e
= T(KAI +Kg, +Kp) = T(2><200+400) = T(800) F E
| 1 Qs Qc
=>R=—x—— B
a 800 c D
_ Q_6-6, _100x800xa Q.
t R | A
T
_ 100x800 _ ,00 .\ w
200
Let the temp. atBbe T
_ _ _ T T,
Q _ Qs Qo _ KA(T,=T) _ KA(T-T;) KA(T-T,) g _
t t ot [ 1+(1/2) 1+(1/2)
_ — _ QB Qc
S T _T-T5 T-T = 3T - 3T =4T-2(T, + Ts)
| 3l/2 3l/2 c D
Q
— 7T =—3T,—2(T,+Ta) :T=w g
Til A

28.7



Heat Transfer

32. The temp at the both ends of bar F is same
Rate of Heat flow to right = Rate of heat flow through left

33.

34.

= (Qit)a + (Qlt)e = (Q/t)e + (QUt)p
_ Ka(Mm-TDA KoM -TA _

Keg(T-T,)A . Kp(T-Ty)A

I | I
= 2K0(T1 — T) =2x 2K0(T — T2)
:>T1—T=2T—2T2

:)T:ﬂ
3

Tan ¢ = fo—h _ (Y‘ﬁ)
L X

= Xrp—xry=yL—-rL

Differentiating wr to X’
Ldy

rp—ri=——-0
=r—-r dx
dy _rp,—n dyL
— == = dx=
dx L (r2 - )
2
Now & = KWyd0 _ 0dx _ /240
T dx T
= Oldy _ Kny?do from(1)
o QLY
(ry =1y )Kny

Integrating both side
B PN,
5, (rp 1 ey
aL  [-1]?
B o e —}
27"
aL  [1 1
0, — 04) = -
=000 i)

= (02-04) = Q__|e-h
(r2 —r1)<75 R

_ Karyry (6, - 64)

=Q

L
@ = 60 =0.1°C/sec
dt 10x 60
dQ _ KA
— =—1(0,-0
-, -0,)

KAx0.1 KAx0.2
+ o +
d d d

= %(0.1+0.2+ ........ +60) = %x 600, (2x0.1+599x0.1)
[~a+2a+...... +na=n/2{2a + (n—1)a}]
200x1x 107 200 %102 x 300 x 60.1

peraere ks 300% (0.2 +59.9) =
X

3x10x60.1 =1803 w = 1800 w

20

(r2l—r1) r,

0,

v
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Heat Transfer

35. a=ri=5cm=0.05m
b=r,=20cm=0.2m

91 = T1 =50°C 92 = T2 =10°C
Now, considering a small strip of thickness ‘dr’ at a distance r'.
A=4nr
H=-4n’ K% [(~)ve because with increase of r, 6 decreases]
b _ 0
= d_zr = Ak (o do On integration,
a r H Jo
H - @ - K4Ttab(91 _92)
dt (b—a)
Putting the values we get
-3
K><4><3.14><5><202><40><10 =100
15%x10~
15 °
=>K= — =2.985=3w/m-°C
4%x3.14%x4x%x10
36, 3 - KAMi—Ty) Rise in Temp. in T, = KA(T ~Tp)
t L Lms
Fallin Tempin T, = KA~ T2) Final Temp. T, = T, _KAL = T2)
Lms Lms
Final Temp. T,= T, LKA = To)
Lms
Final £ - T1 _ KA(T1 _TZ) _-I-2 _ KA(T‘] _T2)
dt Lms Lms
. KAT,~T,) _ dT _ 2KA(T,-T,) _ "¢? dt _ —2KA
—(T1—T2)———— =-——— =5 = = dt
Lms dt Lms (T, -Ty) Lms
(T4-T2)
— Ln (Ti-Ty)/2 _ —2KAt —In (112) = —2KAt o iny = 2KAt —t=In, Lms
(T, -Ty) Lms Lms Lms 2KA
g7, Q- KAM—To) Rise in Temp. in T, = KA~ T2)
t L Lm,s,
Fallin Temp in Ty = KA ~T,) Final Temp. T, = T, _KAM —T,)
Lm,s, Lm,s,
Final Temp. T, = T, LKA —T2)
Lm,s,
AT KA(T,-T. KA(T, - T. KA(T,-T. KA(T, -T.
AT o KAM-Ty) o KA=Ty) g p) [KAMi=Ty)  KA(Ti-Ty)
dt Lm,s, Lm,s, Lm;s, Lm,s,
:>£=_KA(T1—T2) 11 AT KA(mgs,tmysy )
dt L m;Sy  MyS, (T1 —T2) L { mysim,s,
= InAt = _ﬁ(—mzsz * MiSy Jt+C
L | mysm,s,
Attimet=0,T =T, AT = ATy = C =1InAT,

7@[ M,S;+M,s, ]t

—In AT _ KA [mys; +mysy = AT _ o L Umsms,
ATy L { mysimys, ATy

7@[m1s1+m232

7@[ M,S;+M,s, ]t
L

jt
S AT=AType -\ ™M) = (T,_T))e b MM
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Heat Transfer

38.

39.

40.

41.

42.

43.

Q _ KA(T,-Ty) _ nCedT _KA(T, -Tp)
t

X dt X l
- n(5/2)RdT _ KA(T, - Tp) N ﬂ _ —-2LA (Ts - Ty) Tg
dt X dt 5nRx
- dT - 2KAdt = In(Tg - T, )$ - 2KAdt i
(Ts —Ty) 5nRx 0 5nRx T
2KAL

Ts-T _ 2KAdt
= In = -

Ts-Tp 5nRx

_ 2KAt 2KAt

= T=Tg—(Ts—To)e 5MRX = T +(Tg +Tp)e SR

= Ts—T=(Tg—Ty)e 5Rx

+2KAt +ZKAt
SAT=T-To= (Tg ~Ty)+(Ts ~Tp)e X = (Tg —T,)+|1+e 5N

2KAt
B P A PTR [p.dv=nRdt PAl=nRdt  dT= Feft)
nR nR
2KAt
=R —T0)+{1—e 5nRxJ
PA
A=16m’ T=37°C=310K, 6=6.0 x 107 wim*K*

Energy radiated per second

=AcT*=1.6 x6 x 107 x (310)* = 8865801 x 10~ = 886.58 = 887 J
A=12cm’=12x 107 m? T=20°C =293K

e=08 c=6x 10" wm?k*

% =AecT'=12x1070.8 x 6 x 107° (293)* = 4.245 x 10" x 107"° = 0.4245 = 0.42

E — Energy radiated per unit area per unit time
Rate of heat flow — Energy radiated
(a) Pertime =E x A

4 2
SO,EA|=eGT4XA= 4nr2=l 1-4
ecT ' xA  4n(2r) 4
(b) Emissivity of both are same
_ mS,dT, - 1
dTy _ mySp _ sidnr’xSp | 1xmx900 .., g
dT, m,S, 324nr23><s1 3.4x81x390 Y
% =AecT!
N ) _ 100

LN
teAc 0.8x2x3.14x4x107%x1x6x1078

= T=1697.0 = 1700 K

(@) A=20 cm?=20x 10 m?, T=57°C=330K
E=AocT'=20x10"x 6 x 10°x (330)* x 10*=1.42 J

(b) % = Ace(T;* — T, A=20cm?=20x 10 m?

c=6x10" T, = 473K, T, =330K
=20x 107" x 6 x 107° x 1[(473)" - (330)"]

=20 x 6 x [5.005 x 10"° - 1.185 x 10"
=20x6x3.82x102=4.58w from the ball.
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44.

45.

46.

47.

48.

r=1em=1x10"m
A=4r(102)? =47 x 10~ m?
E=0.3, c=6x10"°

% = Ace(T," - T.")

=0.3x6x 107 x 47 x 107~ x [(100)* — (300)]
=0.3x6x4rx10"?x [1-0.0081] x 10"
=0.3x6x4x3.14x9919 x 10~
=4x18x3.14x9919x 10°=224=22 W
Since the Cube can be assumed as black body

Heat Transfer

e={
6 =6x 107 w/m?k*

A=6x25x 10" m?
m =1 kg

s =400 J/kg-°K

T, =227°C =500 K
T,=27°C=300K

= ms% = ecA(T14 - T24)

do _ esAlT, -T,*)
3 —

E ms

_ 1x6x1078 x6x25x107* x[(500)* — (300)*]
- 1x 400

_ 36x25x544

x107% = 1224 x 10™ = 0.1224°C/s = 0.12°C/s.
400

Q = ecA(T, = T4
For any body, 210 = eAc[(500)" — (300)]
For black body, 700 = 1 x Ac{(500)* — (300)*]

Dividing 22 = € - ¢=03

700 1
A =20 cm?, Ag = 80 cm?
(MS)a = 42 JI°C, (mS)g = 82 J/I°C,
Ta=100°C, Tg = 20°C

Kg is low thus it is a poor conducter and K, is high.
Thus A will absorb no heat and conduct all

(%] = oA [(373)" - (293)] = (mS),{%j = 6AA[(373)" - (293)"]
A A
4 4 -8 4 4

. (@j _ oAl[373) - (293)*| _ 6x102[373)* - (203)*] _ | 1 ecss

dt ), (mS)a 42
Similarly (@) =0.043 °C/S

dt Jg

% = eAe(T,' - T
= % =1 x 6 x 10°[(300)* - (290)"] =6x 107 (81 x 10° - 70.7 x 10°) =6 x 10.3
Q _ KA(6;-6y)
t |
:8: K(e1_62):KX17=6X1O_3=KX17 :K:M:']S

tA | 0.5 0.5 17

28.11
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Heat Transfer

49.

50.

51.

6 =6x 107 wm?k*
L=20cm=0.2 m, K=?

KA(0; - 0,)
d

=S E= = Ac(T = T,%)

=K=

300 K

(T, —Tp)xd _ 6x107° x(750* —300*)x2x10”"

0, -0, 50
= K=73.993 = 74.
v =100 cc
AB =5°C
t=5min
For water
mSA0 _ KA

= —Ab
dt |

- 100 x 1073 x 1000 x 4200 _ KA
5 |

For Kerosene

ms _ KA

at |
N 100 %1072 x 800 x 2100 _ KA

t |
_100x107 x800x2100 _ 100x 10~ x 1000 x 4200

t 5
_ 5x800x2100
1000 x 4200
50°C 45°C 40°C
Let the surrounding temperature be ‘T’°C
_ 50+45
2

=2 min

Avg. t =475

Avg. temp. diff. from surrounding

T=475-T

Rate of fall of temp = # =1°C/mm

From Newton’s Law

1°C/mm = bA x t

:bA=1=¥ (1)
t 475-T

In second case,

40+ 45
2

Avg, temp = =425

Avg. temp. diff. from surrounding
t=425-t

Rate of fall of temp =

45-40 - §°C/mm
8 8

From Newton’s Law

é = bAt'

B

~S3-_ 1  as5-T)
8 (475-T)
By C & D [Componendo & Dividendo method]

We find, T = 34.1°C

800 K

750 K

20 cm >
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Heat Transfer

52. Let the water eq. of calorimeter = m

-3
(m+50x1077)x4200x5 _ o i of heat flow

10
-3

(m+1oox1c1)8)x4200x5 - Rate of flow

- (M+50x107%)x4200x5 _ (m+100x10"°)x4200x5
10 18

= (m+50 x 107)18 = 10m + 1000 x 10~
= 18m + 18 x 50 x 107> = 10m + 1000 x 10~°
= 8m =100 x 10~ kg
—>m=125%x10"kg=125g
53. In steady state condition as no heat is absorbed, the rate of loss of heat by
conduction is equal to that of the supplied.
ie.H=P
m = 1Kg, Power of Heater = 20 W, Room Temp. = 20°C
(a)H= % =P =20 watt
(b) by Newton’s law of cooling
—do
— =K(®-06
pm ( 0)
-20=K(50-20)=>K=2/3

—-do 2 20
Again, — =K(0 —0g) = =x(30-20) = —
gain, — ( 0) 3><( ) 3 W
dQ _ dQ _20 dQ _ 10
© (=] =o, === ==
dt ), dt J; 3 dt avg 3
T=5min=300"

Heat liberated = %xSOO =1000 J

Net Heat absorbed = Heat supplied — Heat Radiated = 6000 — 1000 = 5000 J
Now, mA©’ = 5000

== 2000 5000 _ 54 kgteg-t
X

54. Given:
Heat capacity =m x s = 80 J/°C

(@j =2°Cls
dt increase

(@j =0.2°C/s
dt decrease

(a) Power of heater = mS[@J =80x2=160W
increasing
(b) Power radiated = ms(ﬁj =80x0.2=16 W
decreasing
(c) Now ms[ﬁj = K(T = To)
t decreasing
16
= 16 = K(30 — 20) :>K=ﬁ=1.6

Now, %=K(T—T0)=1.6><(30—25)=1.6><5=8W

(d)Pt=H=8xt
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Heat Transfer

55.

de
priaie K(T - To)
Temp. att=0is 04
(a) Max. Heat that the body can loose = AQ,, = ms(6, — ;)
(.. as, At=07,—06p)
(b) if the body loses 90% of the max heat the decrease in its temp. will be
AQ,, x9 _ (8,-04)x9
10ms 10
If it takes time t,, for this process, the temp. at t4
9 _ 106,-96,-96, _ 6;-96, y

=0,—(0-0y)— =
1= (0 0)10 10 10

1

do
Now, — =-K(6 -0
pm (6-61)

Leto=0,att=0; &0 betemp. attimet

do
) 0-0,

= —KJt.dt
0

or, In 9=8 __k

1= 06
or, 0 — 0y = (0 — 0p) e™ (2
Putting value in the Eq (1) and Eq (2

61_960 —kt
————— -0, =(01—0p) €
10 0 =(61—100)

In10
=St = —
k

L N N N )
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CHAPTER - 29
ELECTRIC FIELD AND POTENTIAL
EXERCISES

_ Coulomb?
g= —
Newton m

L F = kA

I.2

g1 =q, =g = 1.0 C distance between =2 km = 1 x 10° m
k@, o~ _ (9x10%)x1x1 _ 9x10°
F= =
r? (2x10°%) 22 x10°

The weight of body =mg =40 x 10 N =400 N

= "ML T

so, force = =225x10°N

wt of body _[2.25x10°
" force between charges 4x10?

So, force between charges = 5.6 weight of body.

q=1¢C, Let the distance be y

F=50x9.8=490

_ g 490 = 9x1o:x12 or 2= 9%10°
X X

=5 =4.29%x10°m

charges ‘q’ each, AB=1m

wt, of 50 kg person =50 x g =50 x 9.8 =490 N

1
_ o _ 1
] =(66)" = -

F =18.36 x 10°

2
Fo = —qu12q2 kriz = 490 N

2_ 490xr? _ 490x1x1

= =
a 9x10° 9x10°

= q= v54.4x107° =23.323 x 10~° coulomb = 2.3 x 10~* coulomb
Charge on each proton = a= 1.6 x 107" coulomb
Distance between charges = 10 x 107" metre = r

Force = qu—; = 9 107 11'5_23 6x107 =9 x256 x 10 = 230.4 Newton
41=20x%x10°  q;=1.0x10"° r=10cm=0.1m
Let the charge be at a distance x from g
E, = KQ_21q E,= kqq, . a
(0.1-7)
_ 9.9x2x107°x10%xq
22
Now since the net force is zero on the charge q. =fi=1f
ka:q _  kqa,
o 01-x)
=201-%2=% =2v201-9) =7
0.2
1442

=0.0586 m = 5.86 cm = 5.9 cm From larger charge

A
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Electric Field and Potential

7.

10.

1.

12.

q1=2x10_6C q2=_1x10_60 r=1ocm=10x10—2m
Let the third charge bea  so, F-ac = —F-g¢ -
x m
B 5 L A0
r12 r22 (1O+X)2 X2 2x10"¢c -1x10" ¢
=272=(10+ )2 = V27 =10+ 3 = (V2 '1)=103X=% =24.14 cm y

So, distance = 24.14 + 10 = 34.14 cm from larger charge
Minimum charge of a body is the charge of an electron

Wo,q=16x10""¢c y=1cm=1x102cm
9 -19 -19
So, F = kq;qz = 2107 x18x1.6x10 10~ _ 53,04 x 1029722 = 23.04 x 107 = 2.3 x 10
r 107 x10~
No. of electrons of 100 g water = 10 :; 0 _ 55.5 Nos Total charge = 55.5

No. of electrons in 18 g of H,O = 6.023 x 10% x 10 = 6.023 x 10**

6.023x10%* x100
18

Total charge = 3.34 x 10° x 1.6 x 107°=5.34 x 10° ¢

Molecular weight of H,O =2 x 1 x 16 = 16

No. of electrons present in one molecule of H,O = 10

18 gm of H,O has 6.023 x 10?® molecule

18 gm of H,0 has 6.023 x 10%° x 10 electrons

No. of electrons in 100 g of H,0 = =0.334 x 10%° = 3.334 x 10%°

24
100 gm of H,O has % x100 electrons
26
So number of protons = % protons (since atom is electrically neutral)
-19 26 7
Charge of protons = 16x10 ~ x6.023x10 coulomb = 1.6x6.023x10° coulomb
18 18
7
Charge of electrons = = % coulomb
9 10° 1.6x6.023x10" y 1.6x6.023x107
18 18

Hence Electrical force = >

(10x1079)
- %x 1.6x6.023x10% = 2.56 x 10 Newton
Let two protons be at a distance be 13.8 femi

9 -38
F= 9x10 ><21.6><13(‘)0 12N
(14.8)° x10~
F=0.1N
r=1cm=10"2 (As they rubbed with each other. So the charge on each sphere are equal)
2 -4
So,F= % oq= K& 2 000 oo T4 g2 Lito
r (1079) 9x10 9 3

1.6x10"¢ Carries by 1 electron 1 ¢ carried by 1

1.6x1071

1

0.33 x 107" ¢ carries by onzsmo-7 =0.208 x 10" =2.08 x 10"
.0OX
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Electric Field and Potential

13.

14.

15.

16.

17.

18.

19.

9x109x1.6x1.6x1079x107"® _ 23.04x10°%°

kg9 -9
F= = =3.04 x 10
r? (2.75x107"0)? 7.56x1072°
Given: mass of proton = 1.67 x 1077 kg =M,
k=9x10° Charge of proton = 1.6 x 107" ¢c=C,
G=6.67x 107"  Let the separation be
k(C,)? G(M,)?
Fe = L, fg= P
r? 9 r?
K(C..)? 2 9 0-192
Now, Fe : Fg = ©pf 17 L 9xM0TxABXTOT) g5 eh i 10% = 1,24 x10%

2 GM,)?  667x10 " x(1.67x10 %)

—kr

Expression of electrical force F = C x e’
dim ensional formulae of C

Since ™" is a pure number. So, dimensional formulae of F = . . >
dimensional formulae of r

Or, [MLT?][L?] = dimensional formulae of C = [ML*T ]
Unit of C = unit of force x unit of r* = Newton x m? = Newton—m?
Since —kr is a number hence dimensional formulae of

1

k= — : =[L™" Unitof k = m™
dim entional formulae of r

Three charges are held at three corners of a equilateral trangle.

Let the charges be A, B and C. It is of length 5 cm or 0.05 m F2 F1

Force exerted by Bon A = F4 force exerted by Con A=F, 9

So, force exerted on A = resultant F; = F, A

—F= X . 9X109X2X2X_24X10712 = 30,10 =144 ossm/ A\
r 5x5x10 25 A

Now, force on A =2 x F cos 30° since it is equilateral A. B o05m °©

= Forceon A=2x1.44 x\/g =24.94 N.

q1=0,=G3=qs=2x10°C A B
v=5cm=5x102m

so force on C = Fop + Fog + Fep

— — C
so Force along x Component = Fsp + Fop c0s45°+0 D » Fop
_ k(2x107%)? +k(2><10_6)2 (I 2[ (I 1 J b
(5x1072)2  (5x1072)? 22 25x107* 5042 x107* Feg

_ 9x109x4x107" [1+ 1
24x107* 242

So, Resultant R = yFx? +Fy? =19.492 =27.56

R=0.53A°=0.53x10""m

Fo Kadp o 9x107x1.6x1.6x107
r2 0.53x0.53x107"° x107"°

J =1.44 (1.35) = 19.49 Force along % component = 19.49

=82.02x 10°N

Fe from previous problem No. 18 = 8.2 x 10°N Ve =7
Now, M, = 9.12 x 107" kg r=053x10""m
2 -8 -10
Now, Fe = Me¥ 2 Fexr  82x10 x0.53x10 _ _ 4775 x 10 = 4775 x 10" m¥s”
r M, 9.1x10"

=v=218x10°m/s
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Electric Field and Potential

20. Electric force feeled by 1 ¢ due to 1 x 10%c.

21.

22.

23.

-8
= LOZXJ =k x 10°N. electric force feeled by 1 ¢ due to 8 x 10%c.
(10x1072)
-8 -8 2 -6
= kx8x10 2x21 _ kx8xx107°x10% _ 28kx10° _, o6y
(23x1072) 9 4
-8
Similarly Fy = Lm“” =3kx10°N
(30x1072)
So,F=F;+F,+Fs+ ...... +Fiu=kx10°(1+2+3+.....+10)N
=k><10_6><%=55k><10_6=55><9><109><10‘6N=4.95><103N
2 r=1m
Force exerted = kq_21 O———1
|q1 q1|

_9x10%x2x2x107"°
= =
4g1=q,=2x10"¢ m=100g
I=50cm=5x107?m d=5%x10"?m
(a) Now Electric force
Fe Kq2 _ 9x10%x4x107"

RS 3

r 25x10

(b) The components of Resultant force along it is zero,
because mg balances T cos 6 and so also.

= 3.6 x 107 is the force exerted on the string

N=14.4x102N=0.144 N

F=mg=Tsin0

(c) Tension on the string

Tsino=F T cos 6 =mg

Tano= = 0184 414603

mg 100x107°x9.8
ButTcos 0=10°x10°x10=1N

=T= =sec0

cos0
_ F

"~ sing’
Sin 6 =0.145369 ; Cos 6 = 0.989378;

q=2.0%x10%c n=? T=2? Sino=

20
Force between the charges 20cm
9 -8 -8
F=Kq12q2 _ 9x10 ><2><102>;2><10 =4x10°N
r (3x1079)
-3
mgsin6=F=m= F - _4x10 =8x107°=8gm 5cm
gsin®  10x(1/20) :\\ A
i 0
_ \ 20 /
Cos 0= 1-sin?0 = [1-—— = [400=T _ 5991 LT /T120
400 400 AN /1 :

l'1em\ 1cm 7/
So, T=mg cos 0 o\ > /42
OrT=8x10°10x0.99=8x10°M mg |V
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Electric Field and Potential

24.

25.

26.

27.

28.

T Cos 6 =mg (1)
TSin0=Fe ...(2)
2
Solving, (2)/(1) we get, tan 6= - & = Ka" 1
mg r mg

2 9x10%°xq?
= - 2
V1596  (0.04)? x0.02x9.8

2_ (0.04)°x0.02x9.8x2 _ 6.27x107*

=q = =17 x 107"°c?
9x10° x /1596 9x10° x39.95
=q=V17x107"" =4.123x10"¢c q
2 2
Electric force = kg 7 = l;q. 5
(£sinQ+¢sinQ) 4/ sin
So, T Cos 6 = ms (For equilibrium) T sin 6 = Ef
Ortano = E
mg
2 2
= mg =Efcot6 = %cote = zlqute
4/0¢sin“ 0 £¢ sin“ 16nE,
2
orm= % unit.
16nE(/“Sin“6g
Mass of the bob = 100 g = 0.1 kg G
So Tension in the string = 0.1 x 9.8 = 0.98 N. 10 om ¥ mg
For the Tension to be 0, the charge below should repel the first bob. .
2x10*C
:>F=kq# T-mg+F=0=>T=mg-f T=mg T
r
9 -4 _2
— 0098 = 9x10 ><2><120 Xy = O.98><1><1(3) ~ 0.054 x 10° N
(0.01) 9x2x10
Let the charge on C = q
So, net force on c is equal to zero q c 2q
_ _ kgQ _ k29Q Ae— x> «—dx—B
So FA_C +Fﬁ = 0, But FAC = FBC = —X2 = (d_x)2 - g ,
=>2¢=(d-x¥= J2x=d-x
=9 -4 W20y
V241 (241 (2-1)
For the charge onrest, Fac + Fag =0
(2.414)? @+ kq(f‘” =0= k—g[(2.414)2Q+2q] =0
d d d
= 2q=—(2.414Y° Q
Q= —2% _q-= —[ 2 jq = (0.343) g = (6 - 4+2)
~ (W2 +1)? 3+242 '
K =100 N/m £=10cm=10"m q=2.0x10°%c Find¢=7?
9 -8 -8
Force between them F = kq12q2 = 9x10 2X1072 x2>x107 - 35x 10° N K
r 5 10 J1 e NNV e (2
So,F=—kxorx=—— =310 35, 107 cm=36x10°m
-K 100
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Electric Field and Potential

29. qa=2x10°C M,=80g 1 =0.2
Since B is at equilibrium, So, Fe = uR «— 10cm —»
3|<Q+QB =u R = um X g R
r
9 -6 pmg=puR Fo
9x10” x2x10™° x Qg —02x008x98
0.01

= g = 22200898001 _ g7, 4g0¢ Range = +8.7 x 10° C m

9x10” x2x10~

30. g1=2x 10°¢ Let the distance be r unit
k
Frepulsion = C:‘12q2
kq q F]
o . 1 2 —- .
For equilibrium r—2 =mg sin 0 X/
9x10% x4x107"? 1 e
= =mx9.8x — Q1
r2 2
-3 -3

=r= 18x4x10 = 72x10 =7.34 x 107 metre

mx9.8 9.8x107"

= r=2.70924 x 10”" metre from the bottom.
31. Force on the charge particle ‘q’ at ‘c’ is only the x component of 2 forces

S0, Fone = Fcs Sin @ + FAc Sin©  But |FCB\ = ‘EAC|

KQq y X - 2kogx - 16kQq
X (d12)F [x2 4 q2/a]? O +d? 142 (ax 4 d?)

N
C
= 0 6

=2FCBSin6=2

For maximum force ﬁ =0
dx

(4x% + d?) - x[3/2[4x2 N d2r’28x]

d 16qux3/2 0= K
(4

dx | (4x? + ¢? [4x% +d°]?
X
2 2\1/2 2 2\3 2
_, KixXZ+d7) [2(4" 2*,;’ ) —12x ]=03(4x2 +d%)® =12 x? 6 5
(4x* +d°) A dr2
=16 x* + d* + 8x%d? = 12 x* d*+8x*°d*=0
—=d?=0 P+8xX%=0 —d’=8x =d=_9_
242

32. (a) Let Q = charge on A & B Separated by distance d
g=chargeonc displaced L to —-AB
So, force on 0 = Fpg + Fo
But Fao Cos 0 = Fgp Cos 0
So, force on ‘0’ in due to vertical component.

F =Fao Sin 0 + Fgo Sin 6 Fao| = |Feol
KQq . _ 2KQgq
Se o Y F=—%
(d/2° +x°) (d/2)° +x
4x2xkQq X _ 2kQq

X = X = Electric force = F o« x
(d? +4x2)  [(d/2)? +x3]"2  [(d/2)? + x?]}/?
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Electric Field and Potential

33. F

34.

35.

36.

37.

b) When x << d F= X x<<d
® [(d/2) +x%]*2
= %X =F < Xx a= E = i %
(d/4) m  m|[(d°/4)+/
So time period T = 27:\/2’ = 275\/2
g a
_ KQg _ KQgq
_(/i+x)2 CA_(Z—x)z A;—l—» C <—l’—>= .
1 1 - « X
Net force = KQq 5= 5 fx—> —x—
(£=x) (£+x)
2 1) V2
= KQq % = KQq 24({)(2 .
(£+X)°(£ = x) (r? =x?)
x<<<|=d/2 neglecting x w.r.t. { We get
_ KQg4/x _ KQqg4x 4KQgx

net F = acceleration =

A A m¢3

- 3 3
Time period = znw/—dlsplacemlent = 2rn xmé” _ 2n mé
acceleration 4KQgx 4KQq

2 3 33 3 3. Y2
_ [An'mlT4me, _ [4nTml7gy _ 47°md’e,8Qq = n°md’g,
4Qq Qq 2Qq

Fe=15x 107N, q=1x10°C, Fe=qxE
-3
e=Fe o 19107 _ 45 10°NiC

q 1x10~
=2%x10°C, q°=-4x10°C, r=20cm=0.2m
(E4 = electric field due to gy, E, = electric field due to q,)

2 2 -6

LX) G (o gy 4x10° 1

x? a4 X (o 2x107% 2
= (L—q = L 4144122414

X 2 1414 7 x

x=— =20 _go850m

2414 2414

r % 2F Cos 30°

9 -~
5N/C = M // \\ |
4?2 [ e
-2 \\ /l

S Ax2010° _ g q=888x 10" -

9x10
m=10, mg=10x10"2gx 107 kg, q=15x10°C qE

ButgE=mg= (1.5x 10°) E=10x 10° x 10

4
E= w= 100 = 66.6 N/C
1.5x10~ 1.5

3 5+1
_100x10° _ 105" s
15 15

mg
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Electric Field and Potential

38.

39.

40.

41.

q=1.0%x10°C, £=20cm

E=? V=2
Since it forms an equipotential surface. 10x10°
So the electric field at the centre is Zero. 2x10"'m
=§\/(2x10*1) —(10" 2\/4><10 2 102
2 2 1.0x 10 1.0x10°C
= 2J1072(4-1) = £x1072x1.732 = 1.15 x10”
3 3
9 -8
= 2x9A0 A0 30102223 10°V
1x10°
We know : Electric field ‘E’ at ‘P’ due to the charged ring Q
_ KQx _ KQx
(R2 + X2 )3/2 R3 R P
gxKxQx o

Force experienced ‘F'=Q x E = —— X ——————*"mq

R3

Now, amplitude = x

3 2 3
So, T= 21 . \/4n80mR \/47: x4nggmR
Kqu /mR \l Kqu qQ

3 3 1/2
e {1611 MR }

qQ
_ . _Q 3
A = Charge per unit length = — L3 A
L \\ : /
dqq for alength dl = A x dl < Nyl
d S L
Electric field at the centre due to charge = k ><—2q 4 dg: N
r dt
¢
The horizontal Components of the Electric field balances each other. Only the
vertical components remain.
.. Net Electric field along vertical
de = 2 E cos 0 = K9 chose - 2"02039 «axdl  butdo = 3L =gt = rdo]
r r r
= &Cose rde = &Cosexde
r2 r
/2 nl2
j 2% Gosoxdo = j 2 ging = 2M - 20
r Lr
butL=nR =r= L
T
SOE = 2k6 _ 2kmB _ 2 Tt9 0
Lx(L/n) L2 4me, 1z  2gL2
G=50puC=50x10°C Q |
+|°\ |
We have, E = xKaQ for a charged cylinder. O 0
r + /J—»
9 -6 -5 o/ Q 5 Q
:>E=2X9X10 x50x10 =9><'IO - 103x10° el s
5/3 5V3 Q
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Electric Field and Potential

42.

43.

44,

45.

46.

47.

Electric field at any point on the axis at a distance x from the center of the ring is
- xQ - KxQ
4neg(RZ+x2)%2  (R2 +x2)32
Differentiating with respect to x
dE _ KQ(R? +x?)*'2 —KxQ(3/2)(R? +x?)"22x
dx (r% +x2)° x

Since at a distance x, Electric field is maximum.

3—E =0 = KQ (R* +x°)** - Kx* Q3(R* + x%)"? = 0
X

S KQR*+A)P =K Q3R*+x)"? = R?+ ¥* =3 %
2
=2x*=R? :x2=R7 = X= R

V2
Since it is a regular hexagon. So, it forms an equipotential surface. Hence the charge at
each point is equal. Hence the net entire field at the centre is Zero.
Charge/Unit length = Q. A ; Charge of df = %C
2na 2na

Initially the electric field was ‘0’ at the centre. Since the element ‘df’ is removed so, net electric field must
Kxq

Where q = charge of element df

a
E=K_;q= 1 XQdZXiz= Qd/
a 4ney, 2ma a 8ngya’
We know,
Electric field at a point due to a given charge T F\_______i\_;
| [
‘E = % Where q = charge, r = Distance between the point and the charge dl i : _::_. q
AL
- 1 q Cp RN
So, ‘E’ = X — [.. r="d here]
4meg d? «d—>
E = 20 kv/m =20 x 10° v/m, m =80 x 10 kg, c=20x10"°C
-1 iy
tan9=[£] [TSin6=mg, T Cos 6 =qe]
mg
1 » L——» qE
_[2x1078x20x10° _(1)
tan 0 = =|—
80x107°x10 2

1+tan26=%+1= [Cos 0= — . Sino=

2,
J5 V5

&l\) NGNS,

TSin0=mg= Tx—— =80x107°x 10

4
:3T=§1931i§=4%¢gﬂo4=89x1o4
Given

u = Velocity of projection, E = Electric field intensity
q = Charge; m = mass of particle

- g

We know, Force experienced by a particle with charge ‘q’ in an electric field E = qE _— _
GE —

.. acceleration produced = "y m

29.9



Electric Field and Potential

48.

49.

50.

51.

As the particle is projected against the electric field, hence deceleration = 9E
m

So, let the distance covered be ‘s’

Then, V2 =u? + 2as [where a = acceleration, v = final velocity]

2

Here 0= u2 - 2x 9B s = 5= Y™ lnits
m 2qE

m=1g=10°kg, u=0, q=25%x10"C;E=12x10"N/c;S=40cm=4x10"m
a)F=qE=25x10"x12x10"=3N

Eq=mg=10"%x98=98x10"°N

-1
b)S = latz ort= 2_a = w =1.63 x 10_23ec
2 Vo  V 3x10°

VV=u?+2as=0+2x3x10°x4x107"=24 x 10 = v= vy24x10% =4.9 x 10 = 49 m/sec

work done by the electric forcew = F>td =3 x4 x 107 =12x 10" =1.2J

m=100g, q=4.9x10°, Fy=mg, Fe=qE

E =2x10*N/C

So, the particle moves due to the et resultant R I:

R= JF2+F2 = (0.1x9.8) + (4.9x10° x2x10°)

= \/0.9604+96.04><1O’2 = 4/1.9208 =1.3859 N

F 45° aE
tano= -2 = M9 -4 So, 0 = 45° !

Fe qE :
.. Hence path is straight along resultant force at an angle 45° with horizontal '
Disp. Vertical = (1/2) x 9.8 x2x2=19.6 m mg R
Disp. Horizontal = S = (1/2) at® = 1 9 21,098 5 o-196m

2 m 2 041
Net Dispt. = 1/(19.6)% +(19.6)2 = /768.32 =27.7 m
m=40g, q=4x10°C
Time for 20 oscillations = 45 sec. Time for 1 oscillation = g—g sec
When no electric field is applied, T = 27 L = 45 _ 2n L I 9E
g 20 10 m
2 2
= £ [ﬁ) x% —1= M =1.2836
10 20 4r (20)* x4n

When electric field is not applied, mo
T=2r | [a=9E =25)= 27 [ 12836 _ 5 508

g-a m 10-25
Time for 1 oscillation = 2.598
Time for 20 oscillation = 2.598 x 20 = 51.96 sec = 52 sec.
F =qE, = —Kx p
Where x = amplitude % < -k

- _ —9E

qE =—Kx orx K gl m

A
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Electric Field and Potential

52.

53.

54.

55.

56.

57.

The block does not undergo. SHM since here the acceleration is not proportional to displacement and
not always opposite to displacement. When the block is going towards the wall the acceleration is along
displacement and when going away from it the displacement is opposite to acceleration.

Time taken to go towards the wall is the time taken to goes away from it till velocity is
d=ut+(1/2) at’
—d= 1 x qE x t2

2 m f

3t2=2d_m3t= 2md m |_'l

qE qE R A

.. Total time taken for to reach the wall and com back (Time period)
2md _ |8md

GE  \ qE

E=10n/c,S=50cm=0.1m

E=%or,V=Exr=1OXO.5=50m

=2t=2

Now, Vg — V5 = Potential diff =?  Charge =0.01 C
Work done =12 J Now, Work done = Pot. Diff x Charge
= Pot. Diff = 12 1200 Volt

0.01

When the charge is placed at A,
E, = Kaia, , Kdsa4 2x107 A 2% 107
r r
9x10°%(2x107")? s 9x10°%(2x107")?
0.1 0.1

9 -14 B
= 2X9X100>;4X10 — 79 x 107 4

When charge is placed at B,
E, = Gz  Kasds _ 2x9x10°x4x10™
r r 0.2
Work done = E;—E,=(72-36)x 10*=36x 10" J=3.6x 10" J
(a)A=(0,0) B=(4,2)
Vg—-Va=Exd=20x 16 =80V
(b) A(4m, 2m), B = (6m, 5m)
= Vg—Va=Exd=20x(6-4)2 =20x2=40V
(c) A(0, 0) B = (6m, 5m)
= Vg—Va=Exd=20x4(6-0)? =20x6=120V.
(a) The Electric field is along x-direction
Thus potential difference between (0, 0) and (4, 2) is,
V=-Ex8x=-20x%(40)=-80V
Potential energy (Ug — U,) between the points = 8V x g
=-80x(-2)x 10 =160 x 10™* = 0.016 J.
(b)A=(4m,2m) B =(6m, 5m)
V=—Ex8x=-20x2=-40V
Potential energy (Ug — Up) between the points = 8V x q
=—40x (-2 x 10 =80x 10" =0.008 J
(c)A=(0,0) B = (6m, 5m)
V=—Exdéx=-20x6=-120V
Potential energy (Ug — U,) between the points A and B
=8V xq=—120x (=2 x 10™) =240 x 10 =0.024 J

=36x107"J

29.11



Electric Field and Potential

58.

59.

60.

61.

62.

63.

E= (?20 + ]30) N/CV = at (2m, 2m) r = ( 2i + 2j)

—

x 10 x x2

N[ =

10 10
= —J.']OXXdX = —j
0 0

0-V-= -Exmoo} = _ 500 = V = 500 Volts

V(x, Y, z) = A(xy + yz + zx)

Volt _ ML?T? 31
a)A= — = —— = [MT I
(@) m? ITL? [ ]
8V 8Vj 8Vk _

(b)E= -
ox Joy oz

So, V=—ExTF =—(i20 + 30J) (21 +2j)=—(2 x 20 + 2x 30)=—100V
i

P(10, 20)

- i[A(xy +YZ +2zX)+ 5 [A(xy + yz + zx) + i[A(xy +yZ + zX)
X Sy 6z

= - (Ay+Az)f+(Ax+Az)]+(Ay+Ax)l2] = —A(y+z)f+A(x+z)]+A(y+x)l2

(c)A=10 Sl unit, r=(1m, 1m, 1m)

E=-10(2)i —10(2)] —10(2) k =—207 —20] —20 k = Y202 +20% +20% = 41200 = 34.64 = 35 N/C

91=92=2x10°C
Each are brought from infinity to 10 cm a part d = 10 x 107 m
So work done = negative of work done. (Potential E)

9x10° x4x107"°

10
PE-= ;[des r 0107
(a) The angle between potential E df = dv
Change in potential = 10 V = dV
As E = Lr dV (As potential surface)
So, E dl =dV = E df Cos(90° + 30°) = — dv
= E(10x 107) cos 120° = —dV

_ —dVv _ 10

T 10x1072C0s120° 107" x(-1/2)
(b) As Electric field intensity is Lr to Potential surface

So,E=k—gr=k—q:k—q=60v =E
r r r K
SO,E=kq=6Xk

Radius =r So, 2rnr = Circumference
Charge density = A Total charge = 2znr x &

Electric potential =

PE. = Kxd%2 - =36J

Y

Kg _ 1 “ 2nrk _ r
r

dney  (x2+12)2 2g0(x2 +r2

So, Electric field = XCose
r

= s N 1
280(x2+r2)”2 (x2+r2)”2
s X rax

X
280(X2+r2)1/2 (X2+r2)1/2 280(X2+r2)3/2

1/2
)

E 10v 20v 30v 40v
90 300/ /
‘ /1V2V30/u/

30V
20v
10v /60

30v
20v

=200 V/m making an angle 120° with y-axis
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Electric Field and Potential

64.

65.

66.

67.

68.

69.

E =1000 N/C

(@)V =E x df = 1000 x—— =20 V
100

(byu=? E =1000, =2/100 m e 4 1
axE _ 1.6x107"° x1000
m  9.1x10°%"
=u?2x1.75%x10"x0.02 = u?=0.04 x 1.75 x 10" = u = 2.64 x 10° m/s.
(c) Now, U =u Cos 60° V=0 s=7 u cos 60°
=1.75 x 10" m/s? V2 =42 -2as
"t

=0.497 x 107 = 0.005 m = 0.50 cm

=1.75 x 10" m/s?

60°
1
(uCos60°) (2'64 <1075

2

_ _ 2) _ 1.75x10"
2xa 2x1.75x10™ 3.5x10"

E =2 N/C in x-direction

(a) Potential aat the originis O. dV =—-E,dx-E,dy-E,dz

=>V-0=-2x=V=-2x

(b)(25-0)=-2x=x=-125m

(c) If potential at origin is 100 v, v—-100=-2x =V =-2x + 100 = 100 — 2x

(d) Potential at « IS 0, V-V =-2x=V'=V+2x=0+20 =V =w

Potential at origin is «. No, it is not practical to take potential at « to be zero.

Amount of work done is assembling the charges is equal to the net
potential energy 2x 10 C

So,P.E.=Ujy + Ujg + Uy

-10
= KA, KAy KapGs _ K107 1) 5, 4634352
M ri3 lo3 r 1 AL60° 3

9 1010 4x10°C 3x10°C
- %(8+12+6) =9x26=234J

K.C. decreases by 10 J.  Potential = 100 v to 200 v.
So, change in K.E = amount of work done
= 10J=(200-100) vx qo =100 gy, =10 v

10

=19 _o1c
= %= T00

10 cm 10 cm

KQ _ 9x10°x2x10™*

m=10g; F= — - F=18x10"
r 10x10~

_7 O« 10 cm > O
1.8x10

F=mxa=a= ——_ =1.8x10"° m/s? 2x10™¢c 2x10™¢c
10%x1073

V2 - u?=2as = V2=1u?+2as
V=10+2x1.8x10° x10x102 = 43.6x10% =0.6 x 102=6 x 10 m/s.
G1=q, =4 %107 s=1m, m=5g=0.005 kg

9x10% x (4x107°)?

=14.4N Ae

2
9
F=KL =

r2

Now u =0, s=50cm=0.5m, a=2880 m/sz, V =?
V2 =u’+2as = V?==2x 2880 x 0.5

=V = /2880 = 53.66 m/s = 54 m/s for each particle
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Electric Field and Potential

70.

71.

72.

73.

74.

75.

E=25x 104 P=34x10" 1=PEsin®
=PxEx1=34x10"x25x10*=85x 10
(a) Dipolemoment=q x {

(Where q = magnitude of charge = Separation between the charges) _ox 1'0*5 c —2x ;OEEG
=2x10°x10%cm=2x10%cm ) te >
(b) We know, Electric field at an axial point of the dipole :
9 -8 — 1 o
_ 2K3P _ 2x9x10 ,2;310 — 36 x 10" N/C A :O B
r (1x107°) ' 1cm—>
(c) We know, Electric field at a point on the perpendicular bisector about 1m M

away from centre of dipole.
_KP _ 9x10%2x1078 _

=—=——--——"—=180N/C 0
3 ’E
Let—q & —g are placed at A& C A _q
Where 2q on B So length of A=d 50°
So the dipole moment = (q x d) = P q B 4
So, Resultant dipole moment AZ‘O/Q S o}
P=[(qd)? + (qd)? + 2qd x qd Cos 60°]"? = [3 ¢?d]"?= V3 qd = 43P
(a) P =2qga
(b) E; Sin ® =E;,sin 6 Electric field intensity Ez “P
=E,Cos 0 +E,Cos 6 =2E;Cos 0 0 /P' Po— o
£ Kap o 2KPQ a _ _ 2Kgxa T td—>maT—
1 a2+ d? a2 d? (a2 +d?)2  (a? +d2)%2 E+ ;
_ 2Kga _PK _ 1 P g
When a << d _W_d_s_ﬁd—?’ —a—> «—a— 14
Consider the rod to be a simple pendulum.
For simple pendulum T = 2r¢/g (L =length, g = acceleration) - > E’
m
Now, force experienced by the charges q « . q
< a >
F =Eq Now, acceleration = E = E >
m m >
Hence length =a so, Time period = 2x a =2n ma
(Eq/m) Eq
64 grams of copper have 1 mole 6.4 grams of copper have 0.1 mole
1 mole = No atoms 0.1 mole = (no x 0.1) atoms
=6 x 10” x 0.1 atoms = 6 x 10% atoms
1 atom contributes 1 electron 6 x 10% atoms contributes 6 x 10% electrons.
NN N I
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CHAPTER - 30
GAUSS’S LAW

Given: E =3/5E; i +4/5E |
Eo = 2.0 x 10° N/C The plane is parallel to yz-plane.

X X X X X X
x X X X X X

Hence only 3/5 E, i passes perpendicular to the plane whereas 4/5 E, ] goes
parallel. Area = 0.2m? (given)

. Flux=E+A =3/5x2x10° x 0.2 = 2.4 x 10° Nm’/c = 240 Nm?/c
Given length of rod = edge of cube =1{

Portion of rod inside the cube = {/2

Total charge = Q.

Linear charge density = A = Q/{ of rod. AR
We know: Flux o charge enclosed.

Charge enclosed in the rod inside the cube.
=02exQN=Q/2 g
As the electric field is uniform.

Considering a perpendicular plane to it, we find that it is an equipotential surface. Hence > E
there is no net current flow on that surface. Thus, net charge in that region is zero. .
Given: E = %? f=2 cm, a=1cm.
3 . . To,a,o H

Eo = 5 x 10° N/C. From fig. We see that flux passes mainly through surface RN
areas. ABDC & EFGH. As the AEFB & CHGD are paralled to the Flux. Againin  p — E
ABDC a = 0; hence the Flux only passes through the surface are EFGH. o S,

_ Exs o a,0,0
E=—"i /B 0,0a F

3 3,43 3 -3
Flux = ELXXArea= 5x10 X8 a2 = 5x10%xa” _ 5x10 X(O'201) =25x10"
L L 2x10°
Flux = a S0, q = g * Flux
€0
=8.85x107°x25x 107" =2.2125x 107"* ¢
According to Gauss’s Law Flux = a
€

Since the charge is placed at the centre of the cube. Hence the flux passing through the

Q X6=8
€0 €0

six surfaces =

Given — A charge is placed o a plain surface with area = a’, about a/2 from its centre.

Assumption : let us assume that the given plain forms a surface of an imaginary cube. Then the charge
is found to be at the centre of the cube.
Hence flux through the surface = gxl - Q

gg 6  6Bgg

Given: Magnitude of the two charges placed = 107"c.
We know: from Gauss’s law that the flux experienced by the sphere is only due to +
the internal charge and not by the external one. Q

. -7
Now §E.o|s=8 =107 44 10*N-mZC,
gy 8.85x107"?

+— 2R —
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Gauss’s Law

10.

1.

We know: For a spherical surface
Flux = §Eds =L oy Gauss law] C oD
€
, _ _ 9. 1_ 4 '
Hence for a hemisphere = total surface area = —x— = —
€ 2 280
Given: Volume charge density = 2.0 x 10~ ¢/m®

In order to find the electric field at a point 4cm =4 x 1072 m from the centre let us assume a concentric
spherical surface inside the sphere.

Now, §E.ds:i
€0
Buto= —1— so,q=cx 43R’
4/37R
_ ox4/3x22/7x(4x1072)® 1
Hence =

£ 4% 22/7x(4x10°2)2
1

8.85x107"2

Charge present in a gold nucleus =79 x 1.6 x 107° C

Since the surface encloses all the charges we have:

q _79x1.6x107"

g  8.85x107 "2

_ 4 _79x16x107" 1
gods 8.85x10° 2 4x3.14x(7x107"°)

=2.3195131 x 10*' N/C
(b) For the middle part of the radius. Now here r = 7/2 x 107"°m
Volume = 4/3 nr* = 38,22, 343 1045
3 7 8
Charge enclosed = ¢ x volume [ ¢ : volume charge density]
_ Netcharge _  7.9x1.6x10 "¢

Net volume [%j xx 343 %1074

=20x10%1/3x4 x 1072 x =3.0 x 10° N/C

@) §E.d_s' -

> [..area = 4nr2]

But ¢

-19 -19
Net charged enclosed = 47'9X1'6X10 x%nx%xw"‘s = —7'9X1'ZX10
[—jxnx343x10_45
3
Eds = q enclosed
€9
-19 19
—~E= 7.9%x1.6x10 _ 7.9%x1.6x10 = 1.159 x 102'N/C
8xgy xS 49

8><8.85><10_12><4rt><7><10_30

Now, Volume charge density = 3 ( )
3 .3

—xmxir,” —r.

3 2 1

L 3Q

Again volume of sphere having radius x = %nx3
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Gauss’s Law

12.

13.

14.

Now charge enclosed by the sphere having radius

= i S_i 3 Q = Xs_r13
X (STCX 375"1 )X4 4 Q{r23_r13

—- TCr23 - TEI“13
3 3

2 _ qenclosed
€9

E- Qfy® —r13 1 _ Q x® —r13
=ET s 3 drr?  dmer? | 13 18
0 r2 - r1 U4 TESOX r2 _r1
Given: The sphere is uncharged metallic sphere.

Due to induction the charge induced at the inner surface = —Q, and that outer surface = +Q.
charge

Applying Gauss’s law — Ex4my

(a) Hence the surface charge density at inner and outer surfaces = ¥
total surface area
=-— Q2 and - respectively.
4na 4ra
(b) Again if another charge ‘q’ is added to the surface. We have inner surface charge density = — % ,
na

because the added charge does not affect it.

On the other hand the external surface charge density = Q + 2 9 >
na

as the ‘q’ gets added up.

(c) For electric field let us assume an imaginary surface area inside the sphere at a distance X’ from
centre. This is same in both the cases as the ‘q’ in ineffective.

Now, §E.ds:B SO,E:EX 12 =_Q :
€0 g 4nx 4megx
(a) Let the three orbits be considered as three concentric spheres A, B & C. 2S

Now, Charge of ‘A’=4x1.6x10°¢c

Charge of B'=2 x1.6 x 10 ¢ SHAL c
Charge of ‘C'=2x 1.6 x 107° ¢ 13x18 %‘

As the point ‘P’ is just inside 1s, so its distance from centre = 1.3 x 10" m

19
Electric field = Q _ 4x1.6x10 =34 x 10" N/C

4negx?  4x3.14x8.85x10 2 x(1.3x10"")2

(b) For a point just inside the 2 s cloud
Total charge enclosed =4 x 1.6 x 107° —2x 1.6 x 10" =2x 1.6 x 107"°
Hence, Electric filed,

2x1.6x107"°
4%x314x8.85x1072 x(5.2x1071")?
Drawing an electric field around the line charge we find a cylinder of radius 4 x 1072 m.
Given: A = linear charge density

E = =1.065x 10> N/C = 1.1 x 10" N/C

Let the length be £ =2 x 107 ¢/m ) ©
| |
We know §E.o||=3:M ! e |
€ €p : > :
t | B |
:>E><2nr£=M:>E= » I g |
€ gg X 2mr : I

v 4 cm
For,r=2x10?m&A=2x10"°c/m @

-6
E= 2x10 = 8.99 x 10° N/C ~ 9 x10° N/C

 8.85x10 2 x2x3.14x2x1072
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Gauss’s Law

15.

16.

17.

18.

19.

Given :
A=2x10"°c/m
For the previous problem.

E= for a cylindrical electricfield.

€ 2mr

Now, For experienced by the electron due to the electric
force.

2 | weknow,m, = 9.1><10’31kg,

Eq=mv )
vV, =7, r=assumed radius
2
2 2 r
- _ 1 7\4 _19_
S>KE=12xExqxr= —x x16x10"7 =2.88 x
2 8027[['

Given: Volume charge density = ¢
Let the height of cylinder be h.
.. ChargeQatP =¢x4my’xh

For electric field §E.ds = 8
€0
E= Q _ Cx4my? xh _ 28y
go xds ggx2xmxyxh €9
§E.dA _a
€0

Let the area be A.
Uniform change distribution density is

Q=CA
=8di=—ganX’=€_X‘
80 80><A 80

Q=-2.0x10"°C Surface charge density = 4 x 10° C/m?
We know E duetoa charge conducting sheet = 9

€0
Again Force of attraction between particle & plate
o . _ 4x10°x2x10°

X

2¢ 2x8x10712
Ball mass = 10g
Charge=4x10°¢

Thread length = 10 cm

Now from the fig, T cos6 = mg

T sin® = electric force

oq

Electric force = e (o surface charge density)
€0

= 0.452N

=Eq=

T sind = G—q, T cosO = mg
2g
oq
2mge,
o= 2mgegtand _ 2x8.85x1072x10x107° x9.8x1.732
q 4x107°

Tan 0 =

filed in wire = centripetal

~ ~
F\\ __,/]
| == |
| |
| |
| |t
| |
| |
[ N
k\ B

—_—_————_—

107" J.

4 .
C ////
L) =

O<x<d

X
X
x
X

X X X X x X X

X X X X X x X
X X X X xXx X X
X X X X X x X

X X X X X x X

=75x 107 C/m?
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Gauss’s Law

20.

21.

22.

23.

(a) Tension in the string in Equilibrium

T cos 60° = mg
-3
T=_M9_ 1010210 _yg15 52020 N
cos 60° 1/2

(b) Straingtening the same figure.
Now the resultant for ‘R’
Induces the acceleration in the pendulum.

T=2xn\/§ =2n ’{gz{;ﬂm - 2n | ! e }2 7

100 +{ 0.2x
2gom { 2x1072
-2
son |t =on | =2x3a416x 12107 Z 945 e,
(100 +300) 20 20
s=2cm=2x 107m, u=0, a=? t=2us=2x10"s
Acceleration of the electron, s=(1/2) at®
-2

2x10%=(1/2)xax(2x10°’ =>a= % =a=10"" m/s?

4x10”

The electric field due to charge plate = l
€

. (e} . (e}
Now, electric force = — x q = acceleration = — x a

€ € Mg
Now 2 x4 = 10"
€0 ﬁk
_ 10" xgyxm, _ 10'x8.85x10 2 x9.1x10"*
q 1.6x107"°
=50.334 x 107 = 0.50334 x 1072 ¢/m?

=

Given: Surface density = ¢
(a) & (c) For any point to the left & right of the dual plater, the electric field is zero.
As there are no electric flux outside the system. “
(b) For a test charge put in the middle. 5
460
It experiences a fore ;—qtowards the (-ve) plate. ==
€0
m

Hence net electric field 1o L I

280 280 €p

(a) For the surface charge density of a single plate.
Let the surface charge density at both sides be 61 & o,
= Now, electric field at both ends.

G1 o> _ Oq & (e

- 2gy 2

Due to a net balanced electric field on the plate 1 g 92
2gy  2gg

L. o1=0y S0,01=Q9,=Q/2

.. Net surface charge density = Q/2A

<«—2cm—»

60
m
R Eq
Q
A

X

e+ b+t o+

<
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Gauss’s Law

24.

(b) Electric field to the left of the plates = 9 Q
€0
Since 6 = Q/2A Hence Electricfield = Q/2Ag, Q2 Q/2

This must be directed toward left as ‘X’ is the charged plate.

(c) & (d) Here in both the cases the charged plate ‘X’ acts as the only source of
electric field, with (+ve) in the inner side and Y’ attracts towards it with (-ve) he in

its inner side. So for the middle portion E = towards right.

€0

(d) Similarly for extreme right the outerside of the ‘Y’ plate acts as positive and hence it repels to the

right with E = Q

2A¢g,
Consider the Gaussian surface the induced charge be as shown in figure. +Q -2Q
The net field at P due to all the charges is Zero.
oo —2Q +9/2A ¢ (left) +9/2A ¢, (left) + 9/2A g, (right) + Q — 9/2A ¢, (right) =0 A B
= -2Q+9-Q+9=0=>9=3/2Q
.. charge on the right side of right most plate c D
=-2Q+9=-2Q+32Q=-Q2 i

L G B N
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CHAPTER - 31

CAPACITOR
Given that
Number of electron = 1 x 10"
Net charge Q =1x10”%x16x10"°=16x10"C
.. The net potential difference = 10 L.
-7
.. Capacitance — C = a5 16107 =16x10°F.
v 10
A = nr? = 25 rcm?
d=0.1cm
-12
c= gA _ 8.854x107° x25x3.14 _ 6.95 x 10°° yiF.
d 0.1
Let the radius of the disc =R
~.Area = tR?
C=1f
D=1mm=10"m
L o= A
d
12 2 -3 12 9
= 8.85x107'“ xnr 2= 107 x10° _ 10 — 50985 m = 6 Km
1073 8.85xm 27.784

A=25cm? =2.5x 1072 cm?
d=1mm=0.01m
V=6V Q=7

c = foA _ 8.854x107%x25x107
d 0.01
=12 -3
Q=cv= 8.854><100 0?2.5><10 6= 132810 x 10 C

W=QxV=132810x10""x6=8x10"°J.
Plate area A =25cm? =2.5x 10° m
Separation d =2 mm = 2 x 102 m
Potentialv=12 v

-12 -3
(a) Weknow ¢ = £0A - 8:85x10 “x25x107 _ 14 56 402
d 2x10”

c=9 - 1106x102=9
\% 12

=q,=1.32x10"°C.
(b) Then d = decreased to 1 mm
~d=1mm=1x10"m
co foA _q_ 885x107x25x10° _ 2
d v 1x1073 12
=@, =8.85%x25x12x1072=265x 107" C.
~. The extra charge given to plate = (2.65 — 1.32) x 107°=1.33 x 107° C.

Ci =2 puF, C,=4uF,

Cs;=6pF V=12V
cq=C1+C,+C3=2+4+6=12pF=12x10°F
g1=12x2=24C, 2=12x4=48uC, q3=12x6=72uC

5cm

. 0.1cm
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Capacitor

20 uF 30 uF 40 pF

V=12V

.. The equivalent capacity.
CC,Csq _ 20x30x40 _ 24000 _ 9.23 uF

C= =
C,C;+CC3;+C,C, 30x40+20x40+20x30 2600
(a) Let Equivalent charge at the capacitor = q
C= % —q=CxV=923x12=110 uC on each.

As this is a series combination, the charge on each capacitor is same as the equivalent charge
which is 110 pC.
(b) Let the work done by the battery = W

=W o W=vg=110x12x10°=1.33 x 102 .
q

C1=8yF, Co=4pF, Cs=4pF A 8 uF
_ (C2+C3)XC1 : :
o= 1G4 Cy B o
Ci+C,+C4 12v| 4uF | 1
8x8 - —_ __4uF
X
= =4 uF
16 H
Since B & C are parallel & are in series with A
S0,q1=8%x6=48 uC qQp=4x6=24pC q3=4x6=24,C
a
(a) . .
| | | |
A B
| | | Ci=4
C, C C;=6

1 1 1 1 1+1
= = =

C ¢ C, C CC,
C 4
Cy= L =2 =2uF
P T2 oH
AndCe=C2 = 8 =3 F
2 2 C1 p C1
nC=Cp+Cy=2+3=5pF — ——
(b)C1=4HF1 C2=6},l.F,
C C
Incaseof p&q,q=0 2
e A—||—q—||—B
PTp T ok — -
C 6 Ci R Cq
Co= 22 =2 =34F H —— F
&C'=2+3=5uF
- Cz Cz
C&C'=5pF _||_S_||_

.. The equation of capacitor C=C'+C"=5+5=10 uF
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Capacitor

10.

1.

12.

13.

14.

V=10v ASuF Guf A3
Ceq=C, +C, [.. They are parallel] 1
=5+6=11uF 10
g=CV=11%x10110 uC
The capacitance of the outer sphere = 2.2 uF B6
C=22pF
Potential, V=10 v
Let the charge given to individual cylinder = q.
c=9

\%
=q=CV=22x10=22pF
.. The total charge given to the inner cylinder = 22 + 22 = 44 uF L]
C= ﬂ, Now V = m

\% R

-9 _R_

So, Cy = m = ?1 =4 mgoRy

Similarly ¢, = 4 negR,
The combination is necessarily parallel.
Hence Ceq =4 TESOR1 +4 TESoRz =4 TESo(R1 + Rz)

C C Cc
-
A c c c B
|7 |7 ]
11 1T 1T
c C 6]
L — J
~C=2uF
.. In this system the capacitance are arranged in series. Then the capacitance is parallel to each other.
(a) .. The equation of capacitance in one row
C

C=—=—
3

(b) and three capacitance of capacity % are connected in parallel

.. The equation of capacitance
c C C

C=—+—+—=C=2ypF
3 3 3
As the volt capacitance on each row are same and the individual is
Total _ 60

= - =— =20V
No. of capacitance 3

Let there are X’ no of capacitors in series ie in a row
So, x x 50 = 200
= X = 4 capacitors.
Effective capacitance in a row = %
Now, let there are 'y’ such rows,
10
So, —xy=10
2 y

=y = 4 capacitor.
So, the combinations of four rows each of 4 capacitors.
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Capacitor

15.

16.

17.

4uF ¢ 8uF
M
A
D
3 uF 6 uF
| |
1T

4x8 8
a) Capacitor= —— = —
(2) Cap 4+8 3"

6x3 _

and =2 uF
6+3 !

3uF D 6uF
[ | 11
]

(i) The charge on the capacitance % pF

8 00
Q== x580=—
3 3

.. The potential at 4 uF =

400 _ 100

3
ats = 400 _ 100
3x8 6
The Potential difference = 100 _100 _ 50 nv

3

(ii) Hence the effective charge at 2 uF =50 x 2 = 100 puF

100

100

.. Potential at 3 puF = = ; Potential at 6 pF = ry

.. Difference = @—m
3 6

.. The potential at C & D is 3 Ny

P R_1_1
o) . —=S=-===
q S 2 2

It is balanced. So from it is cleared that the wheat star bridge balanced. So

the potential at the point C & D are same. So no current flow through the point C & D. So if we connect
another capacitor at the point C & D the charge on the capacitor is zero.

Ceq between a & b — C4C,/C1+C;
_ GG, C.C, Cz C.
+Cy+ a ] G T b a £s) b
Ci+Cy Ci+C, J_ 1 J_ N
_ 2C1C2 C1 C1
= C3+———= (..The three are parallel) T - \_l )J
C,+C, C1Co/C1+Co

In the figure the three capacitors are arranged in parallel.

A
All have same surface area =a = —

First capacitance C; =
2" capacitance C, =

3" capacitance C; =

Ceq = C1 + Cg +C3

€A
3d
ggA
3(b+d)
goA
3(2b+d)

3

A
v
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Capacitor

18.

19.

20.

ﬁ+ goA + ggA =ﬁ[1 1+1j

3d  3(b+d) 3(2b+d) 3 \d b+d 2b+d

oA ((b+d)(2b+d)+(2b+d)d +(b+d)d
3 d(b+ d)(2b+d)
£oA[3d2 + Bbd + 202

3d(b + d)(2b + d)

(a)C = 2el  _ ©x3.14x8.85x107*x 10" [In2 = 0.6932]
In(R, /Ry) In2 '
=80.17x 10"° = 8 PF

(b) Same as R,/R; will be same.

Given that

C=100PF=100x 10" F Coq =20 PF=20x 10"%F
V=24V q=24x100x 1072 =24 x 107"°
Q=7

Let g1 = The new charge 100 PF  V; = The Voltage.
Let the new potential is V4
After the flow of charge, potential is same in the two capacitor

v, = d2 - &
cC, C
=99 - %
c, C
_24x107"%—q, _ a4

24x10"2  100x10 12
=24 x10"0-q,. %
5
=6q,=120x 107"

=q = %xm‘”:zo x 107°

L1

Initially when ‘s’ is not connected,

Cur= Xq=2C,50=2410%=166x10"C
3 3 2

After the switch is made on,

Then Ce = 2C =107

Q=10°x50=5x 10"

Now, the initial charge will remain stored in the stored in the short capacitor

Hence net charge flowing
=5x10"-166x10"=33x10"C.
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Capacitor

21.

22.

004uF__P

0.04 yF

Given that mass of particle m = 10 mg

Charge 1=-0.01 uC

A =100 cm? Let potential = V

The Equation capacitance C = % =0.02 uF

The particle may be in equilibrium, so that the wt. of the particle acting down ward, must be balanced by
the electric force acting up ward.

.. qE=Mg
Electric force = qE = q% where V — Potential, d — separation of both the plates.
= qV—C C = ﬁ d= M
SoA q C

qE =mg

Qvec
- - mg

80A
- 0.01><0.(1)22><V = 0.1 x 980

8.85x107“ x100

-10

V= 0.1x980x8.85x10 = 0.00043 = 43 MV

0.0002
Let mass of electron = p
Charge electron = e
We know, ‘q’
For a charged particle to be projected in side to plates of a parallel plate capacitor with electric field E,

y= KE(x) :
2m %
where y — Vertical distance covered or me Id1

x — Horizontal distance covered

p — Initial velocity B
From the given data, Idz
d V. qdy q

y= , E=_=—=_, X =a, H'='?
2 R SOaZXd»] 8062 b

For capacitor A —

V1=i = qd12 asC1=—
C1 goa d1

Here q = chare on capacitor.

2

g = C x V where C = Equivalent capacitance of the total arrangement = dsoad
110z
2
So,q= f8 v
d;+d,
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Capacitor

23.

24,

25.

2
Hence E = q2= &3 sz -V
Soa (d1 +d2 )803 (d1 +d2)

d, exV

2

Substituting the data in the known equation, we get, %x

5 2 172
2 Vea _ Vea
- =D U=/
dm(d; +d,) dm(d, +d,)

geme
Me

The acceleration of electron a, =

The acceleration of proton = ?\/Iﬁ =ap
p

The distance travelled by proton X = %apt2 (1)

The distance travelled by electron ...(2)

From (1) and (2):>2—X=%act2 L

%E
X ap Mp

2-x " a.  (aF
MC

=31
X M _ 907 _ 91 404 =5.449 x 10
2-x M, 167x107% 1.67

= x=10.898 x 107" - 5.449 x 107*x

=

-4
_ 10.898x10 " _ ) 101089226
1.0005449

(a) 1uF 3 uF ! |—|3

T
A o -— B

] L || I
| | 1
2 F 6 uF ’ i

As the bridge in balanced there is no current through the 5 uF capacitor
So, it reduces to
similar in the case of (b) & (c)
as ‘b’ can also be written as.
_ 1><3+2><6 _ 3 +E _6+12
1+3 2+6 48 8 8
(a) By loop method application in the closed circuit ABCabDA

124+ 22, G Qg (1) B

=225 uF

2uF | 2uF  4uF af ! Qj_'” 1

In the close circuit ABCDA

2

—X_2

2 uF

! ”F\/

+[ 1, 2cm R

+ <cﬁa

+ ep

. e—X X
—->E —

+ qu

+ —E

2pF/\

C

2 uF a

4 uF

o J@-9) T aw
S+ L Qo) A—L_‘I o | b

2uF  4uF
From (1) and (2) 2Q + 3Q; =48 ..(3)
And 3Q — g, = 48 and subtracting Q = 4Q,, and substitution in equation
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Capacitor

2Q+3Q1=48:>8Q1+3Q1=48311Q1=48,q1=%
Vab = Q _ 48 _ 12
4uF  11x4 11
(b) 12V 12V 4uF
a a —
2 uF
2 puF 4 yF
N4 L
b 24V
24V

The potential = 24 — 12 =12
_ (2x0+12x4) _ 48

Potential differenceV= ———*-=— =8V
2+4 6
TheVa—L\{tb=—8V
e | Right
(©) VI

A 5! 2V ¢
a

2 uF ;I_ 2 uF
F I E D
From the figure it is cleared that the left and right branch are symmetry and reversed, so the current go
towards BE from BAFEB same as the current from EDCBE.

~.The netcharge Q=0 ~V=—==—=0 ~Vab=0

.. The potential at K is zero.
(d) 6V

Netcharge _ 24+24+24 _ 72

The net potential = - = — 103V
Netcapacitance 7 7
~Va-Vb=-103V
26. (a) 3/8

—— 4 uF °
3/8
48, . 318 f b
1T 11 1T
3uF 1 uF 48 Lo - ‘
— —* — 1 12 s [ °
'i i — — H
By star Delta conversion — —
3 uF 1uF
3 1 3 ] — =
+— x| =+ 3uF 1uF
3 2) |2 3 35 _9+35 _ 11 : "
Cetf = — =—+—="—"-=—uF
8 24 24 6
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Capacitor

; e

by star Delta convensor

3/8 uf 3/8 yf
| L

1 T
12/8 1y 112 uf 3/2 uf
4/8 pf t t

Nl = AT [

4/8 uf - 2 pf 2 pf
12/8 pf
| |

l

{ | 302 uf 112 uf
3/8 uf { |
3/8 pf
3/8 pf
:
— \
E— 3 16 3 _ 11
=S —t—+==—yp
\ 8 8 8 4
1
3/8 pf
4/3 yF
O A 't
8/3 uF
5 uF . i iH J
4 uF 8 uF —
—— $ e —
|} | |
4 uF 4 pF
8
Cef= —+—+4 =8 puF
3
(@) 2uf i 2uf 4
1T 1T LI | 1T
6pr_
| | +— | | F— |
4 uf 1 8 uf —_— 4 pf 8 uf
— 6 uf ¢ — «— L o
? Pllf ;|-_ 1 8: al 1 “:f 1 8| al
6 pf
] 1 T 1 1L ] 1
11 [ L 11
2 pf 4 uf 2 pf 4 puf
8/6 uf
L]
] 1
| B
_ 3212 pf
- —— — o
_ 32/12 uf
[}

| | Cef=§+g+32 8 _16+32

8/6 pf 8 12 E+§ 6

=8 uf
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Capacitor

28.

29.

LT,

= Cs and C, are in series

Ceq = 2x2 - 1
2+2
This is parallelto Cg=1+1 =2
Which is series to C, = 2x2 =1
2+2
Which is paralleltoC;=1+1=2
Which is series to C3 = 2x2 =1
2+2
Which is parallelto Cg =1+ 1=2
This is series to C4 = 2x2 =1
2+2
A’TI T| T T{ -
A '__|_| |__|_pr Fig— I
) 1 uF c
Fig-1 I T
B Y T T T -l_ ....... B

Let the equivalent capacitance be C. Since it is an infinite series. So, there will be negligible change if
the arrangement is done an in Fig — 11
o= 2xC +1>C= 2C+2+C
2+C 2+C

=(2+C)xC=3C+2
=C’-C-2=0
=>((C-=2)(C+1)=0

=—1 (Impossible)
So,C=2uF

A THTHTH—lc ATb—“l“

g l2uf Touf Tou T s LT T

= C and 4 uf are in series
4xC
4+C
Then C4 and 2 puf are parallel
C=Cqi+2uf
4xC 4C+8+2C _
= +2 = =
4+C 4+C
—4C+8+2C=4C+C*=C*-2C-8=0
2:V4+4x1x8 _ 2+/36 _ 216

2 2 2

So,C; =

C=

2+6
C="-=4,f
2 8

.. The value of C is 4 uf
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Capacitor

30.

31.

32.

33.

34.

35.

q1=+2.0%x10%¢ g=-1.0x10%¢
C=12x10"pF=12x10"°F

_ -8

2 2
-8
v=a:=3107 1 _psv
c 2 1.2x107°
.. Given that
. +20uc
Capacitance = 10 pF ol s .
Charge = 20 pc X10: 110 1
. 20-0 + x 10-
.. The effective charge = —— =10 uF +|+-0 .-
2 +|+ .-
10 +1 4+ [
= ﬂ = = ﬂ = =1V
\% c 10

g=1puC=1x10°C C=01puF=1x10"F
q=2uC=2%x10"°C
G- _ (1-2)x107°

netq = = =-05x10°C
2 2
7
Potential V' = 3 = L‘” =_5V
-5x10~

But potential can never be (-)ve. So, V=5V
Here three capacitors are formed
And each of
A=2.10712 tm.
€
d=4mm=4x10"m
..Capacitance of a capacitor

96 x 10712

C=20"=__ %0 =-24x10°F.
d 4x10°3 | |

[ T R TR
[ [ | [
+ 4+ 4
++ + + + + +
[ T T T
4+ + + F++

. The total charge to a capacitor =8 x 10° x 10 =8 x 10 ¢

. The charge of a single Plate =2 x 8 x 10 =16 x 10°=0.16 x 10° = 0.16 pc.

(a) When charge of 1 uc is introduced to the B plate, we also get 0.5 pc

charge on the upper surface of Plate ‘A’. A

(b) Given C=50 uF =50 x 10°F=5x 10" F 0550
+++++ ++

Now charge = 0.5 x 10°C B[ | +—
F++++ At 1.0uC

V== =77 =10V
C  5x10°F cC— 1

Here given, 1uC 0.5 uC
Capacitance of each capacitor, C = 50 uf = 0.05 pf 05 1C

Charge Q = 1 uF which is given to upper plate = 0.5 pc charge appear on outer 0.5 uC
and inner side of upper plate and 0.5 uc of charge also see on the middle.

0.5uC

(a) Charge of each plate = 0.5 pc 8.2 ug
Capacitance = 0.5 pf |:“|
0.5puC
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Capacitor

36.

37.

38.

39.

(b) The charge on lower plate also = 0.5 uc
Capacitance = 0.5 uF

c=35v=9-095_4y
v C 005
.. The potential in 10 V
C;=20PF =20x 1072 F, C,=50PF=50x10"2F
-1 11
Effective G = 2102 = 2x10° x5x107 _ 4 jog 101 F

Ci+C, 2x10"+5x10™"
Charge ‘q'=1.428 x 107" x6=8.568 x 107" C
q _ 8.568x107"

Vi=—- = S =4284YV
C1 2)(107
-1
V2=i - 8.568><1(1)1 —171V
Cz 5)(107

Energy stored in each capacitor

Eq=(1/2) CiV4> = (1/2) x 2 x 107" x (4.284)*=18.35 x 107" = 184 PJ
Er=(1/2) CoVo2 = (1/2) x 5x 107" x (1.71)>=7.35x 107" = 73.5 PJ
~.Cy=4 yuF, C, =6 uF, V=20V

Eq. capacitor Ceq= ——=— = —— =24 4 uf

~.The Eq Capacitance Cqq = 2.5 uF
.. The energy supplied by the battery to each plate

E = (1/2) CV? = (1/2) x 2.4 x 20° = 480 nJ
.. The energy supplies by the battery to capacitor = 2 x 480 = 960 uJ
C=10puF=10x10°F

cd

q=4x10"¢c 100 V

Ceq=2c=2x10"F
V= 4x107*

2x107°
E=(1/2)cv®=(1/2) x 107°x (20)°=2x 102 J=2mJ
Stored energy of capacitor C; =4.0 J

=20V

=19 _404
2¢
When then connected, the charge shared
19 19,
—_—— =
252 22 Q1= Q2

So that the energy should divided.
.. The total energy stored in the two capacitors each is 2 J.
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40.

41.

42.

43.

44,

Initial charge stored =C x V=12x2x10°=24x 10°¢

Let the charges on 2 & 4 capacitors be q; & q, respectively
- 91 _ 9 91 _ 9 _

There, V = C_1_ C_z = > "4 = 02= 29 .

orgi+q; =24x10°C

=q;=8x10" uc

02=29:=2x8%x10°=16 x 10° uc

2
Ei=(1/2) x Cq x V42 = (1/2) x 2 x [gj =16 uJ

2
E, = (1/2) x Cp x V52 = (1/2) x 4 x [%j 8

Charge = Q
Radius of sphere =R
.. Capacitance of the sphere = C = 4nggR
_1Q%2 1. @2 _ Q@
Energy= —— = ——— =
2C 24negR - 8mggR

Q=CV=4ngR x V

E= %% [ ‘C’in a spherical shell = 4 negR]
2.2 _p2 2
E= 116n7eq" xR™x V" _ 2 ngoRV? [‘C’ of bigger shell = 4 1gR]
2 4ngy x 2R
o=1x10"c/m?
a=1cm=1%x10%m a®=10"m

2 442 4
The energy stored in the plane = 1o” 1. 0x107) _ 100 564.97
2g, 2885x107'? 177

The necessary electro static energy stored in a cubical volume of edge 1 cm infront of the plane

_ 162 3 _ -6 _ —4
=_——a” =265x10"=5.65x10"J
2 €p

area=a=20cm’=2x 1072 m?
d = separation =1 mm = 10 m

gy x2x1073 g0 x2x107°
Ci= o e’V = 2¢ Cf= e’V =g
102 ° 1= 0 °
gi=24 ¢ qf=12¢ So, q flown out 12 ¢. ie, q; — gy

(@) So,q=12x8.85x107?=106.2x10"2C=1.06 x 107°C

(b) Energy absorbed by battery during the process
=qxv=1.06x10""Cx12=127%x10"°J

(c) Before the process
Ei=(1/2)x CixVv?=(1/2) x 2 x 8.85x 107% x 144 =12.7 x 107'°
After the force
Ei=(1/2)x Cf x v?=(1/2) x 8.85 x 107 x 144 =6.35 x 107'° J

(d) Workdone = Force x Distance

2 -3
_1q - 1x10° =lx12><12><80><80><10
2 goA 2 £ox2x1073
(e) From (c) and (d) we have calculated, the energy loss by the separation of plates is equal to the
work done by the man on plate. Hence no heat is produced in transformer.
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45.

46.

47.

(a) Before reconnection
C =100 pf V=24V
q = CV = 2400 puc (Before reconnection)
After connection

When C = 100 pf V=12V

g = CV = 1200 pc (After connection)
(b) C =100, V=12V

~.q=CV=1200v

(c) We know V = w
q

W=vqg=12x 1200 =14400J =14.4 mJ
The work done on the battery.
(d) Initial electrostatic field energy Ui = (1/2) CV,?
Final Electrostatic field energy Uf = (1/2) CV,°
..Decrease in Electrostatic
Field energy = (1/2) CV4* = (1/2) CV,°
= (1/2) C(V4* = V%) = (1/2) x 100(576 —144) = 21600J
.. Energy =21600j=21.6 mJ
(e)After reconnection
C =100 pc, V=12v
.. The energy appeared = (1/2) CV? = (1/2) x 100 x 144 =7200J=7.2 mJ
This amount of energy is developed as heat when the charge flow through the capacitor.

(a) Since the switch was open for a long time, hence the charge flown must be due to the both, when
the switch is closed.

Cef =C/2

C C
ExC
Soq=
97
2
(b) Workdone =qxv = E><E - EC
2 2
C E°C -
(c) Ei= —x—xE? = =~
2 4
2
E;=(1/2)x Cx E? = %
2
E|_Ef= E
4
(d) The net charge in the energy is wasted as heat.
C1 =5}/lf V1 =24V
qy =CVy=5x%x24=120pnc
andC2=6uf V2=R

q2=CZV2=6x12=72
.. Energy stored on first capacitor
_1a’ _ 1 (120

E = = —x =1440J=1.44mJ
2 C, 2 2
Energy stored on 2" capacitor
2 2
Eo= 492 = 1 (27 435 y-430md
2C, 2 6
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(b) C4V4 C,V»
Let the effective potential = V 5uf24v 6uf12v
ve CVi-CoV, _120-72 _ o = H =
C,+C, 5+6

The new charge C,V =5 x 4.36 = 21.8 uc
and C,V =6 % 4.36 = 26.2 uc
(c) Uy = (1/2) C4V?
U, = (1/2) C,V?
U = (1/2) V? (C4 + Cp) = (1/2) (4.36)° (5 + 6) = 104.5 x 107° J = 0.1045 mJ
But U, = 1.44 + 0.433 = 1.873
. The loss in KE = 1.873 — 0.1045 = 1.7687 = 1.77 mJ
48. == ==

@) (il

When the capacitor is connected to the battery, a charge Q = CE appears on one plate and —Q on
the other. When the polarity is reversed, a charge —Q appears on the first plate and +Q on the
second. A charge 2Q, therefore passes through the battery from the negative to the positive
terminal.

The battery does a work.
W =Q x E = 2QE = 2CE?
In this process. The energy stored in the capacitor is the same in the two cases. Thus the workdone
by battery appears as heat in the connecting wires. The heat produced is therefore,
2CE?=2x5x10°x144=144x10°J=1.44 mJ [have C=5puf V=E=12V]
49. A=20cmx20cm=4x1072m
d=1m=1x10"m

k=4 t=d
_ SOA _ €0A _ SoAk
C= t - d - d 20 cm
d-t+— d-d+—
k k
-12 -2 1 mm
=8.85><10 ><43><10 x4 = 1416 x 10°F = 1.42 nf 20|cm
1x10~
50. Dielectric const. =4
F =1.42 nf, V=6V

Charge supplied =q=CV=1.42x10°x6=8.52x10°C
Charge Induced = q(1 — 1/k) = 8.52 x 107° x (1 = 0.25) = 6.39 x 10° = 6.4 nc
8.52uc

Net charge appearing on one coated surface = =2.13nc

51. Here
Plate area = 100 cm® = 1072 m?
Separation d =.5cm =5 x 107 m 7
Thickness of metalt=.4cm=4x10"m d=0.5cm t=0.4cm

Co= _foA _ &A _ 8585x1072x10"?
d-te 7L (Boapa0”

A =100 cm?

= 88 pF .

Here the capacitance is independent of the position of metal. At any position the net separation is d —t.
As d is the separation and t is the thickness.
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52. Initial charge stored = 50 uc

Let the dielectric constant of the material induced be ‘k’.
Now, when the extra charge flown through battery is 100.

So, net charge stored in capacitor = 150 pc

Now C1 = ﬁ or & :@
d \% d
d Y d

il

(1)
C2=

Deviding (1) and (2) we ge
2

ﬂ — 1 =k=3
150 k

C=5uf V=6V

(a) the charge on the +ve plate

q=CV=5ufx6V=30pc

53.

(c)d=2x10"m
t=1x10"m

k=50rc=% =5x107°=

2x1073
When the dielectric placed on it
10*

8.85x 10712 x
C1 = SOA =

8.85x Ax 1072

8.85 _ 1072x10* x5

50 pc

T

d=2mm=2x10"m.

4
=>A= 10

x107° = ——
8.85

1073 6x1073

t
d-t+— -3
K 107° +

(d)C=5x%x10"f. V=6V
L Q=CV=3x107f=230pf
C'=83x10°f
V=6V
L Q=CV=83x%x10°x6=50pF
.. charge flown = Q' —Q =20 pF

54. Let the capacitances be C; & C, net capacitance ‘C’ =

SoAk»] C2 — 80Ak2

d1 d2
eoAky  £AK, SOA[k1k2]
d1 d2 _ d1d2

Now C; =

8.85x107'? x10?x 24

= gxm*s = 0.00000833 = 8.33 pF.

C,+C,

2
Tem® |

Cy

C, k=4

«Pp—O—

=4.425x 107" C =44.25 pc.
A=400cm? =4 x 102 m?
d=1cm=1x10"m
V=160V
t=05=5x10"m

k=5

C= =
oAk, n goAKy sOA[k1d2 +k,d,
did,

55.

]_6><4><10_3+4><6><10_3 _
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Capacitor

c—_fA _ 885x10x4x10? _ 354x107
t -4 -3 _
d_HE 1073—5><10’4+5X1O 10 0.5
56. (a) Area=A
Separation = d
C1 - SoAk»] C2 - 80Ak2 K1
d/2 d/2
K
2e0Ak,  2e0Ak, (2e0A)?k 4k, ?
= GC __d 4 = d? = ZkikagoA
d d 0 a2
(b) similarly
A N AU NSRS I IR
C C, C, C4 3ggAky  3gpAk,  3gpAky
d d d
_ d i+i+i = d | kokg +kiks +kiky
3egA ks ky ki 3gpA Kikoks
. C= 3egAkkokg
d(kk, +koks +kiks)
(c)C=C1+Cy
A A
€p —k1 €p —k2
- 2 2 _ €A
= + = ——(ks+k
q d od (ke +k3)
57. dx
| Je—
Al |
d ki d E/d/c/// d —x tang
//e// E dei ko x tand
[ ]
B<— X —

Consider an elemental capacitor of with dx our at a distance X’ from one end. It is constituted of two
capacitor elements of dielectric constants k; and k, with plate separation xtan¢ and d —xtan¢

respectively in series

1 _L+L xtan¢ +d—xtan¢
- gobdx
deR xtan¢+(d—xtan¢)
dx
or Cgr = ggbk4k
R T Eobf J.k2d+(k1—k2)xtan¢
= ————= TJlogekod+ (k1 —K») X tand]a
tan¢(k1—k2)[ gekod+ (K1 —k2) ]
Sobk»]kz

= ———— < Jlogcko,d+ (k1 —k») a tand — log, kod
tan¢(k1—k2)[g 20+ (Ky —ks) ¢ Je Kod]

.'.tand>=9 andA=axa
a
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gt [l
(k. —k 2
a( 1-Kz)
2
goa“kqk k
Cr = —0¢ ™72 log. | =1
"7k —ky) { ge[kzﬂ
2
CR - Soa k1k2 In ﬁ
dks —k3) Ko

/s
A Lo L
LT T

I Initially when switch ‘s’ is closed
Total Initial Energy = (1/2) CV? + (1/2) CV? = CV? (1)
Il. When switch is open the capacitance in each of capacitors varies, hence the energy also varies.
i.e. in case of ‘B’, the charge remains
Samei.e. cv
Ces = 3C

In case of ‘A’
Ceff =3c

E=1XCeﬁV2 = x30xv2= ECVZ
2 2

N =

2 2 2
Total final energy = % +3i - 10ov®

2 6
Initial Energy _  cv?
' Final Energy ~ 10cv?
6
. Before inserting
c=fc a=2c
d d + _
After inserting
_ goA _ gAk _ goAk + K _
alar i Q= ==V
E + —
The charge flown through the power supply
Q=Q-Q
_ 8AKV g AV _ AV (k-1
d d d
Workdone = Charge in emf
gg A?V? (k-1
= li S Y = ggAV? (k—1)
2C 2 @(k_” 2d
d
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60.

61.

62.

63.

Capacitance = 100 puF = 10~ F
Pd=30V
(a)g=CV=10"x50=5x10"c=5mc
Dielectric constant = 2.5
(b)NewC=C'=25xC=25%x10"F

New p.d = [..’q’ remains same after disconnection of battery]

C

_ 5x107°
2.5%x107*
(c) Inthe absence of the dielectric slab, the charge that must have produced
CxV=10"%x20=2%x10"c=2mc
(d) Charge induced at a surface of the dielectric slab
=q(1-1/k) (where k = dielectric constant, q = charge of plate)

=5x107 [1—%}=SX1O_SX%=3X10_3=3mc.

=20 V.

Here we should consider a capacitor cac and cabc in series

Cac = 4neggack
k(c-a)
4reobe A
Cbc = =0~ e
(b-c) ¥
1 1 1
—_— e — + —_—
C Cac Cbc

(c—a) . (b-c) _ b(c—a)+ka(b-c)

" 4negack  4dmegbc  kédmsgabe
o A4msgkabo G \/

" ka(b-c)+b(c—a)
These three metallic hollow spheres form two spherical capacitors, which are connected in series.
Solving them individually, for (1) and (2)

Ci= A‘g‘c'—oab (.. for a spherical capacitor formed by two spheres of radii R, > Ry )
—-a
C — 47'[80R2R1
R, -R;
Similarly for (2) and (3)
C2 — 4ngobc
c-b
(4me, )Y>ab?c
Cup = Cc.C, (b—a)(c-a)
C,+C, ab(c —b)+bc(b-a)
4meg
(b—a)(c-b)
_ 4ngqab’c _ 4mgpab®c _ 4meac
abc —ab? +b%c—abc  b?(c-a) c-a

Here we should consider two spherical capacitor of capacitance
cab and cbc in series
47'[80abk CbC — 4Tt80bC

(b-a) (c-b)

Cab =
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11 . 1 _ (b—-a) N (c—b) - c(b—a)+ka(c—b)
C Cab Cbc 4mejabk 4megbc k4rey,abe
_ 4nggkabe
c(b-a)+ka(c—-b)
64. Q=12 puc
V =1200 V
v =3 x 10-6 v
d m
d= ¥ _= 12006 =4x10"m
(v/d) 3x10”
c= Q _ 12x10° —10°F
v 1200
s c= SR _qgeg
d
-8 -8 -4
A=10 xd =10 x4x10 0.45 m?
€9 8.854 x107*

65. A=100cm? =102 m?
d=1ecm=10%m
V=24V,

12 40-2
.. The capacitance C = oA _ 8.85x 11%_2 <10

. The energy stored C; = (1/2) CV? = (1/2) x 107"? x (24)* = 2548.8 x 1072
C, _ 2548.8x107? _

1072
66. — 1
I K
IT A
1
(™ ]
We knows

In this particular case the electricfield attracts the dielectric into the capacitor with a force

Where b — Width of plates
k — Dielectric constant
d — Separation between plates
V = E = Potential difference.

Hence in this case the surfaces are frictionless, this force is counteracted by the weight.

2 p—
So, ggbE*(k—1) _ Mg
2d
M= gobE? (k —1)
2dg

=8.85x 107"

2.54 x 107 N.

gobV3(k —1)
d
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67. —_ R
= K, K, -
1 [ |
T I

(a) Consider the left side
The plate area of the part with the dielectric is by its capacitance
k1€0bX €0b(|_1 — X)

C1= q

and with out dielectric C, =
These are connected in parallel
C=Ci+C;,= %{h +x(kq = 1)]

Let the potential V4

2
SobV»]

U=(1/2) CV,= Ly+xk-1] ...(1)

Suppose dielectric slab is attracted by electric field and an external force F consider the part dx
which makes inside further, As the potential difference remains constant at V.
The charge supply, dq = (dc) v to the capacitor
The work done by the battery is dwy, = v.dq = (dc) V2
The external force F does a work dw, = (—f.dx)
during a small displacement
The total work done in the capacitor is dwy, + dw, = (dc) v* — fdx
This should be equal to the increase dv in the stored energy.
Thus (1/2) (dk)V? = (dc) v* — fdx
_ 1 ,dc

2 dx
from equation (1)
80bV2

(k=)

. Fx2d _ [ Fx2d
L. L B VA L
eob(k; — 1) eob(k; — 1)

Fx2d
gob(kz 1)

F=

For the right side, V, =

Fx2d
ﬁ - Sob(k»] —1)

V, Fx2d
gob(kz —1)

—

k_
LVe ke

V, Vki—1

.. The ratio of the emf of the left battery to the right battery =

—

k2—

—_

.-
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68. Capacitance of the portion with dielectrics,

C1 = @ P I 4‘—>
(«d

Capacitance of the portion without dielectrics,
go(0—a)A

C,= Lo\t~ Gt 1

2 d E K

. Net capacitance C=C; + C, = ﬁ[ka +(¢ —a)]

a T — P
SoA a

C= W[z+a(k—1)]

Consider the motion of dielectric in the capacitor.

Let it further move a distance dx, which causes an increase of capacitance by dc
~.dQ=(dc) E

The work done by the battery dw = Vdg = E (dc) E = E* dc

Let force acting on it be f

.. Work done by the force during the displacement, dx = fdx

.. Increase in energy stored in the capacitor

= (1/2) (dc) E? = (dc) E? — fdx

1E?dc

fdx = (1/2) (dc) E?> = f =
= fdx =(1/2) (dc) E* = > dx

C= %[Z+a(k—1)] (here x = a)

o Ao ZdiEA L a1
da da| (d

1=d_C
dx

1 .2
S (l—a)= —agt
(t-a) Zad

_ Jz(f—a) _ [2(¢-a)2¢dm _ [4med(r -a)
=>t= = =
ay E%g,A(k —1) eoAE? (k —1)

8m¢d(¢ —a)

.. Time period = 2t = ——
egAE“(k - 1)

Fooohohohh
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ELECTRIC CURRENT IN CONDUCTORS

CHAPTER - 32

Q(t) = A + Bt + ¢
a) Af=Q

=A= tgz: ':_'_1; =A'T?
b) Bt=Q

—p=3_AT _,

t T

c) C=1[Q]

=>C=AT

d) Currentt= d_d (At2 +Bt+C)
dt dt

=2At+B=2x5x5+3=53A.
No. of electrons per second = 2 x 10 electrons / sec.
0 coulomb
sec

Charge passing per second =2 x 10" x 1.6 x 1

=3.2 x 10~ Coulomb/sec
Current=3.2x 10° A
i"=2pA,t=5min =5 x 60 sec.
q=it=2x10"°x5x60
=10x60x10°c=6x10"¢c
i =ig+ at, t =10 sec, i0=10A,a=4A/sec.
t

t t
! ! o +at)d j iydlt + j atdt

0

2
=gt + a%=1ox10+4x10“0

=100 + 200 = 300 C.

i=1AA=1mm’=1x10°m?
f' cu = 9000 kg/m®
Molecular mass has Ny atoms
=m Kg has (No/M x m) atoms = LQOOOs
63.5x10”
No.of atoms = No.of electrons

_ No.of electrons _ NoAf _ Nof

Unitvolume  mAl M
_ 6x10%* x9000
 635x10™°
i=VgnAe.
i 1
= V9T e T 6x10% X 9000
63.5x107°
63.5x107° _ 63.5x1072

© 6x10% x9000x10° x1.6x10"°  6x9x1.6x10% x1071° x10°°

x1076x1.6x107"°
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Electric Current in Conductors

10.

_ 635x10°  635x107°
" 6x9x1.6x10  6x9x16
=0.074 x 107 m/s = 0.074 mm/s.
/=1m,r=01mm=0.1x10"m
R=100Q,f="?
= R=f//a
_ Ra 100x3.14x0.1x0.1x10°®
o 1

=314 x10° = x 10°Q-m.

=2/
volume of the wire remains constant.

Al =A ¢’
= Al =Ax2/
= A'=A/2
f = Specific resistance
g

A A
1000 = 12L _4 _ 4R

Al2 A
=4 x 100 Q =400 Q
14 =4m,A=1mm2=1><10"6m2
I=2A,n/V=10%1t=?
i=nAVye
= e=10x1x10°xVygx 1.6 x 107"°
B 2
102 x10°x1.6x107"°
_ 11
 0.8x10* 8000
4

L — 4%8000
V, _ 1/8000

= 32000 = 3.2 x 10* sec.
fu=1.7x10°Q-m
A=0.01mm?=0.01x 10° m?
R=1KQ=10°Q

=f

R

= Vy

t=

R = f_[
a
-8
10° 'I7><1O6 x
10™
10° 3
= IZ:W =0.58 x 10° m = 0.6 km.
. . fdx
dR, due to the small strip dx at a distanc xd =R = —- (1)
ny
tane: B:bj
X L
y-a b-a
X L

= L(y—a)=x(b-a)
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Electric Current in Conductors

1.

12.

13.

14.

= Ly-La=xb-xa

= Ld—y—O =b-a (diff. w.r.t. x)
dx

= Ld—y:b—a
dx

Ldy
b_a ...(2)
Putting the value of dx in equation (1)

fLdy

ny?(b-a)

_ fl dy

- n(b-a) y_2

= dx=

fl (b-a) Al
n(b—a) ab nab’
r=01mm=10"m
R=1KQ=10°Q,V=20V
a) No.of electrons transferred

-V _20

R 10°
q=it=2x102x1=2x107C.

2x102  2x107"7
16x107° 1.6

U
Py

=20x10°=2x 102 A

No. of electrons transferred =

b) Current density of wire
i 2x102 2

= =22 - _-_% x10"°

A Tc><10_8 3.14

0.6369 x 10" = 6.37 x 10° A/m*.
A=2x10°m%1=1A
f=1.7x10°Q-m

E=7
_fr 1.7x108 xv¢
Rz — =12~ "~
A 2x107°
-8
V=IR=1><1.7><10 x
2x107°
-8
o @V _V _17x10°x0 17 ooy
dL | 2x1078¢ 2
=8.5mV/m.

I=2m,R=5Q,i=10A,E=7?
V=iIR=10x5=50V
E= XZQ =25V/m.

I 2
R're = Rre (1 + are AD), R'cy = Rey (1 + acy AO)
RIFe=R,Cu
= Rre (1 + ape AB), = Rey (1 + acy AB)

=1.25x 10".
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Electric Current in Conductors

15.

16.

17.

18.

19.

20.

3.9[1+5x10°(20-0)] =4.1[1 +4 x 10~ (20 - 0)]

=
= 3.9+39x5x107°(20-0)=4.1+4.1 x4 x 107 (20 - 0)
= 41x4x10°(20-0)-3.9x5x 107 (20— 0) = 3.9 — 4.1
= 16.4(20 — 6) — 19.5(20 — 0) = 0.2 x 10°

= (20-0)(-3.1)=0.2 x 10°

= 6-20=200

= 0 =220°C.

Let the voltmeter reading when, the voltage is 0 be X.
IRV,

1RV,

175 _144-V _ 035 _144-V
275 224-V 055 224-V
0.07 144-V 7 144-V
= = = —=
011 224-V 11 224-V
7(22.4-V)=11(14.4 - V) = 156.8 — 7V = 158.4 — 11V
(7-11)V = 156.8 — 158.4 = —4V = —1.6
V=04V.

When switch is open, no current passes through the ammeter. In the upper part of
the circuit the Voltmenter has « resistance. Thus current in it is 0.

. Voltmeter read the emf. (There is not Pot. Drop across the resistor).
) When switch is closed current passes through the circuit and if its value of i.

The voltmeter reads

e—ir=1.45

= 1.52-ir=145
= ir=0.07
=
E

2y

o -

1r=0.07=r=0.07 Q.
=6V, r=1Q,V=58V,R=7?
| = E =i,V=E—Ir
R+r R+1
. 58=6--0 x12 % -02
R+1 R+1
= R+1=30=>R=290Q.
V=¢g+ir
=72=6+2xr —f —wWw——
= 12=2r=r=06Q.
a) net emf while charging
9-6=3V
Current=3/10=0.3 A
b) When completely charged.
Internal resistance T =1 Q
Current=3/1=3A
a) 0.1ii+1i;,—-6+1i;,—-6=0

. . . 1 1
:>01 |11;1|1+1|1 12 I_‘é_MNv_lé_W\/V_I
:>|1=z A‘/(\)/l\{" i
ABCDA
= 01, +1i-6=0
= 0.1i; + 1i
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21.

b)

c)

b)

ADEFA,
=i-6+6-(,—i)1=0
=i-ip+i=0

= 2i-i,=0=>-21+0.2i=0
=i, =0.

1i1+1i1—6+1i1=0
=3i1=12=i1=4

DCFED

= ih+i—-6=0=i+i=6

ABCDA,

ip+ (i,—i)—6 =0

=S ih+tihb—-i=6=2i,—-i=6

= 2i+t2i=6=i=-2
ib+i=6

=>ihb—2=6 =>i,=8

i 4 1

i, 8 2

10iy + 1y -6+ 1i1—6=0
= 12i=12=i =1

10i,—i1—6=0
= 10i2—i1=6
= 10i,+ (i, — )1 —6=0
= MMi,=6
= -, =0

Total emf = n4E

in 1 row

Total emf in all news = n4E

Total resistance in one row = nr

. . n,r
Total resistance in all rows = ——
ny
. n,r
Net resistance = —~ + R
ny
n,E n,n,E
Current = 1 =12
ng/n,r+R - nyr+n,R
| = n,n,E
Ny +n,R
for | = max,

nqr + noR =min

= (\/K—anR)2 +2,/nymyR = min
it is min, when
\/a:\/an

= nqr=nyR
| is max when nyr = n;R.

6 1Q

;_

A i
6 10

i_

i2 0.10Q

;L;L

—m;;;

i2 10Q
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22. E=100V, R" =100 kQ = 100000 Q

R=1-100
When no other resister is added or R = 0.
= E = —100 =0.001Amp
R’ 100000
When R =1
i = 100 = 100 =0.0009A
100000+1 100001
When R =100
100 100

=0.000999 A .

' 100000 +100 100100
Upto R = 100 the current does not upto 2 significant digits. Thus it proved.
23. A1=24A
Since A; and A; are in parallel,
= 20x24=30xX
20x24 _

= X= 1.6 A.

Reading in Ammeter A, is 1.6 A.
A=A +A;=24+16=40A.
24,

5.5V
[}
1T

lfl).SV |§'5V
/! !
—>
10
i 20 30 20/3 30
= 223 20,15
110
|f|).5V I?.SV
! !
—>
10
i 20 20/3"
55x3 165
P =159 _g.82s.
max = TH0 20
25. a) Ry= 120 =60 Q
3 180Q2
i=60/60=1A MWW
180 ww o
b) Re= —— =90 Q AW
2 | I60
I I

i=60/90=0.67 A
¢c) Rx=180Q = i=60/180=0.33 A
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26.

27.

28.

29.

30.

31.

Max. R=(20 + 50 + 100) Q =170 Q

T 1 1) 8
20 50 100
V2
The various resistances of the bulbs = —

2 2 2

(157 (15) ,(15) =45, 22.5, 15.

10 10 15

Since two resistances when used in parallel have resistances less than both.

The resistances are 45 and 22.5.

Resistances are

i1><20=i2><10
_ h_10_1
i, 20 2 200 b
i =4' mA, i, =8 rr'1A A i=12mA 5KQ i=12mA B
Current in 20 KQ resistor = 4 mA 100KQ
Current in 10 KQ resistor = 8 mA p 100
Current in 100 KQ resistor = 12 mA
\% =V1+V2+V3
=5KQx12mA+10 KQ x 8 mA + 100 KQ x 12 mA
=60 + 80 + 1200 = 1340 volts.
R1=R, i1=5A
10R .
= , o = B6A
27 10+R’ 7
Since potential constant,
i1R1=i2R2
— 5xR= 6x10R
10+R
= (10+R)5=60
=5R=10=R=2Q.
AW
.——l\/\;\/\,— ’ A —e <+——> © MWV °
a b a b
MWV
Eq. Resistance = /3.
15x5 15 15x5x15
6 6 __ 6x6 2 X
3) Ret= 15,5 15~ 75+15
—_— F C
6 6 6
15x5x15 25 1o
= 22X _2 22080 A B
6x90 12

b) Across AC,
15X4><15X2 15x4x15x2

Ry = 6 6 _ 6x6
© 15><4+15><2 60+ 30
6 6 6
- 15x4x15x2 :E =3.33 Q.
6x90 3
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32.

33.

34.

35.

c) Across AD,

15><3X15><3 15x3x15x%x3
Reg = 6 6 _ 6x6
© 15><3+15><3 60 +30
6 6 6
_ 15x3x15%x3 :1_5 -3750.
6x90 4

a) When S is open
Req = (10 +20) Q2 = 30 Q.
i = When S is closed,
Req =10 Q
i=(3/10)Q=0.3 Q.
a) Current through (1) 4 Q resistor =0
b) Current through (2) and (3)
netE =4V -2V =2V
(2) and (3) are in series,
Rsf=4+6=10Q
i=210=02A
Current through (2) and (3) are 0.2 A.
Let potential at the point be xV.
(30 -x) =101y
(x=12)=201i,
(x—2)=30i;
iy =i+ i3
30-x x—12+x—2
10 20 30

= 30-x :—X_12+—X;2

3x-36+2x-4
6
= 180 - 6x =5x—-40
= 11x=220=>x=220/11=20 V.
30-20
10
_20-12
20
20-2_6 _p6a
30 10
a) Potential difference between terminals of ‘a’is 10 V.
i througha=10/10=1A
Potential different between terminals of bis 10— 10=0V
i through b=0/10=0 A

= 30-x=

=1A

i1=

=04A

i3=

b) Potential difference across ‘a’ is 10 V
i througha=10/10=1A
Potential different between terminals of bis 10— 10=0V
i throughb=0/10=0A

200
100
S
| l3V
| I
40
MW
40 60
4V 2V
iz 20 12
—>—NVW—— b
a 10, XO
—AW—>—
30
is 30 2
——AMWWW——0 i
10V 10V
a
10Q
100
MW
b
b
A
v
10
1oy S10 VS =ov
a [
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36. a) Incircuit, AB ba A

37.

38.

E2 + |R2 + i1R3 =0

In circuit, i1R3 + E1 - (l - i1)R1 =0
= i1R3 + E1 —iR1 + i1R1 =0

[iR2 +i1R3 =-E5]Ry
[[(Ry—i1(R1+ R3) =E4] R,

iR2R1 + i1R3R1 = —E2R1
iR:R1—i1R2(R1+R3)  =E1 Ry

iRsR1 + i1RR¢ +i1R2R3 = E4Ry; — E5Ry4

= i1(RsR1 + RoRy + RoR3) = B4R, — EoRy

o ER, -E,R,
==
Ei_E
E1R2R3 - E2R1R3 _ R1 R2

RsRi+RR +RR; | 1 1 1

b) .. Same as a

In circuit ABDCA,
hW+2-3+i=0
= i+ik—1=0 (1)
In circuit CFEDC,
(i—-iy)+1-3+i=0
= 2i—i1—-2=0 ...(2)
From (1) and (2)
Ji=3=i=1A
ih=1—-i=0A
i—-ih=1-0=1A
Potential difference between A and B
=E-ir=3-11=2V.
In the circuit ADCBA,
3i+6i1—45=0
In the circuit GEFCG,
3i+6i1=45 = 10i—-10i;—-6i;=-3
= [10i — 16i, = -3]3 (1)
[3i + 6i1 =4.5] 10 ...(2)
From (1) and (2)
—-108 i, = -54

3i+6x%-45=0
3i-15=0=i=0.5.
Current through 10 Q resistor = 0 A.

10 3v
'_F
i—i
D c
i 3G 4 e
I
A 1T 45v B
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39. In AHGBA,
2+(i—-iy)—2=0
= i—i1=0
In circuit CFEDC,
—(y—i)+2+i,-2=0
= =i +i,=0=2i,—i;=0.
In circuit BGFCB,
—(1—i)+2+(1—i)-2=0
= 2i1—i—i2=0
= i1—i2=0

= i1—i+i1—i2=0
= i1—(i—i1)—i2=0
Lii—ip=0

From (1) and (2)
Current in the three resistors is 0.

40.
) *
10 5
I
| I
For an value of R, the current in the branch is 0.
41. a) Reg = M
(2r/2)+r
_r_r
2r 2

b) At O current coming to the junction is current going from BO = Current

going along OE.
Current on CO = Current on OD

Thus it can be assumed that current coming in OC goes in OB.

Thus the figure becomes

rr 2r 8r
r+| — |+r|=2r+—=—
{ [3rj } 3 3

(8r/6)x2r _8r’/3 _ 8r*

eff

42.

6 8r _

X — —_ =

(8r/6)+2r 20r/6 3 20 10

r
+—>
.
o MW

s
ab

AW{ v 2 r A‘/\MFS(
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43. a) Applying Kirchoff's law,
10i—-6+5i—-12=0

44,

45.

10i + 5i = 18
15i = 18
18 6 _

u 4y

15 5

O
-

= 10i+5i=18
= 151 =18
_18_6

=i - =12A

15 5

Potential drop across 5 Q resistor =6 V
Potential drop across 10 Q resistor = 12 V

i=—==—=12A.

Potential drop across 5 Q resistor,

i5=12x5V=6V

c) Potential drop across 10 Q resistor
i10=12x10V=12V

d) 10i-6+5i—-12=0

Taking circuit ABHGA,

—t—+—=V
3r 6r 3r

:(nglJr:V
3 6
:V:ﬁr
6

V 5

= Regg= —=—

T r

Rett = 5——=
—+r+r
(5or]

4r

Ry =—+r=—

eff 3 3
2r

Ry =—-=r

eff 2
r

Ry =—

eff 4

100 12V 50 6v

12v. 8V g

R

B e c
in /1.
i6
R Y ii6
A i D
yie v
\4
i3 WO .
L G
s 3 i3
E g ile F
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46.

47.

r
MW
Reff =r r r r a b
—>
a r b
MWV
1 1 1 1

a) Let the equation resistance of the combination be R.

2R
(R+2J+1:R Gv—l— 2 2 2

2R+R+2
R+2

= R°-R-2=0
+1+1+4.12 1+/9 1+3
2.1 22
6

Total current sent by battery = = s =3
Ret 2

=R=3R+2=R*+2R

= R= =2Q.

O
-~

Potential between A and B
3.1+2.i=6

3+2i=6=2i=3

i=15a

In circuit ABFGA,
it50+2i+i—-4.3=0

50i; + 3i=4.3 ..(1)

In circuit BEDCB,

50i, — (i—i41)200=0

50i, — 200i + 200i; =0
250i;—200i=0

50i, —40i=0 ...(2)
From (1) and (2)

43i=4.3 =i=0.1
_ 4x0.1

2y

U

Uyl

5i1=4xi=4x01 =iy =0.08 A.

Ammeter reads a current =i =0.1 A.

Voltmeter reads a potential difference equal to i1 x 50 = 0.08 x 50 =4 V.
b) In circuit ABEFA,

50|1 + 2|1 +1i—-43=0

= 52i;+i=43 A4_|4-3 A F
= 200 x 52i; + 200 i = 4.3 x 200 ..(1) 1
In circuit BCDEB, e @2 .
(i—i1)200 — ;2 — ;50 = 0
= 200i — 200i; — 2i; — 50i;=0 cLise R
= 200i — 252i; =0 .(2) - 200
From (1) and (2)
i1(10652) = 4.3 x 2 x 100
= 4.3x2x100 =0.08
10652

i=4.3-52x0.08=0.14
Reading of the ammeter = 0.08 a
Reading of the voltmeter = (i —i;)200 = (0.14 — 0.08) x 200 = 12 V.
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48.

49.

50.

51.

_ 100 x 400

a) Rgg= ————+200 =280
500
= 24 _
280

100i = (0.3 —i) 400
= i=12-4i
= 5i=1.2=1i=0.24.

Voltage measured by the voltmeter = %

b) If voltmeter is not connected
Re = (200 + 100) = 300 Q
84

i=— =028A
300

Voltage across 100 Q = (0.28 x 100) = 28 V.

Let resistance of the voltmeter be R Q.
Ry = —50R ,R,=24
50+R
Both are in series.
30 = V1 + V2
= 30= |R1 + |R2
= 30 - |R2 = |R1
30

= iRy =30-
1+R,

50R

= 18= 30 50R
50+R( +24j

50+R

30(50R)

_ 18- 30{ 50R x (50 +R) J

(50 +R)+ (50R + 24)(50 + R)

_ 30x50xR
> 18=—— =
74R +1200

~ 50R +1200 + 24R

= 18(74R + 1200) = 1500 R

= 1332R + 21600 = 1500 R = 21600 = 1.68 R

= R=21600/168 = 128.57.
Full deflection current = 10 mA = (10 x 10"3)A
Reit = (575 + 25)Q = 600 Q
V=Rgxi=600x10x10°=6V.
G=25Q,lg=1ma,1=2A,S=7?
Potential across A B is same

25x107°%=(2-107)s

g= 256x107° 25x107

2-1073 1.999
=125x10°=1.25x 102

84V
_||
A\ 4
03 iy 1000
4000
30
50 R
24
MW
10mA 5750 250
»> M AMAN
v
||
|I
-3 25
A B
> M
2-107 S
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52.

53.

54.

55.

Rer = (1150 + 50)Q2 = 1200 Q 500 1.15KQ
i=(12/1200)A =0.01 A
(The resistor of 50 Q can tolerate) 12
Let R be the resistance of sheet used.
The potential across both the resistors is same. 0.01 m
0.01 x50=1.99 xR )
0.01x50 50 L > AMMWNW— |
> R=——=—=0.251Q. _0.01=
1.99 199 2-0.01=1.99
If the wire is connected to the potentiometer wire so that % :%, then according to wheat stone’s
DB

bridge no current will flow through galvanometer.
Rag _Lag 8 _2 (Acc. To principle of potentiometer). 80 120
RDB LB 12 3 _IVWV 'V\/V‘v

|AB+|DB=400m I—(;)
= lDB 2/3 + lDB =40 cm A = B
= (2/3 + 1)Ipg = 40 cm I
= 5/31Ipg =40 = Lpg = % =24 cm.
las = (40 —-24) cm = 16 cm.
The deflections does not occur in galvanometer if the condition is a balanced 60 RO
wheatstone bridge. v MW
Let Resistance / unit length =r.
Resistance of 30 m length = 30 .
Resistance of 20 m length = 20 r.

] 6 30r “———30—>e20—
For balanced wheatstones bridge = — = —
R 20r
— 30R=20x6=R=220_yq
a) Potential difference between Aand Bis6 V.
. : | 6V
B is at 0 potential. 1
Thus potential of A pointis 6 V. R, 5 R
2 1

The potential difference between Acis 4 V. A C
VA — VC =04 Y
Ve=Va-4=6-4=2V. _|

b) The potential at D = 2V, Vop =4V ; Vgp = OV
Current through the resisters Ry and R, are equal.

Thus, 4 = 2
= Ri . 2
R,
= L 2 (Acc. to the law of potentiometer)

2
|1 +|2=100 cm

= I1+|i =1000m:>%=100cm
2 2

= Iy = % cm = 66.67 cm.

AD = 66.67 cm
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56.

57.

58.

c) When the points C and D are connected by a wire current flowing
through it is 0 since the points are equipotential.

d) PotentialatA=6v
PotentialatC=6-7.5=-15V

c
The potential at B = 0 and towards A potential increases. _| W

Thus —ve potential point does not come within the wire.

. . 15r
Resistance per unit length = — P_| E r Q
15 iy ) i &
For length x, Rx = O x ARz RS M g
6 i A E/2 i>
a) For the loop PASQ (iy + ig% rx + % 6-x)iy+itR=E ...(1) W r T
. 15 . .
For the loop AWTM, —i,.R — 3 rx (i1 +i2) = E/2
. 15 S
=R+ Frx(|1+|z)=E/2 ..(2)
. . 15 . . E
For zero deflection galvanometer i, = 0 = 3 rx.ip=E2=i= T
X .
Putting iy = 5i and i; = 0 in equation (1), we get x = 320 cm.
X-r
. . . . 3E
b) Putting x = 5.6 and solving equation (1) and (2) we get i, = oo
r
In steady stage condition no current flows through the capacitor.
Rer=10+20=30Q BpF
_ 2 1 A
" 30 = EA 100Q 200
Voltage drop across 10 Q resistor =i x R v |
|y
=1 0-10_2y B
15 15 3

Charge stored on the capacitor (Q) = CV
=6x10°x2/3=4x10°C=4puC.
Taking circuit, ABCDA, 100 100
10i +20(i—iy)—5=0
= 10i + 20i - 20i1—-5=0
= 30i-20i,-5=0 (1)
Taking circuit ABFEA,
20(i—iy)—5-10i, =0
= 10i - 20i, - 10i1—5=0
= 20i-30i1—-5=0 ..(2)
From (1) and (2)
(90-40)i;=0
= i1=0
30i-5=0
=i=5/30=0.16 A
Current through 20 Q is 0.16 A.
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59.

60.

61.

62.

63.

At steady state no current flows through the capacitor.

3x6 1uF 2uF
w0 3e =20 I I
2
=85 o
2 204 | 6V
Since current is divided in the inverse ratio of the resistance in each 1 I
branch, thus 2Q will pass through 1, 2 Q branch and 1 through 3, 3Q @Y 4 3
branch F AN £ M D
Vag=2x 1=2V. '°‘ﬁF 4ﬁF

Qon 1 uF capacitor=2x1 uc=2puC
Vec =2 x 2=4V.

Q on 2 puF capacitor=4 x2 nc =8 uC
Vpe =1 x 3=2V.

Q on 4 uF capacitor =3 x4 uc =12 uC
Vee=3x1=V.

Q across 3 uF capacitor = 3 x 3 uc = 9 nC.

Ceq =[B ufp 3 uf)s (1ufp 1 uf) p (1 pf)

=[(3+ 3)uf's (2uf] p 1 uf w5 o
=3/2+1=5/2 uf _|::|_“_|::|_
V=100V A | | C
Q=CV =5/2 x 100 = 250 pc I
Charge stored across 1 uf capacitor = 100 pc 1
Ceq between A and Bis 6 uf = C —WW {—ww
20Q 100V 10Q

Potential drop across AB=V =Q/C =25V
Potential drop across BC =75 V.
a) Potential difference = E across resistor

c
b) Current in the circuit = E/R '_,\,\RM,_| E

c) Pd. Across capacitor = E/R

d) Energy stored in capacitor = %CE2

2
e) Power delivered by battery =E x| = E x% = %

2
f) Power converted to heat = %

A=20cm?=20x 107 m?

d=1mm=1x10"m:R=10KQ

EcA  8.85x107%x20x10™*
d 1x1073

_ 8.85x107'?x2x107°
1073
Time constant = CR = 17.7 x 1072 x 10 x 10°
=17.7x10°%=0.177 x 10° s = 0.18 ps.
C=10puF=10"F,emf=2V
t=50ms=5x107s,q=Q(1-¢e "%
Q=CV=10"x2
q=126x10"°F
= 126x10°=2x 107 (1-e 5107 /R107)

C=

=17.7 x 1072 Farad.
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64.

65.

66.

67.

68.

126x10° _,  540%/Ra0

2x107°
= 1-0.63= g >0/R
_, 28000 _, 637
R
_ 5000
0.9942
C=20x10°F,E=6V,R=100Q
t=2x10"sec
q=EC (1-¢e™%%

= 5028 Q = 5.028 x 10°Q = 5 KQ.

—2x107°
= 6><20><10’6 (1_e100x20x10’6)
=12x10°(1-e")=712x063x10°=7.56 x 107
=75.6 x 10° =76 pc.
C=10puF,Q=60uC,R=100Q
a) att=0,q9=60 pnuc
b) att=30 ps, q=Qe "R
=60 x 10° xe%* =44 pc
c) att=120ps,q=60x 10° xe =18 pc
d) att=1.0ms, q=60x 10° x €'°=0.00272 = 0.003 pc.
C=8uF,E=6V,R=240Q
a) 1=Y_5 _525n
R 24
b) q=Q(1-¢"7)
=(8x10°x6)[1-c"1=48x10°%x0.63=3.024 x 107
v Q_3024x10° .
C 8x10°®
E=V+iR
= 6=3.78+i24
= i=0.09A
A=40m*=40x10"*
d=01mm=1x10"*m
R=16Q;emf=2V
EoA  8.85x1072x40x10™

C= =354x10""F
d 1x1074
Now, E = i“_e—t/RC): Ccv (1_e—t/RC)
AE, AE,
35.4x107""x2 H_e76)

T 40x10* x8.85x10 12
=1.655x10*=1.7 x 107 V/m.
A=200m2,d=1mm,K=5,e=6V

R=100x10°Q,t=89x10°s
_ KE,A _5x8.85x10?x20x107*
d 1x1073
_ 10x8.85x107° x107"
1073

C

=88.5x 1072
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69.

70.

71.

72.

73.

q=EC(1-e""%)
—-89x10°°
=6 x 88.5 x 1072 |1—g885x107x10° | = 530,97

1 500.97x530

Energy= —x———————

=3 88.5x107"2

— 53097)(53097)(1012
88.5x2

Time constant RC = 1 x 10° x 100 x 10° = 100 sec
a) q=VC(1-e"")
| = Current = dg/dt = VC.(-) e %%, (-1)/RC
_V _yre_ V 24 1

R " R.e!/RC 108 !/100
=24 x107° 17"
t =10 min, 600 sec.
Q=24 x10+-4 x (1 - =23.99x 10"
24 1 8
= 2 . =59x10°Amp..
10° e P
b) q=VC(1 —e R
Q/2 =Q(1-eR

1_ — &7VORy

= L _jog2 =n=069.
RC

q - Qe—t/RC

qd=0.1%Q
=1x107°Q

So,1x10°Q=QxeR°

= e =In107

= t/RC =—(-6.9) = 6.9

RC = Time constant

q=Q(1-¢e™M
2 2
1Q° _ hitial value : 19 = Final value
2 C 2c
2 2
19 ,_1Q°
2 ¢ 2C
= q2:Q_23q:g
2 V2
Q N
— =Q(1-e™)
2
1 . 1
= ——=1-e" =me"=1-——
2 V2
= n= Iog{ij =1.22
V2 -1
Power = CV2=Q x V

Now, % —QV x g RC

Y 4
T VIR
a
E 5.9xx10%amp
£
= o . X
t (insec —») 10 min
Y

23.94x107'C

> X

t (insec —») 10 min
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— Y= e—t/RC
= t =-In 0.5
RC
= —(-0.69) = 0.69
74. Letatanytimet,q=EC(1-e
i ~ EZCZ

—t/CR
)

2
E = Energy stored = (1-e /Ry = EC C(1 —e V/CRY
2c 2c 2
_E2C( _1)? 2
R = rate of energy stored = dE = E C(—1) (1-e /Ry t/RC _ E—-e’”RC (1-eV/CR)
dt 2 \RC CR
drR _ E_z[iet/CR (1= CR) 4 (). g V/CRI-IRO) .e—t/CR}
dt 2R|RC
g :(_e—t/CR N g2t/CR +L.e-2t/CRj :E_z[i‘e_zmm - e—t/CRj )
2R RC RC RC 2R\RC RC
For Rpax dR/dt=0 = 2.6 1=0= "R =112
= —t/RC=-In>=t=RCIn2
. : : dR E?
.. Putting t = RC In 2 in equation (1) We get — =—.
g q (1) g dt _ 4R
75. C=12.0pF=12x10"°
emf=6.00V,R=1Q
t=12pc,i=ig g /RC
-6
=C—V><eit/RC:12X1O >6<6Xe,1
12x10”
=2207=2.1A
b) Power delivered by battery
We known, V = V, e 7€ (where V and V, are potential VI)

VI =Vl eRC
= VI=Vixe =6x6xe' =13.24 W
2

cVv?, _ cVv
C) U= T (e t/RC)Z [

_12x10x36 [ 42
_776X(e )
12x10

= energy drawing per unit time]
=4.872.

76. Energy stored at a part time in discharging = %Cvz(e’”RC )

Heat dissipated at any time
= (Energy stored at t = 0) — (Energy stored at time t)
. 1c:v2(—e-1 )2 = lc:v2(1 —e?)
2 2 2

77. J.iszt _ J'ig Re2t/RC gt — igRJ'e-zt/Rcdt

CcVv? -

= i2R(-RC/2)e?!/RC :%CiSRze’z“ RC - %c:v2 (Proved).
78. Equation of discharging capacitor

1
-tre _ K& AV (PR A)Ad _ Kegy AV o t/oKe,

= g€
o d d

~1=pKe
. Time constant is pK e, is independent of plate area or separation between the plate.
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Electric Current in Conductors

79.

80.

81.

82.

83.

84.

q=qo(1-e")

—0.2x10°
=252 +2)x 107° (1 — @25:4x10° )
=24 x10° (1-€7?)=20.75
Charge on each capacitor = 20.75/2 = 10.3

In steady state condition, no current passes through the 25 uF capacitor,

. Net resistance = 1079 =50Q0.

Net current = —

Potential difference across the capacitor = 5
Potential difference across the 10 Q resistor
=12/5x10=24V

q =QE ) =V x C(e"% = 24 x 25 x 10 [ 110°/10x25x10* |
=24x25x10° e =24 x25x10°x0.0183=10.9x 10°C
Charge given by the capacitor after time t.

-6
Current in the 10 Q resistor = w =11mA..

1x107% sec
C=100 puF,emf=6V,R=20KQ,t=4S.
LA _YRC —t 4
Charging: Q=CV(1-e ) [RC_2x104x10*‘}
=6x10"(1-e%)=5187x10"C=Q
Discharging : g = Q(e "URC) 5184 x 10 x e
=0.7x 10 C =70 pc.

c.C
C — 12
7 C,+C,
. c.C .
Q=CE(1-e")= 2122 E(1-e'F¢
off E( ) C.+C, ( )

Let after time t charge on plate B is +Q.
Hence charge on plate Ais Q —q.

Q-
VA= Tq’VB= q

c
VA Ve Q—2q
R CR
CR

Current =

Current =

t

_dq

= j -
Q-2q RC Q-2q RC

%_—_Z.t
Q RC
= Q-2q=Qe?° = 2q=Q(1-e%F%

1
= ~Min@-29)-IQ]= -t = |
5 IN(Q-20)-InQ = =~ n

= q= %(1_6—2“RC)

10Q

The capacitor is given a charge Q. It will discharge and the capacitor will be charged up when

connected with battery.
Net charge at time t = Qe™/R¢ + Q(1-e"/R¢).
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6.

CHAPTER - 33
THERMAL AND CHEMICAL EFFECTS OF ELECTRIC CURRENT

i=2A, r=25Q,

t =1 min =60 sec

Heat developed = i RT = 2 x 2 x 25 x 60 = 6000 J

R =100 Q, E=6v

Heat capacity of the coil = 4 J/k AT =15°c

2
Heat liberate = % =4 J/IKx 15

6x6
=
100

xt=60 = t=166.67 sec = 2.8 min

2
(a) The power consumed by a coil of resistance R when connected across a supply vis P = Vﬁ

(b)IfP=1000w then R=-— ="' =6250
f=1%x10"°0m P =500 W E=250v

(b)A=05mm?=05x10°m*=5x 10" m?

-7
- A —|=%=M:625x10_1=62_5m

(c) 62.5 = 2nr x n, 625=3x314x4x10°xn
_ 62.5 _ 62.5x107°
= — Dn_ _

2x3.14x4x10° 8x3.14

V =250V P=100w

_vZ (250)?

= 2500 turns

=625 Q \f
P 100 T

10
06

=0.034 O 10 cm

Resistance of wire R = ﬂ =1.7x10% x
A 5x1

.. The effect in resistance = 625.034 QO

.. The current in the conductor = X = & A
R 625.034

220

2
———— | x0.034
625.034

.. The power supplied by one side of connecting wire = [

2
.. The total power supplied = _220 x0.034x2 =0.0084 w = 8.4 mw
625.034

E=220v P=60w

2
R = V© _ 220x220 _ 220 x11 o

P 60 3

2

(a)E:180V sz_zw=4016z4()w

R 220 x11
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Thermal & Chemical Effects of Electric Current

10.

11.

(b)E=240v P=—=——""=714=71w

R 220 x11
Output voltage = 220 + 1% 1% 0f220V=22v

2 2
The resistance of bulb R = VE (2207 484 Q
P 100
(a) For minimum power consumed V,; =220 — 1% =220-2.2 =217.8
=V 2178 0.45A
R 484

Power consumed =i x V; = 0.45 x 217.8 =98.01 W
(b) for maximum power consumed V, = 220 + 1% =220 + 2.2 = 222.2

=—==—"—=0459
R 484
Power consumed =i x V, = 0.459 x 222.2 =102 W
V=220v P=100w
2
R = v - 220x 220 - 484 O
P 100
P=150w V= 4PR = 4J150x22x22 = 224150 =269.4=270vVv
2
P =1000 V=220v R=V—=w=48.4§2
P 1000

Mass of water =

10 «1000 = 10 kg

Heat required to raise the temp. of given amount of water = msAt = 10 x 4200 x 25 = 1050000

2
Now heat liberated is only 60%. So V? x Tx60% = 1050000

2
(220)° 60+ - 1050000 = T = 19990 . 1 (b = 29.16 min.
48.4 100 6 60
Volume of water boiled = 4 x 200 cc = 800 cc
T, =25°C T, =100°C =T,-T;=75°C

Mass of water boiled = 800 x 1 = 800 gm = 0.8 kg

Q(heat req.) = MSA0 = 0.8 x 4200 x 75 = 252000 J.
1000 watt — hour = 1000 x 3600 watt-sec = 1000x 3600 J
No. of units = 252000 _ 0.07 =7 paise
1000 x 3600
(b) Q =mSAT = 0.8 x 4200 x 95 J

0.8x 4200 x 95

No. of units = ———— =0.0886 = 0.09
1000 x 3600
Money consumed = 0.09 Rs = 9 paise.
P=100w V=220v
Case | : Excess power = 100 —40 =60 w
Power converted to light = 6060 _ 36 w
2
Case Il : Power = (220 _ 82.64 w
484
Excess power = 82.64 — 40 = 42.64 w

Power converted to light = 42.64 x % =25.584 w
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Thermal & Chemical Effects of Electric Current

12.

13.

14.

15.

16.

17.

AP =36 —25.584 = 10.416

10.416

Required % = x100 =28.93 =29%

6 12 6 10

12 , 5 |
R= 2411=2 - =12 Amp.
"CET T2 G2 "5 ™

12 | el

i'6=(—-i"2=>i"6=—x2-2i i
5 \v/
8i’=ﬁzi’= 24 =§Amp 2.9
5 5x8 5 i’
|_|’=E_§=3Amp
5 5 5

(a) Heat = RT=§X§X2X15XGO = 5832

2000 J of heat raises the temp. by 1K
5832 J of heat raises the temp. by 2.916K.
(b) When 6Q resistor get burnt Rgg=1+2=3 Q
._ 6
i= i 2 Amp.
Heat=2 x 2 x 2 x15 x 60 = 7200 J
2000 J raises the temp. by 1K
7200 J raises the temp by 3.6k
6 =0.001°C =—46 x 107 v/deg, =—0. 48 x 107 v/deg?
Emf = agjag 0 +(1/2) bgiag 6° = —46 x 107° x 0.001 — (1/2) x 0.48 x 10™° (0.001)°
=—-46x10°-0.24 x 107'? = - 46.00024 x 10°=-4.6 x 10° V
E = ang0 + bagb’ acuag = Acupb — bagey = 2.76 — 2.5 = 0.26 pv/°C
bcuag = beupb — bages = 0.012 - 0.012 pve =0
E = angd = (0.26 x 40) pV = 1.04 x 10° V
6=0°C
AcyFe = Acupb — Arepp = 2.76 —16.6 = — 13.8 uv/°C
Bcure = boupb — brepp = 0.012 + 0.030 = 0.042 pv/°C?
Neutral temp. on _a_ 138 °C =328.57°C
b 0.042
(a) 1eq. mass of the substance requires 96500 coulombs
Since the element is monoatomic, thus eq. mass = mol. Mass
6.023 x 10% atoms require 96500 C
96500
6.023 x10%
(b) Since the element is diatomic  eq.mass = (1/2) mol.mass
. (1/2) x 6.023 x 10% atoms 2eq. 96500 C

1 atoms require cC=16x10"C

= 1 atom require = &OXZB =32x107"°C
6.023x10
At Wt. At = 107.9 g/mole
I =0.500 A
Eag=107.9¢ [As Ag is monoatomic]
Zpg = E_1079 =0.001118
f 96500

M = Zit =0.001118 x 0.5 x 3600 = 2.01
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Thermal & Chemical Effects of Electric Current

18.

19.

20.

21.

22.

23.

24,

t=3 min =180 sec w=2g
E.C.E=1.12x 10°kg/c
=3x10°=1.12x10°xix 180

-3
—i=—>x10 =1 107 =15 Amp.
1.12x107° x180 6.72
H—2—>Zg 1L—>i
22.4L 22.4
m = Zit 2 o 1 s T2 2 96500 _ 1735 21 sec ~ 28.7 min = 29 min,
22.4 96500 22.4
wi=Zit =1z —"M L 2.15x3600 = mm= —>x98900 _ _ 558 gimole
3x96500 2x1.5x 3600
5 _ Wy N 107.9 - Wy Wy = 107.9x3 =12.1gm
E, w, (m 1 26.8
3
I=15A Surface area = 200 cm? , Thickness = 0.1 mm

Volume of Ag deposited = 200 x 0.01 = 2 cm” for one side
For both sides, Mass of Ag=4 x 10.5=42¢g

Zpg = E_ 1079 m=ZIT
F 96500
=42 = 107.9 x15xT = T= M =2504.17 sec = 41.73 min = 42 min
96500 107.9x15 "
W=Z|t [’V\—‘ <>
268= 2979 i 10x60 J
96500
3I=M=399=4Amp
107.9x6 ] I}

Heat developed in the 20 Q resister = (4)% x 20 x 10 x 60 = 192000 J = 192 KJ
For potential drop, t = 30 min = 180 sec
Vi=V;+iR=>12=10+2i=i=1Amp

I )
96500

x1x30x60 =2.01g=2g

A= 10 cm?x 107cm?
t=10m=10x10"°
Volume =A(2t) =10 x 10 x2x10x10°=2x10°x 10"°=2x10° m®
Mass =2 x 107 x 9000 = 18 x 10™° kg
W=ZxC=18x10°=3x10"xC
-5

q= 18><1077 — 6% 102

3x10
w
q

V= — ==W=Vq=12x6x10°=76x 10°=7.6 KJ

fooohoh bR
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CHAPTER - 34
MAGNETIC FIELD

q=2x1.6x10"°C, v=3x10"km/s =3 x 10" m/s
B=1T,F=qBu=2x1.6x10""x3x10"x1=9.610"2N. towards west.
KE =10Kev=1.6x10"°, B=1x10"T
(a) The electron will be deflected towards left
(b) (1/2) mV* =KE = V = KE x2 F = qVB & accln = avB
m me .,
B
. 1 qVB x? _ gBx?
Applying s =ut+ (1/2) at? = —x ——x - =
pplying (172) 5 m. V2 Y

_ gBx? 1 1.6x107"0 x1x1077 x1?
B KEx2 2. 1.6x10 15 x2 "
2m 9.1><1031><\/' X x
Vom 9.1x 10~

By solving we get, s =0.0148 = 1.5 x 107 cm
B=4x10" T (K)

F=[4i +3] x107"°]N. Fy=4x10"°N Fy=3x10"°N
Q=1x10"°C.
Considering the motion along x-axis i—
F 4x107"0
Fx=quVy\B=> Vy= — = =100 m/s
TAEE YT B T 110 9 x4x 10

Along y-axis

-10
FY=quB:>Vx=L= 3x10 =75m/s

gB  1x10°x4x1073
Velocity = (—75? +100 ]) m/s

B=(7.0i—3.0j)x10°T

a = acceleration = (i + 7j) x 107° m/s”

Let the gap be x.

Since B and a are always perpendicular

Bxa =0

= (7xx10°x10°-3x10°7x10°%=0
=7x-21=0=x=3

m=10g=10x 10" kg
q=400mc=400x10°C

v =270 m/s, B =500 ut = 500 x 107 Tesla
Force on the particle = quB = 4 x 107° x 270 x 500 x 107° =54 x 107 (K)
Acceleration on the particle = 54 x 10™° m/s? (K)
Velocity along i and acceleration along k

along x-axis the motion is uniform motion and

along y-axis it is accelerated motion. a
Along — X axis 100 =270 xt=>t= %

Along — Z axis s = ut + (1/2) at® v
=s= % x 54 x 107 x gx % =3.7x107
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Magnetic Field

10.

1.

12.

gp= €, mp =m, F=gpxE

ma
or mag = eE or, E= —=0 towards west
e

The acceleration changes from a, to 3a,

Hence net acceleration produced by magnetic field B is 2ay.
Force due to magnetic field

=§=mXZao=eXVOXB

2mag

=B= downwards
eV,
I=10em=10%x10"m=10" m
i=10A, B=0.1T, 0 =53°

F| =iLB Sin 6 =10 x 107" x0.1 x 0.79 = 0.0798 = 0.08
direction of F is along a direction Lr to both | and B.
F=iB=1x0.20x0.1=002N

For F =il x B

So, For

da & cb —» | x B =1 B sin 90° towards left

Hence F 0.02 N towards left
For

dc&ab — F =0.02N downward
F=ilB Sin6

= iIB Sin 90°

=i 2RB

=2x(8x107%) x 1

=16 x 107

=0.16 N.
Length =1, Current = i
B =Bo(i+]+K)T = Byi +Byj +BokT
F=11xB =11i x Byi+B,j+Bok
=11Bgixi+IByixj+IByixk =I1BoK —11Byj

or, H = 212%B,2 = V211B,

i=5A, I=50cm=0.5m
B=02T,

F =ilB Sin 6 = iIB Sin 90°
=5x05x0.2

=0.05N

(1)

| =2na

Magnetic field = B radially outwards
Current= 7

F=ilxB

=ix (2nax B)

® = 2nai B perpendicular to the plane of the figure going inside.

ao

53°

X X x X
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Magnetic Field

14.

15.

16.

17.

18.

19.

20.

21.

B =Boe,
e_r' = Unit vector along radial direction
F=i(IxB)=ilBSino
_ (2mra)Bya _ i2ma’By
\/a2 +d? \/a2 +d?
Current anticlockwise EAEEES

Since the horizontal Forces have no effect.
Let us check the forces for current along AD & BC [Since there is no I§]

InAD, F=0

For BC

F = iaB upward A

Current clockwise IRV VRV
Similarly, F = — iaB downwards Bx e x x x| x
Hence change in force = change in tension Y BY ¢

=iaB — (—iaB) = 2 iaB
F1 = Force on AD = i{B inwards
F, = Force on BC = ifB inwards
They cancel each other
F3; = Force on CD = iB inwards ®
F, = Force on AB = i{B inwards
They also cancel each other.
So the net force on the body is 0.
For force on a current carrying wire in an uniform magnetic field
We need, | — length of wire
i > Current
B — Magnitude of magnetic field
Since F = itB
Now, since the length of the wire is fixed from A to B, so force is independent of the shape of the wire.
Force on a semicircular wire
= 2iRB
=2x5x%x0.05%x0.5
=0.25N
Here the displacement vector dl =2

'} ®B

ae eb

5A ®B=05T

5cm

So magnetic for i StdixB =ix AB

Force due to the wire AB and force due to wire CD are equal and opposite to each
other. Thus they cancel each other.

Net force is the force due to the semicircular loop = 2iRB

Mass = 10 mg = 10™° kg X
Length=1m Xg D
I1=2A, B=7?
Now, Mg =ilB

(a) When switch S is open 0
2T Cos 30° = mg + g T4
=_M9

2Cos30° P Q

«—20cm——

-3
_ 200x10°x98 _ .
2J(3/2)

=T
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Magnetic Field

22.

23.

24,

25.

26.

(b) When the switch is closed and a current passes through the circuit = 2 A
Then

= 2T Cos 30°=mg + ilB
=200%x10°9.8+2x02%x05=196+0.2=2.16
216x2

V3

=T= % =1.245=1.25

=2T= =2.49

Let ‘F’ be the force applied due to magnetic field on the wire and ‘X be == 2 == 020 =
the dist covered. . se e eeree e

So, Fx 1= pmg x x e 1
ibBl = b—t====7 b
=ipbBl=pmgx | l
_ ibBI e e
X=— — | —

umg
uR=F
=>uxmxg=ilB P X

:>u><10x10"3><9.8=%><4.9><10‘2><0.8 X

X1 [xX X[ X
XX X[ X

_ 0.3x0.8x1072 '

= > =0.12 Q X
2x10”

Mass = m
length =1 I

Current =i

Magnetic field = B = ?
friction Coefficient = p

iBl = umg l

=B= nmg
il
(@) Fy=ixdl xB towards centre. (By cross product rule)
(b) Let the length of subtends an small angle of 20 at the centre.
Here 2T sin6=ixdl x B
=2Te=ixax20xB [As 6 — 0, Sin 6 = Q]
=T=ixaxB di=ax20
Force of compression on the wire =ia B

:>%Y=L23d|=iz><L ‘
mr nr Y °©
_iaB 2ta _ 2na’iB
nr? Y nrlY

2na’iB

So,dp =

(for small cross sectional circle)
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Magnetic Field

27.

28.

29.

30.

31.

32.

B =Bo[1+?jk

f; = force on AB = iBg[1 + 0]l = iByl

f, = force on CD = iBg[1 + 0]l = iByl

f3 = force on AD = iBg[1 + 0/1]l = iBl
f, = force on AB = iBg[1 + 1/1]I = 2iBl
Net horizontal force = F, - F, =0
Net vertical force = F, — F3 = iBgl

(a) Velocity of electron = v

Magnetic force on electron

F =euB
(b) F=qE; F=euB
or, gE = evB
— eE = euB or, E =uB
o= -V
dr |
= V=IE=IuB
(a)i=VonAe
DV(): ;
nae
. iBI iB
b)F=ilB= — = — (upwards
(b) A TA (up )
(c) Let the electric field be E
Ee= B _g=_B_
An Aen
(d)d—V =E = dV = Edr
dr
=Exd = Ed
Aen
q=20x10"°C B=010T
m=20x10"g=2x10"g
L =2.0x10°m/
-13 3
=M _ 2x10 " %2107 _ 5 ;=20 cm
gB 2x107° x10~
-13
T= 2mm = 2><3.‘14><82><‘101 —6.28x 10 s
qB 2x107° x10~
my
r: —_—
gB
0.01="" (1)
e0.1
dmx V
= ...(2)
2ex0.1

(2)=(1)
r _ 4mVex0.
3 —
0.01 2ex0.1xmv
KE = 100ev =16 x 107" J
(1/2)x 9.1 x 10" x V2 =16x10""J
2o 161077 x2
9.1x 10~

=0.35x 10"

=% =2 =r=002m=2cm.

—>

y 3

v R B

A<—l|—>
X X X=X X X
X X X|[X X X
X X X||X X X
X X X—X X X
X X X X X
~— —
X X X X X X
X X X X X X
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Magnetic Field

33.

34.

35.

36.

or, V=0.591 x 10" m/s
muv  9.1x107°'x0.591x107 _ 10

Nowr= — = T 100
qB 1.6x107'° xB 100
-23
Lp= 21x0891 107 e 04 T~34x 104 T
1.6 107"°

2rm _ 2x3.14x9.1x107%

T: =
gB  1.6x107"x3.4x107*

No. of Cycles per Second f = %

__16x34 107x10"*
2x3.14x9.1° 107!

Note: .. Puttig B 3.361 x 10~ T We get f = 9.4 x 10°

=0.0951 x 108 = 9.51 x 10°

Radius = |, KE=K K
:ﬂ |=—2mk |
qB qB
B = v2mk
ql
V=12 KV e= VY Now,F=qE=ﬂ or,a=£=ﬂ
| | m ml
v=1x10°m/s
orV= \/2xﬂ>d= \/2><ﬂ><12><103
ml m
or1x10° = ,/2x&x12x103
m
=102=24x10°x 4
m
3
- m_ 24*320 =24 x 10~°
q 10
-9 6
p= MY o 2010 P40 45 u 102 m=120m
qB 2x10~
V =10 Km/ = 10* m/s
B=1T, q=2e.
(@)F=qVB=2x16%x10""%x10*x1=32x10""N
27 4 -23
(b)r = mV _ 4x1.6x10 1;10 _ox 10  —2x10%m
qB 2x1.6x107"7 x1 10
27
(c)Time taken = ﬂ - 2ntmv - 2nx4x1.6x10
v gBxv 2x1.6x1071° x1
=47 x10°=4x3.14x10°=1256 x 10°=1.256 x 10~ sex.
v=3x10°mis, B=06T, m=1.67 x 10 kg
F =quB gp=16x10"°C
or, &= F_ B
m m
_ 1.6x107"¥x3x10° x10”"
1.67x10°%

=17.245 x 10" = 1.724 x 10* m/s?
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Magnetic Field

38.

39.

(a)R=1n, B=05T, r= MV
gB
_9.1x10% xv
1=
1.6x107"7 x0.5
-19
v= 1020519~ 0579 x 10" ~ 8.8 x 10" mis
9.1x10"
No, it is not reasonable as it is more than the speed of light.
mv
b)r=—
(b) aB
_ 1.6x107% xv
1= " - "7
1.6x107"x0.5
-19
v= 10X10 05 _ g5 10°=5x 10" mis.
1.6x10~
mov

(a) Radius of circular arc = —
gB

(b) Since MA is tangent to are ABC, described by the particle. M N
Hence ZMAO = 90°

Now, ZNAC =90° [ NAis Lr]
..Z0AC = ZOCA = 6 [By geometry]
Then ZAOC=180-(6+6) =n—20

(c) Dist. Covered | =10 = %(n—ZG)

t= l = ﬂ(ﬂ _26)
v @B
(d) If the charge ‘q’ on the particle is negative. Then o
. . . _ mv N
(i) Radius of Circular arc = B X X X X
q 0 0
(i) In such a case the centre of the arc will lie with in the magnetic field, as seen x\ xX\~x X X

in the fig. Hence the angle subtended by the major arc = & + 26
X X X X X X

(iii) Similarly the time taken by the particle to cover the same path = %(n +260)
q

Mass of the particle =m, Charge =q, Width =d d—
mv /2 X X X X:G X X
(a)If d= q_B —>V -

The d is equal to radius. 0 is the angle between the
radius and tangent which is equal to ©/2 (As shown in the figure)

(b) If = % distance travelled = (1/2) of radius v
; g
Along x-directions d = Vyt [Since acceleration in this direction is 0. Force acts along VY@ Vx
] directions]
= 4 (1)
Vx

0+quyBt _ quyBt
m m

V\(:U\(+ayt=

From (1) putting the value of t, Vy = QuxBd
X
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Magnetic Field

40.

41.

42.

Tan@:v_yz qu = quVX =l
Vy mVy 29BmVy 2

=0=tan" [%j = 26.4 = 30° = 11/6

2mu
(c)d= —— v
aB A
Looking into the figure, the angle between the initial direction and final direction of velocity is .

u=6x10"m/s, B=05T, r{=3/2=15cm, r, = 3.5/2 cm
_mv _ Ax(1.6x107%)x6x10"
qB 1.6x1071°%0.5
=15=Ax12x10" X
15  _ 15000

S 12x1074 12 «
mu _ 35 _ A'x(1.6x10")x6x10"

r,= —

aB 2 1.6x107"°x0.5

_ a= 35x05x107° _ 35x0.5x10"
2x6x10* x107%' 12
A _ 15 12x10*

A" 12x1074 “35x05
Taking common ration = 2 (For Carbon). The isotopes used are c?andC™

6
7

V =500V B=20mT=(2x107°)T
E=X=@DF=@SG=@
d d d dm

—u’=2ad=2x 9500 xd=ul= 1000 xq —u= [1000 xq
dm m m

m/1000x g, _ mv1000 _ 57x1.6x10% x10°
dy/miB Ja; B V161071 x2x1072
m,,[1000xq, _ 4/m;v1000 _ 1000x58x1.6x10%

Go+/m,B 9, B V1.6x1071® x20x1073
ForK—-39:m=39x1.6x 107 kg, B=5x10"T, q=1.6x10"C, K.E =32 KeV.
Velocity of projection : = (1/2) x 39 x (1.6 x 1072') v® =32 x 10° x 1.6 x 107 = v = 4.050957468 x 10°
Through out ht emotion the horizontal velocity remains constant.

ry = =1.19%x10°m =119 cm

ry = =1.20%x 102 m =120 cm

= 0.01 = =24x 107" sec. [Time taken to cross the magnetic field]
40.5095746 8 x10
. . o qvB
Accln. In the region having magnetic field = —
m

_ 1.6x107"° x4.050957468 x10° x 0.5

39x1.6x10"%
V(in vertical direction) = at = 5193.535216 x 10% x 24 x 107 = 12464.48452 m/s.

Total time taken to reach the screen = 0.965 =0.000002382 sec.

40.5095746 8 x10°
Time gap = 2383 x 107 — 24 x 107° = 2358 x 107° sec.
Distance moved vertically (in the time) = 12464.48452 x 2358x 107° = 0.0293912545 m
V? = 2as = (12464.48452)% = 2 x 5193.535216 x 10° x S = S = 0.1495738143 x 107> m.
Net displacement from line = 0.0001495738143 + 0.0293912545 = 0.0295408283143 m
ForK—41:(1/2) x41x 1.6 x 107 v=32x10%1.6 x 107"° = v = 39.50918387 m/s.

= 5193.535216 x 10% m/s?
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43.

44,

45.

qvB _ 1.6x107"° x395091.8387 x 0.5

a= = 4818.193154 x 10® m/s?

m 41x1.6x107%7
t = (time taken for coming outside from magnetic field) = __001 25 x 107 sec.
39501.8387
V = at (Vertical velocity) = 4818.193154 x 10% x 10° 25 x 107° = 12045.48289 m/s.
(Time total to reach the screen) = __0965 0.000002442

395091.8387
Time gap = 2442 x 10° = 25 x 107° = 2417 x 107°
Distance moved vertically = 12045.48289 x 2417 x 107° = 0.02911393215
Now, V* = 2as = (12045.48289)° = 2 x 4818.193151 x S = S = 0.0001505685363 m
Net distance travelled = 0.0001505685363 + 0.02911393215 = 0.0292645006862
Net gap between K- 39 and K- 41 = 0.0295408283143 — 0.0292645006862
=0.0001763276281 m = 0.176 mm
The object will make a circular path, perpendicular to the plance of paper
Let the radius of the object be r

m_v2 = qu =r= m_V —_— A -

r gB B
Here object distance K= 18 cm. O -
1—lzl(lenseqn.): l—[LJ:i = v=36cm. U -
v u f v (-18) 12 -

Let the radius of the circular path of image = r’

!

So magnification = v.r (magnetic path = image height
u r

object height
Hence radius of the circular path in which the image moves is 8 cm.
Given magnetic field = B, Pd =V, mass of electron = m, Charge =q,

—r=Yy :>r’=§><4=80m.
18

Let electric field be ‘E’ ".E = % Force Experienced = eE
Acceleration = 6E _ eE Now, VZ=2xax$ [+- x=0]
m Rm
V= \/2><e><V><R _ \/ZeV
Rm m
Time taken by particle to cover the arc = 2rm 2n|;n
e
Since the acceleration is along Y’ axis.
Hence it travels along x axis in uniform velocity
2
Therefore, '=v x t= 1’2em X 2zm _ |8n"mV
m eB eB?
(a) The particulars will not collide if x N N
d= ri+rp
qB gB m v v —4a
X4+——g—> X
d= m =V, = q_Bd
2m
V
byv=-1o
(b) 5
Bd ) _d ” dar 4
dy=r +r=2| X989 | = @ min dist) *
2x2mxqB 2 y d N
d%
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Magnetic Field

46.

47.

48.

49.

Max. distanced,’ =d +2r=d + g = 3_2d
(c) V=2V,
= MoV _ Mx2xqBd : r, =d . The arcis 1/6
qB 2nxqB
(@) V= 22
2m

The particles will collide at point P. At point p, both the particles will have motion m in upward direction.
Since the particles collide inelastically the stick together.

Distance | between centres = d, Sin 0 = ZL
"

Velocity upward =v cos 90 —0 =V sin 6 = % gy
r iy
P

mv mv
— =qB=>r=—
r qB
Vsin6= —I = Ll— ﬂ =Vn
r ,Mmv. 2m
qgb
Hence the combined mass will move with velocity V,
B=0.20T, v="7? m=0.010g=10"kg q=1x10"°C
Force due to magnetic field = Gravitational force of attraction
So, quB =mg
=1x10°xpx2x10"=1x10"°x9.8
-5
L= 9.8x10° _ 49 m/s.
2x107®
r=05cm=0.5x10"m
B=04T, E =200 V/m
The path will straighten, if g = quB = E = M [-.r= %
2
:>E=_rqB :)&:izz 200 3 =2.5x1050/kg
m m BT 04x04x05x10"
Mp = 1.6 x 1072 Kg
v=2x10°m/s r=4cm=4x10"m

Since the proton is undeflected in the combined magnetic and electric field. Hence force due to both the

fields must be same.

i.,e.qgE=quB = E=uB

Won, when the electricfield is stopped, then if forms a circle due to force of magnetic field

We know r = my
gB
1.6x10727 x2x10°

=4x10°= 16,10 "9xB

1.6x107% x2x10°
=>B= 4,102x16x101° =05x107'=0.005T

E=uB=2x10°%0.05=1x 10* N/C
q=5uF=5%x10"°C, m=5x 1072 kg, V=1km/s =10°m/
6 =Sin"' (0.9), B=5x10"T

mv' _ mvsin® _  5x1072x10°x9

We have mv’2=qv’B r= — = = 5 3
qB gB 5x107° +5x10° +10

=0.18 metre
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50.

51.

52.

53.

Hence dimeter = 36 cm.,

2nr 2x3.1416 x0.1x41-0.51

——VvCos0 =
vsin0 0.9

The velocity has a x-component along with which no force acts so that the particle, moves with uniform velocity.
The velocity has a y-component with which is accelerates with acceleration a. with the Vertical
component it moves in a circular crosssection. Thus it moves in a helix.

B =0020T Mp= 1.6 x 107" Kg

Pitch=20cm=2x10"m

Radius=5cm=5x 102 m

We know for a helical path, the velocity of the proton has got two components 6, & 64

1.6x107%" x0,

Pitch = = 0.54 metre = 54 mc.

Now, r = m—eL:>5><10"2= 5 5
qB 1.6x107° x2x10"
-2 -19 -2
DeJ_=5><‘10 x1.6x10 27><2><10 =1 x10° m/s
1.6x10"
However, 04 remains constant
_ 2mm
qB

Pitch = 64 xT or, 64 =

_ Pitch
T

_ 2x10”"
N 2x3.14x1.6x10°%7
Velocity will be along x — z plane

x1.6x107"° x2x1072 = 0.6369 x 10°= 6.4 x 10* m/s

B =—BoJ E=Eok
F=q [E+VxB)=q [Eok + (i +uk)(-Bo])] = (GEo K ~ (u,Bo K + (u,Bo i 8 4
I:z = (qEO - UxBO) -
Since u, =0, F, = qE, E .
E E 4
—a,= 350 50,2 =2+ 2as = V2 = 29507 [distance along Z direction be Z] v
m m
V= /2qEOZ
m
The force experienced first is due to the electric field due to the capacitor
Y _ . . . . . .
=4 F=eE vV T
a= E [Where e— charge of electron mg, — mass of electron] L9 .
me | .
2xexVxd . . . B . .

eE
vi=u?+2as > v¥= 2x—xd =
me dmg

_ |2eV
orv = /
me

Now, The electron will fail to strike the upper plate only when d is greater than radius of the are thus formed.

m. x 2eV
e
or,d > Me =d> 2MeV
eB eB?
t=niAxB
=1=niABSin90°=02=100x2x5x4x10"*xB
B= 02 =0.5Tesla

T 100x2x5x4x107*
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54.

55.

56.

57.

58.

59.

n=50,r=0.02m

A=nx (0.02)% B=0.02T

i=5A, p=niA=50x5xmgx4x107"

T is max. when 6 = 90°

1=pxB=pBSin90°=puB=50x5x314x4x10"*x2x 10" =6.28 x 102 N-M

Given 1 = (1/2) Tmax

= Sin 6 = (1/2)

or, 6 = 30° = Angle between area vector & magnetic field.

= Angle between magnetic field and the plane of the coil = 90° — 30° = 60°

=20 cm =20 x 107°m

B=10cm=10x10"m

i=5A, B=02T D c

(a) There is no force on the sides AB and CD. But the force on the sides B
AD and BC are opposite. So they cancel each other.

(b) Torque on the loop
1=niAxB = niAB Sin 90° E F
=1x5x20%x102%x10x 1020.2=2 x 1072 =0.02 N-M A B
Parallel to the shorter side.

n =500, r=0.02 m, 6 =30°

i = 1A, B=4x10"T

i=upxB=pB Sin 30° = ni AB Sin 30°

=500x1x314x4x107 x4 x107" x (1/2) = 12.56 x 10 = 0.1256 = 0.13 N-M

(a) radius =r

Circumference = L = 2ar

=r=—
2n

I N
> — = —
4n? 4n
Ty
T1=iAxB :H
4r
(b) Circumfernce = L

4s=L »>s="=
4

2 2
Area = 82 = (Ej = L_
4

= iL’B

Edge =1, Current =i Turns=n, mass = M |
Magnetic filed = B :
|
|

t=uB Sin 90° = uB
Min Torque produced must be able to balance the torque produced due to weight < v2

Now, B = t Weight [ |
' x| | 1g

B=pg|-| =>nxixPB=pg|~ B= M9
3 “9[2) - “g[Zj =27 il
@i=3=_9 _-99

t (@2n/0) 2=

2
G)p=nia=iA[~ n=1= 32T _ 90T
2n 2
(C) = —qmrz =Ilon = mr2 ® E = —qwrz = i = = ij]_
g 2 "L 2mr?e  2m T2




Magnetic Field

60.

61.

dp on the small length dx is iz 27x dx.
nr
di= g2rxdx _ q27r2dew = q—(gxdx
nr?t nreq2n mr
du=ndiA=diA= qufxnxz
nr
i r 47 4 2
_ _ (9o qo _ gor’ _ qor
= |dp = | 22x3dx = == = =
3 ’(I;p E[r r2|:4} r? x4 4
I=lo=(1/2) m’ o [ M.L. for disc is (1/2) mr?]
2
e
4x[—jmr2m m
2
Considering a strip of width dx at a distance x from centre
da= 9 4nx2dx
[—)TERa
3
di = dq _ g4nx2dx _ 3qx2dxe
3
dt [4jnRgt R2n
3
2 6(](1) 4
du=dixA= % x 4mc™ Ra X X
K 5
u [ I6qm < dx 6q:a{ }RZGQ?R_ngmRZ
o R°| 5 o R® 5 5
LN NN
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CHAPTER - 35
MAGNETIC FIELD DUE TO CURRENT

F:qﬁxéor,Bziziz N = N
qu ITv Asec./sec. A-m

5= Bol or gz 278 __mxN__ N

2nr I A-mxA A?
i=10A, d=1m .

) ~ Z axis

p= fol 10 X410 g, 100 1227 , |

2mr 2mx1 } X axis
Along +ve Y direction. Tm
d=1.6mm
So, r=0.8 mm = 0.0008 m
i=20A

-7 I
_ Mol _ 47x107" x 20 —5x10°T=5mT r

2nr 2xmx8x1074
i=100A, d=8m 100 A
B= H'_OI

2nr 6

-7 m

- Anx10" x100 =25uT

2xmx8
Lo = 4m x 107 T-m/A
r=2cm=0.02m, I1=1A, B=1x10"°T

Pe
We know: Magnetic field due to a long straight wire carrying current = ;—OI 2Tcm
nr
_ 7 ' i
Batp= 210 X1 _ 4 10 T upward 1 5
21 x0.02 2em

netB=2x1x10" T=20uT Qe |

BatQ=1x 10" T downwards
Hence net B = 0

(a) The maximum magnetic field is B +;—°I which are along the left keeping the sense along the
nr

direction of traveling current.

(b)The minimum B — 2ol

r I Hol 4
I 2nr !
lfr= X Bnet=0
2nB L
r< H—OI Bnet=0
2nB
r> “—OI B net = B—“—OI
nB 2nr
Ho = 4 % 1077 T-m/A, 1=30A, B =4.0 x 10~ T Parallel to current. B 40 % 1047
B due to wore at a pt. 2 cm S
-7 — — — — —
= Mol _4nx107" x30 =3x107T -
2nr 21 x0.02
netfield = (3107 f + (4x104F =5x 107 T 30A
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Magnetic Field due to Current

10.

1.

i=10A. (K)
B =2x 107 T South to North (J)

To cancel the magnetic field the point should be choosen so that the net magnetic field is along -J
direction.

.. The point is along -1 direction or along west of the wire.

= Mol
2nr
o x 13 = Amx107x10
2nxr
-7
=>r= ;X:8_3 =10°m=1mm.
X

Let the tow wires be positioned at O & P
R=0A, = \/(0.02)2 +(0.02)2 = Y8x10% =2.828 x 102 m

~ -7

(a) B duetoQ,atA; = dnx107 x10 1% 10™ T (Lr towards up the line) e
21 x0.02
- -7
B duetoP,at A, = 210" X104 554 40 T (Lr towards down the line) T
21t x0.06 o 2cm

net B =1x10"-0.33x10"*=067x10"T - ‘o

- 2x107 x10 & fa Ao
(b) B dueto O atA, = Qo001 =2x10*T Lr down the line

- -7

B duetoP atA, = % =067x10"T Lr down the line

net B atA, =2x107+0.67x10*=267x10" T
(c) B at Asdueto O =1 x 107 T Lr towards down the line

B at AzduetoP =1 x 10T Lr towards down the line

Net B atA;=2x107*T

~ -7
(d) B atA,dueto O = M =07x107*T towards SE

2.828 x10~

B at A;dueto P =0.7 x 10T towards SW

Net B = y(0.7x10 F +(0.7x10f =0989 x10%=1x 104 T
Cos 6 =1, 0 =60° & ZAOB =60°

,7 O

B:u_()I=71O ><2><10=']0_4-|_ 2¢ cm

So net is [(107)? + (107™)? + 2(107®) Cos 60°]"?
=101 +1+2x%]"%=10" x 3 T=1732x 10" T AR B
(a) B for X = B forY
Both are oppositely directed hence net B=0
(b) B due to X = B due to X both directed along Z—axis (~1,1) o (1.1)
2><107;><2><5 =2X10_6T=2uT ‘
(c) B dueto X = B due to Y both directed opposite to each other. (~1,-1) ® o (1,-1)
Hence Net B =0
(d) Bdueto X =B duetoY =1 x 107 T both directed along (-) ve Z—axis
Hence Net B =2x1.0x10°=2 T

Net B =
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Magnetic Field due to Current

12. (a) For each of the wire 4 3
Magnitude of magnetic field Qi Q2
i D A
= Pl (Singso Sinase) = oS 2 A
nr 4nx(5/2) 2 592 T
For AB ® for BC ® For CD ® and for DA ®. 1 P 5om
The two ® and 2® fields cancel each other. Thus B, =0 5@/2
; B
(b) At point Q4 Qs ,/Q Qs
. -7 o
due to (1) B = Mol =4T‘X5X2X102 =4x10°®
2nx2.5x10" 2nx5x10”
- 7
due to (2) B = Ho! S = 4“5X2X102 = (4/3)x 10° ®
2nx(15/2)x 10" 21x15x10"
: -7
due to (3)B = Ho! - = 4”X5X2X102 = (4/3)x10° ®
2nx(5+5/2)x10 21x15x10"
: -7
due to (4) B = Mol = 4”X5X2X102 =4x10°0®
2nx2.5x10” 2nx5x10”
32

Bret = [4 + 4 + (4/3) + (4/3)] x 107° =

At point Q,

due to (1) Kol

21 x(2.5)x1072

due to (2) Hol

2nx(15/2)x1072

due to (3) Kol

21 x(2.5)x1072

due to (4) Hol

2nx(15/2)x1072

Bnet =0
At point Q;

47x107" x5

due to (1)

2nx(15/2)x1072

47x107" x5

due to (2)

2nx(5/2)x107?

47x107" x5

due to (3)

2nx(5/2)x107?

47x107" x5

due to (4)

Bret = [4 + 4 + (4/3) + (4/3)] x 107° =

For Qq4
due to (1) 4/3 x 10™°
dueto (2)4 x 10™°
due to (3) 4/3 x 10™°
dueto (4)4 x 107°
=0

net -

2nx(15/2)x1072

®
®
®
®

3 10°=106x10°=11x107*T

=4/3x107° ®

x 107 ®
=4x107° ®
=4/3x107° ®

32

=5 10°=106x10°=11x10"T
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Magnetic Field due to Current

13.

14.

15.

Since all the points lie along a circle with radius = ‘d’
Hence ‘R’ & ‘Q’ both at a distance ‘d’ from the wire.

So, magnetic field B due to are same in magnitude.
As the wires can be treated as semi infinite straight current carrying

conductors. Hence magnetic field B =

AtP
B;dueto1is0
B, due to 2 is —¢_
4nd
AtQ
Tl
4nd
B,dueto2is0
AtR
B;dueto1is0

B;dueto1is

B,dueto2is Tl
4nd
AtS

Tl
4nd
B,dueto2is0

B;dueto1is

B= "2 2sinp
4rd

_ Tl 2x X _ LoiX

" 4nd 2 2
2><\/d2 + X 4nd\/d2 + X
4 4

(@) When d >> x

Neglecting x w.r.t.d
B = HolX  _ MoiX

wcd\/di2 pnd?
i 1
(b) When x >> d, neglecting d w.r.t. x
B = HolX 2y

4ndx/2 4nd
B 1

d

I=10A, a=10cm=0.1m

Ne)

r=0P=—x0.1m
2

B = Mol (Sing, + Sing,)
4nr

_ 107 x10x1 _ 2x10°°

1.732
gxo.’]

T[oi

47d

=1.154 x 10° T=11.54 uT

A\

«— x—>
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Magnetic Field due to Current

16. B, = 1O, B> ——(2 Sing) = oL 2xt . Holl
2nd 4nd 4nd /2 %
2,|d? +, 4 d? +
i R
— 1 }«l0| How _ H'OI — | —
B, - B, B, = ol _ -

T 100 *7 2nd 2 200nd
4nd,|d? +

L Ho'
ol gz nd 2 200
4nd,|d

=3.92

2 [9%4)2_ 156816
= 1/2

ot _9 - -
Z 200 200 ) ~ 40000
afa? + 2 o+
4

=P=392d*+ %42

2
(1 292) =392d" = 002F=302d" = 5 = 22 = 0= 20 =007

17. Asresistances varyasr & 2r

Hence Current along ABC = é & along ADC = ;
i
Now,
B due to ADC = 2 Hoix2x2x+2 _ 22y,
473a 3na
B due to ABC = 2 ”OiXZX\E - 2\/§u0i \ | c i
4n3a 6ra p| ™. E
- - ' AN 3al4
w é = 2\/§uOI - 2\/§u0| = '\/EH()' ® \\\ | la
3na 6ra 3na a | N
A -7 IONY
18. Ao = i+i = \/ﬁ _ a5 L al4
- "o 16 4 16 4 A ap a2 B

_ | 3a 2 ra) _ \/9a2 a? _ \/13a2 _ a/13
Do= | — | +|=| = 4/—+— =4/—— =
4 2 16 4 16 4

Magnetic field due to AB

_ Ho
Bag = — Sin (90 — i) + Sin (90 —
AB 4TEX ( /4)( in ( i) in ( a))
Mox2pn o 0><2| o @/2) _ 2u,i
4ra a(W5/4) /5
Magnetic field due to DC
B 2Sin (90°-B
be = 4n 2(3a/4) ( )
- u0|><4><200S Hol (a/2) - 2

4nx3a b= nx3a (J13a/4) ma3/13

The magnetic field due to AD & BC are equal and appropriate hence cancle each other.

Hence, net magnetic field is 2ol 2ol ZHOI{ L 1 }
J5 313

n\/g na3r na
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Magnetic Field due to Current

19.

20.

21.

22.

B duetBC &
B due to AD at Pt ‘P’ are equal ore Opposite

Hence net B = 0
Similarly, dueto AB& CD atP =0

-. The net B at the Centre of the square loop = zero.

ForAB Bisalong® B= :—OI(SinGOC’ + Sin60°)

mr
ForAC B ® B = X (Sin60° + Sin60°)
4mr
ForBD B ® B = 0 (sin60°)
4nr
ForDC B ® B = o (sin60°)
4nr
.. NetB=0

(a) AABC is Equilateral
AB=BC=CA=1{3

Current =i
AO: ﬁa = ﬁxg = —[
2 2x3 243
d1 = ¢2 = 60°
/
So,MO = — asAM:MO=2:1
63

I§ due to BC at <.
(Slnd)1 +8Sing,) = ><|><6\/_><\/_ p0|><9

net B = Mol 3 - —27%'
2nl 2nl
Loix8 8v2u,i
b) B due to AD = X0 0
(b) 4rxt J_ 4m/
Net B = 82u4i 4= 8V2ul
40 194
Sin (a/2) = ~
X

= r=x3Sin (a/2)
Magnetic field B due to AR

Hol [5in(180 — (90 - (0 /2))) + 1]
4mr
1oi[Sin(90 — (au/ 2)) +1]
4nx Sin(a/ 2)
_ Roi(Cos(a/2)+1)
~ 4nxSin(a/2)
_ uoi?Cos4(a/4) _ p_oiCot(aM)
47 x 2Sin(o/ 4)Cos(a/4)  4nx
The magnetic field due to both the wire.

2890 cot(ar4) = 2o Cot(a/4)
47X 21X

B D

2i

<

45%45°
8

a/2
a2 X
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Magnetic Field due to Current

24.

25.

26.

27.

BAB
Wol 2><28|n9 LoiSin®
b nb
_ Hoil - R P R (¢12) - 4
=0 =-BDC ~. Sin ( +b) = =
by £ + b2 V21440274 2 42
BBC
Molx2 5 oging = KOS grg- 072 b
4nl mt V21440714 V2 4b?
— Hoib - R
= 0= =BAD
i 0? +b?
NetB = _ 2ol . 2ugb _ 2u0i(£* +b%) _ 2ugiV % +b?
V2 b2 w2 +b2 by 2 +b2 /b
26 = E = 0= E, = E
n n n
Tan 0 = i: X = 4
2x 2Tan6
L_m
2 n
B = Kol (Sin6 + Sind) = Hoi2Tan® x 2Sin6
47(x) 4l
- Woi2Tan(r/n)2Sin(m/n)n _ poinTan(z/n)Sin(r/n)
4n2mnr 2n?r
_ MeinTan(n/n)Sin(n/n)

For n sides, Byt =

2n%r

D C

Net current in circuit = 0 f

| =]
Hence the magnetic field at point P =0
[Owing to wheat stone bridge principle]
Force acting on 10 cm of wire is 2 x10™° N I l [
dF _ pol4ip
dl 2nd
2x107° _ 1o x20x20
101072 2nd .
-7 -2
—d= 47 x10 ><20><20><510><10 =400 x 10° =04 m = 40 cm
2nx2x10”
i=10 A
Magnetic force due to two parallel Current Carrying wires.
F = Holil
2nr

So, For1=Fby2+F by3 @
- “0X1OX1O+ po x10x10 5T

21x5x1072  27x10x 1072 ‘I’“ @
_ 4nx107 x10x10  47x107 x10x10 ©

21x5x1072 21x10x1072
-3 -3 -3

= 2107 107 _ 3107 _ 6410 N towards middle wire

5 5 5
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Magnetic Field due to Current

28.

290.

30.

31.

32.

Hol0i _  poid0
27X 27(10 — x)
10 _ 40 1 4 10A

=
X 10-x x 10-x

=>10-x=4x=5x=10=>x=2cm

The third wire should be placed 2 cm from the 10 A wire and 8 cm from 40 A wire.

|
'
: .
A
]
|
'
[
'
'
|
|

Fag = Fcp + Fer 10 B
_ 1o x10x10 4t x10x10 A >
2nx1x1072  27x2x1072 @®—C 10 DI1cm
=2x10°+10°=3x%x10" downward. . 10
Foo = Fag * Fer > F
As Fap & Fer are equal and oppositely directed hence F =0
% = mg (For a portion of wire of length 1m)
T
. F
= Mox80x% _ 4,40+ x g8
2nx5x10~
7 .
47 x10 ><5>;|2 —98x 10~ mg
2nx5x10~ ——
=2xi,x10°=9.3x10°x 10"
= “9_;3x10—1 = 0.49 A
I, =6A
I,=10A
FPQ S R
‘F’ on dx = Holip dx = Hoitlp dx _ pg x30 dx |
2nx 2n X T X k
= _ MOXSO dx _ _7 2 Y l2 ® P
Fog= 0| = = 4x1 | A
PQ X L X 30 x4 x 107" x [logx]4 y
=120 x 10™ [log 3 — log 1] | dx
- LI
Similarly force of Frg = 120 x 107" [log 3 — log 1] P @
1cm «— X—>

S0, Fpq = Frs
Fos = Mo Xifly —— poxifp
2nx1x1072  21x2x1072
_ 2x6x10x107" 2x107" x6x6
1072 2x1072
Mo Xifly — pg Xiqip
2nx3x107%  2nx2x1072

-7 -7

= 471 x10 ><6><210_4Tt><10 ><6>2<6=4x 104 +36x10°=76x 104 N
2nx3x10~ 2nx2x10”

Net force towards down

=(84+76)x10"=16x 10N

= 8.4 x 10~ N (Towards right)

Fra =

B=02mT, i=5A, n=1, r=2
— nuoi
2r
: -7
—p= MxMol _ Ix4nx10 7 XS 5 4 5% 10%m = 15.7x 10° m = 15.7 x 10~ cm = 1.57 cm
2B 2x0.2x1073
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Magnetic Field due to Current

33.

34.

35.

36.

37.

38.

2r
n=100, r=5cm=0.05m
B=6x10"°T
-5
= 28 _ 2x0.05x6x107 _ 3, 4q1- 00477 ~ 48 mA
Nk 100 x 41 x 1077 6.28
3 x 10° revolutions in 1 sec.

1 revolutions in

3x10° see

._q_16x10"

)
3x10°

B Mol _ 41x107.16x10793x10° 2mx1.6x3
2r 2x0.5x107'° 0.5
| =i/2 in each semicircle

A

x10"=6.028x 107 =6x107° T

B

ABC=B = 1, li/2) downwards o

2 2a oAl \C
ADC=B = 1XM upwards ilz\\/

2 2a D
Net B =0
rn=5cm r, =10 cm
ng = 50 Ny = 100

- 50><4n><10_7><2+100><4n><10_7><2

2x5x1072 2x10x1072
=4nx 10" + 47 x 10 =8r x 107
(b)B: M_M =0

2r 2r,
Outer Circle
n=100, r=100m=0.1m
i=2A
R : -7
B = Niol _ 10047 =10 7 x2 =4rxx10™* horizontally towards West.
2a 2x0.1
Inner Circle
r=5cm=0.05m, n=50, i=2A
~ ; -7
B = Mol _ 410 x2x80 _ 4, 4g downwards
2r 2x0.05
Net B =(arx 10 f + (4zx 10 F = v322 x10® =177 x 10 =18 x 10 = 1.8 x 10°= 1.8 mT
r=20 cm, i=10A, V =2 x 10° m/s, 6 =30°

F = e(VxB)=eVBSin
=1.6x 107 x 2 x 10° x Z—O' Sin 30°
r

_ 1.6x107" x2x10° x47x 10~ x10

722205102 =16nx 107°N
X X X
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Magnetic Field due to Current

39.

40.

41.

42. B=

43.

44.

45.

= _ Mol
B Large loop = —
g p R
‘" due to larger loop on the smaller loop

=i(AxB)=iABSin90°=ixm2x“_OI

2r
The force acting on the smaller loop
F =ilB Sin 6
_ i2mrp 11— pgilmr
~ 2Rx2 R
i =5 Ampere, r=10cm=0.1m

As the semicircular wire forms half of a circular wire,

= 1pgi _ 1 4nx107 x5
So,B=—"0 = 227 7%
22r 2 2x0A1 10em
=157x10°T=16x10°T=16x10"°T
- Bl O _ 21 pol
2R2r  3x2n 2R
-7
= 4nx10t1026 =47 x 107
6x10

=4x314x10°=1256%x10°=1.26%x10"°T
B due to loop Kol
2r

Let the straight current carrying wire be kept at a distance R from centre. Given I = 4i
B due to wire = ol _ MO—X4I
2n7R 2n7R
Now, the B due to both will balance each other
H.—0| = H0—4| = R= ﬂ
2r 2nR T

Hence the straight wire should be kept at a distance 4x/r from centre in such a way that the direction of current
in it is opposite to that in the nearest part of circular wire. As a result the direction will B will be oppose.

SN IS

Hence

n=200, i=2A, r=10cm =10 x 107n
: 7
(@)B = Npgi _ 200 x4nx10 2><2 =92 x 47 x 1074
2r 2x10x10"
=2x4x314x10%=2512%x10"T=2512mT
.2 : a2
(b)B = 2u0|az 3/2 Tho - QHOIaz 372
2(a“ +d°) 4a 2@ +d°)
1 _ a? 2, 2\32 53 2, 2 _ . 3\23
:E—W = (a” +d")"" 2a —a +d° =(2a”)
- a2 + d2 = (21/3a)2 :>a2 + d2 =22/3a2 - (10—1)2 + d2 = 22/3 (10—1)2
2

102+ ¢? = 228 102 = (102" -1)=d*> = (10 @"”-1)=d
=10%(1.5874 - 1)=d® = d’=10"x 0.5874

=d=+102x0.5874 =10"'x 0.766 m = 7.66 x 1072 = 7.66 cm.

At O P the B must be directed downwards
We Know B at the axial line at O & P

ia2 3cm=0.03m
Ho a=4cm=0.04m l

- 2(a2 +d2)3/2

-7
_ 47107 x5x0.0016 o3 em=0.03m |
2((0.0025) 3cm
=40x10°=4x10°T downwards in both the cases l
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Magnetic Field due to Current

46.

47.

48.

49.

50.

q=3.14x10°C, r=20cm=0.2m,
w = 60 rad/sec., i=ﬂ=w=1.5x10‘5
t 2% 0.2
xQ
Electricfield _ 4ngo(x2 +512)3/2 _ xQ y 2(x2 +a’
Magnetic field woia® 4ngo(x2 +a2)3/2 woia’
2(a2 +x2)3/2
_ 9x10%%0.05x3.14x10°x2
" 4nx107 x15x107° x (0.2)?
_ 9x5x2x10° _ 3
4x13x4x107"? 8
(a) For inside the tube B=0

As, B inside the conducting tube = o
(b) For B outside the tube

S bl _ Roix2 _ pgi

2nd 2n3r 2nr

(a) At a point just inside the tube the current enclosed in the closed surface = 0.

Thus B = 2% =9
A

(b) Taking a cylindrical surface just out side the tube, from ampere’s law.
Hol

27b

i is uniformly distributed throughout.

Mo i =B x 2nb =>B=

2
So, i’ for the part of radius a = — x na’= I:—2 =1

nb
Now according to Ampere’s circuital law
oBxdl=Bx2xgxa=pyl
_ ia® 1 _ peia
=BT e T g T o
(@)r=10cm=10x 107 m
X=2x107m, i=5A
i in the region of radius 2 cm
S «n(2x10722 =02A
1(10x1072)
B x 1 (2 x 107%)* = pip(0-2)
_ 4nx107x0.2 _ 0.2x107'
tx4x107* 107
(b) 10 cm radius
Bxn(10x 1022 =pgx 5
_ 4nx107" x5
nx1072
(c)x=20cm
Bx 1 x (20 x 1072)° = o x 5
Lo x5 4nx107" x5

=B= s = 7 =5x107
nx(20x107°) nx400x10~

—B =2x10"*

=B =20x107°
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Magnetic Field due to Current

51. We know, J.BX dl = pei. Theoritically B=0atA | a
If, a current is passed through the loop PQRS, then |_—| I
B =—H'_ will exist in its vicinity. B LI 4

2(¢ +b) R A S

Now, As the B at A is zero. So there'll be no interaction
However practically this is not true. As a current carrying loop, irrespective of its near about position is
always affected by an existing magnetic field. p

52. (a)AtpointP,i=0,ThusB=0 [ FoMONONONOWONONON|
(b) AtpointR,i=0,B=0 0
(c) At point 6, e a ]
Applying ampere’s rule to the above rectangle

|
B x 21 = poKo jdl [@ o1 «
o

K Bb ,Ba Q0 & 0
DBX2I=p0kI:>B=%

|
B x 21 = oK, J.dl
[e]

Kk
=B x2l =kl = B= 2= o 5

Since the B due to the 2 stripes are along the same
direction, thus. BC ® ® ® ® ®

_ Kok | pok _
Bret= — +—— = ok R ® ® ® -
net 2 2 Ho C 5 . | R

53. Charge =q, mass = m
We know radius described by a charged particle in a magnetic field B
mov
r = —
gB
Bit B = oK [according to Ampere’s circuital law, where K is a constant]
p= MU fasek
ok m
54. i=25A, B=314x107°T, n="?
B= uoni
=314%x10°=4x7x107" nx5
_ 1077 1 4_
n=———=_-x10" =0.5x 10" = 5000 turns/m
20x10 2
55. r=0.5mm, i=5A, B = poni (for a solenoid)
Width of each turn =1 mm =102 m
1
1072
S0,B=4nx10" x10°x5=2xx 10T

56. $ =0.01Qin1m, r=1.0cm Total turns = 400, £=20cm,

No. of turns 'n’ = =10°

B=1x1072 T, n= ﬂz turns/m
20x10~

E _ E
Ry /Ix (2nr x400)  0.01x2x 1x0.01x 400

E
RO
B= p,oni
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Magnetic Field due to Current

400 E
20x1072 400 x2rx0.01x1072
_ 1072 x20x10% x 400 x 27 x 10720.01

47x107" x 400

=10%=4x x 107 x

=E =1V

a’indx

57. Current at ‘0’ due to the circular loop = dB = Ho

4n 27372
a“+|—--x
2
B
... for the whole solenoid B = J.OdB
_r 1oanidx
- J.o 27372
47{2}2 + [é - Xj ] ni dx
U/R)-x
i ot 2 i ol 2 2
=uon|J~ a“ dx =uon|J~ dx -1+ /5_%
47 b o \2 3/2 4mado o2 8/2 2a
a31+(/i—J 1+(/€—
2a 2a
58. i=2a,f=10%revisec, n=7?, me=9.1 x 10" kg,
qe=1.6><10"1gc, B=u0ni:n=£,
Ko
8 -31
f= gB szfZTcme:n:E.:onm? - 10 1>;9.‘1><‘10 _ = 1421 turns/m
2mm, de Kol JeMol 1.6x1077° x2x107" x2A
59. No. of turns per unit length = n, radius of circle =r/2, current in the solenoid =i, m
Charge of Particle = q, mass of particle = m - B = poni
2 . .
Again ™Y = qvB = v = 98T - GHonir _ poniar
m 2m 2m
60. No. of turns per unit length = £
(a) As the net magnetic field = zero
Bplate = Bsolenoid
Bojate X 20 = Hokdl = pokt
= ok = _ .
Bplate = % (1) Bsolenoia = Honi -..(2) Be Ba
Equating both i = HTok
(b) By x £ = pkt = B, = ok BC = pok
B= {B,2+B.% = 2ok’ = v2puek oni
[® ® ]
2 1ok = poni i= % A c
61. C =100 pf, Q=CV=2x10"C, t=2sec,
V=20V, V=18V, Q' =Cv=18x107°C,
_ ’ -4
ni=2 tQ = 2“20 =10* A n = 4000 turns/m.

S B=poni=4nx 107 x 4000 x 10 =16 x 10" T

LI )
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CHAPTER - 36

PERMANENT MAGNETS
m =10 A-m, d=5cm=0.05m
-7 -2 N
=tom 10 10 107 _4u 10+ Tesla RE
4 r (5 x 1072)2 25
my =my, =10 A-m
r=2cm=0.02m
we know
-7 2
Force exerted by tow magnetic poles on each other = Ho Mym, _ Anx 1077 X107 _ 25x107N
4n r? 4nx4x1074
B=- 3—‘; =dv=-Bdl=-02x10°x05=-0.1x 10" T-m
Since the sigh is —ve therefore potential decreases.
Here dx =10 sin 30° cm =5 cm
v _ g 01x107 T-m
dx 5x1072 m
Since B is perpendicular to equipotential surface.
Here it is at angle 120° with (+ve) x-axis and B = 2 x 10T
B=2x10"T
d=10cm=0.1m v
(a) if the point at end-on postion. . 0.4X10% T-m o o
S Mgt 10X 2M i
47 d3 (1 071 )3 0.2x10™* T-nm » X Incm
2x107% 10 e
> =M=M=1Am’
107" x2
(b) If the point is at broad-on position
-7
H_OM = 2 % 10—4= M = |\/|:2,A\m2
41 d3 (1071 )3
Given :
0=tan” V2 =tan0= 2 = 2=tan’0
=tan6=2cot6 = tan® =cot 0
We know tan® _ tan a
[ |
Comparing we get, tan o = cot 6 s N
or, tan a = tan(90 — 0) ora=90-6 orf+a=90

Hence magnetic field due to the dipole is Lr to the magnetic axis.
Magnetic field at the broad side on position :

B=M—OL/2 2{=8cm d=3cm
4n (d2+£2)3

-7 -2 -9
— 4 x 100 = 107" xmx8x10 _ . ax10° = 10 /2><m><8
ox107* +16x107f (1074 ]" + (2512
% 8
m = 4x107 x125x10 =625x10"° A-m

8x107°
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Permanent Magnets

10.

1.

12.

13.

14.

We know for a magnetic dipole with its north pointing the north, the neutral point in the broadside on
position.

N
Again B in this case = ”"N::
4nd
- “°N3| = By, due to earth
4Ttd ———— e P
d
107 x1.44 18T
T
-7 L
_ 107144 oo S
d3
=d*=8x107

=d=2x10"m=20cm
In the plane bisecting the dipole.

When the magnet is such that its North faces the geographic south of earth. The neutral point lies along
the axial line of the magnet.

-7 -7
H_0¥=18x10—63 10 X2X0'72=18X10_63d3= 2><0-7><1£
4r d g 18x10°
g \1/3
—d=|8x10 =2x10" m=20cm [s > N|] —
1078 Bu Bx

Magnetic moment = 0.72 V2 Am? =M

- Mo M -
B=1o By =18 uT
in g H K

-7 W
_, 4nx10 xg.72\/§ 18 %10

4nxd

-7
L = 0T2AAA0T ) hoeaeq
18x10"

=d=02m=20cm
The geomagnetic pole is at the end on position of the earth.

-7 22
B = :‘—02—'\3" - 10@42??;;)2 ~60 x 10° T =60 uT []¢
T X

_ 34x10°xR%x4n
4nx1077

B at Poles = ”—0% ==68x10"°T
4r RS

=M

=3.4x10°R®

3(dip) = 60°
By = B cos 60°
=B=52x10°=52puT

2x10‘6§

By=Bsind=5 =44.98 uT =45 T

If 5, and &, be the apparent dips shown by the dip circle in the 2_Lr positions, the true dip 3§ is given by
Cot’ § = Cot? 8, + Cot® 5,

= Cot’ § = Cot’ 45° + Cot® 53°

= Cot’ § = 1.56 = 5 = 38.6 = 39°
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Permanent Magnets

15.

16.

17.

18.

19.

20.

We know By = Holh
2r
Give :By=36x10"°T 0 = 45°
i=10mA=1072A tan 0 = 1
n=" r=10cm=0.1m
-5 -1

N = By tan(?x2r _ 3.6x10 ><72><1><10 = 0.5732 x 10° = 573 turns

Kol 4rx107" x10~
n =50 A=2cmx2cm=2x2x 107 m?
i=20x 107 A B=05T
v = niA xB) = niAB Sin 90° = 50 x 20 x 107 x 4 x 10 x 0.5 =2 x 10 N-M
Given 0 = 37° d=10cm=0.1m
We know

2,242 4
ﬂ = ﬂwtane = ﬂ><d—tan9 [As the magnet is short]
By Ho 2d Ho 2d
3
=4 O tan37° =05 x0.75x 1 x 107 x 107 = 0.375 x 10* = 3.75 x10° A-m? T~
4nx10~" 2
Bﬂ (found in the previous problem) = 3.75 x10® A-m* T~
H
0 =37°, d=2?
M ﬁ(d2 +02)*2tano
Bu Ho
f<<d neglecting £ w.r.t.d
M AT e Tane = 3.75 x 10°= ! — xd*x0.75
H Ko 10™
3 -7

3d3= 375X10 ><10 =5)(10_4

0.75
=d=0.079m=7.9cm

Given M. 40 A-m*/T
=
Since the magnet is short ‘I’ can be neglected

3
so M _ 4 & _ 0 <
By Mo 2
-7
= 40x4nx107" x2 —8x 107
4n

=d=2x102m=2cm
with the northpole pointing towards south.
According to oscillation magnetometer,

1
MBy,

T / 1.2x107
- — =2n|—5" -

10 Mx30x107°

(1}2 12x1074
:> R e

 Mx30x10°°

_ 1.2x107* x 400
M_—*G
30x10

T=2n

=16 x 102 A-m? = 1600 A-m?

z—o
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Permanent Magnets

21.

22.

23.

24,

We know : v = 1 [mBy
2n I

For like poles tied together [N «—sS]| [S— N |
M=M1—M2
For unlike poles M' = M + M, [N «—S] [N +—3S]
2
v _ M -M, :(E) - M -M, 05 = M; —M,
26 _ 2M, M, _ 13
> —=— = — = —
24 2M, M, 12
By=24x10°T Ti=0.1"

: -7
B =By—Bue=24x10°-Hol —oguqge_ 210 18 _ 5 _40)x10°=14x 10

2nr 0.2

T= 2r [ L = E

MB T, By

6 2
L OO 0T (0 14 g 00114 g 76
T, 24 x10" T, 24 24

T= 21 I HereI' = 21

MB

1

T1=—min T2=?

40

T \ﬁ

TZ I’

oo o g2 1,2 0.03536 min
40T, 2 1600T,2 2 800

For 1 oscillation Time taken = 0.03536 min.

For 40 Oscillation Time = 4 x 0.03536 = 1.414 = v/2 min
v1 = 40 oscillations/minute
By=25uT

m of second magnet = 1.6 A-m
d=20cm=0.2m

(a) For north facing north

_ i /MBH _ i /MiBH—Bi
¥ 2n 1 & 2n 1

-7
B=u_om:10 x1.6 =20 T

4n g®  8x10°°

Yoo | B 40 25 40 _ 7 a5 48 osciimin
Yo By -B Y2 5 \/g

(b) For north pole facing south

2

1 [wB, _ 1 [MB,-B
o 27 o I
Yoo | B 80 25 - 40 . 5366=54oscimin
Y2 By -B Y2 45 25

45

oo ot ofo o o
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CHAPTER - 37
MAGNETIC PROPERTIES OF MATTER

B = poni, H= —

= H=ni

= 1500 A/m = nx 2

= n =750 turns/meter

= n=7.5turns/cm

(a) H=1500 A/m
As the solenoid and the rod are long and we are interested in the magnetic intensity at the centre,
the end effects may be neglected. There is no effect of the rod on the magnetic intensity at the
centre.

(b)1=0.12 A/m
We know T = XH X = Susceptibility

(c) The material is paramagnetic
B;=25x10", B,=25
A=4x10"m? n = 50 turns/cm = 5000 turns/m
(@) B = poni,
—=25x 107 =4xrx 107 x 5000 x i
__ 25x107°
41x10~7 x5000
B _ 25 25

byl=—2-H= =" __(B,-B,) =
() 1o 47‘[)(1077 (2 1) 47‘[)(1077

@r=Y =M. m
v Al A
=m=1A=2x10°x4x 107 =800 A-m
(@) Given d=15cm=0.15m
{=1cm=0.01m
A=10cm’=1x10"m?
B=15x10"*T
M=?

=0.398A=04A

~2.497 =1.99 x 10° =2 x 10°

We Know B = “—Oxﬂ
47.E (dz_f2)2

—~15x10% = 107" x2xMx0.15 _ 3x108M
' (0.0225-0.0001)2  5.01x10°*

_ 1.5x107*x5.01x107*

=M 5 =25A
3x10°
(b) Magnetisation 1= — = % =2.5x 10% A/m
V. 107" x10”
() H m _ M _ 25

C 4nd?  4nld® 4x3.14x0.01x(0.15)2
netH = Hy + H. = 2 x 884.6 = 8.846 x 10°
B=p(-H+I)=4nx10" (2.5x10° -2 x 884.6)= 3,14 T
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Magnetic Properties of Matter

Permiability (1) = po(1 + X)
Given susceptibility = 5500

p=4x10" (1 +5500)

=4 x3.14 x 107" x 5501 6909.56 x 10" = 6.9 x 107

B=16T, H = 1000 A/m
u = Permeability of material
_§_£_1_6x10—3
H 1000
-3
pr= 2= 100 g 407640t 2 1.3 10°
Uo 47 x10~
1= (1+x)
:>X= L_

Ho
=u—-1=13x10°-1=1300-1=1299 = 1.3 x 10°
X:E = ﬁ =T_2

T Xp T

12x10° _ T,
:)_
1.8x107° 300

T, = %xsoo = 200 K.

f = 8.52 x 10® atoms/m®
For maximum ‘T, Let us consider the no. of atoms present in 1 m® of volume.
Given: m per atom = 2 x 9.27 x 1072 A-m?
I= $= 2 x9.27 x 1072 x 8.52 x 10% = 1.58 x 10° A/m
B=po(H+TI)= pol [. H=0in this case]
=47 x 107 x1.58x10°=1.98%x10"=20T
B=poni, H= E
Ho
Given n =40 turn/cm = 4000 turns/m
= H=ni
H=4x10" A/m

Fooohohoh R
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ELECTROMAGNETIC INDUCTION
CHAPTER - 38

(a) J.E.dl =MLT3I" xL=MLA'T3

(b) 9BI=LT 'xMI'T2xL=MLAI"T®
(c) dgg /dt =MI""T2x 2 =MLAI'T?

p=at’ +bt+c

_ |0 _|o/t]_ VoIt
(a)a—[t—z}_[ t }_Sec
b=P}=Volt
t

c = [¢] = Weber

~ —~

(b)E=% [a=0.2,b=0.4,c=0.6,t=2s]

=2at+b
=2x02x2+0.4=1.2volt
(@) ¢, =B.A.=0.01x2x10°=2x 10"

1 =0
-5
e= _@:ﬂ =—2mV
dt 10x107
$3=B.A.=0.03x2x10°=6x 107
dp=4x10"

% =B.A.=0.01x2x10°=2x107
dp=—4x10"°
do

e=—-—=4mV

ds=B.A. =0
dp=-2x10"°

e=—@=2mv
dt

0.03
0.02
0.01

(ms)
10 20 30 40 50 t

(b) emf is not constant in case of - 10 — 20 ms and 20 — 30 ms as -4 mV and 4 mV.

»=BA=05xn(5x107)°=5n25x10"=125x10""
$2=0
g= 910 1251107 _ oo 4o =784 107,
t 5x107"
A=1mmz;i=10A,d=200m;dt=O.1s
oo G0 _BA_ i A
dt  dt 2rnd dt
_ 4nx107x10 10°°
21x2x107"  1x10™"
(a) During removal,
d; =B.A.=1x50x0.5x0.5-25x 0.5 = 12.5 Tesla-m*
$,=0,1=025

=1x107"0V |

10A
20cm
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Electromagnetic Induction

10.

o= d0_0p-¢y_125 _125x107" ..
dt dt 025 25x1072
(b) During its restoration
1 =0;¢p=125Tesla-m’;t=0.25s
E- 125-0
0.25
(c) During the motion
$1=0,¢2=0
E=%_p
dt
R=250Q
(@a)e=50V, T=0.25s
i=e/R=2A,H= i"RT
=4x25%x025=25J
(b)e=50V,T=0.25s
i=e/R=2A,H= " RT =25
(c) Since energy is a scalar quantity

=50V.

Net thermal energy developed =25 J + 25 J =50 J.

A=5cm’=5x10" m?
B = By sin ot = 0.2 sin(300 t)
0 = 60°
a) Max emfinduced in the coil
E= _do = i(BAcose)
dt dt

i(Bosincotx5x104‘x1)
dt 2

5

_ 0.2x5
2

Emax = 15 x 10°=0.015 V
b) Induced emf att = (n/900) s
E =15 x 107 x cos ot

=15 x 107 x cos (300 x 7/900) = 15 x 107 x %

=0.015/2=0.0075=7.5x 10V
c) Induced emf att =n/600 s

E =15 x 107 x cos (300 x n/600)

=15x10°x0=0V.

B=010T

A=1cm’=10"m?

T=1s

$=B.A.=10"x10"*=10"°

e=@:1°5=10*5 =10 uV
at 1

E=20mV=20x10"V
A=(2x10%*=4x10"
Dt=0.2s, 6 = 180°

Box_xm-“i(sinmt) = Bo% 10 cosat-o
2 dt 2

x300x107* xcoswt =15x 10> cos wt




Electromagnetic Induction

11.

12.

13.

14.

(1)1 = BA, d)z =—-BA

d¢ = 2BA

£ db_2BA
dt  dt

2xBx2x107*
2x107"

= 20x10°=4xBx 107

-3

B = 20x10 =
42x10”

Area = A, Resistance = R, B = Magnetic field

¢ =BA =Bacos 0°=BA

= 20x10°=

o=30 _BA . _e BA
d¢ 1 R R
¢ =iT = BAR

r=2cm=2x10?m
n =100 turns / cm = 10000 turns/m
i=5A
B =poni
=41 x 107 x 10000 x 5 =207 x 10°=62.8 x 10° T
n, = 100 turns
R=20Q
r=1cm=107m
Flux linking per turn of the second coil = Bnr’ =Br x 107
¢ = Total flux linking = Bn, zr® = 100 x 1t x 107" x 207 x 107
When current is reversed.
b2 = =0y
dd = — ¢1 =2 x 100 x 1 x 107 x 207 x 107
dp  4n®x107*
Cdt dt

B 47% x107*

E
R dtx 20

2 -4
q=ldt= %xdt =2x10™C.
X

E=

Speed =u o)
Magnetic field = B m
Side =a - —
a) The perpendicular component i.e. a sin® is to be taken which is Lr to

velocity.

e Ol
So, | =asin 6 30° = a/2. asinem

Net ‘@’ charge = 4 x a/2 = 2a N "
So, induced emf = B3l = 2auB
E 2auB

b) Current= =
R R

o1 = 0.35 weber, ¢, = 0.85 weber
D¢ = ¢, — ¢1 = (0.85 — 0.35) weber = 0.5 weber
dt=0.5sec
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Electromagnetic Induction

15.

16.

17.

18.

19.

The induced current is anticlockwise as seen from above.
i=v(Bxl)

=vBlcoso

6 is angle between normal to plane and B=90°.

=vBlcos90°=0.

u=1cm/,B=06T
a) Att=2sec, distance moved =2 x 1 cm/s =2 cm
_dp 0.6x(2x5-0)x107*
Codt 2
b) Att=10sec

distance moved =10 x 1 =10cm

The flux linked does not change with time

L E=0
c) Att=22sec

distance =22 x 1 =22 cm

The loop is moving out of the field and 2 cm outside.

E =3x10"V

g=d¢ _pg dA
dt dt
_ 0.6x(2x5x107*)

=3x107*V

2

d) Att=30sec

The loop is total outside and flux linked = 0

~E=0.
As heat produced is a scalar prop.
So, net heat produced = H, + Hy, + H, + Hy
R=45mQ=45x10"°Q
a) e=3x10"V
_e_ 3x10*

R 45x107°
H,=(6.7x10%)?x 45x 10 x 5
Hy, = Hq = 0 [since emf is induced for 5 sec]
He= (6.7 x107%’ x 45 x 107° x 5
So Total heat = H, + H,

i =6.7 x 1072 Amp.

=2x(6.7x10%)?x45x10°x5=2x 107" J.

r=10cm, R=4Q
dB d¢ dB

—=0.010T/, —-=—A
dt dt dt

2
=90 _dB A 0ol ZX'
at  dt 2

_ 0.01x3.14x0.01 _3.14 N
2 2

-4

i= £ 157107 _ 539 %104 =3.9x107A
R 4

a) S, closed S, open

netR=4x4=16Q

10™4=157x10"

5cm

A

X X X X X
X X X X X

20cm

X
X X X X X
ol
X X X X X
X X X X
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Electromagnetic Induction

=90 _ 2% j04i2x102=2x10°V
dt dt
-6
i through ad = . 2x10 =1.25x% 10_7Aalong ad
R 16
b) R=16 Q

e=Ax Booxpsy
dt

i =1.25x 10" Aalong d a

_ 2x10°°
6

c) Since both S; and S, are open, no current is passed as circuit is openi.e.i=0
d) Since both S; and S, are closed, the circuit forms a balanced wheat stone bridge and no current will
flow along ad i.e. i = 0.
o . o peNia?
20. Magnetic field due to the coil (1) at the center of (2) is B = W
a“ +x

Flux linked with the second,
1oNia?
2(a2 + Xz)s/z
dé _ noNa2a'’n di
dt 2(a2 +X2)3/2 dt

/2

=B.A @ = na

E.m.f. induced

- noNna?a' d E
2(a? +x2)%2 dt (R/L)x +r)
uoNra?a'? ~1R/Lv

2(a2 + x2)3/2 ((R/L)x + r)2

b) = “02"'“3223:/2 ERV__ (forx = Li2, RIL x = R/2) ]
2(@“+x°)>"“ L(R/2+r) B
a) Forx=L
uoNna?a’?RVE
2(a +x2)*2(R +r)?

21. N=50, B=0.200 T;r=2.00 cm =0.02 m

6=60°1t=0.100 s
_ Ndp _NxBA _NBAcos60°

a) e
dt T T
-1 2
_ 50x2x10" xmx(0.02) —5x4x10° x 1
0.1
=21 x10°V=628x%x107°V
-2
by i= 2 -02810° 4 57x102n
R 4

Q=it=157x102x10"=157x10°C
22. n=100tuns,B=4x 10T
A=25cm’=25x 10" m?
a) When the coil is perpendicular to the field
¢ =nBA
When coil goes through half a turn
¢ =BA cos 18° =0 - nBA
d¢ = 2nBA
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Electromagnetic Induction

The coil undergoes 300 rev, in 1 min
300 x 2% rad/min = 10 = rad/sec
10x rad is swept in 1 sec.
n/n rad is swept 1/107 x © = 1/10 sec

E= d0 _2nBA _ 2x100x4x10™*x25x10™*
dt  dt 1/10
b) ¢ =nBA, ¢, = nBA (6 = 360°)
dp=0
. E 2x10° _ 1
c) i=—== = —
R 4 2
=05x10°=5x10"
q=idt=5x10"x1/10=5x 10" C.
23. r=10cm=0.1m
R =40, N = 1000 g *
6=180°,By=3x10"T
¢ = N(B.A) = NBA Cos 180° or = —-NBA
=1000 x 3 x 10° x t x 1 x 1072 = 3x x 10" where
d¢ = 2NBA = 61 x10™ weber
oz 40 _ Bmux107tV
dt dt
_ Brx10™  4.71x107°
~40dt  dt
_ 4.71x107°% xdt
- dt
f = %:dB.AcosG
dt dt
=BAsin0w=-BAwsinbd
(dg/dt = the rate of change of angle between arc vector and B = ®)

=2x107°V

Q =4.71x107°C.

24, em

a) emf maximum = BAo = 0.010 x 25 x 10 x 80 x 22"

=0.66 x 10° =6.66 x 107" volt.
b) Since the induced emf changes its direction every time,
so for the average emf =0
r##&

S~ sin ot R dt
o R

t
25. H= j0i2Rdt=

_ B2A%?
o J0(1—coszmt)dt
B2A%? (| sin2ot) ™"
2R 20

0

_ B*A%0* () sin2x8-x21/60x60
2R 2x80x2n/60

2
= ﬂ><7t2r4 x B2 ><(804 XE)
60

200
= 80 10x8% . 10x625x10°8 x104 = 825%6x64 o1 _ 433107y,
200 9 9x2
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Electromagnetic Induction

26.

27.

28.

29.

30.

31.

32.

33.

34.

b1 =BA, ¢,=0

_ 23107 <02 | Lo

2

E= 00 ™00 o ooy

dt 2
I=20cm=0.2m
v=10cm/s = 0.1 m/s
B=0.10T
a) F=qvB=16x10""%x1x10"%x1x10"=16x 102N
b) qE =qvB

—SE=1%x10"x1x10"=1x%x102V/m
This is created due to the induced emf.
c) Motional emf = Bv{
=01x01%x02=2x10"°V
{=1m,B=02T,v=2m/s, e =Biv
=02x1x2=04V
£=10m,v=3x10"m/s,B=3x10"°T
Motional emf = Bvi
=3x10""%x3x10"x10=9x 107 =0.09 V
v =180 km/h =50 m/s
B=02x10*T,L=1m
E=Bw=0.2110"*x50=10"°V
.. The voltmeter will record 1 mv.

a) Zero as the components of ab are exactly opposite to that of bc. So they
cancel each other. Because velocity should be perpendicular to the length.

b) e=Bv x{
=Bv (bc) +ve at C
c) e =0 as the velocity is not perpendicular to the length.
d) e =Bv (bc) positive at ‘a’.
i.e. the component of ‘ab’ along the perpendicular direction.
a) Component of length moving perpendicular to V is 2R
~E=BVv2R

b) Component of length perpendicular to velocity = 0
~E=0

{=10cm=0.1m;

0=60°;B=1T
V=20cm/s =0.2 m/s
E = Bv{ sin60°

[As we have to take that component of length vector which is Lr to the velocity vector]

® ®
—
® ®

=1x02x0.1x% +/3/2
=1.732x102=17.32x 102 V.

a) The e.m.f. is highest between diameter Lr to the velocity. Because here

length Lr to velocity is highest.
Emax = VB2R

b) The length perpendicular to velocity is lowest as the diameter is parallel to the

velocity Ein = 0.

X X
X X
X X

X X
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Electromagnetic Induction

35. Fragnetic = 1B

This force produces an acceleration of the wire.
But since the velocity is given to be constant.
Hence net force acting on the wire must be zero.

36.

37.

38.

39.

E =

Bv{

Resistance = r x total length

e=

a)

b)

=1 x 2(0 + vt) = 24(L + i)

Bv/
2r(¢ +vt)
Bvi
e  Bw
R 2r(¢ +vt)
Foig= _BY g BV
2r(¢ +vt) 2r(¢ + vt)
Just aftert=0
Fo=i¢B= fB(fB—ijﬁ
2r¢ 2r

Fo (B /"B
2 4r  2r(0+ i)

= =L+t
= T=1lv

a)

b)

c)

d)

= dx

When the speed is V

Emf = Bév

Resistance =r +r

Bov

r+R

Force acting on the wire = i{B
_ BB B%*v
" R+r R+r

Current =

B2¢%y

m(R+r)

Acceleration on the wire =

B2r%y
m(R+r)
B2/%x
VO_
m(R+r)
_ dv  B%%y
a=v—-=
dx mR+r)
_ dvm(R+r)

V=yvp+at=vy— t [force is opposite to velocity]

R=20Q,B=0.020T,I=32cm=0.32m
B=8cm=0.08 m

a)

F=ilB=3.2x10"N
= B2¢%y
R

=3.2x10°
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Electromagnetic Induction

40.

41.

42.

2 2
N (0.020)" x(0.08)* x v =32 x 107
2
-5
3.2x107x2 = 25 m/s

T 6.4x10°x4x107*
b) EmfE = vBl =25 x 0.02 x 0.08 =4 x 102V

c) Resistance per unit length = 0_28

2x0.72

Resistance of part ad/cb = =18Q

0.02x0.08x25%1.8
2

B/v

Vab=iR=T><1.8= =0.036V=36x102V

=0.2Q

d) Resistance of cd = 2X00'08
0.02x0.08x25x0.2 _
S =
£=20cm=20x%x10%m
v =20 cm/s = 20 x 10 m/s
Bu=3x10"T
i=2pA=2x10"°A
R=02Q
- B, /v
R
_iR_ 2x10%%x2x107"
=B,=—=

v 20x1072x20x1072

-5
tans= v 2 107 1 5(dip) = tan' (1/3)
By 3x10° 3

_ Blv _Bx/cosbxvcosb
R R

V=iR = 4x107°V

=1x10"° Tesla

= ﬂcos2 0
R

B/vcos?6x (B
R
Now, F = mg sin 6 [Force due to gravity which pulls downwards]

B2/%vcos? 0

F=iB=

Now, =mg sin 6
R
~B= Rzmg sn;O
(“vcos 0

a) The wires constitute 2 parallel emf.
. Netemf=B/v=1x4x10%x5x107=20x 10"

Net resistance = &+ 19=20Q
2+2

20x107*

Net current = =0.1 mA.

b) When both the wires move towards opposite directions then not emf =0

.. Net current =0
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Electromagnetic Induction

43, P,

4cm 20 2Q % 190

. . P P2
Q Q; B=1T
a) No current will pass as circuit is incomplete. T T
b) As circuit is complete
VP,Q,=B /v Q Q.
=1%x0.04x005=2x10"V P, P,
R =20
-3 —_ —-—
i=2X120 =1x10°A=1mA. T T
44. B=1T,V=51102m/,R=10Q Q Q,
a) When the switch is thrown to the middle rail
E =Bwv
=1x5x107°x2x10%=10" X XNX X N
Current in the 10 Q resistor = E/R 2em [, 5cmis
X X X X X X
10°° ”
=——=10"=0.1mA
10
b) The switch is thrown to the lower rail
E =Bwv
=1x5x107x2x102=20x 107"
Current = % =2x10"=0.2mA
45. Initial current passing = i
Hence initial emf = ir d - ®° |
Emf due to motion of ab = Blv Y

Net emf = ir — Blv @
Net resistance = 2r L 1
ir—B/v

2r

Hence current passing =
46. Force on the wire = i{B

Acceleration = @
m X X X X

Velocity = Bt x x7/ x x
m

47. Given Btv =mg (1)

When wire is replaced we have

2 mg - Biv =2 ma [where a — acceleration]
_ 2mg-B¢v
- 2m

@

= a

Now, s = ut+%at2 L L

:f:lXMXtZ [S=[]
2 2m
4ml 4ml
t= = =4/2¢/g. [from (1
- \/ng—va \/2mg—mg g (1]
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48. a) emf developed = Bdv (when it attains a speed v)

Current=% <« x  x  x

t
d2v2 X X X X i je——

Force =

This force opposes the given force

2,,2 2.2
NetF = F_ 29V _gp_Bdv
R
_Rp242
Net acceleration = M
mR
b) Velocity becomes constant when acceleration is 0.
F By g
m mR
F BZd?v,
= —=— >
m mR
_ FR
= Vo g
c) Velocity at line t
- v
dt

S T
ORF-I’B%y JomR

1 v t t
= {In [RF - PB?] T} {—}
-’82}, [Rm],

— t1°B2
= [(RF=1B?v)|, = ——
I b -
_42R2
= I, (RF -1°B%)-In(RF) = B
Rm
262 -12B%t
- 1_I B _ o Rm
202 -12B2t
N I“B“v _{_e Rm
RF
FR —12B2y,t
> V= @ 1—e Rvom :V0(1_eiFvom)
49. Netemf=E - BV a

| = E-Bvl from b to a

;
F=1/B —|_
- [E —Bv! ] 18 = 2B (E_Bvr) towards right. ﬂ
r r L
After some time when E = Bw4, .

Then the wire moves constant velocity v
Hence v =E /B!
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50. a) When the speed of wire is V
emf developed =B/ V

b) Induced current is the wire = Bjiv (from b to a)

c) Down ward acceleration of the wire

= M9=F 4ue to the current |
m i
2,2
=mg-i/Bm=g- BV
Rm
d) Let the wire start moving with constant velocity. Then acceleration = 0
B2/%v m=g
Rm -
_gRm
=V, RZ/2
dv
e) —=a
dt
L av_ mg -B*/*v/R
dt m
mg-B<¢“v/R
m
V. mdv t
=gl
mg—
R
= _m_ Iog(mg—Bz[zV V =t
-B2/? R ),
R
-mR _ 1, B2/%v | _
= g2,z ~'og log mg-—p —log(mg) | =
mg—ngzv 2,2
~ log R |[_ —tB</
mg mR
B2%v | —tB%/?
= log1-——|=
Rmg mR
2,2 ~tB2/2
- 1_B °v _e ™R
Rmg
= (- B /mR) B?/%v
Rmg
v By _gwimn)
_ —gt/V Rmg
=>v=v,(1-e M) {vm =572
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f) E:v:>ds=vdt
dt

t
—s=vm j0(1—e’9t/vm)dt

- Vm(t_hegt/vmj: th+v_n%e—gt/vm _V_n%]
g 9 g

= vmt—%éﬁ—eg“vm)

d ds _
—mgs =mg— =mgV,,(1-e 9/vm
g) pralll 94 =m9 m(
2 2Rp2,,2
dH_izR:R[vaj _ B

dt R R

1°B?
=

Vr%(»] _ e—gt/vm )2

After steady statei.e. T > «
d

—mgs =mgV

m g9 GVm

dy _(°B® ., _ /°B*, mgR

ZH vV vV =mgV
gt R m R mszz IV
dy d
Hence after steady state — =—mgs
dt dt
51. £=0.3m, B=2.0x10° T, ® = 100 rpm B
V= @xZn:En rad/s T I T
60
l 0.3 10
V= —X®O=—X—T
2 3
Emf=e =Biv
=20x10°x03x 233,10, T I I
2 3

=3rx10°V=3%x314%x10°V=942x10°V.
52. V at a distance r/2

From the centre = %m B

E=Bv—=E=Bxrx 2= 152,
2 2

53. B=040T, ®=10rad/', r=10Q
r=5cm=0.05m

Considering a rod of length 0.05 m affixed at the centre and rotating with the same o.

4 0.05
V= > X ® - x10 B ® T
e =By = 0.40x 0'25 x10%0.05=5x10"3V

-3

e 207 _o5ma ,
R 10

It leaves from the centre.
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54.

55.

56.

-~ B, -
B=—2yK
Y

L = Length of rod on y-axis

V=Voi

Considering a small length by of the rod
dE=BVdy

=dE= %yxvoxdy

BoVo

=dE= ydy
BoVo (-
E = 0vo
= 3 J.Oydy
B,V, y2L BoV, L2 _ 1
= o¥o | X | = 00_=_BOVOL
L 20 L 2 2

In this case B varies
Hence considering a small element at centre of rod of length dx at a dist x from the wire.

§ = Mol
2nx

So, de = ;—le vxdx

X
e HolV 2 dx v
e= Ide=L= I — =201 (x + ¥/2) — In(x - ¥/2)]
0 2n X 2n
x—t/2
_ Holv n X+0/2] uoivIn 2X +(
2n | x—0/2] 2x  \2x—¢
a) emf produced due to the current carrying wire = uleln 22X+t AMAA
2n 2x—/ R
i a
Let current produced in the rod =i’ = Mleln M I
2nR \2x-¢ dx
Force on the wire considering a small portion dx at a distance x T
dF=i"B¢ < >
X
s dF = MoV [ 2XH 0 Kol gy
2nR \2x-/¢) 2mnx

N2
= dF = M| Y 2X L)X
2r) R (2x-/¢) x
N2 x+t/2
o (bl 2O
2r) R (2x-¢ X
x—t/2
N2
Mol lln 2X +/ n 2X+ /0
2n) R (2x-/¢ 2X —/
1”—0i|n 2X +/ 2
Ri2rn \2x-7¢

b) Current = uO—lnln[ﬂj
2tR  \2x -/

N—
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57.

58.

c) Rate of heat developed = iR

_ poiv[2x+/i ZR_l uoivln[2x+/i 2
27R\ 2x—-¢ R| 2n 2x -1

d) Power developed in rate of heat developed = i’R

_1 uoivIn 2x+ 0\
Rl 2n \2x-¢

Considering an element dx at a dist x from the wire. We have
a) ¢ =B.A. a
do = i x adx
271X A
_ra poia fatbdx  pgia
= | do=—— —=——In{1+a/b
¢ -[0 ¢ 2 J.b X 2n { } =
_dd d peia b
b) e= —=—=—"—In[1+a/b] -
dt dt 2z
- Ho2 d. o
= ——In[1+a/n]—li; sinwt
o Infi1+a/n]-—{ig sint)
o) i= &2 HoRo®COSO g, o
r 2nr
H = irt
. 2
= {Mln(ﬂa/b)} xrxt
2mr
2.2 2, 2
= HoX@T XX 0T 1124, 4 /pxr x 220
4mxr
2,22
= SH0AHO 2 aypy [ t= 207
(O]
a) Using Faraday” law
Consider a unit length dx at a distance x A —
g= M P B —v
21X 1
Area of strip = b dx *
i e——2a >« ! >
do = Ho gx
271X

a+l i
- Ho
= | —b
= 0 ;!: - dx

. a+l .
2n X 2 a

Emf = d_(b:i “0_Ib|oga_+|
dt dt| 2=n a

= uzolbil(va—(zzﬂ)vj (Where da/dt = V)
T a+ a
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59.

60.

61.

62.

2n a+la® 2n(a+la

The velocity of AB and CD creates the emf. since the emf due to AD and BC are equal and opposite to

each other.
B c

Bps = b = Emf AB= ol py
2na 2na

Length b, velocity v.

= Hol A
2n(a+1) A

!
|

D

Beo

2n(a+1)
Length b, velocity v.
”—Oibv __Moibv  _ pibvl

2na 2n(a+l) 2na(a+l)

= E.m.f.CD =

Net emf =

Bxaxmwxa
2

e=Bvl=
Ba’w
2R

2 2.3
FzilB= 229, 4,p-_Ba0
2R

towards right of OA.

The 2 resistances r/4 and 3r/4 are in parallel.

R’ = r/4x3r/4:£ P
r 16 e

e =BWVI c 4
Baw
2 X X

=Bximxa:
2

3r/4

e __Bazm__ Ba’w X X x X

1= — =
R" 2R 2x3r/16
_ Ba’016 8 Ba’w
2x3r 3 r
We know

B%a%w

F= —iB 5 Jo

®
\V
/X

Component of mg along F = mg sin 6. °

F = mg sin6
2.3 9

Net force = ® —mgsin®.

emf = %Bma2 [from previous problem]

E -
2 2 N iB
Current = e;E:1/2xB|;)a +E:Bma2R+2E XX % ,,\::R .

= mgcos 0 =ilB [Net force acting on the rod is O] A

Baz+2E X X mg cos6
:mgcose=mTaxB x X%«

(Bwa? + 2E)aB
2mgcos®

= R=
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63.

64.

65.

Let the rod has a velocity v at any instant,
Then, at the point,

e = Blv H
Now, q = ¢ x potential = ce = CBlv
Current | = dq = iCBIv /
dt  dt l
dv . mg
= CBlE =CBla (where a — acceleration) | |

From figure, force due to magnetic field and gravity are opposite to each other.

So, mg - B =ma

= mg - CBfa x {B = ma :ma+CBZEZa=mg

= a(m+Cle’2)=mg =a= %

m + CB“/¢2

a) Work done per unit test charge
= ¢E. dl (E = electric field) X KT
oE.dl=¢ S =P

NG v v
= E¢dl = dé = E 2nr= @XA o @
dt dt Nt

X X=-"%
= E 2nr = rtr2£

_n’dB _rdB
S 2ndt 24t
b) When the square is considered,
oEdi=e
dB
dt
_ dB 4r? _rdB
="' SE=_—12-
dt 8r 2 dt
.. The electric field at the point p has the same value as (a).

S Ex2rx4=—(2r)

di. 0.01 A/s
dt

For 23ﬂ =0.02 A/s
dt

n = 2000 turn/m, R=6.0 cm =0.06 m
r=1cm=0.01m
a) ¢ =BA
= Z—TzuonA%
=4nx107 x2x10°xtx1x10*x2x102 [A=nx1x107
=162 x 107" o
=157.91 x10 "% o
=16x10°

or, d—¢ for1s=0.785 w.
dt

_do
b) [E.dI i
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66.

67.

68.

69.

=564 x 107 V/m

-8
= E¢dl = e M=1.ZX1O‘7Wm
dt 21x10”
do _  di, _ 7 2
c) i uonaA—4nX10 x 2000 x 0.01 x 7 x (0.06)
do
E¢dl = —
¢ dt
L E- dg/dt  4nx10"" x2000x0.01x 1x (0.06)
2nr 7t><8><‘10_2
V=20V
di=l,—1,=25—-(-2.5)=5A
dt=0.1s
v=14
dt
= 20=L1(5/0.1) =20 =L x 50

=L =20/50=4/10=0.4 Henry.

ﬂ =8 x 10~ weber
dt

n=200,1=4A E=-nL ﬂ
dt
ﬂ_—Ldl
Todt dt

or,L= n%=200x8x10*‘=2x10‘2H.

E =

poN?A dI
¢ dt
4 x1077 x (240) x ©(2x1072)?

_ 4nx (24 xnx4x8

x0.8
12x1072

x1078

12

=60577.3824 x 108 =6 x 107* V.

—t/r

Weknowi=iy(1-e)

a)

ikl
100 °

=ip(1-e™")

=09=1-e™

—=e"=0.1

Taking £n from both sides
me'=mM01=>-t=-23=>tr=23

AN Y
100 0 °©

(1_eft/r)

=e"=0.01

fne”

U = in 0.01

or,tIr=-4.6 ortlr=4.6

c) ——ip=ig(1—e

e =0.001

= Ine™’

"=1n0.001 => e =-6.9=tr=6.09.
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70.

71.

72.

73.

74.

i=2AE=4V,L=1H

b) —Li? =%><2><(0.17)2= 0.0289 = 0.03 J.

R=400Q,E=4V,t=0.1,i =63 mA

i=ig— (1 etR/2)

= 63 x 107 =4/40 (1 — 1740y

63x10°=10"(1-e™*")

63x1072=(1-e*"

1-063=e""=e" =037

—4/L =In (0.37) = —0.994

L=— 2 -—4024H=4H.
—0.994

L=5.0H,R=1000Q,emf=20V

=
=
=
=

t=20ms=20x10°s=2x1072s 00T ,

b= — nowi=io(1—e"

2, | |
L 5 o —2><105 100 ||
1= —=—" =j=——|1-e
R 100 100

=2
100

= 0.00659 = 0.0066.

V =iR = 0.0066 x 100 = 0.66 V.

t=40ms

ib=2A

a) t=10ms
i=ip(1—e"=21-e""=21-e"
=2(1-0.7788) = 2(0.2211)* = 0.4422 A= 0.44 A

b) t=20ms
i=io (1 e—l/-c) =2(1- e—20/40) =2(1 - e—1/2)
=2(1-0.606) = 0.7869 A = 0.79 A

c) t=100 ms
i=io(1- e—l/-c) =2(1- e—100/40) =2(1 - e—10/4)
=2(1-0.082)=1.835A=1.8A

d)t=1s

i=ip (1— e = 2(1 _ 1140107 )= 2(1 — 71740
=21-e®)=2x1=2A

(1 _672/5)

38.19



Electromagnetic Induction

75. L=10H,R=20Q,emf=20V

=t 2005
R 20
b=2-2-01A
R 20
i=ig(1—€")=ip—ioe™
di di . e e
= a:d—f(lox—wrxe Uoy=iy /e,
So,
a) t=100ms= J= 01 g0m005_¢97
dt 0.05
b) t=200ms = di_ 01 021005- ¢ 0366 A
dt 0.05
o) t=1s= o 01 1005 g 400
dt 0.05
76. a) For first case att = 100 ms
di_g27
dt

Induced emf = L% =1x027=027V

b) For the second case att=200 ms

gi_ 0.036
dt

Induced emf = L% =1x0.036=0.036 V
c) Forthe third case att=1s
di_41x10°V
dt

Induced emf = % =41x10°V

77. L=20mH;e=5.0V,R=10Q

_ L 20x102 . 5
TE S =—— b= —
R 10 10

i =ig(1 -y

Ly
= i=ig—ipe "

= iR=igR-iRet"

di_ d 5 10 ~0x10/2x102

a) 10x —= —jR+10x xe
dt

—X
dt 10 20x107°

= Zx1073 x1

5 _ 5000
2 2
b) @szio ><1><e
dt T
t=10ms=10x10"s
E: 1O><i><_10 « @ 0:01x10/2:1072
dt 10 20x1073
=16.844 =17 V/'

—t/t

=2500=2.5x 107 V/s.




Electromagnetic Induction

78.

79.

c) Fort=1s
dE _Rdi_5 4168, 610/210% 00 s,
at  dt 2

L=500mH,R=25Q,E=5V
a) t=20ms

5(1 _ERIL)

i=ip (1-e™"
i(1 B e—20x10*3x25/100x10*3) _ 1(1 _e)
25

= %(1—0.3678) =0.1264
Potential difference iR = 0.1264 x 25 = 3.1606 V = 3.16 V.
b) t=100 ms

E

i=ip(1-e™™) = = (1-E"R/Ly

3(1 B e-1oox1o*3x25/1oox1o*3) _ 1(1 _e5)
25

%(1—0.0067) = 0.19864

Potential difference = iR = 0.19864 x 25 = 4.9665 =4.97 V.
c) t=1sec

E

=iy (1- e = = (1-E~RIL)

5 [1 _ - 125/100x10° ] _ 1(1 _e50)
25 5

11=15A
5

Potential difference = iR = (1/5x25)V =5 V.
L=120mH=0.120 H
R=10Q,emf=6,r=2
i=ip(1—e™)
Now, dQ = idt

=io (1—e") dt

1
Q=dQ = ji0(1—e-‘“)dt
0

ioﬁ dt —jet’Tdt] = i{t - (—r)j e“rdt}
0

0 0

o[t + (e ) =iglt + e V1]

Now, ig = L:£=0.5A
10+2 12
T= L:M:OO’]
R 12
a) t=0.01s

So,Q =0.5[0.01+0.01 "% _0.01]
=0.00183=1.8x10°C=1.8mC
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b) t=20ms=2x1072'=0.02's
So,Q =0.5[0.02 +0.01 e %% _0.01]
=0.005676 =5.6 x 10° C = 5.6 mC
c) t=100ms=0.1s
So,Q =0.5[0.1+0.01 " _0.01]
=0.045C=45mC
. L=17mH,£=100m,A=1mm’=1x10°m? f, =17 x 10° Q-m
fof  1.7x107x100
A 1x10°°
oL _017x10"°
R 1.7

R= =1.7Q

=107 sec = 10 m sec.

. 1=L/R=50ms =0.05"

a) b _ io(1 _g1/006)

2
= 1_ 4_ g 1/005 _ o-t/0.05 _ 1
2 2
= In e—t/0A05 - zn1/2
= t=0.05 x 0.693 = 0.3465 ' = 34.6 ms = 35 ms.
E2

b) P = IZR - E(»]_E—t.R/L)Z

2
Maximum power = R

So E_2:E_2(1_e—tR/L)2
"2R R

S 1_e®™= 1 _g707

N

= e ™ =0.2093
= %z—ln0.293= 1.2275
= t=50x 1.2275 ms = 61.2 ms.

. Maximum current = E

2
In steady state magnetic field energy stored = %L%
1, E?
The fourth of steady state energy = gLF
One half of steady energy = ng
4 R?
1 E_2:l E_2(1 e tR/L)2
8 RZ 2 R?
1 R 1
e N s A Ty
2 L
1, B2 _ 1 F? CRIL\2
Again —L— = —L 1-e2
gan ybre T 2t gel )
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LRIL _ V2-1_ 2-42

V2 2

- \/E}énz}

1
2-42
83. L=40H,R=10Q,E=4V

a) Time constant =1 = L = 4 04s.

= €

VY

=t = ’E|:€n

SO, tz—t1 = 1/n

b) i=0.63 iy
Now, 0.63 iy = ip (1 — ™)
=e"=1-063=0.37
= (ne"=1n0.37
= —t/t = -0.9942
=1=0.9942 x 0.4 =0.3977 =0.40 s.
c) i=ip(1-e™)
= %(1—e‘°-4’°-4) =0.4 x 0.6321 = 0.2528 A.
Power delivered = VI
=4x0.2528=1.01=1o.
d) Power dissipated in Joule heating =I"R
=(0.2528)? x 10 = 0.639 = 0.64 .
84. i=iy(1—-e™)

= oni = pon io(1 — €7™) = B=B,(1-¢e""
= 0.8 By = By (1— g 2010 R/2:107 = 0.8=(1-e ")
= e =02 = nEe ™) = rn(0.2)
= —R/100 = —1.609 = R =16.9 =160 Q.
85. Emf=E LR circuit
a) dq =idt
=ip (1 —e"M)dt
=ip (1 — e "h)dt [. 1=L/R]

o
I

= j;dq:io Hdt—letR“‘dt}

=ip [t — (-L/R) (€™") to]
=i [t—L/R (1-e""Y
Q =ER[t-LR(1-e"™")
b) Similarly as we know work done = VI = El
=Ei[t—L/R (1-e"Y

E? IRIL
= t-LR(1-e™)
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e)

86. L=

d)

- E(t L eztR/LJrLZetR/L)t
R 2R R 0
- ﬁ(t L —2tR/L+&.e—tR/L) ( L &)
R 2R R 2R R
= E_2|:(t_L 2 &Xj_§£:|
R 2R R 2R
2
= E—(t—L(x2 —4x+3)j
2 2R
E= 1172
2
1, E? SR/L\2 ~RIL
"R (1-e ) [x= ]
LE?
A

Total energy used as heat as stored in magnetic field

E?_ E®> L , E?L ,, 3L E?® LE? LE? , LE?
—_— T —x"+—= ——  — 4+ —+—X"——X
R R 2R Rr 2R R 2R? 2R? R?

E?, EiL_ LE?

= —t+ X——5
R R? R?
=lioR00)

= —|t-——(1-x
R R( )

= Energy drawn from battery.

(Hence conservation of energy holds good).
2H,R=200Q,E=2V,t=10ms
t=t(1-e™)

- %(1_6-1%0’&200/2)

0.01 (1-e7")=0.01(1-0.3678)
=0.01x0.632 =6.3 A.
Power delivered by the battery

= VI
e E? s
=Elg(1-e") = ﬁ(1—e )
_ 2x2 21010°x200/2 — -1y = -
=—(1-e )=0.02(1-¢)=0.1264 = 12 mw.
200
Power dissepited in heating the resistor = I’R
= lo(1-e)FR

= (6.3 mA)® x 200 = 6.3 x 6.3 x 200 x 107°

=79.38 x 10*=7.938 x 10° =8 mA.

Rate at which energy is stored in the magnetic field
d/dt (172 LI

LB e ooy 2x107°% 4
= e —e = e —e

pl ) 102 ( )
2 x 107 (0.2325) = 0.465 x 107>

=46x107° =4.6 mW.
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87. Lao=10H;Lg=20H;R=10Q
a) t=0.1s,14=0.1,1=L/R=0.2
in = io(1—e™)

2 -0.1x10
= E[Fe 1 ] =0.2(1-e")=0.126424111
ig = io(1—e™)

2 -0.1x10
= 6[1_6 2 ] =0.2 (1-¢e")=0.078693

ia _ 0.12642411 _ 1

i 0.78693
b) t=200ms=0.2s
in = io(1-6™")
= 0.2(1-e %2191y = 0.2 x 0.864664716 = 0.172932943
ig = 0.2(1-e %2192y = 0.2 % 0.632120 = 0.126424111

i.i= 0.172932943 _ 0. ,
ip  0.126424111
c) t=1s
ia= 0.2(1—e ™"y = 0.2 x 0.9999546 = 0.19999092
ig = 0.2(1-e ™1%’2) = 0.2 x 0.99326 = 0.19865241

ia _0.19999092 -1
i 0.19865241

88. a) For discharging circuit

i=ipe™

N 1 = 2 e—0.1/r

= (12)= e

=In (1/2) =tn (&)

= -0.693 =-0.1/

= 1t=0.1/0.693 = 0.144 = 0.14.

b) L=4H,i=L/R

=0.14=4/R

= R=4/0.14=28.57=28 Q.
89.

Case -1 Case -1

— WO

| |
| I
In this case there is no resistor in the circuit.
So, the energy stored due to the inductor before and after removal of battery remains same. i.e.
12
Vi =V,= —Li
1 2 2

So, the current will also remain same.
Thus charge flowing through the conductor is the same.
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90. a) The inductor does not work in DC. When the switch is closed the current

charges so at first inductor works. But after a long time the current flowing is R,
constant.
Thus effect of inductance vanishes. R v
- E E ER+Ry) |
Rpet RiR, RR; ] :
Ri+R,
b) When the switch is opened the resistors are in series.
_ L L
T= = .
Rnet R1 + R2
91. i=1.0A, r=2cm, n=1000 turn/m
B2V

Magnetic energy stored = ——
2

Where B — Magnetic field, V — Volume of Solenoid.

2:2
n-i
Ll JLILIRY nr’h

20
-7 6 -4
_ 4nx107" x10° x1xnx4x10™" x1 [h=1m]
2
=8n2x 107°

=78.956 x 10°=7.9x 107" J.

B2
92. Energy density = —
2,

B2V (uoi/zr)2v_ 1ol

Total energy stored = = =——V
2}10 2”0 4re x 2
-7 42 -9
= A0 x4 DA grs107y,
4x(1077)" x2

93. 1=4.00A,V=1mm’,
d=10cm=0.1m
g _ Mol
2nr

2

Now magnetic energy stored = :;V
Ho

2:2 -7 -9
H0I2XLXV:4T:><1O ><16><21><1><10
4nrs 2y, 4x1x10™ x 2

8 10714y
T
2.55x 107"
94. M=25H
dl (A
dt s
di
E——pa

= E=25x1=25V
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95. We know
b gy d :
dt dt i
From the question,
di d, . .
ot :a(lo sinot) = i;ocos ot b—s
d_£ :Mgn[1+a/b]
dt 2n
Now, E = M><ﬂ
dt
or, HoBlo@COSOL 1y /6] = M igo cos ot
= M=22n[11a/b]
27
muyNa2a”’ERV
96. emfinduced = > 02 372 2
2L(@“ +x°)’"“(R/Lx +r)
da__ ERV (from question 20)
dt Rx 2
L(—+ rj
L
__E _ Npona?a’
7 didt 2@+ x2) 2
97. Solenoidl:
a;=4cm’;n; =4000/0.2m; /,=20cm=0.20 m
TN TN
Solenoid Il :
a,=8cm?;n,=2000/0.1m; £,=10 cm=0.10 m A

B = ponai  let the current through outer solenoid be i.
¢=n1B.A=n1 nguoixa1

= 2000x22))—010x4nx10*7xix4x10*4

E= 30 _garx104x 3
at at

Now M = i =64n x 10" H=2x 107 H. [As E = Mdi/dt]
di/dt
98. a) B = Flux produced due to first coil
Sponi

Flux ¢ linked with the second
=ponixNA=poniNzR?

Emf developed
dl dt . 2
= — = —(poniNnR
at dt(uo nR%)

uonN7R? % = uonN7R%i;mcos ot .
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CHAPTER - 39
ALTERNATING CURRENT

f=50Hz
1= 1, Sin Wt

Peak value 1 = o

V2

IO .
— =1, Sin Wt
N

— —_ =SinWt=Sin =
2 4

:%=Wt. ort=" =" -1 _ 1 _400255=25ms
X

—

Ems =220V
Frequency = 50 Hz

=Eg=Ems/2 = V2 x 220 =1.414 x 220 = 311.08 V = 311 V
(b) Time taken for the current to reach the peak value = Time taken to reach the 0 value from r.m.s

I I .
I= % = % =1, Sin ot

V2 T2
=>ot= —
T s T 1
t= =" =T - =25ms
40 4x2nf 8x50 400
P=60W V=220V=E
2
R= L - 220x220 _ 40567
P 60

— =0.385=0.39A
R  311.08
E =12 volts
i Rt = i, sRT
Dg = E2rms 3E2= E_02
R? R? 2

= Ep®=2E® = E°=2x12°=2x 144
= Ey=+v2x144 =16.97=17V
Po =80 W (given)
P
Prms = 70 =40 W
Energy consumed = P x t =40 x 100 = 4000 J = 4.0 KJ
E=3x10°V/m, A=20cm’, d=0.1mm
Potential diff. across the capacitor = Ed = 3 x 10° x 0.1 x 10> = 300 V
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Alternating Current

i=ige™"

2= 1J’ o2ttt = Jo_
T T
0

-3

=10 uF=10x10°F=10"°F

2 )2 2
o 2lgt = Jo_ { e—2t/1:| T _ —°—><—><[e’2—1]
0

o'—,,-u

=(10V) Sin ot
a)I=E—°= o . 10 =1x10°A
() loies)
oC 10x107°
b)w=100s"
1= E1° = 110 =1x10°A=0.01A
(ij (100x105)
c)w=500s"
1= E1° = 110 =5x102A=0.05A
(ij (500><105j
d) © = 1000 s~
Eo - 10 =1x10"A=0.1A

I:

(o) (iosorios)
oC 1000 x107°

Inductance = 5.0 mH =0.005H
a)o=100s""

XL = oL =100 x S =050
1000

iz % 210 _o5
X, 05
b)  =500s"
X, = ol =500% —2— =250
1000
|:8_0:£:4A
X, 25
c) ®=1000s""
X, = oL = 1000 x > -50
1000
|:8_0_E:2A
R=10Q, L = 0.4 Henry
E=6.5V, ﬂHz

Z=JR?+ X% = JR?+(2nfL)?
Power = Vs Iims COS ¢

- 6.5 x E R _ _65x6.5x10 _ 6.5x6.5x10 - 6.5x6.5x10 — 0.625 = éw

Z Z 2 2 100 + 576 8
[ 2+<2nfL)2} 102+(znx@xo.4J

T

39.2



Alternating Current

V2

1. H= =T, E =12V, =250, R=100Q
H 2gin2
H= far =[RS ehar = 192 [in? ot ot =144 I[—1 Coszwtj dt
0 00
1073 1073 i _
- 144 dt — [ Cos2ot dt| = 0.7210° 3 (S'"thj 107
2 20 ),
= 0.72{ LI } = ("=2) 072 = 0.0002614 = 2.61 x 107 J
1000 5007 | 1000%
12. R =300Q, C=25uF=25x10°F, =50V, /=50 Hz
4
= 1o 50 1 _10*
oc xznx25x1o-6 25
2 104
20X, (300) (300) +(400)2 =500
(a) Peak current = — = 0 =0.1A

=0y 0 —-—=7-—-1.5
T2z Z 272 T 2x500x500 2 @
2
13. Power=55W, Voltage = 110V, Resistance = V? = % =2200Q
frequency (f) = 50 Hz, w=2nf=21r%50=100 =«
v v R -
Current in the circuit= — = —— AN ANV
Z  JRZ4(0L)?
< 110V >
L VR ~
Voltage drop across the resistor = ir = ———— )
R? + (oL)? « 220V >
_ 220 x 220 - 110
(220 + (1007L )2
=220 x 2 = /(220)% + (100nL)2 = (220)? + (100nL)® = (440)°
= 48400 + 10*7? L? = 193600 = 10*7° L?= 193600 — 48400
»_ 142500
=>LP= = =14726 =L=1.2135%12Hz
n°x10
14. R=300Q, C=20uF=20x10°F
L = 1 Henry, E=50V -0y,
Y
E
(@) lp= ?0,
1 2
Z=R%+(X, - X_)? = .[(300)?
+(Xe = Xp) (300)° + 277G
2
2
4
= [(300)% + 5 1 —onx 21| = J(300)2 [%—100} =500
2nx - x20%x1078 T
T
10 = E_O = ﬂ =01A
Z 500
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Alternating Current

(b) Potential across the capacitor =iy x X, = 0.1 x 500 = 50 V
Potential difference across the resistor = ip x R=0.1 x 300 =30 V
Potential difference across the inductor =iy x X, =0.1 x 100 =10V
Rms. potential = 50 V
Net sum of all potential drops =50V +30V + 10V =90V
Sum or potential drops > R.M.S potential applied.

15. R=300Q
C=20uF=20x10"°F
L=1H, Z =500 (from 14)
=50V, =20 =50 _g1a
Z 500

Electric Energy stored in Capacitor = (1/2) CV? = (1/2) x 20 x 107° x 50 x 50 = 25 x 107> J = 25 mJ
Magnetic field energy stored in the coil = (1/2) L Is> = (1/2) x 1 x (0.1)>=5x 102 J =5mJ
16. (a)For current to be maximum in a circuit
X =X (Resonant Condition)
1

=WL= ——
wcC

LC 2x18x10® 36

3 3
10 ey 10

=W

1000

x 21

=>f= =26.537 Hz= 27 Hz

(b) Maximum Current = g (in resonance and)

= 20 :iA:zmA
10x10° 103
17. Ems =24V
r=4Q, Ims =6 A
=E_ﬁ_40
1 6

Internal Resistance =4 Q
Hence net resistance =4 +4=8Q

.. Current = % =15A

10Q
18. V;=10x107°V T T
R=1x10°Q Vi 10 nF Vo
C=10x10°F 1 T 1
1 1 1 _ 1 _10* _ 5000

(@) Xc =

WC ~ 27fC  27x10x10°x10x10~°  27x10%  2x n

2 2
Z=R?+X? = \/(1><103)2+(Mj = \/106{@}

T
L=Eo o Vi _ 10x1073
o= =0 =1 = _UxA0
z Z 1()(5{5000}2
T
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Alternating Current

19.

1 1 1 1

(b) X, = =

(d)

Transformer works upon the principle of induction which is only possible in

(c)

WC  27/C  27x10°x10x10°  27x10°

z= |R?+x.2 = \/(103)2{@}2 - J106 +(@)2

T T
_Eo _V, _  10x107
bt T —=
10%[500}
T
-3
Vo=lIp X = — 10107 @-16124V~16mv
/ 500
—1MHz—106Hz
x. = 1 1 _ 1

2
z= JR2+ X2 = \/(103)2{@} J106 (SOJ
T T
Eo _ V; _ 10x107°

z Z 2
10%(@)
T

-3
V=1, X, = 1010 5—~o.16mv

\/750

=10 MHz = 10" Hz
1 1 1 1

WC ~ 27/C  27x10°x10x10"°  27x102

XC= = = =

WC 2rfC  2xx10" x10x107°  2xx107"

z= JRT+x.? = \/(103)2+[%j2 - \/1°6+[§T

T

Ioz____
Z Z 52
106{—)
T
-3
Vo =1, X, = —19x10 <2 =16V

case of AC.

Hence when DC is supplied to it, the primary coil blocks the Current supplied
to it and hence induced current supplied to it and hence induced Current in the

secondary coil is zero.

L N N N )

=E=
2

S
T

Py

Sec
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ELECTROMAGNETIC WAVES
CHAPTER - 40

=) dd)E _ S) EA

dt dt 4r gqr?

M3 T4A2 ) AT xﬁ
MTLPAZ 12T
(Current) (proved).

:A‘1

E= K_;q [from coulomb’s law]
X

KgA
¢ =EA= T2
X
doE d kgA d o
ld = Eowzeo ax—zzeo KquaX
= g x ><q><A><—2><x_3><d—X:qAV.
4n e, dt  2nx®
E= Q (Electric field)
EOA
o=EA.= Q A: Q
€0A2 602

S dog d( Q 1(de
|0 - EO —_— 260 — = —
dt dtle, 2) 2\ dt

—td

- 1£(Ece4/RC):lEC_Le—t/RC zfeﬁ
2 dt 2 RC 2R
E= Q (Electric field)
60 A
9=EA =X A_Q
60 A 2 EO 2
) mq e 80 1)
dt dtley, 2) 2\ dt
B= p,oH
= H= E
Ho

Eo _Bo/(uo & C)_ 1
HO BO/”'O €p C
1

 8.85x10 2 x3x10°

=376.6 Q=377 Q.

Dimension —— = ! = L =M'L*T°A? = [R].
& C LT ML3T*A%] ML2T3A2
E() =810 V/m, Bo =7
We know, By = g €0 C Eg
Putting the values,
Bo =4n x 107 x 8.85 x 107 x 3 x 10% x 810
=27010.9x107°=27 x10° T=2.7 uT.
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Electromagnetic Waves

B = (200 uT) Sin [(4 x 10" 57" (t — x/C)]
a) By =200 puT
Eo=C x By=200x 10° x 3 x 10° = 6 x 10*

642
b) Average energy density = LBS = (200x107)" _

4x1078

211, 2x41x107  8rx10~"

1=2.5x 10" W/m?

We know, I = %eo EZC

=\/ 2x2.5x10™
® \8.85x10"2 x3x10°
Bo = o €0 CEp

=0.4339 x 10° = 4.33 x 10% N/c.

-1 -00159=0.016.
20n

=4x314x107 x8.854 x 1072 x3x 108 x4.33x108=1.44T.

Intensity of wave = % e, E2C

€0=8.85x10""?;E,=7?;C=3x10%,1=1380 W/m®
1380 = 1/2 x 8.85 x 1072 x E2 x 3 x 10°
, _ 2x1380
0 8.85x3x107¢
= Ep=10.195 x 10 = 1.02 x 10°
Eo = BoC

=103.95 x 10*

1.02x10°

s— =3.398x10°=34x10"T,

= BO=E0/C=

3x10
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ELECTRIC CURRENT THROUGH GASES
CHAPTER 41

Let the two particles have charge ‘q’
Mass of electron m, = 9.1 x 107" kg
Mass of proton m, = 1.67 x 107 kg
Electric field be E
Force experienced by Electron = gE
accln. = gE/m,
For time dt
Se=1x£xdt2 (1)

2 mg
For the positive ion,
_9E
4 x m,

accln. =

qE
4><mp

w

x dt? .(2)

X

1
P2

4m
i= P =7340.6
S, m,
E=5Kv/m=5><103v/m;t=’|us=1><10_65
F=qE=16x10"x5x 10°

_gE 1.6x5x107"®

a=—=———

m  9.1x107™%
a) S = distance travelled

= %aﬁ =439.56 m = 440 m

b) d=1mm=1x10"m

1x10%= 1, 10505, 42
2 91
2= 9.1 x1071® = t=1.508 x 10° sec = 1.5 ns.

.0 X

Let the mean free path be ‘L’ and pressure be ‘P’
Lo 1/p for L = half of the tube length, P = 0.02 mm of Hg
As ‘P’ becomes half, ‘L’ doubles, that is the whole tube is filled with Crook’s dark space.
Hence the required pressure = 0.02/2 = 0.01 m of Hg.
V = f(Pd)
Vs = Ps ds
vi=Pid

Ve P, d 100 10 1mm

VTR 100 200 x

=x=1mm/2=05mm

i=neorn=ile
‘e’ is same in all cases.
We know,
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Electric current through gases

i=AST? e *RT  $=452eV,K=1.38x 102 JKk

n(1000) = As x (1000)? x o4:52x1.6x107"%/1.38:1072x1000
= 1.7396 x 1077

a) T=300K
n(T) _ ASx (3002 @452x1.6x107"%/1.38:x1072x300 R
n(1000K) ASx1.7396x10""7 B
b) T =2000K
n(T) _ ASx (20002 x e4.52x1.6x1049/1.38x10*23x2000 950 10"
n(1000K) ASx1.7396x10""7 Bt
c) T=23000K
nT) AS><(3000)2 ><e4~».52x1.6x1049/1.38x10*23x3000 1340 x 10
n(1000K) ASx1.7396x10""7 i
i = AST? e /KT
ip =i io =100 mA
A, =60 x 10* A;=3x10*
S;=S S,=S
T, =2000 T, =2000
b1 =4.5eV 0 =2.6 eV
K=1.38 x 1072 J/k
—4.5x1.6x107"°
i = (60 x 10%) (S) x (2000)? e:38x102°x2000
—2.6x1.6x107"°
100 = (3 x 10%) (S) x (2000)? g1:38x10"x2000
Dividing the equation
. —4.5x1.6x10,-2.6x1.6x10
L e[ 1382 ' 138420 )}
100
= — =20xe "% L _20x0.000016
100 100
= i=20x 0.0016 = 0.0329 mA = 33 uA
Pure tungsten Thoriated tungsten
b=45eV b=2.6¢eV
A =60 x 10* A/m* - K? A=3x10" Am’ — K
i= AST?e /KT

IThoriated Tungsten = 5000 ITungsten
-4.5x1.6x10~1°

So, 5000 x S x 60 x 10% x T2 x g 1:38xTx1072®

—2.65x1.6x107"°

—23
=S x3x10*x T2 x e 1:38xTx10
~4.5x1.6x10719 -2.65x1.6x10719
8 1.38xTx10723  — 5 1.38xTx1072% 4
=3x10°x e =el x3x 10

Taking ‘In’
=9.21T=220.29
= T=22029/9.21 = 2391.856 K
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Electric current through gases

10.

1.

12.

i = AST? e /KT
i = AST12 e"i)/KT’
i T2 e"b/KT
o0 (1)2 o O/KTHIKT _ (1)2 QIKT =4 /KT

il Tr Tr

, 5 4.5x1.6x1071°
- %: (2000) e 138103 ( 1 _ 1 j = 0.8690

i 2010 2010 2000

Lo 1 11495 =114

i 0.8699
A =60 x 10* A/m? — K*
b=45eV 6=6x10° o/m?=k*
S=2x10"m? K=1.38x 102 J/KK
H=24 o

The Cathode acts as a black body, i.e. emissivity = 1

~E=c AT (Ais area)

=B _ 2 5107 =20x102K
A 6x10°x2x10"

= T=21147 x 10° = 2114.7 K

Now,i =AST?e¢/KT

=6 x 10°x 2 x 107° x (2114.7)? x g 1:38:Tx10%

=1.03456 x 10° A =1mA
ip= CV2/? (1)

= dip = C 3/2 V&' dv,

di 3
= ﬁ :ECVSQ .(2)
p
Dividing (2) and (1)
i di, 3/2CV,"?
iy dv, - CVp3/2
1 3
ip dv, 2V
o W _2v
di, 3
_2v 2x 60
R="-=—""—
3i, 3x10x107°

For plate current 20 mA, we find the voltage 50 V or 60 V.

Hence it acts as the saturation current. Therefore for the same temperature, the plate current is 20 mA
for all other values of voltage.

Hence the required answer is 20 mA.
P=1W,p=7?
Vp=36V,V,=49V,P=1V,

P

=4x10°% = 4kQ
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Electric current through gases

13.

14.

15.

16.

17.

1/36 (36)3/2
= —=|—
Iy 49
= ngxgjlg =0.4411
361, 49 7
P'=V,l',=49x0.4411=21613W =22 W
Amplification factor for triode value

_ Charge in Plate Voltage _ 3V,

- Charge in Grid Voltage %
= 250-225 25 _ 125 [.. 8Vp =250 -225,3Vg=2.5-0.5]
25-05 2

Rn=2KQ=2x10°Q

9m = 2 milli mho = 2 x 107> mho

W=TpXQgm=2x 10°x2x10°=4 Amplification factor is 4.
Dynamic Plate Resistance r, = 10 KQ = 10* O

3, =7

8V, =220-220=20V

8l = (8Vp I 1p) I V4 = constant.

=20/10* = 0.002 A = 2 mA

8V,
= (—F’J at constant V,
ol
P

Consider the two points on Vy = —6 line
r,= M:@xm%):s}(g
(13-3)x10~A 10

51, et
m = | —— |v, = constan
9= 5y, )

Considering the points on 200 V line,
_ (13-3)x10°° A 10x107°
[(-4)+(-8)] 4

W =rpxgm
=8x10°Qx25x10°Q"'=8x15=20
a) r,=8 KQ =8000 Q
8V, =48V S, =7
3l, = (8V, / rp) I Vg = constant.
So, 3l, =48/8000 = 0.006 A =6 mA
b) Now, V, is constant.
8l, =6 mA =0.006 A

= 2.5 milli mho

m
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Electric current through gases

gm = 0.0025 mho
Vg = (8l, / gm) / V, = constant.

_ 0.006 _
00025
18. r,=10KQ=10x10°Q
w=20 V, =250V
Vy=-75V l, =10 mA

3l
a) gm= [ﬁ}vp = constant
9

Sl -3 _ -3
:>6Vg=—p:15><10 10x10

Om uir,

-3
= LO32§:25
20/10x10° 2
ry=+25-75=-5V

3V,
b) r,=|—== |V, =constnant
ol,

. 8V,
=10" = = =
(15x1072 -10x107%)
=8V,=10"x5x10°=50V
V', =V, =50 = V', = =50 + V, =200 V
19. V, =250V, V,=-20V
a) ip = 41(V, + 7V,y)""
= 41(250 — 140)"*' = 41 x (110)"*" = 30984 pA = 30 mA
b) i, =41(V, + 7Vg)'™
Differentiating,
di, = 41 x 1.41 x (V, + 7Vg)**" x (dV, + 7dV,)

av,
Now r, = ——V, = constant.
o
F WY 1x10°
di,  41x1.41x110%4

c) From above,
dl, =41x1.41x6.87 x7dV,

dl
Om= —— =41x1.41x6.87 x 7 umho

dv,

= 2780 p mho = 2.78 milli mho.
d) Amplification factor
H=rxgn=25x10>x278x10°=6.95=7
20. ip = K(Vg + Vy/u)*? ..(1)
Diff. the equation :
dip, = K 3/2 (Vg + Vy/u)"* d V,

di 1/2
i = EK(VQ +ﬁj

dv, 2 I

=10°x251x10° = 25x10°Q = 2.5 KQ
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Electric current through gases

21.

22.

= gm =312 K (Vg + Vy/u)" ..(2)

From (1) i, = [3/2 K (Vg + Vy/u)"° x 8/K* 27

= ip =K (gn)’ = gn = 3,

r, = 20 KQ = Plate Resistance

Mutual conductance = g, = 2.0 milli mho = 2 x 10~ mho
Amplification factor u = 30

Load Resistance =R, =?

We know

A= _H

where A = voltage amplification factor

_ 20x10°x2x107° _ 4R

= —-3=_ "1

20000 R, +20000
RL

= 3R, +60000 =4 R,

= R_=60000 Q = 60 KQ

n

= 30
1+

Voltage gain =

1+ —
Re

When A = 10, R, = 4 KQ
10= M o mx4x10®
1. % 4x10% +r,
4x10°
= 40x10°x 10r,=4 x 10° ..(1)
when A =12, R, =8 KQ

2= :12=—“X8§103
14 b 8x10° +r,
8x10°
= 96x10°+12r,=8x10° ..(2)
Multiplying (2) in equation (1) and equating with equation (2)
2(40 x 10° + 10 1) = 96 x 10+3 + 12r,
= r,=2x10°Q=2KQ
Putting the value in equation (1)
40 x 10° +10(2 x 10°) =4 x 10°
= 40x10°+20x 10% =4 x 10°p
= pu=60/4=15
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PHOTO ELECTRIC EFFECT AND WAVE PARTICLE QUALITY

CHAPTER 42
1. 2 =400 nmto X, =780 nm
E=hv= hTC h=6.63x10""j-s,c=3x10® m/s, 1 = 400 nm, A, = 780 nm

_ 6.63x107*x3x10° _6.63x3
400x10°° 4

£ - 6.63x3
8

x107°=5x10""J

1

) 107" =255 x107"°y

So, the range is 5 x 107"° J t0 2.55 x 107'° J.

2. A=hlp
= P=hir= M J-S=1.326 x 107 = 1.33 x 107 kg — m/s.

500%10~

3. A1=500 nm =500 x 10°m, A, = 700 nm = 700 x 10° m
E, — E, = Energy absorbed by the atom in the process. = hc [1/A4 — 1/4,]
= 6.63 x 3[1/5-1/7]x 1079 =1.136 x 107'° J

4. P=10W .. Ein1sec=10J % used to convert into photon = 60%
-.Energy used =6 J

6.63x1073* x3x108 _6.633 1017

Energy used to take out 1 photon = hc/A =

590x107° 590
No. of photons used = 6 _6x590 407 Z176.9x10" = 1.77 x 10"
6.63x3 <1017 6.63x3
590
5. a) Here intensity = | = 1.4 x 10° w/m? Intensity, | = 22V = 1.4 x 10° w/im?
a
Let no.of photons/sec emitted = n .. Power = Energy emitted/sec = nhc/A = P

No.of photons/m2 = nhc/\ = intensity

: : 3 -9
N = intensity x A _ 1.9x10° x5%x10 _35x10?"
hc 6.63x107 x3x10°
b) Consider no.of two parts at a distance r and r + dr from the source.

The time interval ‘dt’ in which the photon travel from one point to another = dv/e = dt.

In this time the total no.of photons emitted = N = n dt = (E—kj%
c

These points will be present between two spherical shells of radii ‘r and r+dr. It is the distance of the
point from the sources. No.of photons per volume in the shell

N Pidr 1  pA
2nr2dr - hc?  4nr’ch  4mhc?r?
In the case = 1.5 x 10" m, A =500 nm, = 500 x 10°m

-~

1S

(r+r+dr)=

P2 =1.4x10%, .. No.of photons/m® = _sz
4nr 47nrc he
-9
= 1.4 x 10° x —200x10 ~12x10%

6.63x107* x3x108
c) No.of photons = (No.of photons/sec/m?) x Area
= (3.5 x 10°") x 4nr?
=3.5x10%" x 4(3.14)(1.5 x 10"")? = 9.9 x 10*,
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Photo Electric Effect and Wave Particle Quality

10.

A=663x10"m, 0=60°n=1x10", A =hip

=P=phi=10%

Force exerted on the wall = n(mv cos 6 —(—mv cos 6)) = 2n mv cos 6.
=2x1x10" %10 x % =1x 10" N.

Power =10 W P — Momentum
x=h or,P=D or,E:ﬂ
A t At

E= h—C or, E:h_c = Power (W)
A t At

W =Pc/t or, P/t =W/c = force.

or Force =7/10 (absorbed) + 2 x 3/10 (reflected)

7 W 3 W 7 10 3 10

— X— 42X —X— —=> —X +2x—x

10" C 10 C 10 3x108 10 3x108

=13/3x10°=4.33x10°N.

m=20g
The weight of the mirror is balanced. Thus force exerted by the photons is equal to weight
= D E= h_C — PC
A A
= E = EC
t ot

= Rate of change of momentum = Power/C
30% of light passes through the lens.
Thus it exerts force. 70% is reflected.
. Force exerted = 2(rate of change of momentum)
=2 x Power/C

(2 x Powerj
C

30% =mg

-3 8
— Power = 20x10 X120X33X10 10 _ 10w = 100 MW.
X

Power = 100 W

Radius = 20 cm

60% is converted to light = 60 w
power 60
velocity  3x108

force _ 2x107 1
area 4x3.14x(0.2)> 8x3.14
=0.039x10°=3.9x107 =4 x 107 N/m>.

Now, Force = =2x107"N.

Pressure = 107°

We know,
If a perfectly reflecting solid sphere of radius ‘r’ is kept in the path of a parallel beam of light of large
aperture if intensity is |,
2

Force = il

C
=0.5W/m? r=1cm, C=3x10°m/s
nx(1°x0.5 3.14x0.5

3x10° 3x10°

=0.523x10°=52x10°N.

Force =
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Photo Electric Effect and Wave Particle Quality

1.

12.

13.

14.

15.

16.

For a perfectly reflecting solid sphere of radius ‘r’ kept in the path of a parallel beam of light of large

2
aperture with intensity ‘I’, force exerted = %I

If the i undergoes an elastic collision with a photon. Then applying energy conservation to this collision.

We get, hC/A + moc® = mc?

and applying conservation of momentum h/A = mv
My

from above equation it can be easily shown that

V=C or V=0

Mass ofe=m =

both of these results have no physical meaning hence it is not possible for a photon to be completely

absorbed by a free electron.

r=1m
kq?  ko?
Energy= —=—-
ay R 1
2
NOW, ki = h_C orax= h_C
1 A kq?

For max ‘A’, ‘q’ should be min,
For minimum ‘€’ =1.6 x 107 C

Max 2 = " = 0.863 x 10° = 863 m.

kq?
6.63x3x1073 x 108 863

For next smaller wavelength = 5 5 5 = —215.74m
9x10” x(1.6x2)* x107 4

A =350nn=350x10"°m

6=19eV

6.63x10* x3x10°
350x10° x1.6x107"°

Max KE of electrons = % -¢=

=1.65ev=1.6ev.
Wo=25x10""J
a) We know Wy = hvg
W, 25x107°
h  6.63x107*
b) eVo =hv - Wo
or, Vg = V= Wo _ 6.63x107 x6x1o1:g—2.5x1049 Z 091V
e 1.6x10”
b=4eV=4x16x10""J
a) Threshold wavelength = A

Vo =

=3.77x 10" Hz=3.8 x 10" Hz

¢ = hc/h
-34 8 -27
- = hC _6.63x10 ><31>;10 :6.63><3X10 9 —3.1x10"m =310 nm.
) 4x1.6x10" 6.4 10~
b) Stopping potential is 2.5V
E=¢+eV

= hc/h=4x16x10"+16x10""x25
6.63x1073* x3x108
A= 19
Ax1.6x10
6.63x3x107%°
1.6x107"°x6.5

=4+25

=1.9125 x 10~ = 190 nm.
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17. Energy of photoelectron

-15 8
= Bm?= hTC—hvo = 41410 7x3x107 5 56y = 0.605 ev.

4x1077

2

We know KE = L = P?=2m x KE.
2m

P2=2x9.1x10""%x0.605x 1.6 x 107"°
P=4.197 x 10® kg — m/s
18. A =400 nm =400 x 10° m

Vo=14V
hc hc
—=—+ev,
A g
34 8 34 8
|, 883510 x3:10° 683110 x3x10° ¢ oo g
400 x 10" o
-26
— 4.97=1989x107 76
)\‘0
-26
_, 19.89x107 _ 497 _17.6=3.21
)\‘0
-26
= %o = % =6.196 x 107 m = 620 nm.

19. a) When A =350, Vg =1.45
and when A =400, Vs =1

hc _
350 " W +1.45 (1) Stopping
potential
and € = w41 (2)
400 1 —

Subtracting (2) from (1) and solving to get the value of h we get
h=4.2x10" ev-sec

b) Now work function =w = th =ev-s

= @—1.45 =2.15ev.

350
_ hc hc

c) w= T = lthere cathod — W

_ 1240
2.15
20. The electric field becomes 0 1.2 x 10* times per second.

15
. Frequency = % =0.6 x 10"

=576.8 nm.

hv = ¢ + kE
= hv—¢o=KE
_ 6.63x10*x0.6x10"
1.6x107"°
=0.482ev=0.48 ev.
21. E=Eqsin[(1.57 x 10" m™") (x — ct)]
W=157x10"xC

= KE 2
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22.

23.

24.

25.

_ 1.57x10" x3x108

= Hz
2n

Now eVO =hv —Wo

= f

Wo=19ev

15
=414 %107 x M_ 19 ev
T

=3.105-1.9=1.205 ev

-19
So, V = 1.205x1.6x10 ~ 1205V

1.6x107"°
E =100 sin[(3 x 10" s™)t] sin [6 x 10" s7)t]

=100 % [cos[(9 x 10" s™)t] — cos [3 x 10" s )]

The ware 9 x 10" and 3 x 10"
for largest K.E.

Winax _ 9x10"

fmax=
2n 2n
E - ¢o = K.E.
= hf- ¢ = K.E.
-34 15
6.63x10 ><9><130 o KE
2nx1.6x10
= KE =3.938 ev =3.93 ev.
Wy =hv —ev,
_5x10°
8x10"°
=6.25x10"°-32x10"=3.05x 107"y
-19
= 30510 " _ 4 906 ev.
1.6x10

We have to take two cases :
Casel... vp=1.656
v=5x10" Hz
Casell... vg=0
v=1x10"Hz
We know ;
a) evy=hv-w,
1.656e =h x 5 x 10" —w, (1)
0=5hx 10" = 5w, (2
1.656e = 4wy
Wo = @ ev=0414ev
b) Putting value of wy in equation (2)
= 5wg =5h x 10"
= 5x0414=5xhx 10"
= h=4.414x10"° ev-s
wo =0.6 ev

For wg to be min ‘A’ becomes maximum.
_hc _ hc _ 6.63x10*x3x10®
Wp=— OrA= — = =T
A Wq 0.6x1.6x10

=20.71 x 107" m = 2071 nm

1.6x107"° x2 (Given V, = 2V, No. of photons = 8 x 10'°, Power = 5 mW)

V (in volts)

v(in 10" Hz)
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26.

27.

28.

29.

A=400nm,P=5w
E of 1 photon = he _ (%J ev
A 400
5 5x400
Energy of 1 photon  1.6x10'° x1242
No.of electrons = 1 per 10° photon.

No.of electrons =

5x 400
1.6x1242x107"° x10°8
Photo electric current = 6 1245; 410006 10 x1.6x107"° =1.6 x 10°A = 1.6 yA.
.0 X X X
L=200nm=2x10" m

hc  6.63x107%* x3x108

No.of photoelectrons emitted =

E of one photon =7 = T =0.945 x 107"
X
-7 e
No.of photons = %= 1x10" no.s
. X
1
Hence, No.of photo electrons = 1X12 =1x10"

Net amount of positive charge ‘q’ developed due to the outgoing electrons
=1x10"x1.6x107"°=1.6x10"*C.

Now potential developed at the centre as well as at the surface due to these charger
_Kg_9x10°x1.6x10™"

r 48x1072

0o =2.39 eV

A1 =400 nm, A, =600 nm

for B to the minimum energy should be maximum

.. A should be minimum.

_ hc
Y
The presence of magnetic field will bend the beam there will be no current if

the electron does not reach the other plates.

=3x10"'V=03V.

¢g =3.105-2.39=0.715eV. 10.cm o

mv
r: _
gB
_ ~2mE
=>r=—"—
qB
L 02 ¥2x9.1x107°x16x10 " x0.715

1.6x107"° xB
= B=285x10"T
Given : fringe width,

y=10mmx2=20mm,D=0.24 mm,Wy=22ev,D=12m B |
_ AD g‘ IT.s
y=— T
d A |
yd 2x1073x0.24x1073 ° '
or,A\= —= - =4x10" m
D 1.2
-15 8
g=NC_414x10 °x3x10° _ 4 4656y
by 4x10

Stopping potential eV, = 3.105 -2.2 = 0.905 V
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30.

31.

32.

33.

¢=4.5eV, L =200 nm
Stopping potential or energy =E — ¢ = % -0
Minimum 1.7 V is necessary to stop the electron
The minimum K.E. = 2eV
[Since the electric potential of 2 V is reqd. to accelerate the electron to reach the plates]
the maximum K.E. = (2+1, 7)ev = 3.7 ev.
Given
6=1x10"cm™ Wy (Cs)=1.9eV,d=20cm=0.20 m, 1 =400 nm
we know — Electric potential due to a charged plate =V =E x d
Where E — elelctric field due to the charged plate = o/E(
d — Separation between the plates.

-9
= O, q-_ 10 1220 =22598V =226
Eo 8.85x107 12 x100
hc _4.14x107° x3x10°

Voe=hV_W0=T_WO 1.9

4x107
=3.1056-1.9=1.205ev
or, Vo =1.205V
As V; is much less than 'V’
Hence the minimum energy required to reach the charged plate must be = 22.6 eV
For maximum KE, the V must be an accelerating one.
Hence max KE =V, + V = 1.205 + 22.6 = 23.8005 ev
Here electric field of metal plate = E = P/E,

_ 1x107"°
8.85x107"2
accl.de=¢=qE/m

_ 1.6><10_19_>;1113 = 19.87 x 1012 | Metal plate
9.1x10 y=20|cm f \
-2
t= @: N2x20x10° _ 4 44 107 sec
a 19.87x10~%

KE. = hTC—W =1.2eV

=113 v/m

=1.2 x 1.6 x 107"° J [because in previous problem i.e. in problem 31 : KE = 1.2 ev]

_V2KE  \2x1.2x1.6x107"

T m 44x107

". Horizontal displacement = V; x t
=0.655x 107° x 1.4 x 107" =0.092 m = 9.2 cm.

When A =250 nm

LV =0.665 x 10°

Energy of photon = he = 1240 _ 4.96 ev
A 250
hc
~ KE.= T—W =4.96-1.9 ev=3.06ev.
Velocity to be non positive for each photo electron

The minimum value of velocity of plate should be = velocity of photo electron
". Velocity of photo electron = v2KE/m
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=T
=\/W: 3.06x1.6x10"" _ 4 14 10° m/sec.
9.1x10°% 9.1x10™"

34. Work function = ¢, distance = d
The particle will move in a circle
When the stopping potential is equal to the potential due to the singly charged ion at that point.

hc
eVog= —-
0= = 0
hc 1 ke hc 1
= V = | —- —_ = — = — — —
° (x d)je 2d (x ¢)e
Ke? hc hc Ke? Ke? +2d¢
> —=——-¢>—=—-+o=—"7—""""
2d A A 2d 2d
_ hcad 2hcd 8meyhed
> A= — = =— .
Ke* +2d¢ 2+2d(|) e +87'580d¢
47'[806
35. a) When A =400 nm
hc 1240
Energy of photon = — =—— =3.1eV
9y orp » 400

This energy given to electron
But for the first collision energy lost = 3.1 ev x 10% = 0.31 ev
for second collision energy lost = 3.1 ev x 10% = 0.31 ev
Total energy lost the two collision = 0.31 + 0.31 = 0.62 ev
K.E. of photon electron when it comes out of metal
= hc/A — work function — Energy lost due to collision
=31ev-22-0.62=0.31ev
b) Forthe 3" collision the energy lost = 0.31 ev
Which just equative the KE lost in the 3" collision electron. It just comes out of the metal
Hence in the fourth collision electron becomes unable to come out of the metal
Hence maximum number of collision = 4.

42.8



BOHR’S THEORY AND PHYSICS OF ATOM
CHAPTER 43

goh® _ A’TP(MLPT')?  MALAT?
mme?  L2MLT2M(AT? M2LT2
..ap has dimensions of length.
We know, & =1/A = 1.1 x 10" x (1/n42 = 1/n,?)
a) ny=2,n,=3
or, /A = 1.1 x 10" x (1/4 — 1/9)
__ 36
5x1.1x107
b) ng = 4, Ny = 5
L=1/a =1.1x10" (1/16 — 1/25)
or, A= L
1.1x10” x 9
for R =1.097 x 10', A = 4050 nm
c) n=9,n,=10
1/ =1.1 x 10" (1/81 — 1/100)

p=— 8100 _ 3875508 x 107 = 38755.9 nm

19x1.1x10’
for R = 1.097 x 10”; A = 38861.9 nm
Small wave length is emitted i.e. longest energy
ng=1,ny=o

dp =

or, A =6.54 x 107" = 654 nm

=40.404 x 107" m = 4040.4 nm

= — 1 107 =0.909 x 107 = 90.9 x 10 = 91 nm.
1.1x107 1.1
b) lZZZR %
A ny —n,
1 91 nm

1, 1

1 —Ny
=> A= 1 2m=%=10nm
z 9
Rydberg’s constant = m_e“
8h°Ce}

Me=9.1x10""kg,e=16x10""¢c, h=6.63x 10°* J-S, C =3 x 10° m/s, gy = 8.85 x 107"
9.1x1073"x (1.6 x107"9)*
8x(6.63x107)% x3x10% x (8.85x107"2)?

ny=2,N,=o

E - —13.6_—13.6:13.6[%_LJ

or,R= =1.097 x 10" m™

2 2 2
n n, n~ n,

=13.6 (1/0 —1/4) =-13.6/4 = -3.4 eV
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goh?n?  0.53n?

a) n=1,r= 5 = A°
nmZe z
= M :0_265A°
2
— 2 —
p= 1362 36x4 _ o0y
n 1
b) n=4,r= @=424A
- 180534 34ev
164
c) n=10,r=M=26.5A
= M=_0544A
100

As the light emitted lies in ultraviolet range the line lies in hyman series.

1
L1l
A ny n;

N B
102.5x107°
9 2
- 10 =1.1x10"(1-1/nd) = 10
102.5 102.5
1 100 1 1-100
_——_ =
n2 102.5x1.1 " n2 102.5x1.1
= n,=297=3.
a) First excitation potential of
He"'=10.2x2°=10.2 x4 =408V
b) lonization potential of L,
=136V xz°=136x9=1224V
N4 =4 > n2=2
n=4->3->2
1

=1.1x10" (1/1% = 1/n,?)

=1.1x10"(1-1/n3)

= 1-

=1.097x107(i—1)
16 4

7
:1'097“()7(11—64):> 1.097 x10" x3

=
16

>la >

_16x107"

3x1.097

=1.861 x 107 = 487 nm
nf=4andn,=3

1=1.097x107(i—1)
16 9

9—16): 1.097 x107 x7
144 144

=4.8617 x 107

= =1.097><107(

_ 144
7x1.097 x107
n=3->n,=2

1:1.097x107(1—1j
A 9 4

=1875 nm

S BN

=
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10.

11.

12.

13.

14.

15.

_ 7
N 1:1_097X107(4 9)31.097x10 x5
A 36 66
-7
:M:656nm
5x1.097
)=228 A°
34 8
= e 888x10° X310 _ g7 x 10
A 228x10°

The transition takes place formn=1ton=2
Now, ex. 13.6 x 3/4 x z* = 0.0872 x 107"

2. 00872x107™°x4
13.6x3x1.6x107"°

z=+53 =23
The ion may be Helium.
F= Q1Q22
47T80r

[Smallest dist. Between the electron and nucleus in the radius of first Bohrs orbit]
(1.6x107%)x (1.6 x107"%)x 9% 10°
(0.53x1071%)2

a) From the energy data we see that the H atom transists from binding energy of 0.85 ev to exitation
energy of 10.2 ev = Binding Energy of —3.4 ev.

=82.02x10°=8202x10°%=82x10°N

So,n=4ton=2 -0.85eV
b) We know = 1/ = 1.097 x 107(1/4—1/16) -1.5eV
16 7 > -3.4ev

A= ————=48617 x 107" =487 nm. 1368V

1,097 x3x107
The second wavelength is from Balmer to hyman i.e. fromn=2ton =1
ng=2ton,=1

AN
A ny n;

= 1=1.097x107(i—lj:>1.097><107(1—1)
by 22 42 4

= x:Lmoq
1.097 x 3
=1.215x 107 =121.5x 10° = 122 nm.

Energy atn =6, E = % = _0.3777777

Energy in groundstate = —-13.6 eV

Energy emitted in Second transition = -13.6 —(0.37777 + 1.13)
=-12.09=121eV

b) Energy in the intermediate state = 1.13 ev + 0.0377777

13.6x2> 13.6

n? n?

=1.507777 =

or,n= 136 =3.03=3=n.

1.507
The potential energy of a hydrogen atom is zero in ground state.
An electron is board to the nucleus with energy 13.6 ev.,
Show we have to give energy of 13.6 ev. To cancel that energy.
Then additional 10.2 ev. is required to attain first excited state.

Total energy of an atom in the first excited state is = 13.6 ev. + 10.2 ev. = 23.8 ev.

43.3



Bohr’s Theory and Physics of Atom

16.

17.

18.

19.

20.

21.

22.

23.

Energy in ground state is the energy acquired in the transition of 2" excited state to ground state.

As 2™ excited state is taken as zero level.
_hc 4.14x107°x3x10° 1242

E= == =27 ev.

A4 46x107° 46
Again energy in the first excited state

-15 8

E- E: 4.14x10"" x3x10° _ 12 ev.

M 103.5
a) The gas emits 6 wavelengths, let it be in nth excited state.

n(n—1)

=6=>n=4 .. Thegasisin 4" excited state.

2

b) Total no.of wavelengths in the transition is 6. We have

nin-1) _
2

a) We know, muor= nh = mriw = nh —ws= Lz
2n 2n 2nxmxr

1% 6.63 x107

= 5312947107 053710 =0.413 x 10" rad/s = 4.13 x 10" rad/s.
X9, X J.1X X . X

The range of Balmer series is 656.3 nm to 365 nm. It can resolve A and A + A if A/AL = 8000.

.. No.of wavelengths in the range = 656.3-365 _ 36
8000
Total no.of lines 36 + 2 = 38 [extra two is for first and last wavelength]
a)ni=1,n,=3,E=13.6 (1/1 —1/9) = 13.6 x 8/9 = hc/L
13.6x8 4.14x107"° x3x10° o 4.14x3x107"
9 ) ~ 13.6x8
b) As ‘n’ changes by 2, we may considern=2ton=4

then E =13.6 x (1/4 — 1/16) = 2.55 ev and 2.55 = % or A =487 nm.

=1.027 x 107" = 103 nm.

or,

Frequency of the revolution in the ground state is i
i

[ro = radius of ground state, V, = velocity in the ground state]

..Frequency of radiation emitted is Mo - f
27'[r0

CZTErO

0

~C=fA=Ar=Clf=

- C27Tr0

0
KE = 3/2 KT = 1.5 KT, K = 8.62 x 107 eVI/k, Binding Energy = -13.6 (1/c0 — 1/1) = 13.6 V.
According to the question, 1.5 KT = 13.6
= 15x862x10°xT=13.6
T=— 138 _405x10°K
1.5%x8.62x107°
No, because the molecule exists an H2+ which is impossible.
K =8.62 x 107° eV/k
K.E. of H, molecules = 3/2 KT
Energy released, when atom goes from ground state to no = 3
= 13.6 (1/1 - 1/9) = 3/2 KT = 13.6(1/1 — 1/9)

_ 13.6x8
9

Y =45.686 nm = 45.7 nm.

= 3/2x8.62x10°T
= T=0.9349 x 10° = 9.349 x 10* = 9.4 x 10* K.
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24,

25.

26.

27.

28.

n=2T=10"s
Frequency = r?—e:s
4epn°h
So, time period = 1/f = 4802njh3 N 4x(8.85)* x2° ><4(6.63)3 y 10_24_173_102
me 9.1x(1.6) 10~
=12247.735 x 107" sec.
1078

No.of revolutions = =8.16 x 10°

12247.735x107"°
= 8.2 x 10° revolution.
Dipole moment (u)
= niA=1xqg/tA=gfA
4 5 2.2
X—4:£:3n3 x (TCFO2I’12 )= me48>%é§;03n )
(9.1x10731)(1.6 x107%)® x £x (0.53)? x1072° x1
4x(8.85x107'2)%(6.64 x10734)*(1)®
0.0009176 x 10 =9.176 x 1072* A - m°.
exme* x nr2n?

= €

Magnetic Dipole moment=niA =

nh
Angular momentum = mvr = —

2n

Since the ratio of magnetic dipole moment and angular momentum is independent of Z.

Hence it is an universal constant.
e’ xmxngn® 2n

(1.6x107"%)° x(9.1x107")x (3.14)? x (0.53 x 107'°)?

Ratio = —
24g,h°n°®  nh

=8.73 x 10" C/kg.
1242

2x(8.85x102)2 x (6.63 x10%4)* x 12

The energies associated with 450 nm radiation = 250 =276 ev

1242

Energy associated with 550 nm radiation = 550 =2.258 = 2.26 ev.

The light comes under visible range
Thus,n;1=2,n,=3,4,5,......
E,—E3=13.6 (1122 -1/3%)=19ev
E,—E;=13.6 (1/4-1/16) = 2.55 ev
E,—Es=13.6 (1/4 — 1/25) = 2.856 ev

Only E, — E, comes in the range of energy provided. So the wavelength corresponding to that energy

will be absorbed.

A= % =487.05 nm = 487 nm
2.55

487 nm wavelength will be absorbed.

From transitions n =2 to n =1.
E=13.6(1/1-1/4)=13.6 x3/4=10.2eV

Let in check the transitions possible on He.n=1to 2
Ei1=4x13.6 (1-1/4)=40.8eV
n=1ton=3

E;=4x13.6 (1-1/9)=48.3eV
Similarly n = 1 to n = 4 is also not possible.
n=2ton=3

E;=4x13.6 (1/4 —1/9) =7.56 eV

[E; > E hence impossible]

[E1 > E hence it is not possible]
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29.

30.

31.

32.

n=2ton=4
E,=4x13.6 (1/4 —1/16)=10.2 eV
As,Es<EandE;=E
Hence E; and E4 can be possible.
A =50 nm
Work function = Energy required to remove the electron from n; = 1 to n, = .
E=13.6 (1/1 — 1/0) = 13.6
h—C—13.6 =KE
A

= %—13.6 =KE=KE=24.84-13.6=11.24¢V.
A =100 nm
g- hc_1242
A 100

a) The possible transitions may be E; to E,

E4 to E,, energy absorbed = 10.2 eV

Energy left = 12.42 - 10.2 = 2.22 eV

222eV= hTC = —12;2 or A =559.45 =560 nm

E, to E;, Energy absorbed = 12.1 eV

Energy left = 12.42 -12.1 = 0.32 eV

0.32= he = 1242 or A= 1242 3881.2 = 3881 nm

A A 2
E; to E4, Energy absorbed = 0.65
Energy left = 12.42 - 0.65 = 11.77 eV

hc 1242 1242
—=— or A= ———

=1242eV

11.77 = =105.52
A A 11.77
b) The energy absorbed by the H atom is now radiated perpendicular to the incident beam.
—10.2= he ori= 1242 _ 121.76 nm
A 10.2
—>121= he orA= 1242 _ 102.64 nm
A 121
— 0.65 = he ora= 1242 _ 1910.76 nm
A 0.65
6=19eV

a) The hydrogen is ionized
ny=1,n,=w
Energy required for ionization = 13.6 (1/n;? = 1/n,%) = 13.6

h70—1.9 =13.6 = A =80.1 nm =80 nm.

b) For the electron to be excited fromn; =1ton, =2
E =136 (1/ny* = 1/n;") = 13.6(1 - %) = @

h_c_1.9 _ 13.6x3
A
The given wavelength in Balmer series.
The first line, which requires minimum energy is fromny =3 to n, = 2.
.. The energy should be equal to the energy required for transition from ground state to n = 3.
ie. E=13.6[1-(1/9)] =12.09 eV

.. Minimum value of electric field = 12.09 v/im = 12.1 v/m

=A=1242/12.1 =102.64 = 102 nm.
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33.

34.

35.

36.

37.

38.

In one dimensional elastic collision of two bodies of equal masses.
The initial velocities of bodies are interchanged after collision.

.. Velocity of the neutron after collision is zero.

Hence, it has zero energy.

The hydrogen atoms after collision move with speeds v, and v..

mv = mvq + mv, (1)
L nv? :lmv12+lmv§+AE ..(2)
2 2 2

From (1) v = (v1 + vp)° = vZ + V2 + 2v,v,

From (2) v = v12 +v§ +2AE/m
=2V, =—— ...(3)

(vq- V2)2 =(vq + V2)2 —4vqv,
= (Vi—Vp) = v — 4AE/m
For minimum value of ‘v’
Vi =V = VP (4AE/m) =0
2= 4AE _ 4x13.6x1.6x107"°
m 1.67x107%

_ \/4><13.6><1.6><1019
V =
1.67 x107%

Energy of the neutron is %2 mv?
The condition for inelastic collision is = % mv? > 2AE
= AE = % mv?
AE is the energy absorbed.
Energy required for first excited state is 10.2 ev.
.. AE<10.2 ev

=7.2 x 10* m/s.

4x10.2
m

~102ev<Vamv® = Vo =

ev

=6 x 10* m/sec.

. \/10.2><1.6><1019><4

1.67x107%
a) L =656.3 nm
-34

Momentum P = E/C = 10, 1N = 883x10° _ o1 4025 = 4, 107 kg-mis

A c A 656.3x10
b) 1x10% =167 x10 xv

=v=1/1.67=0.598 = 0.6 m/s
-27

c) KE of atom =% x 1.67 x 107 x (0.6)% = 0.3006x107 . _ 194 10%ev.

1.6x107"°
Difference in energy in the transition fromn=3ton =2is 1.89 ev.
Let recoil energy be E.
Yome [Vo2— V3] +E=1.89ev=189x1.6x10"""J

2 2
" %w.wm-ﬂ[@) —(@) }E =3.024 x 107"°J

= E=3.024 x 107"°-3.0225 x 107®°

ng = 2, Ny = 3

Energy possessed by H, light

=13.6 (1/ny° = 1/n,2) = 13.6 x (1/4 — 1/9) = 1.89 eV.

For Ha light to be able to emit photoelectrons from a metal the work function must be greater than or

equal to 1.89 ev.
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. The maximum energy liberated by the Balmer Seriesis n; =2, n; = «©
E=13.6(1/n’=1/n,Y)=13.6 x 1/4=3.4 eV
3.4 ev is the maximum work function of the metal.

. Wocs=19eV

The radiations coming from the hydrogen discharge tube consist of photons of I I
energy = 13.6 eV.
Maximum KE of photoelectrons emitted
= Energy of Photons — Work function of metal.
=13.6eV-19eV=11.7¢eV
. A =440 nm, e = Charge of an electron, ¢ =2 eV, V, = stopping potential.
4.14x107° x3x10°
440x107°
= eV =0.823 eV = V, = 0.823 volts.
. Mass of Earth = Me = 6.0 x 10** kg
Mass of Sun = Ms = 2.0 x 10°° kg
Earth — Sun dist=1.5x 10" m

2.2
nh n“h

mvr= — or, m? v r? = 5
2n 4r

We have, hTC -p=eVy = —2eV =eV,

2
GMSMS _Mev® 2= GMsir ..(2)
;

r
Dividing (1) and (2)
nh?

We get Me’r= ———
9 47°GMs

forn=1

2
r= }% =229%x 10" m=23x10"%m.
47“GMsMe

Me? xrx4x 1° x G xMs

b) n®= . =25x 10",
h
. meVr= nh ..(1)
zn
2
GMZMe _mgV - GM, 2 )
r r r
Squaring (2) and dividing it with (1)
m2var?  n%h?r o n*h%r _ n’h?r
=" >merT=s ——— =>r= —————
v 47°Gm, 47°Gm, 4n°Gm,me
—y=_Mn from (1)
2nrmg
_ nh4n*GMM; _ 27GM M,
27M,n*h? nh
2 2~ 2p 127 13
KE = 1meV2 :1me (2rGMM,,) _4n G"M;M;
2 2 nh 2n?h?

pE = “OMM, _ ~GM,M,4n°GMM; _ —4n*G*MaMg

r n2h2 n2h2

227 127 43
Total energy = KE + PE = %
n

43.8
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44.

45.

46.

According to Bohr’s quantization rule

nh
mvr = —
2n
‘r is less when ‘n’ has least value i.e. 1
or, mv = ﬂ (1)
2nR
Again, r = m, or, mv =rqB ...(2)
gB

From (1) and (2)

nh
rqB=— [g=¢€]
2mnr

2=_M - h/2reB  [heren=1]
2neB
. . nh
b) For the radius of nth orbit, r = .
2neB
nh mv
C) mvr= —,r= —
2n gB
Substituting the value of ‘r’ in (1)
mv  nh
mv x—=—
gB 2=n
. m2v2 nheB

=——[n=1,g=e
o [ q=¢€]

> heB heB
= V= 5 = orv= 5 -
27m 2tm

even quantum numbers are allowed

ni =2, n; =4 — For minimum energy or for longest possible wavelength.

_ 11 1 1)
E= 13.6(—2——2J=13.6(2—2—?j =2.55

ny N
= 255= h—C
n
- he 1242 _ 46705 nm = 487 nm
255 255

Velocity of hydrogen atom in state ‘n’ = u
Also the velocity of photon = u
Butu<<C

Here the photon is emitted as a wave.

So its velocity is same as that of hydrogen atom i.e. u.

.. According to Doppler’s effect

frequency v = v (1+U/Cj
y °1-u/c
u
asu<<<C 1-—=q
c
V=V (1+U/C)—v (1+Ej =>V=V (1+Ej
o 0 1 -0 c 0 c
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X - RAYS
CHAPTER 44

A=0.1nm
a) Energy = hc 1242 ev.nm
9 A 0.1nm

= 12420 ev = 12.42 Kev = 12.4 kev.
C 3x10®  3x10%
b) Frequency= — = =

) L 01x10° 107

12.4x10% x1.6x107"°

=3x10"®Hz

¢) Momentum = E/C = =6.613 x 107** kg-m/s = 6.62 x 10>* kg-m/s.

3x108
Distance = 3km =3 x 10°m
C=3x10®m/s
: 3
{ = Dist  3x10 -10° sec.

~ Speed 3x10°
= 10 x 107 sec = 10 ps in both case.
V =30 KV

_hc _hc 1242 ev—nm
T E eV ex30x10°
A=0.10nm=10""m; h=6.63x10"*J-s

A =414 x 107 nm = 41.4 Pm.

C=3x10mils: e=16x10"°C
hc hc

Amin = — or V=—

eV er

_ 6.63x107% x3x10°
1.6x107x107"°
hc  6.63x107* x3x10®

=12.43 x 10°V = 12.4 KV.

Max. Energy = —= = prel =19.89x 107°=1.989x 107°=2x 107" J.
A=80pm, E= he =L23 =15.525 x 10% eV = 15.5 KeV
A 80x10"
We know A = he
\

Now A = hc = L

1.01v  1.01
r-n= 200

1.01
% change of wave length = 0.01x4 x100 = L 0.9900 = 1%.

1.01x A 1.01

d=15m,%=30pm=30x10"°nm
he 1242

E= —=—""_
L 30x10

3

Electric field = %: % = 27.6 x 10° V/m = 27.6 KV/m.

GivenM'=A-26pm,V' =15V

NOW,)\,= h_C‘ A= h_C

ev ev
or AV =V
SAV=(A-26x10"%)x 15V

=414 x10°%eV

!
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10.

1.

12.

13.

14.

=A=151L-15x26x10"
_ 39x107"2
05

= he _ 6.63x3x10°* x10°

= =78x10"%m

— =0.15937 x 10° = 15.93 x 10° V = 15.93 KV.

el 1.6x1079 x78x10712
V=32KV=32x10°V
When accelerated through 32 KV

E=32x10%eV
k=h—cziz?’=38.8x10_3nm=38.8pm.
E 32x10
_hc . _ _ 18
A= —:V=40KkV,f=9.7x 10"®Hz
eV
or,hzl;or,lzl;orh:ﬂV—s
c eV f eV f
3
=8V s 200 10 eV,
f 9.7x10"®

V=40KV =40x 10’V
Energy = 40 x 10° eV

Energy utilized = %x40x103 =28 x 10° eV

hc _1242-evinm _ 44 35« 10 nm = 44.35 pm.

E 28x10° ev
For other wavelengths,

A=

x (40 —28)10° =84 x 10°,

70
E = 70% (left over energy) =
o ( ay) 100

= he_ LZS = 147.86 x 107> nm = 147.86 pm = 148 pm.
E 8.4x10
For third wavelength,
E= %= (12-8.4)x10°=7 x 3.6 x 10° = 25.2 x 10°
= he_ Lzz = 49.2857 x 1072 nm = 493 pm.
E 252x10
K.=213x10"pm,  Now, Ex—E = — 222 =58 309 kev
21.3x10"
E. = 11.3 kev, Ex = 58.309 + 11.3 = 69.609 kev
Now, Ve = 69.609 KeV, orV =69.609 KV.
A =0.36 nm
1242

E=—— =3450eV (Ey—E
036 (Em —Ex)

Energy needed to ionize an organ atom = 16 eV
Energy needed to knock out an electron from K-shell
= (3450 + 16) eV = 3466 eV = 3.466 KeV.

A1 =887 pm
8
v= 9=L°12 =3.382x 10" =33.82 x 10"° = 5.815 x 10°
) 887x10
A2 =146 pm
8
v= 219 002054 x 10% = 2.054 x 10'® = 1.4331 x 10°
146x10°
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15.

16.

17.

We know, /v = a(z-b)

- V5.815x10% =a(13 -b)
V1.4331x10° =a(30-b)
13-b 5.815x10™"

= =
30-b 1.4331

= 30 x 0.4057 — 0.4057 b=13-b
=12.171-0457b+b=13

=0.4057.

b= 2829 _ 39401
05943
8
a= 2815107 _ 4 5ia93,10% =5 107,

11.33
For ‘Fe’,

Jv =5x10" (26 — 1.39) = 5 x 24.61 x 10" = 123.05 x 10"
c/h =15141.3 x 10™

L 3x10°8 _ 5 12

=h= ———— =0.000198 x 10°m =198 x 107? = 198 pm.
15141.3x10

E = 3.69 kev = 3690 eV

5 = ho _ 1242
E 3690

Je/n =az-b); a=5x10" vHz, b = 1.37 (from previous problem)

8
/—O ::1(1)0_9 —5x107(Z-1.37) = V8.82x10" =5x107(Z-1.37)
. X

=939%x10°=5x10" (Z-1.37)=93.9/5=2-1.37
=272=2015=20

. The element is calcium.

Kg radiation is when the e jumps from

n =3 ton =1 (here nis principal quantum no)

=0.33658 nm

e 2( 1 1
AE =hv =Rhc (Z—h) (2—2—3—2j

= Jv= %(z—h)

N

Second method :

We can directly get value of v by *

hv = Energy

_ Energy(in kev)

R —

This we have to find out /v and draw the same graph as above.
b=1

=V

For « a (57)

Jv =a(Z-b)
= Jv =a(b7-1)=ax 56 (1)
For Cu(29)

V1.88x10" =a(29-1)=28a ...(2)

dividing (1) and (2)

Vv

—1
10 2

1 1 1 1
1 T |
0 30 40 50 60

—> Z
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18.

19.

20.

21.

22.

23.

24.

Y ax56
= =2
\1.88x10"®  ax28

=v=1.88x10"2)*=4x1.88 x 10"® = 7.52 x 10° Hz.

K.=Exk—EL w1 AK,=0.71 A°
Ks=Ex—En w(2) LK =0.63 A°
La=EL—EM - (3)

1

Subtracting (2) from (1)
KQ—K[3= EM—EL=—La
8 8
or, L= Ky—K, = — 10 3x10°
0.63x107"° 0.71x10~
=4.761 x 10"® - 4.225 x 10"® = 0.536 x 10" Hz.

8
Again % = Lom =56x107°=5.6 A°.
0.536x10
Er= 1242 - 58309 x 10° ev
21.3x10"
E,= — 222 _ - 538085 x 10° ev
141x10"
Es = E; + E; = (58.309 + 8.809) ev = 67.118 x 10° ev
p=fC__ 1242 485,10 nm=18.5pm.

E; 67.118x10°
Ex = 25.31 KeV, E_ = 3.56 KeV, Ey = 0.530 KeV
K, =Ex—K_=hv
Ex -E. 25.31-3.56
h  4.14x107°
KB = EK - KM = hv
Ex —Em _ 25.31-0.53
h  414x107®
Let for, k series emission the potential required = v
.. Energy of electrons = ev
This amount of energy ev = energy of L shell

=v= x10° =5.25 x 10"° Hz

=v= x10%=5.985 x 10" Hz.

La

Ka

Kp

Eq

La

Es

Ka.

The maximum potential difference that can be applied without emitting any electron is 11.3 ev.

V=40KV,i=10 mA
1% of Tke (Total Kinetic Energy) = X ray
1072

i =ne orn= ————
1.6x107"°

KE of one electron =eV =16 x 107"° x40 x 10°=6.4 x 107° J

Tie =0.625 x6.4 x 10" x 107" =4 x 10? J.
a) Power emitted in X-ray =4 x 107 x (-=1/100) = 4w

b) Heat produced in target per second = 400 — 4 = 396 J.

Heat produced/sec = 200 w
= @ = 200 = (ne/t)V = 200
= =200 /V =10 mA.
Given : v = (25 x 10" Hz)(Z — 1)
OrC/A=25x10"(Z-1)
3x108 5

a =(Z-1

) 78.9x1072x25x10™ -1
or, (Z-1)*=0.001520 x 10° = 1520
= Z-1=238.98 or Z=39.98 = 40. Itis (Zr)

= 0.625 x 10" no.of electrons.
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25.

26.

27.

8
31210 -
146 %1072 x25%10
or, (Z-1)*=0.0008219 x 10°

b)

= Z-1=28.669 or Z =29.669 = 30. ltis (Zn). %
3x10° ) 8
c =(Z-1 £
) 158 x107? x25x10™ -1 RAAEANA N AL
T T T T i
or, (Z- 1)2 =0.0007594 x 10° 789 146 158 198
= Z-1=27.5589 or Z = 28.5589 = 29. It is (Cu). Wavelength (in pm)
3x108 )
d =(Z-1
) 198 %1072 x25x10™ -1
or, (Z - 1)* = 0.000606 x 10°
= Z-1=24.6182 0r Z=25.6182 = 26. It is (Fe).
Here energy of photon = E
E=6.4KeV=6.4x10"ev
3
Momentum of Photon = E/C = % =3.41 x 10" m/sec.
X
According to collision theory of momentum of photon = momentum of atom
. Momentum of Atom = P = 3.41 x 10* m/sec
. Recoil K.E. of atom = P*/ 2m
—24\2
(3'41X122 yev o- =3.9eV[1 Joule = 1.6 x 107"° ev]
(2)(9.3x10™° x1.6x107"7)
Vo — Stopping Potential, .. — Wavelength, eV, = hv — hv,
eVy = he/h = VoA = hcle
V — Potential difference across X-ray tube, A — Cut of wavelength
A=hc/eV or ViA=hcle v
Slopes are same i.e. Voh = VA Vo
-34 8
h_C:6.63><1O x3x10 = 1242 x 10°° Vm - —

e 1.6x107"°

A =10pm=100x 10" m
D=40cm=40x10?m
B=0.1mm=0.1x10"m

AD
=0
_ 2D 100x107"?x40x1072 _ 7
:d-?: 501 =4 x 107 m.
AAA
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10.

CHAPTER - 45
SEMICONDUCTOR AND SEMICONDUCTOR DEVICES

f=1013 kg/m®, V=1m°

m=fV=1013 x 1 =1013 kg

No.of atoms = 1013 X1O;3X6X 10% = 264.26 x 10%.

a) Total no.of states = 2 N = 2 x 264.26 x 10%° =528.52 = 5.3 x 10%® x 10%

b) Total no.of unoccupied states = 2.65 x 10,

In a pure semiconductor, the no.of conduction electrons = no.of holes

Given volume =1 cm x 1 cm x 1 mm
=1x10%x1x10%x1x10°=10" m®

No.of electrons =6 x 10" x 107 = 6 x 10'2.

Hence no.of holes = 6 x 10",

E=0.23eV,K=1.38x107

KT=E

=1.38x10%xT=0.23x1.6x10"°

T2 023x1.6x107 _0.23x1.6x10*

= 0.2676 x 10" = 2670.

1.38x102 1.38
Bandgap =1.1eV, T =300 K
a) Ratio = 1;1: 1'51 > =42.53=43
KT 8.62x10™°x3x10
1.1 _1.1x10°

b) 4.253' = =3000.47 K.

————orT= ——
8.62x107° xT 4.253x8.62
2KT = Energy gap between acceptor band and valency band
= 2x1.38 x 107 x 300

-21
— E=(2x138x3)x 1072 y= 8x138 10" :[6X1'38jx1o2ev
1.6 107" 1.6
=5.175 x 102 eV = 51.75 meV = 50 meV.

Given :

Band gap =3.2 eV,

E=hc/A=1242/X=3.2 or i =388.1 nm.

A =820 nm

E=hc/A=1242/820=1.5eV

Band Gap = 0.65 eV, A =?

E=hc/A=1242/0.65=1910.7x10°m=1.9x 10" m.

Band gap = Energy need to over come the gap

hc 1242eV —nm

% 620nm

Given n = e *8/2XT AE = Diamon —> 6 eV : AE Si > 1.1eV
-6

Now, ny = e 2E1/2KT _ ©2+300x8.62:10°5

=2.0eV.

—1.1
—AE, /2KT -5
n, = e k2 — ©2x300x8.62x10

-51
n_ 4147723100 e

n, 5.7978x107"°
Due to more AE, the conduction electrons per cubic metre in diamond is almost zero.

1



Semiconductor devices

1.

12.

13.

14.

6= T3/2 efAE/2KT at 4°K

Y B
o= 4372 _ g2x86210°x4 = g o 1073.08
At 300 K,

__ 067
o = 3003/2g2x8.62x107°x300 _ 3x1730 e 1295

8
-1073.08

Ratio = 8xe 64 -1060.13

[(3x1730)/8]xe 2% ~ 3x1730

Total no.of charge carriers initially = 2 x 7 x 10" = 14 x 10"°/Cubic meter

Finally the total no.of charge carriers = 14 x 10" /' m®

We know :

The product of the concentrations of holes and conduction electrons remains, almost the same.
Let x be the no.of holes.

S0, (7x10™) x (7 x10™) =xx (14 x 10" = x)

= 14x x 10" = x* =79 x 10%°

= x*—14xx 10" =49 x 10¥ =0

L _ 14x107 £147 < 10% + 4x49x10%
2

= Increased in no.of holes or the no.of atoms of Boron added.

5x10%®
1386.035x10"°
(No. of holes) (No.of conduction electrons) = constant.
At first :

No. of conduction electrons = 6 x 10"°

No.of holes = 6 x 10"
After doping

No.of conduction electrons = 2 x 10%

No. of holes = x.

(6 x 10") (6 x 10"°) = (2 x 10®)x

=14.00035 x 10"".

= 1 atom of Boron is added per =3.607 x 10 x 10" = 3.607 x 10™°.

6X6X1019+19 _
2x10%
= x=18x10"=1.8x10".
o= Goe—AEIZKT

AE=0.650eV, T=300K
According to question, K = 8.62 x 10° eV
—AE
Goe*AElzKT =2x GOe2><K><300
-0.65
= 2862107 = 696561 x 107°
Taking in on both sides,

We get, —0.65 = -11.874525

2x8.62x107° xT'
1 11.574525x2x8.62x10°°

:> —
T 0.65
= T'=317.51178 =318 K.
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15.

16.

17.

18.

19.

20.

21.

Given band gap =1 eV
Net band gap after doping = (1 — 10°)eV = 0.999 eV
According to the question, KT, = 0.999/50
= T,=231.78=231.8
For the maximum limit KT, = 2 x 0.999
T2 2x1x10° 2
8.62x107° 8.62
Temperature range is (23.2 — 231.8).
Depletion region ‘d’ = 400 nm =4 x 107" m
Electric field E = 5 x 10° V/m
a) Potential barrierV=Exd=02V
b) Kinetic energy required = Potential barrier x e = 0.2 eV [Where e = Charge of electron]
Potential barrier = 0.2 Volt
a) K.E. = (Potential difference) x e = 0.2 eV (in unbiased cond")
b) In forward biasing
KE + Ve =0.2¢e
= KE=0.2e-0.1e = 0.1e.
c) Inreverse biasing
KE-Ve=02e
= KE =0.2e +0.1e = 0.3e.
Potential barrier ‘d’ = 250 meV
Initial KE of hole = 300 meV

We know : KE of the hole decreases when the junction is forward biased and increases when reverse
blased in the given ‘Pn’ diode.

So,

a) Final KE = (300 — 250) meV = 50 meV

b) Initial KE = (300 + 250) meV = 550 meV

iy =25puA, V=200 mV, i, =75 pA

a) When in unbiased condition drift current = diffusion current
.. Diffusion current = 25 pA.

b) On reverse biasing the diffusion current becomes ‘O’.

c) On forward biasing the actual current be x.
x — Drift current = Forward biasing current

= x—25uA=75puA

= x = (75 + 25) pA =100 pA.

Drift current = 20 pA = 20 x 107° A.

Both holes and electrons are moving

20x107°

x102 =23.2.

So, no.of electrons = — 5~ 6.25 x 10",
2x1.6x10"
a) KT = 100
v
— @862x107°x300 = 100
V. =4605=V=4605x8.62x3x10"=119.08 x 10~
8.62x107°x300
-3 -3
R=X= \CKH _ 119.(2;8><10 :119.08><1g — 12 %102
I 1p(e®™™ ") 10x107° x (100 -1) 99x10~
Vo = IoR

= 10x 10°x1.2x10°=1.2 x 10°=0.0012 V.
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c) 0.2= KT gevikr

el
K=8.62 x 10~ eV/K, T = 300 K
ip=10 x 107° A.

Substituting the values in the equation and solving
We get V =0.25
22. a) ip=20 x 10°A, T =300 K, V = 300 mV

ev 100
i=ieKT =20x 10%(e862-1) =218 A=2A.
v vx10° 6
b) 4= 20X1076(e8.62x3x1072 _1) = e8.62><3 1= 4 X_10
20
vx10® s
8.62x3 _ Vx10
= e =200001 = 8623 = 122060
=V=315mV =318 mV.
23. a) Current in the circuit = Drift current 5 'VZ\?\A
(Since, the diode is reverse biased = 20 pA) !
b) Voltage across the diode = 5 — (20 x 20 x 107°%)
=5-(4x10%)=5V.
24. From the figure : 200 200
According to wheat stone bridge principle, there is no current through the
diode. . Y —
200 B
Hence net resistance of the circuit is 40 _ 20 Q.
25. a) Since both the diodes are forward biased net resistance = 0 —>'—l>|—l>|—
| = ﬁ =1A |
20 || AN
2v 20
b) One of the diodes is forward biased and other is reverse biase. o<
Thus the resistance of one becomes .
I 1 A
. 2 v
|=2+OO =0A. '2v 20

Both are forward biased. E

Thus the resistance is 0.

| 1 A
VWV
i= g =1A. IZIV 2Q
2
One is forward biased and other is reverse biased. :':li
Thus the current passes through the forward biased diode.
i=2=1A |
2 Y 20
26. The diode is reverse biased. Hence the resistance is infinite. So, current through @ 4
A, is zero.
For A,, current = 22 0.2 Amp.
10 @
100
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27. Both diodes are forward biased. Thus the net diode resistance is 0.

28.

29.

30.

31.

5 5_

2 _2=qA
(10+10)/10.10 5

One diode is forward biased and other is reverse biased.

Current passes through the forward biased diode only.

\ 5

i= =1/2=05A.

R. 10+0

a) WhenR=12Q

The wire EF becomes ineffective due to the net (—)ve voltage.

Hence, current through R = 10/24 = 0.4166 = 0.42 A.

b) Similarly for R =48 Q.

i=— 19 _40/60=0.16A.
48+12)
o—:—'vvw—|>|—5—o
A :h___1_09 ___________ '
T
1
V —»

Since the diode 2 is reverse biased no current will pass through it.

!

W

V —»

f(

‘ VvV —»>

Let the potentials at A and B be V and Vg respectively.

|) If VA > VB

Then current flows from A to B and the diode is in forward biased.
Eq. Resistance = 10/2 =5 Q.

ii) IfVa<Vg

Then current flows from B to A and the diode is reverse biased.
Hence Eq.Resistance = 10 Q.

5l, =80 UA—30 uA =50 pA =50 x 10° A
8l.=35mMA-1mA=-25mA=25x10"A

B= [%)VCe = constant
Sly

25x10° 2500 _
= = =

50x10° 50
Current gain = 50.

50.

i 10Q
i
| |5V 10Q
| I
i 100
‘ | |5V 10Q
| I
4V 12Q
A—| AMAN B
()% R
c— —ww——D
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Semiconductor devices

32.

33.

34.

35.

B =50, 5l, = 50 pA,

Vo = B x RG = 50 x 2/0.5 = 200.

a) VG=VgV,= o Vo _ 200
V, 8l xR, 50x107% x5x102

b) 8V =8l x R, = 50 x 10 x 5 x 10> = 0.00025 V = 25 mV.

c) Power gain = B2 x RG = Bzx%=2500x0—25 =10

= 8000 V.

X = ABC +BCA +CAB
a) A=1,B=0,C=1
X=1.
b) A=B=C=1
X =0.
For ABC +BCA

seCamam D
L%c_p D—

LHS=AB x AB = X+X [X =AB]
IfX=0, X =1

If X =0,X=1

=1+0o0r0+1=1

= RHS = 1 (Proved)

R4=0.5KQ




10.

1.

THE NUCLEUS
CHAPTER - 46
M = Am,, f=M/V, m, =1.007276 u
R=RoA"™=1.1x10" A" u=1.6605402 x 10’ kg
_ Ax1.007276 x1.6605402x 10"

4/3x3.14xR®
‘f in CGS = Specific gravity = 3 x 10",

=0.300159 x 10" = 3 x 10" kg/m®.

30
f= My M_4x100 1 g T q0m
f 24x10" 06
V = 4/3 nR°.
= 10" s 4B xR R = 3 qom
6 6 4 n
~ R¥= 1,100 ot
8 =

~R=%%x10*x3.17 = 1.585 x 10* m = 15 km.
Let the mass of ‘a’ particle be xu.
‘o’ particle contains 2 protons and 2 neutrons.
. Binding energy = (2 x 1.007825 u x 1 x 1.00866 u — xu)C? = 28.2 MeV (given).
.. x=4.0016 u.
L' +p > 1+ o +E ;L' =7.016u
o =“*He=4.0026u ; p = 1.007276 u
E=L"+P—-20=(7.016 + 1.007276)u — (2 x 4.0026)u = 0.018076 u.
= 0.018076 x 931 = 16.828 = 16.83 MeV.
B = (Zm, + Nm, — M)C?
Z=79;N=118; m, =1.007276u ; M = 196.96 u ; m, = 1.008665u
B =[(79 x 1.007276 + 118 x 1.008665)u — Mu]c?
=198.597274 x 931 — 196.96 x 931 = 1524.302094
so, Binding Energy per nucleon = 1524.3 /197 = 7.737.
a) U238 2He4 + Th234
E = [M, — (Nyc + Mp)Ju = 238.0508 — (234.04363 + 4.00260)]u = 4.25487 Mev = 4.255 Mev.
b) E = U?® —[Th®** + 2n’, + 2p'1]
= {238.0508 —[234.64363 + 2(1.008665) + 2(1.007276)]}u
=0.024712u = 23.0068 = 23.007 MeV.
2R, =223.018 u ; *®Pb = 208.981 u ; "*C = 14.003 u.
223Ra N 209Pb + 14C
Am = mass *’R,— mass (2°9Pb + 14C)
= =223.018 — (208.981 + 14.003) = 0.034.
Energy = AM x u = 0.034 x 931 = 31.65 Me.
E;n > Ez,N+Py=E;n > Ez1,N+ 1H1 [As hydrogen has no neutrons but protons only]
AE =Mz n + Ny — MZ,N)C2
E2N = EZ,N—1 + E)n .
Energy released = (Initial Mass of nucleus — Final mass of nucleus)c2 = (Mznoq + Mg — MZN)cz.
P32—>832 + OVO +1B0
Energy of antineutrino and B-particle
=(31.974 — 31.972)u = 0.002 u = 0.002 x 931 = 1.862 MeV = 1.86.

In—>P+e
We know : Half life = 0.6931 / A (Where A = decay constant).
Or i =0.6931/14x60=8.25x 107" S [As half life = 14 min = 14 x 60 sec].

Energy = [M, — (Mp + M)Ju = [(Mn, — M) — My Jc? = [0.00189u — 511 KeV/c?]
= [1293159 ev/c® — 511000 ev/c’]c’ = 782159 eV = 782 Kev.
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The Nucleus

12.

13.

14.

15.

16.

17.

18.

19.

20.

26Ra - 4o+ ZRn

120 - 19F + 3+ 0
BA>ZMG+%e+ v
#4Cu—*Ni+e +v
Emission of nutrino is along with a positron emission.
a) Energy of positron = 0.650 MeV.

Energy of Nutrino = 0.650 — KE of given position = 0.650 — 0.150 = 0.5 MeV = 500 Kev.
500x1.6x107"°

107 x10°J = 2.67 x 107 kg m/s.
X

b) Momentum of Nutrino =

a) 1oK* 5 0Ca*" + €%+, V°
10K* > gAr0 g0 4 VO
10K + €% - gAr?0
10K* > ,0Ca* + &%+ ,Vv0.
b) Q =[Mass of reactants — Mass of products]c?
= [39.964u — 39.9626u] = [39.964u — 39.9626]uc’ = (39.964 — 39.9626) 931 Mev = 1.3034 Mev.
19K40 - 18Ar40 + ,1e° + OVO
Q = (39.9640 — 39.9624)uc’ = 1.4890 = 1.49 Mev.
10K + €% - gAr0
Quane = (39.964 — 39.9624)uc’.
SLi+n —ILi ; SLi+r — 8L
SLi>%Be+e +v-
®Be - jHe + 3He
"C—"B+p +v
mass of C” = 11.014u ; mass of B” = 11.0093u
Energy liberated = (11.014 — 11.0093)u = 29.5127 Mev.
For maximum K_.E. of the positron energy of v may be assumed as 0.
.. Maximum K_.E. of the positron is 29.5127 Mev.

Mass 2™ = 228.028726 u ; **Ra = 224.020196 u ; o. = jHe — 4.00260u

?5Th — *’Ra* + o

*"Ra* - ?'Ra + v(217 Kev)

Now, Mass of **Ra* = 224.020196 x 931 + 0.217 Mev = 208563.0195 Meuv.

KE of o = E **™ _ E(*'Ra* + )

=228.028726 x 931 — [208563.0195 + 4.00260 x 931] = 5.30383 Mev= 5.304 Mev.
12N —>1ZC*+e+ +v

2C* - "2C + v(4.43 Mev)

Net reaction : N — "?C + " + v + v(4.43 Mev)

Energy of (€ +v) =N = (c? + v)

=12.018613u — (12)u — 4.43 = 0.018613 u — 4.43 = 17.328 — 4.43 = 12.89 Mev.
Maximum energy of electron (assuming 0 energy for v) = 12.89 Mev.

a) ty2,=0.693 /A [A — Decay constant]

= t1, = 3820 sec = 64 min.

b) Average life =ty / 0.693 = 92 min.

c) 0.75=1e™=1n0.75=—-At=t=1In0.75/-0.00018 = 1598.23 sec.

a) 198 grams of Ag contains — N, atoms.

23 -6
1 ug of Ag contains — Ny/198 x 1 ug = W atoms

46.2
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21.

22.

23.

24,

25.

26.

17
Activity = AN = 0.963 xN = 0.693x6x10 disintegrations/day.
17 17
- _0.693x6x10 disintegration/sec = 0.693x6x10 curie = 0.244 Curie.
198 x 2.7 x 3600 x 24 198 x2.7x 36 x 24 x 3.7 x 10"
b) A= Po__ 0244 _ 0405 = 0.040 Curie.
2t‘1/2 ZXL
27

ty» = 8.0 days ; Ag = 20 p Cl

a) t=4.0days; A =0.693/8
A=Ae™=20x 10" x e08%/8)4 =141 x 10° Ci=14 n Ci
0.693

b) A= ———— __=1.0026 x 10°°.
8x24 x 3600
L=49x10"8g"
. 238 1 1 1 18
a) Avg. life of =—=———=—x10""sec.
L 49x107"® 4.9
=6.47 x 10° years.
b) Half life of uranium = 0.693 = 0'69318 =4.5x%10° years.
A 4.9x10°
o) A= o Bo gtz _p2y
21“1/2 A -

A =200, A, =500, t =50 min

A=Aje™ or 200 = 500 x g0 *80x*

= 21=3.05x10"s.

b) ty, = 0.693 = 0693 _ 2272.13 sec = 38 min.
A 0.000305

Ao = 4 x 10° disintegration / sec

A’ =1 x 10° dis/sec ; t =20 hours.

= :?\to 21/121/2 :hj 2!/1:1/2 =4
2 1/2 '
= t/ty, =2 = t"?=1t/2 =20 hours / 2 = 10 hours.
A . 4x108 . .
"= ﬁ = W = 0.00390625 x 10° = 3.9 x 10° dintegrations/sec.

ti2 = 1602 Y ; Ra = 226 g/mole ; Cl = 35.5 g/mole.

1 mole RaCl, =226 + 71 =297g

297g = 1 mole of Ra.

0.1x6.023x10%
297

0.1g= ——x0.1 mole of Ra = =0.02027 x 102
297

A =0.693/t,=1371x10"".
Activity = AN = 1.371 x 107" x 2.027 x 10%° = 2.779 x 10° = 2.8 x 10° disintegrations/second.
t12 = 10 hours, Ag = 1 ci

-0.693
<9
Activity after 9 hours = A;e™ = 1xe 1© ~ =0.5359 = 0.536 Ci.
No. of atoms left after 9" hour, Ag = ANg

10
— No= P9 _0.536x10x3.7x10 ' x3600 _ g 6476, 10% « 3600 = 103.023 x 10",
A 0.693
—0.693X9
Activity after 10 hours = A, e™ = 1xe 1© ~ =0.5Ci.
No. of atoms left after 10™ hour
Ao =ANqg
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27.

28.

29.

30.

31.

32.

Ay 0.5x3.7x10" x3600
A 0.693/10

No.of disintegrations = (103.023 — 96.103) x 10> = 6.92 x 10",

ti2 = 14.3 days ; t = 30 days = 1 month

As, the selling rate is decided by the activity, hence A, = 800 disintegration/sec.

We know, A = Age™ [\ = 0.693/14.3]

A =800 x 0.233669 = 186.935 = 187 rupees.

According to the question, the emission rate of y rays will drop to half when the B+ decays to half of its

original amount. And for this the sample would take 270 days.

.. The required time is 270 days.

a) Po>n+e"+v Henceitisap” decay.

b) Let the total no. of atoms be 100 No.

=26.37 x 10" x 3600 = 96.103 x 10"°.

= N10=

Carbon Boron
Initially 90 Ng 10 Np
Finally 10 No 90 Ny
-0.693
Now, 10 Ng =90 Ng ™ = 1/9 = e 203 [because t1p = 20.3 min]
= In 1_-06% t=>t= 2.1972x20.3 _ 64.36 = 64 min.
9 203 0.693

N =4 x 10%®; ty, = 12.3 years.

a) Activity = ON _ = 0693 _ 0693
dt ty2 12.3
=7.146 x 10" dis/sec.

b) AN _ 7 146 x 10™
dt

x4x10% dis/year.

No.of decays in next 10 hours = 7.146 x 10" x 10 x 36.. = 257.256 x 10" = 2.57 x 10"°.
—0.693

c) N=Noe™=4x10%x e 203 =282 x 10% = No.of atoms remained
No. of atoms disintegrated = (4 — 2.82) x 10% = 1.18 x 10%°.

Counts received per cm? = 50000 Counts/sec.

N = N30 of active nucleic = 6 x 10

Total counts radiated from the source = Total surface area x 50000 counts/cm?

=4 x3.14 x 1 x10% x 5 x 10* = 6.28 x 10° Counts = dN/dt 1 om?
We know, %: AN \I/_
6.28x10° ‘—’/l\
Ori= W =1.0467 x 107 =1.05x 107 s, tm
X

Half life period can be a single for all the process. It is the time taken for 1/2 of the uranium to convert to
lead.

s Bx102 x2x107° 12

No. of atoms of U%*® = = = x10% =0.05042 x 10%°
238 238
23 -
No. of atoms in Pb = 6x10% x0.6x10° _36 x10%°
206 206

12 36

235 206
-0.693 -0.693

N=Nge™=N=N; e’"2 = 0.05042 = 0.06789 e*47x10°
(0.05042j ~0.693t
= lo =
0.06789 ) 4.47x10°
= t=1.92 x 10° years.

Initially total no. of uranium atoms = ( ) x10% =0.06789
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33. Ap=15.3;A=123;ty,=5730 year
_ 0.6931 _0.6931 i

A
Let the time passed be t,
We know A = Aje ™ — 0'3921 xt=12.3 =153 x e.

= t=1804.3 years.
34. The activity when the bottle was manufactured = A,
-0.693 ¢
Activity after 8 years = Aje 125

Let the time of the mountaineering = t years from the present
-0.693
xt
A= Aje 25 ; A = Activity of the bottle found on the mountain.

A = (Activity of the bottle manufactured 8 years before) x 1.5%

-0.693 _0'693><8
= Agje 2% = Aje 25 x0.015
—0.693, _ -0.693x8
= S22 t= 22 1 n[0.018]

= 0.05544 t = 0.44352 + 4.1997 — t =83.75 years.
35. a) Here we should take Rq at time is to = 30 x 10°s™

: 30x10°
i) In(Ry/Ry) = In =
) ( 0! 1) 30X109J 304+
25+
) . (30x10°%) _
”) In(RO/Rz) - ln 16)( 109j - 063 Count rate R(109 571) 20
. 151
30x10
iii) IN(Ry/R3) = In =1.35 10
) IN(Ro/Rs) 8X109J ‘|
0 ——
iv) In(Ro/Rs) = In 30X—109] =2.06 25 50 75 100
3.8x10 Time t (Minute)
30x10°
V) In(Ro/Rs) = In =
) ( 0 5) 2)(109 J
b) .. The decay constant A = 0.028 min™
c) .. The half life period = ty,.
= 0.693 0693 _,. .
A 0.028
36. Given : Half life period t,, = 1.30 x 10° year , A = 160 count/s = 1.30 x 10° x 365 x 86400
. A=aN=160= 2893y
t1/2
9
_ N = 160x1.30x365x86400x107 _ oo o1
0.693
. 6.023 x 10?° No. of present in 40 grams.
6.023x 10°=40g = 1= — 0 ___
6.023x10
18
~ 9.5x 10" present in = m =6.309 x 10~ = 0.00063.
6.023x10

. The relative abundance at 40 k in natural potassium = (2 x 0.00063 x 100)% = 0.12%.
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37.

38.

39.

40.

41.

42.

a) P+e —>n+vneutrino [a— 4.95x 10" s ;b — 1]

b) Jf =a@z-Db)
= Jc/h =4.95x 10" (79—1)=4.95 x 10" x 78 = C/A = (4.95 x 78)* x 10"
8
= Aﬂ =2x10°x10°=2x 10" m =20 pm.
14903.2x10
o . o N _dN _dN
Given : Half life period = t;», Rate of radio active decay = Y =R = R= ot

Given after time t >> t;», the number of active nuclei will become constant.
i.e. (AN/dt)present = R = (AN/dt)gecay

- R = (dN/dt)gecay

= R =AN [where, A = Radioactive decay constant, N = constant number]

= 0'693(N) = Rty =0.693N =N = M
ti2 0.693

Let No = No. of radioactive particle present at time t=0
N = No. of radio active particle present at time t.
. N=Ng e™ [A - Radioactive decay constant]
. The no.of particles decay = Ng— N = Ng — Nge ™ = No (1 — &™)
We know, Ag = ANg; R=2ANgy; Ng =R/A
From the above equation

N=No(1-€e™)= %(1 —e™) (substituting the value of N)

= R

n=1mole = 6 x 102 atoms, t1, = 14.3 days
t = 70 hours, dN/dt in root after time t = AN
-0.693x70
N=Noe™=6x10"x e 14324 =6 x 10%° x 0.868 = 5.209 x 10% .
23 _ —0.693 _ 0.0105x1023
5209107 x4 =57 =~ 3600
=2.9x 107 x 102 dis/sec = 2.9 x 10" dis/sec.
uci

2.9x10

dis/hour.

Fraction of activity transmitted = [

2.9x10"
V=125¢cm®=0.125 L, P =500 K pa = 5 atm.
T =300 K, ti = 12.3 years = 3.82 x 108 sec. Activity =4 x N
5x0.125
8.2x1072 x3x102

8
- [Mmooj% = 1.275 x 10" %.

N =n x 6.023 x 10% = x6.023x10%° = 1.5 x 10% atoms.

0.693

© 3.82x10°
Activity = AN = 1.81 x 107° x 1.5 x 10%% = 2.7 x 10° disintegration/sec

_ 2.7x10"

3.7x10'"

212Bi — 20°Ti + sHe(a)

212Bi > 21°Bi > 3.%P, + e~

=0.1814x10°=1.81x10"°s™

Ci=729 Ci.

tiy2=1h. Time elapsed = 1 hour

att=0Bi*"? Present=1g

- att=1Bi’" Present=0.5g

Probability a-decay and pB-decay are in ratio 7/13.
. Tlremained = 0.175 g

.. Poremained =0.325 g
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43.

44.

45.

46.

47.

48.

Activities of sample containing 108Ag and ""°

a) Here we take A = 8 x 10° dis./sec
w0 In(AdAg ) =1In(11.794/8) = 0.389

i) In (Ao Ag, ) = In(9.1680/8) = 0.1362
i) In (Ag/ Ay, ) = In(7.4492/8) = —0.072
iv) In (A Ag, ) = In(6.2684/8) = ~0.244

v) In(5.4115/8) = —0.391
vi) In(3.0828/8) = -0.954
vii) In(1.8899/8) = —1.443
viii) In(1.167/8) = —1.93
ix) In(0.7212/8) = —2.406
b) The half life of 110 Ag from this part of the plot is 24.4 s.
c) Half life of "°Ag =24.4s.
.. decay constant A = 0.693/24.4 = 0.0284 = t = 50 sec,
The activity A = Age™ = 8 x 10° x e 9%+ = 1 93 » 10°
d)

4

2
———
O] 20 40 60 80

e) The half life period of 108Ag from the graph is 144 s.
ti2=24h
tit, 24x6
t,+t, 24+6
Ag=6rci;A=3rci
A 6 rci t

=_"0 = —— -
A= ot/ti2 = 3rci ot/4.8h = 24.8h

Q= qe /R A=Ape™

=4.8h.

t1/2 =

=2=1t=48h.

Energy 1g° xe /R

Activity 2 CA,e™

Since the term is independent of time, so their coefficients can be equated,

So, ﬂ =t or,A = i or, 1 = i or,R= 2L (Proved)
CR CR t CR C
R=100Q;L=100 mH
After time t, i =iy (1—e V') N =N (e™)
i ig(1-e ™ty o :
—=————"i/Nis constant i.e. independent of time.
N Noe—M

Coefficients of t are equal —R/L = —A = R/L = 0.693/t,),
=t,, = 0.693 x 10°=6.93 x 107 sec.
1 g of ‘I’ contain 0.007 g U=

6.023 x10%

So, 0.7 g contains x 0.007 atom

6.023x10%% x0.007 x 200 x10% x1.6x107"°

1 atom given 200 Mev. So, 0.7 g contains

Ag isotopes = 8.0 x 10° disintegration/sec.

20 40 60 80 100 200 300 400 500

So, 235 g contains 6.023 x 10% atoms.

Time \’\'\,

J=574x107° 4.

Let n atoms disintegrate per second

235

Total energy emitted/sec = (n x 200 x 10° x 1.6 x 107'%) J = Power

300 MW = 300 x 10° Watt = Power
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49.

50.

51.

52.

53.

300 x 10°=nx 200 x 10° x 1.6 x 107"°

109 = 3 10
3.2

= n=
2x1.6

6 x 10% atoms are present in 238 grams
238x3x10"
6x10% x3.2
a) Energy radiated per fission = 2 x 10% ev

Usable energy = 2 x 10% x 25/100 =5 x 10" ev=5x 1.6 x 1072

Total energy needed = 300 x 108 =3 x 108 J/s

3x10°
5x1.6x107"2

No. of fission per day = 0.375 x 10%° x 3600 x 24 = 3.24 x 10* fissions.
b) From ‘@’ No. of atoms disintegrated per day = 3.24 x 10**

We have, 6.023 x 10% atoms for 235 g

235

6.023x10%

33—2><1019 atoms are present in =3.7x10"g=3.7mg.

No. of fission per second = =0.375 x 10%

for 3.24 x 10%* atom = x3.24 x10%* g = 1264 g/day = 1.264 kg/day.

a) H+iH>3H+H
Q value = 2M(?H) = [M(3H)+MGH)]
= [2 x 2.014102 — (3.016049 + 1.007825)]u = 4.0275 Mev = 4.05 Mev.
b) 2H+2H—>3H+n
Q value = 2M(?H)-MGHe)+M, ]
= [2 x 2.014102 — (3.016049 + 1.008665)]u = 3.26 Mev = 3.25 Mev.
c) 2H+3H-»>3H+n
Q value = [M(?H)+M(3He)-M(3He)+ M, ]
= (2.014102 + 3.016049) — (4.002603 + 1.008665)]u = 17.58 Mev = 17.57 Mev.
Kayd, _ 9x10°x(2x1.6x107"9)?

PE = (1)
r r
15KT=15x138x102xT ..(2)
9 -38
Equating (1) and (2) 1.5 x 1.38 x 102 x T = 2X19 ”0'2:‘5”0
2x10

_ 9x109x10.24x10°®
2x107"° x1.5%x1.38x1072
‘H+*H —>°®Be
M(*H) — 4.0026 u
M(Be)  — 8.0053 u
Q value = [2 M(*H) - M(®Be)] = (2 x 4.0026 — 8.0053) u
=-0.0001 u = -0.0931 Mev = —93.1 Kev.
In 18 g of N, of molecule = 6.023 x 10%

26
In 100 g of Ny of molecule = % =3.346 x 10%°

=22.26087 x 10° K = 2.23 x 10" K.

. % of Deuterium = 3.346 x 10%° x 99.985
Energy of Deuterium = 30.4486 x 10% = (4.028204 — 3.016044) x 93
=942.32 ev = 1507 x 10° J = 1507 mJ
AAA
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THE SPECIAL THEORY OF RELATIVITY
CHAPTER - 47

S =1000 km = 10° m
The process requires minimum possible time if the velocity is maximum.
We know that maximum velocity can be that of lighti.e. = 3 x 10 mi/s.

Distance _ 10° 1
Speed  3x108 “300°
{=50cm,b=25cm,h=10cm,v=0.6c
a) The observer in the train notices the same value of {, b, h because relativity are in due to difference
in frames.

b) In 2 different frames, the component of length parallel to the velocity undergoes contraction but the
perpendicular components remain the same. So length which is parallel to the x-axis changes and
breadth and height remain the same.

2 2 2
o = oft- 2 <501 OIC
50+/1-0.36 =50 x 0.8 =40 cm.
The lengths observed are 40 cm x 25 cm x 10 cm.
L=1m
a) v 3x10°m/s

10
L= 1 /1-%: 1-10° =0.9999995 m
X

b) v=3x10°m/s

12
L’=1/1—%: 1210 =0.99995 m.
X

c) v=3x10"m/s

12
L= 1 /1-%: 1-107 =0.9949 = 0.995 m.
X

v=0.6 cm/sec;t=1sec
a) length observed by the observer = vt = 0.6 x 3 x 10° = 1.8 x 10° m

So, time =

22
b) €= oV1-v?/c? =1.8x10°= ¢, 1—%
c
8
=121 525 10° ms.
0.8

The rectangular field appears to be a square when the length becomes equal to the breadth i.e. 50 m.
ie.L’'=50;L=100;v="?

C=3x10°mss

We know, L'= L 1-v2/c?

=50 = 100y1-v2/c? = v = /3/2C =0.866 C.
Lo = 1000 km = 10° m
v =360 km/h = (360 x 5) / 18 = 100 m/sec.

2 4
a) h'=h, 1—v2/02:1061/1—[ 1008j ~10°,/1- 10 = =10°.
3x10 9x10

Solving change in length = 56 nm.
b) At=AL/v =56 nm /100 m = 0.56 ns.
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10.

11.

12.

13.

v =180 km/hr = 50 m/s
t =10 hours A
let the rest dist. be L.

L'= Lv1-v?/c? = L' =10 x 180 = 1800 k.m.

2
1800 = L [1- 189" _
(3x10%)?

or, 1800 x 1800 = L(1— 36 x 107

3.24x108
OI', L = 7714
1-36x10
or 25 nm more than 1800 km.

[ Yo}

=1800 + 25 x 107"

1.8x10°% +25x107°
50

b) Time taken in road frame by Car to cover the dist =

=0.36 x 10°+ 5 x 10 = 10 hours + 0.5 ns.

a) u=5c/13
At = t _ 1y _y><13_Ey
J1-v2/c? \/1_ 25¢? 12 127
169¢?

The time interval between the consecutive birthday celebration is 13/12 y.

b) The fried on the earth also calculates the same speed.

The birth timings recorded by the station clocks is proper time interval because it is the ground frame.

That of the train is improper as it records the time at two different places. The proper time interval AT is

less than improper.

i.e. AT = v AT

Hence for — (a) up train — Delhi baby is elder (b) down train — Howrah baby is elder.

The clocks of a moving frame are out of synchronization. The clock at the rear end leads the one at

from by L, V/C? where L, is the rest separation between the clocks, and v is speed of the moving frame.

Thus, the baby adjacent to the guard cell is elder.

v =0.9999 C ; At = One day in earth ; At’ = One day in heaven

v 1 _ 1 _ 1
(0_9999)202 0.014141782

) J1-v2/c? \/
c?

=70.712
1-

At =V AL;
Hence, At' = 70.7 days in heaven.
t=100years ;V=60/100K; C=0.6 C.

A= t ~ 100y _100y=125y
Ji-vzict [ epc? 08 '
T

We know
f = fJy1-Vv2/C?

f' = apparent frequency ;
f = frequency in rest frame
v=0.8C

2
f = 1—% =036 =0.6s™"
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14. V =100 km/h, At = Proper time interval = 10 hours
At

15.

16.

17.

18.

19.

20.

At =

10x 3600

At — At =10 x 3600

J1—v2/02_\/1_( 1000 jz

36x3x108
1

( 1000 T
L s
36x3x10

By solving we get, At' — At = 0.154 ns.
.. Time will lag by 0.154 ns.
Let the volume (initial) be V.

V' =V/2

So, V/2 = vy1-V?/C?

= C/2=+C?-V? = C¥4=C?-\?

= V?=(C?-

C2

4

3

4

CZ:>v=gC.

d=1cm,v=0.995C

a) time in Laboratory frame = — =

__1x107
0.995x3x10°
b) In the frame of the particle

t/

t

d 1x1072
0.995C

<

=335x 102 =33.5PS

33.5x10712

Ji-vzicr \J1-(0.995)
x=1cm=1x1072m;K=500N/m, m=200g

= 335.41 PS.

Energy stored = % Kx® = % x 500 x 107 = 0.025 J

Increase in mass =

Fractional Change of max =

0.025  0.025
c?  9x10'"
0.025 1

X
9x10"® 2x107"

Q=MS A6 = 1 x 4200 (100 — 0) = 420000 J.

E = (Am)C?
= Am = g:

Loss in mass =

Q
c?

420000

C (3x10%)
=466 x 1072 =47 x 107 kg.
Energy possessed by a monoatomic gas = 3/2 nRdt.
Now dT =10, n =1 mole, R = 8.3 J/mol-K.
E=3/2xtx83x10

1.5x8.3x10 124.5

c? ~9x10%

=1383 x 107 =1.38 x 107"° Kg.
Let initial mass be m

Yomvi=E
3E=1m
2

Am = E/C?

(

12x5
18

T

~ mx50
9

=0.01388 x 107" = 1.4 x 10°.
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21.

22.

23.

24.

25.

— Am= m x 50 - Am _ 50

9x9x10' m  81x10'
= 0.617x10"°=6.17x 107",
Given : Bulb is 100 Watt = 100 J/s
So, 100 J in expended per 1 sec.
Hence total energy expended in 1 year = 100 x 3600 x 24 x 365 = 3153600000 J
Total energy 315360000

cz  9x10™®

=3.504 x 10° x 107"° kg = 3.5 x 107 Kg.

Change in mass recorded =

I = 1400 w/m?
Power = 1400 w/m® x A o
7
= (1400 x 47R%)W = 1400 x 47 x (1.5 x 10")? / \\
= 1400 x 47 x (1/5)% x 10?2 u\ @L
/
a) E_AmC® _am _E/t AN S
t B t B t B C2 N~
22
c?= 1400xAnx 225107 _ 4696 « 10% = 4.396 x 10° = 4.4 x 10°
9x10
b) 4.4 x 10° Kg disintegrates in 1 sec.
30
2 x 10% Kg disintegrates in LOQ sec.
4.4x10
21
=[ 110 j=1.44x10‘8x1021y=1.44x1013y.
2.2x 365 x 24 x 3600

Mass of Electron = Mass of positron = 9.1 x 107 Kg

Both are oppositely charged and they annihilate each other.

Hence, Am=m+m=2x 9.1 x 107 Kg

Energy of the resulting y particle = Am C?

_ 2x9.1x9x107"

= — —ev

1.6x107"°

=102.37 x 10% ev = 1.02 x 10° ev = 1.02 Mev.

me=9.1x10"",v,=0.8C

_ Me  91x10%"  9.1x10™”

Ji-v2ic? i-oeac?/ic? 06
=15.16 x 10" Kg = 15.2 x 10" Kg.

b) K.E. of the electron : m'C* — mC? = (m’ — m,) C?
=(152x1072'= 9.1 x107%")(3 x 108> = (15.2 x 9.1) x 9 x 10" x 10" J
=546x10"°J=546x10""J=55x10"J.

¢) Momentum of the given electron = Apparent mass x given velocity
=152x107"-0.8 x 3 x 10° m/s = 36.48 x 1072 kg m/s
=3.65 x 107%? kg m/s

m,C?

V2
2, 1—?

_9.1x9x1073"x10'®

2
2\/1_ 0.36C

=2x91x10°"x9x10"J

a) m

a) ev—meC? = =ev-91x10"%x9x10"

=eV-91x9x107"°

C2
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26.

b)

V=099C=eV-mC?=

b)

=

-15 ~15
- 9.1x9x10 —eV_91x9x101= 9.1x9x10
2x0.8 1.6

V= (9.1><9
1.6

+9.1x9)x1o45 = ev(%wm)xm*“’
eV = 133.0875 x 107"° = V = 83.179 x 10* = 831 KV.

’ -15
myC —eV-91x9x10""x9x10%"= 9.1x9x%x10

2 2
2 1-% 2 /1—0'80120

9.1x9x 107"
2x0.435
eV =12237 x107"°

12.237x107"®
V= -19
1.6x10

eV — m002 =

eV-81.9x107"°=

=76.48 kV.

m,C?

2
2 1—V—

C2
oy = _MoC? +myC? = 21x10771x9x10

Y 21— (0.99)
c?

+9.1x107%" x9x10"®

_ 372.18x207"

10 =272.6 x 10"
0O X

eV =37218x 10" = Vv

V =2.726 x 10° = 2.7 MeV.

m,C?

-myC*=1.6x107"

m,C? [;—1] =16x107"°

1 4. 16x107°
J1-v2/c? 9.1x10%"x9x10®
V = C x 0.001937231 = 3 x 0.001967231 x 0% = 5.92 x 10° m/s.

2
MoC sC?= 1.6 x 107" x 10 x 10°

m,C2 [;—q =16x107"°

1, 16x10"
J1-v2/c? 9.1x9x10"

V = 0.584475285 x 10° = 5.85 x 10" m/s.
KE.=10Mev=10x10%eV=10"x16x10""J=16x10"2J

m,C?

—-myC*=16x10"J

e

V2 =8..999991359 x 10'® = V = 2.999987038 x 10°.

5
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27.

28.

AmM=m-—mg=2my— Mg =My
Energy E =moc®=9.1 x 10" x 9 x 10" J
9.1x9x107"®

Eine.v. = — =51.18 x 10* ev = 511 Kev.
1.6x10"
2
myC -m,C? T2
V2 2
-2
¢ 1 = 0.01
2
—m
oMoV
s, V2 1 3VvZ 1 3 5V8 )
MeC (14 5+ x5+ x x2—5)-MC
N 2C% 2 4C? 2 4 6C
%mov2
1, 3 VY 15 vt 1,
= C1 C = 0.01
Emov2
4 4
3V, 1Y ~001

3 —
4c? 96x2c*
Neglecting the v term as it is very small

2 2
= 3V 001> Y —004/3
42 c?
= V/C=02/4/3=V=02//3C= 107'§2><3><108
=0.346 x 10® m/s = 3.46 x 10" m/s.
AAA
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