Rotational Dynamics

Q. L. A uniform rod of length 1.2 meters and mass 3 kg is rotating about an axis perpendicular
to its length and passing through one of its ends.
(1) Calculate the moment of inertia of the rod about this axis.
(ii)  If the rod is rotating with an angular velocity of 5 rad/s, determine the kinetic
energy of the rod.

Solution:
Here, length, /=1.3 m
Mass, m = 3 kg

(1) Moment of nertia, I = ?
We have for the axis at the end of the rod and normal to the rod,
[ = MI1?  3x1.32

3 3

= 1.44 kg-m’
(i)  Angular velocity, ® = 5 rads’

Therefore, KE = %I m° =% X 1.69 x5°
=18

Hence the moment of inertia of the rod is 1.44 kg-m?, and the kinetic energy of the rod is 18 J.

& 2.4 uniform rod of mass 2 kg and length 1.2 m is hinged at one end and is free to rotate in
a vertical plane without friction. It is held horizontally and then released from rest
a) What is the torque acting on the rod about the hinge 'Qj\gﬂw* it is released?
b) Calculate the angular acceleration of the rod at t (O’gr.ﬁ:rmm
c) What is the linear acceleration of the free end (.)(_Q rod immediately after release’
Solution: <</

Here, Mass of rod, M=2 kg Q

Length of rod, L=1.2 m &,

Acceleration due to gravity, =.€.'g\1\'n/s2
Moment of inertia of rod ne end:

= ML
(a) Torque about the hinge just after release
Torque due to weight acts at the center of mass, which 1s at % from the hinge.

FMg-g
Substitute values:
=2 X 9.8)(2—2 =11.76 Nm

b) Angular acceleration of the rod

Using the relation:

:
=la =20= p

To calculate moment of inertia, we use I= %ML2 = % x2x1.2% =0.96 Kgm®

Now a=-=——=12.25 rads™
I 0.96

(¢) Linear acceleration of the free end of the rod

The linear acceleration a at the end of the rod 1s related to angular acceleration o by:
a=o-L = a=12.25%1.2=14.7 ms .



Q-3.The Earth has a radius of approximately 6371 km and completes one rotation every 24
hours. Calculate the tangential force needed to stop the Earth's rotation within 1 hour.( Mass
of the Earth = 5.97 x10°* kg)

Solution: Here,
Radius of Earth R=6371 km = 6371x10° m
Rotational period T=24 hours=24x3600 s

Stopping time tsop=1 hour=3600 s
Mass of the Earth, M = 5.97 x10** kg

o 2w )
W= —=——— = 7.27x10°rad/s
T 24%3600

; wo—w  7.27X107° = ;
Angular acceleration, o = ———=———35=2.02 X 107® rads™
tsrﬂp 3600

The tangential acceleration, a=R. a = 6371x10°% 2.02 X 1078 = 0.1286 ms™
Now tangential force, F=Ma=5.97 x10** x 0.1286 =7.68 x 10 N

4. string is wrapped around the rim of a wheel of moment of inertia 0.1kgm: and of
radius 20cm. The wheel is free to and free to rotate about its axis and initially it is at rest.
The string is now pulled by a force of 20N. What is the angular velocity of the string
after 2sec.?

20
Solution: We know that, t=F xr.... (1:11)
Also, t=]. a (1.2)

From equation (1) and (2)
Fxr=Ixa
20x0.2=0.1xa
o = 40rads-
Again, ® = , + ot
or, ®=0+40x2
® = 80rads™.

.« Anarrcraft engine delivers a power of 200 kW to the propeller. The propeller rotates at a
constant frequency of 1500 rpm. (a) Calculate the torque exerted by the engine on the
propeller. (b) Determine the work done in one revolution of the propeller.




Solution: Here, power, P=200Kw =2 X 10°W

1500 I

Frequency, f= 1500 rpm = = 25 revs~

=w =2ntf= 21T X25 = 501 rad s!

(a) Torque, T =7
We have, P = to

5
= r=—=2220_ _ 1272.72 Nm

W 50

(b) Work, W =72

2 x10°

We have, W = 10 = 2 = 8000 J

50

Periodic Motion

@.6- A particle performs Simple Harmonic Motion (SHM) with a period of T= 2 seconds. The
amplitude of the motion 1s 6 cm. At t = 0, the particle 1s at its maximum displacement (1.e., at
amplitude) and moving towards the equilibrium positi%

(a) Find the angular frequency of the motion. <2\
(b) Calculate the velocity and acceleration of rticle when its displacement 1s 4 cm.
(¢) Determine the maximum speed and maxym¥m acceleration of the particle.

Solution: @Q
a) We know that the angular frequﬁgy o 1s related to the period T by the formula:

_2m Q
0= %
Given that T = 2 seconds, we can calculate o:

2T _
O="=m rads’!

So, the angular frequency = « rads™

(b) Calculate the velocity and acceleration when the displacement is y=4 cm:

The displacement equation 1s given by:
y= rsinmt
The velocity v is the time derivative of displacement:
v= d/dt[rsinwt] = rocosmt
The acceleration a 1s the time derivative of velocity:
A = d/dt[rocosmt] = - ro’sinot = - @’y
We now need to find the velocity and acceleration when the displacement 1s y=4 cm.
Given:

y =4 cm.
From the displacement equation y= rsinot, we have:
4= 6sinmt
Solving for sinmt



: 2
Inmt= -
SINT 3

Now we can use this to find the velocity and acceleration.

Velocity, v = rocosmt
Now, we calculate the velocity:

V(t)=6><ﬂ2><§= 2v/57 cm

a = —To’sinot

Substitute the known values:
a= —6><1r2><§ = —471t* cms™

(¢) Determine the maximum speed and maximum acceleration:

Maximum speed occurs when sinot=1 1.e., when the particle 1s at the equilibrium

position).
At that point:
Vmax =TO=6X1=61 cms”

Maximum acceleration occurs when sin ot=1

At that point:
amax= I®°=6X1> cms™

| )
Fluid MechaQ@&

Q-3- A U-shaped tube, open at both ends and f@-\,\'ith water, has o1l (which does not mix

with water) poured into one side. This ¢ s&he water level to rise by 65 cm on the other
side, while the o1l level stands 10 CIHggher than the water level. Given this setup, the density

of the o1l 1s: Q/(’\\
a.  928kgm: b 650 kgm®

Pa

65 mm

65 mm

e
-\_-‘—.-F_'_

Fig:3.11

c. 425 kgm:

S i
¥ 15441

/

Pa

3 |

B - K - - i
\ /
7 :
S y Water

d. 800 kgm:

110 mm

Final
VWater Level

Iinmtial
Water Level

G

Solution: Using the relation, P = pgh, we have p,gh, = p.gh.

Or, p,=w hwh0 = 1000130140 = 928kgm-



X8 A fluid of viscosity 0.001 Pa-s flows through a narrow pipe of length 0.5 m and radius I
mm. If the pressure difference across the pipe is 2000 Pa, calculate the volume flow
rate. Now, suppose the radius is doubled while all other conditions remain the same.
By what factor does the flow rate change? Calculate the new flow rate.

4
Solution: Here 1n the first case, we use the flow of the volume rate, V = HBI:; :
—-3X4

With p = 2000 Pa,r= 1 mm= 10" m, n=0.001 Pa,1=0.5m; V= 0 —157x

8x0.001x0.5
107 m®/s.
For the second part when the radius is doubled, r - 2X 107> m, then from the above’s
relation,

,  TX2000%x2x1073%4
8x0.001x0.5

And the factor of flow rate = ':: =16

=2.51 x 107° m?¥/s

&3-You are designing a sedimentation tank for separating plastic particles from a fluid.
You want the plastic spheres (density =1050 kg/m‘i) to fall with a terminal velocity of at
least 2.0 mm/s in a fluid of viscosity 1.2 Nsm™ and density 1000 kg/m’

What should be the minimum radius of the p/asr{@hw es to ensure this condition?

Solution: \O

2(pn—
Using the Stoke’s formula n = i) ?= 2(: nz)g
—@ \ 2(6-

Wlthn— 1.2Nsm™, v=2 mm/s 6\@3’0 m’s, p = 1050 kgm™, 6 = 1000 kgm;
Ry = 9x1.2x2x1073 [ 9x12x2x1073
\ 2(1050- 1000)x9.8 Q/@ i

Q.10.Blood flows through an artery at a speed of 0.4ms™ in a region where the artery has a radius
of 3Imm.
Further along, the artery narrows due to a blockage, reducing its radius to 1.5mm.
i) Calculate the speed of blood flow in the constricted region.
i) By what factor does the velocity increase due to the narrowing?
Solution: Here, velocity in wider section: v = 0.4ms™
Radius in wider section: r1=3 mm=0.003 m
Radius 1n narrower section: ro=1.5 mm = 0.0015m.

=0.4 ms" A= 1'[1'12 =Tl X(3 X10'3)2 = 91tX10-° m4
A; = mr? =m X( 1.5 X10-3)2 = 2.25 1t X10-6m?

1) Speed of the constricted region,v, = ?
A Imx 107°x0.4
We have Azw = A1V|:’ Vo = —111 u =1.6 I'I'lS'l
A, 2.25 TX1076
. 16, . .
11) Here =2 = — = 4 is the factor that the velocity increases.

V1 0.4



1st Law of Thermodynamics

Q.41. The volume of steam produced by 1 g of water at 100°C s 1650 cm”. Calculate the
change in internal energy during the change of state. Given J =4.2 x 10 erg cal”’,
g =981 cm s, Latent heat of steam = 540 cal g

Solution:
Given, | =4.2 x 107 erg cal”!
Latent heat of steam =540 cal g Mass of water =1g
Temperature of water  =100°C [nitial volume (Vi) =1 cm?

Final volume (V») =1650 cm’

Change in volume (dV) =V,-V;=1650-1 =1649 cm?
When 1 g of water at 100°C is changed to steam at 100°C, temperature will remain constant. Therefore,
heated supplied

dQ = latent heat of steam = 540 cal= 540 x 4.2 x 107 erg
Also, dQ =dU + PdV
LodU =dQ-PdV
Taking P =1 atmosphere =76 x 13.6 x 981 dyne cm-2
We have, dU =540 x42x107-76 x 13.6 x 981 x 1649
=22.68 x10° - 1.67 x 10"
=21 x 101 erg,

(.19. A mass of air occupying initially a volume 2 x 10 3m{?a pressure of 760mm of mercury and a
temperature of 20°C is expanded adiabatically and re@b y to twice its volume, and then compressed
:sothermally and reversibly to a volume of 3 x 10 @ ind the final temperature and pressure (y for

air = 1.4) <</

Solution:
Given, Initial volume (V1) =2 x10-3m3 Q
[nitial pressure (P;) =760 mn@g

[nitial temperature (T;) = 293

Final volume (V>) &5\

We have for adiabatically process
PiVq'= PyVy

Y V, \14
-
=288 mm of Hg

T,Vi'-1  =T,V,!-1

14-1
(VJTl (Vl x 293 = 222K

Vi =3x10-3m3 P3=?
As the process is isothermally, so the temperature

T3 =222%
P2V2=P3V3
VoPy 2x2x103
P =TS-W-384mm0ng



@, 1. 3. Air initially at 27°Cand 750 mm of Hg pressure is compressed isothermally until its volume is halved. It is
than expanded adiabatically until its original volume is recorded. Assuming the change to be reversible, find
the final temperature and pressure (y for air = 1.4).
Solution:

Given, Initial temperature (T7) = 300K
[nitial Pressure (P;) = 750 mm of Hg
Let original volume be V m3

i . V
(i) Isothermally compression, V2 =75

P1V1 - Psz

P1Vy 2V x 750
P, ={;—21= ; =1500 mm of Hg

(i) Adiabatically expansion, V3=V
P3V3'=PaVy!

VoY
o

Vv \14
P, = (ﬁ) x 1500 = 568.4 mm of Hg

TSVE? - ]. - TZVZ? - ].

\!-1 v \14-1
T3 =®L3) T2=(ﬁ) x 300 = 227.36K

2nd Law of Thermodynamics

@14 A Carnot's engine has the same efficiency
(i) Between 100 K and 500 K and (11) Between T K and 900 K
Calculate the temperature TK of the 51nk

Solution:
(1) Given,
Temperature of source (T1) . =500 K
Temperature of sink (T2) ~~ =100K

Efficiency (n)

We have, efﬁmency(n)— 1 - T, = 1=550=10.2=0.8

(ii) Temperature of soufce (T1) =900 K
Temperature of sink (T) =?

j
Since, n=1- T_f
1

or T=180K
Hence, temperature of sink is 180 K

C%- LS. Carnot engine absorbs 100] of heat from a reservoir at 127°C and rejects 600
J of heat during each cycle. Calculate
(i) The efficiency of the engine
(ii) The temperature of the sink
(iii) The amount of the useful work done during each cycle.

Solution:
Given,
Heat taken from source (Q1) = 1000 ]
Heat reject to sink (Q2) =600 ]
Temperature of source (Th) =127 + 273 = 400 K
Efficiency (n) =7

Temperature of sink (T2) = ?
Amount of useful work done during each cycle (W) =?



Q2 600

(i) Now, we have efficiency (n) =1- i 1-390 =1-06=04
o %m =04 x100 =40%
Q2 _ Tl

. c_g__ 600
TH T4 Ql 400 x 1000

= 240K = 240 - 273= - 33°C
(iii) Amount of useful work done during each cycle,
W =Q1 - Q2=1000 - 600 =400 ]
Hence, the efficiency, temperature of sink and amount of useful work done during

each cycle
are 40%, - 33°C and 400 J respectively.

(Y16- A reversible engine converts one sixth of heat input into work. When the
temperature of the sink is reduced by 62°C its efficiency is doubled. Find the

temperature of the source and the sink
Solution: Given,

W 1
Efficiency (n) = O~ 6
T
Also, n—l-T1
1_. b
6_1_T1
12_>
or T'=g
or 1i=1213 (1)

Now, when temperature of smk is decreased by 62°C i.e., 62 K, efficiency becomes
double i.e. when ()

1 1
T2=T2-62, T‘|'=g><2=§ _.
i i
Now, n'=1 _Tf
1_1 To- 62
or, 3=1-"1
T2- 62 1 1 2
o 1T, ~*7373
3
or, T1 =5 (T2-62) = 1.5 (T2 - 62) ....(ii)

From (1) and (i1), we get
1.5 (T2-62) =1.2T>
or, 0.3T2=62x1.5

62 x1.5
O1, TZ— O 3 - 310 K

Using equation (i), we get

T1 =1.2x310=372K
Hence, the temperature of the source and the sink are 372 K and 310 K.



Wave Motion

20
Q.11 A plane progressive wave is represented by the equation y = 0.1 sin (2007t - I;X )

where y is the displacement in mm, tis in sec, an x is the distance from a fixed origin
O in meter(m). Find (i) the frequency of the wave, (ii) its wavelength, (iii) its speed,
(iv) the phase difference in radians between a point 0.25m from O and a point 1.10
m from O.

Solution: Given,

20 :rtx)

y = 0.1 sin (200 nt-"1

Compare this eqn. with y = a sin (ot - kx)
We get,

Amplitude (a) =0.1mm=10-4m
Angularvelocity (o) =200 n = 2nf

Wave vector (k) = o =77 m-

1. Frequency(f)= % =100 Hz
2 2
ii. Wavelength (A)= f = ﬁ'zxz 17=1.7m

iii. Speed (v)=fA =170 ms!
iv. Path difference (x) = (1.10 - 0.25) m = 0.85

2 2
Phase difference (¢p) = Tnx —~ %x 085 =7

Q.18 Stationary waves are set up by the superposition of two waves given by
y1 = 0.05 sin (57t -x) and y2 = 0.05 sm (5:rtt + x)
where x and y are in meters a‘fid t in sec. Find the amplitude of a particle situated at the
distance, x = 1m.

Solution:

According to the principle of superposition the resultant displacement y is given by
y =y +ty2=0.05sin (Ont - x) +0.05 sin (5nt + x)

ont-x+ont+x omt+x-omt+x

= (.05 x 2 sin ) COS )

y= 0.1 cos x sin Snt

Amplitude (@) =0.1cosxatx=1m

180° 21

Amplitude (a) =0.1 cos 1 =0.1 cos - v = L

=().1 x 0.5402 =0.054 cm



Mechanical Wave

€2.19. Find the temperature at which the velocity of sound in air is double the velocity of

sound in air at 0°C.
Solution:Given,

Let vo be the velocity of sound at 0°C anT"C be the temperature at which the velocity of sound will be
double the velocity of sound in air at 0°C, i.e. vi= 2v,.

Cowvi L [273+T
ovo 273
[2vo . [273+T
ok Vo - \ 273

273+ T
or, 2= \ 73
Squaring both sides,
- 273 +T
¢ =T

ordx273=273+T
or, T =(4x273-273)=3x273=819°C

Q. 90.1f a detonator is exploded on a railway line, an observer standing on the rail 2 km away
hears two reports. What is the time interval between these two reports? [Young's
modulus for steel = 2.0 x 10" Nm-, Density of steel = 8.0 x 10° kgm-3, density or air

= 1.4 kgm-3, Ratio of molar heat capacities of air = 1.40, Atmospheric pressure = 105
Nm-2]

Solution:Given, {\é

Modulus of steel (Y) = 2.0 x 10" Nm?? O

Density of air (pair) = .
Pressure (P) =107} |

Density of steel (psieel) =8.0x 10% k

v

Ratio of heat capacity (y) = 140"

Velocity of sound in air (v,(s(b
E <
Pair

a 1.40 x 105
. 14

= 316.23m/s

2000
Time taken by sound to travel 2km trough air t, = 37753 = 6.32secs

Velocity of sound through steel rails (v,)

f b 2.0 x 101 fl[]ﬂ 104
— = = — -1
psteei .\/8.0 5 103 4 2 500011'15

Time taken by sound to travel through 2km of steel
2000 2000 2

t5 — Vs - 5000 - 5 - 0-45&125.

Time interval between two reports
= (6.23 - 0.4) sec = 5.92secs.

Hence, the time between two reports is 5.92secs.



Q-Q-l- The interval between the flash lightening and the sound of thunder is 1 second, when the

temperature is 10°C. How far is the storm if the velocity of sound in air at 0°C is 330 m/sec?

Solution: Given,

Timeinterval (t) =1 sec
Temp. (1) =10°C = 283K
Velocity of sound at 0°C (Vi) = 330ms-!
Distance of storm =?

Now,

i _,[L
Vo - Tu
Vio_, [283
O, 330 " \/273

or, vi =336 ms’!

Now, distance covered by the sound with the velocity of 336ms-! in 1 sec. is d then

d d 1 1
A (v' c)=d(336'3x103)

d = 336m.

Hence, storm is 236m far. (\é
'\O

Waves in Pi% Strings

& 99 Find the ratio of the length of ago?ed pipe to that of an open pipe in order
that the second overtone of theformer is in unison with the fourth overtone of

the latter, <<§\

Solution:

Let [1 be the length of the closed pipe and I be that of an open pipe. For the second

J 4]
overtone of the closed pipe, length (11) =7 or A = gl

For the fourth overtone of the open pipe

oA 2
[, = E) orA'= gz

. The frequency of vibrations is the same in both cases.

v =

or, A =\
i _2
5 5

or, l1:h=1:2

Hence, ratio of the length of a closed pipe is 1:2



@ 923. Compare the fundamental frequencies of open and closed organ pipes of the

same length,
Solution:
For the open pipe, the fundamental frequency fo, is given by
Y -
or, fo = = 2l insald)
For the closed pipe, the fundamental frequency fo given by
. d—. i .
or, fo' =35=7 ... (ii)
Dividing (i) by (ii)
o _v 4 _
o T2V =2

@-24. A steel wire 1m long who’s mass is 1.0 g is under a tension of 400N and is tied
down at both ends.
a. What is the wavelength of its fundamental mode of vibration?
b. What is the frequency of this mode?

Solution: Given,
Length (/) =1m
Tension (T)  =400N {

1.0 ”f
Mass per unit length () ==~ g/m = 10 &

For fundamental mode of v1brat10n

A
5 =lorA=21=2x1=2m
1

! =5\

Hence, the frequency of thlsmode is 316Hz.

Q.28 A piano string 1.5 m long is made of steel of density 7800 kgm3 and Young's
modulus 2x10"™ Nm>2, it is maintaining at a tension which produced an elastic

strain of 1% in the string. Calculate the frequency of transverse vibration of the
string when it is vibrating in second mode of vibration.

Solution: Given,
Length of the string () =1.5m
Density of the string (p) = 7800 kgm-3
Young's modulus (Y) = 2x101TNm-2
Strain= 1% =0.01
Frequency(f) =7
We know

Tl 'W
|.1 21 Vp 2I

Stress T/A T

Again Young's modulus of elasticity (Y) =g =~ =g~ — 3 =Y strain
Then,

1 Y strain 1 2 x 101 x0.01
/=21 \/ p  2x15 \/ 7800 105,08 1E

Hence, the frequency of fundamental mode of vibration is 168.81 Hz.




Acoustic Phenomena

&-26- A note of frequency 300Hz has an intensity of 1 uW/m>. What is the amplitude of air oscillation by the
sound? [Density of air = 0.029kg/m?, Bulk modulus = 1.42 x 10° N/m?]

Solution:G1ven,
[ntensity ()  =1pW/m?=1 x 104W/m?
Density (p) ~ =0.029%kg/m?
Frequency (f) =300Hz
Bulk modulus of elasticity (B) = 1.42 x 1°N/m?

We have,
1
[ = 3 pB 0rA?
21 21 [ 21
Amplitude, A’=—F7—=—="F7=""="F=""=
' \/ﬁoﬂ \/@ x 4n2f> \lpTB X 2m2f% \{piB 2m2f?
104
== (8x104m
\’ 0.029 x 1.42 x 10° x 2p2x (300)2

A =089x10"m

Hence, the amplitude of oscillation is 0.89 x 107m.

®.21. A loudspeaker produces a sound intensity level of 8 decibels above a certain
reference level at a point 40m from it. Find the intensity level at a point 30m from

the loudspeaker.
\
&@

Solution: O
Let I1 and Iz be the sound intensities at point40m and 30m from the loudspeakers.

L_n?_ (@)2
Il - I'22 o 30 Il @

The intensity level at the second, -- t is higher than that at the 1t point by 'b'

decibels where
[
L =10 logw(ﬁ)
4 i ¥
=10 log1 £

Hence, intensity level at the second point = 8 + 2.5 = 10.5 decibels.

@. 98. A source of sound generates sound waves which travel with a speed of 340 m/s.
The frequency of the source is 500 Hz. Find the frequency of the sound heard if

a) The source is moving towards the stationary observer with a speed of 30 m/s
b) The observer is moving towards the stationary source with a speed of 30 m/s

¢) Both source and observer move with a speed of 30 m/s and approach one
another.

Solution: Given,

Speed of sound (v) =340 m/s
Frequency of source (f) = 500 Hz
a) Speed of source (us) =30m/s

Frequency of sound observed by stationary observer is given by,

v ). 340
yF = (v -115]/_ (340 . 30)500

. f=54838 Hz

b) Speed of the observer (u,) =30 m/s
Frequency heard by the observer is given by,



P (v -: ug] = (34(;’446 30) &0n

~.f =544.11 Hz
c) Speed of observer (uo) =30m/s
Speed of the source (us) =30 m/s

Frequency heard by observer when source and observer approach each other

is given by,

po=(L),

340 + 30
- (340 - 30) >00
f'=596.4 Hz
Hence, the frequency heard by the observer are 548.38 Hz, 544.11 Hz and 596.4

Hz.

@®.29. A stationary motion detector sends sounds waves of 150 KHz towards a truck
approaching at a speed of 120 km/hour. What is the frequency of ware reflected
back to detector? [velocity of sound in air = 340 m/s]

i~
S
i a.::'v .
» % )
: fL";_.:_T_'.:'-

Solution: Given, o

Frequency of source (f) = 150000.H‘§~f

'*L.
3
i

120x100_¢ oﬁ
Speed of truck (us) W 5—— =3333m/s

ﬁ,é*”

Velocity of sound (v) %};340 m/s
7 O
In first case: motion detector act as a source and truck as observer.
Now,

Apparent frequency (f) =?

+ 0
We have, f = — Xf
[+ truck is presented us source since the sound decked by detritus is reflected by
truck. |
340+33 33
v f= x 150 = 164.7 KHz

In second case: motion detector at as a observer and truck as a source, then

. \ 340
f= v *f = 3003333

x 164.7 = 182.6 KHz

Hence, the frequency detect by motion detector is 182.6 KHz



Interference

Q.320. [n a double-slit experiment with light of wavelength 500 nm and screen distance 2.0 m, the
slit separations are (.1 mm and (.05 mm in two cases. Find the ratio of the fringe widths
formed in the two cases.

Solution:

Here, wavelength, 1 = 500 nm = 5.0 X 107m,
The slit-screen distance, D = 2.0 m,
Slit separation, d; = 0.1 mm= 1.0 X 10* mand d> = 0.05 mm=15.0 X 10° m

AD 1 By dy 005 1

Froml3=?=>[3cxg=> E_ d—1=H=E

Q31. [n a double-slit experiment with light of wavelength 7=450nm, the distance between the
slits is d=1.0 mm and the screen is placed D=3.0m au% Find the angle for the first order
maximum. \Q/

Solution: Q\O
Here, wavelength, A =450 nm=4.5 X 19:
The shit-screen distance, D = 5@,@1
Slit separation, d; = 1.0 @91.0 X 10° m
XN

<</(\

We have, path difference, dsinf = nA = sinf) = ?;—’1
For the first order, n =1 and hence sinf; = % =>01= sin'l(%)
-8
= sin’14'5><1_2 =(,0257°
10

Diffraction

®32. A diffraction grating with 3000 lines per centimeter is used to diffract light of wavelength
600 nm (nanometers). The grating is placed perpendicular to a monochromatic light source,
and the diffraction pattern is observed on a screen placed 2 meters away from the grating.
i) Determine the angle of diffraction for the first-order (n = 1) and second-order (m = 2)
maxima for the given wavelength of light
ii) What is the minimum distance between the first-order and second-order maxima on the
screen’



Solution: Here, Given:

1 1

r— —_— ——— L ————————— — -6
Grating lines per centimeter = 5000 = d = S000/c . S00fia-3 I 2X10°m

Wavelength of light (L) = 600 nm = 600 x 10° m
Distance from the grating to the screen (D) =2 m
1) For the first order diffraction, dsinb; = nA =01 = sin"!( %) ,n=1

. 6x107
B sm'l( 2x10-6)

= sin"1(0.003) = 0.1720

For the 2nd order diffraction, dsinf; = nk =02 = sinI( 2—1) ,n=2

. 2X6x10~7
=Sy 2X107° )

= sin"1(0.006) = 0.344°

(1) For the 1* order, tan0, = % =X = D tan0; = 2Xtan0.00172 = 0.06 cm

And for the 2™ order, x; = D tan0; = 2xtan0.0344 =0.12 ¢cm
Hence the required distance = Ax = x> —x1 = 0.12 - 0.06 = 0.06 cm.

Q.23. 4 diffraction grating is used to observe the diffraction gattern of light with a
wavelength of 330 nm. The first-order diffrac H(HH &
20°. The grating is placed perpendicular to a n (/umnum light source, and the
diffraction pattern is projected onto a scredi¢ Qalculate the number of rulings (lines
per meter) on the diffraction grating.

wum is observed at an angle of

Solution: Here, Wavelength of light; A=
Wavelength of light, 2=550 nm&5.

Angle of diffraction for the ﬁrs-order maximum, 0; = 20"
A 550x10~"

We have for the first order maximum, d = — =1.61X10° m
1 smB sin20
Now the number of lines per meter, - = —=6.21x 10° lines/m.
d  161x10
Polarization

®.34. A beam of light is incident at polarizing angle on a piece of a transparent material of
refractive index 1.62. What is the angle of refraction for the transmitted beam?

Solution: Here,
Refractive index, u = 1.62
We have tanf, = p = 6, = tan”
=tan"1.62 = 58.31"
We have 0, + r = 90"
»1=90"-5831"=31.69"



Q.35. Calculate the polarizing angle for a light ray travelling from water of refractive index
[.33 to glass of refractive index 1.53.

Solution: Here, pw = 1.33, pg=1.53
Polarizing angle, 6, = ?

1.53
We have, tan 0, = wptg = 0, = tan™ (wite) = tan'=Z = tan™ == = 49"

Uy 1.33

Electrical Circuits

@.SG-TWO batteries of e.m.f. 6V and 12V and internal resistance 12 and 2Q
respectively are connected in parallel with a resistance of 15£2. Find the current
through each branch of the circuit and potential difference across the resistance.

Solution:

Let current due to cells of eem.f. E;1 and Ez be I; and 1> as . EII =6v :
shown in figure. Then, according to Kirchhoff's first A ¢ |
law, the current through R = 15Q will be I + L. : T 1Q .
Applying second Kirchhoff's law to closed part BAEDB, .
we have Y 20

Eir =Im+(Mi1+1I2) R
or, 6 =I1x1+(I1+12)15 E MAMA, D

or, 1611 +15I>=6 ....(1)

Applying second Kirchhoff's law to closed part CFEDC, we have
E, =Dhr+ (I +1) R >\

or, 12 =Ihx2+ (I +12)15

or, 15 +17I =12  ...... (i)

Solving equations (i) and (ii), we obtain

[1 =-1.66A and I, = 2.17A <

Since I is negative, the current due to.cell E; will flow in the direction opposite to
that of I; shown in the figure. %@
Now, I1 + I, = -1.66 + 2.17 = 051X

Potential difference acr =(l1 +))R=0.51 x 15=7.65V
Hence, the potential difference across is 7.65V.

XA battery of 6V and internal resistance 0.5€2 is joined in parallel with another
battery of 10V and internal resistance 122 The combination sends a current
through an external resistance of 12Q find current through each wire.

Solution, Given, P
I < | |
E.m.f. of 1st battery (E1) =6V 1.,-,;,_'59
10V
Internal resistance of 15 battery (r1) = 0.5€2 i !
=10
E.m.f. of 2nd battery (E>2) =10V m’\AMM >
1
and internal resistance (r2) = 1Q
External resistance (R) =12Q

Using Kirchhoff's law in upper loop
6V= 0.5 + (I1+12)12
6V =12.5I1 + 12L>............ (i)
In lower loop
10V = >+12(I1+]2)
10 =13l 2 o cavvnvais; (ii)



By solving eq™ (i) and (ii) we get
162.511 + 1561, = 78
1441, + 156 1> = 120
1851 = -42
I =-2.77A

Putting the value of I1 in equation (i) we get
-12.5 X 227 + 121> =6
-28.375 + 121> =6
121> = 34.375

[ =2.86A.

Hence, the current following through each resistance

is 2.77A and 2.86A.

(0-88- The resistance in the left gap of a meter bridge is 10Q and the point is 40cm
from the left end. Calculate the value of the unknown resistance.

Solution: Given,
Length (/) = 40cm

Resistance (R) =10Q

Now, we have

P X
O ~R
) z
X =Rx350_7
40
=10 x350 20

Hence, the value of unk{%ﬁ resistance i1s 6.66Q2.

@—83- Four resistance 5Q, 502, 62, 60€2 are connected to the corresponding arms of the
Wheatstone bridge. If a cell of e.m.f. 1.5V and negligible internal resistance is
connected across the bridge, calculate the current in arms and the cell-When the
bridge is in balanced position.

Solution:

Here, the resistance is connected as shown in figure below.

P R
Now, Q=X

5 50

1.e. g - a
The bridge is in balanced position and hence no current flows through the
galvanometer. Suppose the distribution of current is as shown. In the closed part
ABDA from 2nd Kirchoff's law, we have,
-Ii1x5+Lx50=0

or, — 11 +10I> =0

11
or, lI-= 10
In the closed part ABCLMA, we have
-5l -6I1 -1 +1I2) x0= -1.5

or, 1111 =1.5
or, I1=0.1363A
1. 0.1363
. = 10=- 10 — 0.01363 A
I =1 + 12 =0.1363+ 0.01363

=015 A



@4(‘9‘ P, Q, R and X are four coils of wire of 2, 2, 2 and 3{2 resistances respectively
arranged to form a Wheatstone bridge. Calculate the value of resistance with
which the coil X-must be shunted in order that the bridge may be balanced.

Solution:
For the bridge to be balanced, we have,

If the X is shunted which means another resistance S must be connected in parallel

with XS
From first equation

X |Is

R

XS
(X + R)R

XS
X +S)R

~ 35S
~3+S

6 +2S =3S
S = 6Q
Hence, the value of resistance is 6Q2.

or,

or,

Q" Q0|7 O~

@.41. In a potentiometer experiment, balance point with a cell of unknown e.m.f. was obtained at 55cm
from one end and with a cell of em.f. 1.5V was got at 60cm from the same end. Calculate the
unknown e.m.f,

Solution: Given,

First balanced length (/) =55cm <
Second balanced length (/) = 60cm &Q;
E] =7 \O
E, =15V
B <<;\~Q
Now, 5 L

55 QQ’

1
or, E =E2xi=1.5x@=1.375vq\

Lo

Hence, the unknown e.m.f. is 1(\
Q49. A wire of length 10 m re%s/tance 1.58/m is connected to a cell of e.m.f. 4 V and internal resistance 1
Q in series. What is the potential gradient of wire?

Solution: Given,
Length (/) =10m
Resistance per unit length (R/[) = 1.5Q/m
Em.f. (E) =4V
[nternal resistance (r) =10

The resistance of the wire is 1.5 x 10 = 150

emf 1
Then, the currentin the circuit (1) = 7 = ccm == 1777 = 0.25A

15
50 the potential gradient is = 0.25 x 75=0.375V/m.
Hence, the potential gradient is 0.375V/m.

@-43- A simple potentiometer circuit is set up as in the figure, using a
uniform wire AB, 1.0m long which has a resistance of 2.0Q. The Pl
—{ /R

resistance of the 4V battery is negligible. If the variable resistor —
R were given a value of 24Q. What would be the length AC for
zero galvanometer deflection?

If R were made 1.0Q and the 15V cell and galvanometer were A :

replaced by a voltmeter of resistance 20Q), what would be the

1.5V B
reading of the voltmeter if the contact C were placed at the mid- [ 9—]
point of AB?




Solution:
For zero deflection in the galvanometer
1.5 =I Rac
Where (1) is the current in the wire

4

1.5 = R + Rap x RAC
4 2.0
or, 1.5 =54+2% 1 x IacC
1.5x4.4
or, lac =0 - 0.825m

2
The resistance of the wire AC when C at mid-point of AB (R) =5 = 1Q.

Combined resistance of the wire AC and the voltmeter resistance Rac is given

by
1 _l 1 21
Rac a 20_20
.
or, Rac _ﬁﬂ

Current in the circuit,

4
- R+ Rac + Rcs

I

I . 4 4:-::21
_1+@+1 e
21

Voltmeter reading,

VAC = IRAC K
e Y KQ’

&-44. A galvanometer has an internal resistance of 1 _@ gives maximum deflection for a current of
50mA. Show how this instrument can be co d into (i) a voltmeter with a maximum range of

2.5V (ii) an ammeter with a maximum ra&@lf 25A.

Solution: Given,
Resistance of galvanometer &&1(% Potential difference (V) = 2.5V
Current through galv 50mA =50 x 10-3A = 0.05A
Current (1) =2.5A
(i) To convert the galvanometer into voltmeter, a resistance R is connected in series. It is
given by
v
i e -50“03-1 =49()
(i) To convert the galvanometer into ammeter, a resistance S is connected in parallel and
is given by
[xG 0.05x1
S =701, “25-055° 000

Hence, the suitable resistance to convert galvanometer into voltmeter and ammeter are 49Q and

0.020.



Thermoelectricity

R4S In a given thermocouple, the temperature of cold junction is -10°C, while the
temperature of inversion is 510°C. What will be the neutral temperature?
Solution: Given, temperature of cold junction (0¢) =10°C
Temperature of inversion (0;) =510°C

Neutral temperature (0,) =?
Oc+6;  10+510

We know, 6,, = e = 260°C

8. 46- The thermo e.m.f. and temperature of hot junction 0 satisfy a relation E= a0+b0°, Where

a= 4.1x10°V (°C)'and b = -4.1x10°V (°C)™. If the cold junction temperature is 0°C find
the neutral temperature.

Solution: Given equation is E= a0+b0*  ...(i)
a=4.1x10°V (°C)"', b=-4.1x10°V (°C)~, cold junction temperature = 0°C
Now, d—dEe- = a+ 2b6
The neutral temperature 1s the temperature of hot junction at which thermo e.m.f. 1s
maximum and % =0

or,a+ 2b6 =0

a=—2bb

0. =2 4,1X107° — £00°C

-2b  -2x(-4.1x1079)

@41 One junction of a thermocouple is at 0°C and the other at 0°C. The thermo e.m.f. (in

volts) is given by & = 20 x 10-¢0 -0.02 x 10-%62, Find the neutral temperature and
maximum value of e.m.f. >

Solution: Given,
¢ =20 x 10-0 - 0.02 x 10-662

de

d9= 20 X 10'6'0.02 x’l[]—ﬁ X 28

=2 x10-6-4 x 10-%0
At neutral temperature 6,
Thermo e.m.f. is maximum
e.atf=0,

&-48- If the temperature of the cold junction of a thermocouple is lowered, what will be the
effect on its neutral temperature?

Ans: The neutral temperature 1s the temperature of hot junction at which thermo e.m.f.
becomes maximum, It depends only on the nature of metals forming thermocouple but

it 15 independent of temperature of the cold junction. Therefore, lowering the
temperature of cold junction does not bring any changes in neutral temperature.

Magnetic Field

Q-43-What is the work done by the magnetic field on a moving charge?
Ans:  The Lorentz magnetic force experienced by the charge q moving with
velocity v is given by
F = Bqv sinb
Now, work done by the magnetic field on the charge is
W = Fdcos6



For uniform magnetic field the charge particle transverses circular path.

1.e. cosf=cos 90" =0
W=0
Hence, no work is done by the magnetic field on the moving charge.

®.50. An electron is moving northward with a velocity 107 ms™ in a magnetic held of
3T directed eastwards. Calculate the instantaneous force on the electron.
Given that charge on electron = 1.6 x10-" C.
Solution: Here,

Electronic charge (¢) = 1.6 x10-1C

Velocity of an electron (v) =107 ms-,
Magnetic field (B) = 3T
Angle between v and B is 90°.
or, F =qvBsin 90
=1.6 x107 ms-1x 3 x 1
=48 x 102N
- - 12
. Force 1s 4.8 x 10-12N i{}
&-51. A 2MeV proton moves vertically downwa @%’mu‘gh a uniform magnetic field of
2.5 Tesla. 'él

Calculate the force acting on the protdp. (Given the mass of proton =1.7 x10-?7
kg, charge on proton=1.6 x10-17 %@

Solution: Given, %@Q

Magnetic field (B)

Energy of proton (E) =2MeV=2x100eV =3.2x1013]
Mass of proton (m) =1.7 x 10-*” kg

Charge on proton (e) =1.6 x101°C

[f v is velocity of proton, then 5 mpv? = KE

2E 7% 3.2 x 10-13
oLV =N\/m, =\ 17x107

=2 x 107 ms-1

We have, the magnetic force on proton (F) = Bevsin0
F =25x1.6 x10-1° x 2 x 107sin90°
F=8x1012N

Hence, the force acting on proton is 8 x 10-12 N.



&.52. wire carrying current of 10 A and 2 m in length is placed in a field of flux density 0.34 T What is the force
on the wire if is placed at 60° to the field?

Solution: Given,
Length of the wire (/) =2 m
Magnetic field applied (B) = 0.34T
Current flow through the wire (I) =10 A

Angle between the direction of applied magnetic field and current (6) = 60°.
We know that the force acting on the wire is given by

F=Bllsin9=0.34x10x2xsin60“=6.8x3?=5.88N

Q- B3 A copper wire has 1 x 10” free electrons per cubic meter and cross sectional area 2mm? carries a current
of 6 A. Calculate the force acting on each electron if the wire is placed perpendicularly in a uniform

magnetic field of flux density 0.1T
Solution: Given,

No. of free electrons perm3 (n) =1x10%/m?

Cross section area (A) =2mm? =2 x10-6 m?
Current (I) = 6A Q}
Flux density (B) =01T o&
Force on electron (F) =? \
Now, The drift velocity (vd)=mLA <<,
C)

[ B 0.1 %6
F = Bevy = Be_+ ___WE;“O-HN
Hence, force on each electronis 3 x 1 22‘;{(\

Q<4. Avertical straight conductor X of length 0.5 m is situated in a uniform horizontal magnetic field of 0.T
(i) Calculate the force on X when a current of 4 A is passed into it (ii) Through what angle must X be
turned in a vertical plane so that the force on X is halved?

Solution:
(1) Given
Current (1) =4A Magnetic field (B) =0.1 T
Length (/) =(0.5m Angle (0)=90°
Force (F) =?
We have, Force (F)=BIIsin0=0.1x4x0.5xsin900=0.2N
(i) Given
Current (I) =4A Magnetic field (B) =0.1T
Length (/) =05m Angle (0') =?
o E 2
Here, F' =BI!/sinb
_ & 01 1
L.e. 9-sm-1_B”_-sm1 —0“4)(05 =60".

o 0=600
Hence, the angle is 60°.



Q-SS- A straight horizontal rod X, of mass 50 gm and length 0.5 m is placed in a uniform magnetic field of 0.2
T perpendiculars to X. Calculate the current in X, if the force acting on it just balances its weight. (g =10
N kg)

Solution: Given,

Length (/) = (.5m Magnetic field (B)=0.2 T
Weight (W) =mg=50x10-x10=05N, Force (F)=W =mg
Angle (0) =90° Current (I) =?

We have,

Force (F) =Bl sin®
mg = Bl/ sin90"
or, 05 =02xIx05x1
1
[ =55 =5A

Current (I) = 5A.
Hence, the current in X is 5A.

& s6-A horizontal straight wire 5 cm long weight 1.2 g/m is placed perpendicular to a uniform horizontal

magnetic field of flux density 0.6 T. If the resistance of the wire fs 3.86%m. Calculate the p.d. that has to
be applied between the ends of the wire to make it just self-sup;&uﬁng.

Solution: Given, \()K
Length of the wire (/) =) 05m
Magnetic field applied (B) .
Angle between the directiezﬂ‘ magnetic field and current (6) =907

N
Resistance per unit l@ of the wire (’E) =3.8Q0/m
Resistance of the wire (R) =3.8x[=3.8 x0.05=0.9Q

Also mass per unit length of the wire (%) =12¢g/m

Mass of the wire (m) =12x0.05g=6x10"kg
We know that force acting on the wire is given by

F = Bll sinf) = B(v)lsme

Le, V=

B I smﬂ "B I smB Since: W =mg =]

- mgR  6x10-5x10x0.19 114 x10
V= Blsing - 06x005xsn90 - 003
Hence, the patented difference is 3.8 x 10-3V.
Hence, the current and voltage sensitivity changed are1(:1 and 1:4 respectively.

=38 x10-V



Q3. Ahorizontal rod of mass 10 g and length 0.10 m is placed on a smooth plane inclined at 60° to the
horizontal. A uniform vertical magnetic field of value B is applied in the region. Calculate B, if the rod
remains stationary on the plane when a current of 1.73 A flows in the rod.

Solution: Given.
Mass (m) =10 gm Length (/)= 0.10m
Angle (6) = 60" Current (I) = 1.73A

Magnetic field (B) =?
From figure,

Bllcos60” = mg sinb0’

B x 1.73 x 0.1 xcos 60° = 10 x 10- x10 xsin 6("

or, B=10x10-3x10xlzﬁxﬁx% =1T. {
s

\O
&.s8: A slice of indium antimonite is 2.5 mm thic @am’es a current of 150 mA. A magnetic field

of flux density 0.5T, correctly applied, prodiiced a maximum Hall voltage of 8.75 mV between the

edges of the slice. Calculate the num&@ free charge carriers per unit volume, assuming they

. 19
each have a charge of =16 X Il}&.

<</(\

Solution: Given,
Thickness () =20mm=25%10"m  Current (I}= 150mA=150x 10<A
Magnetic field (B) = 0.5T Hall voltage (Vi) = 8.75mV=8.75 x 10V

Electronic charge (e) =1.6 x 10-°C Electron density (n) =7

Now, we have,

_BL Bl
Vi = net - M= Vyet
0.5 x 150 x 10-3 75

O 1= 875 %103 x (1.6 X 10-19) x 25 x 10 ~ 35 x 10-2
n=214 x 102

Hence, the number of electrons are 2.14 x 1022/ m3



®-T9- Aslab of copper, 2 mm thick and 1.50 cm wide, is placed in a uniform magnetic field of flux density
0.40 T, so that maximum flux passes through the slab. When a current of 75 A flows through it, a

potential difference of 0.81 uV is developed between the edges of the slab. Find the concentration of

the mobile electrons in copper.

Solution: Given,

Thickness of slab (t) =2mm=2x10m  Width of slab (b) = 1.50 cm =1.5 x 10-m
Magnetic flux density (B) =040T Currentinslab (I) =75 A
Induced voltage (Vy) = 0.81 uV = 0.81 x 10-6V No of electron per m3 (n) =?
We have,
V==
IB 75 x (.40

or M=y = UBIx106x16% 100 x2x 105~ 115X 10%/m?,

Hence, the number of electrons are 1.15 x 1029/m3

Q-&0- A circular coil has 50 turns and a mean radius of I@tqff it carries a current of 3A, find the
magnetic field at the centre of coil. Q
Solution: Given, <(,+
Current (I) =3A  Radius (r)foﬁzcm 10 x102m=0. 10m
Number of turns (N) =50 O
Magnetic permeability of free space ().
So the magnetic field at the centre "
~poNI 4n x10-7x 50 x 3
2t 2x010
Hence, the magnetic field at eh center of the coil is 9.4 x 10~ Tesla.

&.61- In the Bohr model of the hydrogen atom the electron circulates around the nucleus in a path of
radius 5.1x10-" meter at a frequency of 6.8x10'> rev/sec. What value of B is set up at the centre of

=04 x 10+ Tesla

the orbit?
Solution: Given
Radius (r) =51x101m Frequency (f) = 6.8 x 101 rev/s
For Hydrogen (q) =1.6 x 109
Then,
- PLI
Magnetic field (B) = [[=q/t =e/tand f=1/1]
_ boef _ W 14T
2r 2x5.1x10M1

Hence, Magnetic field is 14T.



@-Gl- An alpha particle makes a full rotation in a circle of radius 1 meter in2s. Calculate the value
of magnetic field induction at the centre of the circle. (y,=471%10-"H/m)

Solution: Given

Frequency (f) =% = % =0.5rev/s Charge (q)= 2e
Then, Magnetic field (B) =?
We have.
B= % [[=e/t and f=1/1]
_ %T-[: 4m x 107 X 2;)’(116 x 1019 x (.5 = 1% 105T

Hence, the magnetic field is 1.x 10->T.

@.62- A copper wire 28m long is wound into a flat circular coil 8.0cm in diameter. If the current of
4.50A flows through the coil, what is the magnetic induction at the centre?

Solution: Given,

Length of the wire (/) =28m
Radius of the coil (r) = Diameter/2 =8/2 = 4cm= 0.04m
Current in the wire (I) =4.5A
Then,
2nr x N = 28
N =111 turns

NI -
We know, B = 55— = 47x107xI11x45 7.8x10-3T_\_Q

2x0.04 ((/

S B=7.8x10°T Q
Hence, the magnetic field is 7.8x10-T. O

o

@-BZ «One-meter length of wire carryin "é}whmt current. The wire is bending to form circular loop. The
magnetic field at the center of Al éﬁrfu!nr loop is B. The same is now bending into circular loop of
smaller size containing four tu n the loop. Calculate the magnetic field at the center of new loop.

Solution: Given,

\
&

[ 1
2n 2n

Length (/) =1 m — radius of loop (r) =
Magnetic field at center = B

1wyl
We have, Bacemter = B= 52 = HE (i)

When same wire is bend to form 4 loops coil.

1ol

Blat new center — 4x21"' (]_l)

[
Here r =30 then

Blat new center — 43(-%[ =16 KEL;LJ o 3 (111)

T

Dividing equation (iii) by (i)

1
B at new center

B =16

Magnetic field at new center (B') =16 B



®-64. Two identical coils carrying equal currents have common center and their planes are right

angled to each other. What is the ratio of magnitude of magnetic field and field due to one
coil alone at the center?

Solution: Two identical coils carrying equal currents have common center A Ficld intensity
and their planes are right angled to each other, B 609 10,0081 |

I ﬁ
The magnetic field at the center due to one coil (B) = };lr eves/ 1) B'
Field

intensity due
to conl ?

Since, they have common center, the magnetic field due to second coil

\/Coil 2

|
at the center (B,) = Pzri ..... (i)

Because their planes are right angled to each other

Resultant magnetic field (B) = \} B12+B?

®.65- A horizontal wire of length 5 cyrah
current of 2 A is placed in %{Quddle of a long solenoid at right angle its axis. The solenoid
has 1000 turns per meter anihCarries a steady current I. Calculate I, if the force on the wire is
vertically downwards and equal to 10~ N,

Solution: Given,

Length (/) =5cm =5 x10-2m Current (I;) =2 A
Number of turns per meter (n) = 1000 Force (F) =104 N
Current (L) =1

If I be current flowing through solenoid, then the magnetic field at the wire due to current flow
through the solenoid is given by,

B=IJ.[JI'III
and F = Bl
F= (pu I'll1) Izl
R
o e - uonl I/
10-4
b =X 107x1000x2x5x 102 - 094
[,=08A

Hence, the current is 0.8A. ]



B

Q.¢6- Calculate the magnetic field at the centre of coil in the form of a
squire of side 4 cm carrying a current of 5 A.

Solution
Magnetic field at 0 due to conductor PQ is r
|
Bl = % - (sin 91 + sin 92) Figure 16.27: Magnetic field due to
nr B e T
ong straight current carrying

HEI'E, 9] = 92 = 45° ronductor

I =5 A, P Q

r =2cm=0.02m.So

4nx107 5 5x107 2 _
B1 - 4 X 002 [Sm 45 + sSIn 45 ] - 002 X \/E - 354 X 10 > T

Net magnetic field intensity at 0 due to current carrying square
B=4B=4x354x105T
o B=142x10+T S R
Hence, the magnetic field is 1.42 x 10-4T.

QBT Two long parallel conductors carry 12 A and 8 A current in the same direction. If the wire
arel0 cm apart, find where a third parallel wire also carrying a current must be placed so that

the force experienced by it shall be zero.
A A A
Solution: [=12A -.—I_.. [,=8A
Let, a third wire is placed between two wires at a di F, | K
from the wire carrying 12 A so that force
unit length will be zero. X
Le. Fi=hk
| tol1l wolal o\
1.e. = where [ is the. - >
© 2nx 21 (0.1 - x) R 703 0.1m
But, [=12Aand =8 A
or, =~ =51-,00*¥=006m ™
Hence, the third wire is should place at 6 cm from 1st wire.
Q@S Two vertical conductor X and Y are 0.12 m apart and carry currents of 2A Y
and 4A respectively in downward direction (a) ignoring earth's magnetic

field, find
(a) the distance from X of a point where the magnetic fields due to X and Y
neutralize each other.

(b) calculate the force per meter on X and Y. [y v
. : P
Solution, Given, =
Current along X (Iy) = 2A Current along Y (Iy) =4A S R
r=0.12m

Distance (r) = 0.12m
a) Let, 'P' be a point at a distance x from X where magnetic fields due to X and Y neutralize each

other i.e. Bx = B,

Holy - Holy
21 X 2w (0.12 - x)
2 4

O x T 012-x
or, X =0.04 m
b) Force per meter on X due to magnetic field of Y is given by,

Fx toly 4nx107x4x2
_=B1-'Ix_ I:(=

Ix B

2w r 2 x 0.12

=3.33 x 10-6N/m

Hence, the force per meter on X and Y is 3.33 x 10-N /m.



Magnetic Properties of Materials

&.63 Magnetic field B and magnetic intensity H in a material are found to be 2T
and 950 Am-! respectively. Calculate the pu, and y of the material. (po = 4 x 107

Wb. A-1M-1)
Solution: Given,
Magnetic field (B) =2 Tesla
Intensity (H) =950 Am-!
(ko) = 4n x 107 Wb A-Im-1

B 1_[ 2 1)
O X THxpg~ " (950 x 47 x 107~
. x  =1674

Again we have, ur = (1 + )
or, ur = (1674 +1)
. ur =1675

Electromagnetic Induction

& =0 Find the magnitude of nduced e.n.f. in a 200 tupacoil with a cross sectional area
of 0.16 m*, if the magnetic field through the cotl“ﬂfmn ges from 0.10 Weber m~ to 0.50
Weber m* at the uniform rate over a perladMZ second.

Solution: Given,
No.oftums (N) =200 Area of coil (A) = 0.16m?
[nitial magnetic field (B j-'-" 10 Weberm-2 Final magnetic field (B2) = 0.50 Weber
m--
Time (t) =0.02

[nitial value of magnetic flux linkage (N¢1) = NBA
Final value of magnetic flux linkage (N¢,) = NB,A
Magnitude of the induced e.m.f

No1-No2 NBA-NBIA NA (B~ By

e
20026 % 050-010) 20x016x040
; 002 T om0y

Hence, induced e.m.f. is 640V,



QR F\V: A magnetic flux passing perpendicular to the plane of a coil is given by ¢ =4t+5t+2,

where @ is in Weber and t is in seconds. Calculate the magnitude of instantaneous
e.m.f. induced in the coil when t =3sec.

Solution: Given,

Flux in the coil (¢) = 4t2+5t+2
Time (t) =?
E.m.f. induced (¢) =7
d d(4t2 + 5t + 2
We have, induced e.m.f (g) = ?? = ( dt )

e=(8t+5)=(8x3+5)=29V
Hence, the magnitude of induced e.m.f. is 29 V.

@.F2. A coil of 100 turns each area 2.0 x 10 m? has a resistance of 1242. It lies in a
horizontal plane in a vertical magnetic flux density of 3.0 x 10-* W2, What charge
circulates through the coil if its ends are short circuit and the coil is rotated through
180" about a diametrical axis?

Solution, Given,
Number of turns (N) =100

Area of cross section (A) =2.0 x 10-3m?2
Magnetic induction (B) =3.0x 103 W/m?2
Resistance (R) =12Q

When the coil is rotated through 180, the direction of field is reserved,
Né1 - Nd2 NBAcosO - NBAcos180
E — —

t t
- NBA (3- (-1)) é
\
2NBA
TR== \O
2NBA Change in flux
q ="R [Si , Charge circulated= m x]

2x700x2x1703x3 x103 @
= O

or, q 12 Q
or, q =104C X
Charge (q) =10 C <<§\

Hence, the charge circulated is 10+ C.

&43-A horizontal straight wire 10 m long extending east and west is falling with a speed of 5.0

m s’ at right angles to the earth's magnetic field 0.30 x 10~ Weber m=. What s the
instantaneous value of the e.m.f. induced in the wire?
Solution: Given,

Length of the wire (/) =10 m

Velocity of the wire (v) =5.0m/s
Horizontal component of earth's magnetic field (B)= 0.30 x 10-* Weber m-2
Now, E=Bvi=0.30x 104 x50=15x103V

Hence, the instantaneous value of the e.m.f. induced in the wire is1.5x 103V
C@.F4- Find in volts the e.m.f. induced in a straight conductor of length 20 cm on the armature of

dynamo and 10 cm from the axis when the conductor is moving in a uniform radial field of 0.5

I and the armature is rotating at 1000 r.p.m.
Solution: Given
Length() =20cm=02m
Radius (r) =10cm=0.1m
Magnetic inductile number of rev per min (B) =0.5T



1000
frequency (f) =1000 r.p.m = 60 I-p-s
Induced e.m.f. (g) =?
Since, € = Bvl
or, ¢ = Brol (.. V=rm)
or, € =Br2nfl

1000
or, ¢ =05x01x2nx 60 x (0.2

or, ¢ =105V
Hence the induced em.fis 1.05 V.

Q.15 A metal aircraft with a wing span of 40 m flies with a ground speed of 1080 km/hr in
a direction eastward direction at constant altitude in a region of the northern hemisphere

where the vertical component of the earth's magnetic field is 1.75 x10-° T. Find e.m.f. that
developed between tips of the wing.

Solution: Given,

Length (/) =40 m

_ 1080 x 1000
Velocity (v) = 1080 km/h = 60 <60 - 300m/s

Vertical component of earth magnetic field (By) =1.75 x10-5T
e =17

The induced e.m.f.

e =Bywl= 1.75x10-5 x40 x 300 K
V=021V KQ’
Hence, the induced e.m.f. is 0.21V. \O

-

@36 A vertical metal disc, radius 8 x 10-2 m@ating about its centre at 50 rev/s with

its plane perpendicular to a horizont@%gnetic field of 0.1 T. Find the e.m.f. between
the centre and the rim. Solution: @l,

Radius (r) =8 x 102 Q’\\S Frequency (f) =50rev/s
Flux density (B) =0.1 TQf [nduced e.m.f. (¢) =?
Since, ¢ = Blv

Here,l=randv=T—7= )

Br2af 01x(8 %1027 x50
a =r2“= : T 01V

Hence, the induced e.m.f.1s 0.1 V.

Q33 A rectangular coil of dimensions 0.10 m % 0.5 m consisting of 2000 turns rotates about an
axis parallel to its long side, making 2100 revolutions per minute in a field of 0.1 T. What is
the maximum e.m.f. induced in the coil? Also find the instantaneous e.m.f. when the coil is

at 30° to the field.



Solution:

Number of turns of the coil (N) = 2000 turns B
Area of the coil (A) =0.10 m x 0.5 m = 0.05m? <
2100
Frequency (f) ="40 Pers.
Magnetic field (B) =0.1T
, 271t x 2100
Angular velocity (o) =2nf= 60 = 220 rads-!

Maximum induced e.m.f., (¢0)= NBA® = 2000 x 0.1x 0.05 x 220 =2200 V

Now, Induced e.m.f. when coil makes an angle of 30 ® with the field is given by
£ = gosInmt
e = 2200 sin 30° = 1100 V
Induced e.m.f. =1100 V

Hence, the instantaneous induced e.m.f. is 1100 V.

@18 A coil of 50 turns has dimensions 10 x 10 cm. It is rotated at the rate of 5 rev/s
in a uniform magnetic field of flux density 0.7 Tesla. What is the maximum e.m.f.
induced in it?

Solution: Given,

No. of turns (N) =50 <
Rate of rotation (f) =5rev/s aﬁf’“
Area of the coil (A) =10 x 10 QIQ?@" 100 x 104 m?2
Magnetic field of flux density =(.7 Tasl%
The induced e.m.f. in a rotating cmjn,\(\{?*ﬁ NBA o sin ot
~) 2o 220
Here, angular velocity ® = N JZ K 0= 87
A 220
R 5(@@ x 100 x 10+ x === =11 V.
Hence, the induced e’{?ﬁ 11 V.
*&.;:f

@-19. Current ina 10 milli Henry coil increases uniformly from zero to one ampere in (.01
second. Find the value of self-induced e.m.f.

Solution;

Self-inductance of the coil,

Self-inductance (L) =10 milli Henry=10-2 Henry
[nitial current in the coil =0
Final current in the coil =1 ampere

' Change in current. dl  =1-0=1ampere
Time in which the current changes, dt = 0.01 s

dl

-1
We know that magnitude of induced em.f, ¢ =-L7 =102x557=-1V

The self-induced e.m.f. will act so as to oppose the growth of current.



X80 Two closely circuit coil has the same number of turns but one has twice the radius
of the other. What is the ratio of self inductance of two coils?

Ans:  The magnetic produced in the coil is given by

I
¢ = BA for circular coil B = J;ir

o = MLA_pol

T

L1 =525

for 1st coil, L] = ; S (1)

for 2nd coil, Lol = U; = (i1)
Dividing equation (i) by (ii)

L_n_1

L rn 2

Li:L2=1:2

X®-61. A long solenoid is wound with 500 turns per meter and the current in its windings is
increasing at the rate of 1sw 00A/s. The cross-sectional area of the solenoid is 4.0 cin?.

(a) Find the magnitude of the induced e.m.f. in the wire loop outside the solenoid. (b)
Find the magnitude of the induced electric filed within the loop if its radius is 2.0 cm.

Solution: Given,

Number of turns per meter (n) = 500 (\é
Cross-sectional area (A) =4 cm?2 =4 x 10—4m2\0
The rate of increasing of current ( dt) = J00pe
Radius (r) =2cm = 2 x 10-2m Q,
Then we have, (\C)
d (
S xS

(@) Again we have,

6 = BA
-d!BA!
T

For long solenoid, magnetic field (B) =ponl

dl
€= —uunAId—t

or, &¢=-4n x10-7 x 500 x4 x 10-4x 100
e =-25x10-6V = -25uV.

(b) E= % for solenoid, | = 2nr

oo 2510
" 21 (2.0 x 10-2)

=2 x 104V /m



@-QQ-A current of 10 A in the primary of a circuit is reduced to zero at a uniform rate in 10-3
second. If the co efficient of mutual inductance is 3 Henry, what is the induced e.m.f. in
the secondary?

Solution: Given,

Initial current in the primary coil (I;) =10 A
Final current in the primary coil (I2) = ()
Change in current in the primary coil (dI) =10-0=10 A
Time in which the current changes (dt) =105
Mutual inductance (M) =3 H

The magnitude of induced e.m.f. is given by

| S (U
=M 7 =3x7:3 =30000V

Induced em.f. (¢) = 30000 V

X-83: The e.m.f. induced in the secondary is 288 V while the primary current changes from 0 to
9.0 Ain 0.025 s. Find the mutual inductance between the coils.

Solution: Given,

Changeincurrent( dly) =9-0=9A 'ﬂ hange in time (dt)= 0.025 sec

E.m.f. induced (¢) =288V Mutual inductance (M) =7
We have,

i <
85 - M E OQ
O
288 x 0,025

or, M == =08 ~

Hence, the mutual inductg(é is 0.8 H.

&§84- A plane circular coil has 200 turns and its radius is 0.10m. It is conmected to a battery after switching on the
circutt a current of 2A 1s set up in the coil. Calculate the energy stored in the coil,

Solution; Given

No. of turns of the coil (n) = 200 turns Radius of the coil (r)= 0.10m
Set up current (1) =2A Energy stored in the coil (U) =?
Now,
A Cox n oM 4
U =5LE 0=BA,B= 2rJ,A-Itr]
L 1 TS P 7
= A= P ar= =R are 107X 0P 20

Hence, the energy stored in the coil is 1.8 x 107,



Q-85. In astep up transformer, the transformation ratio is 100. The primary voltage is 220 volt and input is
1100 W. The number of turns in primary is 100. Calculate (i) the number of turns in the secondary (i)
the current in the primary (iii) the voltage across the secondary and (1v) the current in the secondary.

Solution: Given,

Transformation ratio (k) =100
Number of turns in primary coil (N,) =100
N,
Now, N, - k

.. Ns =kxN, =100 x 100 =10000
(i) Input power, E; I, =11000 watt, E, =220 V

I _ LOO _ 1100_
P E 220
E,
(iii) Also E_p =K
Es =k E,=100 x220=22000V
: E, I
(iv) Also, E_p = i
Ep 220

Is - Es X IP - 22000 x 5 =0.05A
Hence, the current in the secondary is 0.05A.

Alternating Current

&

®. 86 - The equation of alternating current of a circuit is givcnﬂ@} 50sin1007t. Find (1) frequency of AC applied
(11) mean value of current during posttive half cycl a'\&rnm! value of current and (1v) the value of current
1/300 second after 1t was zero.

Solution: The value of current inan AC circuit is Qby [ = [sinot = Iy sin2nft

(e
Given, (’\(S
Current (1) =50 sin100 7t <<
Comparing the two equations, we have

o g ol A——— (i)
And [1=50 A
Using these equations, we have

| 1007t
(i) Frequency, (f)= Ot 50 Hz
(i) Mean value of AC, (I) = 0.636 L,
=(.636 x50 =318 A

(iii) Virtual value AC (Iy) = 0.707 I,= 0.707 x 50 = 35.35 A
(iv) The value of currentat t (I) =1/300 s is given by
=50sin 100 x  x 1/300

= 50 sing‘ =133 A

Hence, the current is 43.3 A.



D57 - Alternating voltage in an AC circuit is represented by V = 1002 sin (100 zt) volts. Find its root mean
square value and the frequency.

Solution: Given,
Potential is given by

V = 10072 sin(100mt) ~ ....... (i
Root mean square value of potential =?
Frequency (f) =?

Comparing with standard equation

V =V, sinwt e (i)

We get, peak value of potential
Vo =100/2
\% 10@{2
=== =100V

Rms potential = \ﬁ = \{5

For frequency,
®=100n
or, 2nf=100n
f=50Hz {
Hence, the rms value of potential and frequency are IOOV\@\% Hz respectively.
R
&F

®-85 . An inductance of negligible re.s*@ce’. whose reactance is 22 2 at 200 Hz,
is connected to a 220 volt, 5%4;&1: power line. What is the value of the
inductance and current? :(S

QO
Solution: <</

The inductive reactance at 200 Hz (Xi) = 22 ohm
Thus, XL =2nfL=22

The inductive reactance of the coil at 50 Hz

2rx50%x7 2x22x50x7

Xe=2nfL="250" == 7 xa00  —°°%
And current,
_ v 2 _
W B n

Hence, the current is 40A.



@.89. When 100-volt DC is applied across a coil, a current of 1 ampere flows through it. When 100-volt
AC at 50 cycles s are applied to the same coil only 0.5 ampere current flows. Calculate the
resistance, the impedance and the inductance of the coil.

Solution:
In DC circuit, In AC circuit impedance
100 100
Resistame,R=%=T=10[)Q Z=$=—5 =200 Q
For a LR circuit
Z =\R2+X2
X12 =72-R2=(200)2 - (100)2
= 40000 - 10000 = 30000
Lo Xt =143x100=173.2Q
But, X =2xnfL
L= S L 0.55H

C 2nf  2x3.14 x50
Hence, the inductance is 0.55 H

& 90 - An alternating voltage of 10 V rins and frequency 50 Hz is applied to (i) a resistor of 5 £2 (ii) an
inductor of 2H and (it1) a capacitor of 1uF. Determine the rms current following in each case.
Solution

() Rms value of em.f. (Vims) =10V \Q}
Resistance (R) = 50 ’\O

1
Rms value of current in resistor (Ims) = v'%:“Qﬁ 2 A

i) Inductance(l) =2H c
» ™ Vens_Vemsg 10 _
Rms value of current in mductor,ﬁ@' "t " O XEOKD 0.016 A
L
(iti) Capacitance (C) = 1pF = 10*‘3{(‘5\
Rms value of current in capacitor [ = V;—’;“ = % =10 x2r x 50 x 106 = 0.0031 A

Hence, the rms value of current is 0.0031 A.

(?.g_[. AC mains of 200 V, 50 Hz is joining to a circuit containing an inductance of 100 mH and a
resistance of 20  in series. Calculate the power consumed.

Solution: Given,

E.m.f. (V) =200V Frequency (f) =50 cycles/sec
Inductance (L) =100 mH =0.1 H Resistance (R) =20Q
Power consumes (P) =?

The impedance of L - R circuit is
Z =+\R+(Lo)
or, Z =+R2+(2nfL)2= \/(20)2 + (27t x 50 x 0.1)2
or, Z =237.24Q
The circuit is given by,

_v_200 _
[=7=3724=537A

Power consumed, P =I°R = (5.37)2 x 20 = 576.74 W
Hence, the power consumed is 576.74 W.




@992- A50V, 50 Hz AC supply is connected to a resistor of resistance 400 in series with a solenoid
whose inductance is 0.2 H. The potential difference between the ends of the resistor is found to

be 20 V. What is the resistance of the wire of the solenoid? (Assume 7 =10)

Solution: Given,
Em.f. (V) =50V Frequency (f) = 50 Hz
Inductance (L) =02H Resistance (R) =400
Potential across resistance (V) =20V Internal resistance of coil (r)=?

Let 't' be the resistance of the solenoid then the impedance of the circuit is,

Z  =\(R+rp2+X

or, Z =/(40+r)2+Q2nfL)2=1/(40 +r)2+4 x 10 x 2500 x 0.04 =/(40 + r)2 + 4000
The current through the circuit is,

Ve 0
- R _40 _U.5A
Impedance of circuit is
_v_ 0
Z_T_0‘5 _IOOQ

ie. 100 =4/(40 + )2 +4000 {
or, (40 +r)? + 4000 = 10000 KQ’
or, (40+1)2 = 6000

or, 40+r =775

or, r =3750Q

Hence, the internal resistance of coil is 37.5 %)Q)

@ﬂz A coil having inductance and resi;

ce is connected to an oscillator giving a fixed sinusoidal
output voltage of 5 V rins withthe oscillator set at a frequency of 50Hz the rins current in the
coilis1 A and at a frfque 100 Hz, the rins current 0.625 A. (a) Determine the inductance
of the coil, (b) calculate the rdtio of the powers dissipated in the coil in the two cases.

Solution: Given,

E.m.f. (V) =5V Frequency (f1) = 50 Hz
Current () =1A Frequency (f2) =100 Hz
Current (L) =0.625 A

(@) Inductance (L) =?
The impedance of circuit at frequency 50 Hz is

_Vv_2 _
Zl _E-I-SQ

The impedance of circuit of frequency 100 Hz is

v __9 _
Z2 =1 =0625 810

Since, Z; = \/ RZ + w2
or, Z12 =R2+ w2L2
or, Z12 =R2+4n2fi22 .............. . (i)
Similarly, Z2 = R2+4 n2 212 ............... (ii)
Subtracting equation (ii) from (i) we get
27?2 - Z12= (4n2f2 - 4n2f12)L
23~ 28 8)2 - (552
o L T (fa - f2) T 4m[(100)2 - (50)7]
b) Since, P1 =h?RandP>=12R
P; 12 1 Y
.~ 1 = (0e3) ~2%6

Hence, the ratio of power is 2.56.

=1.32 x 104H



&84 An inductor of 80 mH is in series with a 20 2 resistor and a 100 V (rms) 50 Hz AC source.
Calculate (a) the rms current (b) the phase angle between the current and applied voltage (c)
the power factor.

Solution: Given

Alternating em.f. (V) =100V Frequency (f) =50 Hz
Inductance (L) =80 mH =80 x 103 H Resistance (R) =20Q

a) Alternating current (Irms) =?
100 100
T ARE+ (L2 \[(20)2 + 2rfL)2
_ 100
\(20)2 + (27 x 50 x 820 x 10-3)2
or, Ims =3.1A

\
II'ITI.S - E

or; lua

b) Power factor (cos ¢) =?

XL

tan ¢ = R

or, tan ¢ =1.255
or, ¢ =515

Power factor cos ¢ = cos 51.5° = 0.6225 Q}
"\

Hence, the power factor is 0.6225. \O
®©.95 - If the source is 10 V, frequency 1 kHz, and th a,‘ﬁtaucﬂ UF, what value of R in the circuit would
allow a current of 0.1 A to flow? Q
<
—_— O
Solution: Given, 6{\
N
E.m.f. (V) =10V, '(’\\" Frequency (f) =1kHz=10°Hz

Capacitance (C) =2puF=2x10%F  Current (l,) =01A

If Z is impedance of CR circuit, then

Ey 10
[mped Z =—====100Q
pedance (Z) v 01
1 | 1
Now, Z =\R2 ®=\R2+4n2fl@
1

Resistance (R) = \ Z? - i

1
=\ 10 19,87 % (109 x (2 x 104

= \/ 100Z - 6332.3 = 60.56

Hence, the resistance is 60.56€.



@ 96 Calculate the reactance of an inductor L of inductance 100 mH and of a capacitor C of capacitance
24F both at frequency of 50 Hz. At what frequency their reactances are equal in magnitude?

Solution: Given,

[Inductance (L) =100 mH =100 x 103 =0.1H
Capacitance (C) =2uF=2x10*F
Frequency (f) =50 Hz

Resonating frequency (fo) =?

Reactance of inductor (X) = oL =2nfL =2rx 10 x 0.1 = 31.4Q

1 1 1
Reactance of capacitor (X¢) = oC H = x50 X2 X 10% 1591.5Q
When, f =, XL = Xc
1
or, 2mfyL= 2

Hence, the frequency is 355.9 Hz.

@- 9 3 A constant AC supply is connected to a series circuit consisting of a resistance of 30082 in

series with a capacitance 6.67uF, the frequency of the supply being 3000/2 x Hz. It is desired to
reduce the current in the circuit to half its value. Show how this could be done by placing an

additional resistance.

Solution: Given, é
Resistance (R) = 300€2 Capacita@) = 6.67uF = 6.67 x 10-°F
3000 b3
Frequency (f) = ?HZ ImQ/ nt (I) =1 (Let)
I <&
Final current (I') = 5 C)

<<§’\\’
First
v :
| sesen (1)
\f121+1-:c2
['=——
J(R+r)3+}([;z
1___ YR +X2
FAR A+ + XS

I
4(R2+ X2¢) = (R +1)2 + X2 [I' = 5 ]

4R2 + 4X2c = (R + )2 +X2¢
4R2 +3X2c = (R + )2

I 1 ¥ x 1012
(R +r)2=|4 x (300)2 + 3 x 30002 =4x(300)2+34x1%8 = [4 x (300)2 +
411:2( o ) X (6.67 x 10-6)2
(7500)]
(R + )2 = 60620

r = 6062.2 - 300 = 306.2€

Hence, the additional resistance is 306.2Q).



& 9% Aniron cored coil of 2 H and 50 Q2resistance placed in series with a resistor or 450 £2
and 200 V, 50Hz AC supply is connected across the arrangement, find

(i) the current flowing the coil
(ii) it's phase angle relative to the voltage supply

(iii) the voltage across the coil

Solution: Given,

Inductance (L) = 2H Internal resistance (r) = 50Q2

Resistance (R) = 450 Q Voltage (V) =200V

Frequency (f) = 50Hz Current (I) =?

Phase (¢) =7 Voltage across the coil (Vi) =?
We have,

Current (I) = ;

| = v = v
J(R+r)3+XL2 V (R+1)2+41m2f2L.2
- 200
Ob 17 (450 +50)2 + 4m2 (50)2 x 22]1/2
200 200

" [644784]1/2 ~ 803
Current (I) = 0.25A

21 X 50 X

. tan'l( 450 2) - tan-l(l.%\ig?g

¢ = 51.8° {7\{\
Voltage across the coil &)ﬁ [Xp =0.25 x 2n x 50 x 2 =157V
Hence, the current, phase angle and voltage are 0.25A, 51.8° and 157V respectively.

@. 93 L-C-R alternating current series circuit of L=1H, C =1uF and R =100£2are connected
in series with a source of frequency 50Hz. What is the phases shift between current
and voltage?

Solution: Given,

Inductance (L) =1H Capacitance (C) = 1uF = 10-6F
Resistance (R) = 1002 Frequency (f) = 50Hz
Phase (¢) =7?
We know,
. Xc)
tandg = ik R
1 i 1 ) 106
_+{‘”L‘mc]_ I e T LR [100’1‘100::}
=EL R Jane=y 100 ] =*F 100
2868.94
or, tan¢ = 100

or, tan¢ =29.69
Phase (¢) = tan-1(29.69)
¢ = 88°

Hence, phase shift between current and potential is 88°



@- LOO. An iron cored coil of inductance 3H and 5052 resistance is placed in series with a

resistor of 550£2 and a 100V, 50Hz ac supply is connected across the arrangements.
Find the current following in the coil and the voltage across the coil.

Solution: Given,

Inductance (L) = 3H Internal resistance (r) = 50Q2
Resistance (R) = 5502 Voltage (V) =100V
Frequency (f) =50Hz Current (I) =?
Voltage across the coil (V1) =?
We have,
\ %

j ==

z \[(R+r)2+XL2

1— 100 . 100 ~ 100 100
V(R + r)24nfLl2  A[(550 + 50)2 + 4n2(50)2 x 32 1[1248264.39 1117.25
[ =0.09A

Voltage across the coil (Vi) = IXy =Ix2nfL=0.09 x 2x x 50 x 3 = 85V
VL. =85V

Hence, the current and voltage across the coil are 0.09A and 85V respectively.

@- lod.  An inductor, a resistor and a capacitor are conuec{sd in series across an AC circuit.
A voltmeter reads 60V when connected across i@mductor, 16V across the resistor
and 30V across the capacitor:

(i) What will the voltmeter read when plgéed across the series circuit?
(i) What is the power factor of the ci@y

Solution: Given,
Potential across the inductor (Vo) = 60V Potential across the resistor (Vg)
. 18V
| 65 .. . _
Potential across the capdeitor (Vc) =30V Power factor (cos¢) =?

E.m.f. of circuit

V =1/Vg2 + (VL - V)2 = [(16)2 + (60 - 30)2]1/2
V=34V
From phase diagram

VL-Vc 60-30
tand = Ve -~ 16 =1.875

¢ = tan-! (1.875)
o = 62°
The power factor (cosd) = cos62° = 0.47

Hence, the power factor is 0.47.



C?- L02. A circuit consists of an inductor of 200uH and resistance of 10£2 in series with a
variable capacitor and a 0.10V (rmns), 1.0 MHz supply. Calculate (i) the capacitance
to give resonance (ii) quality factor of the circuit at resonance.

Solution: Given,

Inductance (L) = 200uH = 200 x 10-¢H = 2 x 104H

Resistance (R) =10 Q Capacitance (C) =?
Potential across capacitor (V¢) = 0.1V Quality factor (Q) =?
Frequency (f) =1 MHz = 106Hz

At resonance X1 = Xc

_ 1
fe 1
ZTE\IL—C
106 = -
2 " 2m(2 x 10-4)1/2C1/2
Gf = 1 =1.125 x 10-5
o 2n x\[2x 10-4x 106
C =127 x 10-10F
Quality factor
_1_ JL_1 2 x 104
Q=R\/C~10 \J1.26 x 10-10
Q=126 Q’}

Hence, the capacitance and quality factor are 1.{ -10C and 126 respectively.
Electr@

o

&-103. An oil drop of radius 10°° m cdveying a certain charge remains stationary between
the two horizontal plates. e number of excess electrons in the oil drop, if the
applied electric field is 1.7<10° V/m. The density of oil is 2.0x10° kgm™.

Given; radius (r) = 10°m
electric field strength (E) = 1.7x10° V/m
density of oil (p) = 2.0x10° kg m™
number of electrons(n) = ?
When o1l drop remains stationary between two horizontal plates having electric field
Weight = Electrostatic force
mg = qE
gm"‘pg =ne E

o 4 _ 4x%3.14%(107%)°x2x10%°x9.8
3eE " PE T T 3x1.6x10-19 x 1.7x10°

3.0

There are 3 electrons in the o1l droplet.



Q. L04. Two plane metal plates 5.0 cm long are held horizontally 3.0 cm apart in a vacuum, one being
vertically above the other. The upper plate is at a potential of 400 V and the lower is earthed.

Electrons having a velocity of 1.0 X 10’ m/s are injected horizontally midway between the plates
and in a direction parallel to the 4.0 cm edge. Calculate the vertical deflection of the electron beam

as it emerges from the plates. (e/m for electron in 1.76 x 10 C/kg )
Given: length of plates (D)= 5.0 cm = 5.0 X 107* m
distance between the plates (d) =3.0 cm=3.0 x 107“m

potential supplied between the plates (V) =400V

—

velocity of electron (v) = 1.0 X 10’m/s

e/m=1.76 x 101 C/kg L LA

vertical deflection of electron beam (y) =7

We have,

Vertical deflection of electron beam (y) = - at2 : (BE )( g )

eV

N 2 Pl
D {\Q)"*here x=Dand E = -

2md v?

O
y = — 2 (5.0 x 1072)% = 3.0 X 10™2m
2X3.0X1074X ,

-L0B- An electron beam travels in a circulappath of radius 4 cm when it enters perpendicular
to the direction of uniform magn%ld of 0.01 T. Find the orbital speed, period of
revolution and angular frequencsof the electron beam.

Given; radius (r) =4 cm=4 X 107 m
Magnetic field strength (T)=0.01 T
Orbital speed (v) =?
Period (T) =?

Angular frequency () =?

eBr 1.6x10719 x0.01x4x10~2

Orbital speed of electron (v) = — )

=7.0% 10" m/s

2mm  2wx9.1x10731

Period (T)= —=

=36X107%s
Be  0.01x1.6x10~19

2T 2T

Angular frequency (0) =— = =1.7 X 107 rad/s

T 3.6x10™9




@106 In Thomson's experiment, the velocity of electrons is 2x10° m/s. The magnetic field
used is B=Ix10"* T and the radius of the circular path in the magnetic field is r=0.01 m.
Calculate the specific charge (¢/m) of the electron.

Given: velocity of electron (v) = 2x10 m/s
Magnetic field (T) = 1x107 T
Radius (r) =0.01 m

7
=L =2 _9y0! Clkg

Br  1x10~2x0.01

We have,

e
m

Photons

. 10%F.The energy required to remove an electron from sodium is 2.3eV. Does the
sodium show photoelectric effect for orange light with wavelength 680nm?

The work function is the minimum energy to just eject or remove the electron
then

_ch_6.625x10%x3x108 O
¢ " Moo 23x16x109 Y
This is the maximum wave length wc_ _cts the electrons. Hence sodium

will not show photo electric effect for ordnge with A = 680nm.
@ L0Q: Calculate the energy of a pho

whose (i) frequency is 1000 kHz (ii)

wavelength is 5890 A (iii) -r is 1A. Also express the energy of the

photon in eV in each case. @1, 1eV=1.6 x10-1? J, h = 6.62 x10-3% |Js and c =

3 x10°% ms-1, N\
{i?~

Solution: Given,

The energy of a photon is given by (E) = hf = % where c is velocity of light.
Planck's constant (h) = 6.625%x10-34]s
Velocity of light (c) =3 x 10° ms-1

We have, leV =1.6 x 10-1?7]

(i) Here, frequency (f) = 1000 kHz = 10°Hz
Energy (E)= hf=6.62 x 1034 x 10°= 6.62 x 10-28].

6.62 x 10-28 P
— 1.6 v 10_19— 4.14: X 10 EV
(ii) Here, wavelength (1) = 5890 A = 5890 x 10-1m
hc 6.62 x 1034 x 3 x 108 3.37 x 1019
. Energy (E) =5~ = 5890x10-10 = 3.37 x 10-19]= 16 x 10-19 — 2-11 eV.

(i)  Here, wavelength (1) = 1A=101m

he 6.62x10-%x3x108 1.99x 10-16
Enefg}’ {E] = ) = T = 16 x 109 =1243 8 oV

Hence, energy 1s 12438eV.



Q-Los- If 5% of the energy supplied to an incandescent light bulb is radiated as
visible light, how many visible light photons are emitted by a 100-watt

bulb? Assume the wavelength of all visible photons to be 5600A. Given h =
6.625 x10-3 | s.

Solution: Given,

Wavelength (1)  =5600A = 5600 x 10-10m,

Planck's constant (h) = 6.6265 x 1034 ].s
he  6.625 x 1034 x 3 x 10°
Energy of one photon = TC =T g0 x 1000 - 0-249 x 10,
A 100 watt bulb requires 100] of energy per second.
100 X 5

Energy radiated by the bulb per second = =57~ =5]

5
Number of photons emitted per second as visible light = 37,57 =575 = 1.41
% 1019

& Uo. Calculate the threshold frequency and t '4 hold wavelength of photons

which can eject photoelectrons from nicrface. Given that work function
of nickel metal is 5.9 eV and value oé(/ k's constant 6.62 x 10-]s.

Solution: Given, (2}(\

Work function (¢) = ' 5.9 x 1.6 x 10-1? |= 9.44 x10-1]

If fy is threshold frequency, tk

€1

hfo = ¢
9.44 x10-
0T, f[] 6 62 X 10 34 = 143 X 1015 HZ
c  3x108
The threshold wavelength in given by (1) 17 T3 x 105 = 2098x107m

@183 One millwatt of light of wavelength 45604 is incident on a cesium surface
Calculate the photoelectric current liberated, assuming a quantum

efficiency of 0.5% given (work function ¢=1.92eV, h=6.6 x 10-*Js, C=3 x
10°m/s



Solution:Given,

Wavelength (A)  =4560A = 4560 x 10-1°m
Power (P) = 1mW =103W

Efficiency = 0.5%
E nhc
Power of the source (P) =7 =
t tA
PA
No. of photons emitted per sec (n) Yo

10-3 x (4560 x 10-10)
= 6.62 x 103 x 3 x108

=232 x 1015
Since, the efficiency is 0.5% only 0.5% of the incident photons release the

photoelectrons then photoelectric current (I) = 9

t
- [“te) x 0.5%

2.32 x 10 x 1.6 x 10-19x 0.5
- 100
=1.856 x 10-°A
Hence, the photoelectric current is 1.856 x 10-°A.

R 119. A sodium surface ejects photoelectrons when 1 cury light of frequency 4.7 x
10 Hz strikes it. The work function of sodw} netal 1s 2.88 x10-17], find the

maximum possible kinetic energy of the@ ed electrons? Given, h = 6.62 x
10-34]S. -

Solution: Here,

Work function (¢)

Frequency (f) 4./
Planck's constant (h) = 6 62 x 10-34 Js
1
Let 5 mvZmax be the maximum possible kinetic energy. Then we have

1
hf - ¢’ + 2 mvzmax

i
or, 5 A MV?% max= hf - ¢

= 6.62 x 1034 x 4.7 x 104 - 2.88 x 10-1°
=3.11 x 10-1° - 2.88 x 10-19=0.23 x 10-19]
Hence, the maximum possible kinetic energy of electron is 0.23 x 10-19]

&.113.Work function of molybdenum is 5 eV. If ultraviolet light of wavelength

1000 A falls upon it, find the maximum velocity of the ejected photoelectrons.
Planc's constant h = 6.62 x 10-* ergs, charge e = 4.8 x 10e.s.u and m =9 x 10-

Bo



Qs

Solution: Given,

Planck's constant (h) = 6.62 x 10-%7 ergs

Work function (¢) =hfp=5eV =5 x1.6 x 10-12 erg = 8 x 10-12
erg.

Wavelength (A) =1000 A =1000 x 10-8 cm

We have,
hc 6.6 x 1027 x 3 x 1010
Energy (E) = TC = 1000 x 108 =19.8 x 10-12 erg.
Kinetic energy of the photoelectrons is given by
1

= 5 MV2ma= hf - hfy =19.8 x 102 -8 x 102 erg

2 x11.8 x10-12\t/2 (2 x11.8 x 10-12)1/2
\Y% —( - ) =( 9 x 10-28 ) =1.619 x 108 cm/s

Hence, the velocity of photo electron is 1.619 x 10° cm/s.

& VIA. The work function o otassium, is 2.3 eV. If the photoelectrons are emitted
P P

with maximum velocitu of 10%ms1. calculate freauencu of the incident

radiation on the metal. Given that mass of electron, m = 9.1 x 10-3! kg. and

Planck's constant h = 6.62 x10-* Js.

Solution: Given,

Work function (¢) =23eV = ,

Velocity (v) =104 nds™!

Planck's constant (h) =

Mass (m) = 9(1)x 1031 kg
Then energy of incident photon is given by

=3.68 x 1019+ 5 x 9.1 x 103! x (10%)?

= 3.68 x 1019+ 4.55 x 10-33
= 3.6795 x 10-7)

3.6795 x 10-1°
Or, f - 6.62 x 10-34 =556 x 1014 Hz

Hence, frequency of incident radiation is 5.56 x 104 Hz.

Semiconductor Devices

The output of an OR gate is connected to both the inputs of a NOR gate. Draw the
logic circuit of this combination of gates and write its truth table.

Ans. The logic circuit of the combination of two gates is shown i1s Fig. 28.42. It 1s clear tha

YY=A+Band Y= (A+B)+(A+B)=A+8B
The truth table of the given logic circuit is shown below :

A|lB| Y|y
. o|lo|o| 1
L, |
Y'=A+B Y=A+B |
.8 - 1]o]|1]o

3
o|1]|1]o0

Fig. 28.42



R.11&- Generate the output for given logic circuit.

sl

|—> 1 —=>

D
: |> Dmma

L > B |—>Y2=AB_ Dﬁ=v1.v2> v3

A
Input Output
Al B B'[Y1=A+BIY2=A.B"Y3=Y1.Y2' Y3
OO 1 0 0 0 1 1
o | 1 0 1 0 0 1
110 1 1 1 1 0
1|1 0 1 0 0 1

Quantisation of Energy _{
& 317 Calculate the radius of hydrogen atom in i ts 56\&% state. Also find the velocity
9.

of electron in this orbit. Take mass of .‘ =9.1 x10-*! kg, charge on electron

=1.6 x10-" C and Planck's constant = 62\-10- Js.

Solution:

nem
Therefore, the radius of stable orbit (n = 1) is given by
Here, h =6.62x10-34]Js, m=91x103kg. e=1.6x10-1°C

12%(6.625x10-34)2x8.85%10-12
1= T x(16x1019)2x9.1x1031 - 0-23%107m= 0.53A

Velocity of electron in this orbit is given by
- (1.6 x 10-19)2
Y17 2nhe, 2% 1 x 6.62 x 103 x 8.85 x 10-12

®X.118. An alpha particle having kinetic energy of 7.68 MeV is projected towards the
nucleus of copper (Z = 29). Calculate its distance of nearest approach.

Solution: Given,
Kinetic energy of alpha particle (KE) = 7.68 MeV= 7.68 x1.6 x10-1* ] = 1.23
x10-12 ]

At the distance of the nearest approach, we have PE = KE, as all K.E changes to
P.E

=219 x 10°m/s

K
= {ze) (o) where k = =
ro 4rteo

. PE

K (ze)2e 9 x107x29 x 2 x (1.6 x 10-19)2
or, ro = (Ek) = 12288 % 1(0_12 ) = 1-09 xlﬂ-lil Im.

Hence, the distance of the nearest approach is 1.09 x10-14 m.



®.119.Find the wavelength of the radiation emitted from a hydrogen atom when an
electron jumps from third orbit the second orbit. (& = 8.85 x 10-2C?N-'m2, h=
6.62 x10-%]s , m = 9.1 x10-! kg)
me* me*
“8e0?n?h?  8g*h2 x 9

Energy level of the 3 orbit, E;=

Energy level of the 24 orbit
me* me*
802 n2h? 8gp2 h2 x 4

the frequency of radiation is given by

hf =Es-Eom me* ( me? )
f =E-E=- g %9 (82 h2 x 4

me* (1 1
or bf = goss (5-5)

3.7
- f T 8erme | 36

Ey =-

x ~ ¢ 8eop? ch3 36
f met 75
8 X (885><10'12)2X3><103X(663*10 34)3 x 36
or A = 9‘1)':10_31!(1‘6)(1019)4)(5@2%% =771 x107m

Hence, the wavelength is 7.71 x 107 m.

first number of the Balmer series. <
Solution:
For Balmer series o
I _ [l
A (227
For first number of Balmer series,
ny =
1 1 1 5
L [? B ?) " 536
or A = 2_16{
Here, R =1.09678 x107m-!

36
A =EX109678 x 107 = 6:565 x107m = 6565 A

@ )91.The first member of Balmer series of hydrogen atom has a wavelength of 6563A.
Compute the wavelength of its second member.

Solution: Given,

For the first member of Balmer series
n =3, n=2

- me* (1 1) me* (1 1)
fi = 8c02h3 12 n22) 8gp2h3(4 9




The corresponding wavelength A, = F—l ................ (1)
For the second member of the Balmer series
n1 =2, n2=4

~ _me? (1 l)_ me*
f2 = 8821'13 T 42) 8go2 h3
0

Corresponding wavelength Az = fo rrrerneens (11)
Dividing (ii) by (i)

me? ( )
A2 __ﬁ _ BEnzh‘*

M (1 )
agﬂz ha

9 -4
A2 36 5 16 _ 20
Ofr 2 4A=1 236 3 T2
16
20 20
A2 =57 A1 =5 x 6863 = 4861.5 A

Hence, the wavelength of second Balmer series is 4861.5 A

C?— 1972. Hydrogen atom in its ground state is excited by means of monochromatic radiation of

L
wavelength 975A4. How many different lines are possible in the resulting spectrum?
Calculate the longest wavelength amongst them. (lonization energy for hydrogen
atom = I3.6 eV)

l n=4

Solution: é l "
Energy of hydrogen atom in the nth state, Qﬁi v n=02
- 13.6 eV
n - n"Z
Y v ¥ n=1

Energy of the ground state (n = 1) -@@nizatiﬂn energy

Ei1 =-13.6eV RQ
Energy crf the first excited state, 2);
_E:1 _-13.6 _
L I/
Energy of the 2nd excited state (n = 3),
_ E1-13.6
Energy of the 37 excited (n = 4),
E1 -13.6
hc
~.Energy of the incident photon = EN

6.62 x 10-34 x 3 x 108
975 x 10-10 J
6.62 x 10-34 x 3 x 108
975 x 10-10x 1.6 x 10-19 €Y
= 12.75 eV

i) When a H - atom in the ground state absorbs this energy, it is excited to a state
with energy
= (-13.6 + 12.75) eV

= — 0.85 eV which correspond to n = 4 energy levels.

- 1
In general, the number of lines is given by n(nz )

4 (4-1
Forn=4, the number of lines = (2 )=6

Hence there are six lines spectrum as shown in energy level diagram.
ii) The longest wavelength line corresponds to smallest energy (Am)

il.e. n =4 ton =3,
Earidis =E4 —E3=-0.85-(-1.52) =0.67 eV
hc 6.62 x 1034 x 3 x 108
.?LITI.EI}{ _—y Erni.n i 0.6? > 1-6 w -10_19 — 188071&.

Hence, the maximum wavelength is 18807A.



D.193. A photon and electron have got the same de-Broglie wavelength. Which has
greater total energy? Explain.

For a photon, energy,
Ei =hf=hc /A .ccavuennnnnnnnn. (1)

For an electron moving with velocity v and effective mass m, de-Broglie
wavelength (1) is given by
h h

A= OF M=, (i1)

Total energy of the electron,

hc?
E> =mc?=""" from (ii)

[t shows that the total energy of an electron is greater than that of the photon.

(0.194. Show that de-Broglie hypothesis of matter wave supports the Bohr's concept of
stationary orbit.
According to de-Broglie hypothesis, the waveleugth of the wave associated with

electron while moving with velocity v is glven by’

k c#

h ~\
— — - r";::-;l: ‘h" .:‘
l I 0y- sy s (1) :::rl_ -.:5 ,_-{f
mv 4=

According to de-Broglie, stationary o‘riait is that orbit whose circumference is
integral multiple of wavelength of wﬁﬁe associated with electron in that orbit.
[f & is the de-Broglie wavelength Qf electron while revolving in nthorbit of radius

r, then 2\
2Ir=nA Or A= 27:1;{1’@? S TP— (i)

From (i) and (ii) v
2nrr h nh h
T omy ormvr=o- 1.e. Total angular momentum =n ( ZTJ

This is what is stated by Bohr about the stationary orbits.

&L The life time of an excited state of an atom is about 10-8 sec. Calculate the
minimum uncertainty in the determination of the energy of the excited state.

Solution: Given,
Uncertainty of time (At) = 10-%s

Uncertainty in the determination of energy (AE) =

h
We have, AE.At>
2T

h  6.6x10% 1.05 x 102
- % =
AE25mat = 2x (109 MO X107 = 765101

eV=6.56 x 10-8 eV.



Hence, the minimum uncertainty in the determination of the energy is 6.56 x 10-%

eV.
When the transition takes from E-> to E;

hc 6.6 x 1034 x 3 x 108
E>-E1  [-15-(-34)] x1.6 x10-1°

A3 = =6.5x 107 m

&.126-Obtain the de-Broglie wavelength of neutron of kinetic energy 150 eV. [mass
of neutron = 1.675 x10-?"kg]

Solution: Given,
Kinetic energy (E) =150eV =150 x1.6 x10-19] =24 x10-17]

Mass of neutron (m) =1.675 x 10-?7 kg.

We have,

h
de-Broglie wavelength (L) = —

1
Also, we have 5 mv?2 = KE

\/2mK_E.

h 6.62 % 10-33
'\/2mI(.E. ‘\/2 x 1.675 x 1027 ;552#4 x 10-17

or, mv

A m= 2.34 x 10-12 m

Hence, the de-Broglie wavelength is 2.34 x 10“@@3{

@ ) 9F. What is the wavelength of most er:ergett&f’x ﬁi‘y enntted when a metal target is bombarded
by a electron of energy 100KeV? . \ 4

Solution: Given, XY o) .I
Energy of electron = mm«:@v 100 x 1.6 x 10-1% x 10°].
The energy carried by thHis election is used to produce the X-ray then

1 h
We have Emv2 =eV = TC

6.625 x 10-34 x 3 x 108

or. 100 x 103 x 1.6 x10-19=

6.625 x 10-34 x 3 x 108
Of, A=7100 x 10° x 1€ x 10-15 = 0-124 % 10-1°m

A =0.124A .
Hence, the wavelength of most energetic X-ray is 0.124A .

C?_LQ‘B Calculate the energy in electron volt of a quantum of X-radiation of
wavelength 0.15nm. Given h = 6.62 x10-3* Js, e = 1.6 x10-19C.

Solution: Given,

Wavelength (A) = 0.15nm = 0.15 x 10-“m

Planck's constant (h) = 6.62 x 1034 Js

Charge of electron (e) = 1.6 x 10-1°C

he  6.62 x1034 x3 x 108
-radiati = — - -15] =
Energy of X-radiation N = 0.15 < 10-9 1.324 x 10-19]
1.324 x 10-1°
16 < 1019 8275 eV

Hence, the energy of x-radiation is 8275 eV.



@193 Calculate the maximum frequency of the continuous X-rays from an X-rays
tube, whose operating voltage is 50,000V. Given h = 6.62 x10-3* ], e = 1.6 x
10-7 C and ¢ = 3 x10°ms-1,

Solution: Given,
Potential (V) = 50,000 volt

Charge (e) =1.6 x 10-19C
Planck's constant (h) = 6.62 x 10-34 Js

Maximum frequency of the X-rays is given by

eV

fmax - h

Here,

_ 1.6 x 1012 x 50000
o fmax= T e 04

=1.21 x 101 Hz

Hence, the maximum frequency is 1.21 x 101° Hz.

Q. L3o- The anode to cathode potential applied in an X-ray tube is 20,000V. Calculate
(i) the resultant energy of the electrons and (ii) the minimum wavelength of

the X-rays produced. Given, h = 6.62 x 10 .,;[ e=1.6 x10-19C.

Solution: Given,
Potential (V) = 20,000
Planck's constant (h) =6.62 X107 Js
Electronic charge (e) = 1.6410-1°C.

Energy of the electrons ee = 20000 x 1.6 x 10-9]= 3.2 x 10-15]

[f Amin is the minimum waih%\gth of X-rays produced, then
}\'I'I'lil"l ¢ _

hC  6.62 x 10-% x 3 x 108
of, Amin= oy =" 351015

Hence, the minimum wavelength of X-rays is 6.21 x 10-1m.

=eV

=6.21 x 10-1'm

Q. 1831. An X-ray tube has the anode potential equal to 15kV. Current is found to
be of the strength 20 mA. How many electrons hit the target per second and

how much heat is generated at the anode per second? Given e=1.6 x10-9C.

Solution: Given,

Potential (V) =15kV = 15000 V

Electronic charge (e) =1.6 x 10-1°C

Current (I) = 20mA =20 x 10-°A
Let n be the number of electrons hitting the target per second,
Then, I =ne

[  20x103
o TeT16x101
=125 x 1016

=125 x 10" no. of electrons/sec.

Also, the maximum heat energy generated at the anode per sec =1 x V = 20 x
10-3 x 1500 = 300W



®-189. The lattice constant of a crystal is 10-7cm. What is the upper limit for the
wavelength of X-rays with this crystal can be studied?

Solution:
Given,
Lattice constant (d) =10-7cm = 10"m
We have, 2dsinf = nA
For maximum value (sinf)max =1, n=1
2d = A
A=2d
=2x10°=20x 10""m=20A
Hence, the wavelength (1) = 20A.

X 132-The spacing of atomic planes in a crystal is 1.1.x10%m and then a
monochromatic beam of X-ray is incident on them of glancing angle of 50° a
first order image is produced calculate the wavelength what is the glancing
angle for the second order image?

Solution: Given, <
o)

Case I L
Space between atomic planes (d) - ?910‘1‘3111
Glance angle (61) =5"¢ {jﬁi
Order of image produced (n) =1¢,
Wavelength (1) ?% .

We have, %ﬁ@
2dsinb; = mk

2dsin91 1.1 x 12&% X sin5°
or A = & 1

A =1.92x10"m

Cass II:
Space between atomic planes (d) =1.1 x 101'm
Glancing angle (6,) =7
Order of image produced (ny) =2
Wavelength (1) =1.92 x 10-m
We have,

2dsin6; =ny A

' -11
or sinf=" , = 2x1.92x10
2d 2x1.1x107"°

0, =100
Hence, the required wavelength is 1.92x10-''m and glancing angle is 10°




Radioactivity and Nuclear Radiation

X -194. At a certain instant a piece of radioactive material contains 10" atoms. The half-
life of the material is 15 days. Calculate the number of disintegrations per second.

Solution: Given,

Half-life (t1/2) = 15 days =15 x 24 x 60 x 60s
Number of atoms present at any instant = 1012

0.6931
Now, ti2 = 2
dN 0.6931 .
We have, a ™ AN= 15 x 24 x 60 X 60 1012= 5,347 x 10> dis/s

Hence, the number of disintegrations per second is 5.347 x 10°.

Q- \98 Calculate the mass in grams of a radioactive sample Pb-214 having an
activity of 3.7 x 10? decays/s and a half-life of 26.8 minutes. Avogadro number
= 6.02 x 10°4 mole.

Solution: Given.

dN
Activity (E] = 3.7 x 10* dis/ sec Half-life (ti1/2) = 26.8 min = 1608 sec
Avogadro number Na = 6.02 x 10%* atoms/mole Mass of sample (m) =
?
We have, KQ{’\
From radioactive decay law
dN
(ﬁ) = NA .covrenenenee, (1)
Also we have,
0.693 0.693
A= T2 1608 = 45°CP
From (i)
3.7x104=N x43 x10+4
3.7

N = 13 x 108 no. of atoms

N = 8.6 x 107 no. of atoms

According to question

214g of Pb contains 6.02 x 10%* no. of atoms

214
L atom = £02 x 1058

214
8.6 x 10" atoms = 55" 3 X 8.6 X 107=5.07 x 10-Pgm

Hence, mass of sample is 5.07 x 10-Pgm.



- 196 After a series of alpha and beta decays, plutonium 246 (94Pu**°) becomes lead
207 (s2Pu?%7). How may alpha and beta particles are emitted in the complete
decay scheme? State the reason in support of your answer.

Solution: Given,
Let, there are m and n number of a - 3 particles are emitted. Then the reaction can
be written as
94Pu?4? = gPu??” + m(2He#) + n(-1eY)
Now, 249 = 207 + 4m + 0 [mass and atomic number should be conserved|]
4m = 32
m =8
Similarly, 94 =82 + 2m - n
2m-12=n
n=4

Hence, the 4-3 particles are emitted.

@19':[ Calculate the time required for 1% of a sample of radium of
disintegrate. Assume the half-life of radium to be 1500 years.

Solution: If 1% of the sample disintegrates. Then,

N 99
No 100
Half life (t1/2) = 1500 years
At 29 (_N__ -
s ~ 100 \No
% 100
.
100 <O
or, t1/2 T =1 99

t1/2 100 1500 100
or t =75c93*In55 =5g03 XIngg =21.75years,

Hence, the time required is 21.75 years.

f | th
@158 A radioactive source has decayed to (ﬁ) of its initial activity after
50 days. What is its half life?

Solution: Activity (cL—T oc N

N _ 1
No 128
N
. SO 1
But, No o
e = ﬁ ore’t=128
or, At =I1n (128)
1 1
or, A =7 In (128) = 50 In (128)
0.693 0.693 x 50
Alternative Method
N 1
No 128
t
1 1
or, (Ejh gy - (§j7
50
or, =
ti/2

Jv. tio = 7. 12davs
Hence, the half life is 7.12days.



@- 499. The initial number of atoms in a radioactive element is 6.0 x 10?° and
its half life is 10 hr. Calculate (a) the number of atoms which have

decayed in 30hr (b) the amount of energy liberated if the energy
liberated per atom decay is 4.0 x 10-15].

Solution: Given,

[nitial number of atoms (No) = 6.0 x 102 Half life (t1/2) = 10 hrs.
Time (t) =30 hrs. No. of atoms present (N) =?
-In2
We know, N = Nge™' = Npe t::z t
0.693 x 30
=6.0 x 1020 x e- 10

= 6_01020 X e—2079
- 6.0x10%  6.0x10% 6.0 x10%

e2079 7.99% g - 075x10%

Number of atoms decayed.
=No-N=6.0x10%-0.75 x 1020 =5.25 x 10%
Amount of energy liberated (E) =5.25 x 1020 x 4.0 x 10-13 = 2.1 x 108 Joules
Hence, the amount of energy liberated is 2.1 x 10° Joules.




