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Chapter 1

_— Electroctafioe
Objective type Questione ectrostatics

1. Two identica) Point charges of m
third charge i
rd charge 438 placed midw
charge 44 i displaced
AITOWS, in which directjc

agnitude —4 are fixed as shown in the figure below. A
ay between the two charges at the paint 2. Suppose this
a small distance from the point 7 in the directions indicated by the

" M(s) will +4 be stable with respect to the displacement”? Q
a) A ¢
A and A, (b) B, and B,

(¢) both directions (d) No stable ¥ Q
Solution © A ’0“’ b

When an object is gl i v : ’

- Whe Jectis slightly disturbed and -4 l

the force is then removed, if if returns to its "
Ol'lg_ll.]ﬂl‘POSlllOIl, then it is said 1o be in stable C) gpion: O)
equilibrium.

If q is taken to B, the resultant force on it due to the two —g,_ché (i (R Fame
restores 1t to the initial position; the same is true for B, . Thercfore for d B, displacements, it

is in stable equilibrium.

) : . . .
2. Which charge configuration produces a uniform electric figld?

(a) point charge (b) infini iform line charge
(¢) uniformly charged infinite plane (d)u 'l{my charged spherical shell
Solution
Uniformly charged infinite plane will prod uniform electric field. [ E= ,)l) .
"'g()

In all other options, E depends on)Q
[Option : (c)]

3. What is the ratio of the cng@ —| for the following electric field line pattern?
7

1
(3)3: (B —

N 1
©) 5 \Q @

Solution °\(b
ol _ M)

A
N, is the number of lines ending at ¢, from ¢, .

N, is the number of lines leaving ¢, .

M _1 [Option : (d)]
V.| 25

1 ' Electrostatics
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sent angle of 307 with an electric field of 3. 1 ne!

¢ dipole is placed at an algnn '
dipole if the dipole length jo [em

4. An electri o
to 8 Nm . The charge on the

iences - equal
It experiences @ torque g

) (b) 8mC (c) 5mC . (d) TmC \

(n) 4mC

Solution ' |
g=30°, B=2x 10'NC',  r=8Nm, 2a =lcm

r — pEsin0 Q
r — gx2axEsind (b

T 8
T 2u-15-sino’0.01x2x1g%°
__L—:SX 10—3C=8 Z [Opﬁ‘)n . (h)l

q =

|
10 x —
2 <

5. Four Gaussian surfaces are given below with cha e each Gaussian surface. Rank the

clectric flux through each Gaussian surface in inc% rder.
(a) D<C<B<A :

(b) A<B=C<D é

(c) C<A=B<D
d) D>C>B>A

Solution 5
According to Gauss law the flux 1n

the Gaussian surface \
(@) Ais 22 ®) B@ () Cis O @ Dis =2 .
(15 €y { €,
--D<C<B<A 0 ‘ oY [Option : (a)]

6. The total electric flux fer th llowing closed surface which is kept inside water
80g Ob 4 ' 1
e 5 q ) 40¢, : -
(b) - @ — e,

80, \Q 160,
Solution ‘
Accord'm\ s law electrix flux in a medium

» - qa__9 le, for water =80]
£ &,
. - . s N LI .
N x4
80z,  40¢, , [Option : (b)]
@ identical conducting balls hdving unequal positive charges ¢, and'q, are seperated by a

'\ entre to center distance r. If they are made to touch each other and then separated to the
same distance, the force between them will be

(a) Less than before  (b) same as before (c) more than before (d) zero

Electrostatics 2
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Solution

\\!h‘ + Iy 4 f {, . 'l‘ \
en the ballg touch each other, lhl:y share the charges “!”"H;" P2, ’I‘ . I - J

2
= "o MJ g, 4 \2 | .
( 2 ) ‘ (_{, . ’.LJ is always > q4q,. .. F'isalways > F. &Iun : (o))
8. Rank the electrostagic potential encrgies for the given system of charges in int:@g order,
0 - - el - -
otra 272 -0, 0

6@—@@—@@—”ég§

0 (2) (3) (1)
@1=4<2<3 (b 2=4<3<] (c) 2=3<1<4 (OJB’-VZ’-“
Solution Potential energy 7 - 1 %
dae, r ‘ )
—_N?
(1 U, = o @
o
2
@ gk \Q
2

® v /@

@) v 2 “8 ="_Q2)
YTy 2r r

3 [Option : (a)]

9. An clectric field E=10xi ew certain region of space. Then the potential difference
V=V -V,,where V isthe Q at the origin and V/, is the potential at x=2m is
(a) 10J ! (c) +20] (d) -10J

1 R
Solution .
) Qﬁ = 10xi
O,
% dx

dvV = —Edx

§ T(IV = VA—V0=—jE(Lt
8 v, 0
\ ‘

—i(lei )+ (el

0
2 ‘,2

~[10x dx=—10['—-) =-20V
0 2 0

7 /.6

0\ = V-V, =20V, , [Option : (¢)]
\ 0 A

3 Electrostatics
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10. A thin conducting spherical shell of radius /2 has a charge O which is uniformly distributed
on its surface. The correct plot representing the variation of electric potential with distance
r from the centre of the spherical shell is
VA 1% v
i

\
- ( H >I' 04_ vg .

vy r oq—n—r o ;i—R—> 7
(a) (b) (©) ,Qu
b N

g spherical shell is constant, outside it vm -
,

[Option : (b))

11. Two points A and B are maintained at a potential of 7V a respectively. The work
from A to B is

done in moving 50 electrons
(b) -8.80x107"J  (c) 4.40 % 10"2’ (d) 5.80x107""J

Solution
Potential inside a conductin

(2) 8.80x107"7J
Solution

P.D. between A and B = V,=V, =—4-(7)=

Work done in shifting 50 electrons from A to =Vq
— —50x1.6x1 - (. g=ne)
— 8.80x10™7J [Option : (a)]

12. If voltage applied on a capacitor is increased to 2V, choose the correct conclusion.
Q is doubled, C is doubled

(a) Q remains the same, C is doubled @
A\ d) Both)Q and C remain same

(c) C remains same, Q doubled

Solution
V=2V, 0=20 (-02=C :
[As V' doubles, Q is doubled]

; C'=—

Q/e-2
Q vV 2V
C' - C (ie., C remains same)
C) £ [Option : (¢)]

13. A parallel plate capﬁ?tores a charge Q at a voltage V . Suppose the area of the parallel
h

plate capacitor and t
quantity that will ¢ e? ‘
(a) Capacitan (b) Charge (c) Voltage
Solution ®
If A anﬂ@doubled, then C will not change ( C'= 8_02_2;*_) = @{3 - c) 2 C is constant
2a ¢

- ‘ .
Vis constant,wﬂl also be constant.

U 4
\Q g = Lif A'=24 d'=2d
(b volume
N

Volume is increased, so energy density will decrease.

distance between the plates are each doubled then which is the

(d) Energy density

then V' = 2A><2(1=4Ad=4V-—-u;5=4y‘7<uE

[Option : (d)]

Electrostatics 4
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14, “"‘L‘C cnpnciml.s are

capacitance befw .
apacitance betweey (he points A and C is

(ﬂ) ]/ll" (b) 2/','- WF \
Y A Qs | e @
S @ Lpr
=l

connected in triangle as shown in the figure. The equivalent

Solution

Equivalent diagram is ()
‘ C, C,
e @

\ IpF ICIS N 0
C &C, are in serjes
C, &C, are in parallel.
~C, = Cs+ca=1+1=2ﬁF. [Option : (b)]

15. Two metallic spheres of radii 1 cm m@me given charges of —1x10°C and 5x107C

re;pecti_vely. If these are connected nducting wire, the final charge on the bigger
sphere is o

(a) 3x107*C (b) 4x10-=o (c) 1x1072C (d) 2x107°C
Solution ‘

Since the spheres are connéct y a conducting wire, their potential will be equal

KQ : ;
— = constant |. Let th gesbe 0, and 0, .

x107 +5x107% =4x1072C

&&3@': 4x107 ; 40 = 4x107; Q' =1x107C; - @, =3x10C.
\Q [Option : (a)]

(0 |
Electrostatics
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Ixercise Problems

I, When two objects are rubbed with each other. approximately a charge of Nc‘m he
produced in each object. Calculate the number of electrons that must hc@ erred o

produce this charge.

Solution Q

Given: ¢ =50nC =50 10°C, Electronic charge, ¢=1.6-10"C Q

No. of electrons transferred, n = 1 (b
¢
5010”7 C\Q

Vi -

T Lex10™"

n = 312508
2. The total number of electrons in the human body is typ in the order of 10™ . Suppose
due to some reason, you and your friend lost 1% @ ‘% umber of electrons. Calculate the

cl(.:ctroslmic fo.rcc between you and your friend se d by a distance of Im. Compare this
with your weight, Assume the mass of gfichiwperson is 60 kg and use point charge
approximation '

Given :
Total no. of electrons in the human bod Q

Total no. of electrons lost by me an&Qnd S 10% = 10%.

100
T Solution \ ).
| g, =g, =ne=10"x1.6x1072 -
| Since they lose electrons, positively charged b
U aa 9x107[10%x16x10™ ]
leCwostatic force, F, = q‘?-: [ R
dne, r iy
O : 23x10®N

%’!ass of cach person m, = m, =60kg

Q Weight of each person, W = mg = 60x9.8N
o> W — 588N
L J
Ny F, 23x10”

Je 22T =309x10™.
\q W~ s88
4 Five identical charges Q are placed equidistant

semicircle as shown in the figure. Another

oint charge ¢ is kept at the center of the circle

@M radius R. Calculate the clectrostatic force
,\ experienced by the charge ¢.

Electrostatics 6
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Solution

Let the forceg
charges Q. Q,, Q,, 0
respectively.,

acting on the charge ¢ due to the
vand Qg be I, 1, I, Fyoand I

From the figure p: \
o figure F=F, and act in opposite . :
direction, Hence they cancel cach other R @
Similarly, vertical ¢ . o T
) al components F,sind5° = I, sin45°, O’\ ”{ i ’
= these forces also ¢ f

ancel each others,

4. Suppose a charge +¢ on Earth’s s Q\d another +q charge is placed on the surface of

the Moon. (a) Calculate the f q required to balance the gravitational attraction
between Earth and Moon (b)_ Suppose the distance between the Moon and Earth is halved,
would the charge g change? ( £ =59%10"kg, M, =7.9x10%kg)

;| A 2

Given =
5.9x10* kg
w = 19x10%kg
6.67x107" Nm’ kg

Qo

<
Q
TR

Solution %
G

Wy,

Q
- S
&

=
Il

7 Electrostatics
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6.67x10‘”x5.9x10"x7.9x10’:: 3109 0% = 34.54 210"
9x10’ 9

g = 5.87x10"C
L
2
k'  GM M,

(ii) When r—

,  GMM,

&
N
S

g remains the same. Q
5. Draw the free body diagram for the following charges EOE in the figure (a), (b) and (c).

%,

Solution O |

s (i) Electrostatic force (F, =QF)
(ii) Weight of the body (mg)
(iii) Restoring force ("lfx?_;

(iv) Normal reaction (N9
« HIS
(i) Electrostatic force (F,=qE)

(ii) Weight of the bob (mg)
(iii) Tension (T)

Q B (i) Force due to electric field F, =qE
¢ ’ .

(ii) Downward gravitational force (mg)
°§ ©
“Bléctrostatics 8
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' clectron travelling with o speed
Voand enter i i
o ANdentenng ingg g uniform electric field L' 1

E which i ryer :
which is Perpendicular to v

the 1 as shown in e —
1t Figure : ‘
elects 'H”f“- Ignoring gravity, obtain the TP, 4
O S aceeleration, velocity and position . \ R
as functions of lime '
Solution
a . : d
(a) Acceleration of the clectron ¢ — r
m
Electrostatic force F — —cEj

i o F (-eﬁ) :
d =—= J
m m

() Let the initjal velocity of the electron be 1 =v

V =u+at
- —eE ¢} - 0
ad = —— J N L =vol
m
il 2 €L -
V =vi-—1Ij
(¢) Position of electron
2 e
S = ut+—at
st S =7 5 l=vy
\ Y t: 1 eE t2 A
r =vH———:~1"]
2 an29m g

7. A closed triangular box is kept in an electric field of
magnitude E =2x10°NC™ as shown in the figure.

Calculate the electric flux through the (a) vertical

rectangular surfacé (b) slanted surface and (c) enire
surface,

Front el

Solution E = 2x10°NC™

(1)  Electric flux through vertical rectangular surface

o = J.Eds cos€@ (flux lines are leaving the surface)

Here O = 180° C

) 180°
5 ¢=—jEds=—EIds T < ] 5
jds = s=Ixb=15x102x5x 10"

= 75%x107*m? B

¢ = -2x10°x75x10™ = -150x 10"
= —ISNm*C!
9 Electrqsta
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(i) Flectric flox through lanted warface 3

l I ds cotl)

0 - Il;‘rlt cos 60

1 e,
= 51’.!"
j:l.c = s=I»x
2
AABC, sin30° = 2210
X
v,
g o= SX:O =10%107m

2
s = 10x107 x15%107 =|Ql)'m2

P = l><2>']0 xlSOr

= 15Nm’C". Q
(iii) Electric flux through entire surface of

¢ . ¢vcn]cal + ends
surface surr

At the ends bk = 0, Q ,
AR e ot
Through vertical surface, field lings entering, hence negative ¢ = —15. Through the

slanted surface, same amount of lines are goingoutward from the surface ¢ =+15.

8. The electrostatic potential is Nus a function of x in figure’ ’(a)-and (b). CalculaFc the
corresponding electric fields i i6ns A, B, C and D. Plot the electric field as a function of
x for the figure (b). 0

14

2

\"4 30
30
; \\A 20 /A\
\ ‘ 10

2 04 06 x(m)

~N
\Q (a) (b)
Solution® \

\Q Blectric field E = _("_VJ
1)

10
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()

I - -
-(,‘- e 8 .. B 15Vm’
0.2

dx

(0.2-0)

Fhiere is no change in potential with respect (0 x

SdV =00 E=0
(¢) Region €
g o=tV 205 22 oV
dx 0.6-04 0.2
(d) Region D
£ = —dV =_( 17 ):L:B()Vm"
dx 0.8—0.6 0.2
Fig. (b) .=V
07T dx

N =(30-0) :

(i) E= —W-—-—Z%(Nm' :0 ____‘_ ]

Es -(0-3 il i e I

(i) E= E,) l;)) =+30Vm' 0 |— — l

0N g
iy £="0Z0_gype ol Jo PP E P
- Y ,j,_\_ +
ey o —(=30- ;
(iv) E =H=30Vm'l J | | L
) E=-LE01_ 56y,
n(5=4y

x(em)

9. A spark plug in @bike or a car is used to ignite the air-fuel mixture in the engine. It consists
of two electrodes separated by a gap of around 0.6 mm gap as shown in the figure. To create
the spark, an electric field of magnitude 3x10°Vim™" s required. (a).oWhat potential
difference must be applied to produce the spark? (b) If the gap is increased, does the
potential difference increase, decrease or remains the same? (¢) find the potential difference

if the gap is 1 mm,

Given d
I

Solution
(a) E
%

0.6mm=0.6x10"m
3x10°Vm™

V
d
Ed=3%x10"%0.6x10"

= 18x10* = 1800V

(b) If the gap d increases, potential difference increases (0 Vo d).

(¢) d
Vv

Il

Il mm

Exd=3x10"%1x10™
3x 10" =3000V

11
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#104C is placed at a distance of 20cm from anather identical pojng
d from point a 1o b as shown in the

ystem? Interpret your re

10. A point charge of
charge of 4104C . A point charge of ~2nC is move
figure. Caleualte the change in potential energy of the s

=5 45 =52 cm
= J15° 45 =5J10 e¢m
Initial P.E. when =2pC isat 'a',

0 i ek 08 L 18
"' dme, i dnmg, n

Solution

9 —6 -6
9x10 x(—2x]0 1()x10 — 48]
107
Final P.E. when —2pC isat 'b’,

_ 1 ‘hq 99
u, = -
dme, n 47:5[, r2

q _ -6
=9><10 (-2x10°)(10x10 1+1 = U, =-3.683]

o*2 5V2 5J1_0

. change in P.E.
AU = U, -U,=-3.683

AU = +1.117] D+1\J
Since AU is positive, work has to G tq move 'g/, from 'a' ta.'b'.
ach of the following combinations of capacitors.

11. Calculate the resultant capacitan

Capac1tor 1 & 2 are parallel.
.:’v‘ . b . ) .’s CP = CO +-Co ZCD

[ :
3) G, o Capacitors C, and C; are in series
| (0 1 =1 1

(@)

Capacitors 1&3 are in parallel.

o G =¥,
>
.\\\ Capacitors 2 & 4 are in parallel

CP' = Ca +Cu

Flectrostatles . 12
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L3
G r-lj.cu S — C, and C,’ are in series.
LN
— _4..
C: Cl’ _@ S

Gq <
==
m

-la_‘_‘T' 20, ﬁ_—‘_

- 2C;

(b) C
© All the capacitances are in parallel
[ ]
Rcsultar@ancc C,
Co‘u :.[zi C, : < )C,,= C,+C,+C,
CO]— @ C,=13C,
(c)
(d)

2
/]

= +
\Q o _ GGG +C)+C,C(C+Cy)
PQ —

(C,+C)(C,+C))

QC,CZC:, +CGC, +C GG +GCC, ey
\(O (€ +Cy) (C+C) '
~N 13

: _[:IP__I_ & ) For across PQ
:\/k,ca 6= C, and C; are in series
C

B )
CSI Cl C3
Cy, = CC-Cs
1 + C3
| P
C — -

Electrostatics
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(2) Equivalent capacitance between K and S

. ¢ ¢,
. l Il . GG
€, & C, ureinserles, o= m e = Cy o —ml=ts I ”
C, € G C +C, n I: :
. | \ o1 C\C.
C, & C, arcinseres, =— = o= = ( =it | -——--—-I
' 5, G Gy U AR o7

Now Cg and Cy are in parallel Cy
IL
N g [ (ON®
('A‘S = CS; -l-Cs’ = =2 ). - A "‘ R g
C,+C, Cy+C, — ——
3

. e = GGG HCGE, +COC, +COC, !
" (€, +C,) (C, +C,)

(e) '
c°1/¢\\2/co _”'_—'H_
ANEaN Pl ¢ % e

A \\/Q e,

e

<]

= Cro = Chs

Capacitors 1 & 2 are in series

1 1 1 2
—_— i ——— S ——
CS, Co Ca (:u

c .
C, = =
S, 2
Capacitors 4 & 5 are in series

1 I 1 2
—_— = ———_———
CS; Cn Cn Cb

C
C, = =

C, and Cg ,C, are in parallel.
C, = C; +Cy, +GC,

14

Electrostatics B 14

PRTIN
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e . &
el =By
2 2

rn
o
“

= C,+C, =20,

12, An electr
electron and a proton are allowed 1o fall through the separation betwedmthe plates of a

3 ~ NPT " , '
:.l"":“‘ll('l p)h"f' capacttor of voltage SV and separation distance 1 =1 mmyag, shown in the
gure. (a) Calculate the time of flight for both electron and proton (b) Supghsé il a neutron

:s allowed 1o fall, what is the time of flight? (c) Among the three, whi ¢ will reach the
YO S rnd € T'a1l . i :
ottom first? (Take m, = 1,510 Tk m, =9.01%10" kg and g =10

Electron  Neutron

Solution

(a) For electron, E = v, = A=ﬁ x10° NC"

(Gravitational force is ignored) s = ut+®"

:s ¥ WeE
u = Q= a 7 T
oram: ¢

Qz _ 2x9.11x10%' x1x107
{ Y 5%10°x1.6x107"°
0 18
% - 219'121;‘—10 =2.278x10™

Q A te = '\12.278X10‘18 ;
Q ; t = 1.509x10‘9s_;-'1.5 ns.

2hm,  2x1x107 x1.6x10™7

e
. . Ay _
fo% ~ - o T TeE 1.6x107"° x5%10°
(Gravitational force is ignored) = 0.4x10™

-t =~ 0.63x107s

15 Electrostatics

N .
\Q ! t, = 63x107s =63ns
Y
~
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| _
(1) for neutron h = ()-l-—i;‘:rn’ (Qa=4g)
2/ | ‘
(free fall under gravity) f, = }-J ( h=—=g ,"1)
8 2
2x1%107?

" 10

= y2x10™

= 1.414x107%s
= 14.14ms
(c) t,<t,<t,
Electron will reach first.

1 . .
13. During a thunder storm, the movement of water molecules withiq the clouds creates frlcthn,
partially causing the bottom part of the clouds to become negatively cha}'ged. This lmplu?s
that the bottom of the cloud and the ground act as a parallel plate capacitor. If the electn_c
field between the cloud and ground exceeds the dielectric breakdown of the air

(3x 10°Vm™ ) , lightning will occur.

(a) If the bottom part of the cloud is 1000 m above the ground, determine the electric
potential difference that exists between the cloud and ground.

() In a typical lightning phenomenon, around 25C of electrons are transferred from cloud
to ground. How much electrostatic potential energy is transferred to the ground?

Given : E = 3x10°Vm™ q=25C
d = 1000m =

(a) Electric potential difference between the cloud and the ground =V
V = Ed [ E =-V—v}

d
= 3x10°x1000
V =3x10°V.
(b) Potential energy transferred to the ground =W
W = Vg
= 3x10°x25
= 75x10°J.
.For the given capacitor configuration (a) 6uF

Find the charges on each capacitor (b)

b
potential difference across them (c) energy |
stored in each capacitor il  |d
% 8uF —— 2)F T— 8uF
a _
I
-
9V

Given: C,=8pF, C,=6}F, C.=2uF, C,=8uF, V=9V

Electrostatics 16
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connected in parallel, \
(-“’. = (-.,‘ o (:‘
= O4+2=8ul
C,.C,.C, are in series, Q

Solution
Capacitors b and ¢ pre

1
CI
Chists
3

C

(a) Total charge flowing, g =

>
= —X 4 C
' -8 & '
Same charge (24 pC) will flow through C,, , and C,.( they are in series)
9
Cyi= g:, Qconstant' and C,=C,=C,
= V. VCp =V, =V

—=3V
3 \

c,,v=8'x104><3=24x10*6c=24pc

= CV=6x10"x3=18x10°C=18uC
CV =2x10°x3=6x10°C=6uC
= CdV=8x104x3=24x10ﬂsc=24pc.

Ve, +Ve +Ve, =

(b) Potenti rence across each capacitor
e Qe -24%10°% -
. \g «~C, 8x107
-6
\Q g o @ 18x107 oy
® C, 6x107
N 0. _6x10°_ .
\Q Ve = C. 2x10°
o - o _2xi0®_
'§ o T
17 . Electrostatics
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(©) Energy stored in the cacitors are

U, = Loy = Lugn1o9 2323 =360
2 2

a

U, = -Ii(.’,,\"‘=%x2xl()"‘x3x3=27l'-’ Q

U, = —|~C,Vz = -|-2x|n"'x3x3 =9pl
2 2

u, = "2'C,:V2 =12x8><|()'“x3x3 = 3%
15, Capacitors P and Q have identical cross sectional areas A ration d. The space

between the capacitors is filled with a dielectric of didectri@nt £, as shown in the
figure. Calculate the capacitance of capacitors P and Q.

(a) In Capacitor P, as C, and C, are connect same
potential  difference, C, &C, e parallel
= C,=C,+C,

C — g(A12) . =s,£oA/2
: d ’ d

. C =£ﬁ+—€rEOAQ =80A(1+€r)

P 2d 20'0 P2d
(b) In Capacitor Q, as C, @ave the same charge, they are in series
d/2

t c2 a2

- P e e |

\Q . i
A 2gA
'@anccof C, = 52 Z)

g A 266 A
\ Capacitance of C, = - —= ‘;

o
Q ‘ 2 ’
‘b' C, is the effective capacitance
B& tics 18
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Total capacitonee —— = 1.1 i
CO C| Cz‘
. o d " d
C, 2,A 2840 6,A
W - S
2608,A  2£,A
1 d 1 "
C, 26,A | &,
1 d (l+g
Co 26,A \ s,
c, = 26)A ( &,
d \l+s,

19
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Chapter 2

Current Electricity

Objective type Questions

|. The following graph shows current Vversus V—“"’_"—"—
voltage values of some unknown conductor. 5
What is the resistance of this conductor? i
(a) 2 ohm (b) 4 ohm ,
(c) 8 ohm (d) 1 ohm Pl
1
0 T 2 3 4 5

Solution

V .
According to Ohm’s law, V = IR R=—1—‘ N ¢

|

Slope R N =% =2 ohm
[Option : (2)]

2 A wire of resistance 2 ohms per metrgsis,bent
to form a circle of radius lm. The equivalent
resistance between its two diametrically
opposite points A and B as shown in figure is

(a) 22 b) gn Q
(©) 272 (d) i:-n
Solution ,\ oy

théwire R=27rx2=4xr=4rx1=4z (Q r=1)
pond to two semi circular lengths connected in
f the original wire, each one will have resistance

Total resistance of

Two diarf‘letricall‘y opposite points corres
parallel. Since/theyhave half the length o

R _4rm _

= i 27[ o
2 &S
The resistanees are in parallel.
D, 1 1 ¢t 1 1 1
- S, — = —_——1-——= _——
N 7 R, R R, 2 27 =«
G R, = 7Q [Option : (a)]
3.9, toaster operating at 240V has a resistance of 120€2. Its power is
~ (a) 400 W (b)2 W (c) 480 W (d).240 W
Solution
| V?  240%240
R 50 x2=480W

Current Electricity 20 [Option : (c)]
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4 A carbon resistor of 7LD 1o be

identificatian * marked with rings of different colours for its
wentitication, The

colour code sequence will be
(a) _\‘cllu\\'-gl\‘cn-\'iulcl—guld
(©) violet-vellow
Solution

(b) yellow-violet-orange-silver
e ] L 1 ) .
orange-silver (d) green-orange-violet-gold

BBROY G BV G w
1234 5 6 7 8 9
A-yellow. 7-violet, 1kQ=10"Q-orange ; ; 4.74Q = 10% of 4742

= tolerance =10% . silver

[Option : (b)]

5. \\"l}:u is the value of the resistance of the following
resistor? %
(a) 100&Q2 (b) 10kQ

(©) 1kQ (d) 1000kQ2
Solution
Brown — 1 Black -0 Yellow — 10*

10x10* = 100x10* =100k
[Option : (a)]
6. Two wires A and B with circular cross section are made up of the same material with equal
lengths. Suppose R s = 3R, then what is the ratio of radius of wire A to that of B?

1 1
(@3 \/?_, . A d) —
(b) (©) B (@ 3
Solution
- - l
R, = 3R, (given) R=%
R« —17 ' (v p and I are 's‘zfllme)
r
1 1 R r.?
Ry = 2 R, =3 _¢=Lz
r, Ty R, r,
nwo_1
r,,2 3
I 1

_ [Option : (¢)]
7. A wire connected to a power supply of 230V has power dissipitation F,. Suppose the wire is
cut into two equal pieces ‘and connected parallel to the same power supply. In this case

) ; i By (33
power dissipation is F, . The ratio of F2 is
1

() 1 (b)2 )3 - (@4

21 ' Current Electricity
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Solution

r? :
P, = i I .k ]i,,_l._

R R, R
R, R R ROKRK

2 2

R
R, = ..{_‘L Q
K = i O
Rk R ) 0
R 4R 4
l)
2 = 4,
h

[Option : (d)]
8. In India clectricity is supplied for domestic use Tt is supplied at 110 V in USA. If

the resistance of a 60 W buib for use in India i resistance of the bulb of the same
wattage for use in USA will be ?
NG

()R (b) 2R &
Solution
' ‘ V, = 220V 60W
v, = I(O"U —60W
2
£ ; fy= Yo
RI RU
vV, 220x220 _ 48400

b , 60 60
“v,” _110x110 _12100
@ B, 60 - 60
\Qﬂu 12100 - 60 1
®. — X =—
R, 60 48400 4

R
(d) Y

[Option : (c)]

9. In a large'buiildifig, there are 15 bulbs of 40 W, 5 bulbs of 100W, 5 fans of 80W.and 1 heater
of 1 kW ate ected. The voltage of electric main is 220V. The minimum capacity of the

main fusé of the building will be |
(a) 14 A (b)8 A (c) 10 A (d) 12A
Solution AR AR AT B ‘ | ' "
b ' Total power = 15x40+5x100+5x80+1x1000
N ' = 600+500+400-+1000

\Q . = 2500W
=220V
.@lutriclly 22
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P 2500
I = —=Z"_"=11.363A ~12A.

vV 220

. [Option : (d)]
10. There is a current of 1.OA in the circuit ’,“m
shown below., What is the resistance of 7 i - R
(a) 1.5Q (b) 2.5Q E l
(c) 3.5Q ) 4.50 v T Tz"m
o e MA@
Solution '

I = 1A R =3+25+P=(55+P)Q

V 9
R = —=2=90
! I 1
S5.5+P =9
SoP =9-55=35Q

[Option : (¢)]

11. What is the current drawn dut from the Y
battery? ' j
@1aA b)2 A : i B | >
(©3A (d) 4 A sV T lsng 150 ISQg
p: B
| ‘
e ®
Solution
1 1 1 1 3
_ = —t—4—=—
R, 1515 15 15
15
R, = —3—=§Q
Vigs55
L= 7?—=—5-=1A. [Option : (a)]
P

12. The temperature coefficient of resistance of a wire is' 0.00125 per°C . At 300K, its resistance
is 1Q2. The resistance of the wire will be 2Q at

(a) 1154 K (b) 1100 K (c) 1400 K (d) 1127 K
Solution ‘ )
T, =300K=300-273=27°C R,=2Q R =1Q
‘ a = 0.00125/°C
a = Rz_Rl
Rsz _Rlei
B 2-1 1
125x107° = = (I,-54)=——— =
(1xT, —2x27) B39 = sioe 00
23 Current Electricity
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7, = 800+ 54= 854°C

854+273=1127K

I

T

\ [Option : (d)]
@ a resistance of

13. The internal resistance of a 2.1V cell which gives a current of 0.2A

10Q is
(a) 0.2Q (b) 0.52 (c) 0.8Q2 Q (d) 1.0Q2
Solution Q
E=21V, R=10Q, I =02 A, r= internal resistance
I = ._E._ ' Q
R+r
SR '
10+ r
0.2(10+7r) = 2.1 @
2402r =

0.2r = 2.1-2
r= (—)—] % ' [Opti0n=(b)]
O&rm

14. A piece of copper and another pieoS anium are cooled from room temperature to

6

80 K. The resistance of

(a) each of them increases

(b) each of them decreases

(c) copper increases and o anium decreases "
(d) copper decreseas and of germanium increases

Solution

For copper « is positi as temperature decreases, its resistivity also decreases.

For germanium & i@ Vve. .. as temperature decreases, its resistivity increases.
' [Option : (d)]

15. In Joule’s heatt wy'when R and ¢ are kept constant, if the H is taken along the y axis

and I along @-axis, the graph is

(a) straightl%. . (b) parabola (c) circle . - (d) ellipse
Solution (3 ‘ OO
. "H = I’Rt

H a I* (. R,t constant) " ,
= ) graph will be linear. .. | DL N
Yol (£ [Option : (a)]

\urrent Electricity 24

kindly send me your key Answers to our email id - padasalai.net@gmail.com

Scanned with CamScanner


https://www.whatsapp.com/channel/0029VaAqUqk9Bb672tBn033m
https://www.padasalai.net/

www.Padasalai.Net www.Trb Tnpsc.com
Exercise Problems

1. The tollowing graphs re
SIX conductors A, p C
maximum resistanee?

V —

present the current versus voltage and voltage versus current for the
D, I and F. Which conductor has least resistance and which has

!
5

5

4

4 % 7
2 // 4 A /]
\ ] A ] %/ - D
n 12 3 4 5 0 1. 2z 3 4 s
. ’ V
Solution
According to Oh : v
g ms law, the resistance of the conductor, R = —
AV
For graph 1, slope = —=R
grap p Al
For conductor A, R, = A‘i=2—_—0=2=l=0.59
Al 4-0 4 2
For conductor B, R, = AV _4-0_3 430
I 3-0 3
For conductor C, R, = Q) = b = 2 =2.5Q
Al 2-0 2
Forgraph I1, R = I
slope Al
For conductor D, R, = A—V=ﬂ=i=29
Al 2-0 2
For conductor £, R, = ﬂ =§_—0=3 =0.75Q
Al 4-0 4
A —
For conductor F', R, oy _2=0 % 0.4Q

R, has minimum resistance
R, has maximum resistance

2. Lightning is very good example of natural
current. In typical lightning, there is 10°J
energy transfer across the potential
difference of 5x10”V during a time interval
of 0.2s. Using tkis information, estimate the
following quantities (a) total amount of
charge transferred between cloud and ground
(b) the current in the lightning bolt (c) the

25 Current Electricity
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power delivered in 0.2 8,

Solution

(@) Total amount of energy transferred between cloud and ground = W
W = Vy
0
g B S ey m A 20C
Vv o 5xI107 5

(1)  Current in the lightning bolt

p 282020 2006049
02 2x10" 2
(¢) Power delivered in 0.2s
P =V

= 510" x100 e/
P = 5x10°W =5GW ('."1GW=IO°W)

3. A copper wire of 10°m? area of cross section cargieg avcurrent of 2A. If the number of
electrons per cubic meter is 8x10%* calculate the current'density and average drift velocity.

Given : ? N
A=10"m?, [=2A n=8x10% ‘-'7'\' '
J=? vd =7 %
Solution
(i) Current density J = L = —2—‘= 2x10° Am™
AN\10™
. . . J ¥ 2x10°
(11) . Drift velocity v, ~ &7 10T n”

Il

=15.6x10"ms™" .
ire at 0°C is 10Q. If it’s temperature coefficient of
Comment on the result.

<

4. The resistance of a nichrome“w
resistance is 0.004/°C, fifidlits Tesistance at boiling point of water.

1

Given : b) P
R, =101 a =00047°C, r =100°C
1, =0°C RrR&A)
Solution T AN ;
a) R = R(l+aAT) ; AT =100°C—0°C
R = 101+ 0.004x100) =10(1+0.4)
N Ry = 1402 ' |
Resistante.of nichrome (an alloy) increases with rise in temperature.
5. The rod given in the figure is made up of two =

different’ thatérials. Both have square Cross . 75cm —»| 70 cm |
sections of.3mm side. The resistivity of the

first dtefial is 4x10°Qm and it is 25cm
16ng While second material has resistivity of
5%x10°Qm and is of 70cm long. What is the

Current Electricity 26
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reststance of rod betyw

Given :

cen its ends?

- ’ -3
l‘l—«“xl() &2"] /)1:5){'()—\&2'"

ly=25cm I, =70cm
A=A, =9%10"% 2 (s length of side of the square =3x107"m)
Solution
) Bre p_,/,=4xm"x25x10"
A 9%10°°
-5
_ l()()x](-)6 ZIOOOQ
9%10 9
R, = Pl =5>-<10‘3><70><10'2
 12) Az 9)(10-6
_ 3500Q
‘ 9
Resistance of the rod between its ends
R = R +R,
1000 . 3500 _ 4500
) 9 9 9
L iy R = 500Q. '

6. Three identical lamps each having a
resistance R are connected to the battery of
emf as shown in the figure -

Suddenly the switch S isI closed. (a)

Calculate the current in the circuit when § is

open and closed (b) What happens to the .
intensities of the bulbs A, B and C. (c)

Calculate the voltage across the three bulbs when S is open and closed (d) Calculate the
power delivered to the circuit when S is opened and closed (&) Does the power delivered to
the circuit decreases, increases or remain same?

Given
(a) Current : Let the current in the circuit when S is open be [

V=IR V=¢

The bulbs are connected in series -
R, = R+R,+R,

but R = R,=R,=R

R, = 3R

When switchis open | = Rls = -é%

When switch is closed (no current flows through bulb C)

27 Current Electricity
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jaY ot ot
R, R+R 2R

() Intensity

When switch is open \E
o@ m and so there

Three bulbs are connected in series, the same current flows thr

is no change in intensity.
~ All the bulbs will glow with equal intensity. Q

When the switch is closed, two bulbs A and B are in combmatlo.n. So_the
intensities across the two bulbs increases and both A an ill have equal intensity.

As S is closed, all the current flows through it and no flows through bulb C ;

When switch is open ;
In series connection, the current is same

_ ¢ gt
V,= 3R><R @
Vs iXR:é:
3R .
V. = ,—5—&
3R

When switch is closed, bulbs Q B are in series combination and bulb C isin
parallel combination. So no cm

so the bulb C will not glow. Q
(¢) Voltage across the bulbs : ! Q)

§ ) TOtﬁIpOWer: £_+_§_+___=_g__
'\ When switch is closed

Current Electricity . 28
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¢ & &
Po=V] s2x2 o2
NN TOR AR
2
1’,,: lnn “E‘ i '(:—
27 2R 4R
P = V.. =0.

J=
4R 2R 2R 3R

¢
(©)  The total power delivered to the circuit increases,

7. An electronics hobbyist is building
only 2200,79Q and 92Q resistor

to get desired value of resjst

.2 & 2 2 2°
and total power= £+ 5 g=f_ |.. £, £
41

a radio which requires 150€2 in her circuit but she has
s available. How can she connect the available resistors
ance?

Given Required resistance = 1500

Available resistances R =220 R,=79Q and R, =920
Solution

For getting 1500 resistance as resultant, two of the resistances R, and R, should be
connected in parallel and third one should be connected in series with it.

R,=220Q

%

R,;=92Q
R,=79Q
When R, and R, are in parallel,
1 1
_— = — 4 —
Rp Rl R2
R - RIRZ
R +R,
220x79 17380
= = =58.12~
220+79 299 .
When R, + R; are in series
R, =R, +R,
= 58+92=150Q

8. A cell supplies a current of 0.9A through a 2Q resistor and a current of 0.34 through a
7Q resistor. Calculate internal resistance of the cell.

Given :
I, = 094 R =2Q

29 Current Electricity
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Let the internal resistance of the cell be 'r'
Solution
I = E
R, +r
E = (R +r)
Similarly, E = Li(R,+7r)
L(R+r) = I,(Ry+T)

LR +Iir = LR, +1,r

LR —1L,R, =

|
~
N
e |
|
_N
s )

www.Trb Tnpsc.com
R, =7

r = —m

10002
Q.
. 1

Solution Q
st

Applying Kir@s 1** law at Junction B

% L—-I,-1, =0
el

=I1-1

App}@rchoff’s 2™ Jaw to the closed path ABEFA

1001, +1001, = 15V

.\ | 100(,+1,) = 15V
\@tituting for I, T ot s
'\ 100(J, — 1,)+1001, = 15V ;
\Q 2001, -1001, = 15V
ent Electricity ‘ 30

1001, 1001, +1001, = 15V
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¢ |»|»1>|1‘13“i‘("u‘(‘( 108 2" 1w 1o the closed path BEDCH
100, 1001, = 9V

1001, = 1,) <1001, = 9V
1004, ~1007, 1001, = 9V ; 1004, ~2001, =9V Al
Ix2 = |
B)x2 = 2001, -4001, = 18V
2) =
(2) = 2001, -1001, = 15V
Subtracting =3007, = 3V
, =

2 =300 " OlA [=»

Substitute I, in equation 2)

assumed direction is opposite to actual direction of current]

2001, —100(-0.01) = 15
2007, +1 = 15
2001, = 14
14 7
[, = —=—2=007A
L7200 100

Substitute J; and 7, in equation (1)

I, = 0.07-(-0.01) = 0.08A.

A. poten_tiometer wire has a length of 4m and resistance of 20Q). It is connected in series
with resistance of 298002 and a cell of emf 4V calculate the potential along the wire.

Given: I=4m r=20Q E=4v r'=2980Q2

Solution

Effective resistance of two resistors in series combination,
R =r+r
= 2042980 =3000Q

Current in the potentiometer wire,

E_ 4

R 3000

Potential across the potentiometer wire V =1 xr

= x 20
3000
V = —%—=1VD 0.026 vV
3000 - 300
h 4
Potential gradient & = _l_
0.026
£ = ——
4 .
31 Current Electricity
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= 0.0065

ro= 0607107 Vm™!,

11. Determine the current flowing through the galvanometer () as shown in figure.

Applying Kirchoff’s 1* law at P, I, = I -1,
Applying Kirchoff’s 2™ law to the closed path PQS()
51,+101, 151, =

51,+101, —15(/~1,) = 0 @

101, 151 +201, =
10, —30+201,

201, +101, &o.

- 2L+1, 3 ¥
Appling Kirchoff’s II law to the closé@ ORSQ

1001, —1,) = 20( 1015 =0 |
104, —101, —20£, 201, ~101, =
01, —401,-20I, =0

P —20(I-1,) =
 —207-201, =

10 B |
301, —401, -40 = 0 (+ I=2A)

301, —40I, = 40

O 31,-41) = 4 ‘ | A )
(x4 = % 81, +41, = 12

16
Adding \Q o 11, = 16 5 I=77A.
Subst'm@in(l) ol R '
\Q 216, _

11

D 324111, = 33

32

Il
o ©

- (1)
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1, = 33-32 I,ﬂﬁ/\'
12, Two cells each of 5v
4Q.6Q and 12Q),
current dr

are connected in series across a 8€) resistor and three parallel resistor

awn f Draw a cirenit diagram for the above arrangement, Calculate (i) the
. rom the cell (ii) Current through each resistor,

|
I

Resistors 40,6Q and 12Q are connected in parallel

1 I 1 1

_— = ==t —

R, 4 6 12

1 6+4+2 12 1
R, 24 4-2
R = 2Q.,

P

Resistors 8Q2 is connected in series with 2Q (R))

R, = 8+2=10Q.
Totalemf E = E +E,=5+5=10V
(a) Current drawn from the cells
r~ & )0
R, 10
(b) P.d across 8Q2 resistor V = IR=1x8=8V
Potential across R, = 1x2=2V  (4€,6Q and 12Q) in parallel combination)

| &

V
Current through 4Q [ = —=—=035A
R 4
Vv 2
h 6Q I = —=—=0.33A
throug R 6
Vv 2
12Q 1 = —=—=0.17A.
through R-12

13. Four bulbs P, O, R, S are connected in a circuit of unknown arrangement. When each bulb is
removed one at a time and replaced the following behaviour is observed.

P o R S
P removed = on on on
Q removed on - on off
33 Current Electricity
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off of

Sremoved

R removed
on

uff—

- off
on -

Solution
I

I
P +

ki

1

Q

g
Q

5
14. In a potentiometer arrangement, a cell of emf 1.25V gives m".im at 35cm length
of the wire. If the cell is replaced by another cell and the balance pdint shifts to 63cm . What

is the emf of the second cell?

Given E, = 125V
Solution Eal
E _E
ll [2
L
E2 = E,x—u

34

Curtén Electricity

LA
§

N

©

5¢cm=35%107m

\Q = 63cm=63x10"m

2 63
— 10-2 X—
0> 125x %35
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Chapter 3
Magnetism and Magnetic Effects of Electric Current

Objective type Questions

1. The magnetic field at the centre O of the following current loop is

M1 I
@) 4r 9 ®) IUL;-C
u I
©) > ® ,lln]
e () Ste
Solution
Magnetic field at O due to straight portions is zero. | Aliter :
The magnetic field at O due to semi-circular part is For a circular coil,
B = j,uo Idlsmé’ . sind=1 B=.”_ol
2r
B = Hol jdl Idl For a semi-circular coil,
= === ; =xr
L paatilig L
b B = ‘Ll_OI 2r 2
4r . B = #_ol
4r
Using ‘Right Hand Rule’, direction of B isinward ®
[Option : (a)]
2. An electron moves straight inside a charged
parallel plate of uniform charge density o . The a1 o 5. I

. XXXXXXXXXXXX [E
time taken by the electron to cross the parallel R s o e

plate capacitor in a straight line when the plates X X X KXK' X X X X
of the capacitor are kept under constant XXXX XXX XX XXX

magnetic field of induction B is T >
IB IB IB
(a) £, €IB b) e,— (c) g, — d) &,—
i O'l eoc ) o
Solution
Since the electron moves in a straight line, without any deviation, eE = evB
E
v =—
B
But v = 1 (t = time of transit)
t
Also, E = £ [Refer section 1.6.4 (iii) - P. 41]
£0
o
=, 0=
Be

35 Magnetism and Magnetic Effects of Electric Current
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[Option : (d)]
fference V., The

] ’ 7 1 ;lv
(n) .?ﬂ._!._‘_ (h) q l
m 2m
Solution
—mm? = gV
2rm /l
i = ’2¢]V
’ m
F = b‘qv:b‘qJ2
m
[Option : (¢)]
4. A circular coil of radius 5cm has 50 turns carri rent of 3A. The magnetic dipole
moment of the coil is ,
(a) 1.0Am’ (b) 1.2 Am> (3).0.5Am’ (d) 0.8Am
Solution A\

W

Magnetic dipole moment associated with the Cail
p, = NIA=NIzZR:
- 0x;§ (5x102) =1.17

\ [Option : (b)]
5. A thin insulated wire forms a pl al of N =100 tight turns carrying a current I=8mA
. The radii of inside and outsims are a=50mm and b=100mm respectively. The

@ the spiral is

Q
—

magnetic induction at the ce
(a) 5puT (by

(3) 8uT (d) 10uT

Solution N _
Let / be the current, r @e radius. Then for a circular
. ‘O I
coil of N turns, magnetic ﬂel@ls centre B = ,;a N.

r

In the case of lj%j'ral coil, let N be the total number of

. N
turns, then no. of tum&‘ it length = Sat
[ ]

The no. in a distance of dr, dn =

o dr s (1)

—-a

A Th%ﬂggnetic field due to dn turns,

\Q B = Lelogn ~EA[ N 5,
2r 2r \b—a
Magnel@agnetic Effects of Electric Current 36
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Total magnetic field due to spiral,

h
B = M( N )dr

y b-a

20-a)) r 2b-a)

a
5 _ NI 12=47r><10‘7x100><8><10‘3ln1—5—009
2b-a) a 2(100-50)x107
_ 4x3.14x107 x100x8x 107 x (2.303 x log ,,2) [ ]n2:2.303><10g,02]
2x50x107°
=6.96x10°07x107°T
B =17uT.

[Option : (b)]
6. Three wires of equal lengths are bent in the form of loops, one of the loops is circle z_mother
is a semi circle and the third one is a square. They are placed in a uniform magnetic field

and same electric current is passed through them. Which of the following loop configuration
will experience greater torque?

(a) circle (b) semi-circle (c) square (d) all of them
Solution
For circular loop For semi-circular loop i F_J____DOI' square 100
[ = 27r = 7r+2r = A’ a=t
! ! 4
r = — r = — 2
2z > 2 1
A,=a =—
A =nxr A= zr? 16
s Sy . 2
- s 2 2 = A,; 0.00625!
 4n? . f(_l_)
12 2 2 +
- E - g nl*
A ; 0.087° 2w +2)°
A, = 0.05917*

tT=NBIA = taA
A >A, > A, =D T.>7,>7,.
[Option : (a)]

7. Two identical coils each with .N turns and radius R are placed coaxially at a distance R as
shown in figure. If I is the current passing through the loops in the same direction, then the

. . R 1
magnetic field at a point P at a distance ) from the centre y each coil is

» AN pu I
@ 8Nu,l (b) ——SN:,” ! \ (c) Slzﬁ"l (d) \é;;
\/ER SER

37 Magnetism and Magnetic‘ Effects of Electric Current
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o

Solution \Q

Both coils are in YZ planc.
any point on the axis of a circulagJoopcarrying current is

Magnetic field at
o= M NIR? : @
Z(Jc2 + R? r;
Point P is at a distance of x = % from@ e coils.
i Mz -L[aNle = #ONIR?.
= 3

3 3 3
22 SR 25}2-#
e ) A

1, NI (Q 43’2=4JZ=8)

I
&
- &
R~
I
[\
=
[
2
=

Xoa 1
N

% L g3 [Option : (b)]
ngth [ carrying a current along the y direction is kept in a magnetic field give by

J +l€) T . The magnitude of Lorentz force acting on the wire is

%ﬁll (©) 21 ) \gﬁn

8. A wire of le

B=LVi

Solution

N .
N |

Magnetism and Magneﬂc Effects of Electric Current 38

I x3)=ujx%(f+;+zz)

—_——
]
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F

I

”Tf[—i+ﬁ+f]

F — o Ao -
I | i J(=1) A(+I_2_T/_;x\]2

2
J;II,B .

9.A bar magn.et of length I and magnetic
moment p_ is bent in the form at an arc as

shown in figure. The new magnetic di
moment will be S S

]

[Option : (a)]

(a) P~ ) é P,
5 /4
' 1
© —p. @ > p,
Solution

For Stmight magnet P, = q, x|
For bent magnet P, =gq, xI

I' = 2rsin30
= 2rxl=r
2
Let I be the arc length.
31
.r=—
l' :)":3—1
T
r ] 31 3
Pn=4q,xlI'=q,x—==p, .
_ T T

[Option : (b)]
10. A non-conducting charged ring of charge g mass m and radius r is rotated about its axis with
constant angular speed @. Find the ratio of its magnetic moment with angular momentum.

2
@ L ® =2 © L @ -L
m m 2m 4m
Solution
Magnetic moment, u, = [.A

1]
I
3
“N
I
3
~
[
!
Nw)
g
“N
—
o
h.i
I
I )
3
N———

Angular momentum, L

W
3
<
e

M qa)rz/ 2 gq
L mr’e  2m

Il
I

[Option : (c)]

39 Magnetism and Magnetic Effects of Electric Current
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11, The B curve of a Ferro magnetic material
is shown in the figure. The material is placed
inside a long solenoid which contains 1000
trns / em. ‘The current that should be passed
in the solenoid to  damagnatize  the
ferromagnet completely is

(n) 1mA (b) 1.25mA
(¢) 1.50mA (d) 1.75mA
Solution

www.Trb Tnpsc.com

AT
a0 -

10 -

20

IRES
(Al m)

—r" 1
9% 200 - {20 =100 50
=10

~2.0.1
-10 -]

40

Qe

Let B be the magnetic field due to long solenoid and H bq the magnctising field.

1)
= unl 3 H=—=nk=
. th ¢
_ W N 1000 _
I =.1_I_ “. n=21000/cm = —_Tml
n n 10
_150%107
10004 ™

— 1.5x10™A=1.5mA.

[Option : (c)]

Solution

s
W

3.6x10° Wbm™?).
(a) 3.60x10° Wbih >} (b) 3.5x10° Wbm™
() 2.56x107 Whpr?,  (d) 2.2x107 Wbm™

B%= Bl *B, + By
MY Pm,  u, Pm,
A==
TN An r 4 r
N :1%;[13"1] +Pm, |+ By
-1
e (2)01)3 [1.2+1]+3.6x10°

_22x107* +3.6x107° =22x107° +3.6x10

= 25.6x107°
= 2.56x10™ Wbm™.

Ma.gnet‘ism and Magnetic Effects of Electric Current 40
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12. Two short bar magnets have magdetic jmoments 1s.
1.20Am? and 1.00Am’ respectively, They are kept s .
on a horizontal table parallel to each Other with their 48,
north poles pointing toward$South. They have a 1
common magnetic equator and dre seperated by a o’
distance of 20.0cm. The (alug of the resultant Ty —>
horizontal magnetic induction*at the mid point O of
the line joining theif ceéntres is (horizontal
components of Eartl's, “fhagnetic induction is
> N N

—2+B, {Q Point O is on the equatorial line of both magnets]

[Option : ()]
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component, W) Arth's magnetic field at a pl

LS the value of Mgl : | place is cqual to the horizontal
(n) 30° by T angle of dip at this place?
Solution (b) 45 (c) o0 (d)y oy
B, = B, (given)
. B,
ang = T"* =1, where & is the dip at the place.
7
o = 450'

[Option : (b)]
an excess charge on its surface. The surface charge
axis perpendicular to its plane passing through the
magnitude of the torque on the disc if it is placed in

14. A ﬂn.t (li.L‘lL‘Cll‘iC disc of radiug £ carries
density IS o, The dige rotates about Hlll
ccnlr_c_wnh angular velocity @, Find the
a uniform magpnetje Whose strength is

rotation, B which is directed perpendicular to the axis of
(a) —l-cr(orrBR I 2 I I p
4 (b) —ocwrBR (¢c) —owrBR’ (d) —oarBR
y 2 4 4
Solution

dl = ﬁ=(udq 7]

—_—r

T on = 5; o.27xrdr = wordr

[Q dg=0dA; forring-shaped portion, dA = 27rdr]
(DA =wordrx mr® = garridr

R
P, = |dp, = owirr]dr=—1—o'w R ’
Jap. = 37 I 2DH—
T = p,Bsing ; g=90° - 1

. T=—ocwrR'B
4

dp,,

1]

: [Option : (d)]
15. The potential energy of magnetic dipole whose dipole moment is*'p,, = (=0.5{ +0.4 ) Am?
kept in uniform magnetic field 3 = 0.2iT }
(@) -0.1J ‘ (b) -0.8J (c) 0.1J © (d) 0.8]
Solution

According to (2) F acts downward during bob’s leftward motion =

Given : :
Pn = (<0.5(+0.4))Am? ; B=0.2iT
Solution
U = -p, B=-[(-051+04j)-(02])] (w i-i=1 . j-i=0)
= —(=0.5%0.2) + (0.4 % 0)
= +(0.5x0.2)
= 0.1J.
[Option : (¢)]

41 Magnetism and Magnetic Effects of Electric Current
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Lxercise Problems

: g into two
' ' - ' leces ll'st cut
1. A bar magnet having a magnetic moment p,, is cut into four p @

. Py in ieces, Compute
picces along the axis of the magnet and cach picce is further cut 1 p
the magnetic moment of each picces.

Given '
: . s nd 7. respectively.

Let the pole strength and magnetic moment of ori ginal mag m aNd Pp
Solution

: : agnet,
When the bar magnet is cut into two pieces along t@c mag

Gn G
| Q. |
2 :
2

new magnetic pole strength, Q q, = —21"—
ength = 2/

e
Magnetic momert of each pigce; P, = q,x2l

—gﬂ ::-Eﬂ- e X21=pm)
= 2><21 2 (" 9.

I
If each piece is furth into pieces along the axis of the mag,net,

Q"
new m@c pole Strength

o 9m

\Q o T
Magnetic length = 2!

Magnetic moment of each piece ph =g, %2l

\-Q\Cb

= In y 9y
4

[l'. pm = Zlqlnl

P,
4

P
4

Magnetism and Magnetic Effects of Electric Current 42
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<o aconduetor of lineyy Mnss (lt‘llﬁily 0.2pm™ e —r

Suspe .

|-:m!|':,l_l(r‘::’::i“:“\"'l‘ ﬂvxil‘slr wite as shown in |

wires is zero P »;c.!cn.w,.“ i the supporting

magnetic fiel) n} ]]ﬁI IS Keptinside the

the page cor I whose dircction is into
npute the cur

X b b b b4

) rent inside the B
cur ‘ . " X X { ¢ .
Tent and also (he direction for the current, 5 8 ” % Zin
Assume g = 10ms™?, " Xt e
Solution
To hav

€ Zero tension § ire i i
b A Ston in the wires, the vertical upward magnetic force should be balanced by
the downward force dye ¢ i
1€ 1o the weight of the conductor,

Linear mass density = ’_;l =02%10" kgm™ ( 1g=10"kg)

B=1T g=10ms>
Upward magnetic foree on wire F = Bil

Downward force (weight) F, = mg

Bil

1l

mg Satdy

Il

(5)3
1 =0.2x10"x10
I =02x107
=2x107 =2mA
3. A circular coil with cross sectional area 0.1cm”® is kept in a uniform magnetic field of

strength 0.2T. If the current passing in the coil is 3A and the plane of the loop is
perpendicular to the direction of magnetic field. Calculate

(a) total torque on the coil
(b) total force on the coil

(c) average force on each electron in the coil due to the magnetic field of the free electron
density for the material of the wire is 10%m™

Given A'=0.lcm® =0.1x10™* m?
B =02T
I =3A.

Solution

Since the plane of the loop is held perpendicular to the direction of magnetic field [ﬁ L E] ;
the angle between the normal to the plane of the coil and the direction of magnetic field is zero.
(a) Total torque on the coil
T = IBAsin@ (N =1)
=3x0.2x0.1x10*x0=0 (Q sin0°=0)

43 Magnetism and Magnetic Effects of Electric Current
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()] Total force on the coil /7 =0 (llﬂi"}: the formula dFF = Tdl * Ii)

. — ‘. osile eleme
[Q force on each element dl is cancelled by the force on @ dl.nmclrlcdlly opp nt)

(¢) Electron density of the material of the wire

o= “)?ﬂ lll”" ~
Force on the electron = —('(\—'; x i}) (v, = drift vclncily‘bf;dccmm)
F = 1;('\',Sil‘l 0 (hcrc the ;]nglc ais between dl and B)
F = Bev, (v 0 =200
Also, I = nAev = p—._—l‘;—.‘rh
so, I = nAev, /) ncA_

F = ng_l_= 9_1_
neA nA
0.2x3 ©

[0% % 0.1x10%, % '
F = 6x10%N =06x10"N.
4. A bar magnet is placed in a unifonﬁ';magrietic field whose strength is 0.8T. If the bar

magnet oriented at an angle 30° with thévexternal field, experiences a torque of 0.2Nm,

calculate (i) the magnetic moment pfthe Tagnet, (ii) the work done by an app lied force in
moving it from most stable configuration to the most unstable configuration and also
compute the work done by the applied magnetic field in this case.

Given: \ ‘
Magnetic field strength B =0:8T ; Angle of orientation @ =30° ; Torque 7 =0.2Nm

(i) Magnetic moment of thc“"_i‘rnagnet

b T = p,Bsind
4 02
AN Pm = Bsing ~ 0.8sin30° "
= '0—21' - 93 ‘—'0.51%]‘[12
08x~ 04
2

¥
N

by, PE of the bar magnet = —p, - B =—p, Bcos8
(ii) P.']:.E:\B"ff»*the bar magnet in the most stable configuration,
By, . U =-pB .  (=0=0°

b ‘R.E. of the Bar magnet in the most unstable configuration
- Uf = p,.B (8=180°
_ ., Work done by the external force = U,-U,
| = p,B~(-p,B)

Magnetism and Magnetic ,I_*Iffects of Electric Current 44
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=2p B
W = 2x0.5%0.8
W = 0.8] ; this work is done against the magnetic ficld
= work done by the magnetic field, W = -0.8J
mag e

5. A non conducting sphere has mass of 100g and radius 20cm. A flat compact coil of wire

‘_\"llh l‘u.ms S is wrapped tightly around it with each turns concentric with the sphere. This
sphere is placed on an inclined plane such that the plane of the coil is parallel to the inclined

plane. A Uniffn.*m magnetic field of 0.5T exists in the region in vertically upward to rest the
sphere in equilibrium,

Given: m =100g =100x10"kg B=05T

=20x1072m N=5
Solution

For the sphere to be in translational cquilibrium, without any
movement,

f,—Mgsin@ = . (1)

Sphere is in _rotalional equilibrium also. About the centre of
the sphere, B produces a clockwise moment (= —uBsiné);

friction produces an anti-clockwise moment =1R.
Net moment =()

~fiR—puBsing =0 .. (2)
sub. (1) in (2)
(Mgsin@)R = uBsin
= uB = MgR
= NIA=NI(zR?)

- NI(zR*)B = MgR

__Msg
" NzBR
_ 100x1072 %10 1 _3
T 5xzx05x20x102 057 7«
1 =2A.
T

6. Calculate the magnetic field at the ceatre of a square
loop which carries a current of 1.5A, length of each

side being 50cm.
Given : I=15A L=50cm=50x10"m

Solution
Magnetic field due to current carrying straight

d .z g
conductor, B = il—"—(51n¢l+sm¢2).
4ra
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Lo g=ds0 g =48

ae= =

2

. square due to four
4 sides. So the magnetic field at the centre of the squi

lFor a square, there are
sides is

B =dx ! [sin45°+ sind45° ]

dax—
tionie., @)
(since the fields due to current in all the four sides act in the sa v
4x47rxlO x1.5 [ ]
sox10° |42
R
2
_ 4x1sx10”7 2 4x1.5x2 SXZCQ) 0.33936x107°
~ T25x10° 252
B =34x10°T.
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. N . Chapter 4
Electro Magnetic Induction and Alternating Current

Objective type Questiong

1. An electro . ; : ; i :
Ol Moves on a straight line path- XY as shown in the figure. The coil abed is

adjacent s e , i irccti i : '
Jacent to the path of the electron. What will be the direction of current, if any, induced in
the coil.
(2) The current will reverse its direction as :

the electron goes past the coil
(b) No current will be induced

b
(¢) abed ’
(d) adcb
X —o—P> < ¥
Electron
Solution

When electron moves toward

. . s the loop, flux linked with the coil (which is into the coil @)
increases and induced current will b

¢ in anti-clockwise direction (abed) according to Lens law.

Wh_en elgctron moves away from the loop, flux decreases (into the coil ®) and induced
current will be in the clockwise direction (adcb), to oppose it.

[Note : One should remember that the direction of conventional current in the wire is
opposite to the direction of electron flow). [Option : (a)]

2. A thin semi-circular conducting ring (PQR) % %
of radius r is falling with its plane vertical in X A
a horizontal magnetic field B, as shown in x X
the figure. The potential difference developed
across the ring when its speed v, is X X
X X X X X X
Bunr ] . .
(a) zero (b) and P is at higher potential
(c) #rBv and R is at higher potential (d) 2rBuv and R is at higher potential
Solution

The emf induced in the semi cizcular conductor & = Bvl = Bv{2r). When the conductor falls,

the magnetic flux passing into it increases; according to Lens law, the induced current will flow in
the anti-clockwise direction. (i.e. along RQP ). This implies that R is at a higher potential and P is
at a lower potential.

[Option : (d)]
3. The flux linked with a coil at any instant ¢ is given by ®, =10f* -50¢+250. The induced
emf at t=3s is

(a) =190V () -10V © 10V (d) 190V
Solution
g==92 _ =2 101 =501 +250)
dt dt
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—201 450

When 1= 3s o= =2003)+ 50
~10V.

i

¢ [Opllon : (b))

il,
, of wnduccd in a coi
4. When the current charges from +2A to =2A 1n 0.05s , an emf b

The co-efficient of self-induction of the coil is
(a) 0.2H (b) 0.4H (c) 0.8H

Solution (b

0.1H

) 0.1H

£
Al Jdr 410050 4

L =
[Option : (d)]

: ot i . The variation of
5. The current i flowing in a coil varies with time @y)wn in the figure

induced emf with time would be Q
A .

0
emf
Y 4 !
3T/4 T o T/4 T2 3T/4 T
(@) O ®
emf
A
T/4 sz 3T/4 ‘ T2 (3T
c A RS I 7 it
()]
Solutlon
di
Induced emf £ = —LZ

(b 0=t= % , (i-t) graph is a straight line with positive constant slope.
B ‘

\ % = constant, emf &=—ve constant
t

Electro Magnetic Induction and Alternating Current 48
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L e di
S basconstant, s — =0 = £=0

T
For — <1<
4 2

dt

(i=1) graph is a straight line with negative constant slope.

W — = constant,

T € =4ve constant

iis zero, - d—':() = =0

r
For —<t<T,
4 dt
. [Option : (a)]
A circular coil with a cross sectional arca of 4cm? has 10 turns. It is placed at the centre of a
long solenoid that has 15 turns / cm and a cross sectional area of 10cm’.. The axis of the coil

coincides with the axis of the solenoid what is their mutual inductance?

(a) 7.54uH (b) 8.54pH (c) 9.54pH (d) 10.54pH
Solution

Nl N2

n=—;n=—=

Ly shiin B ol

M = nuo"l”zAJ:MfV;Az:ﬂo"lNzAz
N, 15

n = —L=—= tuns/m
l 10

M =4rx107" x 15 x10x4x107*

107

= 7.54x10°H=7.54pH.

[Option : (a)]
7. In a transformer the number of turns in the primary and secondary are 410 and 1230
respectively. If the current in primary is 6 A then that is secondary coil is

@2A (b) 18 A . (c) 12A @I1A
Solution
For an ideal transformer,

N N
S _ Y Sl=—Ex]
1, N, N,
I = ﬂxﬁsﬂs.
1230

[Option : (a)]
8. A step down transformer reduces the supply voltage from 220V to 11V and increase the
current from 6A to 100A. Then its efficiency is

(a) 1.2 (b) 0.83 (c) 0.12 T (@) 09
Solution
p = B _11x100 .,
E,I, 220x6

[Option : (b)]
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all connected in s
oltage and curren

eries., When 14

ree are ¢ in the circuiy

0. In an electrical circuit R, L, € and AC voltage sou the v
removed from the circuit, the phase difference between the

cuit the phase

T o
: ain —. The powe
s = T¥ad X difference is again 3 The power
is <. Instead if C is removed from the cir
Al

~

factor of the circuit is

1

1 (d
{Iﬂ ‘2‘ (h) —J—E'

(c) 1

Solution
When L is removed the phase difference between the voltage and

X
X 0

2¢ or X,.=Rtan6
R L oy

I 1S

g
I
I

XC=\/§R

When C is removed the phase difference betwee@ tage and current is
X

=2 A
ang, = —

tanzzﬁ- XL=Rtan60°
TR

X, =8

As X, = X, the series LCR circm‘&resonance.

Impedance of the curcuit RJEZ+(X L—Xe )2

S R. (- Xy=Xg)
= =1.

s

Power fNQ%ﬁ =
0 [Option : (c)]

10. In a series RL cirduif] the resistance and inductive reactance are the same. Then the phase

difference between the voltage and current in the circuit is
P

(a) %:' q (b) ';E (c) e (d) zero
uit, , b7%3

N =
e

Solution 7
g,

\ ,

[Option : (a)]
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N senes l'L‘SOI‘IlIn[ RI C cliniii

-C cireu 906 401084 Y sttt & Pin surme

frequency o is 250 ¢ Uthe voltage across 100€) resistor is 40V, The resonant

(1) 600V ad/s, If the value of C is 4uF, then the voltage across L is

Solution (b) 4000v () 400V (dy 1v

I I
l\' = _1..:_—_—_:]0](2
© Co 4x10°%250
Atresonance X c=X

V
I = —=—=04A
Vi=1X, =1X,=04%x1000=400V.

12. An ind . [Option : (c)]
uctor 20mH, a capacitor S0pF and a resistor 40Q are connected in series across a
source of emf vV

=10sin340¢ . The power loss in AC circuit is
(@) 0.76 W

ot (b) 0.89 W (c) 0.46 W (d) 0.67W
Comparing with V=V sinat, @=340 : V. =10
X, = Lo=20x10"x340=6.80
1
X, = E;:WD 58.80
Xe-X,= 520 z=R+(X,-x,)
N e . X -X,
= 1600+ 2704 4
Z = 65.60. b
dosp = R 40 e B0

Z 656 " Z 656

1010 40

—=x x—— =046 W
V2 V2x656 656

v, J '
[ Vo= Yo 1, = T;J [Option : ()]

13. The instantaneous values of alternating current and voltage in

Power loss =V 1. cosg=

a circuit are
1 1 /4
i =—=sin(10077)A and V = —sin(lOOer—)V. The average power in watts consumed
;) 2 3 °

in the circuit is

1 3 1 1
= b) X — d) =
(@) 4 (b) 4 (c) > (d) 3
Solution
, ; 1
Compared with V, (sinaxt+¢) and I, sinwt, V, =1 =7_?j : ¢=%

51 Electro Magnetic Induction and Alternating Current

kindly send me your key Answers to our email id - padasalai.net@gmail.com

Scanned with CamScanner


https://www.whatsapp.com/channel/0029VaAqUqk9Bb672tBn033m
https://www.padasalai.net/

www.Padasalai.Net www.Trb Tnpsc.com

. ¢ ¢=—’j’-)

qe ption : (d)]
ris charge on the

1l

Ir 1
P =708
m 2 ¢

X

sl sI—

)
28

0
14. In an oscillating LC circuit, the maximum charf,c on the capacit

tic field is
capacitor when the energy is stored equally between lhc electric and
Q 0 ) @
(@) = (b) =
2 5
Solution
When maximum charge is stored, U
At the given instant, U
For given instant
[Option : (c)]
2 :
15. ;(z)H inductor is connected capacitor of capacitance C. The value of C in order to
T
impart maximum power at 5 is
(a) S0uF ( (c) 500pF (d) SpF
Solution

| O _ sk e

=, J.= 272JLC f T 47LC

1
Q 4x*Lf? .
®
\ _ 1
Q : 47r2x2—(2)x50x50
® T
\ = L 15=O.5><1()'s
200000 2x10
© -
\ [Option : ()]
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Exercise Problems

 ACsquane ol of sl
LA square coil of gje 3) e with 500 turms s kept in a uniform magnetic field of 0.4 T, The

lane of the ¢ Cine !
pli ¢ coll s inelined af an angle of 307 1o the field, Caleulate the magnetic flux
through the coil,

Given Y '
Side of square coil = 30cm

30x10 7 m

A = Areaof the coil = side  side

(30x10 %)% (30%107)ym’

900% 10" m’

04T

() =9 =30° =60

(0 is the angle between normal to the area of the coil and the direction of magnetic field).

No.of turn N = 500

i1

]

I

A
Magnetic field »

[}

Angle of orientation

]

Solution
Magnetic flux through the coil,

¢ = NBA cos0

¢ = 500%0.4%x900% 10 % cos 60°
= 45x104x10°"><0,4x%
= 45x%0.2

¢ = 9 Wh.

2. A straight metal wire crosses a magnetic field of flux 4 mWb in a time 0.4 s. Find the
magnitude of the emf induced in the wire.

Given : Change in magnetic flux d¢=4x10" Wb, time () = 0.4 s
Magnitude of emf =?
Solution :

1
Magnitude of emf ¢ = ¢
dt
10-3
g = 207 k107
E=10mV,

3. The magnetic flux passing through a coil perpendicular to its plane is a function of time and
is given by @, =(2r' +41* +8r+8)wb. If the resistance of the coil is 5 ©Q, determine the
induced current through the coil at a time t = 3 second.

Given  : Magnetic flux linked with the coil, ¢, = 2> +41* +8+8

Resistance of coil R=5Q
Time =3s
Induced current = ?
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Magnitude of induced emf

c
when ¢

£

£

www.Trb Tnpsc.com

d¢

= [,‘?TT.
- _’L(zr-‘+41’+xr+8)
dt \
= 61*+81+8
= 35 @
= 6(3)* +8(3)+8 Q
~ 5442448 Q
= 86V

©

Induced current 7 = 2=

1

I

in it. Calculate the number of turns in

4. A closely wound circular coil of radius
When the magnetic field is changed from
oi

R
s Q)

5

17.@

placed perpendicular to the magnetic field.
to 2000 T in 6 s, an emf of 44 V is induced

Given : Radius of the coil 240.02m =2x107 m
Area of the coil A“S 7 =3.14x(2x102)° =3.14x4x107
.-Q: 12.56x10~ m’.
Change in magnetic field = 8000T —-2000T = 6000T
- Time," dt = 65
Indlmgm_f & =44V
N =Number of tucoil =7 -
Solution O
¢ = NBAcosé@

6=0° (- pl ﬁa coil is L r to magnetic field)
. ¢=NBA at)

Magx%e of induced emf &£ = %
\Q - s = Lvpay=naE
.\ , dr’ dt -
N=-2
S o
0\ dt .
"N N= .
12.56x10~ x 0600

- D ,
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44%10" x107°
12.56

35.031

35 turns.

=3.5031x10

5. A rectangular coil of area 6 cm? having 3500 turns is kept in a uniform magnéti¢ field of 0.4
T. Initially, the plane of the coil js perpendicular to the field and is then rgtated through an

angle of 180° in 1 second. If the resist

flowing through the coil.
Given :

No. of turns, N = 3500
Magnetic Field, B = 04T
Resistance of the coil, R = 35Q
Initially plane of coil is L  to the field .. 6,=0°

Then rotated through angle 6, =180°,

ance of the coil is 35 €, find the,amount of charge

Area of rectangular coil = 6cm® =6x 1074y

Solution
¢ = NBAcos@ 7 N
¢, = NBAcos6 = NBACes0® = NBA
¢, = NBAcos6, = NBAtoes180° =—NBA
d$ = ¢ —g¢ =—NBASNBA=—-2NBA
Induced emf , f _d_¢=~,_;('!’2_NBA)
dt, dat

2NBA™2x3500x0.4x6x10™

E =
dh__ 1
& = 16.8%10°x10
WF16EX107V
Current flowing through coil
. ,=;"g L& _at
™) ¢ R R
Charge floyfiiing = 200 ~1=48x10”
Y 35
N ¢ = 48x10°C.

6. An induced cux:rentof 25 mA flows through a single conductor of resistance 100 Q. Find out
the rate at whichithe magnetic flux is cut by the conductor.

Given: N Induced current I =2.5mA
‘Resistance = 100Q
a_,

Raté of change of magnetic flux

Solution

Rate at which the magnetic flux is cut by the conductor,
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kindly send me your key Answers to our email id - padasalai.net@gmail.com

Scanned with CamScanner


https://www.whatsapp.com/channel/0029VaAqUqk9Bb672tBn033m
https://www.padasalai.net/

www.Padasalai.Net www.Trb Tnpsc.com

l_[_?’—sl'XR
dt

— 2.5%107 %100
= 250%107
F = 250mes'I

a magnetic field of 4
s 002V, determin€

'1] to f 4 X ] O-JT_‘.F If [hc
NOorimé g rate e

7. A fan of metal blades of length 0.4 m rotatcs _
f the blade 1

induced emf between the centre and edge o
rotation of the blade.
Given : Length of the blade [ = 0.4m
Magpnetic ficld B 4x10°T
Induced emf £ = 0.02V

1l

Arcaswept A = 7r’

[when the fan rotates, the length of the blad
Area A = 7x(04)’ Nz

e will be ¢qua£._7§§;‘-tﬁe radius, ..[=r]

Rate of rotation of blade = ? A

Solution :

¢ = NBAcos€ B;
¢ = NBA N
. - d¢ . | -
Magnitude of induced emf & = 7
- —(NBA
(dA) BdA
o)L = (+N=))
Sﬂ-ﬁt\ NG  dt
1 _ 2% the rate of rotation of th gl Lzt~ 0.02
= = n'is the rate of rotation of the lade, . n= BdA—4><lO'3xzrx(0,4)2
4 3
_ 002x10° _ 4 50995210°

2.0096
N __ 9.95 revolutions / second.
8. A bicycle wheel with metal spokes of 1 m long rotates in Earth’s magnetic field. The plane of
the wheel is perpendicularto the horizontal component of Earth’s field of 4x107°T. If the
pakes is 31.4 mV, calculate the rate of revolution of the wheel.

I

emf induced across the s
Given : Lergthvof the spoke [ =1m

N 1
&, ' Inducedemf, & = EBC:)!2 (refere.g. 4.9)

Horizontal compohénf of earth’s magnetic field
B = 4 x 10-5 T
Induced emf £ = 31.4mV =31.4x10"V

Rate of rotation of wheel, @ = ?
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Arcaswept, A = 71

i}

&

I

|
3 BQ2rami?
Rate of revolution,

£ 314x10"

Bl 3.14x4x107 x1?
10%10?

I

n

4
. n = 250 rev/s
9. g(e)t:x::ll.me the self-inductance of 4000 turn air-core solenoid of length 2m and diameter
Given : No. of turns, N = 4000
Length of solenoid, ! = 2m
Diameter of solenoid, D = 0.04m
Radius of solenoid, r = 0.02m
Area = zr* = 7x(0.02)*
Self inductance L = 9
Solution
Self inductance L = yn’Al ; "='1—;,‘
[ & U N’A
l
L 4mx107 x4000x 4000 7% (0.02)?

2
= 16x8%x9.8596x10°
= 1262.028x10° 0 1262x10° H
L = 12.62111}1 .

10. A coil of 200 turns carries a current of 4 A. If the magnetic flux through each turn of the coil
is 6x107° Wb, find the magnetic energy stored in the medium surrounding the coil.

Given : No. of turns in the coil, N = 200
Magnetic flux linked with each turn of the coil, § = 6x107°wb

4A

Magnetic energy stored in coil U, = ?

Current in the coil 7

Solution

1
U, = =LI
2
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N
Self inductance L = —mj—"'-
| Néo o Lvg,r
U & 5=F g P
I P
= —¥200x6x10 »4
2 \
= 24%107 Q)
U, = 0.024]

11. A 50 cm long solenoid has 400 tums per cm. The diameter of the sol@ls 0.04 m. Find the
magnetic flux of a turn when it carries a current of 1 A

Given : Length of the solenoid [ = 50cm%
No. of turns n = 400 /107m
2 4
= 400x 10 _ 44 'i

m

1= No. of turns per unit length of the solenoid =

Diameter of the solenoid,="0.04 m
Radius of the soler&— .02m

Current passing through solenoid, = 1A
Area of soleneid A = 77 =3.14%(0.02)*m’
: Magneti&@ turn = ?7
Solution
Magnetic flux per turn, Py wm’A (for solenoid)
@x3.14x10'7 x4x10* x1x3.14x(0.02)*
0.63x10™ Wb

12. A coil of 200 turns carries‘qent of 0.4 A. If the magnetic flux of 4 mwb is linked with
each turn of the coil, find uctance of the coil.
turns N = 200

Curre oughcoil 7 = 04A

Magneti ith each turn, ¢ = 4mWb=4x10" Wb
ceofthecoil L =7 :
Solution ‘

Given

\Q\
I T — i $191
\Q\ _ 200x4x10” _800x10° .
(b, 0.4 0.4
\ L = 2H.
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13. Two air core solenojds h

' 3 2
3 ave the same length of 80 cm and same cross-sectional area 5 cm’.
Find the mutu

: 4 f\l inductance between them if the number of turns in the first solenoid is 1200
ums and that in the second solenoid is 400 turns.

Given : Length of each solenoid / = 80cm =80x107m
Arca cross-section of each solenoid A = 5cm? =5x 10~ m?
No. of turns in first solenoid N, =1200
No. of tums in second solenoid N, =400

Mutual inductance = ?

Solution
Mutual inductance M between the solenoids is givenby M = gnmal . LN
Moz Ny _ N N,A
11 I N
_ 47rx107 x1200x400x5x10™
80x10°2 p~

= 47107 x1200x25x10™ x 10> 876800 10"

= 0.3768x10°H

M = 038mH.

14. A long solenoid having 400 turns per cm carries a e.uri‘em 2A. A 100 turn coil of
cross-sectional area 4cm’ is placed co-axially inside/thessolenoid so that the coil is in the

field produced by the solenoid. Find the emf inducéd im, the coil if the current through the
solenoid reverses its direction in 0.04 sec. ~N

Given : m; = No. of turns per unit length of the sqleﬁpid,
% = 400 turns/per cmL=;1';00;4><1v()2/ m
i=2A; N,=100 tums ; A, =4x10"m’ ; t =0.04 s
Solution ) |
Magnetic field produced by the solendi‘rd'_,i |
B = pni ~\
B = 4x3.14x {075 400x 107 x2 = 10.04x10°* Whrn™
Magnetic flux through each turml;rof fhc coil is
b = Bhreas0 ; 6=0°
= 1004%107 x4x10* x1=4.02x10° Wb
When the direction ofcurrent is revered, magnetic flux through each turn is,
by = ‘BIAZ cos@ (6=180°)

= -BA, =-4.02x10"° Wb
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d, uxw[..mzym -mz/m
A L R SO —

l | ced ¢ -- iy = - A
nduced eml, &, N, 0 0.04

N}
ol 100x8.04 %10 ~02V.
’ 0.04
15. A 200 turn coil of radius 2 cm is placed co-axially within
the trm density of the solenoid is 90 turns per cm, then calcu

a long solenoid of3 cm radius, [f
late mutu.ll lnducumcc of the

coil, N
Given : No. of tumns in the coil, N, = 200
Turn density of long solenoid, % = 90x10'm”
Radius of the coil , r, = 2cm=2X% 1072 m
Area of cross-section of the coil, A, = 71’
= 7x(2x10%){Fgxax10"m’
Radius of long solenoid 1, = 3cm=3 S(_I"O'I:hl
Mutual inductance = ? )
Solution

Mutual inductance M between the solenoids is gwcn by M = pymn, Al

N
‘l_k N] lz Al ;"IDNI A2

e o)

) = 47x107 x200x90x10* x 7 x4x10™
— 288x9.8596x107° = 2839.56x10°H
M U 2.84mH.’
16. The solenoids S, and S, arg wound on an iron-core of relative permeability 900. The area of

their cross-section and their length are the same and are 4cm’ and 0.04 m respectively. If the
number of turns in S, 1s 200’and that in S, is 800, calculate the mutual inductance between
the coils. If the curren{ m “solenoid 1 is increased form 2A to 8A in 0.04 second. Calculate the
induced emf in solenmd 2.

Given : * & “=/Relative permeability z, = 900

No 6f turns in solenoid S;is N; = 200

1I

<)
1l

"\ No. of tums in solenoid S, is N, = 800
Arca of cross section of solenoid §, is 4, = 4em® =4x107m?
U Length of solenoid S, is [, = 0.04m
", Change of current in the solenoid 1, dI = I,~I, =8—2=06A
Time taken dt = 0.04s

Induced emf = ?
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Solution

M= g, o M o= pgnn Al

loit, N\N, A
M = LoV ,,’( ﬁLJN) A,

!
M = Arx107%900%200%800x 410"
0.04
= 47x90%4x4x10™" = 18086 10"'H
M 1 1.81H,

Induced emf solenojd 2, £ =-M £l
di

1810 = 2715x10"
0.04 ¢

& = -271.5V.

17. A step-down transformer connected to main supply of 220 V is"wséd to operate 11V, 88W
lamp. Calculate (i) Transformation ratio and (ii) Current in thé primary.

Given : V, = 220V,V, =11¥5
Output power = 88 W

Transformer ratio = ? Prifnary‘edrrent =?

Solution ‘:
Ideal transformer equation is Vi _ L: o) k
P 4 NP IJ
(1) Voltage transformation ratio =k \
\% 11 1

(ii) Primary current p. :
Output pewer = Input power =V, x [, (for an ideal transformer)

iy

output power _ 88 =—4—=0.4A
Ve 220 10

04A.

I, =

Current in the-frimary, 1,

18. A 200V/120V step-dqwh“transformer of 90% efficiency is connected to an induction stove of
resistance 40 Q. Find th'é eurrent drawn by the primary of the transformer.

\J) 90
Given : VP=200V VS=120V q:90%=m=09 RS=40Q IP=?

Solution

_ output power _ Vi
input power VI,
Vs 120

=Y _2 o34
R, 40
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1203 ,‘)4”.. 09
T 0001, 100
12023 \
I = 200209 Q)
I, = 2A.

19. The 300 tum primary of a transformer has resistance 0.82 Q' ”rcm:)c'i:zrc 0‘:5 l:j:
secondary of 1200 tums is 6.2 €. Find the voltage across the prigia I hw (F:ilq when ?h,-
from the secondary at 1600V is 32 kW. Calculate the power Io@ bath coils i
transformer efficiency is 80%.

i =1600V
Given : =80% N, =300 K,=082Q R, -_-(,,7[)() 1200 Vi
Output power = 32kW

a

Power loss in the primary =?

Power loss in the secondary =?

Solution \Q
uf'power _ Vi/s
ut power V,I,

1
80 x10’
Ib V.1,
51 7 32x10°x100
vy 80
= 40kW
O VI, = 32x10°W
3
O 1S=32x10 _20A
v 1600
X ww
C)A & itiiles e
@ y = YsxNp _1600x300 _ 4,
r Ny 1200

\Q V, = 400V

Input power = V,I,, e
= 400x 1, = 40x10
_ 40x10°

\Q " 400
N

=100A

Power loss in primary = I,° xR,
= (100)* x0.82
= 8200=8.2kW

Power loss in the secondary = I x Ry
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20. Calculate the instantaneoys value

current whose peak valye is 20A
Given :

Phasc angle, ¢ = 60°

Solution

(1) Instantaneous current

(i) Average value of current

(iii) RMS value of current

Peak value of current 1, = 20A

www.Trb Tnpsc.com
= (20)" x6.2
= 2480

= 2.48kW. a

at 60°, average value and RMS value b Iternating

©

S

i = I, sinet=1 sing
i = 20xsin60
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Chapter §
Electromagnetic waves
Objective type Questions

. ; : ;. 1
1. The dimension of —— is
.-,

: ' 5 - i (g 1777'1
@ [L7] (by [ L7 ] (© [L'7] (d) [ 1 ]
Solution
o i h g |
Speed of light in vacuum, ¢ = _] _ i l=—

Dimension of is the dimension of ¢?

e,
¢t =[Lr] =[£17].
[Option : (b)]

2. 1f the amplitude of the magnetic field is 3x10° T, then amplitude of the electric field for an
electromagnetic wave is

(@) 100Vm™ (b) 400Vm™ (c) 600Vm™ (d) 900Vm™
Solution

. E
Amplitude of electric field E, = B,c [ c =——"}

— 3x10° x3x10°
= 9x10*=900Vm™ .
[Option : (d)]

3. Which of the following electromagnetic radiations is used for viewing objects through fog?

(a) Microwave (b) Gamma rays (c) X-rays (d) Infrared
Solution
Infrared.
[Option : (d)]
4. Which of the following is false for electromagnetic waves?
(a) Transverse (b) Non-mechanical waves
(c) Longitudinal (d) Produced by accelerating charges
Solution
Longitudinal.

[Option : (c)]
5. Consider an oscillator, which has a charged particle, oscillating about its mean position with
a frequency of 300MHz. The wavelength of electromagnetic waves produced by this

oscillator is
(a) 1 m (b) 10 m (c) 100 m (d) 1000 m
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solution !

310/
- —=1m

S 300=10°

6. The electric and 1 ‘,'V_j[‘OP"‘m : (a)]
elong newsttyn '€ magnetic field associated with an electromagnetic wivé, gpropagating
B negative .v-axis can e represented by

(a) 1 =F _I and l'f"B’\ (h) i’:=l£nk and ” _I ,
© E=EJ and B=p,j d) E=FE,jand B

Solution

Direction of propagation of e.m, wave will be along the dlrccmm of (L % B) (k 7 j) =

E= Lk and B j

[Option : (b)]

Tl 200 ClcClromagncm_ wave travelling in free space, thc rms value of the electric field is

3Vm™. The peak value of the magnetic field is "
(@) 1.414x10*T  (b) 1.0x10*T (©)2828%10*T ~ (d) 20x10°T
Solution A 4
s = _3ﬂ=£= 32 =1.414%107T |
B, N ¢ 3%10° {

% 7 [Option : (a)]
8. An e.m. wave is propagating in ‘zri"”medium with velocity v = vi . The instantanec-)us
oscillating electric field of this g/ffiswave is along + y -axis, then the direction of oscillating
magnetic field of the e.m. waye, will be along :
(a) —y direction  (b) —x dlreétlon (c) +z direction (d) —z direction

“‘m ;
3 |

Solution \
The direction of propagatlon of e.m. wave will be along the direction of (Ex B)

y=vi, velocxty 1&along +x direction and E is along +y direction, = B will be

along +z dlrecuon ﬂl ¥ ixj= k
\ %} \ [Option : (c)]
9.If the magnet‘i‘bmonopo]e exists, then which of the Maxwell’s equation to be modified?

(@) j:.EdA=——— ® RB-dA=0
(C)ﬁ? yi= Hof +#aﬁa—f¥5 dA (d) ﬁ:‘dlr —%cbﬂ

Solution

% -dh =0
[Option : (b)]
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10. Fraunhofer lines are an example of spectrum,

(a) line emission (b) line absorption (¢) band emission
Solution

(d) band absorption

(line absorption spectrum)

Dark lines observed in the solar spectrum are Fraunhofer lines. -
, [Option : (b))

1. Which of the following is an electromagnetic wave?
(2) a-rays (b) /7 -rays (c) y-rays (d) all of them
Solution .
Y -rays
[Option : (c)]

12. Which one of them is used to produce a propagating electromagnetic wave?

(a) an accelerating charge (b) acharge moving with constant velocity
(c) a stationary charge (d) an uncharged particle
Solution

an accelerating charge
[Option : (a)]
13.1f E=E,sin[10°x - o] be the electric field of plane electromagnetic wave, the value of @

18

(2) 0.3x10rad 5™ (b) 3x107*rad s~

() 0.3x10" rad 5™ (d) 3x%10" rad s™
Solution '

E<E, sin[10°x~ar] ; compared with E = E, sin[kv— ]
k = 10°

2T _ 2 _2nf _w [ = -a)=27rfJ
: b

= = kc =10°x3x10* =3x10" rads™'
y [Option : (d)]
14. Which of the following is not true for electromagnetic waves?
(a) it transports energy ’
(b) it transports momentum
(c) it transports angular momentum
(d) in vacuum, it travels with different speeds which depend on their frequency
Solution
in vacuum, it travels with different speeds which depend on their frequency

[Option : (d)]
15. The electric and magnetic fields of an electromagnetic wave are ‘
(a) in phase and perpendicular to each other
(b) out of phase and not perpendicular to each other
(c) in phase and not perpendicular to each other
(d) out of phase and perpendicular to each other

Solution
in phase and perpendicular to each other.

[Option : (a)]

Electromagnetic Waves 66

kindly send me your key Answers to our email id - padasalai.net@gmail.com

~-

Scanned with CamScanner


https://www.whatsapp.com/channel/0029VaAqUqk9Bb672tBn033m
https://www.padasalai.net/

www.Padasalai.Net www.Trb Tnpsc.com

Exercise Problems

Solution

1. Consider a par , ; :
era parallel plate capacitor whose plates are closely spaced. Let R be the radius of
the plates

and the current in the wire connected to the plates is 54 . calculate the

displace . _ ; .
‘hcl)i;llﬂn}cx:t current through the surface passing between the plates by directly calculating
alc ol change of fNlux of electric field through the surface. ‘

Given : Current in the wire connected to plates = I. =5A
Radius of the plates = R

Area of the plates = A
Displacement current /, =?

=1 .=5A
Electric flux, through the space between the plates,

9’513: i T
50‘(-1\

Displacement current =/ /% pbe _ £ ﬁ[i]

/N —'§°7~ dr| g,
dq
() 1 =54
2. A transmitter consists of LC circuit withhan inductance of 1uH and a capacitance of 1pF.
What is the wavelength of the eleetromagnetic waves it emits?
Given: Indugtance L = IpH=1x10"H
Capaeitance C = IpF=1x10°F
A, wavelength of the c&ectrqm‘agn’étic wave emitted =7

Solution Ny

Frequency of the wave emitted, f =

b= |

1 1
2NLC 27210 x10°°
1

Hz. ; f=1592x10Hz

_ 2rx10°
_:Wavelenglh A =f’- ; c=3x10°m/s (c=velocity of light)
= A= %:wwnoz

y A =18.84x10°m.
3.A pulse of light of duration 10s is absorbed completely by a small object initially at rest.
If thei)ower_of the pulse is 60 x 10° W, caiculate the final momentum of the object.

Given: . Duration of absorption of light t = 10"s
Power of the pulse = 60x10™ N

Final momentum = ?
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Solution
Energy U = power time = P xf
AL — velocity of light
Momentum, p . (¢ = velocity ght)

60x107" x10™°
T B
3Ix10

20x 107" kgms™'.
n, the magnetic field oscillates

4. Let an electromagnetic wave propagates along the x directio

at a frequency of 10"”Hz and has an amplitude of 10T, acting along the y-direction. Then,
compute the wavelength of the wave. Also write down the expression for electric field in
this case.

Given : Frequency of e.m wave f = 10" Hz
Amplitude of magnetic field B, = 10°T
Amplitude of oscillating electric field E, =

Solution
: . E
Velocity of light ¢ = B—"
E, =cxB,
= 3x10°x10”
E, = 3x10°NC™
8
Wavelength A = £ =ﬂ
f 1010
A =3x10"m
w=2rf =2x3.14x10"
= 6.28x10"
p - 27 _2xf _628x10"
A ¢ 3x10°
= 2.09%x10°m™
Expression for electric field E(x,t) = E,sin(kx —art)

E(x,1) = 3x10° sin[2.09x102x—6.28x10'°t]NC“' )
Direction of propagation falong +x direction) will be along direction of (ij E) : as B is
along the +y direction, E will be along —z direction (i.e., —£)
= E(x,1) =3x10%sin(2.9x10%x —6.28 x10'7) (—/E)NC"

5.1f the relative permeability and relative permittivity of the medium are 1 and 2.25
respectively, then find the speed of the electromagnetic wave in this medium, . '

Given :

?

Relative permeability x#, = 1.0
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Relative permittivity ¢, = 2.25

. Speed of the electromagnetic wave = 7
Solution

Speed of electromagnetic wave v in the medium is given by

L= =
U‘T" VHott &8, \/ oty \/E—r‘

8
= 3x10*x 2215 - - 3"10 = 2x10°ms” Q
25% 1.5 (b
L=2x10°ms™ . j’ Q
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Chapler 6
Ray Optics

Objective type Questions

1. The speed of light in an isotropic medium depends of .
(b) its wavelengt

(a) its intensity .
' (d) the motion of the sourc

¢ w.r.t medium
[Option : (h))

r of focal length 10 cm
The length of the

(¢) the nature of propagation

axis of a concave mirro

2. 4 > ‘m lies 1 yrincipal g
A\ rod of length 10 ¢m lies along the princip ay from the mirror.

in such a way that its end closer to the pole is 20 cm aw
image is

5cm
(a) 25 cm (b) 5cm (c) 10cm (d) 1
Solution
1, ==20cm, u, =-30cm and f=-10cm
Length of image AB is v, —v,
From miror formula
1 1

1 = 1 2 and X -—

v, [ u, Vy Ug

— = LY A AN v,=—20cm

v, -10 20 -20

i ___1___L= 1 — v5=-150m

v, —-10 =30 -15

Sovg—v, = -15-(-20)=5 cm

[Option : (b)]

3. An object is placed in front of a convex mirror of focal length of f Then the ma).umuril an:ii
minimum distance of an object from the mirror such that the image formed is real an

magnified, are

(2) 2fand ¢ (b) cand = (c)fand0  (d) None of these
Solution _

In a convex mirror, the image is always virtual, erect and diminished, whatever be the object

distance.

[Option : (d)]
4. For light incident from air on a slab of refractive index 2, the maximum possible angle of
refraction is,

(a) 30° (b) 45° (c) 60° (d) 90°
Solution
n, = 1 (first medium is air medium, .. refractive index =1)
n =2
From Snell’s law msini = m,sinr
. |
= —sini
sinr = 2
Ray optics 70
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For maximum r, sinj = |

= sinr

I

N | —

=>r

]

30°,
[Option : (a)]

elength of light in air are v, and A, and that in water is v, and 4,
then the refractive index of water are, ‘

5. 1f the velocity and way

(@) = (b) Y, A (ON,
v, Oy © A, () UV,
Solution NS
iﬂ
n=-=
A,
Since, v « A
. Uﬂ
.n =<
v,
_ [Option : (b)]
6. Stars twinkle due to,
(a) reflection (b) total internal rcﬂectlon
(c) refraction (d) polarisation -

[Option : (c)]
7. When a biconvex lens of glass having refracuve index 1.47 is dipped in a liquid, it acts as a
plane sheet of glass. This implies that the liquid must have refractive index

(a) less than one S (b) less than that of glass
(c) greater than that of glass . (d) equal to that of glass
Solution -~

When a biconvex lens acts as a plan&sheet of glass, the light ray is undeviated. This implies

that the liquid must have refractive md;_:x _aqual to that of glass.
o [Option : (d)]

8. The radius of curvature of a curved surface at a thin planoconvex lens is 10cm and the

refractive index is 1.5. If theg]ane surface is silvered, then the focal length will be:

(a) 5cm Ab) 10 cm (c) 15cm (d) 20 cm

Solution ~

Power of the sxlvered lcns P =2F +P, silvered side (mirror) is plane.

(refer section 6.6.7 — eq 6 79)

(D)

1 2
P = 2P (or) —=—
' [

Léns-maker’s formula

] 1 1) _05

Substitute in (1),
71 .Ray optics
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= 2x—— => f=10cm
[Option : (b))
9. An air bubble in glass slab of refractive index 1.5 (near normal :rIC|(l‘cnch):;;c’5fZLr-rlc'<J';:_;z
when viewed from one surface and 3 cm deep when viewed from the opp
thickness of the slab is,
(@) 8em (b) 10 cm (c) 12cm

Solution

(d) 16cm

n =15
d1'

5cm and d, =3cm

Thickness of slab = d, +d, =nd, +nd,
(1.5%5)+(1.5%3)
45+75=12

I

[Option : ()]

10. A ray of light travelling in a transparent medium of refractive indedx n falls, on a surface
separating the medium from air at an angle of incidence of 45°. The ray can undergo total
internal reflection for the following n,

(@) n=1.25 (b) n=1.33 (c) n=1.4 (d) n=15
Solution

For total internal reflection, nsini. =1 = n=

sini,
for this medium, 45°>i ' ie., i, <45°

= sini, <sin45° (or) sini, <
414

1
——>1.414 (or) n>1.414
sini

L4

. h=1.5
[Option : (d)]
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Exercise Problep,g

1. An object of 4 '
. cm height is pl [ ' -
e, Find pogiliin hcl aced at 6 cm in front of 4 concave mirror of radius of curvature

Solution ight, magnification and nature of the image.
R — 2 = R _‘24 -
f= f—5=-2—=—l2 cm N
(1) Position : 1 1 1 I 1 ] oSN
' TS = —_— 4 -
S v o -12) v (-6) A 12 cm
(") Mﬂgniﬁcation : m = —_U_ = —_]g -
i -6 -
(i) m= Ii = 2=£l— = h'=8cm ..
h 4 =

(iv) Image is erect, virtual, twice the hej

2. An obj_ect is placed in front of
three times the size of the o
mirror.

Data '

ght of the object and.is fermed behind the mirror.

A concave mirror of focal length, 20 cm. The image formed is
bject. Calculate two possible distances of the object from the

Focal length of concave mirror, according to sign ¢

gnv_e_;i‘t'ion, f =-20 cm
Solution )

m

3 for virtudl"and m=-3 for real images

SN L Uw
(f=w( Yy m f f
u 1 ':‘\;.‘ 1
—=1- . u=fl[1-—
T O™ f( m)
For virtual image m is positive, m= +3"

m =

U =—20(1 - ij 80
o 3 3
/.r""'f\“ﬁih T 1;9 cm

For real image m is negdtive;”m = -3

1 1 | 80
1-—|==20{1-— |=-&
f( m) ( (—3)} 3]

-80
U= —cm
«¥W 3
3. A beam of l.i?gh't consisting or red, green and blue is incident
on a right-angled prism as shown in figure. The refractive
index of the matrial of the prism for the above red, green and
blue colours are 1.39,1.44 and 1.47 respectively. What are

the colours suffer total internal reflection?

JooU
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Solution

Let ¢ be the critical angle

: . llL‘I i)
sine = — b o= 8in’ '+
n no l
— 43°
a0 ol VY aaa0 ey, = SN ( )
N - | ~ ARO ¢ g —_— — A ’ e
( wd T s (]_.“l)) = ‘(\ \ (Aprru sin (1.44) ! l 47

For TIR to take place, i must be greater than ¢.

" inet ‘ w bitic undergo total
Angle of incidence i =45° (Fig.). As i>¢,, e

o and £ > G green an

internal reflection. i < ¢, , red does not undergo. N i th
iect i ) s Ocm. Find the
4. An object is placed at a certain distance from a convex lens of f@?’,'cngth 2
distance of the object if the image obtained is magnified 4 times, &7
Data W

f =20ecm ; m=4 ; Ltﬂ={_'.:7 )

Solution

)

According to sign convention, f =+20 : D ml=4 -;'?4
Depending upon object distance, a real image (m = —4) 01‘ an virtual image (m=+4) can be

formed. )
Here, we consider that =44 . N
. & . -“ﬁ'{ + u u
magnification of a convex lens, m = f,,, J : -1— = f = (1 + -—J
T u m f f
1
L i—l] = u=(——1jf
f m m

of = 420 ; m=+4

N « (1—1jzo= -15
y | 4

N, - u=-15cm

5. Obtain the lens maker’s Jjom;ula for a lens of refractive index n, which is separating two
media of refractive indice§_ 1, and n, on the left and right respectively.

S,

Solution N
For the refractlon”tm ‘surface ACB, object
distance is ¢, m /medium n, whereas
refraction occug's:ennrely on medium n, with
the (virtual) 'i"r'nage at I'. Thus, image
distance is, V" Applying refraction equation
for surféc’é,A’CB ,

n, n nz—ﬁ]
T T T R - (1)
vVi.oou R,

For the refraction on surface ADB, the virtual image at I' serves as the object and final
image is formed at / in medium n,. Therefore,

Ray optics 74
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nyoon, ", =n

— e,

“. ‘v'. - l(;r s (2)

\\'\h“ & “‘lll('llgi e o
{ 1

n,oon

<M= e,

. LT} R, EIT:— e
hen u = y= f i
=0, v= 1 substitute in equation (3),
o onm-n L i .. (4)

S e A/- ,el Iez
Dividing equation (4) by n,,

A e _l_ mom  men |
fom| R R,
6. A thin eroi )
converging lens made of glass with refractive index 1.5 has a power of +5.0D .

When this IS i sed i iqui
focal 1 lens is immersed in a liquid of refractive index 1, it acts as a divergent lens of
ength 100 cm. What must be the value of n?

Data
Focal length of diverging lens f = —100 cm
Power of convex lens P, = 50D
Refractive index n = ?
Solution

Len’s maker’s formula, — = (ﬁ £ 1J[L y i]
f

n, R R,
Focal length of convex lens, f, = 71)- = é =02m =20 cm
1

. Is
For converging lens, — 1.5-1)| ———| (-~ forai i .
ging 20 ( )(R sz( or air medium n, =1) ... (1)

1

for diverging lens, f is negative

1 (1.5 )[1 1 J
= — = —=1|| ———
-100 n R R,

Dividing equation (1) by equation (2) and simplifying, |

5
n.= -

3
n = 1.66.

7.1f the distance D between an object and screen is greater than 4 times the focal length of a
convex lens, then there are two positions of the lens for which images are formed on the
screen. This method is called conjugate foci method. If d is the distance between the two
positions of the lens, obtain the equation for focal length of the convex lens.

75 Ray optics
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D

e |

v g
'_. " _._.._."'I____..—.lq-———--—"_"“‘ I

I \wcn

First position

l
Second position . -~

(=%

Solution Q)

D=u+v>4f< ? Lt dhis
. : e,
Conjuugate points As all the light rays {ro t e OPJEC‘ to the émbacgfof;i;‘:ﬁ;s; original
implies that if the object were placed where &l is, an image woul

object position.

e, [ =1v AR

From the figure
A& +v

= WM W

D -(2) gives O
(D =2u = =55
Sl f 2
M+(2) gives C\)Q
1

: z Iad
Lens eq@gls 7 =377

For cc @ ens forming a real image,
<S
@
N

. u
"y S R
\@ Substituting (3) & (4) in (5),

D+d
2

D+d =2v, > v =
1

vV =4y

1 2 " 5. sr 4D
f D+d D-d D'-d’
' DZ__dZ
o f o=
4D
76
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8. Prove that a cope

O, CO Wye o v i "
neave lens can only form a virtual, erect and diminished image.

Solution

The ¥ LR I . "
The image formation in o concave lens is

\\'l|_\0“’l\. above, The image is formed by the i

diverping rave : . . |
| %H:J"L rays on the left side of the lens; o
therefore, for a dwcrging lens, f is negative. ?

Clearly u is also negative,

From lens equation, L J-+l (or) wv= Ju

v f u [+u

(=/)(=u) +ve \fv,iéfncg'z'ltivc
= = L /Y. .
(=) +(=u) -ve image is virtual

1l

with sign convention, V=

4 -V e &
— = — = positive |
" —u

As m is positive, the image is erect,

Similarly, m =

From diagram, |v|<|u| = m<]1
image is diminished. % ;'
9. A point object is placed at 20 c¢m from a lhin'; Tp‘ilaujc');convex lens of focal length 15 cm
whose plane surface is silvered. Locate the positien and nature of the final image.

Solution . P

Data \V b
Object distance fu| = 20 cﬁ; N
focal length of convex lenz f, = 15 cm*iQ
(refer section 6.6.7 — eq. 6.78) &“:-J

Power of the silvered lens  PE 28 +P
> W

m

For the silvered surface (i.c., *.?mirf?or, m) as it is a plane surface

H= o = p=t=0
\#\\b -/;n
Oy P-=
N O 2 2 15
e v ——=2PI=—=—:>f=—cm
N e 715 2

Silvered lens'is a modified mirror.
Usingr[mi',rijef' formula and sign convention, (i.e., u = -20)

11 1_=2 1 -5 -1
v f u 15 (200 60 12

77 Ray optics
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\ 3 ' k ' fer ‘1,
e will be tormed 12 cm from the lens on the same shde of the ohjec

: l‘) \ I,n;u!(- ‘l‘ i"V(_‘”':‘l “”(I rlf“l.
O ) N B

I =20 5 moreover, image i diminishe

1O FInd the vatio of the intensitics of lights with wavelengths 500 nm and 300 nm- which

undergo Rayleigh seattering,

Solution
1) 1
L (A _(00x10”) 81
AT 4 500x10" ) 625

Ray optics 78
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Chapler 7

Wave Optics

L. A plane glass is placed over
which appears to be

a various coloured letters (violet, green, yc@' red). The letter
(a) red

aised more is,

Solution (b) yellow (¢) green jolet
0

2. Two point white
diameter 3 mm

by the eye is, [t
(@) 1m

(D [Option : (d)]
Ots are 1 mm apart on a black paper. ¢ viewed by eye of pupil
approximately. The maximum distance %‘hcsc dots carf g resolved
ake wavelength of light, 2=500nm]. Q)

(b) 5m (¢) 3m (d) 6m

Solution Q)

a=1mm ; d =3mm p A:SOOan d
asinf = 1,22, a
a A g
a EJ = 1.221 (nearly) o

a 1.222

= e—

R d : O
I1x10™®  1.22x500x%10°°
R 3%10° \

3x10° x1x107
1.22x500%107%

3000
R=—20 af™;
1.22x500$ Y
[Option : (b)]

3.In a Young’s double-@xperiment, the slit separation is doubled. To maintain the same
fringe spacing o creen, the screen-to-slit distance D must be changed to,

(b) % - (©) ¥2D @) %

2

=
I

@20 O)
<

e ! AD
PN g
.\Vﬁﬁ—)&j but # remains same,
N

, AD' AD' AD
p=F=p =22
d' - 2d d
D' =12D,
[Option : (a)]
79 Wave optics
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jes 1 and 4l are superposed, Thy

4 Two coherent monochromatic light heams of infensit boams are
maximum and minimum possible intensitics in the resulting Def () 91 and 31
() STand 7 () 51 and 31 (¢) 9T and | '

Solution
b

[

o) %
{

_Jat) =1
JI Ji l) \Q [Option : (¢

5. When i A : (f? ig
5. When light js incident on a soap film of thickness 510 5 em, The wavelength of ligh

™ TR . s . i hc,
reflected maximum i the visible region is 5320 A. Refractive x of the film will

(a) 1.22 ‘ (dy 1.83

Solution (b) 1.33 (c) 1.51 \Q
Assuming the incidence is almost normal for minimp& of 1 ie., r=0and n=1,

= cosr=|
2n+1
5o Aaa 201
t 2n+1) T
= 5x10‘5&iém
~10

@+ "5320x107° _ .

Ho= .
2x 2
6 [Option : (b)

6. First diffraction minimiam due to a@]e slit of width 1.0x107cm is at 30°. The

—
1
—
~

h N

[ (o]
ISEEN

wavelength of light used'is,
(@) 400 A _ (b) 500 \Q () 600 A (d) 700 A
Solution K
asi nA
l.OXIO'7$°) = 1xA (for first minimum, n=1)
) _7 - o .
A = I_O.XIS;“?’OJ()_swam

SN T4 = 5004
\Q [Option : (b)

. .
7. A ray o.f light strllfbi\a glass plate at an angle 60°. If the reflected and refracted rays ar
perpendicular tos¢achrother, the refractive index of the glass is,

@ 3 \(p' OF 0L @2
N 2

Solution ,
If the reflected and refracted rays are perpendicular to each other, angle of incidence is th

polarising angle i,. ;
Wave optics 80
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By Brewster's law

o= tan (i)

! &= tnn()()”:\ﬁ.
¢ [Option : (2)]

e . . : The
8. Onc of the Young's double slits is covered with a glass plate as shown in figure.
position of central maximum will,

(a) get shifted downwards (b) get shifted upwards
(c) will remain the same (d) data insufficient to conclude
Solution

When both the slits are open, the path
difference at O will be zero and hence the central
maximum will be at 0. As the upper slit is
covered with the glass plate, there will be a path
difference at O (due to optical path in glass plate).

Therefore, light from lower slit has to travel
additional path in air to equal the path length of
light from upper slit.

Thus central maximum will now be at P
i.e., shifted upwards.

[Option : (b)]
9. Light transmitted by Nicol prism is,

(a) partially polarised (b) unpo{aﬁsed .
(c) plane polarised (d) elliptically polarised
Solution

[Option : (¢)]

10. The transverse nature of light is shown in,

(a) interference (b) diffra.ctic?jg
(c) scattering (d) polarisation
Solution

Both longitudinal and transverse waves exhibit diffraction, interference and scattering; but
only transverse waves exhibit polarisation.

[Option : (d)]

81 Wave optics
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uxercise Problems

I. What ig

‘ the ratio of the amplitudes of the two inferfering waves?
Solution Q
L = ()’ _ (a+ a,)” Q
IITIIH (I\min)z (ll' _“2)2
36 a+a, Y (b 5a, =Ta
_— 2 a, 1, =6(£l| —'{lz) = oa, = 2
1 a,—a,

1. The ratio of maximum and minimum intensities in an inlcrmicc pattern IS 36:

=5
a,

2.1n Young’s double slit experiment, 62 fringes are seen in visible region for SOdiur.n “g}-lt ol
wavelength 5893 A. If violet light ength 4359 A is used in place of sodium il
then what is the number of fringes sm

no=062; A= . A, =4359A

n, =17
Solution Q
Dni |

In an interference patte thtance of a bright band from the centre is y = g D.d
are constants. For x&ffe<nt wavelengths, nA = const. .

i
5

Data

n = nid
O . .m
O .« AN
o _62x5893A _oagig
43594
0 = n, = 84.

3. Light of\wayelength 600 nm that falls on a pair of slits producing interference pattern on a
screen in which the bright fringes are separated by 7.2 mm. What must be the wavelength of
a er'light which produces bright fringes separated y 8.1 mm with the same apparatus?
Solution

ﬂz_%:;’ ﬂ=i

Q\ d b A |
_ _ B, _81x107 s
~ oA = ﬂlA——7.2x10_3x600—675nm

\Q‘l. A beam of light of wavelength 600 nm from a distant source falls on a single slit Imm wide
@ and resulting diffraction pattern is observed on a screen 2 m away. What is the distance

\ between the first dark fringe on either side of the central bright fringe?
B \ Data

Wavelength of light 4 = 600nm
Distance of screen D = 2m
slit width @ = Imm

Wave optics 82
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solution

FFor a single sl for (3 -
mgle shit, for firg mimmum, asind = A, (n =

. \‘ |l
sinf== . 2 _
D a b = A

y = /12

«a

1]

600x107° % =1200%10"°m
10

Yy =12mm.

Distance . A s ) Py @
between two dark fringes which are on cither side of the central gright fringe

= 2x1.2mm=24mm,

5. Light of wavelength 5000 A produces diffraction pattern of a slnglc Sﬁé"’f width 2.5mm.
What is the maximum order of diffraction possible? "

{‘

Solution L5 NG

asin@ = niA ; 0=90 (for max. ordéﬁ*-

a=nl = n—-tl ___%25><10'6 %
A 5x1Q7 )

w -
6. 1, is the intensity of light existing between two Polamnrg; kept with their axes perpendicular

to each other. A third polaroid is introduced between them. What must be the angle between

the axes of first and the newly introduced polarouito get the maximum light from the whole
arrangement? L )

=
By

Solution '

i
A

1, is the intensity of light entering the 3™ (iﬁﬁﬁdﬁced) polaroid; let it make an angle & with

first polaroid. As first and second polaroids are/perpéndicular to each other, the angle bctween the
axes of third and second polaroids is (90° - 9) (ﬁg)

' 6,

B / ‘%\'.(90—9)

Second

o v

First
intensity of light eméiﬁing from 3™ polaroid, I, = I,cos’ 8
Intensity of llght emergmg from 2™ polaroid
*LN (‘f ’ 1, = I,cos’ 2(90-8)

13 sin? @ = (I, cos® f)sin’ @

]7(:(2 sinfcosO)’ = %(sin 26)*

I, will be maximum when 260 =90° (or) 8=45°.

83 Wave optics
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7o Ananpolarised light of intensity 32 W7 passes through {
of the first and the last polaroids are at 907, What is the an )

. . . i n

and the middle polaroids so that the emerging light has an intensity 07¢ '

Snl ul i(lll
i " 13 . : ¢l cident lmpnl:lri\'c(
lmc"”l." of I'gh‘ L‘lm‘rging from the first p()l:l!’()l([ WI” be hz‘llf Or “1 m |

) 2 H
light, i.c., 3?"= 16Wm™ . Letit be /, = 16Wm™. Let 0 be ll]ﬁ‘«:f?f‘glc between the axes of

L1 . :
the 17 and the middle polaroid.

; 0,
: |
1 *’ r,: .
Unpolarised ' I ! N
light | S ~ N,  Second
First Third '\ 9

The light emerging from the middle polaroid, ."3_-:7_- 1,, cos* 0
/= 1,053 (90-0) = I,sin® @

light emerging from the last polaroid,
= (I, cos* )sin® 0

I, . 2
-2 (sin20
3 (sin20)

From the given data, 7, =3 Wm'2,=> =""1—6(Sin 2Q%E 3
| E W \V)4

= sin260 =

g = 30°

8. The reflected light is foun’drfg be plane polarised when an unpolarised light falls on a denser
medium at 60° with thesngtmal. Find the angle of refraction and critical angle of incidence
for total internal reflection in the denser to rarer medium reflection.

Solution 7 ./
Given i, =60° = Jangle of refraction, r= 90-i, =30°

rcfract\l\?e index n = tani, =/3=1.732

,::x‘f‘}} sini, = ~=—_—=0.5774

N w1732
-~ 5= sin™'(0.5774) = 35°16'.

R c

0. Theang?‘f‘:pt)int and the far point for a person are 50 cm and 500 cm respectively. Calculate

the power of the len’s the person should wear to read a book held in hand at 25 cm. What
fhaximum distance is clearly visible for the person with this lens on the eye?

Solution ™,
(i) u=-25cm ; v=-50 cm

Wave optics 84
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J Voo E?) - (=25) - :3—(—)
Pl

fGnm) 05
V= =500 e¢m =9

g =2D (convex lens)
() f =50 cm .

| | 1 I
Lt e SR ) | S 500
i v j‘ —500 50 ’—500 ‘e H-—-——l—‘-—-—45,45

(or) l“l = 4545¢cm,

. . ! S€ope has a m;q
infinity. The objective has a focalll1<;1

focal length of the €yepiece?

gnifying power of 100 when the image is formed at
ngth of 0.5cm and the tube length is 6.5cm. What is the

Solution

As the image is formeq at infinity

m = LX-Q = f =£XP—
o T, C fy o m
6.5%25
fe s = .25
0.5x100 3.25 cm
I
85 Wave optics
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Chapter 8

atter
Dual Nature of Radiation and Matter

Objective type Questions

rg,ldtcd by
ner 'Y’ ""‘
< The wavelength A of an electron and 4, of a photon of same enere

p 4
((U ’1/ %
() A, A (b) A, o \/,L (c) Ap & l/\[‘
Solution -8
De broglie wavelength for photon

hie
he N @ /
3, =" (Q = AJi

al N\
F % C] t /1 h . AI = _ﬁd— &
For electron = —_—— 5 A=
C o \2mE 213J£
3 hzlp N
= A= N\
nhe 4@%
/1!, oc ﬂ,‘,z & Jy

[Option : (d)
of 14kV . If the voltag

t
is changed to 224KV, then the de Bloglwavelf:ﬂglh associated with

(a) increase by 2 times @ éb) decrease by 2 times
(c) decrease by 4 times \ (d) increase by 4 times
Solution 'Z,"@'
i’; 12.27A 1
U= 3 ,1(_ o ———
Y vV 1%

[Option : (¢
3. The wave assocmted with a moving particle of mass 3x10°g has the same wavelength:

an electron movmg with a velocity 6x 10°ms™ . The velocuy of particle is

(a) 182x10’ (b) 9%x107 ms™
(c) 3x107 ms™ (d) 1.82x10™"" ms™
Solution
m = 3x10°g =3x10°x10™ kg = 3x10™ ke
A= 4,
Dual Nature of Radiation and Matter 86
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mv

f”'U’
= nmo = m.u
) - "l‘_“r
m
O9%10M x6x10°
U= —— = 18x10"
3x10
U= 18x10"ms'

4. When a metallic gy . [Option : (d)]
potential i ‘; lff Stﬁlcfucc is 111Lf1minatcd with radiation of wavelength A, the stopping

. i Same surface is illumina i jati ]
Stopping potential js V4. The thg Hluminated with radiation of wavelength 21, the

10ld wavelength for the metallic surface is
(@) 44

(b) 54 (c) %/1 (d) 31
Solution
By Einstein photo electric equation

h(v—v,) = eV,

For wavelength 4, Jc 1 1)_ 1% .. (1

P e ey

For wavelength 21, he L N £ N .- (2)
22 A4, 4

Solving equations (1) and 2)
Ar=32

[Option : (d)]
5.1f a light of wavelength 330nm is incident on a metal with work function 3.55eV, the
electrons are emitted. Then the wavelength of the emitted electron is

(Take i = 6.6x107Js)

(a) <2.75x10”°m (b) £2.75x10”m  (c) £2.75x10™m  (d) <2.75x10"°m
Solution ‘ '

By Einstein photo electric equation

hv—¢ = %mv"m =K

hc
K =25
e = 70
-34 8
_ 6‘6"31(; 1’(‘)?,"10 ~3555x1.6x10™° (- 1eV = 1.6x10"°])
OSOX
K = 6x10"-568x10"=0.32x107"%J

87 Dual Nature of Radiation and Matter
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De Broghe w avelength of electnon
A
& S

vomiE

Hee & = K

¥
 {
"

and A i A

LaTh Y

6610 ~2.75%10°m

2 - sk —— Y
Sy

J2x0<10 M0 32x107"

e ermitrad et x . Jenoth 2 2.75x10 "' m. \
e mad loctron will have wavelength 2 Q) (Option : (b))

: wic light of wavelength
S A photoelactric werface is illuminated successively by monochmmanc lig

. . A |@trons in the second case
A and

-

e E H 3 aterial is
ts 3 times thet in the first case. the work function at the 2@ N\

_1f the maximum inetic energy of the emitted ph

. he
y BC 2hc he il
r ~A A
Solution
Emnstein photo electric equation for first case @
B o = Smol, -

p 2
for second case &
Sob. (I)in (2), - ~

- (2)

SINES
|
Q
I
L)
—
£
B
AL

Z A
O YRR IPY.
A yi
24
% ‘ [Option : (d)]
7. In photoel ission, a radiation whose frequenc-:y is 4 tim‘_:s thresho!d frequency _of a
certzin metal i ident on the metal. Then the maximum possible velocity of the emitted
electron w1Ll\

hv(/ 6hv” hvg d hvo
(a) __Q (b) m (c) 2 m @ 2m

Solution \Q
N

1 2
hv—nhv, 5

1 5
v = 4170 = h4v0—hvo=5nwm
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e ® S0,
o _ Ohy
I\\_\\ - ———

m

U= \/E
m

. Two radiations wWith photon energies 0.9eV [Option : (b)]
metallic surface successively. If the “: €V and 33eV respectively are falling on a
maximum speeds of emitlcdi

ork function of the metal is 0.6eV, then the ratio of
‘ electrong will be
(@ 1:4 (b) 1:3
ution : () 1:1 () 1:9
hv—hy = —I— 2
o znll)mu
F A
or 0.9eV photon, (0.9-0.6) = —;-mu,2
For 3.3V photon, (3.3-0.6) — %mug

2
by dividing 2= — Y
2.7 v;

[Option : (¢)]
9. A light source of wavelength 520nm emits 1.04x10' photons per second while the second

source of 460nm produces 1.38x10" photons per second. Then the ratio of power of
second source to that of first source is

(a) 1.00 (b) 1.02 (© 1.5

(d) 0.98
Solution

Power of  source=no. of photons

emitted per second x energy of photon
y 5 n
X P= Tmal:_xE)
R

7 E Ct=1ls = P=nE=nli€
A
he hc
Pn=n;—}: ; Pz="zz

P, mA 1.38x10"x520%x10”
P nd, 1.04x10"x480x10”

=15

[Option : ()]
10. The mean wavelength of light from sun is taken to be 550nm and its mean power is

3.8 % 10? W . The number of photons received by the human eye per second on the average
from sunlight is of the order of

(a) 10% (b) 10® (c) 10™ (d) 10"

89 Dual Nature of Radiation and Matter
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Nt
Ao 66xl0 . -‘_"_'”,,‘. RN (L

A TRANI0 \

E =

sremmier of Photons emitted per second

AR RN (] »
me ==t 10
Eo3oex1o
Option : (a)]
s > » - ru"cliOn 'l
1. The throhold wavelength for a metal surface whose photoclect ork is

S313eV i

2} 41254 () 3750A (c) G0DOA C\()g"(’zj’\

6= =t <
AL

_ﬁc_-:6.626x10"“x3x10” 3W5%107 =3750%107" m
é  3.313x1.6x10;

= 3750x10""m 0
[Option : (b)]

IZ. A light of wavlength 500nm is incident o*@tosensitive plate of photoelectric work
function 1.235eV. The kinetic energy of wthe photo electrons emitted is (Take
h=66x107"]Js)

(2) 058eV (b) 2.48eV o (c) 1.24eV (d) 1.16eV

o
|

Solution
.
2 ¢ = 2
—34 8
K=—66r10 x3%x10° | 935-2.475-1.235=1.24eV

500% 107 x1.6x107"°

\Q ‘ [Option : (c)]

13. Photons of wavelength incident on a metal. The most energetic electrons ejected from

the metal are bent into ‘acir€ular are of radius R by a perpendicular magnetic field having
magnitude B. The %&nction of the metal is

he & BR? he [¢BRT

(a) ——m, + b) —+2m,+
Y7 % By 72 om, |
2

he . OBZR2 he [ ¢BR |
1€ _ 2 MY LR &)=
© A N @ A et 2m

‘ 2m, | | 2m, |
Solution .
/1C‘ 1 2
e #= =M
Dual Nature of Radiation and Matter 920
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‘ontri . m
centripetal foree = __;_,’_":....7 = Bev,
R
BeR

m,

he 1 Bek Y he |1 BR e 4
S = e | 2 m il | Ly | €28 ] 2
A 2 "(m, =ik 2|2 m, "3

i , )
P o= —:——er[ﬂ]

2m
¢

Il

[Option : (d)]
and C are 1.92¢V, 2.0eV and 5.0eV respectively.
rons for a radiation of wavelength 4100A is/are
(b) both A and B (c) all these metals (d) none

14. The work functions for metals A, B

The metals which wil] emit photoelect
(@) A only
Solution

-34 8
Formetal A, 2, = he _ 6.626x10™ x3x10
@, 1.92x1.6x107"

=6.471x10"m=6471A

234 8
For metal B, 4, = "¢ _ 662610 x 3_>]<910
% 2.0x1.6x10

=6.212x107m=6212 A

o} -3 8
+ For metal C, i =/I_C:6.6._6x10 x3_>:910
?- 5.0x1.6x10

=2.485x10"m=2485A
A=4100 A
For photo electric effect 1 < 4,

for both A and B photo electric effect possible.

. [Option : (b)] -
15. Emission of electrons by the absorption of heat energy is called

emission.
(a) photoelectric (b) field (c) thermionic (d) secondary
Solution ;
[Option : (¢)]
91 . Dual Nature of Radiation and Matter
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Exercise Prollems

\ ) i ( HHIIH ]’
. u\ WY ‘Q“\“‘\\‘ PN AR AL AT T a “\\\l“ livaat W
\\\\\l\\\‘\\\\

Dt Q\)

\ |
B oo SOmW = 8010 W o a0 «o I

Ve a0 = (00

Py emitiad (SRR ULUESER LR [} ') Q
L | RIS e OF phivions eimtiied pet weond, then P =nk Q‘b

nhe
Y= A=
!
- AxB626x 10 Y A’
SO0 & e , Q’
! ol 10"
\\n\i‘\ \(“()\'” l A ” l:_: I().I()XI()M
N = == - )
(\‘(\.‘.(\\IU N \\H‘! &
{ ‘\(‘\l“‘f g

otoclectrons emitted
2o C0kenlate the maninm Kinetie energy and maxinn Tamny of the pcl:lmcm
when the stopping potential is STV for the plmt:) ic cmission exp

Solution 3

Data \, o= N1V \

= -17
= eV} = Lox10™" x81 :@.6x10 W =1.296x107"J

" 1
Ko = MO \Q

By = F‘V“ \;u]mg(r ~0.5337x10"
k) m 1;ﬁ’h\lO"

= 0.53x 3x10°ms™
3. Calculate the encrgies of lh ons associated with the following radiation : (i) violet light

of 413nm (i) X -mw m  (iii) radio waves of 10 m.
Q) . 1=413x107m
&N
3
'\(sa(‘ 263107 x3X10° _ oug %1077
R\ 413x10°
= 4.8%107°J,

4.8x107" 1 ]
S A8xI0 v [ N=——eV
= Tox10™C" [ L6x10"

3eV

E

i
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A
E - 0.626x10™" x 310"
0.1x10°

1.9878 x 107"

1.9878x 107"

= WCV g 1.2427'(]0‘

Il

N
Y,
E = 1242¢ev Q
(1) A=10m : E =£I£ (OQ
A
S
s

E 6.626x10* x3x10°

= 10 =19.878x107J

19.878x107%
= =gV

1.6x107" _ \Q
E =1.242x107eV . _ 0

4. A 150 W lamp emits light of mean wavelength of A - A
5500A.
the number of photons emitted by the lamp ii one second. OV 18 12%, find ot
Solution Q

Data: P = 150W =150Js! ' 50

A = 5500A=5500x10""m
Efficiency = 12% a

fiim
- E =\12% of P O
.:\ 12
= x150 —187¢
100 O _
nhe .
E =nhy = 7 (n= num f photons emitted per second)
_ nx6.626x x10°
55 N

o 18550010
5 6.636x‘é-; x3x10°
n=49 \N»l”.
5. How many photons of(\gmncy 10" Hz will make up 19.86J of energy?

Solution ‘\

Data v=10"Hz ; E=19.86]
' E = nhv (where n is number of photons)
E 19.86

n= =2.997x10* 0 3x10%

v 6.626x10~ x10"

93 ) Dual Nature of Radiation and Matter
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6. What should be the velocity of the electron so that its nmmcﬁﬁﬁﬁ%u.llﬂ A

wavelength photon?
Solution %
Data : 1 = 4000 A=4000x10""m=4x10""m

Momentum of the photon 7,
Momentum of the electron F,

P

c

- oag2xi0t N
— 1820ms™".

7. When a light of frequency 9x10"Hz is incident on d
emitted with a maximum speed of 8% 10°ms™. Deten’gle
surface. ‘

Solution
Data :

K. .= %mu

| %x9.lx_10‘3x(8x105) = 662@?10"3(9“0‘*—%)
y 9“@0 x(8x10°)’
(6x10"-u) .\ 6.626x10™ .

“““““ . 6.626x107 =43.95x10" =4. 395><1014
# \ 2)( X B

N 9x10% —4.395x10"

8. When a 6000 A hgﬁ% :fast on the cathode of a photo cell, photoemission takes place. If a
potential of 0. 8V‘xs\\rcqu1red to stop emission of electron, then determine the (i) frequency

of the light (u')\energy of the incident photon (iii) work function of the cathode material
éncy and (v) net energy of the electron after it leaves the surface.

Solution A ‘
Data : ‘ \ A = 6000 A=6000x10""m
V, = 0.8V .
(i) Frequency of the incident light,
c
=7

Dual Nature of Radiation and Matter 94
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 000%107°
v o= 5%10" Hz .
(i) Energy of photon incident on the cathode
E = hv=06626x%x10"»%5%10"
E = 3313x10™"J
3.313x107"

== eV =207eV'.

(iit) hv = hy, +-12—mu2

= ¢ +eV, ( %mu’=cvn)

9 _0.8x1.6x10™
o gyi= hy—ev, = 20TXL6X10T ~08x16xI0T

1.6x10™"
= 2.07-0.8
= 1.27eV
(iv) Threshold frcquency =V,
| hv(I) = ¢

-19
L= L2TxLOXI0T 5 47,010" 1z
0T T T 6626107

(v) Net energy of the elcctrpn,aflcr it leaves the surface = its kinetic energy &
0
k = eV,
= 1.6x107"%0.8

1.28x10™"
1.6x107"

9. A 3310 A photon liberates an electron from a material with energy 3x10™°J while another

5000 A photon cjects an electron with energy 0.972x10™"J from the same .nmtcriul.
Determine the value of Planck’s constant and the threshold wavelength of the material.

— 1.28x107") = 8eV

Solution )
Data : A = 3310A=3310x10"m ; K, =3x107"J
2, =5000A=5000x10™"m ; K,=0972x10""3 3 hi=?
: 1 1
K = -;—mv2 =h(v—v0)=hc(z-—-z)\]
|
- K, = he ——-——J (D
‘ (4 2
1 1 .
K, = he ———*) o (2)
: (ﬂq )
Subtracting equation (2) from equation (1)
95 Dual Nature of Radiation and Matter
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PR i 4
f\,--’\:A It ';{I /l,

S i -
(3-0072)x10™" ],x;lxl()*xlf)”(n'n 5(N)()J

i

2,028 10" %5000%3310 g
h = 3% 10" x 1690 Q)
h = 6.62x10"1s QQ
cquation (2) = _‘h - __'___J_ | (b
he A A
Lk SN
3w O
' I 0.972x10™"

A, 5000x10™" 3x10"%6.620

2x10"=0.4890% 10" = 1.5 )
A, v 6.618x107m,
A, = G6GI8A

10. At the given point of time, the earth receivesierfergy from sun at 4eale

) 2
the number of photons received on the susfage of the Earth per ¢m
Mean wavelength of sun light = 5500 A: leal=4.2 1)}

Data : y

m~2min~". Determine
per minute. (Given :

5 ')l"'.l

Energy received from the sun —Qcm"' min”
:‘Vcl

Energy of a single pholo%

g = 8:626x10" x3x10" _ 19.878x10""
5500x10™" 55

afr

E =3614x107"] |
Number of photons rec by lem?® area of earth’s surface in one minute =n = =
@ \ f

Q= 4x4.2J cm™? min™
P 4x4.2

'\ P=nE ; n== = —————=4.65x10".

/ !:
ength 5500A = E = %

o |

E ~ 3.614x10™
11. UV light of w, gth 1800 A is incident on a lithium surface whose threshold wavelength
4965 A. D.N ¢ the maximum energy of the electron emitted.
Solution ~N
Data _ '
A =1800A =1800x10""m ; 4, =4965A =4965x10™""m
|
Kmux = ,J(.’ —__]

(ﬂ %
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Ki = 0.626x10™ %35 10* s [ ! l )

—

1800 4965

= 19.878x10-'“(__3‘£_
18004965

Ko = 7.040x107"]

7.040%10™"
= ———c¢V=44¢V

1.6x10™
K. = 44deV.
12. gzlll;ulate‘”the d? ,Broglie wavelength of a proton whose kinetic energy is equal to
Ix107"T . (Given : mass of proton is 1836 times that of clectron).
Solution
Data E=819x10"y . m = 1836m, =1836x9.11x10™" kg
1=t
\N2mE
7 6.626x107

\/2><9.11x10‘3‘>'<1836x81.9x10””

5 = 6:626x10™
- 1655x107™

A; 4x10™m.

13. A deuteron and an alpha particle are accelerated with the same potential. Which one of the

two has (i) greater value of dé"Broglie wavelength associated with it and (ii) less kinetic
energy? Explain. i\

Solution
;2md =m, ; q,=2e ; qu=e

(1) de Broglie wavelength

P ‘
A = ﬁ, where ¢ is the charge on the particle.

2mqV
h i h
For deutron, 4, = =
\/2’"4%‘/ \/2mdeV
F ticle. 4 h h h A,
1Cle, = = = =2d
N © 0 2mgV  J22m)x2exV  22mev 2
A= 24, ‘
Deutron has greater wavelength (twice the wavelength of a particle).
(ii) Kinetic energy K, =eV Q K=4V) -
K, = 2eV
K, = 2K,
97 , Dual Nature of Radiation and Matter
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-
o 2
* Deutron has less Kinetie energy (half of kinetic energy of @ ). wat is the de Broglic
. ) . at I
14 A electron is accelerated through a potential difference of SIV-'W.‘;' cetrum does this
wavelength associated with #t? To which part of cleetromagnetic Sp

wavelength correspond? Q\)
81v

Solution

S
12.27A Q
A = ,
i D
12.27A
A =20 1.36A -
This wavelength falls in X-ray spectrum, i | Q

: . through a
15. The ratio between the de Broglie wavelengths associated with Wns, accelerated g

: , Its i
potential of 512 V and that of alpha particle accelerated t a potential of X VOlls Is
found to be one. Find the value of X. 0

Solution ¢ ' &
V, =512V ; V,=

m, U 4m, ; q,,=© i q,=¢€
h
Ay = [2 - % A= 2m,(2e)V,
W @ a
=1 (given)
R

Dual Nature of Radiation and Matter 98
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Chapter Y
Atomic and Nuclear Physncs

ohjective type Questions

1. Suppose an alpha particle accelerated by a potential of V volt is allowed to collide with a

nucleus whose
the nucleus is

, Z 5 ,
@ 1442 A ® 1442 A

Solution

Kinetic energy obtained through potential = gV =2¢V

atomic number is Z, then the distance of closest approach of alpha particle to

Z -] V 2
1.44= A d) 1.44= A
(© T (d) Z’

(Q charge of ¢ -particle, g =2¢)

According to law of conservation of energy,
Kinetic energy = Electric potential energy

-~ 2%V — 1 2exZe
4re, K
R o= 280510 x1.6x10° % 2N ¢, =144Z A
4re, V Vv 4

[Option : (a)]

2.In a hydrogen atom, the electron revolving in the fourth orbit, has angular momentum equal

to
(@) h ) 2
T
Solution s
f, Senk
2z
L = 2

2r

© & @ 2
T o

3. Atomic number of H-like atom with ionization potential 122.4V for n=1 is

(@ 1 (b) 2

Solution

ionization 2

2
T
. [Option : (d)]
(© 3 d) 4
2
Boy  pp 1224X1 o o5 3

13.6 |
[Option : (¢)]

4. The ratio between the radii of the first three orbits of hydrogen atom is

(a) 1:2:3 (b) 2:4:6 (c) 1:4:9 (d) 1:3:5
Solution
ren® = nin:in=1:4:9
’ [Option : (¢)]
5. The charge of cathode rays is - .
(a) positive (b) negative (c) neutral (d) not defined
Solution
[Option : (b)]
929 w7 " Atomic and Nuclear Physics
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Yo 10 vm
ific charge 18

. . X ¢

60 L) Thomeon efm expetiment, electrons e
croseed electric and magnetic fields of arength
nndd pacs throngh it undeflected. Then the 4peat

po H’(i’,
(M 16510"Chp ' (b 17510 Chg* (@) 15710

Solation \

and 1,0710 T, 'm""""‘rl-,

Vo) 187107 Chg !

Electrons are undeflected, Q)
sell = BeV Q
_ E_3x10° Q
BT o
= 3x10"ms"’ \Q
kinetic energy = work done by the p. d ()
" y
%muz =V .. ’—(;;'—* ;);’ %Q_QJMIO ok
~Lb [Option : (b))
7. The ratio of the wavelengths for the transition from Qn: in L, He s
(d) 4:9:36

(a) 1:2:3 (b) 1:4:9 (c) 3 6
Solution

According to Bohr's theory, SO

|
wave number, — = ZIR —_——
A nt om?

For Li** atom, Z =3; for He* atom, b forH om. —1
o

8. The electric potential of a \é:lron is given by V=V, ln( ] where r, is a constant.
o

Therefore Au.. P PP

He'

&l—-

al,
9’
_[Option : (d)]

orbit r, with the

Assume that Bohr atom is valid, then variation of radius of n'

principal quantum nu mb

(a) rnocl \(g o n (c) :';,c:cni2 (d) r;'cncn2

n \

Solution \Q

' r
Electric poten’(\ =V, In (f) ; electrical potential energy, U =eV =eV,in [;—] -
0 0

d r 1
Electric force, F = —-dﬁ =-eV, [ln (—):l =-eV, [;J

dr . Cdr Ty

This force acts as the centripetal force, therefore,

‘Atomic and Nuclear Physics 100
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|’ eV, m’ eV, eV,
| = 2= o =2, = [T
r m m
I nh nh
s = = — = =
27 27rmo
nh m nh
=22 r= — —_—=e——— = ro.n

2rm\ e V0 2 meV,

[0puqn (b))
9. If the nuclear radius of ¥ A7 is 3.6 fermi. the approximate nuclear radius of * C‘u i
Solution
1
ro= RoAl’ = |4 lz[gy_i
no A 27 3
L = 3.6F r,=%><36=48r

“J [Option : ()]

10. The nucleus is approx:mately spherical in shape. Then thc QU{f'ICL area of nucleus having
mass numberA varies as

(a) A3 (b) A3 () A% t\ g
Solution \

s | m

= "&:{.

2
3

Y
Surface energy = 471’ = 4;1'[12,;\3} £ S.E.c Al
@

P

N - [Option : (a)]
11. The mass of a ’L: nucleus is 0.042u , lws\"m the sum of the masses of all its nucleons.

The binding energy per nucleon of ] Li mucleus is nearly .
(a) 46MeV (b) 5.6MeV C ’w’ © 39MeV (d) 23MeV
Solution
Binding energy, B.E.: {Bm x931 MeV =0.042x931MeV [ Iu=931MeV]
A *0‘.040 x93t _

5.586MeV; 5.6MeV
» ~ [Option : (b)]
12. M, denotes the mass Qithc proton and M, denotes mass of a neutron. A given nucleus of

bmdmg energy B cmftmns Z protons and N neutrons. The mass M (N,Z) of the nucleus
is given by (where ¢s the speed of light)

@ M(N,Z)=NM¥2M,~B  (b) M(N.Z)=NM,+2ZM,+Bc*

!'?‘f

() M(N,Z)= NM +ZM ,-Blc’ (d) M(N,Z)=NM,+ZM ,+B/c’

Solution

B = Amc® ; Am=£,
=

I

Am = ZM ,+NM -M(N,Z)

101 Atomic and Nuclear Physics
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W(N. ) » FAT I NM_ - A
. ' '”
M, » WM. = [()pllnn:(cn

¢ 7) emils 2ax and 3

. pumbe g
wiie M cus will be

LA radic
\ radicactive pcheus (inital mac number A and at 1 nuel
s in the fina

SO YeS A vud . .
PUsirons. The ratio of pumber of pevtrons to that of prot \-7Z~12
‘._. - . J . . ’ I - ”

} —— \-7Z-2 A-Z -+ —
\a - ) el (¢) ——— (d) 7 -4
£ - - »
- Z -6 / =

Solution

[hk' radroac
Aroactve dege . u
©URCay can be reprecented ac,
11

- X -3 _: :}' ;,:;[{(‘_ \‘r

x of sittar a A
oL ¢ feutrons inthe end = (‘,‘_S)_(Z_(,\:(.\-Z—z

NO \
U

f protons in the end « Z-6. [Option : (b))

. ife time of anot
radioactiv ' 2 radioactive element A is same as the mean life im hier
criactve element B. [nitially both have the same number of atoms. Then

(2} A and B have the same decay rate initially
(b Aand B decay at the same r:-nc always -
(€) B will decay at faster rate than A -

(d) A will decay at faster rate than B

14. The half-life penied of

Solution
T, = a=—T2 14T = 74N 06931 _ ¢ cos1r & ——; 1.4
0.6931 2 = la2dy | QT =——=" 0.6931
‘.xcti‘-it}-. R_{ — /:A ‘\r = 0.6931 ‘\7' -RB - /-B‘\' = 0-6931 N
A B

R, 7
= Z'_a
R, Tg>] = R;>R,

. [Option : (¢)]
I5. A radioactive element N, has number of nuclei at ¢ =0. The number of nuclei remaining

after half of 2 half-life (that is,attimer = 17— )
. > 1

' N
(@) —* () 2 No a N
2 2 (c) i ()] 2
Solution
i - (l)n also n= I
N, 2)° i
7 7,72 !
Here, r = %, n=-2 =l=>£.=lzzl
2 , 2 N \2) 2
2
: _ [Option : (b)]
Atomic and Nuclear Physics 102
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1. Consider two hydrogen atoms 11, and 11, in ground state. Assume that hydrogen atom #/,

is at rest and hydrogen atom I1, is moving with a speed and make head-on collide on the
stationary- hydrogen atom 17,

. After the strike, both of them move together, What is

minimum value of the kinetic energy of the moving hydrogen atom £/, such lhdl .my one
of the hydrogen atoms reaches first excitation state.

Golution

The given problem can be represented as follows :

O— O

Hy

H,

According to law of conservation of momentum, y
Total momentum before collision = Total momentum after colhsnom

JfKim=\j2Kf2m:>K,.=2Kf or Kf=% (

According to law of conservation of energy,

K =

K

-3.4c¢V=E,

K,+AE = ‘K,

-13.6eV=E

K¢

G

O
K* =+ K2m
Q 21 ]

n

A

AE=102eV0_

-

\
e S

K

2AE = 2x102 2046V
E, Y366V, E, =—34¢V and E,E, = AE=102¢V)
2. In the Bohr atom model, the ffecigency of transitions is given by the following expression

Ay,

[ e 3

v=Rc| - ——

n* m

Transitions | m—n | y
1 352N
2 2N
3 3oL

(. -

‘-2'+AE = AE=

K;
2

) , where #1 <yn, consider the following transitions :

Show that the freduency of these transitions obey sum rule (which is known as Ritz
combination principle).

Solution
Method1 ,

The transitions of electron can be gwcn as foliows :

103
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VJ -1

o R L5 3 LWyl ol 2 ;
Uz—tl = RC[—z——z]= RC[-‘IJ: Vi, = RC[?—?:I— [(L[SGJ
Vi, + Vo = Rc[§:,
9

1 1
Vag = RC[‘I— —:] = Rc[-g-] =V, v,

Method 2 :

~
bJ
[

AE, , = vy 3AE, |, =hv, ;AE, ,, =hv,

According to law of conservation of energy,
AE, , = AE, | +AE, ,; i.e.,

hva_" :h‘pz_,l +’IV3H_,2 s

Vi = Vasa +v2—b]
3.(a) A hydrogen atom is excited by radiation of wavelength 97.5 nm. Find the pnnc:lpal

quantum number of the excited state.
n(n=) g compute the

(b) Show that the total number of lines in emission spectrum is

total number of possible lines in emission spectrum.

Solution
(a) A = 97.5nm
Energy corresponding to radiation of wavelength A is given by .
-34 8 -17
AE — hc 6.626x10° x;’axlO —0.2039x10™7] = -0.204x129 12756V
AN 97.5x10” 1.6x10 ‘
E = E +AE=-13.6+12.75=-0.85V
B —13;6 = n’ :ﬂ-=16
n -0.85
n = 4.
. Principal quantum number of excited state is 4.
(b) (1) Let n be the quantum number of the excited state to which the electron transmon

takes place ;
from n=2, the number of downward transitions possible for electron = ]

s (ie,2—1) ;

Atomic and Nuclear Physics 104
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from e 3, the numberds 142 3 (291,352 & Vo)

from =, the number is 14243,
2313392, 391149349 2,41)

--------

from m, the numberis 142434 (n=1)
= from n. the total number of downward transitions of electron
(m=Dm=1+1) n(n- 1)
2 2
(1) the excited state in (a) is 4

: . : n(n-1 4x3
2. the number of possible lines = (2 ) o 5 =

j;/
4. Calculate the radius of the carth if the density of the carth is equal to the density of the

nucleus. [mass of earth 5.97x 10*kg 1.

Solution
Density p ="’,—' . Doy =2:3%107kgm™
Given : Poncens = Peat Y
5 23x10"7 = 557167 , Sy = Sglilﬂﬂ'x?} == 17 17
% e | 4x3)4x2.3x10"7  28.89
= 0.6199%10’, or : 6.199x10°
~ R= (6.199x106)% f‘; .
r

Calculation %log(ﬁ.i% 7923/3=0.2641
C 4

% ] grh
iy 1.837
1% Ag nucleus, [atomic

5. Calculate the mass defect aan@étlgiﬁding energy per nucleon of the ",

mass of Ag =107.905949 %, '\

Solution N
Mass defect, Am = [Zity+(A=Z)m, | =My,
- am = PATX1.007825+61x1.008665-107.905949 Ju  [Ref. : Section 9.4.3]

)90391 u _
%931 MeV = 0.990391x 931 =922.054021MeV

75 = BE 9220 _g537~85MeV
A 108
adioactive elements A and B are 20 minutes and 40 minutes respectively.

6. Half lives of two r .
mber of nuclei. Calculate the ratio of decayed numbers

Initially, the samples have equal nu
of A and B nuclei after 80 minutes.
105 Atomic and Nuclear f’hysim
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Sohation

3 : 3 . . AT n,
Half-tie period of A7, = 20min s half-life pertod of 2.7, =40 ™

he umber of ¢ : I -
The number of atoms in the be ginning, Ny, = Nog-

Time £ =80 min = ¢ = 47, =27,
““m

tor £=80 min, the number of half-lives, n, =4 : M s

| N A

At N : A ~ T w? .
After this time, the fraction of atoms remaining undecayed,

N i I | 2
—L =i - — * PR . N | |
N, \:) 6 ° Similarly, R z(_) i

Nnn 2 Z
Then. the fracti [ .
en. the traction of atoms of A which have decayed = s ]7, - E
. ‘ 3
the fraction of atoms of B which have decayed =1 4 ik
Ratio of these fractions = Sl = 2 :
374 3 or 5:4,

210 gi which has a half-life 'of 5.01
the approximate activity of
(c) the mean life

7.0n your bi_l’tl_]day, you measure the activity of the sample _
days. The initial activity that you measure is 1puCi . (a) What is

the sample on your next birthday? Calculate (b) the decay constant
(d) initial number of atoms. [¢™%' ~1072]
Solution
Data: 7, =5.01d, R,=1x10°Ci, t=1a=36525d
2
[Symbols used here : day = d, year =a]
0.6931'_ 0.6931 _ 1, 13034~

Decay constant 1 = =
4 5 5.01d

‘ 2
(a) Activity after one year R = Re ™ =1x10"xe¢

SR = 107 Ci [ 08 & 10’22]

~0,1383%365.25 = 10-6 x e—SO,Sl

(b) . A = 0.1383d"". Also
- 0.6931 | 10
5.01x% 24 x 60 % 60s
1
(c) Mean life 7 = l/l=m=7.23d

(d) Number of atoms present initially

R, _1x10°x3.7x10°s™ p L 0 <1
Ny = =y [+ 1Ci=3.7x10"s7]
= 2.31x10".

8. Calculate the time required for 60% of a sample of radon to undergo decay, Given T, of
radon =3.8 days. '

Solution .
7, =3.8d. Amount decayed =60%. .. amount remaining undecayed = 40%.

Atomlc and Nuclear Physics 106
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According 1o radionctive law of disintegration, N = N, "

40
=Ny = Noe™ =

100 =e", = 25=¢"

alrs

0.6931 ().()‘)3]

Taking log on both sides, in In(2.5)=Ar and A =
Ty 3.8

ln” S_ 09163  09163x3.8
A () 6931/3.8  0.6931

9. Assuming that energy released by the fission of a single

=5.023d [+ In2.5=2.303xlog,2.5= 091631

23‘U nuclcus 1s 20()Mcv

calculate the number of fissions per second required to produce | watt powcr
Solution '
200MeV

200x10“x16x10"91 320><10"‘3J

Let N be the number of fissions needed to produce an electric power of 1W.

Amount of energy released per fission

Total electric power generated = Energy per ﬁsswn %N .

= 1W = 1J/s—(320x10-'31)x1v
N = ————320111/;_;;‘]@ ¢3 125%10" s
10. Show that the mass of radium (28286 Ra) with an Vact;vﬁyf‘of I curie is almost a gram. Given
T,, =1600 years. e
Solution : .
Activity R = ZN, == RT,,

o ?gswn,l 0.6931 .

R = 1c1 37x10‘°¥4\
T,, = 1600 a= 16£0W5x24x60x605 (la=1 year)

(37x10‘° Y (1600 x 365 x 24 x 60 x 60s)

= ~r

N 0.6931
Mass of (6.022 X 1023) gmms of % Ra=226g

“Qn* 226 3 226
— mass of 2. 694x10 atoms of g Ra = 6.022 %10

a trec %s found from an archeological site. The carbon- 14 content of this
'5% that of equivalent sample of carbon from a living tree. What is the

=2.694x10" atoms

x2.694x10*" =1.011g =~ 1g

11. Charcoal pieces of:
charcoal is only 17

Solution
17.5
N=—=N,.
100 % . y
According to radioactive law of disintegration, N = Nye
100
17 5 A ; /11
100N Nee™ = ¢ =175
107 Atomic and Nuclear Physics
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Taking log on both sides, R
)
2,303 log,, ( .]-;]-5)

100 , 001 = 1=—
lll(_l_:’_:s_)r. 2..1()3%]()}“”(7’73 ke A

0.6931 0.6931 o ( half-life of radiactive "C is 5730 years)

e
—
1

A = -
1 5730 °
) .
. 2.303x(log,, 100~ log,, 17.5) _ 2.303»5730x(2~ .2430)
- 06931 = 0.6931
(_57#:{'0”)
=1 = ]44“() y|‘=l.44X|()4 yrs
Atomié_and Nuclear Physics 108
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Chapter 10
Ilectronics and Communication

Ohjective type Questions

L The barrier potential of w siticon diode is approximately L
@ 07V () 0.3V (c) 2.0V d) 22y
Solution N
[Option : (a)]
210 small amount of antimony (Sb) is added to germanium (.rysldl
(@) itbecomes a p -type semiconductor 4
(M) the antimony becomes an aceeptor atom <\

() there will be more free electrons than hole in the scmlconductor

(d) its resistance is inereased

" D
Solution

NI [Option : (c)]
3, In an unbiased p -n junction, the majority charge camers (that is, holes) in the p

-region
diffuse into n- region because of
(1) the potential difference across the p -n jufgqtion
(b) the higher hole concentration in p -region tilan tbhat in n-region
(c) the attraction of free electrons of n reglon
(d) All of the above ‘
Solution ¢
CA [Option : (b)]

4. If a positive half-wave rcctlfled voltage is fed to a load resistor, for which part of a cycle
there will be current flow through tﬁe load?
(@) 0°- (b) 90°f 180° (c) 0°-180° (d) 0°-360°
Solution \ ‘
[Refer : Textbook Fig. 10 17]

s}

[Option : (¢)]
5. The zener diode is fSrihjarily used as

(a) Rectifier ;j"_i“.(b) Amplifier (c) Oscillator (d) Voltage regulator
Solution NN

[Option : (d)]
6. The principle based on which a solar cell operates is

(a) Diffusion (b) Recombination
(c) Photovoltaic action (d) Carrier flow
Solution
[Option :A(c‘)]
109 Electronics and Communication
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7The Tght emitted fnan LED i due to
() Recombination of charge carriers

() Amplification of light falling at the junction
Solution

() Reflection of light due 10 lens action

(1) Large current capacity
[Option : (a))

8. The barrier potentinl of a p =B junction depends on
: ) N . “ o . (e . s patire.
(D type ol semiconductor material (it) amount of doping (1) tempe rat
Which one of the following is correct?

(@) (1) and (i) only (b) (i) only
(©) (i) and (iii) only (d) (i) (iiy and (iii)
Solution

[Option : (d)]

). To obtain sustained oscillation in an oscillator,

(a) Feedback should be positive (b) Feedback factor must be unity
(¢) Phase shift must be 0 or 2 (d) All the above
Solution

[Option : (d)]

10.1f the inpul to the NOT gﬂ[c is A= ]()] | " its ()u‘pu[ is

(a) 0100 (b) 1000 (©) 1100 (d) 0011
Solution

[Option : (a)]

11. Which one of the following represents forward bias diode?

(a) (b) ©) ()
(a OV Iy R -2V
by =4V | R -3v
(©) -2V IS R +2V
(d) 3V > R 5V
Solution
(a) OV>-2V : : [Option : (a)]

12. The given electrical network is equivalent to

A::DO—EDO—DO—~
B Y

(a) AND gate (b) OR gate (c) NOR gate (d) NOT gate
Solution
A+ B A+B
A :DO—EDolDo—u
B Y=A+B
NOR NOT NOT
[Option : (C)]
Electronics and Communication 110
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13. The output of the following circuit is 1 when the input ABC is

A
B

oty o
(a) 101 (b) 100 (c) 110 (d) 010 QQ

Solution
1=4 =1 @
0= N
i Q)
1=co— - )s .
14. The variation of frequency of carrier wave with respec:t to litude of oo ('a)]
Gzl 1l pec: plitude of the modulating
(a) Amplitude modulation ‘ (b) Freql.‘xmodulation
(c) Phase modulation (d) Pulseawidth modulation
Solution &
’ [Option :
15. The frequency range of 3 MHz to 30 MHz is u Or ’ o
(a) Ground wave prope{gation (b) Sprace wave propagation
. (c) Sky wave propogation ~-atellite communication
Solution '
[Option : (¢)] |

{ ¥
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xercise Problems

LThe given cirenit has two  ideal
diodes connected as shown in ligure
below.  Caleulate  the  current v |
Nowing through the resistance K. T

Solution

Diode Dy is in reverse bins and D,

T : . ” hr
I torwand bias henee, current (lows through R, & R, (does not flow {

Vo= I(R +R,)

P 10 :m
R+R,  2+2 4

I = 25A,

a\ ;\ . B N . . i
2. Four silicon diodes and A 10€2 resistor are connected as shown in
tigure below, Each diode has i resistance of 1Q. Find the current
that flows through the 100 resistor,
Solution

Diodes D, and D, are reverse binsed,
Diodes D, and D, are forward binsed.

The diodes shown in the figure are real diodes, therefore, diodes
D, and D, both have a potential barrier of V, =0.7 V each.

V =3-0.7+07)=1.6V
V= I(I;+R+R,))

\
= I = ____V
R, +.R+R,
__16__16
T 1+104-1 12
I 1 0.13A.

3. Assuming Vi, =0.2V and #=50, find the minimum

base current (/) required to drive the transistor given in
the figure to saturation.

ough R;)

Solution .
£ = 50
Vee = 3V
R. = 10°Q
Fle ‘ctronics and Communication 112

kindly send me your key Answers to our email id - padasalai.net@gmail.com

-

v 1 i

1kQ

Scanned with CamScanner


https://www.whatsapp.com/channel/0029VaAqUqk9Bb672tBn033m
https://www.padasalai.net/

www.Padasalai.Net

Appling KirchofT's voltage law, V. —1.8.=V,, =0

4.In the circuit shown in the figure, the BJT has a
current gain (/) of 50. For an emitter-base voltage

Vg =600mV, calculate the emitter-collector voltage

Vic (in volts).

lc - Vee Ve
R,
3-0.2
. = ——
c 10]
I. = 28x107°A
! -
n

IB
I, = 56pA.

A

www.Trb Tnpsc.com

=(2.8x107%)/
. (o
(2.8x10™) /50 =0.056%x107°A C\)Q

Solution

V, = 3V ; =50 Q) e 5000
Vi = 600mV =06V _\ == =
R, = 60kQ=60x10'Q S

Ve = 7 O ,.

Vo=V, Vg =3—06@

V,= IR, ) O
A %)

_ 24 \Q
60 %
IS 0@0‘%
N
kd% o 1.=pI,
B
.\(Dso x0.04 %107

It 2x107A

V, = ICkC =2x107x500=1V

Vo= V.=V, =321=2V i

Vee=2V. |

113 Electronics and Communication
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L Derermine the current flowing through X0 and AQ)

resictore of the circnit given below

drodes D and D, are ideal diodes,

Salution

Dhode D, i< reverse biased. Hence no current flows
thtough the ) resictors. ie., I =0.

Ascume  that

Diode D, is forward biased. As it is an ideal diode,

=

'

6. Prove the following Boolean expressions using the laws and theorems of B

Solution

(iii) (A+B)A+C)=A+BC

Solution

v
R,

12

- 2A.

244

(i) (A+ BYXA+B)=A

(i) ACA+B)=AB

LHS

LHS

LHS

]

]

AA+ AB 4+ DA
A+ AB+ AB

A+ B+ B)

211

A1

(+ BB =0)
(" AA=A)

A --1+ﬁ+n=0
AA + AB
AR (r AA=0)

AA 4+ ACH BA+ BC
A4-AC+AB+BC (AA=A)
ACl+C+ BY+ BC

A-+BC
7. Verify the given Boolean equation A+ AB = A+ B using truth table.

(v 14C

+0=1)

il
P

¥ 12V

oolean algebra.

A B A AB A+AB | A+D
0 0 1 0 0 0
0 1 1 | 1 1
] 0 0 0 | 1
] 1 0 0 | 1
A+ AB=A+B. Thus proved. f
8.In the given figure of a voltage regulator, a Ry =5000
zener diode of breakdown voltage 15V is 07 I
employed. Determine the current through the
Joad resistance, the' total current and the sy

current

through

approximation.

the diode. Use diode

Electronics and Communication
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Solution

- ' . 1= 40040
V =25V V, =215V o
potential across R, =15V 1 by |1, jl,,
/ 5 e L
= h:lL:—l;Tz_xm”A:SmA ESve ey L, 2 e 3411
R, 3x10 /
According to KirchholT's second law, @

V= Vi +V,
\  Potential across R
Vis =V =V, =25-15=10V

7.
Ve 10 o 0 | C‘)Q

R, 500
Applying Kirchhofl’s current law, /=1, +1/,
I,=1-1,=20-5=15mA.

9. Write down the Boolean equation for the output y of the g\Qircuit and give its truth
table. b
A— /(\~

B

A—
B —

Solution
A—\ 4B ~\\

y=AB+ A+ B
A —]
B— A+BC£})
A B_| AB | A+B | A+B | AB+A+B
0 0 0 1 1
0 1 \ 1 0 0
1 0 N 1 0 0
1 1 1 1 0 1
& \
J::&J ‘
115 Electronics and Communication
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