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48 Electricity and Magnetis™
Solved Examples —
k . ¢ have di erent tilerng|
ected in series and Al L
ual emf are connectes. , notential difference across th,
Example 1 Two sources u{?;:;ﬂeogxfrgnm! resistance R at Mu:'fl :;L:?m o
T =N n 4 - IHE. A {
msr‘.smﬂi:‘ﬂ?? ﬂfrﬂi?;;:g conrces (which one in parti cular) be¢
terminals of oné : % :
p=E=U i zero foras
g will be zero SOUre
SoMion < are equal. Therefore, potential difference (¥ ¢
E and i for both the sources @bx S
s C 1 ce, LE., f:- .
having greater internal resistances 0=E =ir
i o v
oo e
or R+n th
2p=R+hTh Am
R=r—1
or
5A 20 v g e e
Example 2 [-—D—————NW‘—-—'_I r______.;.,ﬁ;n_--—- .
c 10 12V

T 6A

Fig. 20.89

Figure shows part of a circuit. Calculate the po
difference Ve —Vg?

b

wer dissipated in3 Q resistance. What is the patentidl

Solution Applying Kirchhoff’s junction law at E current in wire DE is 8 A from D to E. Now furthe

applying junction law at D. The current in 3 Q resistance will be 3 A towards D.

5A D 200 BA £ 2A

—WN—— — MWW

¢ 10 3V 4Q B
30 602

Fig. 20.90

Power dissipated in 3 Q resistance = i’R = {3}2 (3)
=2TW
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CHAPTER 20 Current Electricity 49
Vo —Fg: ’
iy 58 2-3-4x2=V,

e 'r,r; "5‘ -12 1'|{}53-i-f'=

or / :

3 Ve =V =20 volt Ans.
Example A battery has PRy kg 5
load fﬂiﬂmrcre ﬂfﬁﬂjsik.:-? “W open circuit potential difference of 6 V between its terminals. When a
0.4 W. What should be the foe v o 27055 the battery. the total power dissipated by the battery is
}-__ me- P:Wr sk € loadresistance R, so that maximum power will be dissipated in R. Calculate
[HIS Pu 3 al 15 fhe rotal pPower _t;;fjpfﬁ_:d h}. the II?H”UJ'E-' whesn St

h a load is connected?
Solution  When the circuit is open,

V=F
E=6V | "
| Let r be the internal resistance of the battery Jl_ =
L de R
. 5 : ) , E—=
Power supplied by the battery in this case is. ;. ?
r |
E* i
Pt L
R+r Fig. 20.91
Substituting the values, we have 04-= )"
60 +r
Solving this, we get r=309.

| Maximum power is dissipated in the circuit when, net external resistance is equal to net internal
resistance or,

R=r
R=300Q Ans.
Further, total power supplied by the battery under this condition is,

E’ (6)°
Pronl =——=

R+r 30+30
=0.6 W

Ans.
Ofthis 0.6 W half of the power is dissipated in R and halfin ». Therefore, maximum power dissipated
in R would be
28 =03W Ans.
2
Example 4 In which branch of the circuit shown in figure a 11 V | ! |
battery be inserted so that it dissipates minimum power. What Iwﬂ! l
be the current through the 28 resistance for this position of the ém o
battery?
Fig. 20.92
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50  Electricity and Magnetism

th
(r) of th
gistance

Solution Suppose, We insfj'ﬂ
2 Q) as the internal resnstarlu.:e
other two as the externad
Fig. 20.93, .
p=—

_R+r

e battery
(R). Th

Now power,
s mum and We

is maxi /
L with

ni here R + Xin :
i o will be minimuim W e
s pf:;i‘-:; will be maximum when the battery
e hown in Fig. 20.94.

1 5
6.2 resistance as ShoWR 11} ° 7=
Net resistance In this case 15

Fig. 20.94

'—._I.l-—-':].ﬁz"‘t
22/3

i . & . - ] " =

LA
i 2

i =[—2—]{1.5}=1.UA A
2+1

stances.

Example 5 The emf of a storage battery 139{} V :efare ;&?r%i;:ﬁeagg; g-?r. ; :_?Zgi; ;j?:}gggw m
charging be n the current was 10 A. What is the current al the end of CAaTEWe J 75= "
re.ﬁﬂc::i aﬁj:e storage battery during the whole process of charging may be taken as constant ani

equal 10227
Solution The voltage supplied by the charging plant is here constant which is equal to,
V=E; +i-r =(90)+(10) (2)

=110V
Let i, be the current at the end of charging.
Thenf V=Ef +ifr
or ; =V—EJ=HU—1{}U
f T 2
=5A Aunt

flicients of resistance o, dnda, have resistances R
 of the MV

iz i) r
o A 2y '

dicient of the compound resistor consistin;

resistors connected, AN
= - I,' ’ =) "j’-
(a) inseries (b nm{ﬁ{ e |
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CHAPTER 20 - Current Electricity

solution Inseries: — apa
W — ==
0°C Fig. 20.95
At 2 Rm Reon Rg =Ry + Ky
At 22C (1+ay0) R
Ry 1 o2 (I+a,1) R, (1+ar)
m I+ 2) + Ry, (I+a,0)=R, (1+ar)
or Roy 0+0 )+ Ry, (1 40, 21) =(Ry, +Ry) (1 +at)

Rﬂt +RD]U' f+Rﬂ2 + R o ',i-! _Rﬂl +Ru'} +[R0E +Rﬂ'2]ur

or e Rooy + Ry,
Ry +Rps
Ry 01 02
_ BnfAp
In parallel : ~ Ror + Rog
= AR s
Faz
Fig. 20.96
At r“C, ! = I T I
Ry (1+ar) Ry (1+a,f) Ry (1+as0)
= Roy +Rpp  _ 1 £ 1
RGIRQI (1+U‘.r) Rﬂl {l-!-l.‘.tl.lf) R:ﬂ {]+Cﬂ:f}

Using the Binomial expansion, we have
1 1
— {1 uar}+-—{l-—m)=—1~(l—~u,r)+f—{l—a1:)

02 01 01 02
: 1 1 (5} o
ie, o + el T e
Rﬂ] RHZ Rﬂl RHI
o Ry, +a-R
ar _ Yl 2y
Ry + R

51

Ans.

Ans.

mmﬂ 7 An ammeter and a voltmeter are connected in series to a battery with an emf E =6.0V.

Wfﬁﬂeﬁr readings afier the connection of the resistance.

c:errﬁm resistance is connected in parallel with the voltmeter, the reading of the latter
ﬁ? s two times, whereas the readings of the ammeter increase the same number of times. Find the

Solution  Let R, = resistance of ammeter =
——A ) > W)

ind R, = combined resistance of ammeter and voltmeter

In the first case, current in the circuit,

6 e e

& }_i'; 6V
Fig. 20.97
nd voltage across voltmeter ¥ =6 — voltage across ammeter
: V=6-iR,

An evaluation version of novaPDFE was used to create this PDF file.
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52  Electricity and Magnetism

=00
y 3
or o5 i.e., the total resistance becomes haj

or becomes tWO tim

mmet
In the second case, reading utd nchanged. Hence,

while the resistance of ammeter remains : 7 - }_2_ ...1;5'5-”
R R:ﬂ RE
yr=6-(i") R
7 8
o P =6- _E'.‘Ji‘. {iy)
or R,
i 4
Further, it is given that B0
2 3R
G- .I.iq_E— =3 = el
or R, R,
R, _1
ar E = 3
Substituting this value in Eq. (iv), we have |
1
F'=6-(12)| =
(3]
or =2 volt Am

Example 8 A voltmeter of resistance R, and an ammeter of resistance R, are connected in series
across a battery of negligible internal resistance. When a resistance R is connected in parallel o

voltmeter, reading of ammeler increases three times while that t?f voltmeter reduces I'ﬂ one third. Finé
R, and R, in terms of R.

Solution Let £ be the emf of the battery.

E
A = E ! G
E
] et K
&
: A1
| i 3 C 3
B A = D
-—D——RQ_ {Jﬁﬁ_ e
8/ 1
. g
Ra A,
Fig. 20.98 R
Fig. 20.99

In the first case, let i be the current in the circuit, thep

E=i(R, +R,)

An evaluation version of novaPDFE was used to create this PDF file.
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CHAPTER 20 = Current Electricity 53

e second, case mai
]n[lh . the remaini al';a current increases three times while current through voltmeter will reduce to
i /3. Hence, NE 51— i/3=8i/3 passes through R as shown in figure.

/
Vo =V -'L—t]R[ RI'R
Lt

3 3)
or R, =8R Ans.
Applying Kirchhoff’s second law in lﬂnp ABFGA,
E::Sz'{Rz}+{H3}|:R]}:;‘[3}{: aﬂw .-(it)
" 3 &
From Egs. (i) and (ii), R, +R, “331+R1
3
ar :‘IR'; = 2"&
: 3
or R, = LS
]
or R, = S_R Ans,
B
Example 8 Find the current in each branches of 50 40
the circuit, —w——4 A
21v é
6L}
ey
= (Lo
el
80
E AW c W B
10
s
,_{ —AWNW—1
oy 18Q
Fig. 20.100

Solution It is possible to use Kirchhoff's laws in a slightly different form, which may simplify the
solution of certain problems. This method of applying Kirchhoff’s laws is called the loop current

method.
S0 A 40

In this method we assign a current to every closed

loop in a network.
Suppose currents i, , i, and i; are flowing in the three

loops. The clockwise or anticlockwise sense given to
these currents is arbitrary. Applying Kirchhoff’s second
law to the three loops, we get

21-5i —6( +i)— i =0 ...(i)

and 2-8(iy+i3)—161; =0 ....(iii)

—
0.5A
21V o T =
i ,
< ¥ 1.54A
2A 80
EL__aa - y B
10 c 0.25A
4 0.25A
| FWW——1D
Fig. 20.101

An evaluation version of novaPDFE was used to create this PDF file.
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54  Electricity and Magnetism

1 :-1—!‘:'\

1a and BT

- Fig. 20.101.
be taken while applying th

Solving these three equations, We get

= 2 A, Lo
as shown
gy, care has 10

Ioow
in different branches are e loop law.

Therefore, current it
: and in CB 115 13 Rzt ke

Note 1 wire AC, currentis iy + Iz

: ' ted
Example 10 What amount of heat will be genera

. i - ! : ?
it if the current In the col s S
:’ﬁjozgﬁr:c:{es down lo Zero umj‘brm{y during a nme; sdtiry
(b) decreases down 10 z€r0 halving its value every fo

i a resistance is given by,
HOW TO PROCEED Heal generated in a miis

¢ to a charge q passing

in a coil of resistance Rdu

: ; i/l calculate |
; i :  is varying. So, first Wl.E‘Wl Nt al
We can direcily s formula provided i is constant. Meret ntearating it with prope
s dﬁ?xﬁjﬁf?ﬁﬁaﬂ :em‘ AH in a short interval of time di. Then by integraling proper
any time f,

limits we can obtain the fotal heat produced.

: - : ith i sin I &
Solution (a) The corresponding i-f graph will bea straight line with i decreasing : 1
from a peak value (say iy) to Zero in time 7. 2
it equation will be as
i=fﬂ—["—“]r (y=—mx+0) ()
fo b |
Here, i, is unknown, which can be obtained by using the fact that area under Fig. 20.102
i-t graph gives the flow of charge. Hence, e
] 4
== (I I
q 3 (7o) (i)
o=l
ly
e . 2q t)
Substituting in (i), we get, e iy (R
29 2qt)
or i=| <2t
oo 5 )
Now, at time #, heat produced in a short interval df is, f
dH =i’R dy lo
2
|29 2q¢
= =-ZL| Ra
B s
] —
Total heat produced — I;" dH i
Fig. 20.103

An evaluation version of novaPDFE was used to create this PDF file.
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(b) Here, current decreases from some peak value (say i,) to zero exponentially with half life 1.

it equation in this case will be

At

i:iﬂf_
g }~=I" (2)
Iy
- n 3 o l.
o q:fldfz.[lﬂfuehdf=[{']
fﬂ =lq
i=(g)e ™
dH =i*Rdt=)\*q ¢ ™ R dt
2
Az oy 4R
ur H=[an=)¢’R [ di==3
R In(2)
(2 . =4 ——
Substituting A. = ln,;{ ), we have B 21,
0
2.

An evaluation version of novaPDFE was used to create this PDF file.
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Subjective Que
Note

Current

1. Howm
2. Acurrentof 3.6 A flows thro

AIEEE Corner

stions (Level 1)

roximations in the answers.

You can take app.
current of 0.7 A?

h a section of wire ¢
e many coulombs of charge fly,

: r second pass throu _
any electrons pe bile headlight. How

ugh an automao

through the headlight in 3.0/

A currentof 7.5 A is maintained in wire for 45 s. In this time

: (a) How much charge and

- - - h the wire?

(b) How many electrons flow throug ‘ . e y .
In the Bohr model. the electron of a hydrogen atom moves ind circular orbit of radius 5.3 x 107"
with & speed 0f 2.2 x 10° m/s. Determine its frequency f and the current / in the orbit.

3 ; . 2D
The current in a wire varies with time according to the relation / =554 — (0.65 A/s™)t".

(a) How many coulombs of charge pass a cross-section of the wire in the time interval between  ={

and 1 =8.057
(b) What constant current would transport the same charge in the same time interval?

. When a wire carries a current of 1.20 A, the drift velocity is 1.20x 10 m/s. What is the drif

velocity when the current is 6.00 A?

- Find the velocity of charge leading to 1 A current which flows in a copper conductor of

Grosssoction lem and length 10 km. Free electron density of copper is 8.5 x 1025 /m * . How long
will it take the electric charge to travel from one end of the conductor to the other?

A typical copper wire have 2 x 10*' free electrons in | cm of its length. Suppose that the drift speed

of the electrons along the wire is 0,05
X _ U5 ecm/s. How ma .
cross-section of the wire each second? How large a cunzi;iﬂgﬁzl:;sexanulfl pass tltjuough a givel
owing in the wire?

Resistivity and Resistance ‘

9.

10. You need to produce a set of cylindrical copper wires 3.50

I1.

In household wiring, copper wire 2,05 mm in diameter is o

length of this wire. Resistivity of copper is 0.017 (O ften useqd. Find the resistance of a 24.01

0.125 Q each : ,
=1.72x10% 0. Wit Will be the mass of eaepy of these 4 luf:g that will have a resistance of
T ona st kg/m* WIres? Specific resistance of coppe

wo coils connected n seri re
T : es have res tan
co-efficient of 0.001 ang ﬂ.ﬂM[‘C]"'::sm;' 1
Ively

tem ratur i . ‘
pﬂ e (}fﬁﬂ C What 18 thﬂ Eﬁ:E(I[WE Eemperalure {:ﬂheff >
Iﬂiﬂ]t Uf co ] 1
m‘]lnatlﬂﬂ
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14.

15.

16.

12.

13.

CHAPTER 26 - Current Electricity 57

An aluminium wire 7.5 m long i«
of 5 A 1s passed through the ci:;ﬁ?ﬂngctﬂc.l ir. parallel with a copper wire 6 m long. When a current
‘nation, it is found that the current in the aluminium wire is 3 A.

The diameter of the aluminium ywir. -
. 1 Wire is | Py : :

of copper 15 0.017 uQ-m and that of men;lﬂﬁ][:::l;ln;ggtggﬂdm;;ﬂm DHESEERVE Ty
The potential difference betwe S lmialltl

e €n tw i - : -
density is 4.40x 10" A/m 2 What is O poInts in a wire 75.0 cm apart is 0.938 V, when the current
(a) The magnitue of l_f in the wire?
(b) The resistivity of the material of which the wire is made?

A rectangular block of metal of resistiv:
. t i : ol Sonk F
applied between two opposite face:-:::; tﬂ%lli:;kdlmenmns e e

a) To which t
(a) e c‘:ﬂ;ﬁ&ﬂz;ﬁ*&zk ﬁ:ﬂuid the potential difference ¥ be applied to give the
: : 15 the maximum current density?
0)ig ‘}rhmh two faces of ﬂ:": block should the potential difference ¥ be applied to give the
maximum current? What is this maximum current?

?n electncaﬂ _cﬂnducl:ﬂr designed to carry large currents has a circular cross-section 2.50 mm in
iameter and is 14.{} m long. The resistance between its ends is 0.104 Q.

(a) What is the resistivity of the material?

(b) If the electric field magnitude in the conductor is 1.28 V/m, what is the total current?

(¢) If the material has 8.5 x 10 free electrons per cubic metre, find the average drift speed under

the conditions of part (b).

It is desired to make a 20.0 Q2 coil of wire which has a zero thermal coefficient of resistance. To do
this, a carbon resistor of resistance R, is placed in series with an iron resistor of resistance R,.The
proportions of iron and carbon are so chosen that Rg, + R, =20.00 € for all temperatures near 20°C.

How large are R, and R,? Givena =—05x107 K anda ;, =50x10° K.

Resistors in Series and Parallel (Kirchhoff's Laws)

17.

18,

Find the current supplied by the battery in the circuit shown in figure.
80

T 24V

I ARAA
¥ YVRY

124

- . L - ﬁ ]
valent resistance of the network shown in
Calculate battery current and equi o gure

An evaluation version of novaPDFE was used to create this PDF file.
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58  Electricity and Magnetism

W d batte
19. Compute total circuit resistance an

figure.

] . figure. All
20. Compute the value of battery current 1 shown in g

resistances are in ohm.

21. Calculate the potentials of po

values if connections of 6 V battery are reversed as shown in figure (b)? A

ints 4, B, C and D as shown in figure (a). What w

.-.A ! A
—— q2v 1 TowI2Y, 1
g B
G+— oV 2 Gr—ov 2
= e = c
— eV 3 8V 3
D
(@) (b) i
22. Give the magnitude and polari - : ¥
B polarity of the following voltages in the circuit of
v @Y (@ .
YVss: (W) Fiza | (Vi)

An evaluation version of novaPDFE was used to create this PDF file.
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CHAPTER 20 - Current Electricity 59
23. The emf E and the internal resig
respectively. The external msismczn;?qrsé‘f the battm:y shown in figure are 43 V and 1.0Q
2,09 and 200 respectively 520Q. The resist

: ances of the ammeter and voltmeter are

E r
"_'" — W

R
=W

—®

(a) Find the readings of the two meters.

(b) The switch is thrown to the other side. What will

be the readings of the two meters now?
24. Find the current in each branch of the circuit shown in figure.

42V 50 A 40

l.

- 10V

160
_||—.,|1,.Iw— D
4V

25. An electrical circuit is shown in figure. Calculate the potential difference across the resistor of
400 Q as will be measured by the voltmeter ¥ of resistance 400 € either by applying Kirchhoff’s

rules or otherwise.
an
V)
400 O
ANAA
YYvy
100Q | woq 200Q
____M.‘.I. '_l'l.'.l'i- Tw—
2t 1000
I |
& "_
10V

An evaluation version of novaPDFE was used to create this PDF file.
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b T— O S

f resistances 30002 and 2000¢

rs o
e e tO voltmete ;
ircui in fi VE'DEnd il g0 and E = V
26. In the circuit shown Rglﬂ='32 Q. R, =30

respectively. In addition iy

g0  Electricity and Magnetism 30. |

31.

(a) Find the reading of voltmeters ¥; and ¥, when
(i) switch S is open
(ii) switch S is closed .
(b) Current through S, when it 1s closed

isre the resistance of battery) :
S three batteries shown 1n figure.

- et emf of the
27. Findthenete v o

_;'"'u.ﬁn
10 =

6V

28. In figure £, =12Vand E; =8 V.
B

+|

(a) What is the direction of the current in the resistor?

(b) Which battery is doing positive work?
(c) Which point, A or B, is at the higher potential?
29. In figure, circuit section 4B absorbs energy at the rate of 5.0 W when a current i =1.0 A passes

through it in the indicated direction.

}q—imn—r"—mﬁq

R=200 E

(a) What is the potential difference between points 4 and B ?
(b) Emf device X does not have internal resistance. What is its emf 2

(c) What is its polarity (the orientation of its positive and negative terminals)?
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if th : i :
30. In figure, il the potential at poin p 15100 V, what is the potential at point O ?
» L s f

31. An ideal voltmeter F is connected

3.

4.

lectrical Measuring Instruments
3.

Q 300
MW

= 1530 v sov L

+ 1
| n
200

T —WAW———
P

= 1032-[]£1 resg ; = 3 : 3
resistance 05 £ as shown in figure - esistor and a battery with emf 5.0 V and internal

050 50V

Bl

o

200

(a) What is the current in the 2.0 resistor?
(b) What is the terminal voltage of the battery?
(c) What is the reading of the voltmeter?

The potential difference across the terminals of a battery is 8.4 V when there isacurrentof 1.50 A in
the battery from the negative to the positive terminal. When the current is 3.50 A in the reverse

direction, the potential difference becomes 9.4 V.

(a) What is the internal resistance of the battery?

(b) What is the emf of the battery? _

A battery of emf2.0 V and internal resistance 0.10£2 is being charged with a current of 5.0 A. Find
the potential difference between the terminals of the battery?

Find the currents in different resistors shown in figure.

20 B0
l 'I"‘l'liﬂn__'

20 =49, 88

| EVI

2V 2V

(7 ohm are connected in series. If the

; of resistance G ohm a! : :
A resistance box, a battery and a galvanometer 1 resistance in the box required to
- |

d the change
galvanometer is shunted by resistance 0:‘:% aﬂnh;:zi f"m
maintain the current from the battery U
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J=5A and a voltmeter 100 v The

§2 Electricity and Magnetism f
eter shows 4 current ©

nce r if an amt “R 55009
154 =5
he voltmeter B

Lo

onnected across 400 res
resistance‘?

36. Determine the resista
internal resistance of t

istance. Calculate wha
SC

I =%5 ds 30V when it i
S fej when it is connected across the 300€2
60V

the same voltmeter will rea
I_______————'

300 £2

¥

s. The potential difference between points 4

- tances B, and R, each60 Q, are connected in serie o .
T 1 X d between points C and D if its resistance

and B is 120 V. Find the reading of voltmeter connecte
r=1209Q.
A B

B o R

39. A moving coil galvanometer of resistance 20 Q) gives a full scale deflection when a current of 1 mA
is passed through it. It is to be converted into an ammeter reading 20 A on full scale. But the shunt of
0.005 © only is available. What resistance should be connected in series with the galvanometer coil’

40.  Ina potentiometer experiment it is found that no current passes through the galvanometer when the

41. A cell of emf3.4 V and internal resistance 3 () ;
: 1S connected to an ammet i - d
to an exwmacli resistance of 100Q. When a voltmeter is connected acrsr having remﬂaqceZ Qa:;
ammeter reading is 0.04 A. Find the voltage reag by the voltmeter a;sdﬂ;; 100Q resmta}x{wg Tehz
resistance. Ha

voltmeter been an ideal one what would haye been its reading?
ing?
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CHAPTER 20 - Current Electricity = §3
42. The potentiometer wire 48 shown in f;

gure 1s 40 cm long. Where the free end of the galvanometer
should be connected on 4B <o that the galvanometer may show zero deflection? =

B0 120

A B

— -

43, The resfistance R of the coil of a pivoted-coil galvanometer is 9.36 Q2 and a current of 0.0224 A
causes 1t to deflect full scale. We want to convert this galvanometer to an ammeter reading 20.0 A

full scale. ‘T‘he ¢_m|;-,r zshunt available has a resistance of 0.0250€. What resistance R must be
connected in series with the coil of galvanometer?

A B

A2

4

—

Shunt

#4. (a) A vﬂltmeiar with resistance R, is connected across the terminals of a battery of emf E and
internal resistance r. Find the potential difference measured by the voltmeter.

(b) IfE =7.50 Vand r =0.45Q, find the minimum value of the voltmeter resistance R} sothat the
voltmeter reading is within 1.0% of the emf of the battery.

(c) Explain why your answer in part (b) represents a minimum value.
5. (a) An ammeter with resistance R , is connected in series with a resistor R and a battery of emf &
and internal resistance ». The current measured by the ammeter 1s / , . Find the current through

the circuit if the ammeter is removed so that the battery and the resistor form a complete circuit.

Express your answer interms of / ;, r, R ;, and R. The more “ideal” the ammeter, the smaller the
difference between this current and the current / ;.

(b) IfR =3.800. & = 7.50 Vand r =0.45 €2, find the maximum value of the ammeter resistance R y
so that / , is within 99% of the current in the circuit when the ammeter is absent.

(¢) Explain why your answer in part (b) represents a maximum value.

leating Effects of Current

6. Each of three resistors in figure has a resistance of 2.4€ and can dissipate a maximum of 36 W
without becoming excessively heated. What is the maximum power the circuit can dissipate?

= - AA—

ARAR
B ALLS

1. A 120 V house circuit has the following light bulbs switched on : 40 W, 60 W and 75 W. Find the
equivalent resistance of these bulbs.
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a current 1 A. In this Cagy

G4  Electricity and Magnetism 1, external rf:ﬁislan(i:? ftﬁu:;als 2 V. Find the ther,
: -5 6V loaded V! f the storage DatE 2 Lo forces. '
batte Wlﬂ'l 'ﬂmfz’ -..m“ﬂa]ﬂ L8] it h}. Efﬂ": I 5 5 "
e polenta difference betweet e “"’*rd“empmég R, —2 and Ry =3 respectively
power generated in the b?“zz £ =1V, Es =FVRiRp =252
S m in g 5 ies.
% [E e oed ﬂ;?j;;ﬁcd by the tWO batteries
Find the power A Az 5
r—'_W
W]
—c,
= = a
Bt =
E
_._-—-—-_"_-_. -
T el r

igible 1 istance. Find :
50. Assume that the batteries in figure have negligible internal resist

Eg:ﬁ‘uf_:::_ Hz=ﬁ.-:m§

(a) the current in the circuit,
(b) the power dissipated in each resistor and
(c) the power of each battery, stating whether energy is supplied by or absorbed by it.

51. In the circuit shown in figure, find :

AR

LA

b 500 c

(a) the rate of c?nversion of internal (chemical) energy to elec

(b) the rate of dissipation of electrical energy in the batte

(c) the rate of dissipation of electrical energy in the exten?al resisto
r.

52. Three resistors having resistances of 1 .6
609,2.400 an - '
¥ that has negligible internal resistance, Fing - 44:80Qare connected in parallel toa 28.0Y
(a) the equivalent resistance of the combination '
(b) the current in each resistor

(¢) the total current through the battery

trical energy within the battery
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CHAPTER 20 - Current Electricity 65

(d) the voltage across each resistor
(e) the power dissipated in each resistor.

(f) which resistor dissipates the maximum power the one with the greatest resiStance or the least
resistance? Explain why this should be.

53. (a) The power ofresistor is the maximum power the resistor can safely dissipate without too rise in

temperature. The power rating of a 15 k€ resistor is 5.0 W. What is the maximum allowable
potential difference across the terminals of the resistor?

(b) A 9.0k resistor is to be connected across a 120 V potential difference. What power rating is
required?

Equivalent Resistance
ﬁ&? Attempt this after reading article 22.9.

54. Find the equivalent resistance between points A and B in the following circuits :

40
YW
20 40
20} 600
Y
A 40 B
(a) (b)
10 0
40
100 00
Q
2 10 in 75
WA A B
A 10 10 B
(c) (d)
R A
240 80
R= ZnA e
R R
20 Lo R WAL VhAA—
]
Az 2R SA
'.'.'.'-l 'l'-'lll'!". r H H‘
a0 106 /‘W—LM'O"—\\
A B
(e)

(0
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between A and F
rs are

q circuit
o similar conducto

' istance of
i e in the resistance
What will be the changr o
= consisting of five identical conductors, if

SR A
added as shown by the dashed line in figure:

A C 4
iq—-—-ﬂﬁ'_—'_'
1 3 20 152 =
56. Find R, inthe circuit, shown in figure. 7
—
S 30 0 400 43

57. Find the equivalent resistance of the networks shown in figure between the points @ and b.

% (b)

(d)

()
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CHAPTER 20 Current Electricity 67

58. Find the equivalent resistance of

the circuits i 3 1
resistor has a resistance . shown in figure between the points a and b. Each

W

(a) ®)

Objective Questions (Level 1)
Single Correct Option

1. An ammeter should have very low resistance
(a) to show large deflection
(b) to generate less heat
(¢) to prevent the galvanometer
(d) so that it may not change the value of the actual current in the circuit
2. A steady current flows in a metallic conductor of non-uniform cross-section. The quantity/
quantities which remain constant along the length of the conductor is/are

(a) current, electric field and drift speed (b) drift speed only
(¢) current and drift speed (d) current only
If M =mass, L =length, 7 =time and / = electric current, then the dimensional formula of

resistance R will be given by yidec g
@ [R]=[ML*TZ17?] () [R]=ML’T°I’] (@ [RI=MLTT™] (@) [R]=[MLT"T"]

4. The unit of electrical conductivity is

(a) ohm-m = (b) ohm xm (c) ohm o iy (d) None of these
: aal current is due to drift of :
j Thm{;iegh Tﬂ slestiolic an St (b) positive and negative ions
(a) free electrons bt

. d holes ;
{plarecclegirons ap nce of 3.75€2 is 0.5 A. When a resistance of 1€ is

6. urrent i :enit with an external resista ;

'i];;h{:g El b 'c1 ::ﬂa ﬂfeuziﬂ“it‘ the current becomes 0.4 A. The emf of the pm;::; TTE is

(c) 3V

a) 1V (b) 2V = i

7 EI'I::: deflection in a galvanometer falls from 50 divisions to 20 divisions, when a 12Q shunt 1s
. eflection in a ;
applied. The galvanometer resistance 1S ©) 300 (d) 369
(2) 180 (b) 24Q
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L e =
e . =L -¢ (5, the resistang,
B8 Electricity and Magnetism isoushiibe galvaﬂ'-}mﬂer of resislant® vy 17. :
: se
8. If 2% of the main current 1510 be pas (d) 50G :
shunt required is G (c) 49G 1
G ()= : er will |
hes { the heater
@ 75 5:3 +eater is reduced by 107 the pf*“;;:: 1% |
9. If the length of the filament Of & (b) increase by a . 10%
‘ (a) increase by about 970 (d) decrease by o ; 18
. by about !ge’ﬁ : ictance raré C{Tnﬂeclc{:i to \(HF"\’ =
(¢) increase by femf £ and internal resist SIS BY
10; didenticol T ﬁl:mr{:lﬁ eac!]nuﬁ;TreﬂTiu: potential difference between point: |
losed loop as SNOWR 1 Tia"r+ / — ) units is K)fx T
?Z‘n.ldaﬁcwhiuh divides the circuit Into and (N =) : e o 19.
h (b) (N -mE |
{[:; nk e :d} :ie:zgi;;tance ofa 1.5 V cell. The balance pojy
sameter is used to determine the mntermn - Y B il
% idtI‘ ﬁitﬁfﬂﬁﬁ Isircuit is 75 cm. When a resistor of 10 ﬂ is connected across the cell, th
Ealam:e point shifts to 60 cm, The intemnal msistaﬂ?ﬂfgﬁc cellis (d) 4.5Q 20.
(a) 1.5Q (b) 250 (c) 3. AV 43
: . s = letter ¥, as shown in figure. If the ;/
12. Three resistances are joined together to ﬁ:rl'm a ; : T
potentials of the terminals 4, B and C are 6 V,3 Vand 2 V respectively, then 60 an
the potential of the point O will be i
(a) 4V 21.
(b) 3V 20
(c) 25V
(d) OV +2V *C
13. The drift velocity of free electrons in a conductor is v, when a current i 1s flowing in it. If both ik 54
radius and current are doubled, then the drift velocity will be s
(&) e (b) w/2 (c) v/4 (d) v/8
14. A gla::mmmﬁ;:r E; to be tforizvenedlintu an ammeter or voltmeter. In which of the following cases
resistance of the device is largest |
(a) an ammeter of range 10 A (b) a voltmeter of range 5 V 23
(c) an ammeter of range 5 A (d) avoltmeter of range 10 V '
il n{;h; irve,z;}.riirc;i‘t'the current flowing through the resistance 20 Ry
is -".;} {, while the ammeter reads 0.8 A. What is the value of R,? ST e
{8) 3082 200
(b) 402 ———— WA
(c) 500 ik 24
(d) 60Q ——AWA—]
16. Anammeter and a voltmeter are joined in seri :
riest : Lt
0a cell. Their readings are 4 and ¥ respectively’

a resistance is now joined in parallel with the voltmeter
(@) both A and V¥ will increase (b) both 4 and I wi
(c) A will decrease, ¥ will increase (d) A will iucreas‘:qﬂ dﬁf{?&e
» ¥ Will decrease
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1.

(a) B A—TE—TC
(b) C +
(d) DorE -I-
. T'wo batteries one of the emf 3 V, internal resistance 1 €2 and the other of emf _f‘_j 1 b L
¥ ]I

CHAPTER 20 - Current Electricity §9

. A voltmeter and an a b - - . ;
mimeter are joined in series to an ideal cell, giving readings V and 4

respectively. If a resistance equal to the recic : R
ammeter. qual to the resistance of the ammeter 1s now jomned in parallel to the

(a) ¥ will not change

(b) ¥ will increase

(¢) A will become exactly half of its initial value

(d) A will become slightly less than double of its initial value

i istor 3 pow issipati :
A resistor R has power of dissipation P with cell voltage E. The resistor is cut in nequal parts and all

parts are connected in parallel u.:;irh same cell. The new power dissipation is
(a) nP (b) nP- (¢) n’P (d) n/P

In the circuit di i n
s agram shown in figure, a fuse bulb can cause all other bulbs to go out. Identify the

15 V, internal rcsis%aqce 2 €) are connected in series with a resistance R as W 10 15V 203
shown. If the potential difference between points a and b is zero, the ' '

resistance R in Q2 is

(a) 5 (b) 7 S
.

(c) 3 (d) 1

A part of a circuit is shown in figure. Here reading of ammeter is 5 A B fos

and voltmeter is 100 V. If voltmeter resistance is 2500 ohm, then the

resistance R is approximately
(a) 20Q (b) 100 ©
(e) 1000 (d) 2000

A copper wire of resistance R is cut into ten parts of equal length. Two pieces each are joined in

series and then five such combinations are joined in parallel. The new combination will have a

resistance
R R R
(a) R (b) — c)= et
4 © 5 @ 25
Two resistances are connected in two gaps of a metre bridge. The balance point is 20 cm from the

zero end. A resistance of 150 is connected in series with the smaller of the two. The null point shifts
10 40 em. The value of the smaller resistance in € is

(a) 3 (b) 6 (¢) 9 (d) 12
n lthh.'giirm circuit, the voltmeter records 5 volt. The resistance of the [ O

voltmeter in Q is

(@) 200 i s M
(b) 100 -

(c) 10 i

(d) 50 mif
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L . am—

-ell of emf 2 ,,

i nected to a €€ Vo

oth 1 m. It 15 c:un : e s
tentiometer b ce 40 gn\ﬂfrj}: palanced by 1t the h;:m;‘; = £ I by |
s ]t'acel]ﬂfcmFL ( _I

g sistance 1 §2. ¢) 50cm e 2
and lnlm‘nal rc {h} 60 cm = g{in z sectiﬂﬂ of a circuit gshown, 15
an .

ke 1 een points A
26. The potential difference between po & i i
>
Eﬂé 20
20 20 f 10 10
B
i & 3V 2v
(d) 17 volt

(b) 1 volt () 10 volt
1Q 2V

(a) 5 volt
al resistance 7 =1 Q) are 'WH

70  Electricity and Magnetism
a5 resisian

i i intern
.0 identical batteries, each of emf2 VandIn
it 2:1?1;:[[:;':5 shown. The maximum power that can be developed across R i
Lt - - F--u
using these batteries 1S MR |
(a) .*%.2 W (b) 8.2 W . 14
(d) 4 W e ——— |

nce is 2.2 V. when circuit is open and reduces to1.8 V. When

(c) 2W
28. For a cell the terminal potential differe :
cell is connected to a resistance R = 5€, the internal ﬁsistance of cell (») 1s :
10 9 1 G
(a) FQ (b) Iﬂﬂ (c) 9 Q (d) 9
29. The potential difference between points 4 and B in the circuit shown in 250 - A 10V, 250
figure, will be I._
(a) 1V
(b) 2V
(c) -3V 150 B [_
sy 5V, 250
ith 490 Q) resistance and 2 V battery. [f

Potentiometer wire of length | m is connected in series w
0.2 mV/em is the potential gradient, then resistance of the potentiometer wire is approximately

(a) 490 (b) 7.9Q (c) 5.9Q (d) 6.9Q

30.

R 2R

. Find the ratio of :
key is open and x:ﬁ;:: E:i ?{Seglisaz?;::dby ammeter in two cases when the
(a) 9/8
(b) 10/11
(c) 89
(d) None of the above

2. A galvanometer has a resistance of 3663
Q. Ashunt §
total current passes through the i IS connected acrogs i
B - meter, T § 1t such that (1/ fhe
(@) 2220 ®) 1110 f;:; tlhle ;}ralue ofthe shuntjs (1/34)0
(d) 220

. An evaluation version of novaPDFE was used to create this PDF file.
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gquivalent Resistance Problems
ﬁ;t_e_ Attempt these questions after req

33.

34.

35.

37,

CHAPTER 20 - Current Electricity 71

ding ary icle 22,9,

The network shown in figure is
The resistance of the network bet
resistance r is e

(a) 1.1Q

e]glﬂmcpt of nine identical resistors.
PoInts 4 and B is 15 2. The

(b) 330

(a) r (b) 0.5~ () 2r (d) 3r

A uniform wire of resistance 18 is bent in the form of a circle. The
effective resistance across the points @ and b is

(a) 302

(b) 202

(c) 2.5Q

(d) 6

Each resistor shown in figure is an infinite network of resistance 1 Q. The effective resistance in

between 4 and B is

- ——— MW MWW WA ]

10 1 10 1.
R0 0 3" e =
1€2
(ﬂ) less than 1 Q2 EE; 10
(c) more than 19 but less than 3 Q : St 4 R R
In the circuit shown in figure, the total sl PERTRER 4
?:d: is R,. The value of resistance R1s (b) V3 Ry 3 a
) Ru @ E{L e

(0) =2 NE]
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F

72  Electricity and Magnetism ¢ equivalent

figure, R = 550, th

ircui n in the 1
38. In the circuit shown 1M o
resistance between the points pand 0

(a) 3002 0 24

(b) 3502

(c) 550

(d) 25Q b
any two adjacent do!

' i f all the wires between : ¢

w r;]jig]s;:s:tﬁ?s;nce between A and B as shown in the figure

e

(a) (7/3)R

(b) (7/6)R

(c) (14/8)R

(d) None of the above

A uniform wire of resistance 36 £ is bent in the form

s is R. Then

of a circle. The effective

40. :
" resistance across the points 4 and B is
(a) 3682
(b) 18Q
(c) 9Q
(d) 2750
41. A uniform wire of resistance 4 Q is bent into the form of a circle of radius r. A specimen of the sam:
wire is connected along the diameter of the circle. What is the equivalent resistance across the end
of this wire?
4 3 2 1
(a) Q b)) —Q ¢ Q d €
(4+m (3+m) {}{2+?t] @ (1+m)
42. In the network shown in figure, each resistance is R. The equivalent
resistance between points 4 and B is
20
a) — R 19 j
(a) T (b) 5o R /
8
¢c) —R R
sl @ 2 A B
43. The equivalent resistance between the noi i :
each side of smallersquare) point 4 and B is (R is the resistance of X R
a) R
(c) 2R R
(d) —
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JEE Corner

Assertion and Reason

3#

- . = - = %
Directions :  Choose the correct option.

(@) If both Assertion and Reason are true and the Reason is correct explanation of the Assertion.
(b) If both Assertion and Reason are true but Reason is not the correct explanation of Assertion.
(¢) If Assertion is true, but the Reason is Jalse. |

(d) If Assertion is false but the Reason is frue.

. Assertion : If potential difference across two points is zero, current between these two points

should be zero.
Reason : Current passing from a resistor
V
[ =—
R IR
Assertion : In the part of the circuit shown in figure, maximum
power is produced across R. :
2
Reason : Power P = AV
R

Assertion : Current / is flowing through a cylindrical wire of
non-uniform cross-section as shown. Section of wire near 4 will
be more heated compared to the section near B.

Reason : Current density near 4 is more.

Assertion : In the circuit shown in figure after closing the switch S reading of ammeter will
increase while that of voltmeter will decrease.

S __@_

—AAAAAS

I
I:I

Reason : Net resistance decreases as parallel combination of resistors is increased.

Assertion : In the circuit shown in figure ammeter and voltmeter are non-ideal. When positions
of ammeter and voltmeter are changed, reading of ammeter will increase while that of voltmeter

will decrease.

(V)

)
(A)—mww
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14

6.

10.

12.

s T

. Assertion :

i . : : ster is infini
Electricity and Magnetism S hat of an ideal 3 oltmeter ite.
' is Z
ideal ammeter

uit shown in figu

_The current should floy

L) -~ 5 r
Resistance of an re. given that V=Y.

In the part of a circ

Assertion : 5
from b to a. i_%w_____“___ﬂ |
ative terminal to POSitiv

is always from REgAVESRML R S L ‘

S fery :
v nt inside a batter) :
f curre | R

Reason : Direction 0
-ﬂat* E‘ EI r
- geofcurrent? py oo

Reason :

i i I
n in figure R 15 variable. Va

Assertion : In the circuit show

is maximum when R =7- : o
Reason: AtR=r maximuim power 15 prnduced acros

temperature is taken nto

e ] : -
variation in resistance due t
. er produced across the

consideration, then current in the circuit I and pow
resistance P both will decrease with time.

Reason: V =IR is Ohm’s law.

Assertion: When a potential difference is applied

travelling with a constant speed called drift speed. o ‘ .
Reason : Due to potential difference an electric field is produced inside the conductor, in which

across a conductor, free electrons stan

electrons experience a force.
Assertion : When temperature of a conductor is increased its resistance increases.

Reason : Free electrons collide more frequently.
Assertion : Two non-ideal batteries are connected in parallel with same polarities on same side.

The equivalent emf is smaller than either of the two emfs.
Reason : Two non-ideal batteries are connected in parallel, the equivalent internal resistance is

smaller than either of the two internal resistances.

Assertion : In a meter bridge, if its wire is replaced by another wire having same length, same
material but twice the cross sectional area, then the accuracy of measurement decreases

Reason :  Accuracy of meter bridge depends on the length of wire

Objective Questions (Level 2)

Single Correct Option
1. Twocells 4 and B ofemf1.3 V and 1.5 V respecti A
: : pectively are

§huwr;;n figure. The voltmeter reads 1.45 V. Which czli M:Tha;lﬁ?:hﬁ ' E11‘ - =l
internal resistance and | i :

i and how many times? The voltmeter is assumed to v

[Eza:; :*i igrz ®) r=3r, ), =

L] (d) 3 :3;-,' _IEIrE

An evaluation version of novaPDFE was used to create this PDF file.
Purchase a license to generate PDF files without this notice.


http://www.novapdf.com/

CHAPTER 20 - Current Electricity 75

2. Avoltmeter connected in series with a resistance R, toa Ags——— A
Clr:fUIl IIId]Cﬂl;TS a _'-'uitagt: ¥, =198 V. When a series Ry Ry = 2R,
resistor R =2R, is used. the voltmeter indicates a
voltage V; =180 V. If the resistance of the voltmeter is L B
Ry =900Q then, the applied voltage across 4 and Bis & 2
(a) 210V (b) 200V (c) 220V (d) 240 V
3. All buﬂ?s in the circuit shown in figure are identical. Which bulb glows Iy
maost brightly? i
(a) B (&)
| (b) 4 D
| (c) D
(d) C ©
4. A student conmects an ammeter 4 and a voltmeter ¥ to measure a —
W

resistance R as shown in figure. If the voltmeter reads 20 V and the
ammeter reads 4 A, then R is

(a) equal to 50 A
{b} greater than 502 _.._.®_,‘.“.\Mﬂ_v_
(¢) less than 5Q

{(d) greater or less than 52 depending upon the direction of current Ep

5. The given figure represents an arrangement of potentiometer for the
calculation of internal resistance (r) of the unknown battery (E).
The balance length is 70.0 em with the Key opened and 60.0 cm with -
the kev closed. R is 132.40 Q. The internal resistance (r) of the -

unknown cell will be

(a) 22.1Q2 e

(b) 113.50Q R K
(c) 154.502
(d) 1002

6. Switch S is closed at time r =0. Which one of the following | i 7!
statements is correct? ! l;—ﬁMﬂrP—{gmw—
(a) Current in the resistance R increases if £,r, < E5(R +1) _)<
(b) Current in the resistance R increases if £,r, > E,(R +1) 2t
(¢) Current in the resistance R decreases if E\r, > E; (R +1) FRRARK
(d) Current in the resistance R decreases if E;r, =E;(R +1) R

7. 4, BandC are voltmeters of resistances R.1.5R and 3R ®
respectively. When some potential difference 1s applied between
x and y, the voltmeter readings are V', ¥y and V-, then ;—-—@w—— —
(@) V=V, =V, (b) V4 #Vp =Ve ©
() V, =Vg #Ve (d) Vy +Vp =V
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mﬂ N

16

10.

11.

12.

13.

ici glism
Electricity and Magn Eli§15 Q

acro :
. hown, the voltage droP : ratio
b thecircuit st/ 2 polarity as indicated. Thera

resistor is 30 V having the e resistor nd resistance
i i srce Across
of potential differenc

R is
0.4
(a) 27 :3;}1 |
(c) 577 rement of internal resistance of a cell by

pt open then balancing
d some resistance
length is foundto A

i n the meast :
In an experimert 2 the key K is ke

i i hen
, 5 potentiometer, W & :
r::i;i’h isﬁmined at ymetre. When the K 15 closed a

TV
R is inserted in the resistance box, then tt_me balancing
nternal resistance 1s

be x metre. Then the i o yx
(a) 't—_"t R X
x=1
=X (d) —— &
{C] }_}’ R ' } X

A source of emf E =10 Vand having negligible internal resistance Is

connected to a variable resistance. The resistance varies as shﬂwn_ in _

fioure. The total charge that has passed through the resistor R during
aure.

the time interval from ¢, to £, is e

(a) 40 log, 4
(b) 30 log, 3
(c) 20log,2

(d) 10 log, 2
In order to increase the resistance of a given wire of uniform cross section to four times its value, s

fraction of its length is stretched uniformly till the full length of the wire becomes = times the
2

f;=10s =305

original length. What is the value of this fraction ?
| | 1

@) ~ (b) - ¢) — 1
4 3 Ol (@ -

The figure, shows a meter bridge circuit, with 4B =100 cm,
A =12Q and R=18Q and the jockey J in the position of
balance. If R i1s now made 8 Q, through what distance will .J have
to be moved to obtain balance?

(a) 10em () 20 cm
(©) 30 om (d) 40 cm
A milliammeter of range 10 mA and resistance 90 is joined in a circuit as 2010

shown. The meter gives full-scale deflection for ¢
- ! ; urrent J w S|
used as its terminals, i.e., current enters at 4 and leaves at B(Ch?sn !:ﬂ?ﬁlﬁgf |

The value of [ is

@) ,] s (b) 900 mA 0.1 | 090

A @ L1A | |
A B ¢
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CHAPTER 20 - Current Electricity 77
4. A.bat]:er}lf ﬂfﬂir"lff =12 Vis connected across a 4 m long uniform 3 v
er_ﬁ 1‘*_"“5 I:Li-tslran-::e 4Q/m. The cell of small emfs &; =2 Vand _—_i T
g3 =4V having internal resistance 2Q and 69 respectively are
connected as shown in the fioure ) N
deHleckion 4t the point \.‘” : fdrtlglln.. If galvanometer shows no A g
¥, the distance of point N int Ais R -
equal to po from the point A4 is ]
I
a) —m 1
3 . r
¢) —n : £2 2
o 2 : (d) None of these
IS. In the circuit shown, when key X, is closed, the ammeter reads / e LA
K Kz 10002

16.

l?‘

18.

19,

whether K., is open or closed. But when & | is open the ammeter reads
1y/2 when K, is closed. Assuming that ammeter resistance is much AL ——AMAM——
less than R, the values of r and R, in€2 are
(a) 100, 50 (b) 50, 100 L

(¢) 0,100 (d) 0,50 Er

In the circuit shown in figure, ¥ must be

(a) 50V a0 200 1000 <,
% 502

(b) 80V

v
(c) 100V 1 %Eﬂ
(d) 1290 V Yl A8

In the eircuit shown in figure ammeter and voltmeter are ideal. If

E=4V, R=9Q and r=19Q, then readings of ammeter and @
voltmeter are R R
(a) 1A,3V —AMAA
(b) 2A,3V
(c) 3A,4V @
(d) 4A,4V =
A moving coil galvanometer is converted into an ammeter reading up to 0.03 A by connecting a

shunt of resistance i— What is the maximum current which can be sent through this galvanometer, if

no shunt is used. (Here r = resistance of galvanometer)
(a) 0.004 A (b) 0.005 A (c) 0.006 A (d) 0.008 A

8 g 6Q

The potential difference between points 4 and B is

20 40
(a) TV (b) —_;- V
(c) *l;?‘.v' (d) zero
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78
20.

21.

22.

23.

24,

25.

| io6:lareco
: d having their lengths in the ratio 6 .-]‘ : dnpc“‘ﬂd X
erial an vand2 V respectively. It ry and ry qp by

the wires are 3

Electricity and Magnetism

Two wires A and B made of same mz;

series. The potential difference acl'i:
H a

vely, then = 1S

radii of A and B respecti T4
1 (c) 1 LS
1 b) =
{a} 1 { 2 . - w
; ‘ v of 3 V along with resistance {}I‘ZQSQI
inected to a battery lvanometer. In order to l’t‘dufi

tance 50€2 is col ] ttery I
flection of 30 divisions 1S obtained in the ga

: - ' ies should be
ions the resistance in SE(FSS;SSUSI o (d) 6050

twith R ,» =10€2 rheostat of :
o t 20 cm —‘l 3 !

A galvanometer of resis
in series. A full scale de

this deflection to 20 divis
5 (b) 50500

(a) 44500
i a potentiometer arrangemen =11
e 0 null deflection point is found a

variable resistance x. For x = . + :
from A. For unknown value of x null deflection point was at 30 cm from

A, then the value of x is A
(a) 1002 (b) 5Q2 :
(d) 1 En 10
L
r

(c) 20

In the given potentiometer arrangement, the null point
(a) can be obtained for any value of V¥

(b) can be obtained only if V' < ¥, A -
(¢) can be obtained only if V' > ¥,
(d) can never be obtained E

In the given figure the current through 4 Q resistor is 200
(a) 1.4 A W

(b) 0.4 A |
(c) 1.0 A 4 A s =
(d) 0.7 A

All resistances shown in circui i

resistance between D and £ i: e Do) '_-__W__TE
(a) 5A
(b) 25 A
() 1A

(d) 7.5 A b
In the circuit shown in £ 1 é H
voltmeter reading will be U7, fhe Sistce of voltmeter is 6 kQ. The 1oV

(a) 6V

(b) 5V

(c) 4V 2kQ 3kQ
(d) 3V
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CHAPTER 20 - Current Electricity 79
For what ratio of R, R

resistor is equal?
(a) il bopad |
(c) 4: |

Rz

» and R, ‘e
2 Ry power developed across each

(b) 4:4:1
(d)y 1:4:4 Rs

assage (0. No. 28 to Q. No. 29)

9.

The length of a potentiometer wire
and internal resistance 10Q), the
across the cell, the balancing len

15 600 em and it carries a current 0f 40 mA. For a cell of emf2 V
null Point is found to be at 500 cm. On connecting a voltmeter
gth is decreased by 10 em

The voltmeter reading will be

(a) 1.96 V (b) 1.8V (c) 1.64V (d) 0.96 V
The resistance of the voltmeter is

(a) 300Q (b) 2900 (c) 4900 (d) 20Q

More than One Correct Options

0.

31,

32.

Two heaters designed for the same voltage V' have different power ratings. When connected
individually across a source of voltage V, they produce H amount of heat each in time 7 and 7,
respectively. When used together across the same source, they produce /7 amount of heatin time ¢

(a) If they are in series, f =1, +1, (b) Ifthey are in series, t =2 (f; +1;)
t
1 = A1l care i aallel,r=—ﬂ3—
(¢) Ifthey are in parallel, 1 = @i (d) If they are in par )

Two cells of emf E; =6V and E, — 5V are joined in parallel with same polarity on same side,

without any external load. If their internal resistances are ; =2Qand r; = 30 respectively. then
(a) terminal potential difference across any cell i‘s less than 5 V

(b) terminal potential difference across any cell is5.6 V

(c) current through the cell is 0.2 A

(d) current through the cells is zero {8, =42 T2

[ T
Three ammeters A4, B and C of resistances R 4, Rp and R respectively T1
»

: )
ioined as shown. When some potential difference 15 applied H.ICI'[;SS

i | [ respectively.

’lhE-Jtenninals T, and T, their readings are I ,.1pand I TeSpee = (C——

Then : (b) I,R4+1pRs =IcRe
(@) dinels . I
1, _Re () R, +Rp

' i
(¢) =—=— C
I R, are jﬂimd as shown. '@_®"

: ; esistances, : :
Three woltmeters all ey dlftrir:::ﬂl{ed aeross A and B, their readings &

When some potential difference’
are V,,V, and V5. Then
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34.

35.

36.

37.

38.

ity and Magnetism
Electricity an g ®) y, v,
(d) ¥y + Vi = Vi

[ but have equal resistances 3,
owing. Whic

(a) ¥ =V i
©) ¥, +Va =V; h of the following IS/,

made of the Samr= = :
Two ::nnducml'ts d in series in a circul
two are connecie

correct ? J
(a) The potential d:ﬂﬂirenm: ::;:
ift speed 15 1arge i
e t E field in the first conductor 15 I‘I-'r'lc e
s d conductor 1s twice

} % L
I—_—-V‘MVH

 shown
::}ﬂ:ufiff wsill flow from Ato B
(b) current may flow Ato B
(¢) current may flow from £ !0 A i
(d) the direction of current will depend on £ |
nt shown in figure, the null point length is /. ' /

ve le

terial ha :
me e h current 18 fl

t in whic
vo conductors is the same

of length L
i that in the second
hat in the first

ross the b
the condu

[n the potentiometer experime
Choose the correct options given below.
(a) Ifjockey J is shifted towards right, I will increase —|

(b) If value of E, is increased, /is decreased
(c) If value of E, is increased, /is increased Ww_/s

(d) If switch S is closed, / will decrease

In the circuit shown in figure, reading of ammeter will

(a) increase if S, is closed |
|

(b) decrease if S, is closed
E
S

fe) increase if S, is closed r
(d) decrease if S, is closed < :W } |

In the circuit shown in figure it is given that Vy =V, =2 volt. Choose

the correct options.
(a) C&_.trrem in the wire is 6 A
{ b) Direction of current is from 4 to b ¥
(©) ¥, V. =12 volt 2 <
(d) V. -V, =12 volt
Each resistance of the netwo ] i
pah gy rk shown in figure is r, Net resistance
(@) aand bis :?r
2
(b) a and cis r
(c) band dis r

@.bandd;is%
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CHAPTER 20 Current Electricity 81
vatch the Columns

. For the circuit shown in figure, match the two columns.

Column 1 Column 11
(&) current in wire ae (p) 1 A
(b) current is wire be (q) 2 A
(c) current in wire ce (r) 0.5A
(d) current in wire de (s) None of these

2. Current /is flowing through a wire of non-uniform cross section as shown. Match the following two
columns.

Column I ". Column 11
(a) Current density (p) is more at |
(b) Electric field (q) is more at 2
(c) Resistance per unit length () is same at both sections | and 2

(d) Potential difference per unit length (s) data insufficient

. In the circuit shown in figure, after closing the switch S, match the following two columns.

-

o R
Column I . Column I F/ 2
(a) current through R, \(p) will increase 3 Y l

(b) current through R, \(q) will decrease R, R,
{c) potential difference across R, i{r} will remain same
(d) potential difference across R; i{s} data insufficient

g

. Match the following two columns.

‘ Columnl Column 1T
.(ﬂ) Electrical resistance (p) [MLTA%]

(b) Electric potential (q) [MLET-?r A2
(c) Specific resistance (r) [ML’T" A
(d) Specific conductance (s) None of these
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Electricity and Magnetism
: : atch the fn]lnwmg WO ¢ cﬂlumns

et : e m
5. In the circuit @Eiw_ﬁgur , e “
Column 1 (In SI anits)
(p) zero
(a) potential difference across battery ; ;z:; |
b) potential difference across battery s
: ed/ consumed by A I[r}

li
(c) net power supp b '
(d) net power 5uppE¢df consumed by B (¢ ) E ot

ions (Level 2)

tance of the triangular bipy
D

ramid between the points.

Subjective Questl

1. Find the equivalent resis

(a) Aand C (b) Dand E

Assume the resistance of each branch to be R. ' |
2. Nine wires each of resistance r are connected to make a prism as shown in figure. Find
equivalent resistance of the arrangement across
A E

D

(@ AD  (b) 4B
3. Draw the circuit for experimental verification of Ohm’s law using a source of variable D.C. voltag
a main resistance of 1000, two galvanometer and two resistance of values 10° O and 10”

respectively. Clearly show the positions of the voltmeter and the ammeter.
4. The figure shows part of certain circuit, ﬁnd =

(a) Power dissipated in 5 €2 resistance.
(b) Potential difference V- — V.
(c) Which battery is being charged.
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GHAPTER 20 - Current Electricity 83

. A 6V battery igible ; .

5 i:liﬁ;}rm wiﬁ?,ﬁ: “';fgll'b'bie Internal resistance is connected across a oA
Guliery of amit 4 VO d“f“ét}‘ 100 em. The positive terminal of another 1t
s e and internal resistance | is Joined to the point 4 as D
shown 1n figure. Take the potential at B to be zero A -
(a) What are the potentials at the points 4 and C 2
(b) At which point D of the wir ial i

” e AB, the ‘nti i . G
ST potential is equal to the (i I
AT 10

(c) Iff: the points C and D are connected by a wire, what will be the current through it ?
(d) Ifthe 4V battery is replaced by 7.5 V battery, what would be the answers of parts (a) and (b)?

6. l‘:;i}:;:{::f:?rz‘;’;m AB of length | m, an uukm:-w::: resistance X and a
: are connected by thick conducting strips, as shown
in the figure. _A battery and a galvanometer (with a sliding jockey
connected to it) are also available. Connections are to be made to
measure the unknown resistance X. Using the principle of Wheatstone
bridge answer the following questions :

(a) Are there positive and negative terminals on the galvanometer ?

(b) Copy the figure in your answer book and show the battery and the galvanometer (with jockey)
connected at appropriate points.

(c) After appropriate connections are made, it is found that no deflection takes place in the
galvanometer when the sliding jockey touches the wire at a distance of 60 ¢cm from A. Obtain
the value of the resistance X. '

7. A galvanometer (coil resistance 99Q)) is converted into an ammeter using a shunt of 19 and
connected as shown in figure (a). The oy
ammeter reads 3 A. The same I;
galvanometer is converted into a 20
voltmeter by connecting a resistance of :
101 in series. Th_ls voltmeter is A @
connected as shown in figure (b). Its 20
reading is found to be 4/5 of the full (a) (b)
scale reading. Find :

(a) internal resistance r of the cell

(b) range of the ammeter and voltmeter

(c) full scale deflection current of the galvanometer.

8. Ina circuit shown in figure if the internal resistances of the sources are negligible then at what value
of resistance R will the thermal power generated in it will be the maximum. What is its value ?
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Purchase a license to generate PDF files without this notice.



http://www.novapdf.com/

f (}%

S

84 Electricity and Magnetism

9. In the circuit shown in figure, find :

(a) the current in the 3.00 €2 resistor,

(b) the unknown emfs £ and E>
3.00A )

(¢) the resistance R.

. "

and the potential difference across the switch.
ed, find the current through all

15V

(b) If the switch S is clos
10V

ammeters and the switch also.
10
An accumulator of emf 2 V and negligible internal resistance . .
Q2. The appropriate terminals of
d of the wire and the othe;

11.

is connected across a uniform wire of length 10 m and resistance 30
a cell of emf 1.5 V and internal resistance 1€ is connected to one enc : the
terminal of the cell is connected through a sensitive galvanometer to a slider on the wire. Whatis the

length of the wire that will be required to produce zero deflection of the galvanometer ? How wil

the balancing length change 7
(a) When a coil of resistance 5 Q is placed in series with the accumulator.

(b) The cell of 1.5 V 1s shunted with 5 Q) resistor ? b

12. A circuit shown in the figure has resistances 2002 and Ar—— MWW
300, At what value of resistance R, will the thermal
power generated in it be practically independent of small 300 A
variations of that resistance ? The voltage between points j
A and B is supposed to be constant in this case. B

13. In the circuit shown in figure, the emfs of batteries are £, and £, which have internal resistances R,
and R,. At what value of the resistance R will the thermal Power generated in it be the highest :

What it is ?

E; ] E

—
AR A
TEYY

assuming the thermal power diss; pated into i
surrounding space to vary as
9=k (T —T,), wherekis?
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§  Introductory Exercise 20.1
i 1. 1.12mA 2.1.9%10 mis
Introductory Exercise 20.2
1. 0.18B02
By
Introductory Exercise 20.3
3
n.{" 1
3.5V 4.§A 5. fero, 1 A
E
T
big 6 [
ihe 2T
Sty

W

Introductory Exercise 20.4

1. 3A,20,-5V

2. 36W, 12W

Introductory Exercise 20.5
1. 7.5V, 0.50 3.2

5. By connecting 10 resistance in parallel with it 6. (n-1)G 7. (a) 320 cm {b}g—EEF

i Subjective Questions (Level 1)

‘ 4.4x10'® 2. 39x10%C
5, (a) 330C (b) A1 A

8. 10?° electrons/s, 16 A

12. 0.569 mm

Gvd
{a) 2d = 34d, p—d l:h} 2c = 3d, "P—

51': 1.
4l
?'l

11.

14,

16.
21"

22,
o
tI 24,
i;l

W

6.6 10" rps, 1.06 mA

0.735u m/s, 431 yr
9540, 0.002 /~#C
4

R,=18.180,R, =1.820Q

Vi=12V,¥3=9V,V =3V, Wp

3. Yes

2. (@)9.9A (b)5.88V (c)0.600

4. Falzse
™ L

Lt
mab

1. 5A, 25A 2.0,2V,5V, 15V, 3Afrom Cto B 7.5 Afrom D to A.

5. Yes, from lefttoright 6. 300C

4. True i T

AIEEE Corner

3. (a) 337.5C (b) 2.1x10%

CHAPTER 20 Current Electricity B85

ANSWERs B

B I IHII’HIHIHHI

4. By connecting a resistance of 9990 in series with galvanometer

6. 6.0x 107" m/s

9. 0.1250
13. (2) 1.25V/m (b) 2.84x10°Q-m

10. 15¢g

15. (a) 3.65x 1020-m (b) 172A (c) 2.58%x 107 m/s

17. 5A

- 75V, -50V, 125V,175V, -25V,~200V

8

15A =0

D

3 13
iﬂ.gﬁ 20. EE

_BV, Vi =12V, V=11V, =9V, | = 6V
23. (a) 0.1A,40V (b) 0.08A 4.2V

Resistance 50 80 60 Tee UEEE ag®esll - 9o
Current an 0.5 A 3.0A 05 A ‘ 10A 4A
Towards A c c € . B | E
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86 Electricity and Magnetism | g
i 10V (b)) = A .

25, 20y 26,2 (D120V. 80V (D 100 V. =

3 (b) £ (€} Paint B -

tive terminal on left side

32. (a) 0200 () 87V

28. {(a) Anticlockwise 30. 10V

29. (a)5V (b) 3V (c) posi

v
31. (a) zero (b) 5.0V (c) 5.0V gz__ 36. 20.169 37. 22.5
33, 25V 34 current in all resistors is Zero 35. G+ 8 16 cm from A
A 3238V 42
41, 4000, 3.2V, :
38, 48V  39.79.9950Q 40. 150 s A
Ry hsx10”Q A5 @SRy
a3. 1290 44 @ 5 (0). 4 :
' AW -1W
4. 54w 47, 820 48.06W.2W 49. +14 W e
1 g & W (supplied), 3 W (abpsorbe
LA miw, 2w (c)
50. (3) 5 (b)
51. (a) 24W (D) AW () 20W o resictor 117 A, 4,80 resistor s8A

52. (a) 0.800Q {b) 1.600 resistor 17.5 A, 2.40
{c) 35.0A (d) 28 0V for each
(e) 1.60 £ resistor 490 W, 2.40Q resistor 3

53, (a) 2738V (b) 1.6 W < !
R .32 25 226 , 4 SR 54
54. {a}%—%ﬂ (6) 5 (c) ﬁ” (d) =0 (e) Q ()~ (g) 7

39
£5. The new equivalent resistance will become 0.6 times 56. 23.32 ()

57. (a}-g—r (b) %r {c) r {d}i (e) r 58. (a) r/2 (b) 4r/5

27 W, 4.800 resistor 163 W

Objective Questions (Level 1)

1.(d) 2.(d) 3.(a) 4.(c) 5.(b) 6.(b) 7.(a)
11.(b) 12.(0)  13.(b) 14.(d) 15.(d) 16.(d) 17.(b)
21.(a) 22.(d) 23.(c) 24.(b) 25.(d) 26.(d) 27.(c)
31.(c) 32.(p) 33.(b) 34.(b) 35.(c) 36.(c) 37.(d)
41.(a) 42.(d) 43.(b)

JEE Corner
Assertion and Reason
2O Zab S0 SRED k) L6 e T
11. (d) 12. (d) :

Jhjective Questions (Level 2)

1.(b) 2.(c) 3.(b) 4.(c) 5.(a) 6.(b)
11.(b) 12.(b)  13.(c) 14.(d) 15.(d)  16.(b)
21.(a) 22.(b)  23.(d) 24.(c) 25.(b)

7.(a)
17.(a)
26.(b)  27.(d)
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(f) least resistance

8.(a) 9.(b)  10.(d)
18.(c) 19.(c)  20.¢¢)
28.(a) 29.(d) 30.2)
38.(d) 39.b) 40.¢

8.(c) 9.(d) 10.(

8.(d) 9. 100
18.(c) 19.d) 20.0
28.(a)  29.(c)

Mor
32
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More than One Correct Options
32.(ac) 33.0b.cd) 34.(abd)35.(bc) 36.(abc) 37.(bcd) 3B.abcd) 39.(ac) 40.(ad) 41.(b.d)

Match the Columns
1. (-9 (B) =+ s (€)= q (d) = s
2. (@—p B> p (c)—=p (d) - p
3. @—=>aq ((M=p (©)—q (d) - p
4. (a)—>q (b)—>r (c)—=s (d)—s
5. (a)—s by r () s (d) > r
Subjective Questions (Level 2)

1. (a) %R (b) %R 2. (a) -i%r (b) -gr 4. (a) 605 W (b) 6V (c) both
5, (a) 6V, 2V (b) AD=66.7cm (c) zero (d) 6V,-1.5V, no such point D exists.
6. (a) No (c) 8Bn 7.(2) 1.010 (b) 5A,995V (c)0.05A
8. 200,45 W 9.(a) BA (b) 36V, 54V (c)9Q
10. (2) 9.5A,95A,2A, 5A,5A, 2A, 12V (b) 125A, 25A, 10A, 7A, 8A, 5A 154
RiR, (ER, + ERY?
Ri+R; ™ 2RR, R+ Ry)

11. 7.5m,875m,6.25m 12. 120 13.R-=

VE
4. T=Ty+(1- e*ﬂf‘f)ﬁ
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Electrostatics

21.1 Introduction
21.2 Electric Charge
21.3 Conductors and Insulators
21.4 Charging of a Body
21.5 Coulomb's Law
21.6 Electric Field
21.7 Electric Potential Energy
21.8 Electric Potential
21.9 Relation between Electric
Field and Potential
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21.10 Equipotential Surfaces

21.11 Electric Dipole

21.12 Gausss Law

21.13 Properties of a Conductor

21.14 Electric Field and Potential Due
to Charged Spherical Shell or
Solid Conducting Sphere

21.15 Electric Field and Potential due
to a Solid Sphere of Charge
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Solved Examples

Level 1

Example 1 Five poin charges each of value + q are placed on five vertices of a regular hexagon of

side ‘a”meter. What i the magnitude of the force on a point charge of value — q coulomb placed at the
centre of the hexagon?

Solution
LF e e
" I L -,
/ i 7N
% ;’r \
(; e _;‘ = Kﬂa ki Rx-’
LS o ¥ a._\.
\ : .-'ff -'-;Illf 6‘{] : \

I“.' e ‘_- [ —

O d Qs o a2

Fig. 21.95
al2 1
e = L‘lus 6{]5 —
r 2
. Ja=Fr
dizda .- ds =l

Net force on — g is only due to g5 because forces due to ¢; and due to ¢, are equal and opposite so
cancel each other. Similarly, forces due to ¢, and g < also cancel each other. Hence, the net force on— g is,

= it {‘?_}E_fﬂ (towards g )
dRey r°
S Ans.
or 4in Eu i"2

Example 2 A point charge g, =9.1 uC is held fixed at origin. A second point charge g, =—0.42uC
an.d a mass 3.2 .x 10~ kg is placed on the x-axis. 0.96 n from the origin. The second point charge is
released at rest. What is its speed when it is 0.24 m from the origin?

Solution From conservation of mechanical energy, we have

decrease in gravitational potential energy L2
= — increase in Kinetic energy.
[
1 Z U e 4142 l = _l_

el A AL et o T | e
13 4r Egy kf r r f

i
giga | Tr

—_—

ameg |\ rry
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156 FElectricity and Magnetism i
- rr
e f_,.__]
el al
9 A =
9lxm'*](-u.a,zxm"”}ﬂ*-‘?"m_L_“-*‘__&E@__
_ [ert Y e (00

=76 m/s , 1 ; :
nary at the origin. A second point fﬁw&

_58uC is held statio much work is done by g

B e e m.0,0) to (038 m, 0.0). How

g =+ 4.3 pC moves from the point (0.26
electric force on 47 —
Solution Work done by the electrostatic forces =U, Uy

_ 94> Er =

41:5“L oy

(~5.8x107%)(43x10°°) O 107) (0.38 - 0.26)
: (0.38) (0.26)

==02721] Ans

Example 4 A uniformly charged thinring has radius10.0 emand total charge +12.0 nli. Ancelectron
is placed on the ring s axis a distance25.0 cm from the centre of the ring and is constrained 1o stay on
the axis of the ring. The electron is then released from rest.

(a) describe the subsequent motion of the electron. :

(b) find the speed of the electron when it reaches the centre of the ring.

Solution (a) The electron will be attracted towards the centre C of the ring.
At C net force is zero, but on reaching C, electron has some kinetic energy
and due to inertia it crosses C, but on the other side it is further attracted
towards C. Hence, motion of electron is oscillatory about point C.

(b) As the electron approaches C, its speed (hence, kinetic energy)
increases due to force of attraction towards the centre C. This increase in
kinetic energy is at the cost of electrostatic potential energy. Thus,

1]
i—mv _U!'_Uf

: ) =U, U, =iee)l, =V
Here, V is the potential due to ring,
S
V, = ot
© dns.or
__(9x10%) (12x10°%)
(10)* +@5)?)x10°2
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ifll-.*.' :'_I_ i
dne, R

9%10%) (12 3
= S0 DA2x10T) _josow
g 10x10°°
Substituting the proper values in Eq. (i). we have
| .
Ew.ixm{r-‘” x v’ =(-1,6x10"") (401 -1080)

v=1545%10" m/s

Example 5 The eleciric field in a region is givenby E=ai + bj Here a and b are constants. Find the
nel flux passing through a square area of side | parallel 1o y-z plane.

Solution A square area of side / parallel to y-z plane in vector form can be written as,

=y =
8 =[]
Given, E=ai+ bj
~. Electric flux passing through the given area will be,
b =E.s
= (ai + bj) « (I’)
= ai’ Ans
Example 6 Figure shows an imaginary cube of side a. A uniformly
charged rod of length a moves towards right at a constant speed v. At +3';_ P
1 =0, the right end of the rod just touches the lefi face of the cube. Plot a e T
gﬁapk between electric flux passing through the cube versus fime.
I:;:.-'-- o a
Fig. 21.97

Pkt
"

Solution The electric flux, passing through a closed surface depends on the net charge inside the
surface. Net charge in this case first increases, reaches a maximum value and finally decreases to zero.
The same is the case with the electric flux. The electric flux ¢, versus time graph is as shown in figure

below :
LTA

+a

-------------

L e

Fi_ a1 a0
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158  Electricity and Magnetism is thrown from a hoyjy

=2uC 0 (i
harge 4 : hy
. s m=1kg and € c field E=2x107 Vip....
Example 7 A charged ;?f*‘ "‘“‘"" ”f;:g;i e In ,-,-paceafmrizonmf electric field <10 Vimey,
ol o i d of the projectile thrown.

Find the range on horizontal grou! g y-axis also motion of the particle yy, %

- but alon £l
Solution The path of the particle will lﬁ-la f:‘rabula, " %
accelerated. Time of flight of the projecttie 15- : o) h
LS, —
T —— =
day a8 7 arpna
_2x2ﬂc0545“=2ﬁ5 _L‘ ener
g 10 l
Fig. 21.99
Horizontal range of the particle will be. s
R=ul+ % Al
3 or
_ak
Here, a, =

+ 7
=[2Kiﬂ'-ﬁ}{leﬂ }=4ﬂm."'52
1

R =(20cos 45°) [ZJE‘_: + % (40) (gﬁf

=40 +160
=200 m Ans.

Example 8 Two points A and B are 2 cm apart and a uniform electric field E acts along the siraight
line AB directed from A to Bwith E =200 N /C. A particle of charge +10 " C is taken from A to B along
AB. Calculate

fa) the force on the charge '
(b) the potential difference V,, — Vy and

(¢) the work done on the charge by E

Solution (a) Electrostatic force on the charge,

F=qE
=(107) (200)
=2x107* N Aw
(b) In uniform electric field,
P.D., V=E.d
or V-V =200%2x1072
=4 volt An
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CHAPTER 21 Electrostatics 159
(c) W=F.scos@
=(2%107") (2%10?) cos0°

=4x10°° ] Ans.

‘Example 8 An alpha particle with kinetic energy 10 MeV is heading towards a stationary tin nucleus
rqfaramm number 50. Calculate the distance of elosest approach.

Sﬂll.lﬁl?n Due to repulsion by the tin nucleus. the kinetic energy of the ZOKL e M "f;u 3
-particle gradually decreses at the expense of electrostatic potential - ' :
mﬂgy- - J' -
Decrease in kinetic energy = increase in potential energy Fig. 21.100
or = my? = U=,
or L= S [T N
2 4ne, r
: | (2e) {.#'U.f;'}
4ne, (KE)
Substituting the values,
_9x10%) (2x1.6x10 ) (1.6x10 " x50)
10x10% x1.6x10™"7
=144x10 " m Ans.

"--.a 10 Three point charges of 1C,2C and 3C are placed at the corners of an equilateral
2 of side 1 m. Calculate the work required to move these charges to the corners of a smaller
atera / triangle af&ki& 1.5m.

Rt o T

m“ﬁﬂﬂ Work done :Uf "‘Ui

1
=—1—-(L = —}[?3‘?: +q39; +429,]

—9x10? (é-%)[(3)(2)+(3>{1)+fz}(1}]

=99x10” J e
TJE Work done by electrostatic forces is U; — Uy but work done by external forces is U, — U;. Sometimes in a
simple way it is asked, find the work done. It means Uy -U;
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160 Electricity and Magnetism

g 7 A . I
i - raced on the top of @ €OM¢ of semi vertex angle 8. Show the fﬂ?-:ﬂ
Example 1 A point charge 4 5 P g (1—cos9) e

electri I the base of the cone is = i
electric flux throug 0 thod of symmetry. Consider g G snlﬂ'

. : solved by the me » cone. The ey
HOW TO PROCEED This p roblem can be nd radius the slant length of the "":"'"f” 1 ;ﬂ UX throygp
surface, a sphere with its cenlre al the top @ cone can be calculated by Using e

rhe
whole sphere is /€. Therefore. the flux through the base of
ﬁnﬂwmg formula, o

Sg Ep

F e

Here. S = area of whole sphere
and rl:: — area of sphere below the base of the cone

Solution

Let R =slant length of cone = radius of Gaussian sphere

S, = area of whole sphere = (4nR ")
§ = area of sphere below the base of the cone
=27k (1-cosB)

.. The desired flux is, §, =( 3 ] 4 Fig. 21.101

So) €0
= (27:.'?1}[1—?1:056]‘_::}_= g (1 —cos8) Proved
(4nR~) Ep 289
Note S =21 (1 -cos B} can be calculated by integration.
At 6=0°% §=2xf(1-cos0°)=0 Exa
0=90°% S =2zR° (1 -cos90°) = 2n1f

and 8=180°% S =2aR* (1 - cos 180°) = 4zF*

Proof : ds = fE'nr} R

= [2xR sin «) Rda as r = Rsin a
= (2aR) sin o do

§= E[Enﬁz]sin o da

S =2nit (1 - cos 6)

Students are advised to remember this resull.
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CHAPTER 21  Electrostatics 161

mple 2 Cﬂrmdﬁ:r a spherical surface of radius 4 m centred af the origin. Point charges + q and
q are fixed at points A (2 m, 0 0) and B (R

- m, 0, 0) respectively. Show that every point on the
herical surface is at zero potential. ' i
ution  Let £ (x, 3 z) be any point on the sphere. From the property of the sphere,
.1"+_1;:+::1=;.-13}.—_|6 =)
FU!’H’IEI‘. IJHEJ{X—E}: +.-F: - :: ..[:ii:}
and ..(1i1)
vo=_L |9 2]
ane, | PA PB
i 1
2=l q 2q
4me g -J{\. —2}2 + V¥ +z \'I(L"_E}: i _i.'2 + .z’ ]
il { n 2q
4meg -Jr._ + 4z v 4—dx Jt + & izt + 64 —16x
45 q : 2q -!
dmeg| JI6+4—dx (16 +64 - n:w'_!
== q q
dne _\Jflﬂ — 4x JED —4x
=0 Proved
mple 3 The intensity of an electric field depends only on the coordinates x and y as follows,
E=a{xi +}':i}
2 2
xX°+y

ere, a is a constant and i and ] are the unit vectors of the x and y aves. Find the charge within a
ore of radius R with the centre at the origin.

D — |

ion At any point P (x, ». z) on the sphere a unit vector YA
ndicular to the sphere radially outwards is, &
- L 2 Z e
i T ; Kk ISP (112
- S A I g i Jgl
X“+y 4z xX“+y 4z Jx + ¥y +2z
g ] b F = G = v
=iz j+—k
R R™ R
i xt eyl 425 =R"

Fig. 21.103
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at point P on the sphere,

- gtism g
162 Electricity and Magn . through 2 small ared d 2 T
f d th elcctl'ic flux pasﬁll'lg L ﬂr: i _'_'____'f_{l___._.?—- ff-s d’.‘.e dl.5
Let us find the £ = P Ve {.
A e dhee
[ Exa'“l
a s .-;J'HFJ::
“\r : - Therefore, total flyy ax®
dent of the co-ordinates X, ¥ and z. m ([%j
Here, we note that db, is indepen 2 1 )
g ; 22)
through the sphere . Aitae :( ,_J (4 |
3 0. = [dbe = J R golut!
— 4TEI'JR q
in
i dnaR)=—
1 b, = 9in  or (4maR) €0 g
From Gauss's 1aw, £
g, = AmEak Aty
& : ; \ith a uniform surface charge densiy,
: 7 sed by a disc of radius awit ;
Example 4 F:f:a' :};.Z fif::f;l;ﬁf:faﬁ:g :.I:eyuris of the disc a distance X from its centre. {
charge per unit ared), : o :
; argg We can assume this charge distribution as a collection of concentric rings of charge. :::n
Solution ec ecr
dA = (2nr) dr ener
dq:(j dd = [Zﬂﬁr}df'
P 2 02,302
dney (x° +r°)
4 A E—:L."E
Nl (2ror dr) x /
[#naﬂ (x2 +r2)*"2
(2nor dr)x
= lp =
& ‘E j Ed-naﬁ (- royee Fig. 21.104
sy E rdr or
%0 2 (x2 +r2)2
or
(4] : 1
or E. = 1-

2 ‘fazf.:r1 +1 or

If the charge distribution gets very large, i.e., a >> x, the term

becomes negligibly ™
a4 1

and we get £ = Laly
2
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CHAPTER 21 - Electrostatics 163
Thus, we can say that electric field produc

e distance from the sheet. Thus. the field

ed by an infinite plane sheet of charge is independent of
sheet.

15 uniform, its direction is everywhere perpendicular to the

Example 5 A "?”"fa”d“f:f ing disc of radius a and uniform positive surface charge density o is placed
on the graun‘d with its ﬂ_ﬂ:i vertical. 4 particle r}j'mﬂsy 1 cniel j'-'fﬂﬂﬂfﬂ" I:-‘hﬂl"gl‘:’ q i dpﬂppgd_ uhmg the
avis gf:hfz disc from a height H with zero initial velocity. The particle has g/m = 4g, g/o.

(a) Findthe value of H if the particle just reaches the disc.

) Ske:;::r the potential energy of the particle as a function of its height and find its equilibrium
position.

Solution As we have derived in the theory,

Vp=§-[1;lu:+ﬂz —H)

. Pygm 3
Potential at centre, () will be 1 3
v, = g (H =0) e
2e

L WY
|’ J '-.”I b i

(a) Particle is released from P and it just reaches point 0. Therefore, from
conservation of mechanical energy

decrease in gravitational potential energy = increase in electrostatic potential Fig. 21105
energy (A KE =0 because K; =K, =0)

mgH =q Vo V] g
(2 | B — et FHE +H] (1) ==
« e
& g,
i=l_u_gh zﬁuﬂ'i g 2
m o =
o i
Substituting in Eq. (i), we get —— =
gH =2gla+H—ya" +H"] -
,! 2 -
or E:(Q-I-H:l-' ﬂz+H' i
2 . :
5 H' i
7 H 2 2: = 1 H E
- faz +H“=f-""'£ or a +tH =a + n +da |
3 y2—aH or H:%aandh'=ﬂ
nr ——
4 Ans.
2 H:{-ﬁf})ﬂ

: . ; ; _ Flectrostatic potential energy .
(b) Potential energy of the particle at height H = El Dl St eies)

U =gV +mgH
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164  Electricity and Magnetism

Here V = Potential at height H

| _-dU _g
At equilibrium position: S i
; S o H s
Differentiating g, (if) W.rt 1 0 l\fi =
-1|= =Ly
bk PH)————u 2
g +2mg|:H——- ~11=0
i >

o +H .

ol 2o
-"‘al +H?
2H =1
fa: H?
2
or H =1 or 3H>=a’
at+H: "4
a
H=— Ams
or 7 \
From Eq. (ii), we can see that, 4
U =2mga at H =0 and Smdia
a
U=U.. =3mgaatH =" \/
min b4 J?: \fﬁmga ----- 1
Therefore, U-H graph will be as shown. E
Note that at H = %,U 1S minimum. o 2B b
Fig. 21.106

U :ﬂ[ﬁ-”“"’gﬂ
2Eq

Therefore, H = % is stable equilibrium position.

E:amplﬂ Four point charges +Bu€ —1pC, -1].1C and +8uC are fixed at the poit

3/2m, +3/2m and +27/2 m respecnve;y on the Y..m;_g A particle of M
6xfﬁ'iﬁigand¢&arge+ﬂ 1uC moves a!ungrhe~Xdlrecr:un Irs speed at x = + o is vy Fmdh"f"ﬂﬁ

- value of v, for which the particle will cross the origin. Find also the kinetic energy of the particle att¥

272 m, -

origin. Assume that space is gravity free.

An evaluation version of novaPDFE was used to create this PDF
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solution In the figure,
g=1pC=10"°¢C

go =+0.1pC=10"C
m=6x10"" kg
sd Q=8uC =8x10°C

Let P be any point at a distance x
from origin O. Then

AP =CP = §+x2

BP-——DP:JEEE+x

Electric potential at point P will be

CHAPTER 21 - Electrostatics 165

}"1L
v27/2m B+

Jazm A+

O

—y@2m Ct

= 27/2m D+

e

+Q

_2KQ 2Kq
BP AP
where K=—1 _9x10° Nm2/C?
4ne,
i —6 lﬂ—ﬁ
P ool 220
fz:«
=il
P‘:l.leU"
’2?
s L

. Electric field at P is

— 302
27 |
E=__‘i'=_1.3x|0‘[(3)(-%)(_2 +x2) —(n[_i][

E =0 o0n X-axis where

2 e 1
‘; T 23”
2 Z4x
Zs) 2+<)
{4}3f2 1
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[?E 4._1:1]:4[-?21 -i'IE]
= )
+ > m
r=£sl=
This equation gives 2

f the particle at infinity should be enough 14 take «
2 &

The least value of kinetic energy

3
particle upto x =+ 5 m because

arge g 1S Zero or F, =0

b Y

atx= +J§ m. E=0 = Electrostatic force on ch
w — -2 ‘

for x> \FZ m E is repulsive (towards positive X-axis)
2 el

and forx< F m E is attractive (towards negative X-axis)
2

! 5
Now, from Eq. (1), potential at X — J; m

8
Vv =18x10? =

27059 3.5
92 22
v =2.7%10" volt
. ; 5
Applying energy conservation at x =« and x = \g m
I
—mvy =gV i
5 0 =40
vy = ’2‘InV
m
=7 3
Substituting the values vy = 2x107" x2.7x10
6x107*
v.u. = 3 mfs -ﬂ!‘

. Minimum value of v is 3 m/s
From Eg. (1), potential at origin (x =0) is

8 1
Vo =18x10%| === ion 4109
J-%—I J3— * quv
2 Y2
Let T be the kinetic energy of the particle at origin,
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CHAPTER 21 Electrostatics 167

Applying energy conservation at x =0 and at x = ©

T +q4V, =12m‘r'§

But 1 mv& =il from Eq. (ii)
2
T=q4 (¥ -Vp)
T=(107")(27x10* —2.4x10%)
T=3x10"1J Ans.

e ; S 0] ilibrium position and
Note E =0 or F, on g, Is zero at x=0and x=*% \E m. Of these x =0 is stable equ pos

X=x JE m is unstable equilibrium position.
Z
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E XERCISES
AIEEE Corner o

Subjective Questions (Level 1)

Note You can fake approximations in the answers. s

Coulomb’s Law :
1. A certain charge Q is divided into
distance. What must g be in terms 0

A d distance 1.0 cm
/ ed particles are placed at a disia 0
o gr ing on each charge?

i ic i1 :
magnitude of the electric force ac s -
3. An a-particle is the nucleus of a helium atom. It has a mass m=0.64x 10™" kg and a chary
g =+2e=32%10" C. Compare the force of th
the force of gravitational attraction between them. | _ %

4. Two identical conducting spheres, fixed in space, attract each other with an electrostatic force ¢

. 0.108 N when separated by 50.0 cm, center-to-center. A thin conducting wire then connecis t

spheres. When the wire is removed, the spheres repel each other with an electrostatic fores Ele

0.0360 N. What were the initial charges on the spheres?

_ g, which are then separated by 4 Ot

o parts g and O s i
(OpR S electrostatic repulsion betweeen i

fOto maximise the

apart. What is the minimum pog,

e electric repulsion between two o -particles

5, Point charges g, and ¢ lie on the x-axis at pointsx=—aandx=+a respectively. 1€
(a) How must ¢, and g, be related for the net electrostatic force on point charge + O, placedz
x =+ a/2, to be zero?
(b) With the same point charge +0 now placed at x = +3a/2.
6. Twao particles (free to move) with charges +g and +4¢ are a distance L apart. A third charge®
placed so that the entire system is in equilibrium.

(a) Find the location, magnitude and sign of the third charge.
(b) Show that the equilibrium is unstable.

7. Two identical beads each have a mass m and charge g. When placed in
a hemispherical bowl of radius R with frictionless, non-conducting
walls, the beads move, and at equilibrium they are a distance R apart
(figure). Determine the charge on each bead.

]

8. Three identical small balls, each of mass 0.1 ¢, are suspended at one point on silk thread ha‘fiﬁﬁj
length of /= 20cm. What charges should be imparted to the balls for each thread to form an ang®’
o =30°with the vertical?

Electric Field T
9. Four particles, each having a charge ¢, are placed on the four vertices of a regular penlagan_1 :
distance of each corner from the centre is a. Find the electric field at the centre of the pent#&™
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CHAPTER 71 Electrostatics 169

10. Three charges, each equal to

4, are placed at the three ors of a square of si e electric
i3 i Fourth cornes. ree corners of a square of side a. Find the ele

11. A point charge g = —8.0nC is located at the origin. Find the electric field vector at the point
Isl-z m!_}'r:‘_]1ﬁm.

12. Find the clclerlf: field at the centre of 3 uniformly charged semicircular ring of radius R. Linear
charge density is A.

13. Find the electric field at a point P on the perpendicular bisector of a unifromly charged rod, The
length of the rod is L, the charge on it is Q and the distance of P from the centre of the rod is a.
14. Find the direction of electric field at point P for the charge distribution as shown in figure.
¥ y y

] t t

f +2 =} ‘I
(=

= X —_ .,P - X i f’ = X
.,GK +Q T +Q %

(a) (b) (c)
15. A clock face has charges —q, —2q. — 3¢, ...—12¢ fixed at the position of the corresponding numerals
on the dial. The clock hands do not disturb the net field due to point charges. At what time does the
hour hand point in the direction of the electric field at the centre of the dial.

Electric Forces
16. An electron with a speed of 5.00 x 10® em/s enters an electric field of magnitude 1.00 x 10 N/C,

travelling along the field lines in the direction that retards its motion. |

(a) How far will the electron travel in the field before stopping momentarily and

(b) How much time will have elapsed?

(c) If the region with the electric field is only 8.00 mm Insmg (too sh::?n from thF electmn‘ m‘smp
with in it), what fraction of the electron’s initial kinetic energy will be lost in that region?

— 1 kg and charge g =2 uC s thrown from a horizontal ground at an

17. d particle of mass m :
Acharged p electric field £ =2x 107 V/m exist. Find

angle = 45°with the speed 25 m/s. In spacea horizontal
s . . = E
the range on horizontal ground of the projectile thrown. Take g = 10m/s=.

18. Protons  are projected with an initial ?peed + }/— * ek 1o
v, =955x10° m/s into a region where a uniform

F 3 i i Tar
electric field E = (~720 j) N/Cis present, as sl?u“m ipsle o get
figure. The protons are to hit a target that i.u:s at a beam
horizontal distance of 1.27 mm from the point where
the protons are launched. Find : : _

(a) the two projeetiun angles © that result in a hit and
(b) the total time of flight for each trajectory.

1.27mm
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170 Electricity and Magnetism
the electric field bety,,

eclro

|
ents of an €
iirg 5. Suppose that

v com
19. At some instant the velocity 20 106 =

plates are v, =1.5% 10° m/s ﬂﬂd:"_m- =
st =1[|fi?}: ;Ezht electron? . dinate has changed by 2.0 ¢m9
ke ot th:c;: EI:rj{:-city of the electron after 1S x-coordind _
(b) What will be th€ '

Electric potential and Electric potential Energy

: : d
i i of co-ordinates. A secon
i — +2uC s placed at the origin : .
e J?:f:]glst: hir%.ﬂgi?!.ic is placed on the y-axis at x =100 cr;‘:. At what point ( Ry
oints) on th is wi i ro’ =4
points) on the x-axis will the absolute potential be ze : ’_____3;%%;

the form of a line charge density A = 3. on the sides of 5

21. A charge Q is spread uniformly in
e the potential at the centriod C of the triangle,

equilateral triangle of perimeter 3a. Calculat o ghe &
A uniform electric field of magnitude 250 V/m is directed in the positive x-direction. 4 +12

charge moves from the origin to the point (x, y) = (20.0cm. 5.0 cm).

(a) What was the change in the potential energy of this charge?

(b) Through what potential difference did the charge move?

A small particle has charge —5.00 pC and mass 2.00x 10™ % kg. It moves from point 4, where t:
electric potential is /', =+200V, to point B, where the electric potential is V; =+800V. Tk
electric force is the only force acting on the particle. The particle has speed 5.00 m/s at point 4
What is its speed at point B? Is it moving faster or slower at B than at A? Explain.
24. A plastic rod has been formed into a circle of radius R. It has a positive charge
+0 uniformly distributed along one-quarter of its circumference and a
negative charge of —60 uniformly distributed along the rest of the
circumference (figure). With ¥ =0 at infinity, what is the electric potential
(a) at the centre C of the circle and

(b) at point P, which is on the central axis of the circle at distance z from the R

centre?

22.

23.

P

—6Q

B

done by the electric force on ¢,?

26. A point charge g, =4.00 nC 1s placed at the orig; G
’ R _ gm, and a second point char ==-3.00 nC”
plgcgd 011. the Y-axIs at x =+20.0cm. A third point Charge ¢, = 21.:';0 nC is glchizd on the A
qu and g, . (Take as zero the potential energy of the three charges whle)n they are infinit®!

far apart),

(a) Whatis the potential energy of the system of th '1
My ¢ three charges if . ; = +10.0¢™

(b) Where shoylq g be placed to make the potential energy g? theiir ;:epr:}azﬂ:f txu_z:rg?
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CHAPTER 21 Electrostatics 171
7. Three point charges, which

h Initi . .
equilateral triangle with sides 4 ITt[l‘alu}r are infinitely far apart, are placed at the corners of an
net work is required to place thchth WO fjf the point charges are identical and have charge g. If zero
the third charge be? ree charges at the corners of the triangles, what must the value of

Relation between Electric field ang potential

78. The electric ﬁfald I a certain region is given by E=5i- 3j kV/m. Find the difference in potential
Vg =V, - 1f A is at the origin and point B is at
(a) (0,0,5)m,

(b) (4,0, 3) m.

29. Inacertainregion of space, the electric field is along + ydirection and has a magnitude of 400 V/m.
What is the potential difference from the co-ordinate origin to the following points?
(a) x =0, y=20cm, z=0

(b) x=0, y=-30cm, z=0
(€) x=0, y=0,z=15cm
30. An electric field of 20 N/C exists along the x-axis in space. Calculate the potential difference
¥y —V, where the points 4 and B are given by :
(@) 4=(0,0), B =(4m,2m)
(b) 4= (4m,2m), B =(6m, 5m)
31. The electric potential existing in space is V(x, y, 2) = A (xy + )z + zx).
(a) Write the dimensional formula of 4.

(b) Find the expression for the electric field. .
(¢) IfA is 10 SI units, find the magnitude of the electric field at (lm,1m,1m)
32. Anelectric field E= (20 i +30 j) N/Cexists in the space. If the potential at the origin is taken to be
zero, find the potential at (2:.: 2t:1 ]+tﬁ -1 e
33. Ina certain region of space, the electric X, ¥, .

are positive constants. _
(a) p(galculate the x, yand z components of the electric field.

(b) At which points is the electric field equal to zero?

Gauss Theorem

' igi dius 0.20
34. A sphere centered at the origin has ra :
x =g.3'ﬂﬂ m. The net flux through the sphere is 360N m

0m. A =500 uC point charge is on the .r-‘axis at
2 )C. What is the total charge inside the

(b) The electric flux through @ closed surface i

i ? . 0 ¢m. From the information
is enclosed by the surfaces - sides of length 2.5 : s
(¢) The closed surface in part (b) is a cube with B o s located? Eplain
iven i is 1 ible to te
given in part (b), is 1t pOss!
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172 Electricity and Hagnntism
_.3 E T.;._..l E ’:WithE =2.0x10° N/C F;
5 ol 5 0l 0 ind f ,f]I

36. The electric field in a region is given by E :
; - par

of this field through a rectangular surface of area 0.2m"p

2 _ EoX? gind the charge contained insiqe , .
i

37. The electric field in a region is given by E=
surfaces x=0x=4a y=0, y=a,z2=0 and Z=q

allel to the Y-Z plane,

——

volume bounded by the Ta{

E, =5x%10> N/C, I1=2cm and a =1cm.

38. A point charge Q is located on the axis of a disc of radius R ata fiistance b from ﬂ |
the plane of the disc (figure). Show that if one-fourth of the electric flux from the | *%ﬂ .
charge passes through the disc, then R = J3b. ¥

39. A cube has sides of length L. It is placed with one corner at the origin as shown in figyg Th

electric field is uniform and given by E=-Bi+ Cj— Dk, where B, Cand D are POsitive constan

Z
Sg (back)
Sy (right side)
¥
o
x Sz (front) s (bottom)

(a) Find the electric flux through :
: £h each of th '
(b) Find the electric flux through the entire f:usllj:i,-Euhe faces §,, 5, 83,84, 85 and S.

40. Two point char = .
2es .grand q aria Separated by a distance 2!. Find the flux of electric field streng

#1. A point charge ¢ is placed at the origin, Caleyate

surface : (x - a)? + 12 + 52 ey the electric flux through the open hemispher®

pherical Surfaces

2. A charge Q is distributed over tWo concentric hojj

surface charge densities are equal, Find the potenti OW spheres of radij , and R (> r) such that ¥

alat the commop centre
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CHAPTER 21  Electrostatics 173

43. Three concentric metallic shells 4, B and € of radii 4. band c(a< b<e)
have surface charge densities, 5, — ¢ angd o respectively

(a) Find the potentials of three shells 4 p and C.

(b) It is found that no work is required to bring a charge ¢ from shell 4 to

shell C then obtain the relation between the radii a, hand c.

44. A charge Q 1s placed at the centre of an uncharged, hollow metallic sphere of radius a,
(2) Find the surface charge density on the inner surface and on the outer surface.

(b) Ifacharge g is put on the sphere, what would be the surface charge densities on the inner and
the outer surfaces?

(¢) Find the electric field inside the sphere at a distance x from the centre in the situations

(a) and (b).
45. Figure shows three concentric thin spherical shells 4, B and C of radii tl
a. band ¢ respectively. The shells 4 and C are given charges g and —g . -q
respectively and the shell B is earthed. Find the charges appearing on '
the surfaces of B and C.
C

(a) Find the electric field between the spheres at a distance r from the

centre of the inner sphere. [R<r<3R]
(b) Calculate the potential difference between the spheres. : ,
(¢) What would be the final distribution of charges, if a conducting wire

joins the spheres? : ‘ :
(d) Instead of (c), if the inner sphere s earthed, what is the charge on it. 3

47. Three concentric conducting spherical shells of radii R, 2R and 3R carry

charges @, — 20 and 30, respectively. ‘ | "
(a) Find the electric potential at r =R and r = 3R, where r is the radial v
distance from the centre.

5
(b) Compute the electric field at 7 = E}if
(¢) Compute the total electrostatic energy store

The inner shell is now connected to the external

o i iddle shell. 4
{ﬂ}alillzﬁ::ul?:?h?::ldt:::jal at r = R, and the charges on the spheres of radii R and 3K.

5
(¢) Compute the electric field at r = -Z—R-

46. A solid sphere of radius R has a charge +20. A hollow spherical shell of
: radius 3R placed concentric with the first sphere has net charge 0. Q
-Q

d in the system.
one by a conducting wire, passing through a very
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174 Electricity and Magnetism
Objective Questions (Level 1)

Single Correct Option
1. Uni[:q of e::icciric flux are % () volt-m (d) volt-m?
i b) 1o
(a) CE { Cz “m?2

ic fi shown in figure. It a positive ¢
I i1]ates in an uniform electric field as shown in figt Posttive chay,
2. A neutral pendulum o0scl

given to the pendulum then its time period

(a) will increase ‘ !
(b) will decrease |
(¢) will remain constant |
(d) will first increase then decrease |

3. Identify the correct statement about the charges ¢; and ¢,

(a) g, and g, both are positive
(b) g, and g, both are Ilﬂgﬂl-i'r'ﬂ / \
% (c) g, is positive g, is negative 1
(d) g is positive and g, is negative
4. Three identical charges are placed at comers of an equilateral

triangle of side /. If force between any two charges is F/, the work
required to double the dimensions of triangle is
(a) =3 Fl (b) 3 FI (¢) (=3/2) Fl (d) (3/2) Fi
5. A proton, a deuteron and an alpha particle are accelerated through potentials of V, 2'V and 4V
respectively. Their velocity will bear a ratio

(a) 1:1:1 (b) 1:42:1 (€) V2:1:1 (@) 1:1:42

6. Electric potential at a point P, r distance away due to a point charge g at point A is V. If twice of i
charge is distributed uniformly on the surface of a hollow sphere of radius 4r with centre at poini 4
the potential at P now is
(a) ¥ (b) V12 (c) ¥/4 (@) ¥/8

7. Four charges +¢, — ¢, + ¢ and - ¢ are placed in order on the four consecutive corners of a squarc®
side a. The work done in interchanging the positions of any two neighbouring charges of ¢

opposite sign is
2 .
g q i :
@ —Z—(-4+42) () ——(4+22) (© L _(4- 9" (4+2)
dneqa 4neqa L) 4nega % 2«}'._2-} @ 4ne a b
8. Two concentric spheres of radii R and 2R are charged. The inner sphere has a charge of 1 1C and ¥

outer sphere has a charge of2 uCof the same si gn. The potential is 9000 V at a distance 3R fro™"
common centre. The value of R is

(a) 1 m (b) 2m (¢) 3m

(d) 4m
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9.

10.

11.

12,

13.

14.

15,

16,

17.

CHAPTER 21  Electrostatics 173

A ring of radius R is having tw i o
& WO charges g and 24 distributed on its two half parts. The electric

potential at a point on its axis a 3 distance of 242 R from its centre is k = —.
3‘&} ke 4ne,
(a) — (b) it . kg kq

article 4 having a ch : 6 : :
3 & @ charge of 2.0 x10"°Cand a mass of 100 g is fixed at the bottom of a smooth

m::im;d 13'15]‘1""*"_'5lrj 1p¢ilnatlon 30%. Where should another particle B having same charge and mass, be
plar:; antr e l“f ined plane so that B may remain in equilibrium?

(ﬂi Zlch ;2:; ;ﬁebglmm (b) 13 em from the bottom

(c A ottom (d) 27 em from the bottom

Four positive charges (22 — 1) 0 are arranged at the four corner of a square. Another charge g is
placedTaQt the centre of the squgch. Resulting force acting on each corner charge is zero if g is
07 B (c) -0 @ -(2+10Q

A proton i: relejased from rest, 10 cm from a charged sheet carrving charge density of
=221x107°C/m~. It will strike the sheet after the time (approximately)

(a) 4us (b) 2us (¢) 242 us (d) 4\5}!5

Two point charges +¢ and —¢ are placed a distance x apart. A third charge is so placed that all the

three charges are in equilibrium. Then

(a) unknown charge is —44/9

(b) unknown charge is —9¢4/4

(¢) it should be at (x/3) from smaller charge between them

(d) None of the above

Charges 2¢ and — g are placed at (a, 0) and (~a, 0) as shown in the figure. 4

The coordinates of the point at which electric field intensity is zero will

be (x, 0) where -q +2q

(a) —a<x<a (b) x<-a X
() x>-a (d) 0<x<a

Five point charges (+ ¢ each) are placed at the five vertices of a regular hexagon of side 2a. What is
the magnitude of the net electric field at the centre of the hexagon?

(yedends b —1— ©) &-;1 @ >4
4ne, o2 16ne4a” 4nega” 16me ya

Two identical small conducting spheres having unequal positive charges ¢, and g, are separated
by a distance r. If they are now made to touch each other and then separated again to the same

distance, the electrostatic force between them in this case will be
{?3 less than before  (b) same as before (c) more than before  (d) zero
Three concentric conducting spherical shells carry charges +40 on the inner shell —20 on the

middle shell and +60 on the outer shell. The charge on the inner surface of the outer shell is
() 0 (b) 40 (c) -0 (d) -20
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s m o a potential of 1’V each. If they coalesce to form Sing),

: ed t
18. 1000 drops of same size are charg (d) 1000V

i ial would be ) 100V
f;;}]?{’lts pnlt’.nttﬂ {b] 10 VY 2 R an[;‘;iﬁ are cai'l'}'iﬂg Ehﬂl’g’:s f"
: : res of radil - 3 41l
A% Dvgcanses mﬁ::;mg]?};ﬁ charge on inner sphere 15 doubled, the
e n the two spheres will |
2.

potential difference betwee
(a) become two times

(b) become four times

(¢) be halved

(d) remain same

centric conducting spherical

20. Charges 0,20 and — () are given 10 three con :
o shells 4 ga‘ngﬂ respectively as shown in figure. The ratio of charges on the

inner and outer surfaces of shell C will be » 5

3 by =

@ <7 ®) -

| -3

3 =

(c) > (d) >
30.

21. The electric field in a region of space is given by E =5i +2] N/C. The flux of E due to this fic}d

through an arealm* lying in the )~z plane, in SI units, is
@) 5 (b) 10 (c) 2 (d) 529

22. A charge Q is placed at each of the two opposite corners of a square. A charge ¢ is placed at eachel 3.
the other two comers. If the resultant force on each charge g is zero, then
@ g=+20 (®) g=-20 (©) g=2420 d) g=-220

23. A and B are two concentric spherical shells. If 4 is given a charge + g while B %

is earthed as shown in figure, then
(a) charge on the outer surface of shell B is zero

(b) the charge on B is equal and opposite to that of 4
(¢) the field inside 4 and outside B is zero

(d) All of the above
24. A solid sphere of radius R has charge *¢” uniformly distributed over its volume. The distance fro®
its surface at which the electrostatic potential is equal to half of the potential at the centre is

(@ R (b) 2R S R
0= @ =

25. Four dipoles each of magnitudes of charges + ¢ are placed inside a sphere. The total flux of B
coming out of the sphere is

e Lo =
(a) zero (b) 'E_ﬂ (c) ;; (d) None of these e

6. A pendulum bob of fas=n carrying a charge ¢ is at rest with Its string making an angle 6 with
vertical in a uniform horizontal electric field £. The tension in the string is
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_ sin B cos B
37. Two isolated, charged ‘:U”dUCling spheres of

agw - raf_{ii an o % o) 1 B 3z 1
surfaces. The ratio of electric ik a and hproduce the same electric field near their

> . ntials on their surfaces is

a) — : 2
(a) 5 (b) = (€) L (d) h
b a-

Two point charg =
28. po S€S *+ g and - q are held fixed at (~ . 0) and (@, 0) respectively of a x- y coordinate

system, then

. —
(a) the electric field E at al] Pomts on the x-axis has the same direction

e
(b) Eatall points on the y-axis is along i

(¢) positive work is done in bringi : g .o
gINg a test charge from infinity to the orig

B. A Cm.lducling shell §; having a charge © is surrounded by an uncharged concentric conducting
spherical shell &,. Let the potential difference between S, and that S, be V. If the shell S, is now
given a charge —3 0, the new potential difference between the same two shells is {

(a) V (b) 2 ¥ (c) 4 ¥ (d) -2V

3. At a certain distance from a point charge, the field intensity is 500 V/m and the potential is
—3000 V. The distance to the charge and the magnitude of the charge respectively are
(a) 6 mand 6 uC (b) 4mand 2 uC (¢) 6mand4uC (d) 6mand 2 uC

3. Two point charges g, and g, are placed at a distance of 50 cm from each other in air, and interact
with a certain force. The same charges are now put in oil whose relative permitivity is 5. If the
interacting force between them is still the same, their separation now is

(a) 16.6 m (b) 22.3 m (c) 28.4m (d) 25.0em
3. An infinite line of charge A per unit length is placed along the y-axis. The work done in moving a
charge g from A(a,0)to B(2a,0)is '
(a) 7 in2 (b) —in (1J (c) 2 0z (d) LA
271, 2ne, 2 dne, 4ng,

3. An electric dipole is placed perpendicular to an infinite line of charge at some
distance as shown in figure. Identify the correct statement.

fa) The dipole is attracted towards the line charge
(b) The dipole is repelled away from the line charge
(¢) The dipole does not experience a force
(d) The dipole experiences a force as well as a torque
4. An electrical charge2 x | 0~*Cis placed at the point (1, 2, 4)m. At the point (4, 2, 0) m,

the electric
(3) potential will be 36 V

_'-.p

EoE g e B B B B BE i
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178 Electricity and Magnetism

led with a dielectric

: 1ts is fil

(b) field will be along _1'-33'5Pam

(c) field will increase if the
(d) All of the above

35. Ifthe potential at the centre

between the pour

dius R is
] llow sphere of 1a
:cormly charged Iu:: ;
i m:l?om 5‘1& centre of sphere W ill be (r>R)
ance

I then electric field at a dist o E[
(a) V—f- R
F
() =—""7
(c) E’E R-+r
r

is giv hile B 1s
36. A and B are two concentric spheres. 1f A is given & charge O W
earthed as shown in figure,
(a) the charge density of A and B are same
(b) the field inside and outside A Is zero
(c) the field between A and B is not zero

(d) the field inside and outside B 1s zero | :
There is an electric field E in x-direction. If the work done on moving a charge 0f 0.2 C through

distance of 2 m along a line making an angle 60° with x-axis is 4 J, then what 1s the value of £/
(a) V3 NIC (b) 4 N/C () SNIC (d) 20N/C

38. Two thin wire rings each having radius R are placed at a distance d apart with their axes coingidi;
The charges on the two rings are +( and — Q. The potential difference between the centres of

two rings is y ;
Q |! 1
(a) zero (b) dhesis radvared
4me LR fﬂz +d? |
¢ g v 1
{C} ¥ [d) e s R
4ne d” 2ne g LR m

39. The electric field at a distance 2 cm from the centre of a hollow spherical conducting shell of eé?
4 cm having a charge of 2x 107 Con its surface is

(@) L1107 V/im  (0) 45x10°°Vim  (¢) 45x10°V/m  (d) zero
40. ChargeQis givenadisplacement ¥ = ai + b} inan electric field E = E ,i +E -,3. The work donc®
(a) Q(Eya + Eb) (6) O\(£,a)* + (E,b)
2 .'.’JI . = ;
() Q(E, +Ey)ya™ + @) OVE? +E? Ja2 +
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JEE Corner

ssertion and Reason
Directions :  Choose the correcy option.

(a) Ifboth Assertion and Reason g '
G e €irue and the Reason is correct explanation of the Assertion.

: iy e true but Reason is no OFF ' : 1
(c) If Assertion is true. but he Ronso 2 el of the correct explanation of Assertion.

(d) If Assertion is false but the Reason is frue

. Assertion :  An independent negative

charge itself : - y :
at 4 should be less than potential at 2. g€ moves itself from point A to point B. Then potential

n: ' i ineti
Reaso While moving from A to B kinetic energy of electron will increase.

Reason : All conservative fore : o _ :
forces act in the direction of decreasing potential energy.

. Asserfion: Ata point electric potential is decreasing along x-axis at a rate of 10 V/m. Therefore
x-component of electric field at this point should be 10 V/m along x-axis.

Reason : Magnitude of £, _ 4V
dx

- Assertion : Electric potential on the surface of a charged sphere of radius R is V. Then electric

: R sed s
field at a distance » = = from centre is = Charge is distributed uniformly over the volume.

Reason : From centre to surface, electric field varies linearly with r. Here, r is distance from
centre.

. Assertion : Gauss theorem can be applied only for a closed surface.
Reason : Electric flux can be obtained passing from an open surface also.

. Assertion : In the electric field E = {:ﬁ - 4]} N/C, electric potential at 4(4m, 0) is more than the
electric potential at B (0, 4m).
Reason : Electric lines of forces always travel from higher potential to lower potential.
. Assertion : Two charges — g each are fixed at points 4 and B. When a third charge — q is moved
from 4 10 B, electrical potential energy first decreases than increases.
9 9
a ]
::?;:n :  Along the line joining A and B, the third charge is in stable equilibrium position at
- Assertion: A small electric dipole is moved translationally from higher potential to lower
Potential in uniform electric field. Work done by electric field is positive.
Reason - When a positive charge is moved from higher potential to lower potential, work done
by electric field is positive.
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180  Electricity and Magnetism chells, E-r graph !

erical
In case of charged gphen¢

ok i -lose rface can only
9. Hzﬂmn inside a closed su an only -
continuous. |
Reason : According

electric field at some point. xi
10. Assertion : Ifwesee along the
d magnitude of electric P

tre an
:;:.CE::JH ' a vector
ea o
12)

Objective Questions (Leve
g and £

Single Correct Option et el Another charge +2
: , the charge - ; L ot
o the;t?grﬂ;:}}:;z:”;wm a distance R from the fixed char ge.]MImmm : 230’
mass M 15Pp 1 eesaf: R .
n the two charges if 3 /3 -

uss theorem the charge

to Ga | |
felectric field is Mgy,

At
of a charged ring, the ma gnitude

S "

otential 15 maximuim.

electric potential is scalar.

ol il
Electric field is quantity W hi

the velocity become

separation betwee
avity to be absent)

the projected velocity, at this moment is (Assume g1

1
v3 piop ©) LR

2. A uniform electric field of strength F exists in a region. An electron

(d) None of these

V' Bi2ad

enters a point A with velocity v as shown. It moves through the elecn.'ic
field and reaches at point B. Velocity of particle at B is 2 v at 30° with
x-axis. Then (0, 0) Ala, 0)
: S
() clectric feld ==
2ea

Iy

2ea

(b) rate of work done by electric field at B is

(¢) Both (a) and (b) are correct
(d) Both (a) and (b) are wrong

3. Two point charges a and b whose magnitudes are same positioned at a E v
certain distance along the positive x-axis from each other. a is at origin.
Graph is drawn between electrical field strength and distance x from a.
£ is taken positive if it is along the line joining from a to b, From the

graph it can be decided that
(a) ais positive, bis negative (b) aand bb o

: oth are positive
(c) a and bboth are negative (d) ais negative, b ig positive

Note Graph is drawn only between a and b,
4. Six charges are placed at the vertices of a rectan

gular hexa : ey

agon as shown in the figure .

distance x from point O is (x>> g)
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CHAPTER 21 Electrostatics 181

(z) U (b) {_Ju_
50 m:,_,.w;’
¢) —— : v": )
( ]_IE“IJ (d) - Ef
TE o X

5, Ifthe electric pntclit}al of the inner she]| s 10 V and that of the outer shell is
5 V, then the potential at the centre will be :

(a) 1OV
P
(c) 15V

(d) zero

IV

6. A solid conducting sphere of radius & having a charge g

: B ; 15 surrounded by a concentric conducting
spherical shell of inner radius 24 and

outer radius 3¢ as shown in figure.

Find the amount of heat produced when switch is closed k = — - -
’ dne,
kg~ 2
@) —— (b) X4~
2a 1aq
kg~ e
(c) = @ %
4a ba

7. There are four concentric shells A4, B, C and D of radii a. 24, 32 and 4a respectively. Shells B and D
are given charges + g and — g respectively. Shell C is now earthed. The potential difference Vi=Ve
=

4ne,
(a) 4 (b) X4 (c) X @ X

24 1 4a 6a

8. Potential difference between centre and surface of the sphere of radius R and uniform volume
charge density p within it will be

2 2 2
(a) E.R_ (b) pR (c) ﬁ_
ﬁiﬂ -’h:n 35{:

S0 e AR ek O

pR?

EF.L,

(d)

9. A positively charged disc is placed on a horizontal plane. A charged particle is released from a

certain height on its axis. The particle just reaches the centre of the disc. Select the correct
alternative.

() Particle has negative charge on it

(b) Total potential energy (gravitational + electrostatic) of the particle first increases then
decreases

(¢) Total potential energy of the particle first decreases then increases

(d) Total potential energy of the particle continuously decreases I

1
|
n
|
y

rrrrrprm T DB DEEREE'E w W M )
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182 Electricity and Magnetism
10. The curve represents the distribuilQ
straight line joining the tw0 ChEE 07
distance 7) then which of the following

1. |@>9-l

2. 0, is positive in nature i
|

on of pﬂtﬂmial along the

and ¢ [scpﬂmtcd by a
G st 7

tatements are correct -

are equilibrium points
i s ‘ii’“ o nsa S (c) 1,2 and 4 ()12, 3 andy
(a) 1and2 (b) 1,2 an arge g, = — 4 is placed at pojy, 0
AL A pomtciatee 1 0 s pla and electric potential due tog,
some point R(R # P, R #0), 44
Which of the following is correct?
(a) Only for some points ¥, > V3
(b) Only for some points V > ¥
(¢) For all points ¥} > Vs
(d) Forall points V5 >V,
12. The variation of electric field between the two ?hargf‘:s q, and ¢,
along the line joining the charges is plotted a-"galnst dlstar?c.e from
g, (taking rightward direction of electric field as positive) as

shown in the figure. Then the correct statement i
(a) g; and g, are positive and g, < ¢;
(b) g, and g, are positive and ¢, > ¢
(c) g, is positive and ¢, is negative g; < | g5]
(d) ¢, and g, are negative and | ¢,|<| 45|
13. A charge g is placed at O in the cavity in a spherical uncharged conductor.

Point S is outside the conductor. If g is displaced from O towards S (still
remaining within the cavity)
(a) electric field at § will increase

(b) electric field at S will decrease
(c) electric field at § will first increase and then decrease

(d) electric field at S will not change
14. A uniform electric field of 400 V/m is directed at 45° above the
x-axis as shown in the figure. The potential difference Vy—Vgis
given by
(a) O
(b) 4V
(c) 6.4V
(d) 28V

15. Initially the spheres 4 and B are at potential I/ 4 and ¥y respectively N )

ced at point P. Another poin1t ch
electric potential due t0 g, 15 Vi

sphere B is earthed by closing the switch, The potential of 4 will now

become
(a) 0

(b) :jﬁ -
fc) ¥y —¥g
(d) Vg mImr
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CHAPTER 21  Electrostatics 183 i
6. A particle of mass mand charge 4 is fastened to one end of a string of length I1'
e

| The other end of the string is fixed to the point 0. The whole i

Plane. Initially, the mass i i
3o e 1ohzoutal p v, ass 1s at rest at A. A uniform
electric field in the direction shown is then switched on. Then

a frictionless horizontal

(a) the speed of the particle when it reaches 3 js [245!
m

(b) the speed of the particle when it reaches 5 js |95/
Sk ’ m

(c) the tension in the string when the particle reaches at B is g

(d) the tension in the string when the particle reaches at B is zero

17. A _chargcd pat:tu:ie of mass m and charge g is released from rest from the position (x,,0) in a
uniform electric field £ j. The angular momentum of the particle about origin
{a)1sizero (b) is constant « (¢) increases with time (d) decreases with time

18. A charge +0Q is uniformly distributed in a spherical volume of radius R. A particle of charge + g and
mass m projected with velocity v from the surface of the spherical volume to its centre inside a
smooth tunnel dug across the sphere. The minimum value of v, such that it just reaches the centre
(assume that there is no resistance on the particle except electrostatic force) of the spherical volume

is
2neomR e mR ne mR dne,mR

19. Two identical coaxial rings each of radius R are separated by a distance of +/3R. They are uniformly

charged with charges +( and — Q respectively. The minimum kinetic energy with which a charged
particle (charge + g) should be projected from the centre of the negatively charged ring along the
axis of the rings such that it reaches the centre of the positively charged ring is

Oqg O Oq .
) 4ne R ®) Zﬂ'EﬂR 5 3HEHR & 4T[EQR

20. A uniform electric field exists in x-y plane. The potential of points 4(2m,2m), B(-2m, 2m) and
C(2m, 4m)are 4V, 16 V and 12 Vrespectively. The electric field is

@ @+5)V/im (b)) Gi+4)V/im (0 -Gi+4)V/m (d) Gi-4))V/m
21. Two fixed charges —20 and +Q are located at points (~3a, 0) and (+3a, 0) respectively. Then

which of the following statement is correct? _
(a) Points where the electric potential due to the two charges 1s zero in x-y plane, lie on a circle of

rl

radius 4a and centre (5a.0)
(b) Potential is zero at x = a and x =9a
(c) Both (a) and (b) are wrong z
(d) Both (a) and (b) are correct : =
2. A particle of mass m and charge —¢ is projected from the origin with a £t

horizontal speed v into an electric field of intensity E directed downward.
Choose the wrong statement. Neglect gravity —gm :
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184 Electricity and Magnetism

: tyisgEy
s . dmplacemen leration arc

(a) The km-;nc energ}d T:::E:al mmpgnenls of acce E
(b) The horizontal an e

=5
1| gkx ]
= H 3 1 .—-—-—"3
(¢) The equation of trajectory IS ¥ =5 : |
After atime farex =viandy=—g g

' yand ¥ -
orizontal and vertical displacements

(d) Theh - circle of radius 7 around an !
. _. and mass m moves in . riod will be ’*
23. A particle of charge —¢ <" density +A. Then time pe
e  line charge of linear charge : 2 D
infinitely long line > 4mm 3 2.
) = {h} e = m r e
() T=2mr =
2kig ] >
T=—
) T =~—]—— Zﬂ___mqu @ 2nr 2k
; 2rr Y m
. 1
where k=
4neg
24. A small ball of mass mand charge +¢ tied with a s.tring crf]l:rngth !i 75 ’.‘_H"‘\\ —
rotating in a vertical circle under gravity and a umf(:;“:l hop;itnnta + —
. . ion in the string will be minimum ! : e
:Iecmc field E as shown. The tension £ ‘._‘ M
or 5 i ;
(a) 0=tan[ L& (b) 6=n e
: mg
i gE
= d) O=n+tan | —
(c) 6=0° (d) [mgj

5. Three concentric spherical metallic shells 4, B and C of radii a, b and c(c¢> b> a) have charg
densities o, — o and o respectively. The potential of shell B is

2
(a) {a+b+r:]£ (b) [E__bH:)F_
Ep b Ei}
7 42
(c) [a—-b—ﬂ-]i d) 2
i £ £
26. Four pointcharges 4, B, C and D are placed at the four cm;nex;s ofasquare . A ______- B4
of side a. The energy required to take the charges C and D to infini ) (they q i :
are also infinitely separated from each other) is 'i :.
® s by 22 i |
4nega ntea i |
o A e 4 jonsigine /- M
4 oA 2 dnga (V2-1) Fip
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CHAPTER 21 - Electrostatics 185
 Three concentric spheri :
27 s andpc;'.:-f;;:.::flai]llcISHEHS A, B and C of radii a. b and cla< b< ¢) have charge
] % ¥ ve } ﬁhe she - : 3
B by i shells 4 and C are at the same potential then the relation

@atbtc=0  (b) arc=p (©) atb=c (d) a=t
., Two identical positive charees A a=0otc
18 h ! e s are F’IEICELI dlxr=— i H“d r=a. -I-IH: correct I'HFialiDII ﬂf. t l-. I V
along the x-axis is given by potentia
1 ||'IJ.II.
A .'
.' ; :
(a) - '\ : T
| : B ——=" e
: d i
= (o] ¥a X \
I
I

S

L]
]
]
i
L]
]
e
|
1
]
|
i
i

+a

SR o le
(c) f 5 (d)

| -2

a X

7

29. Two idenlica[' charges are placed at the two comers of an equilateral triangle. The potential energy
of the system isU. The work done in bringing an identical charge from infinity to the third vertex is

(a) U (b) 2U (e) 3U (d) 4U/
30. A charged particle g is shot from a large distance towards another ¢ s
charged particle Q which is fixed, with a speed v. It approaches Q9 *—=-~-—---- - *Q
up to a closest distance r and then returns. If ¢ were given a speed J
2v, the distance of approach would be
(@) r (b) 2r (c) r/2 (d) r/4

31. Two identical charged spheres are suspended by strings of equal length. The strings make an angle
of 30° with each other. When suspended in a liquid of density 0.8 g/cc, the angle remains the same.
The dielectric constant of the liquid is [density of the material of sphere is1.6 g/cc]

(a) 2 (b) 4 (c) 2.5 (d) 3.5
32. The electrostatic potential due to the charge configuration at point P as ,__P_,,_,
shown in figure for b<< a is s Q=00
= 1
(@) —24 (b) 222 {]°
4ne ja 4neqa’ g !
b* 1l
(c) 9 (d) zero is I
PR s

33, The figure shows four situations in which charged particles are at equal distances from the origin. If
E\.E, E, and E, be the magnitude of the net electric fields at the origin in four situations (i), (ii),
(iii) and (iv) respectively, then
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186 Electricity and Magnetism F lqﬂ I
f‘ -5q y** -5q
= A = |2 4q |
2q - ’
(i) )

(i)
_E.>E;>Ey © E
—1m has a charge

()
(a) E.'.I =E, =E3 =E, (b) El

{E,{EJ _—'E.q. (d) E, >E, :E.‘-':Jl_',

q= -j; nC. The energy dengj, .

34. Anisolated conducting sphere whose radius R

the surface of the sphere is : 5 T (d) E% J/m*®
? e {‘:} -’El'l' o |

@2ym®  Grem
2 . eadii g and brespectively, with 4ing,
: 4 and B haveradiiaa : 2 *
hollow spheres me charge guch that 1ts potennal becomes -

35. Two conducting concentric,

B. Their common potentials is V. A is now given so
i B will now be f
-{ra];egmemm] e (b) ¥(1-alb) (c) Valb : (d) Vbla 3
36. In a uniform electric field, the potential is 10 V at the origin of cnordinflltlets} and 8 V at each oi
i 1 he point (1. 1, 1) will be
saints (1, 0, 0), (0, 1, 0) and (0, 0,1). The potential at t
{p:}mﬂ : : (b) 4V (c) 8V (d) 10V

res 1 and 2 of radius » separated by a distan:

harged identical metallic sphe :
e d with one of

d (d>>r). A charged metallic sphere of same radius having charge g is touche . .
sphere. After some time it is moved away from the system. Now the uncharged sphere is earti

Charge on earthed sphere is ”
4 b) -2 c) 48 @y =4£
(a) e (b) > ( 5 =

38. Figure shows a closed dotted surface which intersects a conducting
uncharged sphere. If a positive charges is placed at the point P, the flux of the

electric field through the closed surface P
(a) will remain zero (b) will become positive
(c) will become negative (d) data insufficient

39. Two concentric conducting thin spherical shells 4 and B having radii r 4 and rg(7rp Sry)®
charged to O, and =0y (|05|>10,,|). The electrical field along a line passing through the &

15
E
& Sl by €
| : —_—
Jr L : :
(@) ra ] X — {JI_ r;,, rI d
——
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CHAPTER 21 Electrostatics 187

(c) i S (d) None of these

1
LJ8

]
G. a :’,.-"'r- X ——
40. The electric potential at a point (x, y) in the x-y plane is given by ¥’ = — Kxy. The field intensity at a
distance r in this plane, from the origin is proportional to

(a) re (b) r () UUr ) Ia"r:
passage (0. No. 41 to Q. No. 43)

There are two concentric spherical shell of radii r and 2r. Initially a charge ¢ u

is given (o the inner shell and both the switches are open.

41. If switch S, is closed and then opened, charge on the outer shell will be
(2) O (b) 0/2 (©) -0 (d) -0/2

42. Now 5, is closed and opened. The charge flowing through the switch S, in the process is
(a) O (b) O/4 (c) O/2 (d) 20/3

43. The two steps of the above two problems are repeated » times, the potential difference between the
shells will be

e i ) 1 o 1 " 2
a b= T ] | =t
@ oA +1 [4}1&";'} L Pl |_4.'[EnrJ v 2n [Zm:“r] @ s L'ti:ﬂrJ

Passage (0. No. 44 to 0. No. 47)

A sphere of charge of radius R carries a positive charge whose volume charge density depends only

. ' r . :
on the distance r from the ball 's centre asp =p, { ] - = ] Where p, is a constant. Assume £ as the

permittivify of space.
44. The magnitude of electric field as a function of the distance r inside the sphere is given by

polr 1 Po|X & _Polr . 1’ r?
pe Pl Wil sanvea Sl peBog it _Po|r
® [3 :mJ ) [4 3&‘} € " [3+4H] (Q)FE { s ]

£ € |4 3R
45. The magnitude of the glectric field as a function of the dlstance r outside the ball is gwen by
3 R 3 R 2
@) £ =Pok () E=20% © E=2R (d) E =P
8er? 12er* Ber 12er’
46. The value of distance r,, at which electric field intensity is maximum, is given by
@) r, =X (b) 1, = (©) =R (@) r =
-ﬂi 3 2 3 T _3_
47. The maximum electric field intensity is
: R
(@) E, _PoR b _ P8 () E, =P _ poR
9¢ ®) = ok ol (). £y, = 73
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188 Electricity and Magnetism

- enherical shell of radius ) (h-
0. 50) + @ conducting P B ) >a
passage (0. No. 48 t0 @ N st currounded by {I{H.I"'ES the Pﬂﬁ;nnw’ at r!?:: surface of th, 'iuJ.}.-
A solid metallic sphere of 0. A student meds 1asV,- After taking these reading, i

a charge
tial at the Su,
Q on the sh

R ] = erf she :
The solid sphere 1S £77 face of spherical ':ijf the readings of the potential of . .*
n . then nole 5 _ i
sV and the pole | He th CE s T
B e it charge of =4 sy difference is AV- He the d the gy
decides 10 P! : A that the poleniic ‘ at the charge on the outer 'm’fﬂfﬁ'g |

- QU . nd th
the shell and fo i3 ire and fou : : srin o : )
sphere and vth by a conducting wi S onnection from the shell and earthey th
spherical sell (0 e des ta remove the earthing ¢ h he observes the charge on the ;.
1! - - ¥ o — .H iy
the shell as ;- He ,g{err C:z{;:,,g the inner sphere with I h;f'f”: ; are connected by the cmm*u{?-jm
: - . Connec ns if the tw Hin,
inner solid sphere. LO ook what happens ! 1 s i -
sphere as g,. He then wanted 10 check - mf; connected d conducting wire benween the Soljj

ing CONNEC
; d the earthing con N > he
wire. So he removed il Afier the conn ections were made

imal <
sphere and the spherical sh |
en by the student at various stages

shell as q;. o
stions based on the reading ' v |
Ansﬂ’er ;‘i: ,::::: ::-*E’:r; measured by the student between the inner solid sphere and outer gy
48. Potential di : b,
utting a charge — 40 1s &V, ~V,
?Eﬂ’-'l;f -3Vg;. (b) 3(7, =V) () Vs (d) ;
49. g, 18
: g - (d) zero
' b) O — (c) —40Q
@ 0 v) g{ h]
50. ¢, is !
Qla+b)  Qa” . Ola—Db) @ _0b
= {b) (c) ==——
a-b b b =

More than One Correct Options
1. Two concentric shells have radii R and2R charges ¢, and g, and
potentials 2V and (3/2) V respectively. Now shell B is earthed and let
charges on them become ¢ ,' and ¢,". Then
(a) 4/q5 =12

(b) 947q5" =1 il
(c) potential of A after earthing becomes (3/2) I/ =

(d) potential difference between A and B after earthing becomes /2

2. A particle of mass 2 kg and charge I mC is projected vertically with a velocity 10 ms ' . There s
uniform horizontal electric field of 10* N/C
(a) The horizontal range of the particle is 10 m
(b) The time of flight of the particle is 2 sec
(¢) The maximum height reached is 5 m
(d) The horizontal range of the particle is m
3. Atthe distance of 5 cm and 10 cm from surface
are 100 V and 75 V respectively. Then
(a) Potential at its surface is 150 V

ofauniformly charged solid sphere, the p{ll"-'“ﬂﬂE
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CHAPTER 21 Electrostatics 189

(b) The charge on the sphere is %ﬂ x107'¢

(c) The electric field on the surface is 1500 V/m
(d) The electric potential at its centre is 25 V :
4. Three charged particles are in equilibrium under their electrostatic forces only- hen
’ (a) The particles must be collinear
(b) All the charges cannot have the same magnitude
(c) All the charges cannot have the same sign
(d) The equilibrium is unstable

5, Charges O, and O, lie inside and outside respectively of a closed surface S. Let E be

any point on § and ¢ be the flux of £ over S
(a) 1f O, changes, both £ and ¢ will change
(b) 1fQ, changes, E will change but ¢ will not change
(c) IfQ, =0and O, =0 then E #0but =0
(d) IfQ; #0and O, =0then E =0butd #0 |
6. An electric dipole is placed at the centre of a sphere. .Mark the correct options.
(a) The flux of the electric field through the sphere is zero
(b) The electric field is zero at every point of the sphere
(¢) The electric field is not zero at any where on the sphere
(d) The electric field is zero on a circle on the sphere
g cofrect options. Wil
: ?:?Il(;iss‘s law isliralid only for uEifurm Thariei :T;EEEU“S
; i< valid only for charges place
:‘E:; '?T?:?:I:c:;t :ﬂ;’d calcuI:ted by Gauss’s law is the field due to all the charges

The flux of the electric fie .
8 flux due to the charges enclosed by the surface

the field at

Id through a closed surface due to all the charges is equal to the

i —q
8 Two concentric spherical shells have charges +¢ and —g as shown in =
fieure. Choose the correct options . fmi B
(:;urht A electric field is zero, but electric potential is non-zero :
(b) At B electric field and electric potential bﬂt‘t} are non-Zero
(¢) AtC electric field is zero but electric putentlal_js non-zero
(d) AtC electric field and electric potential both arezerg e -
9, A rod is hinged (free to rotate) at its centre 0as showz} in ; g;:_.n i :}m =
Chargeﬁ +g and + ¢ are kept at its two ends. Rod is ﬂ]ie aced 1 b B
' i i . Choose the correc :
electric field E as shown. Space 1S gravity free :

Y

(a) Net force from the hinge on the rod is-zﬂ;ln .
(b) Net force from the hinge on the rod is left ward:
(ﬂ)- Ethhrlmn of rod is neutral

(d) Equilibrium of rod is stable
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ints C and D- Lin

e AB is the pisector line of CD, 5 iy

fixed at po T 3
o charges +() each ar¢ mBtoC.
10. Twoc g.s moved from A 10 B, then fro - will decrease C e
charge +41 tial energy e

(a) From Ato B electrostatic poten

tat
b) From A to B electrosta® |
E'«‘r} From B to C electrostatic potentia

(d) From B to ¢ electrostatic

Match the Columns
1. Five identical charges arc kept at
the following two columns at centre O

electric field at centre is E. Then

Column 1

(a) If charge at B is
field will become

field will become

field will become

A1l increase
ic patenlial energy will }ncr ;
| energy will In¢ rease

pmemial energy will

five vertices of a regular
f the hexagon.

B T

removed then electric (p) 2E

decreasec

hexagon. Match 5
[fin the given situation

—

Column 11

(b) If charge at ¢ is removed then electric/(q) E
(¢) If charge at D is removed then electric| (r) Zero

(d) If charges at B and C both are removed| (s) J3E
then electric ficld will become

Note Only magnitudes of electric field are given.

columns.

| 2. In an electric field E = (2i +4j) N/C, electric potential at origin is 0 V. Match the following two

Column 1
(a) Potential at (4m, 0)
(b) Potential at (—4m, 0)
{c) Potential at (0, 4m)
(d) Potential at (0, — 4 m)

Column I1

(p) 8V
(q) -8V
(r) 16V
(sy-16V

3. Electric potential on the surface of a solid sphere of charge is . Radius of the sphere is Im. Mat®

the following two columns.

.. Column I

(a) Electric potential at r = _‘:

(b) Electric potential at r = 2R

{c) Electric field at r = %

(d) Electric field at r = 2R

An evaluation version of novaPDFE was used to create this PDF file.
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| 4. Match the following two columps,

Columpn | Column 11
(a) Electric potential (P) [MLT A ')
(b) Electrical fielq (@) IMLT A

(¢) Electric flux (1) [ME*T A7)
_lﬂ} ic_rmir_tivil}- of free space (s) None of these

i 5, Match the follmtiing two columns.

Column | Column 11
i

(@) Electric field due to charged (p)
spherical shell ;

(b) Electric potential due to (q)

charged spherical shell Nt

(c) Electric field due to charged | (r)
solid sphere ‘

(d) Electric potential due to |(s) None of these
charged solid sphere

ubjective Questions (Level 2)

1. A 4.00 kg block carrying a charge O =50.0 uCis connected to a
spring for which £ =100 N/m. The block lies on a frictionless
horizontal track, and the system is immersed in a uniform electric
field of magnitude E =5.00 x 10° V/m, directed as shown in
figure. If the block is released from rest when the spring is
unstretched (at x = 0).

(a)*By what maximum amount does the spring expand?
(b) What is the equilibrium position of the block?
(¢) Show that the block’s motion is simple harmonic and
determine its period.
(d) Repeat part (a) if the coefficient of kinetic friction between block and surface is 0.200.
+ A particle of mass m and charge —Q is constrained to move along the axis of a ring of radius . The
ring carries a uniform charge density +A along its length. Initially the particle is in the centre of the

An evaluation version of novaPDFE was used to create this PDF file.
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ici Magnetism : e - Aoy
ey B Show that the period of oscillation of the particle When, i 9 T
L Y. = " | u "
ring where the force Uﬂt“;uﬁitﬁﬂm position is gLver b3 f
displaced slightly from 1S 26 ma’ i
T — 2: — r‘
ro 2
AoE A are held with equal Separyr .
: | plates, each of ared g =t aligy
3. Three identical, conducting plane parauﬂzg_' and 30 are placed on them. Neglecting edge effec, [
between successive surfaces. Chirﬁf: :—"%i su:'faEES- |
find the distribution i) od of length L pivoted at its centre and balanced with a dht i
4. Along non-conducting, massless 1't he left and right ends of the rod are attached small m"d“‘:ﬁﬁz poy
at a distance x from the left end. A tively. A distance # directly beneath each of the |
spheres with positive charges ¢ ﬂf‘fi 2 TESpE 10. -
spheres is a fixed sphere with pﬂﬁ:tl;‘: c:M'gEngl.iil i balanos r;
: . x when the rod 15 horiz : ’ : : |
E:; \Fl:';:tﬂ::tﬂfsiﬁ; :Ir':ave so that the rod exerts no vertical force on the bearing when the rog;, S
horizontal and balanced? :
Note Ignore the force between Q (beneathq) and 2q and the force between Q (beneath 2q) and q. Also the fo, 3
between thd Q. . | e il
5. The electric potential varies in space according to the relation =_3J: +4y. A particic o mass 10k, :
starts from rest from point (2, 3.2) m under the influence of !h!s field. Find the velocity G.F the
particle when it crosses the x-axis. The charge on the particle is +1 uC. Assume ¥ (x, y) are in§ e
units. . :
6. A simple pendulum with a bob of mass m=1kg, charge g =§ e /z ;}'HHI 12.
and string length /=1m is given a horizontal velocity u in a / : ._jfﬁﬂu
uniform electric field E =2 x10° V/m at its bottommost point 4, r f\"« 5
as shown in figure. It is given that the speed w is such that the “1\‘ : ,:
particle leaves the circle at point C. Find the speed u (Take A e E—
g=l{}mf53} I{‘_*u 13.
7. Eight point charges of magnitude Q are arranged to form the corners of a cube of side L. T
arrangement is made in manner such that the nearest neighbour of any charge has the opposite sif®
Initially the charges are held at rest. If the system is let free to move, what happens © fhe
arrangement? Does the cube-shape shrink or expand? Calculate the velocity of each charge W
the side-length of the cube formation changes from I to nl. Assume that the mass of each po
charge is m.
. There are two concentric spherical shells of radii » and 2. Initially a charge
Qs given to the inner shell. Now, switch § is closed and opened then S, is
closed and opened and the process is repeated n times for both the keys
alternatively. Find the final potential difference between the shells.

An evaluation version of novaPDFE was used to create this PDF file.
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10. A conducting sphere S, of radius s

12,

3.

towards C.
8 Positive charge Q is uniformly distri buted throughout the volume of a dielectric sphere of radius R.

CHAPTER 21 Electrostatics 193

POsiioned at points 1 and 2 Mg
charge

9. Two point charges O and O, are
field intensity 1o the right of the
through the two charges varies aec,
represented schematically ip e

E-d tﬂ bE‘ 11 re 1 H & s
iret ol direction coincides with the positive

dlrw‘:ﬂ?}ﬂ“ on lhle .1'-a:~_c1s. The distance between the charges is [
(a) Find the sign of each charge. Kol

Q:. on the line that passes
: ll"{.il.ll_g o a law that is
12ure. The field intensity is

b) Find the ratio of th . ¥ Feoake
{ :I' 0 = Ehbﬁll“L \'HIUEb of the chﬂrgﬂ'ﬂ QJ_‘

s |

1S maximum.

(¢) Find the value of b where the field intensity

B R C e o e . ﬂtlﬂ?hud to an insulting handle. Another conducting sphere S,
ey u;: E;_ onan insulating stand, S, is initially uncharged. S, is given a charge 0.
s CLwith 5, and removed. S, is recharged such that the charge on it is again O and

it is again brought into contact with S, and removed. This procedure is repeated 7 times.
(a) Find the electrostatic energy of S, after n such contacts with 8y
- (b) What 1s the limiting value of this energy as n — «?

A non-conducting disc of radius @ and uniform positive surface charge density & is placed on the
ground with its axis vertical. A particle of mass m and positive charge g is dropped, along the axis
of the disc from a height H with zero initial velocity. The particle has g/m = de,e/0. v

(a) Find the value of H if the particle just reaches the disc. :

(b) Ske.tgh the potential energy of the particle as a function of its height and find its equilibrium
position.

A proton of mass m and accelerated by a potential difference ¥ gets into a uniform electric field of a

parallel plate capacitor parallel to plates of length / at mid point of its separation between plates.

The field strength in it varies with time as £ = ar, where a is a positive constant. Find the angle of

deviation of the proton as it comes out of the capacitor. (Assume that it does not collide with any of
the plates.)

Two fixed, equal, positive charges, each of magnitude 5 x 107 C are located AT +g
at points 4 and B separated by a distance of 6 m. An equal and opposite S
charge moves towards them along the line COD, the perpendicular bisector , Dl _
of the line AB. The moving charge when it reaches the point Catadistance  p 4m ¢
of 4 m from . has a kinetic energy of 4 1. Calculate the distance of the 31
farthest point D which the negative charge will reach before retrning Blq

A point mass having charge +¢ and mass m is fired towards the centre of the s._pi]ére with velocity v
from a point A4 at distance (r > R) from the centre of the sphere. Fmdrlhf.'. minimmum velocity v so
that it can penetrate R/2 distance of the sphere. Neglect any resistance other than electric
interaction. Charge on the small mass remains constant throughout the motion.

. Two concentric rings placed ina gravity free region in yz-plane one of radius R carries a charge + Q

and second of radius 48 and charge —80 distributed uniformly over it. Find the minimum velocity
with which a point charge of mass m and charge +¢ should be projected from a point at a distance
3R from the centre of rings on its axis so that it will reach to the centre of the rings.
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194 Electricity and Magnetis™ om centre 0 on

ex = :
stanc O ui formly

di
aced 8l 3¢ R and char

16. An electric dipole is pl ¢ radius

the axis of a charged ring 0
distributed over 1L :
a) Find the net force & ;
Eh]} What is the work done 10
& i ipti rbit. The mini

) fixed charge +0 1 elliptical © ’ _~n1_mun: a |
-q revolves gl i The mass of revolving particle is 0% 2

: tively. fit
fqfromQareh fni :‘; : rez[]:l::iw o positions when itisatr andr, disg,
al effects. Find L€ v

<ting on the dipoe:

rotating the dipole through

17. A point charge
maximum distance
and assume no gravitation
from .

18. Three concent

potentials 10, 0 and 40 V res

following:

(a) Potential at r=1.25cm

(b) Potential at r =2.5 ¢m

(¢) Electric field at r =1.25¢cm

21 2 and 4 cm and they are heg,
ic shells have radii 1, 2, ¢ belds

ric, thin, spherical, metall gin at the common centre, calculaie g | 22

pectively. Taking the ori

diameter of an insulated circular hoop of radius R 4

the . : .
; wo small identical charges are iz

hreaded onto the wire. T ! .
h other, so that the diameter passing through them &

he bead is released at a point which is a distance x, frm

. A thin insulating wire is stretched aliun
small bead of mass m and charge —¢q 151
to the hoop at points opposite to eac
perpendicular to the thread (see figure). T
the centre of the hoop. Assume that x << R.

(a) What is the resultant force acting on the charged &
bead? - \
(b) Describe (qualitatively) the motion of the bead after

it is released.

; X :
(c) Use the assumption that E--:-c:l to obtain an

approximate equation of motion, and find the
displacement and velocity of the bead as functions

of time.
(d) When will the velocity of the bead will become zero for the first

time?
20. The region between two concentric spheres of radii a and b (> a)

SR C e ;
contains volume charge density p(r) = —, where C is a constant and r is
r

the radial distance, as shown in figure. A point charge ¢ is placed at the
origin, r =0, o
Find the value of C for which the electric field in the region between the spheres is constant
independent).
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2. A non-conducting ring of mass and radius R is ch
shown. The charge density, i.e., charge per unit le
jt is then placed on a rough nep

arged as
I'iglh i.'S- A.
-conducting horizontal
plane. At time /=0, a uniform electric field E- E,i is

SW“ChEd on and the ril‘lg starts Tﬂlliﬁg without Shdi]]g
Determine the friction force (magnitude and direction)
acting on the ring when it starts moving,

22. A rectangular tank of mass m, and charge O over it is placed over a smooth horizontal floor. A
horizontal electric field E exist in the region. Rain drops are falling vertically in the tank at the
constant rate of » drops per second. Mass of each drop is . Find velocity of tank as function of

time.
93, In a region an electric field E =15 N/C making an angle of 30° E
with the horizontal plane is present. A ball having charge 2C,
mass 3 kg and coefficient of restitution with ground 1/2 is /
projected at an angle of 30° with the horizontal in the direction of i

electric field with speed 20 m/s. Find the horizontal distance
travelled by ball from first drop to the secand drop.

4 ]
gi= - S X
= An evaluation version of novaPDFE was used to create this PDF file.
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196 = Electricity and Magnetism

A NSWERS .

d an uncharged body too.

Introductory Exercise 21.1

harged an e
1. No, as attraction can take placo betwesi A Ed then by induction, it attracts dust particles,
d when cleaned an
2. Yes 3. Record gets chargeé

4. 2.89x10°C
Introductory Exercise 21.2 L gt i
C Q] g e
320 2pse1oR i 2W AT V-m 41&.5[3; 2reg A/ -
3 YN
; . No 9. (—4i+ 3j)
6. Induction —» Conduction = Repulsion 7. Yes 8. N
Introductory Exercise 21.3 ot
1. False 2. AtA 3. False 4. False 5. 1 ;
L] | a
6. gyand g; are positive and g, is negative e —-;»:Fj
9, _ (43274 576 ) x 10°N/C
Introductory Exercise 21.4
i.189m/s 2.-9mJ 3. -10.6x 10%J 4. No, Yes

Introductory Exercise 21.3

8 1
1.1.2x10°V 2.{a};§ e [L d1r{1

JZ s d® 41
3.Iﬂ’=—1—2i ( +] 4 Qg

4ne, L 12+ d* -1 * 2megl

n.lr-
*._-l'

Introductory Exercise 21.6

1. (a) E = - 22 (xi - ) (b) E == a(yi + xj)
E (Vim)
k.
2.
l===mrtrmaan e .
- 54 5 x(m)
-5 I

3. False 4. (a) Zero (b) 20V (c)-20V (d)-20V
Introductory Exercise 21.8

q q g
1. (a) Zero (b) = (c) g 2. —/—, Zero 3. True

245, 4. (a) Zero (b) =R°E

5. % 6. Zero
3eg
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quctory Exercise 21.3 CHAPTER 21 - Electrostatics 197

1 20, Zero
A
e : g B =
" |nner Surface 0 =5 2 Sy
|‘___._ P = = 11 'l—l'q
. 6 lé
 guter Surface _ 119 SEL 9
ey 1 119
A =
5 B c
. |nner Surface -q L5 4 3
bo——— 3
Outer Surface 249 u q 2 3
o] . 3 3

RIEEE Corner

subjective Questions (Level 1)

= F :
1 q=% 2, 23x10%N 3. F=31x10% 4 13,0714

5. () g=9¢ (B) q=-25¢
6. (a) Third charge is - %q at a distance of %fmm q between the two charges.

(4x egmgR? )" " q g
?. l——:ll,'-?-——— 3. 3311‘] C 9 W 10. {2&@+l]m

A = ’ Q

1. (14j-11i)N/c 12, —= 13. =

‘9 p 2 6 2R Eaﬁ‘.ﬁ.z + 42°

14. (a) Along positive y-axis  (b) Along positive x-axis (c) Along positive y-axis

15. 930 16.(a) 7.1cm (b) 2.84x10°s (¢) 0.11  17. 3125m

18 (2)37°and 53°  (b) 1.66x 107 5,2.2x 107 s

9. (3) (-2.1x10'3 jym/s? (b) (1.51+ 2.0))x 10° m/s
| - Q 6x10* ) (b) 50V

50
R =50 e |r"=
meﬁ. faster 24. (a) 4n ek ®) 4x gg R?+ 2°

28. (a) zero (b) - 20 KV

25. -0.356 J

:‘ (3) ~3.6x 107 J (b) x=0.0743 m 27. -q/2
> @80V my120v oV 30.-BOVOI-MOV
@M= 1 oy _pey s 2 + (xo+ D1+ 0 K © 3 A :
%, @eE - _ _0 (m-l:_.'gm,y=-2.ﬂcm ,any value of z
1= =Ay + EEI.E,.=—A?{—C.EI—* '
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s 37. 2.2x 10712 4 i€
L c) Mo 36. 240 G b 5”“ [
- N-m” 4y 6,91 0C ( ! 5
Sighc. | 3Bo(® 407210 "¢ S G |
34, . r A 2 = - 1 Pig &
- 2 = DL*. 93¢ :
39, (a) ¢, = - CL*. @ = DI pay = G e S e
SR L ( 1) 4z ——|RZ¥ 1)
) S _ ‘
40, ;;DI ,le + (R .I',:I':-J | : . 52 ??_ . {:' (byc = i+ b
i £ T P A B
43, (@) Vs —(a- b+ ) Ve :% !‘_b - b+ J gg \ © a.
r 0. 09 oy 9 ipboth situation?
A =@ _@7 (b) 2—7 2" (©) Zreox o, (SO =
i d=a:  Ana md b inner surface af (== T 2 er SUrBizn, 10.
f ¢ B —»—q, outer suriace of B =27 '
45, Inner surface O =
. 5 11-
c{=-1la 0
S nouter (d) =
0 (=2 (o) zerooninnerand Qo ;
46, (@) 5oeor? | SmeoR 0+ 20 5 -2 o 79 by Eﬁﬂ,ﬁ?
h) ———= T B L e T N E;
Q Q (b) — T (C) 2 ( 127 g
. O g G ) BreR R
0
Objective Questions (Level 1) D e ) 90 a0
e S TR T S 17, (@ 18. (& 19. @ 0,
1. © 15. &) 16. (©) 17.
i) o 3200 1% (0 14 (b) = 6o, 2T @ 28. (b) 29. (a) 30. >
) e e O @ T e
31. (b) : - -
JEE Corner
Assertion and Reason e 15
1.(b) 2@b 3@ 4.(b) 5. (b) 6. () 7.(ab) 8. (d) . (c [
Objective Questions (Level 2) | 2
1.(3) 2.(a) 3.(2) 4.(b) 5.(a) 6.(c) 7.(d) 8.(a) 9.(c) lﬂ..i- .
11.c) 12.(a) 13(d) 14(d) 15.(c) 16() 17.(c) 18(d) 19(a) AL r
21.(d) 22.(a) 23.(a) 24.(d) 25.(6) 26.(c) 27.(c) 2B.c) 29.() N
31.(a) 32.(c) 33.(3) 34.(a) 35.(0) 36.(b) 37.(c) 38.(c) 39, (a) m.:tt_.
41.(c) 42.(c) 43.(a) 44.(a) 45.(b) 46.(c) 47.(a) 48.(d) 49.(t) 0¢
More than One Correct Options 3
L(ad) 2(abc) 3(abc) 4@l 5.(abc) 6.(ae)  Z(cd)  B.(abd) (b 10O
Match the Columns
1. @ —»s (b)—>qg (C)=>r (dy- p
2. (-9 (@d®->p (@5 (d)— r
3. (@—»>s (=g (©=>aq (d->p
4, (a)—>r (b)— p (€)= q (d)> s
5. a)»p ((b)=qg ()7 (d)> s
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CHAPTER 21
subjective Questions (Level 2)

1. (2 u.:a IR0y YB3 m () 126 (d)03am 3. 30.-20.20,0,0,30

T | ——
L Qg 30
=] AT — | by T _
4. (@ E'I_ (4= ﬁu}%z | i V(&re )W 9. 2.0x107 m/s
_2_____f'T I -~ o i
g 6m/is 7. shrink, J@i”ﬁiﬁ;ﬁ_&!ﬂ 1[ISo
4nms e, V6 R o
9. (a) O is negative and Qy is positive (b) ll(: ;‘?.\'!_ e ai Al
N i i, | I.
| !
2 0l (R V] 4 o
where g, = —|1- | —— RS
10. (a) Bx el == R rJ | (b) == =
11. (@) %a (b} Equilibrium position is H = '%
W
(¥}
&
uﬁ‘ mga.—."“n :
’u K
- IS
L Iafz m 73
= il 13, J72'm
12. 8 = tan I, 2&1”}

1
_L,.@!!i[i'_ﬂ.',,é]r
2aegRm\ r 8

2_ 9,2 0K
- 3J/10-5 EEQ R = 24 L ® |
1 Y’;:?ﬂﬁ[ 5410 ] 16. @) 2nEg {E! + xi}s 2 ity {HE + xz? Z
w | 949% I OFRET ey eV (BYAEN () 1ea0N/m

4 ? zwﬁrliﬁ + Tﬂ'} : -Eﬂﬂumfz {fl + fz}
l it b) Periodic between * Xo
L == RI+ X7 (

—

e

s

h
——
T
E

-
[
I* =
[
=
[
-
[,
=
-
e
i
&
&
.
i
i
|

|

1

I

Electrostatics 199

14.

% 200k 4yt = 1'“2”"?3 Notler—
(c) X=Xy co8 @t, v=—0Xo sin @t where o=\"p3 ( zﬂqJ:r- : T

my + mnt

2. C-'=~zf~a-f 21. f = ARE, along positive x-2xis
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Capacitors

22.1 Capacitance

22.2 Energy Stored in a
Charged Conductor

22.3 Capacitors

22.4 Mechanical Force on The
Charged Conductor

22.5 Capacitors in Series and Parallel

22.6 Two Laws in Capacitors

22.7 Energy Density (u)

22.8 C-R Circuits

22.9 Methods of Finding Equivalent
Resistance and Capacitance

e
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254 Electricity and Magnetism

Solved Examples

kept parallel to one 1wz 3
are mnnec:ed.by a r? .
i plate. Find 7

E=
n
L=

hree identi ic plates are
Example 1 Three identical metallic p
another at a separation of a and b. The outer pla ': *‘f S
thin conducting wire and a charge Q 1s placed ontne '.
final charges on all the six plate’s surfaces.

"

| SRS ST -
W s TR AT

L

Fig. 22.122

Solution Let the charge distribution in all the six faces be as shown in figure. While distributing th,
charge on different faces, we have used the fact that two opposite faces have equal and opposite charges

on them.

Fig. 22.123

Net charge on plates 4 and C is zero. Hence,
g —4q) +q3 +q;, -0 =0
or 4 +q5 =0 (i)
Further 4 and C are at same potentials. Hence,
Ve =V, =V V¥, o Eia=FEb

iy 0=t
i (A = Area of plates)
QIG:(Q_q]}b' i q = Qb ,I:I'l]

a+h
Electric field inside any conducting plate (say inside C) is zero. Therefore
43— Sgns e +Q—f?1 iS00, Vg
24eg 24e, 245, 24g, 24g, 24¢, 7

72— 43 =0 .- (i)

: : 0Ob [0)
Solving these three equations, we get g, =—=— g, = g; =%
a+b 2
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U CHAPTER 22 - Capacitors 255
Hence, charge on different faces are as follows

Face
_____'_'_‘_'—'—-—-—-_.______ Charge
| ;
fj‘: = % ;
2 ST, Qf'-'_
A a+ b
3 _0b
i a+ b
4 Y e 2
¢ a+ b
5 i Qa
4 a+ h
£ 43= %
Ans,
Example 2 [n the circuit shown in figure, find the steady 10V 20
state charges on both the capacitors. A r—\ >_-,w¢——\ i
a0
B AN G
I e

40 T

3uF
AR :
u\—{ »—W—J =

ooy &2
Fig. 22.124

, : - . poito resistance. Therefore. the two circuils
| | ate a capacitor offers an infinite resistance. | e
f;%" G}ﬁ{m P%DEF?;::;?: ;efarfaﬁ }:;l‘k each other. Hence, the battery rg‘ e?{ 1; i’ﬂi:i ﬁz‘f’;g; !:
B i et he lower circuit. Similarly, the battery gfem Ll Lk its, then find the
m#mw current mr &7 st we will calculate the current in rf:e two circuis, g
Current ?:f? -HPFE";I" “'”?-:; VSG 'j:;n d finally we can connect bwo batteries of emf Vg and Ver
Potential difference ¥ g ana Vcr © T
the capacitors to find the charges stor i

e ) (USI o
Solution Current in the upper circuitfy =275

£ i = It
Vo =V ~Va =3 =3%2=6%0
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1V 20

soy 2
Fig. 22.125
: L 200 2 A
Current in the lower circuit iy = m =

Vg =V = Vi =4is —4x2=28volt

:!::harge on both the capacitors will be same. Let it be ¢. Applying Kirchhoff’s second law iy ko
BGFCB, 7
q s =)
== +38
6x107° 3x107™°
(10°)q _,
or 2
or = 4 % ]D& C
ok g =4pnC An | Sp
of
Example 3 An isolated parallel plate capacitor has circular plates of radius 4.0 cm. If the gap is filled
with a partially conducting material of dielectric constant K and conductivity 5.0 x o'’
When, the capacitor is charged to a surface charge density of 15uC/lem?®, the initial current betwea
the plates is 1,0 pA? .

(a) Dete:rmme the mhlre of diﬁf&ﬁf!’fc constant K.
(b) If the total joule heating produced is 7500 J, determine the separation of the capacitor pla

Solution (a) This is basically a problem of discharging of a capacitor. Charge at any time { is,

“ft_

q=4qge
Here, g, = (area of plates) (surface charge density)

and discharging current, i= :i"fi}:ﬂ_ e - —tht,

df - = fue

... do _ 40 3

Here, j, =—=—
® . (CR
d oA
cr=Xeo

o
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Therefore, frmade s 0G4y
‘I{!:II J‘:P:“
(43
k=290
"I.H'Ell
Substituting the values, we have =210 :”El {4'_'[”:..”5 x107) =425 Ans
(1.0x107°) (8.86 x107"%)
(b) i = -! Efl l. ﬂ
2C 2Ke A
d
- e r - 13 ey
= ﬁfi-‘l_[;'. _2%4.25x886x10 "% x nx (4.0x107%)" x 7500
90 (15x10°° x 7x 4.0 4.0)°
=5.0x10" m=5.0mm Ans.

lle 4 A conducting sphere S, of radius r is attached to an insulating handle. Another

ucting sphere S, of radivus R is mounted on an insulating stand, 8, is mittally uncharged. 8, is
Wa charge O brought into contact with S, and removed. S , is recharged such that the charge on it
@ain O and it is again brought into contact with S, and removed. This procedure is repeated n

) Find the electrostatic energy of S, after n such contacts with 3.

(h) What is the limiting value of this energy as n — «?

ion  Capacities of conducting spheres are in the ratio of their radii. Let C, and C- be the capacities
and S, then, h

C, R

Cy r

{a) Charges are distributed in the ratio of their capacities. Let in the first contact, charge
-h-_-;, uired by S, is ¢,. Therefore, charge on §; willbe O — g;.

: g L &_ = E
Q=g Gy
It implies that O charge is to be distributed in §, and §, in the ratio of R/r.
R A
m—Q[R+rJ ()

In the second contact, S; again acquires the same charge 0.
Therefore, total charge in S, and S, will be

Q+m=QP+ £ ]

R+r

This charge is again distributed in the same ratio. Therefore, charge on S, in second contact,

R R lERRER Y
qz:g[]+R+r][R+r]_Q R+r {Rﬂ-}
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258 Electricity and Magnetism 2 i
EREAE -
Similarly, q: =2 R+r \RHT
and ‘fﬂ:Q R+r R+r ¢
2 ] ) = “ y
R ...(1) e
=0 It l T
or In r R+r .
- -h contacts
Therefore, electrostatic energy of 5, gpeca 5“;2 q 2 Usin
Rl = :
e, 2 (dmeph) M_Eﬂt-
45
J = i
i L : EHEDR
where g,, can be written from Eg. (1) o
b i '—‘—-@- 1+ R S A —i'-' aSH-—H,
¢ " R+ir| R+r R+r
_ _OR i __OR T[R+r]:;_)£, [ST Ll o
qz_ﬁ'-!-r i R R+r r r g
LT,
U f}'.,.: pew QER 2."'?"2
=20, Bue,R
or S o .J’{1 -
EﬂE,ur‘

Spherical Capacitors

Example 5 Three concentric canducrmgsﬁalls 4, Band C of 5 adu a b and C
are as shown in figure. A dieleciric of dielectric constant K i is fi H.ed between A
and B Find the capacitance between 4 aml' f.'. '

:I'..L

Fig. 22.126

HOW TO PROCEED  When the diclectric is ﬁ!fed etween g and B, the electric fi field will ﬂ;,a"ge in

region. Therefore the potential difference and hence the capacitance of the system will change. 5
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CHAPTER 22  Capacitors 239

find the electric field E(r) in the region a < r < ¢. Then find the P.D (V') between A and C and finally the
capacitance of the system will be,

el
¥
Here, ¢ = charge on A
'\ Solution E(r)=—2— for asr<b
< dng,Kr”
- ;:I - I‘b]— |I] = F {_i (&
e of "
! - *
Using, dV =- IE sidr

the P.D between 4 and C is,
V=V, Vo= _[" e £ 1_dr

*dneRr” AnRear”

i' LT (l___J_._ q |:_||' --{Ii+[{—h]|
415,J Lu r‘J dne, | Kab be |

o
=—2 ___Je(b—a)+Ka(c—b)]
dneKabe j

e desired capacitance is,
4ne Kabc
i Ans.

s :
V Ka(c—by+e(b—a) 3

T

le 6 A spherical capacitor is made of two conducting spherical shells
idii a and c. The space between the shells is filled with a dielectric of
_gfnfr]'c mm;mnf K upto a radius b as shown in figure. Find the capacitance

Fig. 22.127

HOWTO PROCEED Here, the points are not mentioned between which the capacitance is asked. So, the
capacitance will be calculated between the points, upto where the electric field extends. Hence, this is
.ﬁﬁﬂdm' to the above example, because when we supply a charge q to inner shell and — q to outer shell
electric field exists between these two shells only.

Solution Proceeding in the similar manner, we can find the capacitance of the system, which is equal to,
dne  Kabe

" Ka(c—b)+c(b-a)

Ans.
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E XERCISES
AIEEE Corner

Subjective Questions (Level 1)

- i =] e
Note You can take approximations I the answers

Equivalent Capacitance

1. A parallel-plate capacitor has capacitance of 1.0
L d equal plate spacing d. Sh
S s A, and 4, and equal p W e
- acuum capacitors have areas 4,
2. E;:nﬁ]:]::]iazﬁgare u:-::rnnefted in param,] the equiv -alent capacitance is the same as for a sj, i
capacitor with plate area A, + A, and spacing d.

r}
3. What is the capacitance of the capacitor, shown in figure:

"’-‘2‘1 Ir*
B _E :4 Ks d
|88 -.-".‘"-":5"".. K oL d

4. (a) Two spheres have radii @ and b and their centres are at a distance d apart. Show that
capacitance of this system is;

F. If the plates are 1.0 mm apart, what is the are,

provided that d is large compared with a and b.

(b) Show that as d approaches infinity the above result reduces to that of two isolated spheres
series.

5. Find equivalent capacitance between points 4 and B

e cls . ﬁh—ll—rlhﬂ”
[ |

_-—-—‘_

(a) (b)
General Problems on Capacitors

6. A capacitor has a capacitancz of 7.28 uF. What amount of charge must be placed on aach o
plates to make the potential difference beiween its piates equal to 25.0 V 2
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CHAPTER 22 - Capacitors 261

7. A parallel-plate air capacitor of capacitance 245 pF has a charge of magnitude 0.148 uC on each
plate. The plates are 0.328 mm apart

(a) What is the potential difference hetween the plates?
(b) What is the area of each plate?
(¢) What is the surface charge density on each plate?

8. Two parallel plates have equal and opposite charges. When the space between the plates is
evacuated, the electric field is £ =3.20x 10° V/m. When the space 1s filled with dielectric, the
electric field is E =2.50 x 10° V/m.

(a) What is the dielectric constant?
(b) What is the charge density on each surface of the dielectric?

9. A 4.00 uF capacitor and a 6.00 uk capacitor are connected in parallel across a 660 V supply line.
(a) Find the charge on each capacitor and the voltage across each.

. (b) The charged capacitors are disconnected from the line and from each other, and then
reconnected to each other with terminals of unlike sign together. Find the final charge on each
and the voltage across each.

A 5.80 uF parallel-plate air capacitor has a plate separation of 5.00 mm and is charged to a p?tential
difference of 400 V. Calculate the energy density in the region between the plates, in J/m".

. The dielectric to be used in a parallel-plate capacitor has a dielectric constant of 3.60 and a
dielectric strength of 1.60 x 107 V/m. The capacitor is to have a capacitance of 1.25 x 10 9 F and
must be able to withstand a maximum potential difference of 5500 V. What is the minimum area
the plates of the capacitor may have?

12. Two condensers are in parallel and the energy of the combination is 0.1 J, when the difference {ff

potential between terminals is 2 V. With the same two condensers in series, the energy 1§

1.6%10° 1 for the same difference of potential across the series combination. What are the

capacities?

: .oyt has section 4B as shown in figure. The emf of the =
i ;;Il::.euel,;uals E =10V, the capacitor {:apacitam:t?s arc‘eqml A *—!—_{EHCL_-‘
C, =1.0pF and C, =2.0pF, and the putenha!r difference
V, Vs =50V Find the voltage across each capacitor. .
14. Several 10 pF capacitors are given, each capable of withstanding 100 V. How would you
i:;isﬂlititvpassessing a capacitance of 2 pF and capable of wit}zslandsqg ﬁgﬁmv;?m
(b) a unit possessing a capacitance of 20 pF and capable of withstanding 077 '
15. Two, capacitors A and B are connected in series across a 100 V s_uppl:.f and it is obs:arved t!zat 1; ,:,
potential difference across them are 60 V and 40 V. A capacitor :nf 2uF caz?ac;ance is ;ﬂm
connected in parallel with 4 and the potential difference across B rses 1o 90 V. Determin

capacitance of 4 and B. _
16. A 10.0pF parallel-plate capacitor with circular plates 15 connected to a 12.0 V battery.

(a) What is the charge on each plate?
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262 Electricity and Magnetism were doubled while

i i tion thecia

|d be on the plates if their separa aPagy,
WiOLL

d to the battery”

ould be on thep

(b) How much charge
remained connecte

(¢) How much charge W . =
after the radius of each plate was doub

17. A 450 uF capacitor is charged to 295 V.ﬂj‘eh:;p
joule of thermal energy are produced as
goes into heating the wire? |

18. The plates of a parallel-plate capacltor
potential difference of 10,000 V is applied a
(a) the capacitance

(b) the charge on each plate, arﬁ:d
(¢) the magnitude of the electric field
. Three capacitors having capacitances of 8.4 uF, 82u

36 V potential difference. ‘ _
(a) What is the charge on 4.2 uF ::apamtc:;? o
] ' i tors?

b) What is the total energy stored in all three capacitors: _ _
{[c; The capacitors are disconnected from the potential difference X ithout allcfv_.rmg them
discharge. They are then reconnected in parallel with each other, with the positively charg;

plates connected together, What is the voltage across each capacitor in the parll

combination? .
(d) What is the total energy now stored in the capacitors?

20. Find the charges on 6 uF and 4 uF capacitors.
3] pF

i Bl
Vi i
-|- = 6 uF EpFl 4 uF
- 1 [ 1

ll
oV

rwere connected to the 12,0 b

' the capacito ; ol
e eir separation?

d without changing th
a wire is connected between the plates. Hoy, .,

qcitor discharges if all of the energy that wae =
i

ey

. vacuum are 5.00 mm apart and 2.00m" i i

cross the capacitor. Compute

in the space between them.
F and 4.2 pF are connected in series acrog .

21. In figure, C; =Cs =8.4uFand C, =C; =C, =4.2 uF. The applied potential is ¥, =220 V.
(a) What is the equivalent capacitance of the network between points a and b?
(b) Calculate the charge on each capacitor and the potential difference across each capacitor-

i
s Y

L
& G

22. Two condensers A and B each having slabs of dielectric constant K 2 are connected i ¥
When they are connected across 230 V supply, potential across 4 is 130 V and that across
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CHAPTER 22 - Capacitors 263

100 V. .lf the dielectric in the condenser of smaller capacitance is replaced by one for which K =5,
what will be the values of potential difference across them.

23. A capac?mr ﬂfcap*fmﬁ““ '::[ =1.0 uF charged upto a voltage " =110 Vis connected in parallel to
the terminals “f‘{c“c““ consisting of two uncharged capacitors connected in series and possessing
the capacitance C, =2.0 uFand C; =3.0 uF. What charge will flow through the connectin g wires?

24. In figure, the battery has a potential difference of 20 V. Find :
C=2uF

|
J_ _l-ﬂhllFl

2 uF
| T T Cs=4yF
20"'-";|._
311FL
1

| |
I
G|=3;JF

(a) the equivalent capacitance of all the capacitors across the battery and
(b) the charge stored on that equivalent capacitance. Find the charge on
(c) capacitor 1,

(d) capacitor 2, and

(e) capacitor 3.
25. In figure, battery B supplies 12 V. Find the charge on each capacitor

Cy Cs
Slanin
d
Slesl

G
i NS
__—115—-

. : d
hen only switch 5; 1S closed an B Jals dC, =4.0uF)
E;; {au:a;":;heen S5 3;5 also closed. (Take C; =1.0 uF, C; =2.0pF, C; =30 EEE i

itor 1 e
: in figure, the plates of capacitor 5] G
; . 5 ti-lruwn m t.h'E Iaﬂ I-n' §  agw d‘
i Wlmn 5:11:::;5‘1;1 difference V. Capacitors 2and 3 are ;m;mlli :nch;ri‘; . Vo ;

The switch is now thrown
g on the capacitors?
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964 Electricity and Magnetism |
A and separation d and is charged y ;

% gﬂl"};fl:k::ﬁ]a';i::ﬂ:;lii; I;aajlifrl_vm:;ﬂ?::;?:cnnncc{ad, and the plates are pulled apart Unutr:l 5
separation islzai Derive expression in terms of A, d and ¥ for
(a) the new potential difference
(b) the initial and final stored energies, U, a!'jd Uy and i o
(c) the work required to increase the separation of plates from &'10 =4
v —20V, R, =R, =10k and C =1pF. Find the ol

28. In the circuit shown in figure £y =2£;
through R,, R, and ¢ when :

(a) S has been kept connected to 4 for a long time.

(b) The switch is suddenly shifted to B.
29. (a) Whatisthe steady state potential of point @ with respect to point 4 in figure when switch §is oper?

(b) Which point, a or b, is at the higher potential?
(c) What is the final potential of point b with respect to ground when switch S is closed?
(d) How much does the charge on each capacitor change when S is closed?

V=18.0V
— 6.00 pF
b
3.000
30. (a) What is the potential of point a with respect to point b in figure V=180V
when switch S is open? '
(b) Which point, @ or b, is at the higher potential? 6.000Q 607
(¢) What s the final potential of point b with respect t
0
switch S is closed? S o i Ry
(d) How much charge flows through switch § when it is closed? 3.000 3 00¢

||
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31. In the circuit shown in figure, the

e e R s e e A, e, I N . M - e

CHAPTER 22 - Capacitors 269

battery is an ideal one with emf V. The capacitor is initially

uncharged. The switch § is closeqd at time ¢t =0

(a) Find the charge O on the capacitor at time ¢,
(b) Find the current in AB at time . What is its limiting value ag ¢ — «?

Objective Questions (Level 1)
Single Correct Option

X

The separation between the plates of a charged parallel plate capacitor is increased. The force
between the plates

(a) increases (b) decreases

(c) remains same (d) first increases then decreases

If the plates of a capacitor are joined together by a conducting wire, then its capacitance
(a) remains unchanged (b) decreases :

(c) become zero (d) becomes infinite

Two metal spheres of radii a and b are connected by a thin wire. Their separation is very large
compared to their dimensions. The capacitance of this system 1S

a® +b°
(a) 4m o (ab) () 2nsg(a+b) () dngolatd) @ 4m:ﬂ[ . ]

in parallel to a pote ntial difference V. These capacimr? are 1then
being left undisturbed. The potential difference obtained is

(c) nV (d) n'V

nidentical capacitors are connected
reconnected in series, their charges

(a) zero (b) (1=DV

' 5 uF and 4 uF capacitor is
ireud i the ratio of charge on .
In the circuit shown 10 figure
3uF | 2uF
5uF
4uF
6V
1/2
(c) 3/8 ()

(a) 4/5 .(b) 33
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266 Electricity and Magnetism
.« applied across AB. 4 2
ifference of 60 V 15 app r\—li‘l L\w
ViSLG
L
e 4

i ial d :
6. In the circuit shown a potential . 1o Af and N is
The potential difference between the poInS:S 60
(a) 10V
(b) 15V 8 I
(c) 20V 2¢ N
(d) 30V . harge g is held in equilibyi
. : fradius r and charge 4 quilibrium
2 Tilan’s oil drop ex riment an ﬂl] dl'ﬂP 0 L g E = QIWL‘{:;
7 : i:] sM::tt?LF:;h;gﬂd F:aue] plate capacitor when the potential di fferenc e ]15;1 V lokeep, drnp i
ra;izs 9 and with a charge 2¢ in equilibrium between the plates the potential difference reqin,
-l
@ ¥ ®) 2V () 47 @):8¥
¥ =0

8. Two large parallel sheets charged uniformly with surfa.ce charge
density o and — o are located as shown in the figure. Which une. of
the following graphs shows the variation of electric field along a line

A i |

perpendicular to the sheets as one moves from A to B?

’ E
@ ®) L
x= ;-
£4 E
(c) ] r (d)
P L o i i
X I J:
9. When the switch is closed, the initial
e e | current through the 10 10
(a) 2A
(b) 4 A
(c) 3A T v = T
() 6A i T
—.__.'/

10. A capacitor of capacitance C carrvi
1 arrying charge O is :
source of emf E. Finally the charge on qapagﬂigr w‘;{:lI;IdIEbG;Ed ¥
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CHAPTER 22 - Capacitors 267
12. Four identical Capacitors are connected in series with a 10 V

battl:r}j as shown in the figure. The point N is earthed. The b

potentials of points 4 and B are i

(a) 10V,0V Gl G Bt C

(b) 7.5V, -25V | T
el r—1SlrTis

(d) 7.5V,2.5V
13. A capacitor of capacity 2 uF is charged to 100 V. What is the heat generated when this capacitor is
connected in parallel to an another capacitor of same capacity?
(a) 2.5ml (b) 5.0m) (c) 10mJ (d) 4ml
14. A charged capacitor is discharged through a resistance. The time constant of the circuit is n. Then
the value of time constant for the power dissipated through the resistance will be
(a) n (b) 2n (€) n/2 (d) zero
15. A capacitor is charged by a cell of emf E and the charging battery is then removed. If an identical

capacitor is now inserted in the circuit in parallel with the previous capacitor, the potential
difference across the new capacitor is

(a) 2E (b) E (c) E/2 (d) zero
16. The potential difference ¥, — ¥ between points 4 and B for the circuit segment shown in figure at
the given instant is

R —————— T T U

aa BV 20 el R
A Sl B
1uF
(@ 12V (b) —12V (c) 6V (d -6V
. For the circuit arrangement shown in figure, in the steady state condition 12y 0
charge on the capacitor 15 LF ,
40
(a) 12uC
(b) 14pC ___Imw
(c) 20 uC i 1
(d) 18pC
18. In the circuit as shown in figure if all the symbols have their usual :
meanings, then identify the correct statement i
g Vi
(a) g2 = g:: V2 =V3
(b) g, =42 +43: 7> =V;
= V=V, +V5 +V3

(©) gy =g, 4V =N 172 ey A o
(d) g, +42 +'€3=sz=V3' I s
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= = es of a parallel plate
is . The plate

the

: lat
lo, aeleaen e mgl?tn ;E::G“rﬁzﬂpgze width
' e 1, just missing
Eapac;?;na:sa; ?;;ge electron follows the path shown, just 1 g
upper plate. Neglect gravity. Then
(a) tan 0 =2d/]
(b) tan 6 =4d/!
s ; i /and O
EZ; ?Ee data given 15 :nsufficient to find a relation between E!T a . t.
An infinite sheet of charge has a surface charge density of 10~ C/m ™. The separation betwee, b
i i S5Vis
s whose potentials differ by o
A (b) 0.88 mm (¢) 0.32 cm (d) 510" m

20.
equipotential surfac

(a) 0.64 cm

Equivalent Value of Capacitance |
21. Find the equivalent capacitance across 4 and B for the arrangement shown in figure, Al 4,

capacitors are of capacitance C

b H A H A H A
| —

C & 36
=te = (E)i=== (d) None of these
(a) = (b) = 7
22. The equivalent capacitance between x and yis 1uF 1F
(a) 5/6 uF —| }_—
(b) 7/6 uF
s 1uF
(c) 8/3F 2 T 24F
(d) 1uF l

23. In the arrangement shown in figure, dielectric p p
constant K; =2 and K, =3. If the capacitance across *&lﬂﬂp .._‘i"z_pl.-‘q-ﬂ-—_.
P and Q are C, and C, respectively, then C,/C, will | ' AT e
be (the gaps shown are negligible)
(a) I:1 (b) 2:3
(c) 9:5 (d) 25:24

24. Six equal capacitors each of capacitance C are connected as shown in c
the figure. The equivalent capacitance between points 4 and B 18 As——
¥

(a) L5E 3

b) C -

tfc}}ZC il FTG ‘
ELI—/

(d) 0.5C
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25. Four ways of making a network of five capacitors of the same value are shown in four choices.

\" Three out of four are identical. The one which is different is
Q

e I
@) — T eed[T2 ® A
| 1

(©) L<¢ > (d) :E

26. The equivalent capacitance of the arrangement shown in figure, if 4 is

1] l
I |

the area of each plate, is

-

&
Kz Idfz
d Ky
=—=FKa— |di2
Y
= 1
i ] AlK KK
god [ K K, +K; o e e P o o)
{a}C=—~E— E“*‘ﬁj_ (®) d|2 K;+K;
i 1 504 K.K
£y KoKy DG =208 Vi tnded ]
(,;}(_j:.-.ﬂf— K1+K3+K;s, (d) ) i 21

27. Find equivalent capacitance between points 4 and B. [Assume each conducting plate is havi

: Eod _ i of plates
same dimensions and neglect the thickness of the plate, T g 7 WwF, where A is area of plates]

:Iqwﬁ
— [d 129
ﬂ;‘ 8 d

(€) 12 4F (d) 15 puF

(a) 7pF ()ligs

G
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JEE Corner

Assertion and Reason
irecti orrect option.
Directions : Choose the correct . e |
' 1 Reason are true and the Reason is correcl & planation of the 4 Sser
LR s e but Reason is not the correct explanation of Assers h,
(b) If both Assertion and Reason are {rie 5% %
(¢) If Assertion is true, but the Reason is false.

(d) If Assertion is false but the Reason is true.
¢ =9 We can say that, if more charge ¢ is giventoa Conducty -

1. Assertion: Fromtherelation

capacity should increase.
Reason : Ratio L will remain constant for a given conductor.

2. Assertion: A parallel plate capacitor is first charged and then distance between the pla, ,
increased. In this process electric field between the plates remains the same, while Potentiy

difference gets decreased.

Reason: E=—1_andV =
Agg Adeg

9 Since, g remains same, £ will remain same while J' ;

decrease.
Assertion : When an uncharged capacitor is charged by a battery only 50% of the ener

supplied by a battery is stored in the capacitor.

Reason : Rest 50% is lost.
4. Assertion: Discharging graphs of two C-R circuits having the same value of C is shown®

figure. From the graph we can say that To > ey

i}.q

Reason: R, >R,.

5. Assertion : In series combination, charges on two capacitors are always equal
I%eafnn : If :::harges are same, the total potential difference applied a citors wil®
distributed in inverse ratio of capacities. CEOSS IWO capaciiv's

6. Assertion: Two capacitors are charged from the S B ; t__,/
connected as shown. A current will flow in anticlockwise dirbet: ry and then - 1y
switch is closed. 1 85:5000 85 l + F/

Reason : In steady state charges on two capacitors are in the ratio 1:2
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CHAPTER 22 = Capacitors 271

7. Assertion : In the circuit shown in figure, no charge will be stored in the 20 %
Rz
Ry
=

capacitor.
Reason :  Current through R, will be zero,

8. Assertion C' In the circuit shown in figure, time constant of charging of
. GR
battery 1s —. R
2 ETT &
Reason : In the absence of capacitor in the circuit, two resistors are in =

parallel with the battery.
9. Assertion : Two capacitors are connected in series with a battery. Energy stored across them is in
inverse ratio of their capacity.

Reason : =:I'—}qV or U xgV.

10. Assertion : In the circuit shown in figure, when a dielectric slab is inserted Cy Cz
in C,, the potential difference across C, will decrease. — —
Reason : By inserting the slab a current will flow in the circuit in clockwise
direction. l

Objective Questions (Level 2)

. = Y
Single Correct Option 35

1. Two very large thin conducting plates having same cross-sectional
area are placed as shown in figure. They are carrying charges
© and 3 O respectively. The variation of electric field as a function
at x (for x =0to x =3d) will be best represented by

-

|L®

(d.0)(2d.0) (3d.0) <

EA E*
T ' Lighll N I
o | e
(@) — (b) S
ey B g T
1 o T el Lo
d 2d 3d —ax d 2d 3d —x
I Ef
{ o T e
st =4 Il
i I I
(c) AT (d) 0 O T
i :r a4 _1..;( i 2d 3d
2 s
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272 Electricity and Magnetism ‘
; - ~harce is shown 1n the E. =8V
2. The electric field on two sides of a thin sheet of charg - -

figure. The charge density on the sheet is
(a) 2¢y
(b) 4g,
(c) 10g,
(d) zero
3. In the circuit shown in figure the cap
uncharged. The current through resist
closing the switch is I
50 %

f++++++++_|[

et - i =]
acitors are initially o i LAl 10V

[
[
or PO jus[ after Eoz |

(a) 2 A from Pto QO
(b) 2A fromQto P 60
(c) 6 A from PtoQ 5
(d) zero ' :
A graph between current and time during charging of a capacitor by ? hﬂflel‘}“ m
series with a resistor is shown. The graphs are drawn for two circuits. Ry,
R,,C,,C, andV,, ¥, are the values of resistance, capacitance and EMF of the
cell in the two circuits. If only two parameters (out of resistance, capacitance,
EMF) are different in the two circuits. What may be the correct option(s)?
(a) ¥y =V,, R, > R»,C, >C, . (b) ; >V5, R, >R,,C, =C,
(©) ¥y <Va, Ry < Ry, C, =C, (d) V,<V,, R, =R,,C,<C,
3. A capacitor of capacitance C is charged by a battery of emf E and internal resistance r. A resistanc:
2r is also connected in series with the capacitor. The amount of heat liberated inside the battery b
the time capacitor is 50% charged is "

o

o
/F
J_.M

2 2
@ SE%C (b= (e @pEe
6 12 24
6. For the circuit shown in the figure, determine the charge 3V
on capacitor in steady state? i
(@) 4uC ] L
(b) 6uC ik 19 50
(c) 1uC hﬁzﬁﬂﬂﬁ_.l
(d) Zero 20 -I 1Q
7. For the circuit shown in the figure, find the charge st i - o
@ RC . &€ stored on capacitor in steady state
R+R, R

(b) RC (E-E,) E'_INM‘*"
R
0 ﬁ_/LH

(¢) zero £,
@ =2 gy =
R+R,
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8. Two similar parallel plate capacitors each of capacity C, are connected in series. The combination
is connected with a voltage source of ¥,. Now separation between the plates of one capacitor is
increased by a distance d and the separation between the plates of another capacitor is decreased by
the distance d/2. The distance between the plates of each capacitor was d before the change in
separation. Then select the correct choice.

(a) The new capacity of the system will increase

(b) The new capacity of the system will decrease

(¢) The new capacity of the system will remain same
(d) data insufficient

9. The switch shown in the figure is closed at7 =0. The charge on the capacitor as a function of time is
given by c
k

(@) CV (1-e/RC) &= 1
(b) 3CV (1-&™"'RC)y Fé ﬁ% R‘% v
(©) CV (1— e MkC) l
(d) CcV (1- E-n’ﬂﬂf} = T = =

10. A2 puF capacitor C, is charged to a voltage 100 V and a 4 pF capacitor C, is charged to a voltage
50 V. The capacitors are then connected in parallel. What is the loss of energy due to parallel

connection? !
(a) 1.717 (b) 0.17] (c) 1.7x107") (d) 1.7x107)

11. The figure shows a graph of the current in a discharging circuit of a capacitor

. through a resistor of resistance 10 Q2
(a) The initial potential difference across the capacitor is 100 V

The capacitance of the capacitor is
®) pa = 10In2

(c) The total heat produced in the circuit will be fig J
n

(d) All of the above
2. Four capacitors are connected in series with a battery of emf 10 V as shown in the figure. The points
P is earthed. The potential of point 4 is equal in magnitude to potential of point B but opposite in

sign if

| g
'll
(a) C, +C, +C3=C 10V
Pudized. g0 09
R S e Ci G2 Gy Ca
ks s s
(c) ECICECI - C,‘ 5

(@ C; =(C,C,C3)"
13. A capacitor of capacity C is charged to a potential difference " and another capacitor of capacity 2C
is charged to a potential difference 4. The charging batteries are disconnected and the two
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274 Eiectricity and Magnetism ity (i.¢., positive plate of first capacitor s gy,
citors are connected with reverse polanty m-d ;ccd during the redistribution of gt }?:tqi-
zzginw plate of second capacitor). The heat p g,
i ‘ 25CY 2
capacitors will be 5 sy e b (B A
the IE%CV: £ S0CV " (c) 2C¥ (==
== 3 s :
3 tential difference of 5 V. 2F
: -nee 2 uF is charged to a po e e
N capacltﬂ:' uf;apabz;zif is éismnnccted and the ca!:-ac1tur_|s cfll;u:fétg ;ﬂs |\\
Nuw[ﬂ;E ; a:f;is%ur of 5 Q) and another unknown resistor of f‘ﬁ;s j {; n t;m o0
EE: i;ﬂﬁ;mc. If the total heat produced in 5 €2 resistance i TE4 T2 [
; i | to . R
{s
€ 409 itch § is thmwn{?: position 1 at 7 = 10V
» circui m in figure switch & 1 =
15. In the circuit shown n hg S shifed o pemtion o £

: sy s
When the current in the resistor is 1 A1 en R
The total heat generated in the circuit after shifting to position = 15

(a) zero 2 2uF
(b) 625 ) —
(©) 100 g
(d) None of the above 2uF
16. The flow of charge through switch if it is closed is = U_ —
(a) zero |
(®) /4 i
q |
{c) 2q/3 #0 |
il
(d) ¢/3 SuF 3uF
17. Consider the arrangement of three plates X', ¥ and Z each of the X ; V
area 4 and separation 4. The energy stored when the plates are Y ‘df —1
fully charged is z di
(a) £4AV>/2d (b) £V >/d (¢) 26,4V /d (d) 3,4V 1d

18. Consider a capacitor — charging circuit. Let O, be the charge given to the capacitor in time interi®
of Eﬂ‘ms Eand {:?3 be the charge given in the next time interval of 20 ms. Let 10 uC charge &
deposited in a time interval 7, and the next 10 uC charge is deposited in the next time intervé
Then
@ 0 >06>6  (b) O>0,6<t () 0,<0,, h>t,  (d) 0,<05h<h

19. The current in1£ resistance and charge stored in the 0
capacitor are
(a) 4 A,6puC (b) 7A,12uC .
(c) 4A,12uC (d) 7 A, 6uC : ]'
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CHAPTER 22 Capacitors 275

20. A capacitor i 2 > !
p C is connected to two equal resistances as shown in the figure. Consider the following

statements
J_QS/w '
I E ?vj C

{1] At the time of charging of capacitor time constant of the circuit is 2CR
(!!} At the tfme of discharging of the capacitor the time constant of the eircuit is CR
{!uj At the time of discharging of the capacitor the time constant of the circuit is Z-f."R
(iv) At the time of charging of capacitor the time constant of the circuit is CR
(a) Statements (i) and (ii) only are correct . (b) Statements (ii) and (jii) only are correct
(c) Statements (iii) and (iv) only are correct  (d) Statements (i) and (i1i) Unl}: are correct

21. T‘wﬂ capacitors C; =1puF and C, =3 uF each is charged to a potential .
difference of 100 V but with opposite polarity as shown in the fi gure. When I—I—/ 2
the switch S'is closed, the new potential difference between the points aand ~ * T_l_
bis it =
+
(a) 200 V (b) 100V [
(c) S0V (d) 25V s

1.0uF 1.5uF
Four capacitors are connected as shown in figure to a 30 V battery. The F|-—£‘—| )
potential difference between points ¢ and b is
@ sV F-—i}
(b) 9V 25uF CosuF
() 10V po=
(d) 13V 30V

12V

23. Four identical capacitors are connected in series witha 12 V battery * = BETE

as shown in figure. The potentials of points 4 and B are _L:

(a) +10V,0V
®) +9V,-3V i
(¢) +3V,+9V c Il

(d +12V,-3V
24. Three uncharged capacitors of capacitance Cy,C; and C; are +6V _T_

connected to one another as shown in figure. The potential at O will ¢, = 80F

e 0

(@) 3V (b) 4—9‘J Cz:gﬂﬂp{-R,Cg=30pF
i ra: 11

e 3 = ey

(c) 4V (d) = \% 2v
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tial di

25. In the circuit, shown in figuré, the _PO“‘-“

points A and B in the steady state 15

(a) zero

(b) 6V

(c) 4V

@ 3V 31
26. Two cells, two resistors and two capacitﬂﬁ are connected as

shown in figure. The charge on2 uF capacitor 1S

(a) 30uC

(b) 20 uC

(c) 25uC

(d) 48 uC 4

ircut ' itor i davith nicelliof 5IVATEGS #2PF: iy

27. In the circuit shown in figure the capacitor 15 charge of 5

the switch is closed at 7 =(, thenats= 12 s, charge on the capacitor is —+1 I__r___vw#H

2 .
(a) (0.37)10pC (b) (0.37)"10pC e

(c) (0.63)10uC (d) (0.63)*10pC
28. The potential difference between points a and b of circuits shown in the figure is

Ey
____|: a
| b
E;
E, +E E,—E E +F E _F
@ '—2-]6 (b)[‘ ch oLtk e AR
(C'+C‘? : C+C )" i C,+C, )" & C, +C, I

29. A capacitor C, is charged toa potential ¥’ and connected to another capacitor in series with aresis®
R as shown. It is observed that heat H, is dissipated across resistance R, till the circuit &2
steady state. Same process is repeated using resistance of 2R. If H , is heat dissipated in this ¢

then,

|
1

Cy
R
Ca
) =
I
(a) 3 (b) —==4 () =%== s =)
Hl H] H] 4 (d} Hl
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CHAPTER 22 - Capacitors 277
30. In the circuit diagram, the current through the battery immediately after

E s
the switch S is closed is : =
Cc
(a) zero (b) i Sl | 1
E : _m,t_l
©) R, +R @ E}'E R = F
1 2 Rl + LAt AW
R 2 + R 3 R
31. In the circuit shown, switch § is closed at + =0. Let i, and i, be the ac 2R
current at any finite time ¢, then the ratio i, /i, =] W=,
.
(a) is constant it c R
(b) increases with time iz 1l
(c) decreases with time | 8
(d) first increases and then decreases v

32. A leaky parallel capacitor is filled completely with a material having dielectric constant K =5 and
electrical conductivitys = 7.4x107*Q "'m ~!. Charge on the plate at instant f =0is g =8.885pC.
Then time constant of leaky capacitor is
(a) 3s (b) 4s (c) 5s (d) 6s

33. A charged capacitor is allowed to discharge through a resistor by closing the key at the ins_tam r=0.
At the instant = (In 4) ps, the reading of the ammeter falls half the initial value. The resistance of

the ammeter is equal to

C=0.5F

-l )
T o

20

(a) 0.5Q2 (b) 1Q2 (c) 2Q (d) 40

Five identical capacitor plates are arranged such that they make four capacitors each of 2 uF. The
plates are connected to a source of emf 10 V. The charge on plate C is

A
2 E
(a) +20pF (b) +40pF (c) +60puF (d) +80puF

35. A capacitor of capacitance C is charged to a potential :i.i?f'emnce V from a c.ell;:;;i ﬂIiI;
] disconnected from it. A charge +Q is now given to its positive plate. The potential differen
across the capacitor is now

: Q2 o v-Lifo<cy
(a) V (b}l"+—g—, (G)V*'zc. (il =l
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passage (0. No. 36 to 0. No. 37) harge qo. When the switches S, ang g

hown initially carries a ¢

1 - - ar,
itor C, in the figure s : S e 8
?;f’f? C;P:;;ﬁcfmlr C. is connected in series 10 d resistor R and a sect 7 G54 bir ,-E
closed, 2
initially uncharged.
Sy
+ R
G ::Qr_g
£ =
Sz
on of time

36. Find the charge flown through wires as a functi

C —1/RC
s S £y qo =T ]
C - HRC o C G,C;
e % where C =
(Do e (d) goe G ic,
37. Find the total heat dissipated in the circuit during the discharging process of C, |
- b) 2 (c) 402 (@

- 2c; iy AT 2CE 2C,C,

Passage (0. No. 38 to Q. No. 39)
Figure shows a parallel plate capacitor with plate area A and plate separation d. A potential
difference is being applied between the plates. The battery is then disconnected and a dielectric
slab of dielectric constant K is placed in between the plates of the capacitor as shown.

Now, answer the following questions based on above information.

| | P
++F++++++ ‘T

=

38. The electric field in the gaps between the plates and the dielectric slab will is

(@) E"jy () %
(c) % (d) EY—_:
39, The electric field in the dielectric slab is
@ )~
© 5 @ =
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More than One Correct Options

Oy
h, 1. X and ¥ are large, parallel conducting plates close to each other. Each face has an area 4. X is
given a charge 0. Y is without any charge. Points 4, B and C are as shown in the figure

(a) The field at B is —< X y
2e,4

(b) The field at B is -2 all o lle
EUA L L ] L]

(c) The field at A, B and C are of the same magnitude _

(d) The fields at A and C are of the same magnitude, but in opposite directions
2. In the circuit shown in the figure, switch S is closed at time 7 = (. Select the correct statements

1l
c 2R

i |
2C R

—'!F---——-'?"/S
E

(a) rate of increase of charge is same in both the capacitors

(b) ratio of charge stored in capacitors C and 2C at any time ¢/ would be 1 : 2
(c) time constants of both the capacitors are equal

(d) steady state charge in capacitors C and 2C are in the ratio of 1 : 2

An electrical circuit is shown in the given figure. The resistance of
each voltmeter is infinite and each ammeter is 100 Q. The charge on
the capacitor of 100 pF in steady state is 4 mC. Choose correct

statements (s) regarding the given circuit

(a) Reading of voltmeter %, is 16 V

(b) Reading of ammeter A, is zero and 4, is 1/25 A
(¢) Reading of voltmeterV; is40V

(d) EMEF of the ideal cell is 66 V

4. In the circuit shown, 4 and B are equal resistances. When S is closed, c
the capacitor C charges from the cell of emf & and reaches a steady i
B
state
(a) During charging, more heat is produced in A then in B I— VYV YY

(b) In steady state, heat is produced at the sml‘ne rate in 4 and B 3 7 /s

(c) In the steady state, energy stored in C is 3 Ce :

ol et )
(d) In the steady state energy stored in C is - Ce
An evaluation version of novaPDFE was used to create this PDF file.
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i t. Th :

llel plate capacitor is charged from @ cell and then isolated from 1 e separatio %%

5. A parallel plate |
the plates is now increased

(a) The force of attraction between

(b) The field in the region hetwem_: the En B

The energy stored in the capacitor Wi :

E;i The pﬁte::iai difference between the plates will decrease

i ' emf of the
6. In the circuit shown, each capacitor has a capacitance C. The

C §
: - i d _l I__- il
cell is £. If the switch § is close positive terminal of the cell \[{/}\L

a itive charge will flow out of ﬂTe. :
Eh:}' ];iilive charge will enter the positive terminal of the cell __|c|__ |

; 1
(c) the amount of the charge flowing through the cell will be ECE e

the plates will decrease
lates will not change

asc

(d) the amount of charge flowing through the cell is (4/3) CE
|

7. Two capacitors of 2 pF and 3 puF are charged to 150 V and 120 V respectively. A 15
The plates of capacitor are connected as shown in the figure. An uncharged 0—-——[ }___,

(a) charge on 1.5 uF capacitor is 180 pC

(b) charge on 2 uF capacitor is 120 uC

(c) positive charge flows through 4 from right to left

(d) positive charge flows through 4 from left to right
8. A parallel plate capacitor is charged and then the battery is disconnected. When the plates of t;

capacitor are brought closer, then
(a) energy stored in the capacitor decreases
(b) the potential difference between the plates decreases
(¢) the capacitance increases
(d) the electric field between the plates decreases
9. A capacitor of 2 F (practically not possible to have a capacity of 2 F) is charged by a battery of 6 V.
The batlEI):’ is removed and circuit is made as shown. Switch is closed at time 7 =0. CI{WSE the
correct options

capacitor of capacity 1.5 pF falls to the free end of the wire. Then
Ly
-

2uF 3F

BvY
__" +
2F
1Q
\'5
20

(a) Attime 7 =0 current in the circuit is 2 A

(b) Attime f = (6 In 2) second potential difference acros itor i

(c) Attime ¢ = (6 In 2) second, potential difference ms;iga::?;:,} V |V
(d) Attime 7 = (6 In2) second potential difference across2 0 reaistan:::: :: 2V
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10. Given that potential difference across | WF capacitor is 10 V. Then

BuF
i \—C
1uF  4uF
3puF
L I

E

(a) potential difference across 4 uF capacitor is 40 V
(b) potential difference across 4 uF capacitor is 2.5 V
(c) potential difference across 3 uF capacitor is 5 V

(d) valueof Eis70V

Match the Columns

1. Inthe figure shownC, =4 puF (without dielectric) and C;, =4 pF (with a dielectric slab of dielectric
constant K =2). Now the same slab after removing from C, is filled in C,. Then match the

following two columns.

 Column  Columal
(a) Charge onC, \(p) will increase
(b) Energy stored inC, (q) will decrease

(¢c) Potential difference across C; (r) will remain same

1 . -
(d) Electric field between the piatesi(s} data insufficient

of C, |
2. In the circuit shown in figure, match the following two columns for : GF
flow of charge when switch is closed. i’ 4
~ Columal - Colmall leaw
(a) From the battery (p) 40 uC 18
(b) From 2 pF capacitor {q) 100 uC '
(c) From 3 pF (r) 60puC a7
(d) From 4 pF capacitor (s) None of these
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nected in three dift

. : con
3. Three identical capacitors ES: el =
L

Match the two f:t::rll:lffi_______-~———"—""_~ Column 11

mn I
Colu | : 3 3 = 3
i charge on C, (p) o__—l I [ I | J
(a) Maximum >
- a Co b
(b) Minimum charge on € (q) =
Cz
5o b
(c) Maximum potential difference! (r) o-—]
across € .
| Ca
C4
= b
. a
(d) Minimum potential d:ﬂ"ercnfc: (s) a—l
across C ,
l Ca

Note Inall casesV, =V.

4. A capacitor C is charged by a battery of I volts. Then it is connected to an

- - . C
uncharged capacitor of capacity 2C as shown in figure. Now match the =1
following two columns. :

. SN\
Column1 Column II 2

i

(a) After closing the switché{p] —ICV 2
energy stored in C. D

(b) After closing the switr.:hf{q] _Icp-2
energystoredin2C. | 6

() After closing the switchl(r) - cp2

loss of energy during
redistribution of charge. i

(s) None of these

S. Two identical sized capacitors C, and C

; _ 2 4ré connect RE :
sl.wml in figure. Capacitor plates are square plates, ;dd‘i'*'l;h a I-:ratter}' as % % H
dielectric constant K =2, are filled in h electric slab of 3. e |

. alf the rep;
capacitors as shown : fegilon of the two

C — capacity, g — charge stored, U — energy stﬁred
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Match the following two columns.

==

Column 1 Column 11
(@) C/C, (p) 9/4
(b) a/q, (q) 4/9
(e) U\, (r) 4/3

(s) None of these

6. Four large parallel identical conducing plates are arranged as shown. 3 q 20 79

‘Column I ' Column 11 Ml 2) 3)] |4 (5)]|(6) (7)) [(8)

(a) Surfaces having charges of (p) | and 8
same magnitude and sign

{b) Surfaces having positivel(g) 3 and 5

charges
(¢} Uncharged surfaces (r) 2and 3
(d) Charged surfaces (s) 6and 7

bjective Questions (Level 2)

1. Five identical conducting plates, 1, 2, 3.4 and 5 are fixed parallel plates equidistant from each other
(see figure). A conductor connects plates 2 and 5 while another conductor joins 1 and 3. The
junction of 1 and 3 and the plate 4 are connected to a source of constant emf V. Find :

==

(a) The effective capacity of the system between the terminals of source.

(b) The charges on the plates 3 and 5.

Given, d = distance between any two successive plates and A = area of either face of each plate.
2. A 8puF capacitor C, is charged to ¥, =120 volt. The chargin:g battery is then removed and the

capacitor is connected in parallel to an uncharged +4 pF capacitor C,.

8=

PR A B ]

—— G Co—

(a) What is the potential difference V" across the cnm‘?inatictn? .
(b) What is the stored energy before and after the switch S is closed?
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284 Electricity and Magnetism
e on all condensers in the Equilibﬁu;d 4y

d 4C are
i i Fapm_?iliﬂ? ‘i;c::gs‘jfl’aiﬂd the voltag
correspondingly. The circuit is =

/—_1 = =2
JTEV
4C 2
4V'IE:./._—4,“-:T

3c 3V

000z volt is applied where 7 is in seconq. At tir,

oltage V' =2 : _
BVpE R =4Q and through the capacitor C =3 M

ugh the resistor

V%: %n —=¢

5. A capacitor of capacitance 5 uF is connected to a source of constant emf qf 200 V. Then the swiy
was shifted to contact 2 from contact 1. Find the amount of heat generated in the 400 O resistance

4. In the circuit shown, a time yaryin
t = 5 ms, determine the current thro

5pF
| |
|1 %
< 400
2 i
S* L '.'l.'l'.'l
1 500
e
200V

6. Analyse the given circuit in the steady state condition. Charge on the capacitor is g, =16C.

20 g 3Q

(a) Find the current in each branch
(b) Find the emf of the battery.
(c) If now the battery is removed and the points 4

: and C : : . orhich
charge on the capacitor becomes 8 uC. are shorted. Find the time during ¥
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\ CHAPTER 22 - Capacitors 285
7. Find the potential difference between points M and N of the system shown in figure, if the emf is
equal to E =110 V and the capacitance ratio G is 2.
Cy
M 1
[ I
— &
f E E

8. In the given circuit diagram, find the charges which flow through directions 1 and 2 when switch §

is closed.
Sl e Ll
[

2

Two capacitors A and B with capacities 3 pFand2 pF are chargedto a putenti.al differenf:e of IUO‘V
and 180 V respectively. The plates of the capacitors are connected as shown in figure with one wire
of each capacitor free. The upper plate of A is positive and that of B is negative. An uncharged2 pF

capacitor C with lead wires falls on the free ends to complete the circuit. Calculate
2 uF

—|-

o |

- ﬂ'u'ﬂe cal Cltn'rs’ .
Eﬂ) i: iﬂ;ﬁgfe;:cﬁfmﬁc encrgy‘pa stored in the system before and after completion of the

circuit. 2 .
10. The capacitor C, in the figure initially carries a
capacitor C, is clunnecte-d to a resistor R and a second

any charge.
S
+ A

G

I [+
P2
M
=N

charge go. When the switch 5, and S, are closed,
capacitor C,, which initially does not carry

Cy
T - P T B
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1 ca
(a) Find the charges deposited on the

i ng time of el
esistor after a lo : . _ .
ha material having dielectric Constay,

-1 _[f the charge on the capacitor at th ;

function of time.

(b) What is heat lost in the 1 .
capacitor 15 ple
c=T4x ]{)_l' QO 'm
culate the leakage current at the _
separation x has charges +Q ang o
so the charge on each plate ey,

11. A leaky parallel plate ‘
and electrical conduct

t=0is g, =8551G then cal
uum capacitor wi
disconnected fr

12. A parallel-plate vacu
plates. The capacitor is

fixed.

(a) What is the total energy

(b) The plates are pulled apa .

(c) If F is the force with which the plates attrac
must equal the work dW =

(d) Explain why F is not equal to OF, where

13. A spherical capacitor has the inner
sphere is earthed and the outer one 1s chargerd wil

(a) The potential to which the outer sphere is raised.

(b) The charge retained on

14. Calculate the charge on each capacitor an

ity

stored in the capacitor? =
rt an additional distance d¥. Wha |
 each other, then the change in the storeqd enery

plates apart. Find an expression for , -
F is the electric field between the plates.

s 2 cm and the outer one of 4 cm. If the iy,
ith a charge of 2 nC and isolated, calculate,

Felx done in pulling the

ner sphere of radiu

pacitors in steady stat

osing the switch.

filled completely Wit

instant f =12s.

th plate area 4 and
om the source of charge,

the outer surface of the outer sphere. » =
d the potential difference across it in the circuits shownjr

figure for the cases :
| 1 e = o
B 1 || |
6 uF 3 uF 6 yF B
) 1 uF
L AWW— e AW—
100 0 100 Q s 200
s - :
= AW s
{ﬂ:l 100V =

(i) switch S closed and

(ii) switch S open.

e and the current thrg,, ship
L au‘.

is the change in the stored energy)

(iii) In figure (b) What is the potential of point 4 when S is open?

15. In the shown network, find the charges on capacitors of capacitances 5 uF and 3 pF, in steady state.

SuF

— H

3uF

—
1oy 42
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CHAPTER 22 = Capacitors 287

In the circuit shown, E=18kV. C=10 uF,

R

R, =4MQ, R, =6MQ, R,=3MQ. With C h mlr o
completely uncharged, switch S is suddenly closed (at i S
t =0). = Rz Ra
(a) Determine the current through each resistor for

t=0and f = oo, b ,-f
(b) What are the values of I, (potential difference T

across Ry)atf=0and s =w?

(c) Plot a graph of the potential difference V', versus
and determine the instantaneous value of V.

The charge on the capacitor is initially zero. Find the charge on the capacitor asa function of time #.
All resistors are of equal value R.

| 1€
|

YW
R

A2 2

m

The capacitors are initially uncharged. In a certain time the capacitor r.::f ca;?ac?ta:nce 2 uF gets a
I chargé of 20 pC. In that time interval find the heat produced by each resistor individually.

e —
20

602
=l 1uF .._E___—!—— 2uF
TooV . iy =TT N

1 i EC
1 f apacilance ( has pot{:ntial difference E /2 and another capacitor of capacitance

J

g1
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288 Electricity tential difference of V'volt, s iy, o % F
%Tih_‘ ¢l

. : en charged 103 PO ; .
20. The capacitor shown n ﬁgufE:::;e and S, rem aining open. SwltchTS (18 cl{lst:d at‘r =0.A¢,
charge CV with both the SWItC |'=1 Find the charge on the capacitor at 1 =2R, C RC

switch S, is opened and S, is close
i | =
c % R,
4
& Si
2

E
__I = \—
S
At 1 = 0. The capacitor C'is uncharged but Co has a charge 0 =2 ucy, =

=2pF, E =4 V.Calculate i(t) in the circuit.

A G
el e 26,

(& U

21. The switch Sis closed
R =100Q,C =2pF,C,

S

22. A time varying voltage is applied to the clamps 4 and B such that voltage across the capacitor play
is as shown in the figure, Plot the time dependence of voltage across the terminals of the resistan:

Eand D

Ve
27

p 5
m

(%]
1

r

23. In the above problem if given graph is between V,; and time. Then plot graph between Vi

fime.
24. Initially the switch is in position 1 for a long time. At ¢ =0, the switch is moved from 1 to 2. 0%

expressions for V. and ¥, for > 0.

‘Lts
2
100V_T_ }'
_I_EIW - 1pF
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CHAPTER 22  Capacitors 289

25. For the arrangement shown in the figure, the switch is closed at £ = 0.C, is initially uncharged while
C, has a charge of 2 uC.

300 CF.?
A |
S
2uF
600
WA
304
G 1uF
- E } T
2 av

(a) Find the current coming out of the battery just after the switch is closed.

(b) Find the charge on the capacitors in the steady state condition.

. : % e er 250 us.
26. In the given circuit, the switch is closed in the position | at 7 = Oand then moved t-nt‘-? aﬁgf currrtm
Derive an expression for current as a function of time for 7 >0. Also plot the varation

with time.

20V 2]' 5000
40V 0.5uF
WEEEII B

is discharged through a resistance R b
When discharge current reduces to [,
eat liberated in resistance R

y putting switch Sin position 1 of
.The switch is suddenly shifted to
starting from this instant.

27. A charged capacitor C,
circuit shown in figure.
l;ésition 2 Calculate the amount of h

| 2
/ﬂ\_u
l'.';‘ 2 =1 = Cz
R
L_______ ; -]
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eft face the charges are, 3HG 718G 740 340

ntroductory Exercise 22.1 |
| 1. M LEF'AEI 2. False 3. Starting from the
x4, 203 509
i d k EAEG

Introductory Exercise 22.2
3. 24uC
ok 3200 o 1690y 5 400uF
3

1. 10 uG 204G, 30uC s 3
4. (a) 800 uC 800V, 800 uC, 400V (b) —"3—|J e 3

Introductory Exercise 22.3

qﬂ\
> {

1& ® %(1_ e.ﬂf.ﬂﬂ{‘,‘] 4. CE {1"&_'!{:‘”)'* % e—t.FCR

=
ro| 2

2. 069 3. q,=l‘i’2'i+ %e'ﬂ”‘:.

5. (a) E-I'FRI {b:l EI{RI + Rg:l
6. (2) i, =E/Ry iy =E/Ry (b) k=E/Ryi=0 (c) %CEE (d) C(R, + Ry)

AIEEE Corner
Subjective Questions (Level 1)
KegA K KK 5C
1. 11% 108 m* 1,3, —z-d—wh'Ei'&K=31+x—,2—f—;§ 5. [a}—a-_ {h).d%: (c) 2C
8. (@) 1.28 (b) 6.2x 107 C/m’

6. +182uC 7. (a) 604V (b) 90.8 cm® (c) 16.3 uC/m?
9. (a) 4.0uF, 2.64x107°C, 660 V, 6.0 uF, 3.96x 1072 C, 660 V

(b) 4.0uF, 5.28x 107°C, 132 V, 6.0 uF, 7.92x 10-%C. 132 V
10. 2.83x10% J/m* 11. 0.0135m® 12. 40mF, 10mF 13, 10V. 5V
14. (a) Five capacitors in series (b) Six rows of three capacitors in each row ;
15. 0.16uF, 0.24pF  16. (a) 120uC (b) 60uC (c) 480uC  17. 19'5.j

(2) 3.54x 10° F (b) £35.44C (c) 2.0x 10° NfC |
40

18.
19. (a)76puC (b)14mJ (€)11V (d)12mJ) 20 104C, —2 G
3

21. (a) 2.54F
g 40 i
(b) 0= 55x 107 C, ,=66V 0;=37x10%C,V,=g8V

0s=0,= 1.8x 10 CVy=Vy= 44V, @5""01-1’5"‘"‘1
23. 60uC  24. (2) 3uF (b) 60KC (c) 30,0 (d) 20uC (e) 20uC

78.68 V, 151.32 V
= 16.84C, g3 = 10.84C, g, = 14.4uC

22.
25. (a) =%=9uC. %=, =16 uC (b) g=84uC, g,
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oY,

26. =gz = —L0 ___ 5 ¥

= L G = e 4 ‘Flﬂ Cy
C2 G Ca v Cy

27. @2V ®) U, _z[ﬂﬂ‘“lvﬂ uf_l’ﬁ"‘w* ©w=1(=A)y2

28. ()1 mA, 1mA 0 (b) 2mA 1 mA. Smﬂu
(d) —36 uC on both the capacitors
30. (a) 6.0V () b (c) 6. 'D V (d) -54.0uC

cv V . 2
31. a—l &) (b gttt e
(a) ( } (b) — ER e e Here o G

Dbjective Questions (Level 1)

1. (©) 2. d) 3. (0 4. () B. () 6. (d) 7. () 8 (M 9 (b 10. (c)
11. (a) 12. (b) 13. (b) 14. (©) 15 (c) 16. (a) 17. (d) 18. (b) 19. (b) 20. (b)
2. (a) 22. (c) 23. (d) 24. (c) 25. (d) 26. (b) 27. (b)

29, (a) 18V (b) a is at higher potential (c) 6V

JEE Corner
ertion and Reason
.(d) 2. (a) 3.(ab) 4 (ab)y 5.(d) 6.(d) 7.(b) 8. (d) 9.(b) 10.(b)
bjective Questions (Level 2)
1.(c) 2.(b) 3.(d) 4.(c) 5.(d) 6.(d) 7.(d) 8.(b) 9.(c)  10.(d)

. 19.(b) 20.(c)
11.(d 12.(b) 13.(d) 14.(c) 15.(c) 16.(a) 17.(b) 18.(b)

ZI.E{:; 22.(d) 23.(b) 24.(b) 25.(d) 26.(a) 27.(b) 28.(c) 29.(a) 30.(b)
31.(b) 32.(d) 33.(c) 34.(b) 35.(c) 36.(b) 37.(a) 38.(b) 39.(a)

More than One Correct Options
1.(ac,d) 2.(b.cd) 3.(bc) 4A(abd) 5.(b,c) 6.(ad) 7.abd) 8.(abgc) %(abed 10.(bc)
Match the Columns
1. (a)—q (b) > p (€)= p {ti}—r::
2. (a)—>s (b) »p (c)—=r {}—!‘5
3. (@—q (p)—>pr (c)—>q (d) = P
4. (a)—>r (b) > p Ec;—-rz |
5 (@)=s (b) =+ 5 c) =
6. Ea; 3P b)y—=pa €S (d) =+ p.ar

Subjective Questions (Level 2) AV, 6 mJ, 38.4 m!
4 V 0 2. (a) 80V (b) 57.6 m.,
1 @ 3(%2) ® a- 5[5 ) %" fer =)

19, 2,7y My 4 25A06A 5 A
& - N-gVE Y 110

_ V= — volt
6. (a) 3A, 2.67A (b) oav()1llys T W-w="3

_ECC
8. 4-EC2 %=1 0

i 18 mJ
9. (i) 90uC, 210pC,150uC (i) (a) 47.4 mJ (b)
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c d ’[’@J]%' 'SRG
10. (a) El:[ﬂﬁltz]% and 42 Cc; Cs
2 _ Gye
o ®C2 __HereC=7—"7¢,
&) Mdm ; 102 $ & S Q* 13. (a) 2.25% 10° V (b) +1uC
DX D) [A—P]‘ T _
11. 0193pA 12 @) 55 ) 8 : e
— —_—T ig. (2 e = I .
o [ Fig. (@) = | 6;115 20F
| | 6uF 1. = 6 5
P volts) 0 | gg o 60 e
@ | charge @O | 180 50 100 25 75
[P0ttt et 150 :
(i), | Ry 270 100 150
| charge (uC) 0
(i) | Va=75volt |
15. 15uC 15uC : s ValkV)a
16. {a} At t;ﬂ- ['£=3m,hr i2=1mﬁ.l‘3=2r'l‘l-ﬁh = ¥ T ) R

ji=iy=18mA k=0 (b) Att=0V;= 6KV At t=s, V,=108KkV
(c) V, = (10.8 - 4.8 *H)kV
28

17. q= E[l - e'r:_n] 18. H, = 0,075 mJ, H;=0.05mJ, Hg=0.025mJ
2

E by CE (5= 2321 20, Ec[l-l]ﬂ"c 21. (0.03 &9ty A
19. () o () =[5~ 2677 |+ =%
gzt 23. Va
=l
:
I
:
0 -1 oA

24. V. =50 (3% - 1), V, =150 25, (a) Bln.n or -%A (b) Q;=9pC, 0,=0

26. | =(0.04e*°)A fort<250ps, =- (0.11e7 YA for t> 250 s
For i -t graph, see the hints.

(lR)’CEL;
£7: 2(C, + C;)
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23.1 Introduction 23.10 Magnetic Field of a Moving

23.2 Magnetic Force on a Moving Point Charge
Charge (Fm) 23.11 Force Between parallel Current
23.3 Path of a Charged Particle in Carrying Wires

23.12 Magnetic Poles and Bar Magnets
23.13 Earth's Magnetism
23.14 Vibration Magnetometer
23.15 Magnetic Induction and
Magnetic Materials
23.16 Some Important Terms Used
in Magnetism
23.8 Applications of Biot-Savart Law 23.17 Properties of Magnetic Materials
23.9 Ampere's Circuital Law 23.18 Explanation of Paramagnetism,
Diamagnetism and

\ Ferromagnetism

Uniform Magnetic Field
23.4 Magnetic Force on a Current
Carrying Conductor

23.5 Magnetic Dipole
23.6 Magnetic Dipole in a Uniform

Magnetic Field
23.7 Biot-Savart Law
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e e e B bl 4

Solved Examples

Level 1

Example 1 A magnetic field of (4.0 x 107 E) T exerts a force {4.[}% +3.0 j)x 107" N on a particle
having a charge 1077 € and moving in the x-y plane. Find the velocity of the particle.

Solution Given, B=(4x107 K)T, g=10"°C

B e e B e e B B T 1 S

and Magnetic force P:,n =(4.0i+30)x10"" N

Let velocity of the particle in x-y plane be,

= : -
v=v.1+v, |

Then from the relation,

F, =q (¥ xB)

We have s v i
(401 +3.0 Hx10" =107 [(v, i +v, x(4x107 k)]

= (4v, x107% i -4y, x107" 0

omparing the coefficients of iand j we have,
4x107"" =4v, x107"

-vlr:]lill'2 m/s=100m/s
and 3.0x107'% =—4y_ x107"2
v.=—T75mis

v =—75i +100]

Example 2 A square of side 2.0 m is placed in a uniform magnetic

ﬁe-'d_ﬁ =2.07T in a direction perpendicular fo the plane of the square .

inwards. Equal current i =3.0 A is flowing in the directions shown in

figure. Find the magnitude of magnetic force on the loop. ;
=

Solution Force on wire ACD = Force on AD = Force on 4ED

Net force on the loop =3 [E,m}
or Foa =3 (1) (AD) (B)
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352 Electricity and Magnetism
_ (3)(3.0) 2v2) Q.O)N
=36v2 N

Direction of this force is towards EC. _ ‘
Example 3 A charged particle carrving chargeq =1 nC moves in uniform magnetic field with velocigy
'i-rl"-z lﬁﬁ-mﬁ"s at angﬁ#ﬁ"? with x-axis in the x-y plane and exper iences a i m;ce Fy= 5v2 my along the
ﬁegﬂfi ve z-axis. When the same particle moves with velocily vz = 10° m/s along the z-axis jt
. I :‘ e & vy - d-
experiences a force I, in y-direction. Fin :

(@) magnitude and direction of the magnetic field.

(h) the magnitude of the force Fs.

Solution F, is in y-direction when velocity is along 2

x-axis. So let,

_axis. Therefore, magnetic field should be along

E=Bﬂ¥
Gi 1: -E]i;+l_l£]
(a) Given i ﬂ 5
and E,z-ﬁxﬁx!ﬂjﬂ

From the equation,

F=g(VxB)
we have (-5J2%107 )k =(10"°) [£3+Ei]x{3,ﬁ)
N
Bn 3
ol Iy 7
I5
By 3
20 5510
N5
or By=107T

Therefore, the magnetic field is,
oy o
B=(10"1)T

(b) F5 = Bygv, sin 90°

As the angle between Band V in this case is 90°.
Fy=(10%)(10°)(10°)=107 N
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Example 4 Figure shows a current loop having two circular arcs joined by ; |
two radial lines. Find the magnetic field B at the centre O. ® \
D C i
A% B
o
Fig. 23.91

Solufion Magnetic field at point O, due to wires CB and AD will be zero.
Magnetic field due to wire BA will be,

8 Y ugi)
{3
L2\ A

Direction of field E, is coming out of the plane of the figure.
Similarly, field at O due to arc DC will be,

322[3](EW
2r )\ 26 )

tion of field E: is going into the plane of the figure. The resultant field at O is,
0 (b
3:3,_32=M Ans.
drab

ing out of the plane.

)le5 The magnetic field B due to a current carrying circular loop of radius12 emat its centre is

0 T. Find the magnetic field due to this loop at a point on the axis at a distance of 5.0 ¢m from
e

Magnetic field at the centre of a circular loop is,

BI =M
2R
iR’
at at an axial point, By= —H
2(R* +x°)2
By . R |

E]
B, =B, [,LW:] |
(R? +x%)*" |

12)*
Substituting the values, we have B =m'5xm4}[(i4ﬁ: +;5‘ﬁ”]

=39x10° T Ans.
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Example 6 A wire PQ of mass 10 g is at rest on two parallel
e rails is 49cm A

metal rails. The separation bebween th ' g

magnetic field of 0.80 T is applied perpendicular 10 the pfaﬂﬁ; [ ox|x x x

of the rails, directed downwards. The resistance of the cit .:;m. ¥ ——

is slowly decreased. When the resistance dﬂﬁ"ﬂcé‘i&!; rc; ?::’-' :;:; b
i i I ' ] CHIE

209, the wire PQ begins to slide on the rails. '::'_5‘.' o

coefficient of friction between the wire and the rails.

Solution Wire PQ begins to slide when magnetic force is just equal to the force of friction, ie.,

umg =il Bsin0

Here., [ R = 20

(0.3) (49x107) (0.8)
T (10x107)(9.8)
=0.12
Example 7 What is the smallest value of B that can be set up at the equator to permit a proton of spe

107 m/sto circulate around the earth?
[R=6.4x10° m m, =1.67x10" kg].

Solution From the relation

We have, Bi=2

Substituting the values, we have
(1.67x107°7) (107)
(1.6x107"") (6.4x10%)

=1.6x107% T

B:

Example 8 Deuterons in a cyclotron describes a &ircie of radfu_s._’ﬂ,.ﬁ em Just before emerging Ji
the D’s. The frequency of the applied alternating voltage is 10 MHz. Find.
(a) the magnetic flux density (i.e., the magnetic field).
(b) the energy and speed of the deuterons upon emergence.

Solution (a) Frequency of the applied emf = Cyclotron frequency

_ Bg

& 2nm
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7 2nmf
i
_(2)(3.14) (2x1.67x10 =4 _{Ex_uﬁ
1.6x10"
=1.30T Ao
(b) The speed of deuterons on the emergence from the cyclotron,
v=2R _on
m

_ (2)(3.14) (10x10%) 32x107)
=2.01x10" m/s

: 1.
Energy of deuterons = — mv*
.

s

1

]

=4.22 MeV Ans.

% (2%1.67%10777)(2.01% 107)* ]

Note 1MeV=16x10"]

Example 9 A wire shaped to a regular hexagon of side 2cm carries a current of 2 A. Find the
magnetic field at the centre of the hexagon.

2
Solution A
B = 3ﬂa :'ﬁ :-I-]"..1
E:tanﬂ (BC =1cm)
OoC ;
1 ] ;
— =tan 30°— ;
r 3 A
r=+3cm

magnetic field at O = 6 times the magnetic field due to one side.

B =5[‘“‘.—” ! (sin@+sin e}]

2 r

=6{2xlﬂ‘7}(2}[1+11
ﬁxl{]'z 20 2

xample 10 [n the Bohr model of the hydrogen atom the electron circulates around the nucleus in a
' qi‘;mdius 5x107" mat a frequency 0f6.8 % 10" Hz

(a) What value of magnetic field is set up at the cenire of the orbit?
(b) What is the equivalent magnetic dipole moment?
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: ; ¢
' Solution (a) An electron moving around the nucleus is equivalent to a current,

i= qf
Magnetic field at the centre, :
B = E—O—i = M—
2R 2R

Substituting the values, we have s
[4nx10"’}{15x10 19 (6.8x10")

2%5.1x107"
=134T ‘ : : :ing,
(b) The current carrying circular loop is equivalent to a magnetic dipole, with magnetic dipole
moment,

M = Nid = (Ngf nR?)

Substituting the values, we have
—(1(1.6x107%) (6.8x10"%) (3.14) (5.1x107')?

—89x107% A-m’ Ans,

Level 2

Example 1 A flar dieleciric disc of radius R carries an excess charge on its surface. The surface
charge density is o. The disc rotates about an axis perpendicular to its plane passing through the cenfre.
with angular velocity o. Find the torque on the disc if it is placed in a uniform magnetic field B directed

perpendicular to the rotation axis.
Solution Consider an annular ring of radius » and of thickness dr on this disc. Charge within this ring,
dg = (o) (2ardr)
As ring rotates with angular velocity w, the equivalent current is,

i = (dg) (frequency)
= (o) 2nrdr) [E]
2n

or I =cwrdr ct
Magnetic moment of this annular ring,

M = id = (cwrdr) (1)

(along the axis of rotation) @ dr

Torgue on this ring,
drv = MBsin 90° = {crmnrJB} dr
. Total torque on the disc is,

Fig. 23.94
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T = I:':h = (oonB 'lf F dr

= M AnS.
4

e 2 g . otion, are in the
Exampla 2 Three m_fmlre.‘y l'ﬂn;:{ thin wires, each carrying current f” I'i";l EHTE d:;;:; fwo are along
X-Y plane of a gravity free space. The ceniral wire is along the y-axis while the 0
x=%d.
b . . - - o > *E’r{}
(i) Find the locus of the points for which the magnetic field B is zero. 1 released, show that
(i) Ifthe central wire is displaced along the z-direction by a .wnuﬂ'. amount ul_'f‘i}h ﬁnn' e Fequency
it will execute simple harmonic motion. If the linear density of fhe wiresis &
of oscillation.

golution (i) Magnetic field will be zero on the j-axis, Le.

x=0=z | | Eale
Magnetic field can not be zero mn region [ and region .{
because in region | magnetic field will be along positive = durcnlzi ]l t;ri
due to all the three wires, while in region IV magnetic field wil
- fre 2 ZETO
long negative z-axis and due to all the three wires. It can be z
only in region Il and 111

e e rm i FEETINFI '"'"'""mmmmm

B=0 5:‘
i i ' jT
g i
G-l——-l-'.--—"'
X d—x
=
d+ X . l
; B=0 =_£
1 2 3 hj'% X %5
>={] z=0
Fig. 23.96

dotted). The magnetic field on this line

. = = x (shown as 13, &
Let magnetic field is zero on line Z = pand x =x (s O ong positive z-axis. Tra

' (i W
i ve z-axis and due 10
e to wires | and 2 will be along negatl

B|+ﬂ-__|253
‘ po 1
Bom. +I-1u', P
or op (d+x) 2mx 2m(d—X)
1
A
or d+x x d-X
x:i—j—;
This equation gIVES 3
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Hence, there will be two lines d |
:c::';,{__— and I=—'J‘T"§ (z=q)}
3
: Ans,
Whﬂ?'a';“?g}:he'tmpf;;]i:czlf;:.ge our co-ordinate axes system, just for better understanding. .
ii) In this
Zy @ y-axis

1 2 3
X
x=—d ' x=0 x=d
Fig. 23.97

There are three wires 1, 2 and 3 as shown in ﬁgpre, [f we jdisplace
the wire 2 towards the z-axis, then force of attraction per unit length

between wires (1 and 2) and (2 and 3) will be gjven by
SHDE

2T

The components of F along x-axis will be cancellr—:dd out. Net
resultant force will be towards negative z-axis (or mean position) and

will be given by 5
Foq =2F cos® =2{“—“L}E

r
.2

Wo i
F.=—e—z
net - {zz +d3}

If z<< d, then

3 2 2
zo+d®=d° and

-
|
&
I
|
T
=
2 |3
:h.‘u -w
St
L

Negative sign implies that F ., is restoring in nature.

Therefore, Fop<—z2
i.e., the wire will oscillate simple harmonically.
Let a be the acceleration of wire in this position and A the mass per unit length of wire then

+2 .2
Fnﬂ =;La=— H—E_.{._ z or = l-l-n! 5
i1 dz “Ml

Frequency of oscillation
i J] acceleration|

2n ]disptacement‘
:i E _-__l__f h or f =_~i_ H_u
2n\|z| 2nd dnl 2nd \ i
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Eﬂmp_l'i ? _l};’ngfar{ﬂ electric and magnet ic fields with strength E and B are directed along the y-axis.
CRR(CEwIspecyiccharge g/m leaves the origin in the direction of x-axis with an initial velocity Vy.
Find :

(a) the y-coordinate of the pariicle when it crosses the v-axis for nth time.

(b) the angle o between the particle’s velocity vector and the y-axis at that moment.

Solution (a) As discussed in Art 13.4 path of the particle is a helix of increasing pitch. The axis of the

+ - - -* 1 B T
helix is parallel to y-axis (parallel to E) and plane of circle of the helix is xz (perpendicular to B). The
particle will cross the y-axis after time,

[ 2zm| 2mmn
[=nT=nl 22 |= ;

. Bg | By
The j-coordinate of particle at this instant is,

,

y=—a.t
_F, _4E
where, g =—2=9=
m i
fm 3 2
1( gE \| 2rmn |
1_" — _— || ——
- 2\ m J\ Bg
n-mEn"
= T
qB"

(b) At this moment ¥ component of its veloeity is,
ooy
P i Y s ) E
v. =a,l=| EE {"mm 1:-2nn| - |
z : |-\ m Bg ) VB )

le @ between particles velocity vector and the y-axis at this
L]

u=tan"[i‘5—]
Vy )

.l;

3 -
- - 1}
VoY 0

Here, i ]
Gsot 2nnk

7. show that the magnetic field ins

The ang
moment is,

or
Example 4 For the eylinder with the :Flaie _{‘n example
uniform and find its magnitude and direction. "
Solution Letus find the magnetic field at pomnt p inside the

e

-

ide the hole is =
=

i

cavity atadistance ry from Qand r; from C.
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Fig. 23.100

At point P magnetic field due to Jj

CP) in the directions shown. Although B1 and B1

drawn at O and C respectively. Let

component. Then, .
B, =B,;sina — B, sin

\ 2r R? s

(2T R
=u—gi{r, sino. — r, sinf3)

= ﬂ A%
Because in AOPC,
4| rs

sinff. sina

2
= -H—E'JERE ‘n sinu)-[“

or

Fig. 23.101

s !
is B, [pﬁrpendicular to OP) and is B, due to i, [perpﬂﬂdicuh%

are actually at P, but for better understanding they age

o pc g
5. be the x component of resultant of B, and B, and B_j.,
x - .

i : Mo b :
= Eﬁ—‘—r’,]sma~[2—? r JsmB

J.ma’

7, sin ﬁ]

zﬂa

r sina — s sinf =0.

Now,

B, =— (B, cosa + B, cos )

=..”2L (1 cosa + ry cosP)

From AOPC, we can see that

Thus, we can see that net magnetic field at point P is along negative j-direction and mns!aﬂ o

magnitude.

————

7 COSQL +1; cosf3 =~-j,
g = Mo/l __  poib

= constant.

Note (i) That ZOPC is not necessarily 90°. At some point it may be 90°,

(i) At point C magnetic field due to iy is zero (i.e., B, = 0) while that due to i, is

y-direction. Substituting, iy = J (nR?) we get,

An evaluation version of novaPDF
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B . 1ol
2 2n(R - o)

This agress with the result derived above.
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{along negative v-di rection)

ovin wi vy =voiina
Example 5 A particle of charge g and mass m is projected from the origin with velocity ¥ = Vol

! B k iti ; dimensions.
nonuniform magnetic field B = — Byxk. Here v, and By, are positive constanis of proper

Find the maximum positive x-coordinate of the particle during its motion.

Solution Magnetic field is along negative z-direction. So ¥
in the coordinate axes shown in figure, it is perpendicular to Fm
paper inwards. () Magnetic force on the particle at origin is
along positive y-direction. So it will rotate in x-y p!am: as
shown. The path is not a perfect circle as the magnetic field 2
is nonuniform. Speed of the particle in magnetic field mt

remains constant. Magnetic force is always perpendicular to
velocity. Let at point P (x, ) its velocity vector makes an

o
s1

angle © with positive x-axis. Then magnetic force F,, will be
at angle 0 with positive y-direction. So,
a, = [-F—m ]-ms 0
m

dl-".‘. = {Bﬂx] (ﬁ"'r’n CGE?E

dt m
angl. iﬁ-_]:[___ﬂuqx}(vu cosd)
dx dt m
o
}E =V, = Vi CGSB
= B_ni];..-
dx m

[ dv, =[%3] i

Bog %y
' o )

_ [2mvg
S Byq

ity i iti jon.
ﬁ At maximum x-displacement velocity is along positive y-direct

An evaluation version of novaPDFE was used to create this PDF file.
Purchase a license to generate PDF files without this notice.

Fig. 23.102

[F,, = Bqv,sin90]

Ans.

il

IE—— L T 00



http://www.novapdf.com/

i FE
E XERCISES ’\ :
Subjective Questions (Level 1)
Note You can take U.T?ﬁmximm‘r‘m:s in the answers. -
icle in Motion "
i on a Charged Partic : | _ |
M?g:e“ffi:]gﬁﬁiaily moving towards south in a vemcﬂii}" dlﬂfn“ard magnetic field i defl |
i e ‘ :on of the charge on the particle? d
rd the east. What is the sign o : 15 r,
2 f:: :]ecu*;n experiences a magnetic force of magnitude 4.60 x.Lﬂ 2 N when moving at ap angly
: 60.0° with respect to magnetic field of magnitude 3.50 x 107" T. Find the speed of the electryy |
3. A He? iontravels atright anglestoa magnetic field of 0.80 T with a velocity of 10° m/s, Find s
magnitude of the magnetic force on the 1on.
4. An electron has velocity v =(2.0x10° m/s)i + (3.0x10° m/s)j. Magnetic field present i e
region is B = (0.030T)i — (0.15T)j.
(a) Find the force on electron.
(b) Repeat your calculation for a proton having the same velocity.
- - a
5. An electon moves through a uniform magnetic field given by B=B_i + (3B, )} At a particiz | 1

instant, the electron has the velocity V= {Z.UE + 4.&]] m/s and the magnetic force acting onits
(6.4x107" N) k. Find B,.

6. A charged particle carrying charge g =1uC moves in uniform magnetic field with velo
vy =10° m/s at angle 45° with x-axis in the x-y plane and experiences a force F 1 =35+/2 mN alosg

the negative z-axis. When the same particle moves with velocity v, = 10° m/s along the z-axis*
experiences a force F, in y-direction. Find
(a) magnitude and direction of the magnetic field,
(b) the magnitude of the force F,.
7. A particle with charge 7.80 uC is moving with velocity v = — (3.80x10° mfg}} The magr®
force on the particle is measured to be F = + (7.60x10°N) i — (520x107 N) k.

(a) Calculate the components of the magnetic field you can find from this information.

(b) Are there component ; : ;
el Explaini,j s of the magnetic field that are not determined by the measurement

=+
(¢) Calculate the scalar product B«F. What s the angle between B and B 9

§: Each ofthe lattered points at the corners of the cube in figure represents a positive charge ““.’ﬁﬂi.
with a velocity of magnitude v in the direction inidicated. The region in ]tjhe figure is In 2 unie®

-
magnetic field B, parallel to the x-axis and di : : itude &
direction of the force on each charge. rected toward the right. Find the mag
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Motion of Charged Particle in Uniform Magnetic Field

9. An electron in the beam of a TV picture tube is accelerated by a potential di‘{fere?m of 2:}‘:{1‘14::;1
Then, it passes through region of transverse magnetic field, where it moves in a circular a
radius 0.180 m. What is the magnitude of the field? : B 7wk

10. A deuteron (the nucleus of an isotope of hydrogen) has a mass of 1 34x 10 | kg ::: :h mfgn;mde
The deuteron travels in a circular path with a radius of 6.96 mm in a magnetic field wi

2.50T.
(a) Find the speed of the deuteron.

e o e ey T ERT ) ”

! Gl uti
i ired for | —~ ution.
(b) Find the ime required for it to make of a revo

speed?

! f mass m. .
particles, each 0 icles1

f one of the partic .
(a) If the charge © aths, both of them lie in the

:cles move off in separale P . o]
o Ttlle M?rpnaeﬂ:}ie;mﬁcles collide. Express the ime from decay
a later

and g. dy _1.41x10° m/s. Find
" . has a speed ¥y
t point 4 in figure
12. An electron a

s +g, what is the charge of the other ?

plane perpendicular toB. At
| collision in terms of m, B

Yo

A B
H—-—-m.nm—-—-ﬂ

he
i lectron to follow t
. tion of the magnetic field that will cause the €
itude and direction
(a) the magn!

Ato B,
icircular path from
(b) E’:“time required for the electron to

charge € and mass

move from A 10 B.

x JI}
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a 1 m . - = E {
SUSEEBEEICEy e Rivavs 2 keV travelling in the positive thdirﬂttil P‘ﬁﬂl
2 -

s of energy _ (0.1 m, and the line GS make

SR agtron q
G enits elec  of § where G5

he spo S SO .
niform magnetic field B parallel to GS exists the
ure. AL e of B needed to make the electron hit § ""E‘;:t

14. An electron gun Eﬂ”?"‘lglt[;FF i
.j'J'

electrons are required to hitt

10WT in ﬁg

with the x-axis as sl \
gun. Find the minimumn

putside the electron

o x =00 =L fillewithumiformsteady magnetic field Bok. A par,
region X = 2 of

positive charge ¢ and velocity Vol travels along x-axis and enters the region of the Magne
s et

mas
field. ,
Neglect the gravity throughout the question. : . 1 _
(a) Find the value of L if the particle emerges from the region of magnetic fiela with i fing]
velocity at an angle 30° to its initial velocity. i
(b) Find the final velocity of the particle and the time spent by it in the magnetic field, if o
magnetic field now extends upto 2.1 L.
Motion of Charged Particle in Electric and Magnetic Field
16. A proton moves at a constant velocity of +50 m /s along the x-axis, in uniform electric and magnet;
fields. The magnetic field is B- (2.0 mT]j. What is the electric field?
17. A particle having mass m and charge g is released from the origin in a region in which electric fick
and magnetic field are given by
= " — -
B=—an Hnd E:E“k
.

Find the components of the velocity and the speed of the particle as a function of its z-coordinate.
4 lemfls el mﬂ'l!m‘"‘aﬂ}’ in the region of space where there are uniform mutually perpendicd
electric and magnetic fields £ and B. The trajectory of protons lies in the plane xz as shown in e

figure and. forms an angle 6 with x-axis. Find the pitch of the helical trajectory along Whicf ’
protons will move after the electric field 1S switched off. '
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Magnetic Force on Current Carrying Wire

19. Ahorizontalrod 0.200 m long is mounted on a balance and carries a current. At the location of the

rod a uniform horizontal magnetic field has magnitude 0.067 T and direction perpendicular to the

rod. The magnetic force on the rod is measured by the balance and is found to be 0.13 N. What is
the current?

20. A wire of 62.0 cm length and 13.0 g mass is suspended by a pair of flexible leads in uniform
magnetic field of magnitude 0.440 T in figure. What are the magnitude and direction of the current
required to remove the tension in the supporting leads? Take g =10 m/s”.

21. A thin. 50.0 cm long metal bar with mass 750 g rests on, but is not attached to, m‘uz?gtg]:;
supports in a 0.450 T magnetic field. as shown in figure. A battery and a resistance R =25.
series are connected to the supports.

|

-

B
X X X X X

X XXX

ry can have without breaking the circuit at the supports?

' : Itage the batte ‘ ;
(2) Whatis the largest volag um value calculated. Decreasing the resistance 10 2.0,

" (b) The battery voltage has this maxim
initi i bar.
d the initial acceleration of the . sizos baitins 3
f-’“ long the x-axis carries a current of 3.50 A in the negative direction. Calculate the force
A wire alo -

i on of the wire exerted by these magnetic
i f unit vectors) on a 1.00 cm section ©
(expressed in terms O
fields

(a) B=— (0.65T)j; (b)

B=+(0.56T)k,
(d) B=+(033T)i - 028Dk,

() B=— (031T)i,

(e) B=+(0.74T)j— (036 T)k.

23. In figure, the cube is 40.0 cmon
closed loop that carries 2 ‘curmnt I =
magnitude B =0.020T is in the positive y-
magnetic force on each segment.

each edge. Four straight segments of wire ab, be, cd and da form a

acti i etic field of
= :~ the direction shown. A uniform magn (
el ;'r;t;tinn Determine the magnitude and direction of the
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Magnetic Dipole : :
Mgﬁ. ircul TﬂﬂP of wire having a radius of 8.0 cm carries a current 0f0.20 A. A vector of ypjt lengyy

. A circular ¥ i &
ment Mof the loop is given by 0.60 i —0.80 j. If the loop is locategs,

and parallel to the dipole mo
uniform magnetic field given by ﬁ =(0.25T)i +(0.30 T)k find,

(a) the torque on the loop and
(b) the magnetic potential energy of the loop. |
e is formed into a circular coil, then the

A length L of wire carries a current i. Show that if the wir

25’ . 1
orque in a given magnetic field is developed when the coil has one turn only, and thy |

maximum t
maximum torque has the magnitude t = L*iB/4n.

26. Find the ratio of magnetic dipole moment and magnetic field at the centre of a disc. Radius of disc
is R and it is rotating at constant angular speed @ about its axis. The disc is insulating and uniformly

charged.
A magnetic dipole with a dipole moment of magnitude 0.020 J/T is released from rest in a unifom

magnetic field of magnitude 52 mT. The rotation of the dipole due to the magnetic force onitis
unimpeded. When the dipole rotates through the orientations where its dipole moment is aligned

with the magnetic field, its kinetic energy is 0.80 ml.
(a) What is the initial angle between the dipole moment and the magnetic field?

(b) What is the angle when the dipole is next (momentarily) at rest?
8. A coil with magnetic moment1.45 A-m * is oriented initially with its magnetic moment antiparaliel
to a uniform 0.835 T magnetic field. What is the change in potential energy of the coil when 5

rotated 180° so that its magnetic moment is parallel to the field?
. In the Bohr model of the hydrogen atom, in the lowest energy state the electron revolves round ¢

proton at a speed of 2.2 x 10° m/s in a circular orbit of radius 5.3 x 10" m.

(a) What is the orbital period of the electron?
(b) If the orbiting electron is considered to be a current loop, what is the current  ?

(c) What is the magnetic moment of the atom due to the motion of the electron?

§
A conductor carries a constant current / along the closed path abedefgha involving 8 of the 12e02°
each of length /. Find the magnetic dipole moment of the closed path.

27.
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h 1 m and carrying a current of 1 A. There
_direction. Find the torque on the loop.

31. Given figure shows a coil bent with all edges of lengt
exists in space a uniform magnetic field of 2 T in positive y

— |
| e,

cations of Biot Savart’s Law
. A very long wire carrying a current/ =5.0 A
point lying on a perpendimﬂiw normal to the plane of the
at a distance / =35 em from 1t.
33. Acurrent/ = J2 A flows in a circuit having the shape of isosceles m?pe:r_it:m. lee
of the trapezium is 2. Find the magnetic induction B atisynimetnc pgu:: {; 1:;;]::,. fooe 5
trapezium. The length of the smaller base of the trapezium is 100 mm and the Q1S :

is bent at right angles. Find the magnetic indur:tinﬁ.al a
wire drawn through the point of bending,

ratio of the bases
plane of the

Lf— f —
i ie i . Find the
34, Two long mutually perpendicular conductors carrying currents /, and I, lie in one plane. F1
. Two lo

S P Y
locus of points at which the magnetic induction s et
4 fg

Y
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35. Find the magnetic field B at the point P in figure.

£ “._—.ﬂ———H
p— & Y-

--------
=
]

L]
L]
I
1
!
I
I
i
!

— =

v

36. A wire carrying current / has the configuration as shown in figure. Two semi-infinite Straighy
sections, both tangent to the same circle, are connected by a circular arc, of central angle ¢, along
the circumference of the circle, with all sections lying in the same plane. What must 8 be for B 1o,

zero at the centre of the circle?
J‘.‘--:’ “““
"H\(JE
. AT o

T

-

37. Two long parallel transmission lines, 40.0 cm apart, carry 25.0 A and 75.0 A currents. Find all
locations where the net magnetic field of the two wires is zero if these currents are in ,
(a) the same direction,
(b) the opposite direction.

38. A closely wound coil has a radius 0f6.00 cm and carries a current of 2.50 A. How many turns must
it have if, at a point on the coil axis 6.00cm from the centre of the coil, the magnetic field is
6.39x107* T?

39. A circular loop of radius R carries current /, in a clockwise direction as shown in figure. The centre

of the loop is a distance D above a long, straight wire. What are the magnitude and direction of the
current /; in the wire if the magnetic field at the centre of loop is zero?

I

h

0. A closely wound, circular coil with radius 2.40 cm has 800 turns. .
(a) What must the current in the coil be if the magnetic field at the centre of the coil is 0.0580 T*

(b) At what distance x from the centre of the coil, on the axis of the coil, is the magnetic field
its value at the centre?
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1. Fourvery long, current. - i
CaITyYIng wires in the same plane intersect to form a square 40.0 cm on each

side, as shown in figure F; : 1
at the centre of s uga : F.'md e magnitude and direction of the current I so that the magnetic field
quare 1s zero. Wires are insulated from each other.

2. A circular loop of radius R is bentalong a diameter and given a shape as shown in figure. One of the
semicircles (KNM) lies in the X-Z plane the other one (KLM) in the Y-Z plane with their centers at
origin. Current [ is flowing through each of the semicircles as shown in figure.

o = - i
igin wi ity v = — ¥,i. Find the instantaneous
a) A particle of charge g is released at the origin with a velocity v ==Vl Fi

force F on the particle. Assume that space is gravity free.

-+ =
field BJj is applied, determine the force F, and F, on the

(b) If an external uniform magnetic

=¥
to the field and the net force F on the loop.

semicircles KLM and KNM due ength 2nr which carries a

. ; s
43. A regular polygon of n sides is formed by bending a wire of tota

current £
(a) Find the magn
(b) By letting#n —>

Ampere’s Circuital Law

olygon. ; :
etic field B {;l ﬂl}':pi;‘:i'ﬁ:;-ﬂ?fhg mj;inetic field at the centre of a circular coil.
deducethe €

Bed1 is curve is
ne integral IB-dI around this

' tors. The li
4. A closed curve encircles several conduc

-7
3.83x107" T-m. 42 el

(a) What is the net current in o e
(b) If you were to integrate aroun

the line integral?

t
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370 Electricity and Magnetism
nductors that carry currents through the

Plang .. §
:4.ﬂh13=ﬁ.ﬂﬁ,ﬂnd-’3 =2'(]A-i-ﬁt Qﬂr )

- 0

45. Figure shows, in cross section. 5'3‘-’_51'?1] : ; N
figure. The currents have the magnitudes £y | e g e |

h F ths labelled & to d, are shown. What is the line integra I *d1 for each pyypy. 1§
. Four patns ’ ) s J
i ’ path in the counterclockwise direction.

integral involves going around the

46. A long cylindrical conductor of radius a has two cylindrical cavities of diameter a through its ¢pes

o H = 3 T wia ' _. o
length as shown in cross-section in figure. A curent [ 1s dxrr.a:ted out of trhe page a_nd s unifmlle
d the magnitude and direction of the magnag

throughout the cross-section of the conductor. Fin
field in terms of g, /, rand a. |

P,

47. The two infinite plates shown in cross-section in figure carry A amperes of current out of the :._:-_
per unit width of plate. Find the magnetic field at points P and .

.P

fZssveesTeeeeee
oQ

Magnetic Field Due to a Moving Charge, Magnetic Force Between Two Movi

Charges and Magnetic Force Between Two Current Carrying Wires

48. A +6.00uC point charge is moving at a constant velocity 8.00 x 10° m/sinthe + ydirecliﬂl':: :
instant when the point charge is at the origin of this reference frame, what is the magnetic ¢

vector E, it produces at the following points.
=0.500m, y=0,z=0, (b) x=0, y=—0.500m, z=0,
Eg; ;: 0, y=0, L.'}: +0.500 m, (d) x=0, y=—0.500m, z= +0.500 m?
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49. A-4380puC charge IS movin
a reference frame. At the in

52.

54. For the situation sh
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£ at a constant velocity of 6.80 x 10° m/s in the +x direction relative to

1 stant when the point charge is at the origin, what is the magnetic field
vector 1t produces at the following points = s
(a) e — G.S'GD m! _'!_.‘ :{1‘ F= ﬂ,

5 (b) x=0, y=0.500m, z=0,
(c) x=0.500 m, y=0.500m, z= . (d) x=0, y=0, z=0.500 m?

f"i ;fj_au' of point .c:h‘arges* g =+4.00uCand ¢' = —1.50 uC, are moving in a reference frame as shown
m* lvgurf:‘ At this instant, what are the magnitude and direction of the magnetic field produced at the
ongin? (Take v =2.00x10° m/s and v =8.00 10° m/s.)

Y
‘?Q-B—h v
E ¥
e
T )
O 0.400m fﬁ’ /

A long horizontal wire 4B, which is free to move in a vertical plane and carries a steady current of
20 A, is in equilibrium at a height of 0.01 m over another parallel long wire CD which is fixed ina
horizontal plane and carries a steady current of 30 A, as shown in figure. A 8
Show that when AB is slightly depressed, it executes simple harmonic ¢ D
motion. Find the period of oscillations.

Two long parallel wires are separated by a distance of 2.50 cm. The force per unit length that each
wire exerts on the other is 4.00 x 10~ N/m, and the wires repel each other. The current in one wire

is 0.600 A

(a) What is the current in the second wire? o

(b) Are the two currents in the same direction or in opposite d1recnfms? e
Consider the three long, straight, parallel wires as shown In figure. Find the force experienced by

25 ¢m length of wire C.

D c G

5cocm
_‘_Erﬂ-li'—-_-_-_-_-‘

30 A 10A 20 A

ne force experienced bY

- e, find t
own in figur Also find the torque on the

side MN of the rectangular 100P-
loop.
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372 Electricity and Magnetism
Objective Questions (Level 1)

Single Correct Option " |
ng all substance © fe rromagnetism (d) non-magney; e

1. The universal property amo :
i . b [ﬂ]‘llﬂgﬂﬂlsm Tav i. A
2 f:} hdmngnm'ST mov -(s i}n Eﬂcircu]ﬂf path in a uniform magnetic fieldh S speerlis roduy they
. A charged particle ¢
b) decrease (c) remain same (d) None
( aced by another wire of diay, R

, : \
‘5 mm carrying a current 2 Alsrep :
ter 0.5 e strength of magnetic field at a distance 2 m away fro, .

its time period will
(a) increase
3. A straight wire of diame

| mm carrying the same current. Th
(b) twice of the previous value

centre is :
Ea; hali;lnfﬂl;prevmus e (d) quarter of its previous value |
¢) unchang v

s form steady magnetic field cannot be a

rticle moving in a uni
4. The path of a charged partic & (¢) parabola (d) none of these

(a) straight line (b) circle
5. The SI unit of magnetic permeability is J i |
(a) Wbm 2A™" (b) Wom~'A (¢c) Wom 'A” (d) WomA™! '

Identify the correct statement about the magnetic field lines
(a) These start from the N-pole and terminate on the S-pole
(b) These lines always form closed loops
(c) both (a) and (b) are correct
(d) both (a) and (b) are wrong
7. Identify the correct statement related to the direction of magnetic moment of a planar loop
(a) It is always perpendicular to the plane of the loop
(b) It depends on the direction of current
(c) It is obtained by right hand screw rule
(d) All of the above
8. A non-planar closed loop of arbitrary shape carrying a current / is placed in uniform magnetic ficld
The force acting on the loop
(a) is zero only for one orientation of loop in magnetic field
(b) is zero for two symmetrically located positions of loop in magnetic field

(c) is zero for all orientations
(d) is never zero
9. The magnetic dipole moment of current loop is independent of

(a) number of turns (b) area of loop
(¢) current in the loop (d) magnetic field in which it is lying

10. The acceleration of an electron at a certain moment in a magnetic field B=2i+ 3] L4k S

a=xi+ 3 — k. The value of x is

(a) 0.5 (b) 1 (c) 255 (d) 1.5
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11. Match the following and select the correct alternatives given below

(p) unit of magnetic induction 8 {q) dimensions of B
(r) unit of permeability (u,,) (s) dimensions of
(t) dimensions of magnetic moment (u) [MLT ‘A :]

(v) [ML'T?A" | (x) Newton/amp-metre
(¥) Newton/amp~ {z) [Mr’l..:'l"'ﬂ]

(a) p-y, g-v, r-x, s-z t-u (b) p-x, g-r, 1y, 5-2, t-v

(€) p-x, g-v,. r-y, s-u, t-z (d) p-v,q-z, r-x. s-u, t-v

12. A closed loop carrying a current / lies in the xz plane. The loop will experience a force if it is placed
in a region occupied by uniform magnetic field along
(a) x-axis (b) y-axis {c) z-axis (d) None of these

13. A stream of protons and a-particles of equal momenta enter a uniform magnetic field
perpendicularly. The radii of their orbits are in the ratio

(a) 1:1 (b) 1:2 () 2:1 (d) 4:1

B
A loop of magnetic moment M is placed in the orientation of unstable equilibrium position in

uniform magnetic field B. The external work done in rotating it through an angle 0 is

(@) = MB (1 -cos8) (b) — MB (cos8) (c) MBcosB (d) MB (1 -cos0)

A current of 50 A is passed through a straight wire of length 6 cm, then the magnetic induction at a
point 5 cm from the either end of the wire s (I gauss =10'T)
(a) 2.5 gauss (b) 1.25 gauss (c) 1.5 gauss (d) 3.0 gauss

. The magnetic field due to a current carrying circular loop of radius 3 m at a point on the axis at a

distance u!‘ 4 m from the centre is 54 uT. What will be its value at the centre of the loop?
(a) 2501 (b) 150uT (c) 125uT (d) 75uT
17. A conductor ab of arbitrary shape carries current / flowing from b to a. The length vector ab. 1S

oriented from a to b. The force F experienced by this conductor in a uniform magnetic field B is

— —_— =¥ > - e = —f
(@) F=—/(ab xB) (b) F=I(Bx ab) (c) F=/(ba xB) (d) All of these
18. When an electron is accelerated through a potential difference V. it ex periences a force F through a

uniform transverse magnetic field. If the potential difference is increased to 2 V the force
experienced by the electron in the same magnetic field is

[ (a) 2F (b) 2v2F (c) \2F (d) 4F
19. Two long straight wires, each carrying a current / in opposite directions are separated by a distance
R. The magnetic induction at a point midway between the wires is

/ 20
(a) zero p) Koo o) Ho
( R © nR

Mol
(d) —
4nR

20. The magnetic field at a distance x on the axis of a circular coil of radius R is -]-th of that at the centre
E *

The value of x is
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374 Electricity and Magnetism
R &) 28 (c) RV3 (d) R2
“B 5

7

- - - -
e o = iand B=FA.i :
21. Electric field and magnetic field in a region of space s givenby E=LEo] o} A particle o |
m origin with velocity v = v,i. Then path of particle
i (b) is a helix with uniform pitch
(a) is a circle 1 : s
(c) is a helix with non-uniform pitch (d) 1scye
Note FE,, B, and v, are constant values. . . _ :
22 mf E?;cmn ;aving kinetic energy K is moving in a circular orbit of radius R perpendicular g, |

uniform magnetic induction. If kinetic energy s doubled and magnetic induction tripled, the radiys

specific charge o is released fro

will become
2 2
2K V2 c J:R () —==R
(a) ? (b) 5 R (c) 3 =
23. Four long straight wires are located at the corners of a square A BCD. All ﬂ-_ue ? c
wires carry equal currents. Current in the wires Aand B are inwards and in ; = ?
C and D are outwards. The magnetic field at the centre O Is along —
(a) AD VA
(b) CB
(ﬁ) AB E{f ~""§
(d) CD A D

24. A charged particle of mass mand charge g is accelerated through a potential difference of V ‘volts.
It enters a region of uniform magnetic field B which is directed perpendicular to the direction of §
motion of the particle. The particle will move on a circular path of radius

Vm Wm W (1 Vm (1
Wm W (1 o (L
@) } (b) 20 © = [B) @ [~ (E]

24B* qB
25. The straight wire AB carries a current /. The ends of the wire subtend angles
0, and 0, at the point P as shown in figure. The magnetic field at the point Pis -

(a) 4ﬂ'ﬁr-(sin 0, —sinf,) (b) E:—;(Sinﬂl +sin0,)
na
/ tol
(c) ﬁ';{ms&, —cosH, ) (d}'}é(ﬂﬂsg] +cos0,)

A
26. The figure shows three identical current carrying square loops 4, B and C. Identify the comedt

4 5 "
statement related to magnetic field B at the centre O of the square loop. Current in each Wir¢ 5 L

2 3 2 - 3 3 3
A 20 i A o A
1 4 1 - 4 1 - 4
FAN [B:I ; {C}
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(a) [iis zero in all cases %
(c) B in non-zero in all cases (b) _[flh‘ zero only in case of C
litiartiatus ) (d) Bis non-zero only in case of B
cin:u‘iar }'ing carrying a ::urrem I+ éﬁuziﬁﬁnga current /, along the axis of a :
(a) Straight wire attracts the ring ¥ the correct statement |97

(b) Straight wire attracts a small elemeng of t CD

1€ ring

(c) Straight wire does not attract any cim.
(d) None of these +1Y small element of the r ing i
28. The figure shows a wire frame is xy plane coe.:

- wol [1_1 : Y Plane carrying a current /. The magnetic field at the point O is
8 la b] %

== A
8 Lb al

c) H.?j_ i....l I}_
4 la b]
;'lﬂ'; I I 1

d) —|———|k

) 4 [.'J a 2

= D T

(a) Hoe/ (b) Hoef © uef *

2R 2R 2R (@) zero

. A square i?_np of side *a’carries a current /. The magnetic field at the centre of the loop is
(@) 2Hol 2 ® uol~2 @) dp,l2 o Mol
o a a &

31. The figure shows the cross-section of two long coaxial tubes carrying equal
currents / in opposite directions. If B, and B, are magnetic fields at points 1
and 2, as shown in figure then
(@) B, 20; B, =0 (b) B, =0: B, =0
(c) B, 20; B, 0 (d) B, =0,B, #0

32. The figure shows a point P on the axis of a circular loop carrying current /. The

correct direction of magnetic field vector at P due to dT is represented by

(a) 1 (d) 4
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376 Electricity and Magnetism

i ius x. If it carries a
33. In figure the curved part represents arc of a Cin’.‘:ic of radius x ;
current /. then the magnetic field at the point O 1s Lolb
Mol (b) ¢
(a) - == s
©) 55 -
urrent / uniformly distributed over the cross-sectional areg of "

1 indrical long wire carries a ¢ =i b
34. A cylindric g e airtaee . cide the wire is

wire. The magnetic field at a distance x :
ol . (b) Hol (c) Po (d) None of these
@ 2m(R —x) 2mx 2n(R +x)

35. A circular loop carying a current / is placed in the xy plane as shown in figure. An unifop

magnetic field B is oriented along the positive Z-axis. The loop tends to

] L] L L]

‘“';\
aF

L] L] L] [ ]
(a) expand (b) contract
(c) rotate about x-axis (d) rotate about y-axis

JEE Corner

Assertion and Reason
Directions :  Choose the correct option.

(¢) If Assertion is true, but the Reason is Jalse.
(d) If Assertion is false but the Reason is true.

I. Assertion : Path of a charged particle in uniform magnetic field
Reason : For parabolic path acceleration should be constant

2. Assertion : A beam of protons is moving towards east in
this beam will deflect towards south.

Reason : A constant magnetic force will act on the proton beam

can’t be a parabola.

vertically upward magnetic field. The
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2

ertion : : ' : S,

¢ I::;inm wire isCFT;‘:Im'l?n ;:wm-l 'S In the direction as shown in figure. The
- 10 keep the Upper wire i Tt

? : : . stationary curre Id

be in opposite direction. ary current in it shou :

on: Under worie A
Reas the above Li‘llldlt!l‘.}n, equilibrium of upper wire is stable.

ion : A current carrvi 3 ;

4. Asserh‘ﬂ ; {jll‘lmr Nt carrying loop is placed in uniform magnetic field as
shown 1n tigure. 1orque in the loop in this case is zero

I

Faason : Magnetic moment vector of the loop is perpendicular to paper
imwards.

¥i

5. Assertion : Force on current carrying loop shown in figure in magnetic

- x
field, B=(Bgx) K is along positive x-axis.

Here B, is a positive constant.
Reason : A torque will also act on the loop.

Assertion : An electron and a proton are accelerated by same potential difference and then enter
in uniform transverse magnetic field. The radii of the two will be different.
Reason : Charges on them are different.

7. Assertion : A charged particle moves along positive y-axis with constant velocity in uniform
electric and magnetic fields. If magnetic field is acting along positive x-axis, then electric field

should act along positive z-axis.
Reason : To keep the charged particle undeviated the relation E = Bx ¥ must hold good.

8. Assertion: Power of a magnetic force on a charged particle is always zero.

Reason : Power of electric force on charged particle can’t be zero.
9. Assertion : If a charged particle enters from outside at right angles in uniform magnetic field

; n
The maximum time spent in magnetic field may be B4

Reason : It can complete only semi-circle in the magnetic field.
Bopit o : Cof
10. Assertion: A charged particle enters in a magnetic field B = B,i with velocity V =vgi + Vi
then minimum speed of charged particle may be v;. |
Reason : A variable acceleration will act on the charged particle. o b |
11 Ass;rtilm : A charged particle is moving in a circle with constant speed in uniform magnetic

field. If we increase the speed of particle to twice, its acceleration will become four times.

2
i i eed v, acceleration is given by —.
Reason : In circular path of radius R with constant sp .
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Objective Questions (Level 2)
Single Correct Option

1. A uniform current carrying ring
massless string as shown. A unifo

of mass m and radius R is connected by a
rm magnetic field B, exist 1 the region to
rrent in the ring 18

keep the ring in horizontal po;igtiun, then the cu o 1 @
(a) n::g O 3nRB, nR" By
0 0

ds increasing x in the form of
g a current of 2A towar '|

- 100 g is carryin ;
2. A wire of mass g —0.02k tesla. Thef

¥
i ire i 1 tic field B=
yle{—imi x< +2m). This wire 15 placed in a magne

acceleration of the wire (in m /s> }Ais
(@) -1.6] ) =32

3. A conductor of length /is placed pé.pe ‘
a certain amount of charge is passed through it, when

of charge that passes through the conductor is

(©) 1.6 (d) zero

ndicular to a horizontal uniform magnetic field B. Suddenly’
it is found to jump to a height 2 The amount

V 2gh :
mygh mysh S (d) None of these
@y O ©——

4. A solid conducting sphere of radius R and total charge g rotates about its diametric axis withi
constant angular speed ®. The magnetic moment of 11113 sphere 1s z
1 2 2 1 52 4 2R
(@) gqﬂ"’m ()= aRie (©) 24k’ @ Zq

5. A charged particle moving along positive x-direction with a velocity v enters a region where the

is a uniform magnetic field B=— Bk, from x =010 x = d. The particle gets deflected at an angle B
from its initial path. The specific charge of the particle is

Bd v tan 0 Bsinf vsin 0
b c) (d)
2 vecosB ®) Bd ( vd Bd
i
6. A current carrying rod AB is placed perpendicular to an infinitely long
current carrying wire as shown in figure. The point at which the AL LG
conductor should be hinged so that it will not rotate (AC = CB) : -
(a) A (b) some where between B and C

(c) C (d) some where between A4 and C ,

I

7. The segment AB of wire carrying current /, is placed perpendicular to a long
straight wire carrying current I, as shown in figure. The magnitude of force

experienced by the straight wire 4B 1s

I T
{a) “ﬂjlf?' 1[’]3 {b) EP._.:?%JHZ 5 f'l Ba |
2 T iy
2poli 1z (d) ol .
(4= n =
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8. A straight long conductor carries current along the positive x-axis. Identify the correct statement
related to the four points A(a, a,0), B(a, 0, ), C(a, — a,0) and D(a,0, — a)

(a) The magnitude of magnetic field at all points is same
(b) Fields at A4 and B are mutually perpendicular

(c) Fields at 4 and C are antiparallel

(d) All of the above

9. The figure shows two coaxial circular loops 1 and 2, which forms same solid angle 6 at point O. If
B, and B, are the magnetic fields produced at the point O due to loop 1 and 2 respectively, then

IR
-t 3 1“:
o 2x
a) — = (b) L=2 - () L= (d) —=
B, B, B, B,
In the figure shown, a charge ¢ moving with a velocity v along the 4 x % x
x-axis enter into a region of uniform magnetic field. The minimum A
value of v so that the charge g is able to enter the region x> b q gon e -
¥ X
' Ba
) 122 ®) L4 o
m m
— gB(b +a) s ol o
(© 4B(o=a) ) e e o DL f
m 2m

1. An insulating rod of length / carries a charge g uniformly distributed on it. The rod is pivoted at one
ofits ends and is rotated at a frequency f about a fixed perpendicular axis. The magnetic moment of

2 2 Z - 2
@ M1 o) 2 ) @ ™
gl Tl 6
12. A wire carrying a current of 3 Ais bent in the form ofa parabola y(m4 2 :

2 _ 4 — x as shown in figure, where x and yare in metre. The

etic field ﬁ — 5k tesla. The

¥y
wire is placed in a uniform magn
force acting on the wire is

(2) 60i N . 3 2
(b) —60i N
(¢) 30iN
(d) -30iN
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380 Electricity and Magnetism

mass M and side a is kept under the

d perpendicular magnetic field B and
The magnitude and direction of

13. An equilateral triangle frame POR of
influence of magnetic force due to inwar
gravitational field as shown in the figure. :
current in the frame so that the frame remains at rest 1s

Ilx x x
]

yah
Fud gl

(b) I = l__Mg; clockwise

(a) [ =%, anticlockwise uB

Me :
(c) 1 =E, anticlockwise (d) = B clockwise
aB a
14. A tightly-wound long selenoid has »turns per unit length, rﬂdiuS_ r fmd tames A current . A particla
having charge ¢ and mass mis projected from a point on the axis in the direction perpendicular g

the axis. The maximum speed for which particle does not strike the solenoid will be

(a) Hodrni () Hod7i (o) 22 (d) None of these
2m m m

e ; L. |
15. Ifthe acceleration and velocity of a charged particle moving in a constant magnetic region is given

by '.'{:aﬁ +a3_ﬁ, v =bi+bk [a;, a,, b and b, are constants]. Then choose the wrong

statement
(a) Magnetic field may be along y-axis
(b) @by +azb, =0
(¢) Magnetic field is along x-axis
(d) Kinetic energy of particle is always constant

16. A simple pendulum with a charged bob is oscillating as shown in the figure.
Time period of oscillation is T and angular amplitude is 6. If a uniform
magnetic field perpendicular to the plane of oscillation is switched on, then
(a) T will decrease but 8 will remain constant @
(b) T will remain constant but 8 will decrease
(c) Both T and 8 will remain the same
(d) Both 7 and 0 will decrease

17. Magnetic field in a region is given by B- B,xk. Two loops each Y4

of side a is placed in this magnetic region in the x-y plane with one 1 2
of its sides on x-axis. If | is the force on loop 1 and F;, be the force

on ]ﬂﬂp 2 then L] v [ ! v/
(@) £, =F, =0 (b) F,>F, - ‘
(c) F>F (d) F, =F, 20

18. Consider a co-axial cable which consists of an inner wire of radius a surrounded by an outer shell .
inner and outer radii b and crespectively. The inner wire carries a current I and outer shell carries 28
equal and opposite current. The magnetic field at a distance x from the axis where h< x< ¢

(a) ”ﬂf{cz_sz (b) }lnf(cz -.1'2)
2nx(c’ —a®) 2mx(c? — a?)
() Bl =) (d) zero
2mx(c” - b?)
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9 19. A particle of mass 1« |g-3¢ o
: ‘ ;| P . kl - it T ok 1% — . B - =
? g and charge +1.6x10 C travelling with a velocity of
{
4 1.28x 10" m/s along positive direct: .
irection T AN i : e i -
1 of x-axis enters a region in which a uniform electric field E

and a uniform magnetic field B are present such that

E. =-102.4 kVim
B, =8x10" Wh/m?2
: The particle enters this region at origin at
g, (a) net force acts on the particle along the
Ty (b) net force acts on the particle along
(c) net force acting on particle is zero
(d) net force acts in x-z plane

and

time r =0, Then
tve z-direction
Ve z-direction

20. A wire [}‘]ﬂg Hlﬂllg ¥-axis fTDI“ y= {} to ¥y= I m carries a current l)fl mA in the nr:galive f'l’-dil'fﬂtiﬂn-

?Q ThE \\"im Iiﬂs i]‘l a I'IG:I'1—LI:HifGH‘I"I. Tﬂﬂgﬂﬂti{: ﬁuld gi'l‘E" b}- ﬁ — {{].3 T/ I“} 1.i + [ﬂ‘4 ’i'nl-} ]r'-]- Thc
iy magnetic force on the entire wire is : |
(a) =3x107*jN (b) 6x10° kN

(€) -3x10 kN (d) 3x10 'k N
21. A particle having a charge

20uC :
of 20 uC and mass 20 pg moves along a circle of = * % x x =

_radius 5 cm under the action of a magnetic field 8 = 0.1 tesla. When the particle -~ o
is at P, uniform transverse electric field is switched on and it is found that the * /-
particle continues along the tangent with a uniform velocity. Find the electric  * -

field x

(a) 2 ‘v’r:'m (b) 0.5 V/im
{c) 5 Vim (d) 1.5 Vim

. : s
Two circular coils A and B of radius -E ¢m and 5 cm carry currents 5 A and 542 A respectively.

The plane of B is perpendicular to plane of 4 and their centres coincide. Magnetic field at the centre
is

(a) 0 (b) 4my/2 x107°T (c) 4nx107°T (d) 2n2 x1075T
3. A charged particle with specific charge s moves undeflected through a region of space containing

mr.!ttmil}' perpendicular and uniform electric and magnetic fields £ and B. When the electric field is
switched off, the particle will move in a circular path of radius

E Fy Ex :
(a) — 1 = 2
(b) B (c) 5 (d)

!

Bs

B s
4. Two long parallel conductors are carrying currents in the same direction as shown in the fi gure. The
upper conductor (4) carrying a current of 100 A is held firmly in position. The lower conductor (B)
carries a current of 50 A and free to move up and down. The linear mass density of the lower
conductor is 0.01 kg/m

(a) Conductor B will be in equilibrium if the distance between the

1004
conductors is 0.1 m ~
(b) Equilibrium of conductor B is unstable
(¢) Both (a) and (b) are wrong B -
(d) Both (a) and (b) are correct 50A
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382 Electricity and Magnetism |
infinitely long wires along positive x, yand z directiong Tha

25. Equal currents are flowing in three T ent in each wire)

i m‘{:i.:zw?l;m o :{c:a Bol (i + ) @ £ i)

L L b) ——(i—] Areil : 2na

(a) = (j-1) &5 2na i

2 . . x -

26. In the figure the force on the wire ABC in the given e % x
magnetic field will be (B =2 tesla) i
(a) 4(3+2m) Nt o o X x
(b) 20 Nt i 3 oo\ la i
(c) 30Nr f‘ —— ]
(d) 40 N1 e

27. A uniformly charged ring of radius R is rotated about its axis with constant Iine:‘ﬂ' speed v of each of
its particles. The ratio of electric field to magnetic field ata point P on the axis of the ring distang

x = R from centre of ring is (cis speed of light)

a ’EI 2
(@) & (b) = (c) = @ <
v ¥V
More than One Correct Options

1. Two circular coils of radii 5 cm and 10 em carry currents of 2 A. The coils have 50 and 100 turmns
respectively and are placed in such a way that their planes as well as their centres coincid
Magnitude of magnetic field at the common centre of coils is

(a) 810~ T if currents in the coils are in same sense
(b) 4mx 10" T if currents in the coils are in opposite sense

(¢) zero if currents in the coils are in opposite sense
(d) 87x10™ T if currents in the coils are in opposite sense

. A charged particle enters into a gravity free space occupied by an electric field ‘E and magnetic fie
ﬁ - L) -
B and it comes out without any change in velocity. Then the possible cases may be
— — . —
() E=0andB=0  (b) E#0and B=0  (c) Ex0and B0 () E—0, B0
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CHAPTER 22 Magnetics 383

3. A charged particle of unit mass and unit charge moves with velocity v = (8i +6j)m/s in a
magnetic field of ﬁ ~2k T. Choose the correct altemnative (s).
(a) The path of the particle may be x* + y* —4x-21=0
(b) The path of the particle may be x* + y* =25
(c) The path of the particle may be y° + 2z =25
(d) The time period of the particle willbe 3.14 5

4. When a current carrying coil is placed in a uniform magnetic field with its magnetic moment
anti-parallel to the field

(a) Torque on it is maximum
(b) Torgue on it is zero
(¢) Potential energy is maximum
(d) Dipole is in unstable equilibrium
5. If a long cylindrical conductor carries a steady current parallel to its length
(a) the electric field along the axis is zero
(b) the magnetic field along the axis is zero
(¢) the magnetic field outside the conductor is zero
(d) the electric field outside the conductor is zero

6. An infinitely long straight wire 1s carrying a current [,. Adjacent to it 2
! there is another equilateral triangular wire having currert /. Choose the j
wrong options. ha
(a) Net force on loop is leftwards
(b) Net force on loop is rightwards a c

(c) Net force on loop is upwards

(d) Net force on loop is downwards )

7. A charged particle is moving along positive y-axis in uniform electric and magnetic fields
— A —¥ =

Here E,, and B, are positive constants. Choose the correct options.

(a) particle may be deflected towards positive z-axis

(b) particle may be deflected towards negative z-axis

(c) particle may pass undeflected ‘

(d) kinetic energy of particle may remain constant

8. A charged particle revolves in circular path in uniform magnetic field after accelerating by a
: c - - "
pﬂlcntif[ difference of V' volts. Choose the correct options if V" 15 doubled

(a) kinetic energy of particle will become tw.-:s times
(b) radius in circular path will become W0 .umes
(c) radius in circular path will become 2 times

(d) angular velocity will remain unchanged

sy s eaerre mEERRTETTT ] ””l””l”"ﬂlrrr HT[FJ:"T]IW
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9. abcdis a square. There is a current / in wire &fg

10.

Match the Columns

1.

2 Fn.ur charged pé%rticles, (=g, m), (=3q, 4m), (+g, m) and (+3g, 4m) enter in
uniform magnetic field (in inward direction) with same kinet

shown in figure. Inside the magnetic field their paths are shnw:::: :a?:t::gh}rﬂ?z
following two columns.
Column I _cq[uﬁu. 1 |
(a) Particle (—g, m) () w
(b) Particle (—3g, 4m) (q) x
(c) Particle (+g, m) () »
(d) Particle (+3g, 4m) (s) z

An evaluation version of novaPDFE was used to create this PDF file.
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as shown.

Choose the correct options :

(a) Net magnetic field at a is inwards
(b) Net magnetic field at b is zero

(c) Net magnetic field at ¢ is outwards atseers
(d) Net magnetic field at 4 is inwards

There are two wires ab and cd in a vertical plane as shown in fig
is rightwards. Choose the correct options
¢

——————

ure. Direction of current in wire 44 :

d

a - b
i

(a) If wire ab is fixed then wire cd can be kept in equilibrium by the current in ¢d in leftward
direction

(b) Equilibrium of wire cd will be stable equilibrium

(c) If wire cd is fixed, then wire ab can be kept in equilibrium by flowing current in ¢d in
rightward direction

(d) Equilibrium of wire ab will be stable equilibrium

An electron is moving towards positive x-direction. Match the following two columns for
deflection of electron just after the fields are switched on. (£, and B, are positive constants)

Column 1 Column 11
(a) If magnetic field B = B, j is switched on |(p) Negative j-axis
(b) If magnetic ficld B = Bﬂ,ﬂ is switched on |(q) Positive y-axis

(c) If migzmicﬂ field B= Bﬁi and electric| (r) Negative z-axis
field E = E, j is switched on

(d) If electric field E= £k is switched on  |(s) Positive z-axis
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e ﬂﬂltlrl'l;ﬂ g carrying loop and a uniform magnetic field are shown. Match this with
column I1.

Column 11

_B' {p) Force =10
(a)
(b) @ =B (g) Maximum torque
() (r) Minimum potential energy
B
B
(d) {s) Positive potential energy

—

4. Equal currents are flowing in two infinitely long wires lying along

e e 1 11 ﬁ’l‘l’mﬂmﬂﬂm

y
x and yaxes in the directions shown in figure. Match the following 1
two c:nlumnf. e | L :
Column 1 Column 11
(a) Magnetic field at {a, a) (p) along positive yeaxis

(b) Magnetic field at (=a. = a) |(q) along positive z-axis

(c) Magnetic field at (@, —a) |(r) along negative 2-axis

(d) Magnetic field at (=a. @) |(s) Zer0

L e
—————

e —

' ' [ i is same and
Equal urrents arc ﬂﬂwing in four inﬁni{el_v long wires. Distance b&w-;een two WIres
] . 1 ne two cColumns.
. directions of currents are shown 1n .ﬁgure. Match the following

a2 08 4
Column 1 Column 11
(a) Force on wire-1 (p) inwards
(b) Force on wire-2 (q) leftwards
(c) Force on wire-3 (r) rightwards

(d) Force on wire-4 (s) zero
___________.__-——-—-—__14__.__ e
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6. A square loop is placed near a long straight current

twio columns

Column I

(a) If curremt is increased

(b) If current is decreased

(¢) I loop is moved away from the wire

(d) If loop is moved towards the wire

7. A square loop of uniform conducting wire is as shown in figure. A current I (in ampere) enters (g
loop from one end and exits the loop from opposite end as shown in figure.
The length of one side of square loop is [ metre. The wire has uniform cross-section area ang

uniform linear mass density.

carrying wire as shown.

Column 11
(p) induced current in loop is
clockwise

(q) induced current in loop is
anticlockwise

(r) wire will attract the loop

(s) wire will repel the loop

n

v
- 2
2 & A2
———X
12
{
Column [ Column 11

(a) B= B,i in tesla
(b) B= 3;,3 in tesla
(c) B=B,(i + j)intesla

(d) B = B,k in tesla

(p) magnitude of net force on
loop is v/2 B, newton

(q) magnitude of net force on
loop is zero

(r) magnitude of net torque on
loop is zero

(s) magnitude of net force on
loop is Byl newton
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Subjective Questions (Level 2)

1. An equilateral tri et .
inﬁni:ch- i ar_tg:lar.framc with side a carrying a current / is placed at a distance « from an

- . | F o £z . '
b g straight wire carrying a current J as shown in the figure. One side of the frame is

arallel ire. The w Mo 5
p to the wire. The whole system lies in the x-y plane. Find the magnetic force fac1ing on the

frame.
: Vi
X
2 /
¥/ I 3
1 I
P T ——i]

2. Find an expression for the magnetic dipole moment and magnetic field induction at the centre of a
2 ¥ H P, H 1 f ¥ 2y =
Bohr’s hypothetical hydrogen atom in the 2™ orbit of the electron in terms of universal constants.

, _ : e s
3. A square loop of side 6 cm carries a current of 30 A. Calculate the magnitude of magnetic field B at
a point P lying on the axis of the loop and a distance +/7 cm from centre of the loop.

4. A positively charged particle of charge 1 C and mass 40 g, is revolving along a circle of radius
40 cm with velocity 5 m/s in a uniform magnetic field with centre at origin O in x-y plane. At =0,
the particle was at (0,0.4m,0) and velocity was directed along positive x-direction. Another
particle having charge |1 C and mass 10 g moving uniformly parallel to z-direction with velocity

40 : ; : . R
— m/s collides with revolving particle at t = 0and gets stuck with it. Neglecting gravitational force
T
and coulombian force, calculate x, y and z-coordinates of the combined particle at t = = sec.
40

A proton beam passes without deviation through a region of space where there are uniform
kV

transverse mutually perpendicular electric and magnetic fields with E =120— and B =50 mT.
m

‘Then, the beam strikes a grounded target. Find the force imparted by the beam on the target if the

beam current is equal to / = 0.80 mA.

A positively charged particle, having charge ¢, is accelerated by a
potential difference V. This particle moving along the x-axis enters a
region where an electric field E exists. The direction of the electric field is
along positive y-axis. The electric field exists in the region bounded by the =%
lines x =0and x = a. Beyond the line x = a (i.¢, in the region x = a) there

exists a magnetic field of strength B, directed along the positive y-axis. Find :

(a) At which point does the particle meets the line x = a
(b) The pitch of the helix formed after the particle enters the region x > a. Mass of the particle is 7.

|
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Siphe e L
7. A charged particle having charge 10™° Cand mass of 10 kg is fired |

from the middle of the plate making an angle 30° with plane{;‘ril e v B

plate. Length of the plate is 0.17m and it 15 separated by 0. 1""- _-30°

Electric field £ =10~° N/Cis present between the plates. Just outside lE
ST

the plates magnetic field is present. Find the velocity of Pfﬂ.j*f_mm“ of |
charged particle and magnitude of the magnetic field perpendicular to
the plane of the figure, if it has to graze the plate at C and A parallel to
the surface of the plate. (Neglect gravity) T

8. A uniform constant magnetic field B is directed at an angle of 457 to the X-3x1s T pla"'“-“-_P ORSis
a rigid square wire frame carrying a steady current /, with its Ca?ntre at the origin 0. At time ¢ <(,
the frame is at rest in the position shown in the figure with its sides parallel to x and y-axis. Each

side of the frame has mass M and length L.

s
7 SR

o e

(a) What is the magnitude of torque T acting on the frame due to the magnetic field?

(b) Find the angle by which the frame rotates under the action of this torque in a short interval ¢
time A, and the axis about which the rotation occurs (A, is so short that any variation in th
torque during this interval may be neglected). Given : The moment of inertia of the fram

about an axis through its centre perpendicular to its plane is i MIL*.
3

9. A current of 10 A flows around a closed path in a circuit which is in the horizontal plane as show
in the figure. The circuit consists of eight alternating arcs of radii , =0.08 m and 7, =0.12 m. Eac
subtends the same angle at the centre.

(a) Find the magnetic field produced by this circuit at the centre.
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(b) An infinitely long straight wire carrying a current of 10 A is passing through the centre of the
above circuit vertically with the direction of the current being into the plane of the eirewit. What
is the force acting on the wire at the centre due to the current in the circuit? What is the force
acting on the arc AC and the straight segment CD due to the current at the centre?

10. A ring of radius R having uniformly distributed charge Q) is mounted on a rod suspended by two .
identical strings. The tension in strings in equilibrium is 7. Now, a vertical magnetic field 1s 'i
switched on and ring is rotated at constant angular velocity @. Find the maximum value of @ with |

which the ring can be rotated if the strings can withstand a maximum tension of 3"—“‘-_

- - ,,|

1k Y

lone ribbon of width @ that is carrying a uniformly distributed

11. Figure showsa cross-section of a

5 itude irect 2 ic fie ta
total current i into the page. Calculate the magnitude and direction of the magnetic field Ba

point P in the plane of the ribbon at a distance d from its edge.

f NOEORR R K K XXX
——  — b ——— ) ———

a circular region of radius R with velocity v

:-le of mass mt having a charge g enters into dius R
B T field is B. Find the deviation in the path of the

directed towards the centre. The strength of magnetic

particle.

attached to the floor by a frictionless

g‘ v

: i = ‘ d into the
the rod with a vertical wall. The rod is in a uniform magnetic field B —(0.340T directed
e rod wi ' .

1 f the figure. There 15 current / =6.50 Ain the rod, in the direction shown.
plane 0 ;
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magnetic force on the rod, for an axis at P. Is it correct to t

(a) Calculate the torque due to the 1
hen calculating the torg

the total magnetic force to act at the centre of gravity of the rod i _
(b) When the rod is in equilibrium and makes an angle of 53.0° with the floor, is the sp
stretched or compressed? 1
(¢) How much energy is stored in the spring when the rod is in equilibrium?
14. A rectangular loop PORS made from a uniform wire has length @, width b and mass m. It is fre
rotate about the arm PO, which remains hinged along a horizontal line taken as the y-axis
ficure). Take the vertically upward direction as the z-axis. A uniform magnetic

B - (3i + 4[2_,'3{, exists in the region. The loop is held in the x-y plane and a current / is pa

through it. The loop is now released and is found to stay in the horizontal position in equilibriur
(a) What is the direction of the current / in PQ?

(b) Find the magnetic force on the arm RS.

(c) Find the expression for / in terms of B, a, b and m.

£

An evaluation version of novaPDFE was used to create this PDF file.
Purchase a license to generate PDF files without this notice.



http://www.novapdf.com/

CHAPTER 23 Magnetics 391

A NSWERS -‘

introductory Exercise 23.1
LATY 2E V. F. B 3.No 4(-016i-032j-064KN
Introductory Exercise 23.2
T
1, Yes, No 2. Along positive z-direction 3. (a) electron (b) electron 5.(a)x (b) = (€ :

6. 0.0167cm, 0.7em  Tory=+2 r,=+2 ¢,
Introductory Exercise 23.3

1. vg %z‘ 2. [h%zﬁm{} , 0, G 3. 2 Byil 4. No
Introductory Exercise 23.4
1 9RO (0.04- 007 K)AM
Introductory Exercise 23.5 |
1. (a) 28.3uT into the page (b) 24.7 uT into the page ; f;f; into the page
3. 58.0uT into the page 4. 26.2 uT into the page 5. !"1—‘:?1 é - %}ﬂ out of the page 6. 13.0pT

7. 9.98 N-m, clockwise as seen looking down from above.

Introductory Exercise 23.6
1. 20.0 uT toward the bottom of the square
2. 200 uT toward the top of the page, 133 uT toward the bottom of the page.

= 3r

2. (2)

AIEEE Corner

ctive Questions (Level 1) .
B ositive 2. 9.47x10°m/s 3. 2.56x 10

k -lpnk 5. B,=-20T
(a) (6.24 > 1014 Nyk (b) —(6.24x 10" N)k 5

" = . = n,g N
6. (2)B=(@07°Ni (b)F=1 1,
9. (a) B, = (-0.175)T,8, = (-0.256)T (D) Yes. B, (o) zero, 90

. (2) N § )2 —qvB }(—Eﬂ\l(i+i€}
8. (a) -qvBk (b) +qvBi (c)zero (&) — =) © |-"75)

10. (2) 8.35) 0604107 s (©) 7.26 kV

9. 838x107°T :
12. (a) 1.6x 10°* T into the page (b) 1.11x 107" s

. T
11. (@) -q (b) %5

= B e |
r i ' _B8 14 4373%10
13. V=V,i+V, cosot j -V, sinot k Here o =2
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15. (@5 "“"’ ®) ~vol, 22 16. E = (-0.1 V/m)k
Bog
E [2qEqz
qB{I - [ZGEDZ ch ] 2‘2 S 0
17. '-",—mz'l.-’ 0.V _" = ¥ g

20. 0.47 Afrom left to right

22. (a) (0.023 Nk (b) (0.02N)] (c) zero (d)
(- 0.04 N) k, Fyy = (0.041 + 0.04k) N

23. F,=0. E.=(-0.04N) i,

i
24, (a) +=(-9.6i- 7.2j + 8.0k)x 10 N-m (b) U=-(6.0x10

27. (a) 76.7° (b) 76.7°

21. (a) 8175V (b) 112.8 m/s”

1:11"

28. -2.421J

29, (a) 15x107%s (b) 1.1 mA (¢) 9.3x 10°* A-m?
30. M=21% 31.zero 32.20uT 33.2x10°T 34 y= [-’j}r

pol .
35. inwards
I\.ﬂ Zna ¢ )

36. 2 rad

2amE tan_[i

)

19. 9.7 A
gB

(- 0.0098 N)j (e) (-0.013 N) j + (- 0.026 N) k

R
2ug

26.

37. (a) Between the wires, 30.0 cm from wire carrying /5.0 A

(b) 20.0 cm from wire carrying 25.0 A and 60.0 cm from wire carrying 75.0 A

38. 69 39. :1_[’:3].'2

41. 2.0 A toward bottom of page

@) 2x°r

40. (a) 2.77 A (b) 0.0184 m

42. (a) Ii‘gg—"”!ic (b) F, =F, = 2BIRi, F = 4BIRi

puinzsir{fjtar{ij ;
L L fb}% 44. (a) 0.3A (b) -3.83x107 T-m

45, (a) zero (b) 5.0x10°T (c) 25x10°T-m (d) 5.0x10°%T-m

2 + 2
46. (a) ’;”f [Ez—fJ to the left (b) — ol [E}—ag} towards the top of the page
r\4re - 4r= + a

4?. szﬂ;B‘?:Hn:'L

48. (a) (-1.92x10° T)k (b) zero (c) (1.92x10°T)i (d) (6.79x 10 T

49. (a) zero (b) (-1.31x10° Tk (0) (-6.53x 107 Tyk (d) (1.31x 106 T)]

50. 1.64x10° T,intothe page  51.0.2s  52. (a) 8.33A (b) opposite

53, 3x10°N 54, Bollt .

2na

Objective Questions (Level 1)

L@ 2@ 30 4@ 5@ 6@® 7. 8 ( 9 (@
11 () 12. (d) 13. () 14 (2 15 (9 16. (a) 17. (d) 18. (0) 19. (O
21. (¢) 22. (b) 23. (d) 24. (c) 25. (@) 26. (b) 27. (c) 28. (a) 29. (b)
31. (a) 32. (3 33 (b) 34 (4 35 (a)
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JEE Corner
pssertion and Reason
1. {c) 2. (c) 3. (b) 4. (d) 5. (c) 6. (b) 7. (3) 8. (c) 9. (a) 10. (d)
11. (d)
Objective Questions (Level 2)
1.(2) 2.(€) 3:(C) 4.(c) 5.(d) 6.(d)  7.(b) g.(d) 9. 10.(9)
11.(d) 12.(a)  13.(b) 14.(a)  15.(c) 16.(c) 17.(d) 18.(c) 19.0) 20.(@

21.(b) 22.(c) 23.(d) 24.(d) 25.(a) 26.(b) 27.(2)

More than One Correct Options
(a0 2(acd) 3.abd) a(bcd) 5.(bd)  6.(abcd) (abed) 8.(acd @cd 1009

Match the Columns
1. (a)—>r (by—>q (c)—p (d) > r
2. @)=t (b) »s (c)—>q (d) —»p
3. @—»ps (()—=>pg (©-=pr (d) > p.s
4. (A =>q (b)—=r {c)—>s (dy—>s
5. (@—=>4 ) e (c)—=q (dy—r
6. (a)—>qs ((B)—=pr (c) = p.r (d) = a,s
7. @) —>rs (b) »rs (c) = q,r (d) = p.r

Subjective Questions (Level 2) e

(2+3]] _ 3. 27x10° T
: ?'""FP%‘“\#H“} 2 M= g = B
: = 2

S _nEa [2m
4. (0.2m,0.2m,0.2m) 5. 2x10°N 6 @y=—7 ®P=TF oy

318
7. 2.0m/s, 3.46 mT 8. (a) IL’B (B 7y (At)

i ds or outward normal to the paper)
9. (a) 6.54% 1072 T (vertically upwarcs

08 N (inwards) ;
ero, zero, 8.1% 1 . y qu ]
= DTq 1. B = Bo ! p [M]{upwards} 12. 2tan g
10. Omox = BORZ 11.B=5% d

o
0442 N-m ackwi e d {c’}?.Bxlﬁ J
: ise, yes (b) stretche
13- {a} D- 2 b L] c* H‘ = g

14. (a3 PoQ ® bBo(3k~ 41) (©) gpp-
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|EZE1 Introduction

Almost every modern device
electricity that an electromagnetic
the electric devices used in industry the source of emf :
In these stations other forms of energy are converted into c_teclrn: cner‘g\}‘.l _ |
plant gravitational potential energy is converted into electric energy. Similarly, in a nuclear plant nygje,
energy is converted into electric energy. _ : _ Iy _

But how this conversion is done? Or what is the physics behind this? The hrarfs.h of physics, knowy
as electromagnetic induction gives the answer to all these queries. !f the magnetic ﬂ|:| X(0g) through 4
circuit changes, an emf and a current are induced in the circuit. rl-.ler::tmmagnen‘c mduc}mn wag!
discovered in 1830. The central principle of electromagnetic induction is Faraday’s law. This Jay
relates induced emf to change in magnetic flux in any loop, including a r::lnscd circuit. We will alsol
discuss Lenz’s law, which helps us to predict the directions of induced emf and current.

{EZ®1 Magnetic Field Lines and Magnetic Flux

Let us first discuss the concept of magnetic field lines and magnetic flux. We can represent anyl
magnetic field by magnetic field lines. Unlike the electric lines of force it 1s wrong to call them magnetig
lines of force, because they do not point in the direction of the force on a charge. The force on a moving:
charged particle is always perpendicular to the magnetic field (or magnetic field lines) at the particle’s
position. -

The 1dea of magnetic field lines is same as for the electric field lines as discussed in Chapter 21. The
magnetic field at any point is tangential to the field line at that point. Where the field lines are close, the
magnitude of field is large, where the field lines are far apart, the field magnitude is small. Also. because

has electric circuits at its heart. We Icamc_ci in l.h': =2_|1H|‘JT~=31' of currend
force (emf) is required for a current to flow in a circuit. But for meg oft
is not a battery but an electrical generating staj, §
For example in a hydroelecyr; 8

- - _’ - - - - - - &
the direction of B at each point is unique, field lines never intersect. Unlike the electric field lines
magnetic lines form a closed loop.

Magnetic Flux

The flux associated with a magnetic field is defined in a similar
manner to that used to define electric flux. Consider an element of area S
on an arbitrary shaped surface as shown in figure, If the magnetic field at

this element is ii the magnetic flux through the element 1S, ,ff""”#/
-+ ' ('
dby = BedS = BdS cos0 "
o ey k .
Here, dS is a vector that is perpendicular to the surface and has a IR
Fig. 241

magnitude equal to the area dS and 0 is the angle between ﬁ and dﬁs at that

element. In general d§; varies from element to element. Th i '
dpp . Ihe total magnetic fly ace 13
the sum of the contributions from the individual area elements, & i et te ou

¢5 = [BdScost = [B.ds

Note down the following points regarding the magnetic flux -

(1) Magnetic flux is a scalar quantity (dot pmdjmt of two vector quantities is a scalar quantity)
(ii) The SI unit of magnetic flux is tesla-meter* (1 T-m?). This unit is called weber (1Wh)
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I Wb=1T-m* =1 N-m/A
Thus, unit of magnetic field is also weber/m* (1 Wbh/m ),
or IT=1Wb/m?

iii : i e :
(111) In the special case in which B is uniform over a plane surface with total area S,

¢g=BScoso

Fig. 24.2

¢.ff = Hﬁ; C{ISU
-
If B is perpendicular to the surface, then cos® =1 and

bp =BS

uss’s Law for Magnetism

In Gauss’s law the total electric flux through a closed surface is proportional to the total electric
charge enclosed by the surface. For example if a closed surface encloses an electric dipole, the total
electric flux is zero because the total charge is zero.

By analogy, if there were such as thing as a single magnetic charge (magnetic monopole), the total
magnetic flux through a closed surface would be proportional to the total magnetic charge enclosed. But
as no magnetic monopole has ever been observed, we conclude that the total magnetic flux through a
closed surface is zero.

-3 =
dBedS =0
Unlike electric field lines that begin and end on electric charges, magnetic field lines never have eﬂr:d
points. Such a point would otherwise indicate the existence of a monopole. For a closed surface the

points out of the surface. However, for an open surface we choose one of

e
S : 4
e be the positive and use that choice consistently.

the possible sides of the surface 10

|\EZE] Faraday's Law

This law states that, “the Enduc}:—:
of magnetic flux through the loop-

d emfin a closed loop equals the negative of the time rate of changs

dbg

BN T

dt

s all of the same area andl1f¢» Bl
induced emfin the coil is given

s the flux through one loop, 2

istl ression,
Ifa circuitis a coil consisting of ¥ loop by the exp

- ]
emf is induced in every 10OP: thus the tota
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398 Electricity and Magnetism
dj g

dt

¢ equations is of important physical s

e=—N
ignificance, which we
1]
e,

The negative sign in the abov

in Art. 24.4. day’s law:
: . r S law.
; C s regardin the Faraday : ! ¢
Note down the following points T€g ,;-jguc:e d only when there 1s a change in magnetic flux py
$Sing

i) As we have seen, induced emf'is pro SRR ;
(i) through a loop. The flux passing through the loop is given by,
¢. = BS cos 0

This, flux can be changed in several ways:
hange with time. Iu the problems if magnetic field js gives
el

hat the magnetic field is changing. Thus,
B =B(1)
(b) The current producing the magnetic field can change with time. For this the curreny can he

given as a function of time. Hence,

" .'#
(a) The magnitude of B can ¢
function of time. it implies

i=1i(1)

(¢) The area enclosed by the loop can 5
change with time. 7
This can be done by pulling a loop ;ﬁffﬁ
inside (or outside) a magnetic field. "

x

Bv doing so, the area enclosed by
loop (hatched area) can be changed.

(d) The angle 0 between B and the normal to the
loop can change with time.
This can be done by rotating a loop in a
magnetic field. :

(e) Any combination of the above can oceur,

(ii) When the magnetic flux pas_sing through a loop is changed an induced emf and hence, @
induced current is produced in the circuit. If R is the resistance of the circuit, then induced

current is given by,
R R\ ot

Current starts flowing in the circuit. me .
s gy : ,» means flow of char . own in e

5 3saal
U=l )

Thus, for a time interval A we can write,

R T —
: ‘ [ma}md-M==ﬁ-(*Ms)

Ar R
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CHAPTER 24 Electromagnetic Induction 399
From these equations we can see that e and i are inversely proportional to Ar while A9 is

independent of Az It depends on magnitude of change in flux, not the time taken in it. To
understand it let us take an example.

sample Example 24.1 4 square loop ACDE of area 20 em”

x x B
nd resistance SKYis rotated in a magnetic field B=2T through
180°
(a) in0.01s and b %
(h) in0.02s
Find the magnitude of e, i and Aq in both the cases.
¥
x
Fig. 24.5
$11 Band

olution Let us take the area vector S perpendicular to plane of loop inwards. 50 initially,
vhen it is rotated by 180°, ST B. Hence, initial flux passing through the loop,
b; = BScos0°=(2) 20x107*) (1) = 4.0 10~ Wb

Flux passing through the loop when it is rotated by 1807,
=3
¢ ; = BS cos180°=(2) (20 10°%) (-1)=—4.0x10" Wb

Therefore, change in flux, ;
.ﬂ.¢3 =¢.f "‘1]‘.: :'—S.ﬂxlﬂﬂ W,D

(a) Given Ar=0.01s, R=5Q

3
Ve Adg|_80x107 _nqy
Af | 0.01

f;l_e.!z-ﬂ__'g_:{]_lﬁﬁ
Ry D
Ag = iAt=0.16%0.01=1.6x10"C

=0.02s :
|= Adp| _8O0x19 g4y
€= Ay 0.02
j= j_e_l = E —0.08 A
g
Aq = iAt = (0.08) (0.02)
> S ERI0PC

es the time in terval in part (al, s0€ and i are half while Aq 1s same.
I

.“;'B Time interval At in part (b} is two ti
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solved Examples

Level 1

Example 1 A coil consists of 200 turns of wire having a total resistanc i) S furn is a squq
of side 18 cm, and a uniform magnetic field directed perpendicular 1o the plane of the coil is turneq,,
If the field changes linearly from 0 (0 0.5 T in 0.80 s, what is the magnitude of induced emf and cypy,,
in the coil while the field is changing?

Solution From the Faraday's law,

Nd¢ AB
=——=(N.S)—
Induced emf | & 7 (N.§) A
~ (200) (18 x107°)* (0.5-0)
E 0.8
=4.05V Ang
| 4.05
Induced current i= i = =2.0A An

Example 2 The magnetic flux threading a metal ring varies with time 1 according
by =3 (at” = bt ) T-m* with a=2.005" and b=6.00s". The resistance of the ring is 3.0 ¢

Determine the maximum current induced in the ring during the interval from t =010 1 =20 s

Solution Given 0y =3 (at’ —bt”)
le| = i?ﬁ- =9ar® —6bt
dt
.. Induced current fe= Lel = M =3ar2 —2bt
R 3
For current to be maximum,
di
—=0
dt
6ar—2b=0 or .|'=—b—
3a

_ b : : ;
ie, at f=——, currentis maximum. This maximum current is,

: bY
i =3a [E] - 2b [3—5—]
a

S

3Ja 3a
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Magnitude of this maximum current will be

-
h-
max = o
a1 |

Substituting the given values of a and b, we have

(6)°
max = ——=5.0A
x 30) Ans,

I

Example ; how ;
and ﬂp.'-l 535" m.: fﬁ“;ijf ﬂf;-: 2 ”"f fop view of a rod that can slide without friction. The resistor is 6.0 0
. gnelic field is directed perpendicularly downward into the paper. Let | =1.20 m.

_ —¥
& @B

' 3 I

- Fig. 24.65
- Lalculate the force F required to m ;
Jore ove the rod to the right at a constant speed of 2
) At what rate is energy delivered to the resistor ° - G

fc) Show that this rate is equal to the rate of work done by the applied force,

ution The motional emf in the rod, e= Byl

or, e=(2.5)(2.0)(1.2) V=60V

The current in the circuit fzﬁ = EE =]ilA
6.

(@) The magnitude of force F re

S s _
opposes the motion. quired will be equal to the magnetic force acting on the rod, which

&

F=F, =ilB
or, F=(1.0)(1.2) (2.5) N =3N Ans.
(b) Rate by which energy is delivered to the resistor is.
P =i’R=(1)? (6.0)=6 W Ans

(¢) The rate by which work is done by the applied force is,
Po=F-v=(3)(2.0)=6W
P =P 2
Example 4 Jn the figure shown i=10e™* A FindV, andV,,
s

i b

Hence proved.

H=40 L=2H
——AW—————
a | b

Fig. 24.66
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Solution V, =+L—

V,—iR-L—=V,
Further, o ar

: di
v, -V, =iR .I'LE

-4
or V., = (1067 ) (4) —80e™" =—40e™" A

Example5 (a) What is the magnetic flux through one turn of a solenoid of self inductance 80 x 107

when a current of 3.0 A flows through it? Assume that the solenoid has 1000 furns and is wound fr
wire of diameter 1.0 mm.
(b) What is the cross-sectional area of the solenoid?

Solution Given, L=80x10"H, i=3.0A and N =1000
(a) From the relation, L = ﬂ
i
The flux linked with one turn,
: -5
e (G TG ) e
N 1000
(b) This ¢ =BS = (uyni) (S)
Here, n = number of turns per unit length
VN el
l. N.d d
HoiS
d

g _(24x107) (L0x10™)

‘ > =6.37x10°m?>
Ho! (4nx107") (3.0)

or

Example 6 A 10 H inductor carries a t:_urr'enf-pf ﬁiﬂ_ﬂ.. How much ice at 0°C could be melted by
energy stored in the magnetic field of the inductor? Latent heat of ice is22.6x10° J/kg.

Solution  Energy stored is %Liz. This energy is completely used in melting the ice. He

L2 =mL,

Here, L, = latent heat of fusion
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Hence, mass of ice melted. m =21

=

Substituting the values we have,

=R R R = [).58 ki_r Ans.
2(2.26x10%)

Example 7 Two solencids A and B spaced close to each other and sharing the same cylindrical axis
have 400 and 700 turns respectively. A current of 3.50 A in coil A produced an average flux of
300uT-m* through each turn of A and a flux of Q00 uT-m* through each turn of B.

(a) Calculate the mutual inductance of the two solenoids.

(b) What is the self inductance of A?

(¢) What emf is induced in B when the current in A increases at the rate of 0.5 A/s?

Solution

le 8 A sensitive electronic device of resistance 175 is to be connected to a source of emfby a
The device is designed to operate with a current of 36 mA, but to avoid damage lo the device,
lcurrent can rise to no more than 4.9 mA in the first 58 ps afier the switch is closed. To protect the
ice it is tonnected in series with an inductor.
(a) What emf must the source have?
th) What inductance is required?
(¢c) What is the time constant?

plution (a) Given R =175 and peak value current
iy =36%107 A

.. The applied voltage

V = iR =(175) (36x10 ) volt =6.3 volt Ans.

(b) From the relation,
i=ip(1-e" )

s (49)=36)[1-¢ "*t]
or e tL=1- 4—{? =(.864

L~ In(0.864)=0.146
L)

An evaluation version of novaPDFE was used to create this PDF file.
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: _T__0.146
% LIR
Rt _0.146
L b
Lo R _(75)(E8X10T) g4, 407 H e
= ~0.146 0.146 %
(c) Time constant of the circuit,
L 70x107 4
=eoie L 0510
AR T Ans
Example 8 For the circuit shown in figure, E =50V, R, =10£, e o Vol R,
R, =209. R; =30Q and L =2.0 mH. Find the current through R, S e
and R . ik I L
(a) Immediately after switch S is closed. TE R L |
z{b). A long time after S is closed. |
 (¢) Immediately after S is reopened.
(d) A long time after S is reopened. Fig. 24.67

Solution (a) Resistance offered by inductor immediately after switch is closed will be infinites
Therefore, current through R ; will be zero and

current through R, = current through R, = =

Ry +R,
__%0__5
10+20 3

(b) After long time of closing the switch, resistance offered by inductor will be zero.
In that case R, and R are in parallel, and the resultant of these two is then in series with R, . Hence,

R =Ry 6= 2 1 COGO)
R, + R, 20430
Current through the battery (or through R, )

220

E 5
== _{] A
RE- 20
This current will distribute in R, and R; in inverse ratio of resistance. Hence,

Current through R, =(§E] £,
22 \ R, +R,

22 )\ 30+20 ) 11

(c) Immediately after switch is reopened, the current through R, will become zero.
But current through R, will be equal to the steady state current through R,. Which is equal to,
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[ 3018 A=091A Ans.
L 22 1
(d) A long after S is reopened, current through all resistors will be zero.

Example 10 [ an L-C circuit L =3.3 H and € =840 pF. At t =0 charge on the capacitor is 105 pC
and maximum. Compute the following quantities at r =2.0 ms:

(a) The energy stored in the capacitor.

(b) The energy stored in the inductor.

(c) The total energy in the circuir,

Solution Given, L=33H, C =840x10"" F

and ga=105x107"C
The angular frequency of L-C oscillations is,
= A I =1.9x10%rad/s

VLC  [3.3x840x10"

harge stored in the capacitor at time ¢, would be,
§ =gy COS Wl
a) At 1=2x10"s

g =(105x10")cos[1.9x10*][2x107]=1003x107% C
.. Energy stored in the capacitor

ik
lerse
_ (100.3x107%)2
 2%840 %107
=6.0]
(c) Total energy in the circuit
y-lds _ (105x10°°)
2C 2x840x107"
=6.56J

(b) Energy stored in inductor in the given time

= total energy in circuit — energy stored in capacitor
=(6.56-6.0)J

=0.56]

Ans.
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Level 2

Example 1 A conducting rod shown in figure of mass m

and length | moves on two frictionless parallel rails in

the presence of a uniform magnetic field directed into

the page. The rod is given an initial velocity v, o the . | ﬁ? 3 i "
right and is released at t = 0. Find as a function of time, :
(a) the velocity of the rod |
(b) the induced current and > b >
(c) the magnitude of the induced emf. 2 X
Fig. 24.68

HOW TO PROCEED The initial velocity will produce an
induced emf and hence, an induced current in the circuit. The current carrying wire will now experience

. a magnetic force {i?’m} in opposite direction of its velocity. The force will retard the motion of the

conductor. Thus, |
uctor. Thus | |
Initial velocity — motional emf —> induced current — magnetic force —» retardation.

Solution (a) Let v be the velocity of the rod at time 7. ; i a @B
Current in the circuit at this moment 1s, 2 |
. Byl :
1= T 2 .(I) B r— v
From right hand rule we can see that this current is in Fom |
counterclockwise direction. - ;
The magnetic force is,
Fig. 24.69

252
F, =‘i:fB=—ﬁp
R

"

_Here, negative sign denotes that the force is to the left and retards the motion. This is the only
horizontal force acting on the bar, and hence, Newton’s second law applied to motion in horizont

direction gives,

252
ma@-_—sz_BJ v
dt R

A 252
—=—[B 'J ]df
v mR

Integrating this equation using the initial condition that, v = vy at t =0, we find that
; 272
iv' b Bely Ed’:

(Y mR
Solving this equation, we find that
= - T
y=Yee ..(ii) An
mR
vhere, 1=
Bals

This expression indicates that the velocity of the rod decreases exponentially with time under th
:tion of the magnetic retarding force.
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G R
Substituting the value of v from Eq. (ii), we get
f::%f i, Ans.
R
(c) e=iR = Blvge ''" Ans.
jand e both decrease exponentially with time. v-7, i- and e-f graphs are as shown in Fig. 24.70.
AV b fe
L % BE'VQ E
A k k
t t 1| t
Fig. 24.70

Alternate solution :  This problem can also be solved by energy conservation Erintiplﬁ‘,_LET at
some instant velocity of the rod is v. As no external force is present. Energy is dissipated in the resistor at
the cost of kinetic energy of the rod. Hence,

— IV i = ......:-l (ase= B'Ivﬁ
dt R
ﬂ - B _'Ir_ d;
v mi
[ dv_ BT Ldr
0 v milit
—tix mR
v=vge where T = ap
Example 2 In the figure shown. i =10 4, 1
. a2t - i
i =4 AandV =3e = V. Determine sgow
(ﬂ'} ITL ﬂﬂdVL =
(b} Vd‘c‘* Fﬂb and.Vl:{f‘ Rt =201 ‘l'l IE’ % =30
L e AAMN - 5 AN .c
: y
+
Vi S L=4H
d
Fig. 24.71
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Solution (a) Charge stored in the capacitor at time 7,

:Ilc
";? =CVC J\‘F
- 2) 3e™) T q
=|5E'_zr C
75— 4 _ 122 A (direction of current is from bto o
ai=—y )

Applying junction rule at O,
i =i +ip+i, =10 +4-12¢7

=(4-2¢7")A
=R+2(1-e)]A

Iy versus time graph is as shown in figure.

I.t. increases from 2 A to 4 A exponentially.
i
dt
d =2t
=(4)—(4=2e
( }d.r( )

FL =Vll?¢f =L

=16e>" V

¥, versus time graph is as shown in figure.
¥, decreases exponentially from 16 Vto 0.

Vo iRy +LR, =V,
Vo =V =Voe =R, = irR,
Substituting the values we have,

Voe =(10) )~ (4) 3)

Vie =(20e™ ~12) V
Atr=0,V, =8V, att=oo,

Ve =—12V
Therefore, V,,. decreases exponentially from 8V to —12V.

An evaluation version of novaPDFE was used to create this PDF file.
Purchase a license to generate PDF files without this notice.

Ans,
41 (A)
4 -------------------
- / .....
B
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Vbzyq—l')ﬁ

:.-.r - EI.RI +V- =¥,

VG =V =Fa =ik —VYe
Substituting the values we have,

V., =(10e%)(2)-3e™

or V=17V  Ans.

Thus, V., decreases exponentially from 17 Vto 0.
V., versus f graph is shown in figure.
Va=Ve—Va
V.- LR, —V; =¥,
V.=V, =Vy4 =ihR, +V;
Substituting the values we have,

7 4 =(4) {3]+le 2

i =(12+16e )V Ans.
Att=0,V,, =28 Vandatr ==,V =12V

.. V. ; decreases exponentially from 28 Vto 12 V.

V_; versus t graph is shown in figure.

Example 3 4 wire loop enclosing a semicircle of radius R is
located on the boundary of a uniform magnetic field B. At the
moment t =0, the loop is set into rotation with a constant angular

.
acceleration o about an axis O coinciding with a line of vecior B
on the boundary. Find the emf induced in the loop as a function of

time. Draw the approximate plot of this function. The arrow in the
figure shows the emf direction taken to be positive.

1 -
Solution B==ou”

[ = J% = time taken to rotate an angle 0

vhenB8 =0 to m 2w to 3w 4m to Smetc.

9 magnetic field passing through the loop is increasing. Hence, current in the loop is anticlockwise, or

'duced emf is negative. And for, 8 =7 to 2w 37 to 4w 5w to 6n etc.
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® magnetic field passing through the loop is decre

is positive.
So, let

f3=

; 2nn
t, = time taken to rotate angle nm =4~

Now, O0tor, emfis negative
t, to 1, emf is positive

f, 10 ¢, emf is again negative
and soon 1
- 2
Now, at time /, angle rotated is, =5
B
. Z e |y 2
Area inside the field is, S=(nR }(Zn‘ ]— > R0
L ovis
S=-Rou”
& 4
1 5
So, flux passing through the loop, ~ ¢=BS = = BR*out*
e= de = L BR’ou
dr] 2
e |

ie. et graph is a straight line passing through origin. e-f
equation with sign can be written as,
e=(-1)" [% BR 1m] Ans.

Here, n=1,2,3... is the number of half revolutions that the
loop performs at the given moment .

The e-f graph is as shown in figure.
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time taken to rotate angle 2n =

2n
: e ’__
1, = time taken 1o rotate ang| =
4n

e

21

asing. Hence, current in the loop is clockwise, oy

L
L
L1

-
o

b

o

o5
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Fig. 24.79

L

¥,
L


http://www.novapdf.com/

—— — -~
L

CHAPTER 24  Electromagnetic Induction 447

Example 4 4 loop is formed by two parallel conductors - -
connected by a solenoid with inductance L anda conducting ® |

rod of mass m which can freely fwithout friction) slide over

the conductors. The conductors are located in a horizontal EERL s TN
plane in a uniform vertical magnetic field B. The distance m, |

between the conductors is |. At the moment 1 = 0. the rod is |
imparted an initial velocity v, directed to the right. Find the

law of its motion x (1) if the electric resistance of the loop is Fig. 24.80
negligible.
SOLUTION Let at any in:,;tan} u:ﬂ" time, velocity of the rod is v towards a i d
right. The current in the circuit is i. In the figure, ® I
V. =V, =V, -V, Fre—t—>V
i
di ; A
or LF‘=Hw:mﬁ [asrzﬁ] |
I ar. -\ et ; = .
ie., Ldi = Bldx ; Fig. 24.81
Integrating, we get
Li= Blx
i= % X sl
Magnetic force on the rod at this instant is,
Femipel Ly GD
Since, this force is in opposite direction of V, so from Newton's second law we can write,
[ d*x ) B*I?
m| — [=— x
dr= ) L
[dzx | ~ B 212 Z
— |=- _
dt® mL
Comparing this with equation of SHM, i..,
2
E.;::- = — ﬂ}zx
dit~
- Bl
we have, T
Therefore .t'he rod will oscillate simple harmonically with angular frequency @ = Bl/v/mL. At time
£ =0, rod was at x =0 and it was moving towards positive x-axis. Hence, x-f equation of the rod is,
' .. (i)

x = Asinof
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dx
To find A, we use the fact that at r =0, v or T:’I- has a value v,. Hence,

Ex— =y = Awcos oy

dt
or Aw=v, (atr =g
¥
or A =E‘
Substituting in Eq. (iii), we have
Bi
Yo .- <
¥ =—sin, where 0=
X e sin T

Alternate method of finding 4 : Atx=4,v=01e, whole of its kinetic energy is converted intg

magnetic energy. Thus,

L 2] mv?
=L == o
2

Substituting value of i from Eq. (i), with x = 4, we have

L[EA) =mvj

n=—
= NmlL

Example 5 A uniform wire of resistance per unit length
A is bent into a semicircle of radius a. The wire rotates
with angular velocity ® in a vertical pfan& about a
horizontal axis passing through C. A uniform magnetic
field B exists in space in a direction perpendicular to
paper inwards.
(a) Calculate potential difference between points A
and D. Which point is at higher potential?
(b) {fpomz! and D are connected by a conducting
wire of zem rg.m:anee ﬁnd the pﬂ:emmf

P

: S
Solution (a) Length of straight wire AC, is /; =2asin (E)

Therefore, the motional emf (or potential difference) between
oints C and 4 is,

.20 ;
Vey =Ve =V, =%Bm!,2 =2aEBmsm2[E] ...(1)

f’ -. ._\_ 1'
q/f:‘{ :

- L

Fig. 24.33
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From right hand rule we ¢

1 an see R g
Simualarly, Il:ng]_h “*'Slr:sig hat I-"( =] 7

ht wire €D is. .

% r]'[ A N
‘ri :3H51n| = g |;2a=:us|(%J
| [
Therefore, the P.D. between points ¢ and D is
Vep =Ve — Vp |
=Sk

with l":-;; = VD

Bwl? =2:aIEmﬂusz{%) -.(1) 1
el |
Egs. (i) — (i) gives, |

Va=Vp :EH:B{U(CGS: 8 _sin? 6
\ 2 2

=2a"Bocos Ans.

A is at higher potential.
(b) When A and D are connected from a wire current starts flowing in the circuit and the potential

fference between C and A has now a ditferent value from Ealf}‘msinzir 2 J
2
N
Resistance betwe-:rn A and C is, r; =(length of arc AC) i = abi
and between C‘anl_ﬂ D s, k. r; = (length of arc CD) A = (n—8) ah
Now, the equivalent circuit can be drawn as shown in

f 2 2 51\/\/%
In the figure, E, =2a°Bwsin [

and E, =2a3;‘3mmsz{

b2 | R

R ok S
I
=
D

with E,>E, Fig. 24.84
. Current in the circuit is,
E,—E, 2a’Bocos® 2aBwcosH

s n+ r: ¥ nak Th
1al di between points C and 4 is,
and potential difference p ‘ i e i
Viey =E; +in=2a Bwsin 2 = .
=24% i EE+E.;95E|] Ann.
=2a Bm[sm =i

when a current i flows in the

Note the circuit and Vi, = Ey + 14
Note V, = E, when no current flows through

circuit.
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wegligible Iernar __ quyyn
N
resistance is connected in an L-R c.:fde 5 When steady state is

inductor has a piece of soft iron 1 o out suddenly 50 |

: i : vy pulle : :
cucidtiamia el 1] ;‘:a‘:'ﬁgeﬂfm to nl withn<1 with e—— I

that the inductance of the indu g

sl ﬂ'ﬂﬂﬂﬂcfqu? ﬂfﬂﬂ ;si.uming: — 0 at the instant

; I fime - TR

(a) currentasa Sfunction rrE
when piece is pulled,

e to pull out the piece. e s

%’ :::rﬁ;;ﬁlr geiermed in the circuit as a ﬁ}{:: ;;zn of time.
' ! as a function o, : | I
Hn#d#niaﬂ‘;e;ég?p ! wﬁ%j: ;rffj fi‘;ﬁgnm af:in inductor is abruptly changed, the flux passing ¢ hroughd

Femains constant.

¢ = constant

Li = constant [ o

Solution (a) At time 7 =0, steady state current in the circuit is S sl

E/R. Suddenly L reduces to nL (n<1), so current in the circuit 5y H

ncrease to 0 —E; Let i be the current at time /. (N
n nk
Applying Kirchhoff's loop rule we have,
E - HL[E{)— iR =0
df

fh=

at time r =0 will i

> Ly
-| I
E

Fig. 24.86

; di 1
l;.r,,}.ﬁ=gﬂﬂ"

- . : ¢ o P T,
Solving this equation, we get i=ij A( iy~ i] oY Ans.
n

AN
Here, == and T, =—
Iy R L R
J

5 ; £
From the i-f equation, we get i=-L at t=0 and i=ijatt=o00
n

o e

= !.:T'

The i-t graph is as shown in figure. iy
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Frcuit is _iIE-' C . . < IT JER TR
i -urrent in the circuit in steady state will be again iy, So, it will

decrease exponentially P

Lt uﬂf_'[- ﬁ"f}.ﬂ"l' F iy From the j-t graph the equation can beﬁ;nnerf withoul doing any

calculation.

(la_;)
—=—1p
: \n 9

(b) Work done to pull out the piece,

W=U, -U =

Ans.
ermal power generated in the circuit as a function of time is,
P =i"R Ans.
Here, i the current calculated in part (a).
d) Power supplied by the battery as a function of time is,
P, =Ei Ans.
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E XERCISESE

AIEEE Corner

Subjective Questions (Level 1)

Note You can take approximations in the answers.

Faraday’'s Law and Motional Emf

1. A wire in the form of a circular loop of radius 10 cm lies ina plane nort )
100 T. If this wire is pulled to take a square shape in the same plane in 0.1 s, find the
induced emf in the loop. '

2. A closed coil consists of 500 turns has area 4 cm 2 and a resistance of 502, The coil is kept wi

to a uniform magnetic field of 0.2 Wb/ m?. Calculate the amount of .,-:._-.-._

normal to a magnetic fieldof

#ud
2

plane perpendicular
flowing through the coil if it is rotated through 180°. ]
3. A small coil is introduced between the poles of an electromagnet 50 that its axis mincides 1
magnetic field direction. The cross-sectional area of the coil is equal to S =3.0 mm*, the num
turns is N = 60. When the coil turns through 180° about its diameter, a galvanometer connected|
the coil indicates a charge g = 4.5 uC flowing through it. Find the magnetic induction magni
between the poles, provided the total resistance of the electric circuit equals R =400,

4. The magnetic field in a certain region is given by B = (4.0 f=1.8 k) x 10~° T. How much .
passes through a 5.0cm “ area loop in this region if the loop lies flat on the x-y plane? |

5. A horizontal wire 0.8 m long is falling at a speed of 5 m/s perpendicular to a uniform Jt
field of 1.1T, which is directed from east to west. Calculate the magnitude of the induced emf
the north or south end of the wire positive?

6. The magnetic field through a single loop of wire, 12 cm in radius and of 8.5 € resistance, ch ngi
with time as shown in figure. Calculate the emf'in the loop as a function of time. Consider the fim

intervals
(a) r=0tor=20s,

1.0

!
= 0.5
@

(b) 1=2.0stot=4.0s,

0 20 40 60 80
1(3) —»
(c) t=4.0stor=6.0s.
The magnetic field is perpendicular to the plane of the loop.
7. A square loop of wire with resistance R is moved at constant speed v across a uniform i;'.;
. OF
field confined to a square region whose sides are twice the lengths of those of the square [0
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e

h—L—s

D .H"—. y e 11
e
¥
-

. -21 Ty O L 20
(a) Sketch a graph of the external force F needed to

of the co-ordinate x, from o1 move the loop at constant speed, as a function
. .f o [ﬂ -..: - 'f' 21‘- a]-\.h_‘ = - i . -
of the magnetic field regitn tothe X . (The co-ordinate x is measured from the centre

tre of the loop. It i ati ; - 3 i
b5 the leit of the cenire of the o p. It 1s negative when the centre of the loop 15

~ region. Take positive force to be to the right).
(b) Sketch a graph of the induced curren; ip the 1 ; : :
b berositve € loop as a function of x. Take counterclockwise

8. A square frame with side a and a long straj
as shown in figure. The frame translates
in the frame as a function of distance .

e

Kbt — g —pi

ght wire carrying a current i are located in the same plane
to the right with a constant velocity v. Find the emfinduced

In figure a wire perpendicular to a long straight wire is moving parallel to the later with a speed

v=10m/s in the direction of the current flowing in the later. The current is 10 A. What is the
magnitude of the potential difference between the ends of the moving wire?

{ I=10A
1.0cm .
K

10.0cm

v=10m/s

. As shown in figure, a metal rod completes the circuit. The circuit area is perpendicular to a
magnetic field with B =0.15T. If the resistance of the total circuit is 3Q, how large a force is
needed to move the rod as indicated with a constant speed of2 m/s ?

x X x X X X
B=0.15T (into page)
T
cimn
B xml X v=2ms
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tance are 10.0cm apart and are connected by , 5
resistor. The circuit also contains two metal rods hi_“"i“E resistance of 10.0Q and 15 o slidiy
along the rails. The rods are pulled away from the resistor at cqnstant‘speeds 8.00 m/sand 4 g
respectively. A uniform magnetic field of magnitude 0.010 T 1s applied perpendicular tg th, ool

of the rails. Determine the current in the 5.00 Q) resistor.

1
= |

11. Two parallel rails with negligible resis

: sumsll @ 2swa [

10.0 Q 15.00

' Self Inductance
12. The inductor shown in figure has inductance 0.54 Hand carries a current in the

direction shown that is decreasing at a uniform rate, di/dr =—0.030 A/s:
(a) Find the self-induced emf.
(b) Which end of the inductor, a or b, is at a higher potential?

13. The current (in Ampere) in an inductor is given by / =5 4161, where 7 is in seconds.
self-induced emf in it is 10 mV. Find :
(a) the self-inductance, and
(b) the energy stored in the inductor and the power supplied toitatr=1s

14. The potential difference across a 150 mH inductor as a function of time is shown in figure. Assume

that the initial value of the current in the inductor is zero. What 1s the current when 1 =2.0 ms? and

1 =4.0ms?

T T R R

15. At the instant when the current in an inductor is increasing at a rate of0.0640 A/s, the
the self-induced emfis 0.0160 V.

(a) What is the inductance of the inductor?

(b) Ifthe inductor is a solenoid with 400 turns, what is the average magnetic flux through each ™8

when the current is 0.720 A?
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Mutual Inductance

16. Cjﬁ:latzﬂ;& 1n1:|11ua| inducmr_mc between two coils when a current of 4 A Shngesto 12 4605 sin
P :I'.':r' -n'f‘ in uct:s. an emtlnt 50 mV in the secondary. Also calculate the induced emf in the
secondary It current in the primary changes from 3 A to 9 A is 0.02 s,

17. A coil has 600 turns which produces 5x 10 Wh'turn of flux when 3 A current flows in the wire.
This produced 6 x 10~ Wh'turn in 1000 turns secondary coil. When the switch is opened the
current drops to zero in 0.2 s in primary. Find :

(a) mutual inductance
(b) the induced emf in the secondary
(c) the self inductance of the primary coil.
18. Two coils have mutual inductance M =3.25x10"? H. The current i, in the first coil increases at a

uniform rate of 830 A/s.

(a) What is the magnitude of the induced emf in the second coil? Is it constant?

(b) Suppose that the current described is in the second coil rather than the first. What is the induced
emf in the first coil?

19. Two toroidal solenoids are wound around the same pipe so that the magnetic field of one passes
through the turns of the other. Solenoid 1 has 700 turns and solenoid 2 has 400 turns. When the
current in solenoid 1 is 6.52 A, the average flux through each turn of solenoid 2 is 0.0320 Wb.

(a) What is the mutual inductance of the pair of solenoids?
(b) When the current in solenoid 2 is 2.54 A, what is the average flux through each turn of

solenoid 17
R Circuits

20. Show that /R has units of time.
21. A coil of inductance 1 H and resistance 10 Q is connected to a resistanceless battery of emf 50 V at

time 7 = 0. Calculate the ratio of the rate at which magnetic energy is stored in the coil to the rate at
which energy is supplied by the battery at r =0.1s.

22. A coil of inductance 2 H and resistance 10Q are in a series circuit with an open key and a cell of
constant 100 V with negligible resistance. At time 7 =0, the key is closed. Find :
(a) the time constant of the circuit.
(b) the maximum steady current in the circuit.
(c) the current in the circuitat7=1s.

23. A 3.56 H inductor is placed in series with
applied across the RL combination. +
(a) At0.278s after the emf is applied what is the

battery?

(b) At 0.278 s, at what
(c) At0.278 s, at what rate is energy

12.8 Q resistor. An emf of 3.24 V is then suddenly

rate at which energy is being delivered by the

rate is energy appearing as thermal energy in the resistor?
being stored in the magnetic field?
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24. An inductor with an inductance of 2.50 H and a resistance of 8.00£2 is. connected to the terming|g i
of a battery with an emf of 6.00 V and negligible internal resistance. Find
(a) the initial rate of increase of current in the circuit,
(b) the rate of increase of current at the instant when the current
(¢) the current 0.250 s after the circuit is closed,
(d) the final steady state current.

25. A 35.0 V battery with negligible internal resistance, a 50.0 € resistor, and al.25 mH inductor wn]-.:
negligible resistance are all connected in series with an open switch. The switch is suddenly closed i
(a) How long after closing the switch will the current through the inductor reach one-half of 1ts5

is 0.500 A,

maximum value?

the figure. At time ¢ =0, switch § is opened, calculate
{2
——000000——

R
A

b E: A EzD n

(a) current through the solenoid after the switch is opened.
(b) amount of heat generated in the solenoid.
27. In the given circuit, find the current through the 5 mH inductor in steady state.

5mH

10 mH

20V
w1

50

. An inductor of inductance L =400 mH and resistors R, =2Q and R, =2Q are connected 104
battery of emf £ =12 V as shown in the figure. The internal resistance of the battery is negligible
The switch S is closed at time 7 = 0.
What is the potential drop across L as a function of time? After the steady state is reached, tit .
switch is opened. What is the direction and the magnitude of current through R, as a function @

time?
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Ra

AWAn—000000—

|
=
H
|
29. Two inductors of self-inductances [, and L, and of resistances R, and R, (not shown here)

respectively, are connected in the circuit as shown in the figure. At the instant 7 = 0. key K'is closed,
obtain an expression for which the galvanometer will show zero deflection at all time after the key

K 1s closed.
IL'I H:]
000000 AW
—— a0 AW
e ¥
K L

Jscillations

.'1 an oscillating L-C circuit in which C = 4.00 uF, the maximum potential difference across the
€apacitor during the oscillations is 1.50 V and the maximum current through the inductor is

50.0 mA.

(a) What is the inductance 1.2

(b) What is the frequency of the oscillations?

{¢) How much time does the charge on the capacitor take to rise from zero to its maximum value?
In the L-C circuit shown, C' =1 pF. With capacitor charged to 100 V, switch S is suddenly closed at
ime 7 = 0. The circuit then oscillates at 10’ Hz.

{a) Calculatewand T

(b) Express g as a function of time

¢) Calculate L

(d) Calculate the average current during the first quarter-cycle.

[-C circuit consists of an inductor with L =0.0900 H and a capacitor of C =4x 107" F. The

initial charge on the capacitor is 5.00 pC, and the initial current in the inductor is zero.
(a) What is the maximum voltage across the capacitor?
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nt in the inductor?

y stored in the inductor?

(b) What is the maximum curre
aximum value, what is the charge oy hd

(¢) What is the maximum energ .
(d) When the current in the inductor has !‘uﬂf its m !
and what is the energy stored in the inductor® . |
33. An inductor of inductance 2.0 mH is connected across a charged capactlzr of Ealiclllance 3.0uF |

and resulting L-C circuit is set oscillating at its natural frequency. Let Q denote the instantanegyg

charge on the capacitor, and / the current in the circuit. It is found that the maximum value of 0 {¢
200 uC.

: dl
(a) When O =100 uC, what is the value of =

capacitor

(b) When O =200 uC, what is the value of /.7

(¢) Find the maximum value of L .
(d) When I is equal to one half its maximum value, what is the value of 1Q L ] . N
34. An L-C circuit like that illustrated in figure consists of a3.30 H inductor and an 840 uF capacitor,

initially carrying a 105 uC charge. At ¢ =0 the switch is thrown closed.
Compute the following quantities at r =2.00 ms

o
1| |+
I
1-

(a) the energy stored in the capacitor,
(b) the energy stored in the inductor,
(c) the total energy in the circuit.

Induced Electric Field
35. The magnetic field B at all points within a circular region of radius R is uniform in space a
directed into the plane of the page in figure. If the magnetic field is increasing at a rate dB/df, what

are the magnitude and direction of the force on a stationary positive point charge ¢ located at points

a, b and ¢? (Point a is a distance » above the centre of the region, point b is a distance r to the right of

the centre, and point ¢ is at the centre of the region.)
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&y :12:'325;2 l:t ;?j]:i]}ﬂid has 900 turns/metre and radius 2.50cm. The current in the mienﬂid_iﬁ
orm rate of60 A/s. What is the magnitude of the induced electric field at a point
near the centre of the solenoid and
(2) 0.5 em from the axis of the solenoid.
(b) 1.0 em from the axis of the solenoid.

Objective Questions (Level 1)

Single Correct Option

1. The dimang}uns of self inductance are
(a) [MLT “A™] ®) [MLT'AZ] (o) (MI2T2A2]  (d) [ML2T2A™]

2. jWhen the number of turns in the two circular coils closely wound are doubled (in both) their mutual
inductance becomes
(a) four times (b) two times (¢) remains same (d) sixteen times

3. Two cc{ils carrying current in opposite direction are placed co-axially with centres at some finite
separation. If they are brﬂught close to each other then current flowing in them should
(a) decrease (b) increase (¢) remain same (d) become zero

4. A current carrying ring is placed in a horizontal plane. A charged particle is dropped along the axis
of the ring to fall under the influence of gravity

(a) the current in the ring may increase

(b) the current in the ring may decrease

(c) the velocity of the particle will increase till it reaches the centre of the ring

(d) the acceleration of the particle will decrease continuously till it reaches the centre of the ring

. Identifv the incorrect statement. Induced electric field
(a) 1s produced by varying magnetic field
(b) is non conservative in nature
(c) cannot exist in a region not occupied by magnetic field
(d) All of the above

6. In the figure shown ¥, atsr=1sis

a 20 4. 2H F b
o— MW — T — | —
g=(4e)C
(a) 30V (b) —30V () 20V (d) —20V

7. Two coils have a mutual inductance of 0.005 H. The current changes in the first coil according to
equation / = I, sin ot, where I, =10A and ® =100r rad/s. The maximum value of emf (in volt) in
the second coil is
(a) 2n (b) 57 (&) (@), 4n

8. An inductance of 2 H carries a current of 2A. To prevent sparking when the circuit is broken a
capacitor of 4 uF is connected across the inductance. The voltage rating of the capacitor is of the

order of :
(@) 10° V (b) 10V (c) 10° V (d) 10° V
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ne perpendicular to a uniform magnetic fig| dwit

ina la
utongendinap cen the induced emf (€) across the rod and time (1)

P - b‘ﬂ
9. A conducting rod is rotated a hétw

constant angular velocity. The correct graph

15
EI/—\ |
i i T
- (b) | i i
t =) i

E‘JI.

(@) >

(c) s

that a constant current of 10 mA js
the magnetic flux through the ring |

10. A magnet is taken towards a conducting ring in such a way
induced in it. The total resistance of the ring 1s 0.50. In 5 s,

{c:)m;}g; ﬁ% (b) 25 mWb (c) 50 mWb @} 15 mWb
11. A uniform but increasing with time magnetic field existsina cylindrical region.

The direction of force on an electron at P is

(a) towards right

(b) towards left

(c) into the plane of paper

(d) out of the plane of paper
12. A magnetic flux through a stationary loop with a resistance R varies during the time interval  as
f heat generated in the loop during that time

& =at (t — ). Find the amount of e
2 2 Zat at
at a-t d) ==
@ ~= &= © =3z @ 3%

13. The current i in an induction coil varies with time ¢ according to the graph shown in the figure.
Which of the following graphs shows the induced emf (g) in the coil with time

iA

Ahny,

O t

(a) (b) (c) \ — ()
0 \/ ne 0 o o ] > - :

14. The network shown in the figure is a part of complete circuit. What is the potenti
Vg —V, when the current / is 5 A and is decreasing at a rate of10° A/s?

al differenc®
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142 =mH
o——AWW— —TTT—o
sl 15V B
(a) 5V (b) 10V (c) 15V (d) 20 V

15. In the given branch 4B ofa circuit a current I = (107 + 5) A s flowing, where ¢ is time in second. At
t =0, the potential difference between points Aand B (V, — Vg )is

L=1H R =30
B 1ov Sl A
(a) 15V (b) -5V AL e s (d) 5V
(I
16. In an LC circuit the capacitor has maximum charge g,. The value of i_r | 15
%, £ max
L C
—wzn*——i?
@) 2o (b) —J0 (c) 12 -1 (d) T2 +1
i JILC LG LC

7. An alternating current / in an inductance coil varies with time { according to !
the graph as shown :

Which one of the following graphs gives the variation of voltage with time?

f—
}
: j 1 ’
@ Vv ®) © Y )
= I| 3 f { —»
[ —= I ]

8. Aloopofareal m ? is placed in a magnetic field B = 2T, such that plane of the loop is parallel to the

magnetic field. If the loop is rotated by 180°, the amount of net charge passing through any point of

loop, if its resistance is 10 Q) is
(a) p{}.4 & (b) 0.2C (c) 0.8C (d)y 0C

9. A rectangular loop of sides a and b is placed in x-y plane. A uniform but time varying magnetic

field of strength B =201i +101 ’j + 50K is present in the region. The magnitude of induced emf in

the loop at time  is |

(a) Zﬂﬂf- 20¢ (b) 20 () 2017 (d) zero T
). The armature of a DC motor has 20 Q resistance. It draws a current of 1.5 amp when run by

.mf induced in it will be
DC lv. The value of back emf induced in it wi
(a) ngpv}' (b) 170V (c) 180V (d) 190V
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462 Electricity and Magnetism - |
d voltage are respcctively 4 A and 20 V. If the ratio nfm_Ethr
i 1. what is the input current and voltage?

v (d) 8Aand40 vy

(c) 4 A and 10

2 Aand 40 V b) 8 Aand 10V ; o e ¥
(a) 2 A and 40 { i a stationary magnet with speed v, the induced emf in '[h;-] loopis . ¢

i "]:’h'-‘—“ . p'l mnvzz::::rav from the loop with the same speed, then the emfinduced in the loop i
the magnet alsom )

(a) E (b) 2E &=

21. Ina transformer the output curre o
of turns in the primary to secondary 15 &

(d) zero

23. A short magnet is allowed to fall from rest along the axis of a horizontal conducting ring. The
. Als

: : : . second may be
fiitajnuc fallen by the m;it%}:m;:]r: one second i ‘(C] e () Hone o
a) 5m _
24. In figure, if the current i decreases at a rate d., thenV, —Vp 1s
A L B
o———io——"9
i
(a) zero (b) —al (c) al (d) No relation exists

. A coil has an inductance of 50 mH and a resistance of 0.3Q.1fal2V n:rth‘ is applied across ﬂ'lE': coil,
the energy stored in the magnetic field after the current has built up to 1ts steady state value is

(a) 401 (b) 40 mJ (c) 20J (d) 20 mlJ

. A constant voltage is applied to a series R-L circuit by closing the switch. The voltage across
inductor (L =2H) is 20 V at t =0 and drops to 5V at 20 ms. The value of R in£2 is

(a) 100 In 2€2 (b) 100(1-In2)Q2 (¢) 100 In 402 (d) 100(1 - In4)

27. A coil of area 10 cm? and 10 turns is in magnetic field directed perpendicular to the plane and |
changing at a rate of 10® gauss?s. The resistance of coil is 20 ©2. The current in the coil will be

(a) 0.5 A (b) 5x107°A (¢) 0.05 A (d) 5A
28. In figure, final value of current in 10 resistor, when plug of key K is 1H
inserted is
@ = A ®)a
10 20 300
3 1 |I—-n
(c) ﬁf’l (d) zero K 3

29. A circuit consists of a circular loop of radius R kept in the plane of paper and an infinitely long

current carrying wire kept perpendicular to the plane of paper and passing through the centre of
loop. The mutual inductance of wire and loop will be

H, MR

(a) (b) 0
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30. A flat circular coil of ntumns, area A and resistance R ;
: e R is

plane -::["r:n‘il is initially Perpendicular to B, Whe he ¢
initial position, is rotated through an Rnl m_m{}:nl :
Then O, /0 Is :
e 11 circular | Fh} : (c) 1/2 (d) 0

31. A smail CIFCUIar 100p 1s suspended from an insulating thread. Anoth
co-axial circular loop carrying a curren I and having r;dius . I r;m A
than the first loop starts moving towards the smaller loop, Th much larger :
will p. The smaller loop
(a) be attracted towards the bigger loop S A
(b) be repelled by the bigger loop
(c) experience no force
(d) All of the above

32. In the circuit shown in figure, L =10H, R =5Q £ =15 V. The switch S is = 3
closed at t =0. At =2s, the current in the circuit is

- (a) 3[1—5*’* (b) 3(1—%];»“

b8 e
© 3[1JA (@) 3(-'7};;
e &

. In the figure shown, a T-shaped conductor moves with constant angular velocity

placed in a uniform magnetic field B. The
il is rotated through an angle of 180° about
When the same coil after being brought toits
about the same axis a charge (2, flows through i,

%

s
]

P S
oo w
P

o in a plane perpendicular to uniform magnetic field B. The potential difference
V}! 3 VB iS

(a) zero (b) %Bmf-‘

X M o
b 3 o
= x x
- R ® I
®* x x Af B™
®oox A%l
X X O B4 -
¥ M

=
%

(c) 2Bwl” (d) Bol®
34. A conducting rod of length / falls vertically under gravity in a region of

uniform magnetic field B. The field vectors are inclined at an angle 8 with the
horizontal as shown in figure. If the instantaneous velocity of the rod is v, the

induced emf in the rod ab is
(a) Blv (b) Bivcos®
(c) Blvsin® (d) zero

ach of radius R moves with constant speed v in a plane

3 =5 ing rin
5. A semi-circular conducting ring eld B as shown in figure. Identify the correet statement

perpendicular to uniform magnetic fi

* B xC X
4 X Xv

e gt LD IR
(b) ¥, —V. =BRv

{ﬂ} Va —Vc =BRV {d} Mone l'.'lfth'ESE

€V, -V, =0
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464 Electricity and Magnetism )
: _ As the switch S is A 1

36. The ring B is coaxial with a solenoid A as shown 1N figure 6 : ‘I;J'

closed at ¢ =0, the ring B

(a) is attracted towards A

(b) is repelled by 4 .
(c) is initially repelled and then a[witlﬂdi ]
(d) is initially attracted and then repeil€ : v o
37. If the instantaneous magnetic flux and induref_i e.mf' prc:duccd inacoilisd and E respectively, the ]
according to Faraday’s law of electro magnetic lg“?i’;] ifp =0 i
(a) E must be zero ifé =0 1}
(¢) E #0but¢ may or may not be zero (d) £ _—'D then ¢ must be _Zﬂ: T
38. The figure shows a conducting ring of radius R. A unitorm steady ma gnen; l;:r hﬂ
lies perpendicular to the plane of the ring in a circular region of radius 7{< R). I the
resistance per unit length of the ring is 4, then the current induced in the ring when

its radius gets doubled is B2
BR 2BR )
(a) = (b) = (o)) zen0 Ry

39. A metallic rod of length /is hinged at the point M and is rotating ahﬂ':“ an axis Femﬂﬂditular:u he
plane of paper with a constant angular velocity . A uniform magnetic field of intensity B is actj
in the region (as shown in the figure) parallel to the plane of paper. The potential differ o8

between the points M and N

B
: <
ME——"
T 0 L
(a) is always zero (b) varies between %Bmfi to 0
: 1
(c) is always EB&}F (d) is always Bol®

5
=

JEE Corner

Assertion and Reason
Directions : Choose the correct option.

(a) If both Assertion and Reason are true and the Reason is correct explanation of the Assertion-
(b) If both Assertion and Reason are true; but Reason is not the correcy explanation of Assertion.
(¢) If Assertion is true, but the Reason is false.

(d) If Assertion is false, but the Reason is true.
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1. Assertion: A squ: X
. dre|m)”- e B
I 5 plﬂ.“.Ld 1] ] .Taj_l P]Hﬂﬁ as sil[‘.“ll‘ in ﬁE,l.i re, M'ﬂgﬂﬂtil: Wi

field in the region js ﬁ—_-.g ¢ k
anticlockwise. e

Reason : If inward magnetic fj
should be anticlockwise.

The induce -
¢ Induced current in the loop is

eld fr -
om such a loop increases, then current

2. Assertion : Magnelic field g

time ¢ as shown. At ti ; (shown inwards) varies with 48
: - atime 7, induced current iy the loan i x x  xg
clockwise. ¢ loop is \
fu- =3 x b3 »
Regron: Uralejofichange of magnetic flux from g coil is \:\ b, ol
constant, charge should flow in the coj] at a constant rat
e.

3. Assertion : Electric field ; .
particle. n'texert a force on a charged

Reason : This electric field is non-conservatjve in nature
4. Assertion: Current flowing in the circuit is

I=2r=2
O —0

Att=l1sV, -V, =+4V
Reason: V, -V, is+4V all the time.

:lzs;mnn - Angular frequency of L-C oscillations is 2 rad/s and maximum current in the circuit
is 1 A. Then, maximum rate of change of current should be 2 A/s

Reason : ( & J = (] o YO
max

dr

6. Afseﬂinn : A conducting equilateral loop abe is moved translationally |
with constant speed v in uniform inward magnetic field B as shown. Then: = bl;
x x

Fﬂ_y& L v
Reason : Point a is at higher potential than point b.
dé

7. Assertion: Motional induced emf e = Bvi can be derived from the relation ¢ = — =X,
dt

Reason : Lenz law is a consequence of law of conservation of energy.
8. Assertion : If some ferromagnetic substance is filled inside a solenoid, its coefficient of selt

induction Z will increase.
Reason : By increasing the current in a coil its coefficient of self induction L can be increased.

a8
9. Assertion : In the circuit shown in figure, current in wire ab will become

Zero as soon as switch is opened.
Reason : A resistance does not oppose increase or decrease of current T

through it,
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466 Electricity and Magnetism

butes in inverse ratio of inductance.
1

joo—

¥

10. Assertion: In parallel, current distri

Reason © In electrical circuits an inductor can be treated as a resistor.

Objective Questions (Level 2)

Single Correct Option
1. Two ends of an inductor of inductance L are connected to two parallel f -
conducting wires. A rod of length /and mass m s given velocity v, as ?’hﬂw“'
The whole system is placed in perpendicular magnetic field B. Find the |
maximum current in the inductor. (neglect gravity and Ffi'“i“"}
L. omy i mvg d) None of these
@) =2 ®) J;Vn &= e

2. A conducting rod is moving with a constan . _
connected at the ends through a resistor R and capacitor C as shown in the figure. Magnetic field B

—

'-'Ilr'al"a

t velocity v over the parallel conducting rails which are

is into the plane. Consider the following statements = . 5 4 g :
(i) Current in loop AEFBA is anticlockwise E A H
(ii) Current in loop AEFBA is clockwise ‘ z f : : }
(iii) Current through the capacitor is zero , 1,
; by 1 ¥ 5 R = =
(iv) Energy stored in the capacitor is ; CB Ly : - I 4 j |
. 0 - 'Ir
Which of the following options is correct? < = o
(a) statements (i) and (i) are correct x X X % X

(b) statements (ii) and (iv) are correct
(c) statements (i), (iii) and (iv) are correct
(d) None of the above
3. A rod is rotating with a constant angular velocity about point O (its centre) in a magnetic field B ¢
shown. Which of the following figure correctly shows the distribution of charge inside the rod?

o kot * ot X e
A

XX Sl xR
o(lsl @

x » x ® k. a

®m

i =3 T =
(a) |-=zlo (b) [r13l0 ©@] o @ o
- +4++
44+ ——Z|B --—|B +++|B
++ +|B
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4. A straight conducting rod PQ is executing SHM in xy plane from x = - d ¥
to x = + d. lts mean position is x = 0and its length is along y-axis. There X X X
exists a uniform magnetic field B from x = — d to x =0 pointing inward i
normal to the paper and from x =0 to = + d there exists another uniform £
magnetic field of same magnitude B but pointing outward normal to the il s
plane of the paper. At the instant t =0, the rod is at x =0 and moving to X % K

the right. The induced emf()across the rod PO vs time (1) graph will be

4

(a) “ (b) ]\ \ :\ =
| RA%K

7l ol iy
BEEL s

Two parallel long straight conductors lie on a smooth plane surface. Two

_\F
- — =

c)

other parallel conductors rest on them at right angles so as to form a square of
side a. A uniform magnetic field B exists at right angles to the plane
containing the conductors. Now conductors start moving outward with a

@B

Vo

constant velocity v, at = 0. Then induced current in the loop at any time f 1s

(2 is resistance per unit length of the conductors)
; By

i (b) =22 ©)

Aa+vgt) 20 8

Bvy (d) .E‘_ﬂ
2h

6. A conducting square loop is placed in a magnetic field B with its plane perpendicular to the field.
Some how the sides of the loop start shrinking at a constant ratect. The induced emfin the loop atan

instant when its side is a, is -
(a) 2aaB (b) a’aB (c) 2a°0B (d) auB
7. A conducting straight wire PQ of length / is ﬁ:-:fzcl zr!ﬂn_g. a diameter u.f a
non-conducting ring as shown in the figure. The ring is given a pure rn:{llmg
motion on a horizontal surface such that its centre of mass .has a velocity v.
There exists a uniform horizontal magnetic field B_m hnnmma! dimctu;m
perpendicular to the plane of ring. The magnitude of induced emf in the wire

PO at the position shown in the figure will be
{a}Q :hf‘f g (b) 2Bvl (c) 3Bvli2 (d) zero

v=0.2 m/s on conducting rails in a magnetic field B =05T as s‘hmwn.
On one side. the end of the rails is connected to a capacrior of
capacitance C =20 pF. Then the charges on the capacitor plates are

8. A conducting rod of length  =0.1m is moving with a uniform speed J_
k4 =

{H} qa =ﬂ=gﬂ K
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468 Electricity and Magnetism

{h.} 'rj'_.]' :"'ZHHCE‘“&QB =—2ﬂ},ﬂ:
(c) g4 =+02uCand gy =—02uC

(d) g, =—02pCand gz =-0.2pC ]
9. A wire is bent in the form of a ¥’ shape and placed in a horizontal plane. Tl‘pcre
exists a uniform magnetic field B perpendicular to the ph.mc u.f' the wire. A
ped wire with a constant
&8

uniform conducting rod starts sliding over the ¥/ sha_ _
speed v as shown in the figure. If the wire has no resistance, the current in rod

will
(a) increase with time (b) decrease with time (¢) remain constant  (d) always be zerg

A square loop of side b is rotated in a constant magnetic field B at angular  x x M

10.
frequency o as shown in the figure. What is the emf induced_’in it? R 1
(b) hBwsin” w! > a 8
Wi ® X

(a) b*Bwsin ot
(c) bB wecoswr (d) b*Bao

11. A uniform but time varying magnetic field exists in a cylindrical region as
shown in the figure. The direction of magnetic field is into the plane of the paper
and its magnitude is decreasing at a constant rate of 2 x 10" T/s. A particle of

charge | pC is moved slowly along a square of side 1 m by an external force as
shown in figure. The plane of the square lies in the plane of the paper and it is
concentric with the cylindrical region. The work done by the external force in

moving this charge along the square will be

(a) zero (b) 2x107°J (c) 4x1077 ] (d) 1.0x10°]
12. Switch S is closed at ¢ =0, in the circuit shown. The

change in flux in the inductor (L =500 mH) from =0 J_ o

to an instant when it reaches steady state is 20V

(a) 2 Wb

(b) 1.5 Wb

(c) 0 Wb E

(d) None
13. An L-R circuit is connected to a battery at time = 0. The energy stored in the inductor reaches hal

its maximum value at time
- L. [42-1 L 2 R. [¥2-1
(a}ﬁln V2 (b) —In I__ (c) —In L (d) __h{__ﬂ'____i\
L |21 R | V2 R\ B L 2
14. Electric charge g is distributed uniformly over a rod of length /. The rod is pla
wire carrying a current i. The separation between the rod and the wire is a.
move the rod along its length with a uniform velocity vis

ced parallel 102 long
The force needed

: ' igvl oiqv!
(a) “ufqv (h] |.I.ui’£j"l-" (G) [-l,u.ﬂ?'l-" [d) 1'14
2na 4ma 2na e
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15. AB is an infinitely r Wi

dimensions as shi-i'nl?:: L:].,“ ::E placed in the plane of rectangular coil of 8 A 2
AB and coil PORS < ligure. Calculate the mutual inductance of wire p

h -
{El] '-;L |l1§ b U .c h 1 1

T Euls e =

W abe g 2n 5 a [l s 1
{(_‘,} e - "q'--—-—-ba——i-l.ﬁ

2mb— a)? (d) None of these
R, ¢

. PO is an infinite cuirent cam:
16. PO is an infinite current “4ITying conductor. 4B and CD are smooth oy A
el

conducting rods on whi .
£ which a conductor EF moves with constant velocity v as
EL

SIogn.. 1o force “Ecqed Lo maintain constant speed of EF is
{a] i [”_‘-‘_‘“J In .{EJ_ v ‘].l Iy (a) 2 i #

vR| 2r 7) (b) —|==2—In~—= o

= “ = R L 2.7[ ”?J' e

(c) _‘i M In Lb_:l - {3: [0 =) 1 fe

R| 2n [H}J (d) None of these o

17. The figure shows a circular region of radius g occupied by a time varying R
: = dR -

magnetic field B(7) such that _;.:’.r_ < 0. The magnitude of induced electric field at ;

the point P at a distance r< R is
(a) decreasing with r

{¢) not varying with »
| Two circular loops P and Q'are concentric and coplanar as shown in figure. The loop
© is smaller than P. If the current /, flowing in loop P is decreasing with time, then

the current /, in the loop O
(a) flows in the same direction as that of P

(b) increasing with r
(d) varyingasr >

(b) flows in the opposite direction as that of O
(d) None of these

(c) is zero
In the circuit shown in figure the switch S is closed at 1 =0. If v, is the i fid
voltage induced across the inductor and i is the instantaneous current. the
correct variation of v, versus iis given by
S iE
¥y VLA
(b)
0 T
Via
E E
(c) (d)
i ol i
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470 Electricity and Magnetism

20. In the figure shown, a uniform magnetic field| B = 0.5 T is perpendicular to the IﬂdﬂL of cireyj; The
sliding rod of length / = 0.25 m moves uniformly w1

ith constant speed v=4ms ", [f the FeSistay,
Ty
of the slides is 2. then the current flowing through the shdlng rod is

- e __® L L

* s Ba @ o e

- oL lme e ] ® e e
s et ;-éla-v * 2120

™ e ) L] L] -

= [ L] - - o

™ ™ @ L L ] L

(a) 0.1 A (b) 0.17 A
(d) 0.03 A

(c) 0.08 A
21. The figure shows a non-conducing ring of radius R carrying a charge ¢. In a

i ,
circular region of radius », a uniform magnetic field B perpendicular to the

dB : :
plane of the ring varies at a constant rate = = B. The torque acting on the ring

1S
(a) %qrzﬂ (b) %qﬁzﬂ (c) gr’p (d) zero

22. A conducting ring of radius 2R rolls on a smooth horizontal conducting

surface as shown in figure. A uniform horizontal magnetic field Bis = Bx 5

perpendicular to the plane of the ring. The potential of 4 withrespecttoQis "

(a) 2 BvR (b) % BvR N ok
(0]

(c) 8 BVR (d) 4 BvR

23. A uniformly wound long solenoid of inductance L and resistance R is cut into two parts in the ratio
1 :1, which are then connected in parallel. The combination is then connected to a cell of emf £. The

time constant of the circuit is

L L Ha kL n+l|L
(a) = (b) ——— (c) [—)—- d

R (m+DR n+l /)R @ 1 R

24. When a choke coil carrying a steady current is short circuited, the current in it decreases to p<1)
times its initial value in a time T. The time constant of the. choke coil is

i T
(a) B (b) 1n[1] (c) Eﬁ (d) Thnp
p

25. In the steady state condition, the rate of heat produced in a choke coil is P, The time constant of the
choke coil is . If now the choke coil is short circuited, thn:n the total heat dissipated in the coil 8

(a) Pt (b) EPT (¢) E—z (d) Prin2
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26. In the circuit shown in figure initially the switch is in position 1 for a long
time, then suddenly at ¢ =0, the switch is shifted to position 2. It is required
that a constant current should flow in the circuit, the value of resistance R
in the circuit s 1
(a) should be decreased at a constant rate
(b) should be increased at a constant rate
(¢) should be maintained constant
(d) Not possible

27. The figure shows an L-R circuit, the time constant for the circuit is
@) = OF=
2R R
2R R
=l (d) —
©) L ) 2L

28. In figure, the switch is in the position | for a long time, then the switch 18

- shifted to position 2 at £ =0. At this instant the value of i; and i, are
E =-E
E m— —_—
(a} E,ﬂ Lh} R * R
(c) gD (d) None of these
2R’ 2R

20. Inadecaying L-R circuit, the time after which energy stored in the inductor reduces to one-fourth of

its initial value 1s
= L (©) 2= (d) 2 |L
(a) (In2) 5 (b) 0.5 - = o
' i g =2
30. Initially, the switch is in position 1 for a long time .'Imd then Strlﬁﬂd 1o
: position 2 at 1 =0 as shown in figure. Just after closing the switch, the | 3
magnitude of current through the capacitor 15 s . 4
g eets IR R _‘_c
E (d) None of these
()=
; i i just after C
31. When the switch Sisclosedat’ = 0, identify the correct statement jus : R
closing the switch as shown in ﬁgunj: =
i ircuit is maxim ; _
L th? o s are dropped across inductor and resistor
(b) Equal and opposite voltage { : :

(¢) The entire voltage is dropped across inductor

(d) All of the above
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: The e i in the induct =
0. in the circuit shown. The change 1l flux 1 Ctor (L = 5¢y M)

32. Switch § is closed at 1 = :
from ¢ = 0 to an instant when it reaches steady state IS 501

<194

20V 7 = 50uF

500mH _|_

—r;){.? I“!D"u"

S 50
(c) 0 Wb (d) None of these

(a) 2 Wb (b) 1.5 Wb
Two metallic rings of radius R are rolling on a metallic rod. A
magnetic field of magnitude B is applied in the region. The
magnitude of potential difference between points 4 and C on

33.

the two rings (as shown), will be .
(b) 4 BoR "

(@) 0 :
(c) 8 BoR” (d) 2 BoR"
34. In the figure magnetic field points into the plane of paper and the conducting rod of length /s
moving in this field such that the lowest point has a velocity v, and the topmost point has the

velocity v, (v, > v, ). The emf induced is given by
X » = x

—= V3
X = b x
>, = = x
=y
X x Y =

(a) Bw/
(c) -21-3{1:3 +wy )M

35. Find the current passing through battery immediately after key (K)is closed. It is given that initially

all the capacitors are uncharged. (Given that R = 62 and C = 4uF)
c

g [
o ;

—.rwfw-—q

1
(d) EB(vZ -v)l

(a) LA (b) 5 A (©) 3A (d) 2A
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36. In the circuit shown, the kev (K) 40 50

; is closed at ¢ =0, the current through ‘--MW
the key at the instant r =107 |2 ;s

200
B 50}
(a) 2A (b) & A %L 11]mHK-[
4 A E24
(c) (d) zero L.ﬂmv.ﬁ—l-———lﬁﬂ Sl

ywn in the figure is i B : 0
37. 1'\. loop S-I?l.l e I!%,IH'L 15 1mlmrr-.~.;d in the varying magnetic field B = B,
directed into the page. If the total resistance of the loop is R, then the direction and
magnitude of induced current in the inner circle is
ol >
By(nma™ —b7) 2, 1.2
. T e o 4 . . Bonla= +b7)
(a) clockwise (b) anticlockwise — —

Bo(ma® +4b%) P
g R (@) tlockinse ke =r2")
R

38. A square loop of side a and a straight long wire are placed in the same

(c) clockwise

plane as shown in figure. The loop has a resistance R and inductance L. o
The frame is turned through 1807 about the axis O0’. What is the clectric |- b » ]
charge that flows through the loop? ! 1 “N
o
-[a}Eﬁ]n M (b) 2l 1n| kb - (0]
2R\ b 2R\ b —a? )
(c) Eﬂ_‘h{ In f.H'_ZhW (d) None of these
2nR b )

™

A flat coil of area 4 and nturns is placed at the centre of ring of radius r (»~ >> A)and resi.slam:c. R.
The two are coplanar. When current in the coil increases from zero to i, the total charge circulating
in the ring is sy .
nAi i Ai o) T ()
(@) HanR () 2rR { Inr AnrR
ol e - 23 +241) T is present in a
A uniform but time varying magnetic field B = {._..' +240 T is pre:
cylindrical region of radius R =2.5 cm as shown in figure.
40. The force on an electron at Patt=2.0s1s
(a) 96x10 "' N
(c) 24x10°7"' N
i instan
41. The variation of electric f’:eld at any 1ns
| cylinder in first problem is,

R i

(b) 48x10°'N
(d) zero
{ as a function of distance measured from the centre of

o E

(a)
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474 Electricity and Magnetism

f circular electric linesatf =1sis
(b) anticlockwise
(d) cannot be predicted

42. In the previous problem, the direction 0
(a) clockwise
(¢) no current is induced

Passage : (0.43to Q. 46)
A thin non-conducting ring of mass m. radius a carr. ying a charge q can rotate fi Jreely aboy; its o
axis which is vertical. At the initial moment the JH?{{ was af rest in horizontal Position i"h:J'
magnetic field was present. At instant t =0, a uniform magnetic field is switched op which i
vertically downward and increases with time according to the law B = Byt. Neglecting mugm:ﬁm

induced due to rotational motion of ring.
43. The magnitude of induced emf on the closed surface of ring will be

¥ g
(a) ma’B, (b) 2a°B, (c) zero (@) Sna”B,
|
44. The magnitude of an electric field on the circum t'eren-:e of the ring is |
(a) aBy (b) 2aB, (c) —.:.-Bﬂ (d) zero
45. Angular acceleration of ring is - 0B
qB, 48 A 920 Hy =20
a) — b c) — (d)
@ 2m © dm &) m m
46. Find mstamanenm power deve]aped by electric force actmg on theringatr=1s
2¢°Bja q°Bla 3g° Bga g Bia’
a) 2 b) ——— (G (d) ———
( 14m ®) Sm m 4m

Passage : (0. 47 to Q. 49)
Figure shows a conducting rod of negligible resistance that can slide on smooth U-shaped rail
made of wire of resistance 18/m. Position of the conducting rod at t =0 is shown. A fime 1
dependent magnetic field B =21 tesla is switched on at t =0,

L] ] L] L ] L] L]
- -] L] L] ] L ]
A
L] L - ] L [ ]
b E . . . Cumr:lﬂlfdmng
. = ° @ ] ° °
¢ 3 * L L ] L]
L B = L 45 = L] = L] L]
47. The current in the loop at # =0 due to induced emf'is
(a) 0.16 A, clockwise (b) 0.08 A, clockwise
(c) 0.16 A, anticlockwise (d) zero

48. Att =0, when the magnetic field is switched on the conducting rod is moved to the left at Cﬂﬂsm
speed 5cm/s by some external means. The rod moves perpendicular to the rails. At 1= =15

induced emf has magnitude
(a) 0.12V (b) 0.08V (c) 0.04V (d) 0.02V
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9. The magnitude of the force required 1o

ey i move the condueting rod at constant speed 5 cnmy/s at the
(a) 0.096 N (b) 012 (c) 0.08N
¢) 0.081 d) 0.064 N
assage : (0. 50 to Q. 52) s

Two parallel vertical metallic rails AB and CD

; o ; are separated by \m. They AP c
are connected at the two ends by resistancs FRE L N e : Ry |
: A ces R, and R, as shown in the
figure. A horizontal metallic bar I 2

GHAPTER 24 Electromagnetic Induction 475

f mass 0.2 kg slides wi icti =
: : 3 = s L slides without friction,
vertically down the rails under the action of gravity. There is a uniform

horizontal magnetic field of 0.6 T perpendicular o the plane of the rails. It is ==
observed that when the terminal velocity is attained. the powers dissipated
in Ry and Ry are0.76 W and 1.2 W respectively (g =9.8 m/s?) B

=

Rz
50, The terminal velocity of the bar L will be

(a) 2m/s (b) 3 m/s (¢) 1 m/is (d) None of these
51. The value of R, is .
(a) 04782 (b) 0.820Q2 (c) 0.120Q (d) None of these

52. The value of R; is
3 (a) 0.6Q (b) 0.5 (c) 040 (d) 0.3

More than One Correct Options

o

1. The loop shown moves with a velocity v in a uniform magnetic field - A0 {51

of magnitude B, directed into the paper. The potential difference s
between points P and O is e. Then

(a) e =% BLv o

(b) e=BLv .
(c) P is positive with respect to O
(d) Qs positive with respect to P

2. In infinitely long wire+ is placed near
Choose the correct options

(a) The mutual inductance

a square loop as shown in figure.

LA
petween the two 15 e In (2)

e two 18

uctance between th o

' . the straight wire In
(c) Ifa constant current 18 passed In th

wire
and loop 18 brought close 1© the

is clockwise A
(d) In the above condition.

t options :
e ux is henry-ampet

\f-inductance is YA

)i Rk upward direction

then induced current in the 100p

. anticlockwise
. the loop is an
. urrent 11
induced ¢

3. Choose the correct P70
(a) SI unit of magnetic

i se
(b) SI unit of coefficient of

E_‘f—: In {2) e

An evaluation version of novaPDFE was used to create this PDF file.
Purchase a license to generate PDF files without this notice.


http://www.novapdf.com/

and Magnetism
volt-second

476 Electriclt

: « .alf inductance is
(¢) SIunit of coefficient of self inducta ampere
¢
2 ion is weber
etic induction : .
t of magn uit is closed at time 7=0. At time a

SI uni : :
4 shown in figure, circ

4. In the circuit
- second _ : e
:a} Tat(cz Lf energy supphgd by Lter::il:gcf i]:g ]
heat dissipated acro istance 15 5 .
Eb]]: z:: gii:heat dissipated across resistance 1S 10 /s
c

S =1 Y I
o Vﬂ‘ ; coils are placed adjacent to each other. Their planes are paralle]
> TT mc?’s:srzhrough them i, and i, are in same directions. Choose the correct
and cuIre ¢

i . will decrease
4 is brought near B current b
llde : : will increase

current i,
(b) In the above process, 3 DETE: :
(c) When current i, is increased, current i, will decrease

(d) In the above process, current i will increase
6. A coil of area2m” and resistance 4€2 is placed perpendicular to a uni form magnetic field of 4 T. The

loop is rotated by 90° in 0.1 second. Choose the correct options.

(a) Average induced emf in the coil is 8 "u’
(b) Average induced current in the circuit is 20 A

(¢) 2 € charge will flow in the coil in above period .
(d) Heat produced in the coil in the above period can’t be determined from the given data

7. In L-C oscillations
(a) time period of oscillations is 2
JLC

(b) maximum current in circuit is 9o
NLC

(¢) maximum rate of change of current in circuit is Ao
L

(d) maximum potential difference across the inductor is 0
2C

Here : g, is maximum charge on capacitor.
8. Magnetic field in a cylindrical region of radius R in inward direction is as shwon in figure

: : e
(a) an electron will experience no force kept at (2R, 0, 0) if magnetic field increases with
(b) in the above situation, electron will experience the force in negative y-axis

An evaluation version of novaPDFE was used to create this PDF file.
Purchase a license to generate PDF files without this notice.



http://www.novapdf.com/

CHAPTER 24 Electromagnetic Induction 411
(¢) If a proton is kept at[l 0. ﬁ_ i \

Jﬂnd magnetic field is decreasing, then it will expenence = I
force in positive x-direction

(d) ifaproton is kept at (—R, 0,0) and magnetic field is increasing, then it will experience force
In negative y-axis

h_-_'!
o =
9. In the figure shown, g 15 In coulomb and ¢ in second. Attimer=1s =
9 1H b 2F ¢ 402 a L_h
=10000= EH_—O—\‘W“N\*—'C’
q=2¢ =
. § g Wiy =N =
@V V=4V O V-V.=lV  ©V.-Va=16V @V, V=2 ~
10. An equilateral triangular conducting frame is rotated with angular velocity mj; !
uniform magnetic field B as shown. Side of triangle is /. Choose the corre g 2
| -
options. ﬂ
: . Bwl~ N
(@) ¥V, =¥, =0 O Fpelom— patpe ©
i Bal?
Bwl~ o |
LC} Vﬂ‘. = V-h = id] [I. ; 1
Match the Columns
1. Match the column. |
Column 1 i Column 11
p-d |
{a) Mag_nciié induction |(p) [MT A |
{b) CoefTicient of self induction| (q) | JATE]
| MIAT?A )
(¢) LC |{r] [ |
(d) Magnetic flux |. (s) None of these
i = -h the
1 itch 15 d at time ¢ =0. Match t A
it shown 1 ure, switch 18 close o
2. In the circuit :,Im;“n :151 fig : 2
ane two columins. Ny
Gy Column I 1| Column 11 -
10V
(@) Vyatr=9 p) mu:
= (g) 10
{b] I".R Etf — U' {r.} E \'Ir
(c) Vpatr= s

1—.‘-]111'4
(d) Vpatt =13 e
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3 e LG ot it [=1H, C = 1  and maximum charge in capacitor is 4C. Mg, i
& o ..'C t: g et L] 4 ] :

umn I .all values are 1n SI units.

following two columns. Note that in col

| 1 Column Il
Column
in the circuit  |(P) 16

(b) Maximum rate of change of current!(q) 4

in the circuit

: 9
(c) Potential difference across inductor| (r) 2
when g = ac

{a) Maximum current

(d) Potential difference across capacitor (s) 8

when rate of change of current is
haif its maximum value

4. Inthe circuit shown in figure, switch remains closed for long time. It is i, 'f:
opened at time r=0. Match the following two columns at %
! = (In 2) second. oy — B0
Column 1 Column II %
. e
(a) Potential differences acrossi(p) 9V
inductor
(b} Potential difference acrossi(q) 4.5V
3 () resistance
{c) Potential difference across|(r) 6 V
642 resistance
(d) Potential difference between|(s) None of these
points b and ¢
5. Magnetic flux passing through a coil of resistance 2 is as shown in Jsb (WD)
figure. Match the following two columns. In column II all physical
quantities are in SI units.
R i
Column I Cnlnmn i ':
1
(a) Induced emf produced (p] 4 '.
(b) Induced current (q) 1 2
(¢) Charge flow in 2 s (r) 8
(d) Heat generation in 2 s (5) 2
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CHAPTER 24 Electromagnetic Induction 479

| Subjective Questions
1. In the circuir diagram <
| switch is closed aq ; —

(Level 2)

hown, initiaitv - . ; :
» Inttially there is no energy in the inductor and the capacitor. The

:1 F' . ; === E ——
ind the current { as a function of time if R = ...'r!.-{ .

00—
R { W

i
i
kL
:
J |
W |

| i =] G| 1
|

|

|

|

I

_I _{ |

i .
v 5
2. A recta - o - ; . e
ngular loop with a sliding connector of length [ is located in a uniform magnetic field

| PEI'.pEndmula: to the loop plane. The magnetic induction is equal to B. The connector has an electric
resistance R, the sides ab and ¢d have resistances R, and R,. Neglecting the self-inductance of the
loop, find the current flowing in the connector during its motion with a constant velocity v.

S

. ®8

- a

§Ff1 Rl—»v A

A rod of length 24 is free to rotate in a vertical plane, about a horizontal axis O passing through its
midpoint. A long straight, horizontal wire is in the same plane and is carrying a constant current i as
shown in figure. At initial moment of time, the rod is horizontal and staris to rotate with constant
angular velocity e, calculate emf induced in the rod as a function of time.

J
;

4. In the circuit arrangement shown in figure, the switch § 1s closed at t =0. Find the current in t.hE
‘n dt Em e as a function of time? Does the current through 10 €2 resistor vary with time or remains
inductanc .

| constant. 100

| 50 1mH

| Sr—-‘l

36V
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. 0 Fi » current through the j
5. In the circuit shown, switch § is closed at ime [ = 0. Find the & inductor as
function of time r.

||———-—"'.I“H'W'_"_"
oy 202
av 10

L e 00000
S L=1mH

6. In the circuit shown in figure, £ =120'V, R, =30.09, R, =50.0Q, and L =0.200 H. Switch g
closed at ¢ = 0. Just after the switch is closed.

(a) What is the potential difference F;, across the inductor R, ?
(b) Which point, a or b, is at higher potential?

(¢) What is the potential difference V,; across the inductor L?
(d) Which point, ¢ or d, is at a higher potential?

The switch 1s left closed for a long time and then is opened. Just after the switch is opened
(e) What is the potential difference V,;, across the resistor R, ?

(f) Which point a or b, is at a higher potential?

(2) What is the potential difference IV, across the inductor L ?
(h) Which point, ¢ or d, is at a higher potential?

7. Two capacitors of capacitances 2C and C are connected in series with an inductor of inductance .

Initially capacitors have charge such that ¥y — ¥, =4V, and V. - Vp =V, Initial current in the
circuit is zero. Find

(a) maximum current that will flow in the circuit,
(b) potential difference across each capacitor at that instant,
(c) equation of current flowing towards left in the inductor.

8. A pair of parallel horizontal conducting rails of negligible resistance shorted at one end is fixed 00
table. The distance between the rails is L. A conducting massless rod of resistance R can slide 07 the
rails frictionlessly. The rod is tied to a massless string which passes over a pulley fixed to the edg
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CHAPTER 74  Electromagnetic Induction 481

of thf: table. A mass m tied to the other end of the string hangs vertically. A constant magnetic field
B exists perpendicular to the table. If the e R e e

A
/
I

(a) the terminal velocity achieved by the rod, and

(b) the acceleration of the mass at the instant when the velocity of the rod is half the terminal
velocity.

m

A 1.00 mH inductor and a 1.00 uF capacitor are connected in series. The current in the circuit is

‘ : 1S s itor initi : harge.
described by i =20 ¢, where ¢ is in second and i is in ampere. The capacitor initially has no charg
Determine

(a) the voltage across the inductor as a function of time,
(b) the voltage across the capacitor as a function of time, y

- i i i tor.
() the time when the energy stored in the capacitor first exceeds that in the inductor

5 4 itch § is closed
10. In the circuit shown in the figure, E = 500V, R =250Q andt?‘ =(0.500puF. 1 he‘?:;uizhu;i :d 05;; :
for a long time, and no voltage is measured across the capacitor. hfter. ﬂlr; sn_vnd R :
voltage across the capacitor reaches a maximum value of 150 V. What is the indu

e T
P i

S

1 ils ¢ ratus is in
T'he conduc ing rod abshown in figure makes contact with meta.'u.raﬂs caand db. The appa
ifi II:]EIgI'IE’liC field 0.8 4 perpendicular to the plane of the figure.
a uniform 0.800 T

x ¥ x a X

x¢ % b X T
X B x |1 x 500cm
X % X X i
xﬂ % x {ip =

50m/s. ; =
(b) slpeii:t direction does the current flow 10 ther
n

ircul bd"iﬂjﬂn (assumecto . nstant
(c) Ifthe resistance ﬂft.lwmcmw noving to the right with a €0
2 s re
and direction) requ!

You can ignore friction.

the foree (magnitude
d to be constant), find s
peed of 7.50 m/s-
d to keep the rod
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482 Electricity and Magnetism e o (i
: > force (Fv) with the
(d) C the rate at which mechanical work is done by 1he & e rate 5 Whig,
ompare the rate : SRR ol oY
o .+ the circuil { ; .
thermal energy is developed In .nd radius R has a charge Q unifromly distribygeq OVer
m 3 i

: -urface such that plane :
d on a rough horizontal Gl g =dp of the Fing 4
field B = Byt~ tesla is switched on. After 5

- - om
o rotate about vertical axis through it centy
e

12. A non conducting ring of mass
circumference. The ring is place -
parallel to the surface. A vertical magnett

: s boutt
switching on the magnetic field the ring isjusta

‘ind fricti ficient 1 between the ring and the surface. ‘
:;; f; nm{;;?t]iinﬁjj :s switcLed off after 4'5, :t;*; find the angle rotated by the ring before C0ming
to stop after switching off the magnetic HEIC .

13. Two paralljlcl long smooth conducting rails _separat‘ed by.] a d:i:{a::::ct.; ;;&f tt;::-nnea.::ied by 2
movable conducting connector of mass 1. Terminals c-t. the rails are B Y the resistor R a4
the capacitor C as shown in figure. A uniform magnetic field B L ":"" ar to the plane of
rail is switched on. The connector is dragged by a constant force F. Find the speed of the connectoy
as a function of time if the force F is applied at ¢ =0. Also find the terminal velocity of e

connector. . ; : " =
X x X
KH X c
x T N "T X
% X X X X
14. A circuit containing capacitors C, and C,, shown in the figure is Eﬂ;“' A
in the steady state with key K, closed and K, opened. At the I Ve
instant 7 =0, K, is opened and K, is closed. il Ki CIBiE Cinrd
(a) Find the angular frequency of oscillations of LC circuit. 1 1l ] i_|
(b) Determine the first instant 7, when energy in the inductor Kek
becomes one third of that in the capacitor. ]
(c) Calculate the charge on the plates of the capacitor at that e

instant.

15. Initially the capacitor is charged to a potential of 5 V and then connected to position 1 with the
shown polarity for I s. After 1 s it is connected across the inductor at position 2.

1002 4 2

25mH

B +
.|._E= 10V ——10mF

[

(a) Find the potential across the capacitor after 1 s of its connection to position I.
(b) Find the maximum current flowing in the LC circuit when capacitor is connec
inductor. Also find the frequency of LC oscillations.

a;‘_"[ﬂ.’ﬁ IJL'K
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16. J‘E'L I’I{ld of mass B T CHAPTER 24 Electromagnetic Induction 483
I'I'ICII_ﬂnI::sg and i“-‘ﬁjﬂtimccics\; ::Thu .H slides on *
1h:a_|t 311_::Imit: a source of epyy 1o {l_-% .: t_.h stance / apart x—rg e e
1s inttially at rest, Fing the Lxl;;,ﬁ:m" figure). The rod Sk . En < % 5 %
(a) velocity of the rod . Ssion for the x xT % et vy
(b) current in the loop i(y), i e M
17. Tometal bars are fixed vertically ang - 153 {—
a capacitor C. A sliding '-'ﬂnduc'mr 11I:;r?: “onnected on the top by X iy <o MR
with its ends in contact with the baks '|".|-I:glh ! and mass m slides :
in a uniform horizontal magnetic .ﬁ‘uld Ed?rm“g*-‘ﬂmm is placed by ] X
plane of the figure. The conductor i r+:*1~:a~l r-zulﬂ{ g oas) U ! : T
displacement x(r) of the conductor gs 4 fu:.‘ _fmmfe_:st_ Find the x S s
2 clion of time 7.
S s ® % i 5
18. A conducting light string is wound op the rim of a meta] i :
radius 7 and mass 7. The free end of the string cisﬂ;i;:tiinng 5 G
ceiling. A vertical infinite smooth conductina plane it:; ‘110-“1.{:. ko [k x
AREEEIOE KB BS shown in the figure. A uniform m;n:jfﬁ i ) |
field B is applied perpendicular to the plane of the ring 'I'I:: rix:tr i
is always inside the magnetic field. The plane and the -s.tring art %
connected by a resistance R. When the ring is released, find %
(a) the current in the resistance R as a function of time. * x
E o

(b) the terminal velocity of the ring.

19. A conducting frame abed is kept in a vertical plane. A conducting
rod ef of mass m and length / can slide smoothly on it remaining

always horizontal. The resistance of the loop is negligible and
inductance is constant having value L. The rod is left from rest and
allowed to fall under gravity and inductor has no initial current. A
magnetic field of constant magnitude B is present throughout the

loop pointing inwards. Determine

=
b L c
‘ & B
f
d

" (a) position of the rod as a function of time assuming initial position of the rod to be x =0 and

vertically downward as the positive x-axis.
(b) the maximum current in the circuit.
(¢) maximum velocity of the rod |
20. A rectangular loop witha sliding conductor of length lis] |
in a uniform magnetic field petpendicular to the plane ﬂlf et
The magnetic induction perpendicular t.u the: plane of “‘;P;
equal to B. The part ad and bc has electric T?Siﬂ[anfi Rlc g:stani
respectively. The conductor statl15 mavmfgl :I;mme e
acceleration a, at time r =0.Neglecting the sel{incu

loop and resistance of conductor. Find

ocated
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Ili

22,
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motion.

(a) The current through the conductor during 11§
larity of abed terminal. 2 - ; ;

Eh; E:fcgnﬂal flt}ice required to move the conductor with the given 1:}:1cc1-::raunn_

G z - . = . ,
A conducting circular loop of radius @ and resistance pur unit leng_.t ;? 15 E‘rwtlng With 3¢
velocity v lfmllel to an infinite conducting wire carrying current iy A CONCUCHNg rod of e,
02
loop with a constant ve

gthy,

locity —2 along the direction of th
5 & turrem

is approaching the centre of the
: ' A and starts sliding on th :
' = es in contact with the loop at : £ On the loop w
At the instant =0, the rod com resistance of the rod and the self inductance of the circuir: ﬁlﬂ e

constant velocity. Ne glecting the
following when the rod slides on the loop.

(a) The current through the rod when it is at a distance of [ %] from the point A4 of the loop.

(b) Force required to maintain the velocity of the rod at that instant.

U-frame ABCD and a sliding rod PQ of resistance R, start moving with velocities v and

respectively, parallel to a long wire carrying current iy. When the distance AP = [at =0, determin®
the current through the inductor of inductance L just before connecting rod PQ loses contact Wi

the U-frame.

A lzv E.'If
b A<
]u
D —{ui000— €
p—gd e J——r

-
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ANSWERS |

itroductory Exercise 24.1
1 Anticlockwise 2. No 3. [MLPA'T3

ptroductory Exercise 24.2

1 Clockwise 2. Induced current in the loop is zero 3. Same direction, opposite direction.

ptroductory Exercise 24.3

5 iy : s i 49) H% in{1 ':;.-Iu (b} a (c) zero

&

introductory Exercise 24.4
1. 3(tcost+ sint)

uctory Exercise 24.5 ;
m:.mdl.'_a} 4.5x 107 H (b) 4.5« 103 V L

'““"d“mw? nggz:ﬂ () 307ps 3. (a) 4.00A/s () 1.67A/s () 0639A (&) 1714
o giﬁ(liae-ﬁ.aaf‘)w ) 206 (1-e 2 P2 W () 206> e OW
; i’; Th;a expression in (a) is the sum of (b) and (c). o
o Ne @) ©5) -0 ")A (B) LS0OA-(025DF

\ntroductory Exercise 24.8 Lo Lo soniawsse () 2aay A200N
2. WithKEasv <= iand me> L. Therefore, 2 mve = 5

ductory Exercise 24.9 -
. (3)3.1x10° Y (b) 2.0 107 Vim s
2. (2) 80x% 107N (downward and t{: t"r;ep:iendmmar B
' d to the |&
(b) 0.36 V/m (upwards an

AIEEE Corner

pendicular 10 rz)

Subjective Questions (Level 1)

1. 674V 2. 1600C sﬂ_ﬂn{.]f; 11\"
6. (a) 0,011V (b) zerd (c) 0. :

7 F A

5 4.4V, north

4. 9.0 %107 Wb

r— B ) “l”g:izf' X

3k oLy Ll T
Fo= BV ' B

(a)
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g8 oo Bo 2ia'v 10. 0.00375N  11. 0.30mA

dx x{x + 3)
12. () 1.62x102V (b a 13. (a) 0.625mH (b)
14. 3.33x10° A 6.67x107° A
15. (a) 0.250H (b) 4.5x 10 Wb
17. (a) 2H (b) 30V (c) 1 H
18. (a) 0.27 V. Yes (b) 0.27V
21. 037 22.(a)0.2s (b) 10A (c) 9.93A 23.
24. (a) 2.40 A/s (b) 0.80 A/s (c) 0.413A (d) 0.750A

9, (2x10*)In(10)V
0.13J,021J)/s

16. 2.125 mH, 0.9375 v

-3 Wb
19. (a) 1.96H (b) 7.12x 10
: (a) 518 mwW (b) 328 mW (c) 191 mw

.'I?'rl'l 2 8
E T F i e 27
25. (a) 17.3pus (b) 30.7ps 26. (a) ?ﬂ ' (b) 2rR+ 1) 3

28. 12e ' volt, 6e 1% A, clockwise  29. L B
: ' ' L, Ry Ra

30. (a) 36mH (b) 1.33kHz (c) 0.188ms )
31. (a) 6.28+ 10° rad/s, 1075 (b) 10°* cos (6.28x 10°t) (c) 0.0253 H _{é::i] A8 1o
32. (a) 1.25x 102V (b) 833x10° A (c) 3.125x 102 J (d) 4.33x10°C, 782107 J
33. (a) 10 A/s (b) zero (c) 2A (d) 173uC
34. (a) 6.5531u) (b) 0.0094u) () 6.5625u)

. fagry(dE ; _‘T_""l[E"E\mwards top of the page. Atc: zero
35. Ata: [E][EJtﬂwards left. At b : [2; o | p

36. (a) 1.7x 10 Wm (b) 3.39x 107" V/m

Objective Questions (Level 1)
1. (© 2™ 3.0 (b)) 82 (e 5 @ 6. ® 7.M® B8 @ 9 ( 10.0
11, (a) 12. () 13. () 14. (¢ 15 (@ 16 (@ 17 (c) 18. (a) 19. (d) 20. (B)
21. () 22. () 23. () 24. () 25 () 26. (0 27. (@ 28. (d) 29. (b) 30. (d)
31. (b) 32. () 33. (@) 34. () 35 (9 36 (b 3. © 38. (c) 39. ()

JEE Corner
Assertion and Reason
1. (d) 2. (b) 3.(d) 4 (ab) 5. (a) 6.(d) 7.(b) 8. () 9. (4 10.0
Objective Questions (Level 2)
1.(b) 2.(c) 3.(a) 4.(b) 5.(c) 6.(a) 7.(a) 8.(c) 9.(c) Ei:
12.(b) 13.(c) 14.(a) 15.(0) 16.a) 17.(b) 18.(a) 19.(9) :

e 25.(b)  26.(d)
21.(a)  22.d) 23.a)  24.(b) j .
31.(c) 32.0) 33(0b) /(@ B@ W@ G 8@ LE
41.(c) a2.() 43.(2) 44 45.() 460 4@ 480 j

51.(a) 52.(d)

0.(c)
27.(6) 28.(b) 29.2) 3
39.(2) 40

More than One Correct Options 1069
1.ac) 2.(ac) 3.ac) 4.(abd) 5.(d)
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Match the Columns
1. (=P (D) —r () — = )
2. (83— g (L) —=p tE) =T {d} -»=
3. (a) =5 (b —=p {C) —»'5 (d) = 5
A. (a)—=+5 (b)y—=nq (E) = edysin
5. (a5 (b —=q (e 3= (s
subjective Questions (Level 2)
Byl - I 2 T
1 I| = 1:‘. 2_ | F-\- jl "'.wt“:n} ;1: nr'-:F':l; 3- - 1 ,:_r. o | o :.'5___'.:“
' $ L 1+ Ry 2asinmt | sinef L asinet |
| 4 36(-¢ ,:1 Here, ¢ 300 ps. Current through 102 resistor vanes with:time
& 5(1 - & 2000173y p
6 (a) 120V (B) a () 120V D e (&) -T2V (b (@) 192V (h) d
¥ it _3'
o (D) Vp:3V, (©) i = gysinmt. Here, g, = 20V, and & e
' IR \2LC
|| 8. (a) ':‘I';‘IE' (D) g 9, (a) 20mV (b) 1072V (0) 63245 10. 028 H
I B
2B.0R . B
11. (2) 3V (B) btoa (c) O.BN (d) bothare&W 12. (&) *:f ~(b) .r"-'?_l_

B*IF FR

13. V= Eﬂ{l e ™) Here, a = e HEH-‘E'”’ = B

i E':' = Hll'p' 1? . __:?-E:t; )
16, (a) v =7 {1 e mE ) (b)i-= e X = e CHT)
--Qz 3 mgR
. mg = __ meR_
18, (@) =55 {1-e ) (0) vy AR -
- B by = (@ v =ve~ T
19. {Ej X = —ﬂ {1- CGE'.HE:I, i) = :;,”E o Al
larity of ¢, O IS negative
Bh“: \arity of a, b is positive and poiar
= ——2 (R, + R3) (b} Po Y
20. (2) i RIR, (
B2I°t
B s RS
{c} 'FE:H — ﬂ‘:l m RIRE { |- i

9 uic¥ 22.
L] : klnE}
| 2. @i "'”"E‘;” @) 0 S5ore
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:’Alternating Current

25.6 Series C-R Circuit
25.7 Series L-C-R Circuit
25.8 Parallel Circuit (Rejector Circuit)

25.1 Introduction
25.2 Alternating Currents

and Phasors
25.3 Current and Potential 25.9 Power in an AC Circuit
Relations 25.10 Choking Coil

25.4 Phasor Algebra
25.5 Series L-R Circuit

/
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Solved Examples

Example 1 A sinusoidal voltage of frequency 60 Hz and peak value 150V is applied to a serigs L-p
circuit, where R =20Q and L =40 mH.

(@) ComputeT,®. X, Z and$
(b) Compute the amplitudes of current, Vg and ¥y

Jui] A

Solution (a) T =? :EES ns,
w=2nf =377 rad/s Ans,

Ans,

X, =oL=(377) (0.040)=15.082

g XEER? =25050 Ane

¢ =tan = [ERL)= tan~' (0.754)

=37 Ans,
(b) Amplitudes (maximum value) are,
-q
iﬂ :-Viz lwﬂ =HA Aﬂj.
Z 2505

Ans.

Ans.

(Fﬂ)f = .f.ﬁJYL -:905 V

Note V,=(Voli + (Vo)

Example 2 For the circuit shown in figure, find

the instantaneous current through each element. :
V= Vysin ot RSt
Solution The three current equations are,
ViR i oL
dt
; gix I8
an iy e i
da C

The steady state solutions of Eq. (i) are,
. Vu # L &
Ip = Eﬂﬂlﬂ(ﬂf = (IUJR sSin wf

An evaluation version of novaPDFE was used to create this PDF file.
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: V
i et _9_ - Vﬂ .
L ok COS @f = — X—-E{JSGJF =—(ly); coswf
| L
and i =V, 0Ccoser=_l0
Xe
¢ and X are as defined.
Exampie 3 ;s
B : .
i ?bave pmbfﬂ:u Jind the total instantaneous current through the source, and find
Phase angle of this current and the impedance of the circuir.

Solution For the total current we have

COSOf = (i )~ cosmt

where, the reactances y

i:fR +IL +i(‘

1 (1 1
=Vy| =sinor +| — — — |cos ot
R L Xe X
Using the trigonometric identity

., Asin® + Bcos® = 4% + B sin (0 +¢)
where ¢ =tan ' (B/4)
We can write, i = iy sin (0f +¢)

HEI‘E, -':n — o

ﬁ'ﬁanmle 4 4750 Hz, 20V source is connected to a resistance of 100, an inductance of 0.1803 H

‘and a capacitance of 10uF all in series. Calculate the time in which the resistance (thermal capacity
2J/°C) will get heated by 10°C. ' |

Solution The impedance of the circuit,

| 2
Z=R*+(X, - X¢)’ =JR2 +{(2nﬁ)-m}

2
1
= 2 . ](2%3.14x750x0.1803) —
(190) +{( g (2x3.14x?50x10"5}}

=834

An evaluation version of novaPDFE was used to create this PDF file.
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512 Electricity and Magnetism

In case of an ac,

i"Illrl'ns R =
(P) =V s s €056 = taf’m"'[?}[ﬁ‘ H

&
=[ﬂJ £ 100=0.0575 1/
834

Now, (P)xr=S~:§.ﬂ

Here, S = thermal capacity
— Sﬁg = zx In :3485

——

~ (P) 00575

R

Note In ac the whole energy/power is consumed by resistance.

Example 5 .An [-C-R series circuit with 1008 resisiance is connected to an ac source of 200V and

angular frequency 300 rad/s When only the capacitance is removed, the current !agsj behind the
voltage by 60°% When only the inductance is removed, the current leads the voltage by 60°. C a.'miarf the

current and the power dissipated in the L-C-R circuit.

Solution When capacitance is removed,

Xy
t =
ang =
X
tan 60°= —L
or R
X, =3R
When inductance is removed,
Xe
fandg = ——
¢ R
Xe
r tan 60" —
i R
Xc = '.@'r R
From Egs. (i) and (ii) we see that, X, =X,
So, the L-C-R circuit is in resonance,
Hence, Z=R
Z 100

(P} =V s irms €OS$

At resonance current and voltage are in phase, or ¢ =0°

(P)=(200) (2) (1) =400 W

An evaluation version of novaPDFE was used to create this PDF file.
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mple 8 A series - po— s :
Examp series L-C-R circyir containing a resistance of 1200 has angular frequency

5 /s
4x10 r‘-’-’d s _“” resoenance the voltages across resistance and inductance are 60V and 40V
respectively. Find the values of I and ¢

Ar what angular frequency the current in the circuit lags the
voltage by m/47 gular frequenc g

Solution At resonance, X, — X, =

and

Z=R=120Q
jﬂm = m!ﬁ = _ﬁ[’ l
R 120 2

. {270 Ty
AISG} by = ——103
ol

I = {ﬂ__] ms 40
i

: . |
ms -
(4x10 }( "

)

=2.0x10 " H=0.2mH Ans.

The resonance frequency is given by,
1

)= — or C=

vLC oL

—

b

Substituting the values, we have

|
C = = -
(4%10°)° (2.0x107)

—3.125x107 F Ans.

Current lags the voltage by 45°, when

1
ey 1o
Y wC

R

tan 43° =

Substituting the values of L, C. R and tan 45

m.—_leﬂs rad/s Ans.

HMW!E = he same coil is
4 e a coil ted to a2V dc source. If the sa )

¢ FR{ o 4 4 flows in a coil when connec . st R

ple 7 Aﬂﬁm‘ ;yf-hiﬂ source, a current of 244 ﬂgws.m :J:g--.cwu:r}lﬁiag;:; i

connected 10 a 12V, igymfﬁtﬁw;mrm veloped in the circuit if a2500 pF capaciior 8¢

inductance of the coil. Also find the POWEr E=

in series with the coil.

Solution (i) A coil consists ofani

resistance is effective: H

nductance (L) and a resistance (R).

ence,
In dc only

= —

F 12 _s0
i 4
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914 Electricity and Magnetism

In ac,

Substituting the values, we have

2

L _@J _(3)? =0.08H
S0\ 2.4

(i) When capacitor is connected to the circuit, the impedance is,

Z=«JR2+{;¥L —X.:'}Z

Here, R =3Q
X, =oL=(50)(0.08) =4Q

1
and Xpm—tm — =80
oC  (50) (2500x10°°)

z=3)? +(4-8)% =50

If
INOW, (P } =V s lms €059 =V s X —= X -g
2

= VITI'IS 5 R

Z
12\
Substituting the values, we have (P) =(—5-J %3
- \

=17.28 W

; oy L a

Ans,

Ans

A choke coil is needed o operate an are lamp at\60V (rms) and SO Hz. The lamp has a

effective resistance of s when running at10 A (rms). Calculate the inductance of the choke coil. Ifth

same are lamp is t
power loses in both cases.

olution For lamp,

V. )g = (ims) (R)=10x5=50V

In series; :
(Vnns)z =(Vrms);€ +(Vnns}f.

An evaluation version of novaPDFE was used to create this PDF file.
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choke lamp
1"'"1 llr_ﬁ
Lo ™)
V= Vg sin mt
Fig. 25.27

{F""" };- 5 Ji:_FmH }: - {Ime }:H

= (160)? - (50)°
=152V
As Vams ) =o)X = (i) (20fL)
= (Vrms}l.
@rf) (i s )
i 152
 (27) (50) (10)
—4.84%x107° H Ans.

hen the lamp is operated at 160 V dc and instead of choke let an additional resisiance R’ is put

Substituting the values L

Now, W
series with it then,
V =i(R+R")
160=10(5+R")
R'=11€ Ans.
In case of ac, as the choke has no resistance, power loss in choke s Zero.
’ i it 1 e R'is,
In case of dc, the loss n additional resistanc -

p=iPR =(10)*(1)=1100 W

An evaluation version of novaPDFE was used to create this PDF file.
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E, XERCISES i}

AIEEE Corner

Subjective Questions (Level 1)

Note You can take approximations in the answers.

1. (a) What is the reactance of a 2.00 H inductor at a frequency of 50.0 Hz?
whose reactance is 2.00€ at 50.0 Hz?

(b) What is the inductance of an inductor
(¢) What is the reactance of a 2.00 uF capacitor at a frequency of 50.0 Hz?

(d) What is the capacitance of a capacitor whose reactance is 2.0002 at 50.0 Hz?
A 3000 resistor. a 0.250 H inductor, and a 8.00 pF capacitor are in series with an ac source with
voltage amplitude 120 V and angular frequency 400 rad/s.

(a) What is the current amplitude?
(b) What is the phase angle of the source voltage with respect to the current? Does the source

2,

voltage lag or lead the current? _
(c) What are the voltage amplitudes across the resistor, inductor, and capacitor?

In an L-C-R series circuit, R =150Q, L =0.750 H, and € =0.0180 uF. The source has voltage
amplitude I =150 V and a frequency equal to the resonance frequency of the circuit.

(2) What is the power factor?

(b) What is the average power delivered by the source?
(¢) The capacitor is replaced by one with C =0.0360 uF and the source frequency is adjusted to the

new resonance value. Then, what is the average power delivered by the source?
A series circuit has an impedance of 60.0 2 and a power factor of 0.720 at 50.0 Hz. The source

voltage lags the current.
(a) What circuit element, an inductor or a capacitor, should be placed in series with the circuit to

raise its power factor?
(b) What size element will raise the power factor to unity?
5. Voltage and current for a circuit with two elements in series are expressed as :

V () =170sin (62801 + 7/3) voit
i (£)=8.5sin (62801 + /2) amp

(a) Plot the two waveforms.

(b) Determine the frequency in Hz.
(¢) Determine the power factor stating its nature.

(d) What are the values of the elements?
. A 5.00 H inductor with negligible resistance is connected across an ac source. Voltage amplitude is

kept constant at 60.0 V but whose frequency can be varied. Find the current amplitude when the

angular frequency is
(a) 100 rad/s,

(b) 1000 rad/s (c) 10000 rad/s

An evaluation version of novaPDFE was used to create this PDF file.
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7. A300Q resistor

i
(

(b) Determine the inductive re;
(¢) Derive an expression for the
8. An LCR series circuit
0.450 A with a frequency of 400 Hz.

CHAPTER 25 Alternating Current 517

15 CoOnne

. cted in series with 1i o
unction of time is , a0.800 Hinductor. The voltage across the resistor as a
A

o =1(2.50 V) ¢os [(950 rad/s)r].
a) Derive an expression for the circuit current

1Ctance of the inductaor.
voltage I, across the inductor.
Wi -
ith L=0.120 H, R =240€). and C =730 uF carries an rms current of

a) What are the phase anole - :

(@) : ““f phase angle and power factor for this circuit?

(b) What is the impedance of the Cirest?

(c) What 1s the rms voltage of the source?

(d) What average power is delivered by the source?

(e) W lfal is the average rate at which electrical energy is converted to thermal energy in the
resistor?

(f) What is the average rate at which electrical energy is dissipated { converted to other forms) m
the capacitor?

(g) In the inductor?

Objective Questions (Level 1)
Single Correct Option

1.

4.

6. Inan AC circuit the

An e
Purc

The term cos ¢ in an AC circuit is called \
(a) form factor (b) phase factor (c) power factor (d) quality factor

A DC ammeter cannot measure alternating current because

(a) AC changes its direction
(b) DC instruments will measure the average value

(¢) AC can damage the DC instrument

ore heat £l 9
0 ' increases the impedance of the circuit
As the frequency ofian eLpDIi0g e (b) decreases continuously
(a) increases continuously (d) None of these
(c) remains constant 2 e i .
Phaser diagram of a series AC circuit 18 shnwg m ;:;‘::; an},
o ‘nine resistor and ¢d .
(a) The circuit must be containing cto only % l

, resistor and
: 1l three elements L. Cand R

citor and inductor

be containin

The circuit must !
) e containing a

(¢) The circuit must b

(d) The circuit cannot have only capa ek
| rati ent : 36 ti ue

The rms value of ﬂI}I ﬂ!‘“‘:";‘sﬁc\m (b) is equalfl:;l 2;36 times peak v

E:; IS g;;qlual to ﬁ times the peak yalue . - and the current flowing are given by :

applied potential di

n
- _ I lamp
I/ =200 sin 1007 volt, / =350 [l{]{}r 2)

valuation version of novaPDFE was used to create this PDF file.
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The power consumption is equal to ’ -
{ﬂ} 1600 W {h} 40 W {c] 2(}"._,\, [d] ZEID
7. The impedance of a series LCR circuit in an AC circutt1s
(d) None of these

- ] — o
(@) JR+(X, - X;) (b) yR? +(X} -X3)(© R
If ¥, and I, are the peak current and voltage across the resistor in a series LCR circuit, then the

8.
power dissipated in the circuit 15 Vil,
(a) L80 (b) Lo (¢) Volo cos ¢ (D= 05e

2 e “
9. A generator produces a time varying voltage given by ¥ =240sin 120 ¢, where 7 1s in second. The

rms voltage and frequency are
(a) 170 Vand 19 Hz (b) 240 Vand60 Hz (c) 170 Vand 60 Hz (d) 120 V and 19 Hz

10. An LCR series circuit has a maximum current of 5 A. If L =0.5 H and C =8 uF, then the angular
frequency of AC voltage is
(a) 500 rad/s (b) 5000 rad/s (c) 400rad/s (d) 250rad/s

11. The current and voltage functions in an AC circuit are .
i=100sin 100 mA, ¥ =100sin [mm 4 gj vV

The power dissipated in the circuit is
(a) 10 W (b) 25 W (c) 5W (d) 5kW

12. A capacitor becomes a perfect insulator for
(a) alternating current (b) direct current (c) both (a) and (b) (d) None of these

For an alternating voltage IV =10 cos 100 7t volt, the instantaneous voltage at t = o s is
(@) 1V (b) 5V (c) 543V (d 10V

14. In a purely resistive AC circuit
(a) voltage leads current (b) voltage lags current
(c) voltage and current are in same phase (d) nothing can be said

Identify the graph which correctly represents the variation of capacitive reactance X ¢ Wwith

13.

15.
frequency
Xe Xch Xch Xch
(a) (b) (c) \ (d) j
= L —
0 f (6] f 0 f 0 f
6. In an AC circuit, the impedance is /3 times the reactance, then the phase angle is
(a) 60° (b) 30° (c) zero (d) None of these

7. Voltage applied to an AC circuit and current flowing in it is given by :

V =200J§sin(mr + f)and i=- \Ecﬂs[mr + E]
4
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Then power consumed in the circuit will be

a) 200 W =
(a) (b) 400 W (c) 20042 W (d) None of these

18. :?;E[’] 100 volt DC source I'u applied across a coil, a current of 1 A flows through it. When 100 V
source of 50 Hz is applied to the same coil, only 0.5 A current flows. Calculate the inductance

of the coil
@ (W3)H (b) (3/mH (¢) /) H (d) None of these
19. In the circuit shown in figure, the reading of the AC ammeter is 1uF
(a) 20v2 mA @
(b) 4042 mA
(c) 20 mA ©
(d) 40 mA V = 200+2 sin 100t

20. An AC voltage is applied across a series combination of L and R. If the voltage drop across the
resistor and inductor are 20 V and 15 V respectively, then applied peak voltage is

(a) 25V (b) 35V (c) 2542V (d) STV
21. For wattless power in an AC circuit the phase angle between the current and voltage i.s
(a) 0° (b) 90° (c) 45° (d) Not possible
22. The correct variation of resistance R with frequency f is given by
RA Ri R R 1l
B (2 (b) (©) (d) f
= ; R

nductance and resistance of the choke coil, then identify the correct statement.
(b) R is very high compared to L
(d) Both L and R are low

23. If L and R be the i
(a) L is very high -::nm]_:-ared to R
(c) Both L and R are high

24. When an AC signal of frequency

voltage leads the current by 45°. The inductance of the coil is

(¢) 8 mH (d) 4mH
H (b) 12 mH B ‘ s :
25 F:; 1ff:;l::lunen-::*_‘;' of an alternating current is 50 Hz. The minimum time taken by it in reaching from
.- The
alue is
mﬂ;:’nzeak v s e ﬂ:lﬁ i {]@ IZ{IIT:nd the current
f:;}l alternating voltage is applied across the R-I. combination. ¥ =220sin
26. tion is
i o _The power consump
,(F .)145|n (1201 - 60 }dﬂzﬁﬂf& W 2 (c) 220W (d) 440 W
a) Zero :
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Assertion and Reason

JEE Corner

Directions : Choose the correct oplion.
(a) Ifboth Assertion and Reason are true and the Reason is correct explanation of the Assertiop,

(b) If both Assertion and Reason are true but Reason is not the correct explanation of Assertion,

(¢) If Assertion is true, but the Reason is false.

(d) If Assertion is false but the Reasorn is (rue.
1. Assertion : In an AC circuit potential difference across the inductor may be greater than the

applied voltage.
Reason : V. =[X, whereas} = [Z and X, can be greater than Z also.

2. Assertion : In series LCR circuit, voltage will lead the current function for frequency greater

than the resonance frequency.
Reason : At resonance frequency, phase difference between current function and voltage

function is zero.
Resonance frequency will decrease in LCR series circuit if a dielectric slab i

3. Assertion :
inserted in between the plates of the capacitor.

By doing so, capacity of capacitor will increase.

Reason :
4. Assertion : Average value of current in the given graph is 3 A.
i (A)
4
7oA 56
Reason : Average value can’t be greater than the peak value of any function.

5. Assertion : Inseries LCR circuit if a ferromagnetic rod is inserted inside an inductor, current i
the circuit may increase or decrease.

Reason : By doing so V; will increase.
6. Assertion : Potential difference across, resistor, capacitor and inductor each is 10 V. The

voltage function and current functions should be in phase.
Reason : At this condition current in the circuit should be maximum.
7. Assertion : At some given instant /; and /, both are 2 A each. Then / at this

instant should be zero.
Reason : There is a phase difference of nbetween /; and /, functions.

8. Assertion : Peak value of current in AC through a resistance of10Q is 2 A. Then
power consumed by the resistance should be 20 W.

Reason : Power in AC is
P=I>R
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9. Assertion :  An inductor coil

normally roduces more = 3 - : :
AC source of same value of rmg vuilag;: . R e i SompiedA0ian
Reason :

10. Assertion : In an [-R series cireuit ; :
% SENEs creuit n AC, current in the circuit will decrease with increase i
frequency, - creas th increase in

In DC . 1
- Source applied voltage remains constant with time.

!Eteas::m 2 Phase difference between current function and voltage function will increase with
ncrease in frequency.

11. Assertion :

In series LCR AC cireuit, current and voltage are in same phase al resonance.
Reason :

In series LCR AC circuit, resonant frequency does not depend on the value of
resistance. Hence current, at resonance. does not depend on resistance.

Objective Questions (Level 2)
Single Correct Option ) Xc=39

1. A capacitor and resistor are connected with an AC source as shown in figure.
Reactance of capacitor is X =3 and resistance of resistor is 4€). Phase

: a3 %
difference between current / and / is ktan 1(1 } =37 }

. I r'ii?f

V= Vg sinol

0° (b) zero
Ei% 23‘:‘ (d) 37°

2. A circuit contains resistance R and an inductance L in series. An ahcrn:‘mr;sb A ¢
% . : aling
voltage V' =V, sin o is applied across it. The currents in R and L respectively
O
AC

will be

(@) Iy =Ipcosoi I = [, cosmf
(b) I =—1qsinot, I =Ioc0s0f
(c) Ip =1ysinot I, ==1I,cosol
(d) None of the above

3. In the circuit shown in f’lgure,,
V. =20cos (26001). Neglecting sou
ammeter readings will be

the AC source gives 2 voltage
rce resistance, the volimeter and

(b) OV, 1.4 A
(a) 0V,204 (d) 8V,20A
(c) 5.6V, 144 5 KHz to the circuit'shown

ional generator SUpp
. $ flllgcnﬁgﬁre. Then choose the WIong statement

The current in the resistive branch is l‘,l?] ?26 X
ﬁ;; The current in the capacitive branch is U.

(c) Total line Ghnlh the branches is same

lies a sine wave of 200 V,

200V, 5kHz

value over one time period

. ] ' 1) A. Its average
. Cm-:em ]I.?rrent wave is given byi= (5+5sm 100 @t)
. A complex € .
" gons (c) Y50 A (
1s .gn.u:nﬂL i
(a) 10
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6. An AC voltage I =¥, sin 100 ¢ is applied to the circuit, the phase
difference between current and voltage is found to be n/

10.

(a) R=100Q;C =1pF
(b) R=1kQ:C =10puF
(e R=10kQ;L=1H
(d) R=1kQ; L=10H

capacitor is 12 V. Then

(a) Voltage of the source will be leading in the circuit

4, then

(b) Voltage drop across each element will be less than the applied voltage

(c) Power factor of the circuit will be 3/4
(d) None of the above

Yy 1 Lells R —
{a]___—? (®) ¥ Ez—“‘“ U-"'C—H o
A +[ oL — —I-J h——
i oC R
I —AWW—
(c) - (d) None of these
JR 2 +(H}L = m_é:} V. o
. The adjoining figure shows an AC circuit with resistance R, R L
inductance L and source voltage V.. Then VYWY “ouon
(a) the source voltage V., =728V
(b) the phase angle between current and source voltage is ——%— %
-1
tan  (7/2) o
Vs

(c) Both (a) and (b) are correct
(d) Both (a) and (b) are wrong

combination of P and O ?
(a) ol A lagging in phase by n/4 with voltage

42
. |
e

(c) ol A leading in phase by w4 with voltage

5

(d) lr. A leading in phase by w2 with voltage

A leading in phase by m/4 with voliage
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In series LCR circuit voltage drop across resistance is 8 V, across inductor is 6 V and acrosg

Consider an LCR circuit as shown in figure, with an AC source :::_rf' peak value ¥, and angular
frequency m. Then the peak value of current through the AC source is

L

When an alternating voltage of 220 V is applied across a device P, a current of 0.25 A flows
through the circuit and it leads the applied voltage by an angle 7/2 radian. When the same voltage
source is connected across another device 0, the same current is observed in the circuit but in phase
with the applied voltage. What is the current when the same source is connected across a series
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values of ¢y : in figure i
rrent Agureif i, 1. Iand | represents thems = .. R

choo . ‘ 1
se the 4ppropriate COITect answer PN Ao and the Jianien
{b]l’_‘f}a +f; —-f{. C-”
. Irc
(e) 7 Lorl, may be greater than J

(d) None of the above —6

12. In the AC ne
t-w F -
ork shown in figure, the rms current flowing through the inductor
—

and capacitor are (.6
6 A :
source is and 0.8 A respectively. Then the current comin g out of the
(@) 1.0A = til
(b) 1.4 A
(c) 02 A o

(d) None of the above

13. The fi i
¥ gure repres.entts the voltage applied across a pure inductor. The diagram which correctly
presents the variation of current i with time ¢ 1s given by

i
\/ !

[

id ik ik

(a) - /\ > (b) \ / - (¢) = -
o/ \ Five \/ D \_/, OM a

4. In a series LCR circuit, current in the circuit is 11 A when the applied voltage is 220 V. Voltage
across the capacitor is 200 V. If value of resistor is 202, then the voltage across the unknown

inductor is

(a) zero
5. A steady current of magnitude I and an
identical resistors for the same lme. The

(b) 200V (c) 20V (d) None of these
AC current of peak value / are allowed to pass through

ratio of heat produced in the two resistors will be
(d) None of these

)21 B lost i i ::}jclle 1S R L
= = ost m one
. In the circuit shown in figure, the energy 7 E
(a) zero 2R
©) ViR (d) None of these V = Vg sin of

S R
2(R?+0°L")
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. ’ PO 7 _1fwis very low, L
17. In a series LC circuit, the applied voltage 15 V=¥, sin er! ok "D'tFUD‘L-—_._F |
then the voltage drop across the inductor F; and capacitor Fe
. =0V =¥,
(a) ¥, =V_“;:J;M,-=I_E (b) ¥ =0:¥e =Fo
L .

18.
frequency of the source, a maximum rms current of 6 A e b _
of emf 12 volt and internal resistance 4 €, then current through it in steady state is
(a) 24 A (b) 1.8 A (c) L5A (d) 1.2 A
19. In a series CR circuit shown in figure, the applied voltage is 10 V and the -t-—-@—"“"—-n---_"fﬁ_ﬁ
voltage across capacitor is found to be 8 V. The voltage across R, an'::l the —|
phase difference between current and the applied voltage will respectively % R
be 3
f 4 i
a) 6V, tan"'| = (b) 3V, tan [— =
3 (3 J 4 J ¥ 0N
(¢c) 6V.tan' [%] (d) None of these
20. A 50 Hz AC source of 20 V is connected across R and C' as shown in R &
figure. The voltage across R is 12 V. The voltage across C is
(a) 8V
(b) 16 V
(¢} 10V ©-
(d) Not possible to determine unless value of R and C are given
21. An AC voltage source described by V' =10cos (n/2) is J_

22,

2
g V= V'fil S oy

R
(d) ¥ (i >

4 V are connected in series. By Varying
is observed. If coil is connected to g batery

() By =V =0

! ] . g,
A coil, a capacitor and an AC source of rms voltage =

connected to a | pF capacitor as shown in figure. The key K .
is closed at =0 s. The time (1>0) after which the Y=10cesy! ©) C=1yF
o |

magnitude of current / reaches its maximum value for the
first time 1s

(a) 1s (b) 2s (c) 3s (d) 45

An AC voltage source V' =V sin @t is connected across resistance R and capacitance C as showni

figure. It is given that R =1/wC. The peak current is /. If the angular frequency of the vol
source is changed to /~/3 then the new peak current in the circuit is
1 0 / 0 / 0
a) = (b) —= (d) —
(a) ) 5 3
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PUADTED e
LHAPTER 25

Mlemating C

urrent

passage : (Q.23 to Q. 25) L
A student in a lab took a coil and connected it to a 12 Vb
current in the circuit to be 4 A. He then re nlaced the
source and observes that the reading in the
2500 uF capacitor in series w

*ource, He

b measures the
12 ¥V Dc S0UFce by

Sleady state

AC ammeter s 2.4 4 H -.-:”1 o (0 =S0radis) AC
. d == AL He hen decides

ith the co eiler 5 Cides to connecy

: : coil and calculare the average power developod : cl a
Further he also decides to study the variation in current in the cloped in the circuir.

: : circuit fwith the i
hattery in series). vith the capacitor and ihe

Based on the readings taken by the student answer the following questio
- S IONS,

23. The value of resistance of the coil calculated by the student is

(a) 302 (b) 402 (€) 50 (d) 80

24. The power developed in the circuit when the capacitor of 2500 uF is connected in series with the
coil is
(a) 28.8 W (b) 23.04 W (c) 17.28 W (d) 9.6 W

25. Which of the following graph mug}lﬂ} matches the variations of current in the circuit (with the coil
and capacitor connected in the series) when the angular frequency is decreased from 50 rad/s to

25 rad/s
" .il. ‘. 1" |,' i f i
i y :
(a) E\‘ (b) ': (c) :I ] (d) ]
1 i \ - : ! ! !
e e e I ey
::'5 5'4:; o 25 50 o 25 50 @ 25 50 o

ssage : (0. 26 to 0. 28)
It is known to all of you that the impedance of a circuif is :fepemfim: on rh;;{_fr.-.;q:‘fwrc;-.- of .f:}:rce. J’;
order to study the effect of frequency on the impedance, a .mmt‘em ina lab mnfi: ;;mﬁ:k:;j;u ::;ﬁ:w
andQ and connected them in series vith an AC source of variable frequency. The emf of tne

: . DT sesistanc 3260 And
is constant ar 10 V. Box P contains a capacitance of | WF in series with a resistance of

] civtance of 68 C) in series. He adjusted the
i ; . mee 4.9 mH and a resistance of
the box O has a coil of self inductanc : .. i experimental set up and the
freq uean}' <o that the maximum current flows n P and Q. Based on his experime ¥

3 L. o s - - e fIONS.
reading by him at various moment answer the following ques

; i o in the circuit is
r h1 tects maximum current in t
26. The angular frequency for which he dete L B T

(a) 10°/7 rad/s (b) 10" rad/s ,
27. Impedance of box P at the above frequency 15 900 (d) 100Q
(@) 700 (b) 770 ©)
. : nt1s
28. Power factor of the circuit at maximum curre (c) 0 (d) 12
b) 1
(a) 1/2 ( |
jons v and 120 V. Choose
S panong Corrs ophﬂ:l: ceadings of voltmeters ¥ and V, are 100
&

1. Ina R-I-C series circuit shown,
the correct statement(s)-
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or are 50 V, 86.6 V and 206.6 V respectively

; : : : ; d capacit :
[ veato s e 10 V. 90 V and 30 V respectively

(b) Voltage across resistor, inductor and capacitor are
(c) Power factor of the circuit is E

(d) Circuit is capacitive in nature

Current in an AC circuit is given by i =3 sin ©f +4cos of then

(a) rms value of current 1s 5 A

(b) mean value of this current in positive one-half period will be =

(c) if voltage applied is ¥ =V, sinwr then the circuit must be containing resistance an
capacitance _ _ y

(d) ifvoltage appliedisV =¥, cos @i, then the circuit may contain resistance and inductance onls

A tube light of 60 V. 60 W rating is connected across an AC source of 100 V and 50 Hz frequenc

Then 5
(a) An inductance ng— H may be connected in series
T

=] : : :
(b) A capacitor of E uF may be connected in series to it
|

(¢) An inductor of ; H may be connected in series
T

(d) A resistance of 40 €2 may be connected in series

4. In an AC circuit, the power factor
(a) is unity when the circuit contains an ideal resistance only

(b) is unity when the circuit contains an ideal inductance only
(c) is zero when the circuit contains an ideal resistance only

(d) is zero when the circuit contains an ideal inductance only
5. In an AC series circuit given that, R =10Q, X'; =20Q and X~ =10Q. Then choose the cor

options
(a) Voltage function will lead the current function
(b) Total impedance of the circuit is 102 Q

(c) Phase angle between voltage function and current function is 45°

s . L3 L] I
d) Power factor of circuit is —
@ P2
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CHAPTER 25
6. In the aboy .
€ proble

L gh-ef: : ,[‘.IIILI'I"l further choose the correct options

o 2 a]u-:s. are at frequency less than :
‘€N values are gt / ¥ nored

: lue: requency more the

{c) IF_I‘r:::quf:m:} 1S INCreasec : =

(d) If trequency is dec

7. Inthe

the resonance frequency

2 ] n the resonance frequency
Lirom the given value. impedence
reased from the given valy

eque _ e, curre
circuit shown in figure

Alternating Current 527

of the circuit will increase
nt in the circuit may increase or decrease

(a) ¥, =80V 400 Xy =200

(b) X =500

-

(c) ¥V, =40V 2A 100V
(d) ¥, =100V &
8. In LCR series AC circuit V=V, sin of
t a } If R 51 - .y -
15 increased current will decrease (b) If Lis increased current will decrease

(c) IfC is increased current will increase
Match the Columns

1. Match the following two columns for a series AC circuit.

Column 1 Column 11
{a) Only  in the circuit (p) current will lead
(b} Only L in the circuit {q) voltage will lead

(c) Only K in the circuit (r) =90°
{d) & and C in the circuit {s) =07

2. Applied AC voltage is given as :
V =V, sin o

Corresponding to this voltage match the following two columns.

Column | Column 1
{a) I =1I;sin wr (p) only R circuit
(b) I =—{;cos i (q) only L circuit

(c) [ =1Iysin (o + =/6)(r) may be C-R circuit
may be L-C-R circuit

e

(d) I =1sin (or — T/ &) i(s)
3. Foran LCR series AC circuit match the fDE}Eilg two c_uhims,_ ~as
i Column 11

Column I

: ill increase
(a) If resistance is increased  (p) current wil

ent will decrease
(b) If capacitance is increased ((q) current will d

(c) If inductance is increased

: e
is ingreased (s} POME

(r) current may increase or decrease

may decrease or increase

(d) If frequency
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two columns. In

4. In the circuit shown in figure, match the following N
column II quantities are given in SI units.
Column | Column 11 Xe=300Q, X =150
(p) 60

(a) Value of resistance R
(q) 20

(ry 30
(s} MNone of these

(b) Potential difference across capacitor
(¢) Potential difference across inductor

(d) Applied potential difference

5. Corresponding to the figure shown, match the two ciliTIlR._ " :
Column I Column 11 \\/ 1
2
(a) Resistance (p) 4 /
(b) Capacitive reactance (q 1 3
ic) Inductive reactance r) 2 A
(s) 3 =r#
= N i

(d) Impedence j

Subjective Questions (Level 2)

Note Power factor leading means current is leading.

I. A coil is in series with a 20 uF capacitor across a 230 V, 50 Hz supply. The current taken by the
W. Calculate the inductance of the coil if the current

circuit is 8 A and the power consumed is 200

in the circuit is

(a) leading, (b) lagging e
2. The current in a certain circuit varies with time as shown _/‘

: . . o !

in figure. Find the average current and the rms current in l/T

terms of /. pob- MM

and Z, when connected separately across a 230 V, 50 Hz supply consume

3. Two impedances Z,
0.6 leading respectively. If these impedances

100 W and 60 W at power factor of 0.5 lagging and
are now connected in series across the same supply, find

(a) total power absorbed and overall power factor

4. In the figure shown the reading of voltmeters are
V, =40V, V; —40VandV; =10 V.

Find
(a) the peak value of current,
) the peak value of emtf, @}_ s
(c) the value of L and C. ~ z
E= E.;s1n(1m E“"g)
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CHAPTER 25 Alternating Current 529
5. Inthe circuit shown in figure pow

L S er factor of box is 0.5 and power factor of |—E':m—‘ =7
circuit 1sv3 /2. Current Ieading the voltage. Find the effective resistance of = L
the box. l Z100
. 1
|. (Y |
e
A T iy ; . y : . (o
6. A C’II'EI.III Llﬂ!{l‘iul[ shown in the figure as a box is havin g either a capacitor or :
an inductor. The power factor of the circuit 15 0.8, while current lags behind ' bl
the voltage. Find lm V.= 100V

(a) the source voltage I,

B
(b) the nature of the element in box and find its value. | A ~ /J

R=801 v 5pHz

7. The maximum values of the alternating voltages and current are 400 V and 20 A respectively in a
circuit connected to 50 Hz supply and these quantities are sinusoidal. The instantaneous values of
the voltage and current are 200v2 V and 10 A respectively. At ¢ =0 both are increasing positively.
(a) Write down the expression for voltage and current at time r.

(b) Determine the power consumed in the circuit.

8. An LC circuit consists of an inductor coil with L =5.00mH and a 200 pF capacitor. There is
negligible resistance in the circuit. The circuit is driven by a voltage source with ¥ =¥, cosor. I
V, = 5.00 mV and the frequency is twice the resonance frequency, determine

Qi :

(a) the maximum charge on the capacitor,

1 t in the circuit,
(b) the maximum curren ‘ ST
(c) thephase relationships between the voltages across the inductor, the capacitor

i i i : 1 £0.02 H is arranged in parallel with another
coil having a resistance of 5 Q and an mductanccﬂu : arallel .
3 ?ﬂi] having agrﬂsistance of 1 Q and an inductance of 0.08 H. Calculate the power absorbed when a

voltage of 100 V at 50 Hz is applied.

rof 0.6 lagging when connected toal15 V — 50 Hz

3 facto ; €L A
10. A circuit takes a current of 3 A at a power a power factor of 0.707 leading when connecied io

. at Rty
supply. Another circuit takes a c.urrenl: {:]f:ntctﬂd i1 series across a 230V, 50 Hz supply. Calculate
the same supply. If the two circuits are ¢ oo (©) the power actar

(a) the current (b) the power consume
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S~ A NswEeRrs |

Introductory Exercise 25.1
1. DO36H, 111.8V

Introductory Exercise 25.2
1. 650Hz, 0 2. 0.2

2.77H, 6A

AIEEE Corner

Subjective Questions (Level 1)
1. (a) 6286 (b) 637 mH (c) 1.59 k@ (d) 1.59 mF
(a) 0.326 A (b)-35.3° lagging (c) 97.9V,32.6V, 102V
(a) 1.00 (0) 75W (c) 75W 4. (a) Inducter (b) 0.133 H

=
(b) 1000 Hz (c) % leading (&) R =17.320,C = 15.92F

m e woN

(a) 0.12A (b) 1.2x107% A () 1.2x 107 A
7. (a) (8.33 mA)cos (950 rad/s)t (b) 7600 (c) —(6.33 V)sin (950 rad/s)t
8. (a) +45.8°, 0.697 (b) 344 (c) 155V (d) 48.6 W (e) 4B.6 W "o ®0

Objective Questions (Level 1)

1. (c) 2: By 3 () 4. (d)
11 (b) 12, (b) 13. (¢) 14 (© 15.(b) 16. (d) 17. (d)

21. (b) 22, (a) 23. () 24. (a) 25. (@) 26. (c)

5. () 6. (@) 7.() 8 (@ 9 (@ 10. (@
18. (b) 19. (&) 20. (o)

JEE Corner
Assertion and Reason
1. (a) 2. (b) 3.(a) 4 (d 5. (aorb) 6.(b) 7.(a 8. (a,b) 9. (b) 10.(b)
11. (c) '

Dbjective Questions (Level 2)
1.(c) 2.(d) 3.(c) 4.(d) 5.(b) 6.(b) 7.(d) 8.(b) 9.(a) 10.(b)

11.(c)  12.(0) 13.c)  14(b)  15.(a) 16.(c) 17.(b) 18.(c) 19.@a) 20.(D)
21.(a)  22.b) 23.(a)  24.(c)  25.b) 26.a) 27.b) 28.(b)

More than One Correct Options

1.(a,c,d) 2.(c,d) 3.(cd) 4.(ad) 5.(abecd) 6.(bcd) 7.(abc) 8.(a)
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Match the Columns
1. (a)—»pr (bY—=q,r {(C) 5 (dy=—p
2. (a)»>ps ((b)—>aqg (cY—=rs (a)
3. @)—=>qs M >rs (Cy—=rs (d) —=r,5
4. (a)—q (b)=p (Y= (d)— s
5. {ay—>s (th—=p (C)=>r {dy—q
Subjective Questions (Level 2)
1. (a) 0.416H (b) 0.597 H 2. zero, ?’% 3. (a) 99 W, 0.92 leading (b) 194.20

4. (a) 1042A (b) 50J2V (©) :E%H. {mIl—F 5. 50

El

7
8.

00mn
. 1.6
(a) 100V (b) inductor, L = TH

(a) V = 400 sin (100xt + n/4), i = 20sin (100xt + =/6) (b) P - 3864 W
(a) 33.4nC (b) 0.211 mA | -
(c) Source and inductor voltages in phase. Capacitor voltage lags by 180°.
797 W 10. (a) 5.5A (b) 1.188kW (c) 0.939 lag
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="|| engineering entrance [esiS U

~% | examines the concepts of electicty 8 L5 oant and _
two that makes the electromagr SR e fundamentals of
of our existence. The text consists of an IN-EEH == ~ induction, and the
electrostatics, capacitors, the magnetics, Hit === PR A -
anemating current.
Without deviating to superﬁt_:i'a!
application of the concepis in SOVINg
subject matter is simple and leads com le
Physics where the application of the concep
The NEW EDITION is thoroughly revised and a number of deficiencies in the previous

editions have been rectified.
W A must have book for anyone desiring to be firm-footed in concepts of physics as well

¥ as their applications in problem-solving...

ities, the book focuses on the concept building and the
olving the varied physical problems. The exposition of the
-ompletely to the direct means of solving problems in
epts from Mechanics is essentially required.
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