Solutions
of

Electricity & Magnetism

Lesson 20th o 25th

By DC Pandey



720 Current Electricity

Introductory Exercise 20.1

1 i—qhere _et_an = 2.0
CiTpeedTerTTy 8.43 x10% x 1.6 x 1072 x3.14
=" x(0.5 x1073)2
2nr
1.6 x1079 x2.2 x10° =1.88 x10® ms™!
T 2x3.14x5x10° 1 3. Yes.
=1.12x10° A As current always flows in the direction of
electric field.

=1.12 mA
2. No. of atoms in 63.45 g of Cu =6.023 x10%
~.No. of atoms in 1 cm? (8.89 g) of Cu

4. False.

In the absence of potential difference,
electrons passes random motion.

6.023 x10%
=~ eagd * 8.89 5. Current due to both positive and negative
: 99 ions is from left to right, hence, there is a net
=8.43 x10 current from left to right.
As one conduction electron is present per 6. i—10+4f— dq 1014t
atoms, dt
n =843 x10* cm ™ or 8.43 x10%m > - j:dq _ j;o(lo L4 dt
As i=neAy, 9410
i = q =110t + 2t"]; =300C
= Uy =——r
neA
Introductory Exercise 20.2
1 p_PL ©0.49 x3.14 x(042 x107°)?
A 2.75 x10°®
8 35
:172X10 X 3 :987A
2.05 _3 ’
3.14 x| == x10 (b) V=EL=0.49 x12=5.88V
V 5.88
=0.57Q (© R=7:—9.87 =0.6Q
2. (a) J = 3. Let us consider the conductor to be made up

E

p of a number of elementary discs. The
= i=JA="" conductor is supposed to be extended to form
p a complete cone and the vertex O of the cone



is taken as origin with the conductor placed pl

along x-axis with its two ends at x =r and ~wr(l+r)tan?0
x =1+ r. Let 0 be the semi-vertical angle of But rtanf=a
the cone. ’
. } . (r+Dtan6=">
Consider an elementary disc of thickness dx ol
at a distance x from origin. R= —ab
Y
Resistance of this disc, 1
dR = p% 4. True. p:;
A 1
If y be the radius of this disc, then ’ pxo=—xo=1
.2
A=my 5. Ry, = Ry,
But y =x tan e 4101+ aAT)=3.9(1 + o AT)
dR=p—F -3 _
pmz tanZ 0 4.1[1+4.0x10°(T -20)] .
..Resistance of conductor 5 =3.9[1+5.0 x10(T -20)]
R [dR - l+r  pdx 4.1+16.4 x107°(T -20)
I I mc? tan? 0 =3.9+19.5 x1073(T - 20)
_p R 3.1x1073%(T -20)=0.2
rrtanZBL xJ, T—ZO:L
L1 3.1x1073
___ b L _ o
ntanze{r l+r} =64.5°C
T =84.5°C

Introductory Exercise 20.3

1. Potential difference across both the resistors V=V, +2=2V
is10V. . Voe=V,4+5=5V
1 S Vp=Ve+10=15V
Vc Vg _3A
1
- vV, -V
29% 10V§4Q and iz VYp —Va 15—75A
> > 2 2
3. Current in the given loop is
10 _E+15
Hence, iI:?:5A L= 8
. E+15
and i2=14—0=2.5A VAB:E_2‘:E_2( 8 ]:O
2. As Ais grounded, V, =0 = E=5V
10 iy 4. Effective emf,
c B
E=8x1-2x1=6V
5V Effective resistance of circuit
0V - 2V




R=R,pm +10r=2+10x1=120Q

i:£:£:0.5A

R 12

5 AsR,=Ryand V; =V,
Potential difference across R, is zero.

Hence, current through R, = i, =0

and current through R,
W
= Iy =—+
R,
10

=—=1A
10

6.

i

E

Introductory Exercise 20.4

12V P
P— o)
E 10

1A
ut— R
30
s
T 2A

Applying KCL at junction R
i=1+2=3A

Vsr = Vey = VQP
Taking Vgp = Vi

R+r
Also, V=E —ir
- E-V
1=
r
| (b) |
E E
T T
(@] R (@] E
6=1-FE
E=-5V
And from
VST:VQP
6=—ir+12
:12—6:§:ZQ
i 3

2. Power delivered by the 12 V power supply,

P =Vi=12x3 =36 W
and power dissipated in 3 Q resister,
P, =ilR, =2 x3=12W

Introductory Exercise 20.5

BB, B 10 4 6
_n Ty 3 1 2 2
S S U S B S
o I 1 2 2
10+2+3
2
5V
and 1:1 1.1
r 7‘1 I‘Z 7‘3
:1+1+1:2
1 2 2
1
= r=—
2
=05Q
2. i= E

E r
|1 WWWA
WWWW
R
Rate of dissipation of energy
2
P=i2R= EiRz
(R+r)
For maximum or minimum power
ar _
dR
N E2|—(R+r)2—2R4(R+r)—|:0
(R+r)



e (R + r)(r—R)=

(R+nr)

E*r-R)
= - =

(R+7r)
= R=r
d?P EJ(R +13(=1)-3(r - R)R + r)?]
dR?> L (R+r)® J

T (R+r)!
2

ClearlyZR}; is negative at R =r.

Hence, P is maximum at R =r
E* E?
andP, =——5="
X (r+r)? 4r
. When the batteries are connected in series
Eyg =2E =4V, 14 =2r=2Q
For maximum power

R=rygy =20
2 2
and mefEfo @
4rye 4 x2
I, =5mA,G=1Q,V=5V
\4 5
R=—-G=——=-
I, 5x107°
=999Q

A 999 Q resistance must be connected in
series with the galvanometer.

5. G=100Q,i, =50 pA, i =5 mA
S - i G 50x10"° x100
i—i; 5x107°-50x10"°
11
©1-0.01 0.99
_100,
90

By connecting a shunt resistance of % Q.

andR:ﬂ—G:(n—l)G

lg

15

Potential gradient
b Vas _ 15E

L " 16 x600

=— V/cm
640

(a)E:kL:L:E:SZOcm
2 2k

b V=ri=E .560="TE
640 8

Also, V= E-
E—-ir=—

;
7|50l

AIEEE Corner

Subjective Questions (Level 1)

Given,

i=07,t=1s,e=16x10"1°C
_it_ 07x1

e 1.6x101
=4.375 x108
g =it =3.6 x3 x3600
=38880C
. (@)g=it=7.5x45=3375C

(b)qzne:n:g
e

g 1=t

:L'E’_m =2.11 x10*
1.6 x10

2nr v

T 2nr
- 2.2 x10°
2x3.14 x5.3 x107!

=1.6x107" x6.6 x10"
=10.56 A



5. (a)I=55-0.65¢2

,_da

dt

= dq =1Idt
- q:j]dt

8 8 9
q=[ Idi=| (65-0.65¢")ds

=55[¢15 —0.65{;2}8
0

=440 -20.8=419.2C
(b) If current is constant

1:% _A192 oA
6. iocyy
Ydy _ Iy
Vg, &
j 6.00
= vy =2y, = x1.20x107*
2 1 1.20
=6.00 x10* ms™!
i
7. v, = —
47 neA

1
T 85x10% x1.6x10 x1x10™*

=0.735 x107® ms™*
=0.735um/s
l 103

u, 0.735x10°

=1.36 x10% s =43 yr
8. Distance covered by one electron in 1 s
=1x0.05=0.05cm

Number of electrons in 1 cm of wire

.. Number of electrons crossing a given area

per second
= Number of electrons in 0.05 cm of wire
=0.05 x2 x 102! =10%°

q _ne
t t
20 -19
=%:1.6MO:16A

L
9. R=pZ
Pa
Given,

p=0.017pQ-m

=1.7x10%Q-m
1=24.0m

2 2
A= n(ij ~3.14 % [& « 10‘3j
2 2

=3.29 x10 % m?

R=1.7x10"% x— 240

3.29 x10°°

=0.12Q

L
10. R=p—
Pa

_rL
R
If D is density, then

A

DpIL?

m=DV =DAL =

~ 8.9x10% x1.72 x10™° x(3.5)*
- 0.125
=15x102kg=15g
11. At20°C,
R, =6000, R, =300
At50°C,
R/ = R(1+ a,At)
=600(1 + 0.001 x30) =600 x 1.03
=618Q)
Ry = Ry(1 + 0,At)
=300(1 + 0.004 x30) =336
R'=R/'+ R,'=618 + 336

=9540Q
_R'-R_954-900

“TRxAt 900x30
R =600+ 300=900Q
=0.002°C
12. As both the wires are connected in parallel,
Va = Veu

inBa =icuRoy

i LA.l =i Cu
NN wd2 CuPCu wd2
Tap Thcy

icy Poy L
_ Cu PCu ~Cu
= dey =dy [+

UNIINEON

1x10° 2 x0.017 x6
3 x0.028 x 7.5

=0.569 x10% m

=0.569 mm.



13.

14.

15.

16.

@E=Y - 098 _;o5vim
L 75x10
Wg=Ep- 125
p 4.4 x10
p=284x10°Q-m
E V
@dJ===-"
p pL

Current density is maximum when L is
minimum, ie, L =d, potential difference
should be applied to faces with dimensions
2d x3d.
\%

Jmin. = p7d
b=V YA
R pL

Current is maximum when L is minimum
and A is maximum.

Hence, in this case also, V should be applied

to faces with dimensions 2d x3d
_ V(2d x3d) 6Vvd

and i, = .
p(d) p
L
R=p=
(a) p A
_RA
2 L
[r= 5 1.25 mm =1.25 x 107 m]
©0.104 x3.14 x(1.25 x107%)?
- 14.0
=3.64x107Q-m
1.28 x14
Myi=V -BL _128x14 .04 A
R R 0.104
(c) i =neAv,
i
Ya = neA
- 172.3
8.5 x10%® x1.6 x107™° x3.14 x(1.25 x107%)?
=258 x102 ms™!
For zero thermal coefficient of resistance,

AR=0
Roo AT + Ry, 05,AT =0
R, -oap -50x10°
R, oy -05x107

R, =10R,
Also, R, + R, =20
= 10R, + R, =20

and

20

= R, =1 0=1820

R =20-R,=20-1.820Q
=18.20Q

17. The circuit can be redrawn as

18.

224V — %129 %8(2
> >

8 x12
= =4
ff " 1248
-V _24 o\
Ry 48

Here, A and C are at same potential and B
and D are at same potential,

A 8Q2 B

24V — 40 6Q

c
D120

Hence, the circuit can be redrawn as

A,C
24v§ 40 60
B,D
111 1 1
R 4 8 12 6
_6+3+2+4
- 24
155
24 8
r-30
5
=1.6Q
L_V_2n
R 1.6
=15A

19. Given circuit is similar to that in previous

question but 4 Q resistor is removed. So the
effective circuit is given by



AC .V 12

"R 36/13
1 _18 4
24V — 8Q 6Q 3
T 12
21, (a) i 12%6 _
1+2+3
1=3A
B.D i A
i1, 1.1 12v£ 10
R 8 12 6 5
1_3+2+4_9_3
R~ 24 24 8 e *
r-80-2670 c
3 6V 30
vV 24
r_ 22 g
R 267 D
V, =0
A 6Q

B V,=Vg+12=12V
12v— 120 60 Vp=12-3=9V
.m Vy-Vo=6V

c B C

20 V,=9-6=3V
Ua V,-V,=6V,V,=-6V

L 6Q % 4Q (b) If 6 V battery is reversed
c 120 o 1276 g4
* 1+2+3
3Q 2Q

5 i=1A

Wheatstone bridge is balanced, hence 4 Q 12V
resistance connected between B and C be
removed and the effective circuit becomes

A %
6Q 40 %C

H
N
<
I
w ve)
o]
5
(@]
AAAAAA.
MAAAAAL
=
N
o]
()]
<

D D
M V,, =0,
1 V,-vg =12V, V, =12 V
12v= 99% §§69§ 120 V,- V=1V
[ = V=11V
U Vg -V, =2V
4 = V=9V
v= i30 V, -~ Vg =6V
[ = V, =6V




_ 200 _5
5+10+25

200V T Sgg
2

22. 1

3
@)V -V, =5x25
= V, =125V
(ii) V, - V, =5 x10
V,=-50V
(iii) V, - V; =5 x5
V,=-75V
(iv) Vy 5 =5x35=175V
WMV, 3=-5x5=-25V
Vi)V, _5=-200V
23. (a)
i E r
~— —MWW—

i R
iy S_

Ry =RIIR,+ R, +r

€

50 x2

:Xioo+2+1
50 + 200

=43 Q

~E 43 _g4a
R, 43

..Reading of ammeter, i =0.1 A
and reading of voltmeter = i(R|| R,)

=0.1x40=4V
(b) i B
—<—|
i, R
MW

Ry =(R,+ R)IIR, +r
_52x200
52+ 200

=42.26 Q

i:£:0.102§2

eff
Reading of voltmeter
V=E-ir
=4.3 -0.102 x1
~4.2Q
Reading of Ammeter,
V. 42

=——=0.08A
R+R, 42

ilz

24. Consider the directions of current as shown
in figure.
42V 50 A 40
L WW\ WWA—

Ql) 60 sz — 10V

—WW\—'p
av
Applying KVL in loop 1, 2 and 3, we
respectively get,
I, +6(; —I,) + 51, =42

= 121, - 61, =42
= 2, -1, =17 ...
4I, +6(I, - 1)+ 8(I, + I3) =10
= 9I, -3I, +4I; =5 ...(i)
8y + I3)+ 1615 =4
2I, +6I5 =1 ... (iii)

On solving, we get,
I, =47TA1,=24A,1,=05A

Resistor (50 [1Q 4Q |6Q 8Q |16Q
Current (4.7A|4.7A |2.4A |23A |2.9A |0.5A

R =400Q
. e 2000
100Q2 |100Q2  200Q2 100Q2 {100Q2

| MWW = A WWWA- Bv‘v‘v‘v‘v VWWWA- C
oA o A 200Q2

1000 , 1000

Iy !

I oV ! v



As Wheatstone bridge is balanced, 100Q
resistance between B and D can be removed,
ie,

A 1000 B

vvvvv

200Q o~

vvvvv

A 1000

vvvvv

so10 1,
300 30
Hence, reading of voltmeter
= Potential difference between B and C

=200xi2:23—0V

=6.67V
26. (a) (i) When S is open.
E
Il
v | @
S
R
V= 1 E= 3000 %200
RV1 + RV2 5000
=120V
R
V, = V. 2000 900
Ry + Ry, 5000
=80V
(ii) When S is closed,
1
O—1®

Ry S

:

Now, R, and V; are in parallel and their
effective resistance

R - BERy 6000
R +R, 5

=1200Q

Similarly,

R, and V,, are in parallel with their effective
resistance,

10

. RRy, 6000

> Ry+R,, 5
As R,'=R,’
Hence,

=1200Q

reading of V| =reading of V,
1200

=———x200=100V
1200 + 1200

(b) Current distribution is shown in figure

E
1]t

sl Ay

l_R1'+R2'

;200 1
2400 12

__ B . 3000 1

R + Ry, 5000 12

1

20
__ R . 2000 N 1
R + R, 5000 12
1
30
..Current flowing through

4

ly

27. Effective emf of 2V and 6V batteries
connected in parallel

E,_E1r2+E27‘1_2><1—6><1

- R+ - 1+1
=-2V

and pr=til2 =lQ
n+r 2

=0.50Q



11

28.

29.

30. @

31.

2V 10

6V 1Q

U

0.5Q 0.5Q

— FAWWW— —MWW—
4V 2V

Netemf, E=4-2=2V

(a)

A—WW\—B

AsE, >E,
Current will flow from B to A.
(b) E; is doing positive work

(c) As current flows from B to A through
resistor, B is at higher potential.
i’R=2W <5W
Clearly X is doing negative work.
A i
W

R=2.00 E B

(a)P:VizV:E:%:&OV
i 1.0

bE=V-iR=5-2=3V
(¢) It is clear from figure that positive
terminal of X is towards left.

=)

Vp = Vo =50+3.0i
Vo =100 - (50 + 60)
=-10V
(a) As voltmeter is ideal, it has infinite
resistance, therefore current is zero.
b)V=E-ir=>E=50V
(c) Reading of voltmeter = V =5.0V

32.

33.

34.

2Q

35.

36.

Vi=E-ir=E-15r=84 ...(d)
Vo=E+iyr=>E+35r=94 ...(ii)
On solving, we get

r=0.2Q

E=8.17V
In case of charging
V=E+ir=2+5x0.1=25V
Clearly current through each branch is zero.

40380380 = 403 40 40
<> <>
Ty VT 2V 2V
2V 2V
. E
""R:G
R
i1
|t
| T
E
On shunting the galvanometer with

resistance S,

Asi =i




r Vv
R+r_E
R IR-V 5x2500-100
r vV 100
= 100 9500-20.160
12400

37.
60 V

w

0Q 400Q

AAAA

VVVv VW

Let R be the resistance of voltmeter

>
>

<

As reading of voltmeter is 30 V,

L L1 Rro12000

R 400 300

If voltmeter
resistor,

is connected across 300Q

60 V
|y
II

300Q 400Q

Effective resistance of 300Q resistor and

voltmeter
g2 300x1200 _, 06

300 + 1200

3 60
400 + 240

_60 ,
640

_3
32

..Reading of voltmeter,
V=iR' = 3 %240
32
=225V
38. V, = _ R v,
R + Ry’
B _120
r+R, 3
=40Q

40

> 760+ 40

=48V

12

r———MmWW——s

20-1073
=———>— x0.005 -20

=179.9950Q
L -L, , 052-0.4
L, 04

40. r = x5=1.50Q

41. Let R be the resistance of voltmeter

©
®

100Q

30
—www—

34V
100R
100+ R
100R
100+ R
. 3.4
i= W =0.04
100+ R
4R

100+ R

= R=4000Q

Reading of voltmeter,

Veix 0O0R 504
100 + R

=32V
If the voltmeter had been ideal,
Reading of voltmeter

R, =3+2+

= 0.2+

100 x400
100 + 400

_ 100 x3.4=3.24V
42. L _ &
L, R,
= 4OL L = % Ly + Ly =40 cm)
= L, =16cm from A.



l
43. S=—2 - (G+R)
L—1
g
- S
lg
_20-0.0224 0 1050 _9.36
0.0244
~12.940
44, (a)i=
V+7'
R\/
i
r
F—ww—
E
E
V =iR, = R
v Ry +r v
b)—" 1% =L
Ry +r 100
Ry =99r =99 x0.45
— 44550
(c) V__E
E Ry+r

As Ry decreases, V decreases, decreasing
accuracy of voltmeter.

45. (a) When ammeter is connected

E
I,=—""—
R,+R+r
When ammeter is removed
E R,+R+r
= = IA
R+r R+r
(b)17A=99%
R+r 99

R,+R+r 100
1 1
= Ry=—(R+r)=—(3.8+0.45
A 99( ) 99( )

R, =0.043Q
1 R+
(@©As A= T  as R, increases, I,
I R,+R+r
decreases, decreasing the accuracy of
ammeter.

46. 1, = /"mﬁz %:\@A

For the given circuit

R-1R+R-2R
2 2

Maximum power dissipated by the circuit
P rox = T2 R

max max— e

=15 x%x2.4:54W

47. Total power of the circuit, P =P, + P, + P,
=40+60+ 75
=175W
AsP = V—2:> R= V—Z
R P
(120
175

48. Thermal power generated in the battery
R

=823 Q

;

F—ww—

E

P =i’r=i(E-V)
=0.6 W

Power development in the battery by electric
forces

P =IE=26W

49. The given circuit can be considered as the
sum of the circuit as shown.

3
20 216A 20 20 167
e Ai 14/6A Y i 5/16A  |5/16A
30 EE + 303
v 3 < v
T T
y
20 20
2A V1A
$30 Y,
v T T
T
P =7x2=14W,
P,=-1x1=1W
E —-E 12-6
50. (a)i=—1—2= =05A

R +R, 4+8
(b) Power dissipated in R, =I°R, =1 W
and power dissipated in R =1 2R2 =2W
(c) Power of battery E, = E,1

=12 x0.5 =6 W (supplied)
Power of battery E, = E,l
=-6x0.6 =—3 W (absorbed)



51. I =

52.

53.

E 12
R+r 5+1
(@)P=EI=12x2=24W
(b) P, =I’R=2%x5=20W
() Py =I*r=22x1=4W

=2A

(a)

HEU\H
[
W

1 1
160 2.40 4.80

R=0.80Q

W1 -7 =280 1754

R, 1.60

-V 280 1167

R, 2.40

V. _280 5834

3" R, 480
(@ I=I+1I,+I,=35.0A
(d) As all the resistance connected in

parallel, voltage across each resistor is
28.0V.

+

2 2
© P, :VE - (2183; 490 W
vz (28)
) = — = =326.7TW
R, 24
2 2
; V@87 633w
R, 48
V2
As,P="—
) As B

Resistor with least resistance will dissipate

maximum power.
2

(a)P:VE:V:\/PR

=5 x15 x10°% =2.74 x 10>

=274V

2 2
wmp=Y 120 4y
R 9x10

54. (a)

14

o P AN
s 60| =A<t Tt S8

40
1. 31
R 42
_42
31
) f =t o
R
B
R R
U
2R
R
Y
4Q
2Q *I
2Q
A B
10 10
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[an]
c G
© S
(@]
G
N g
<
f
m
_
a3 38
2 o 2+
N
>
cs 3
NS bl
P P
|
<
—
©
m
o]
N
QW
<
=
c
N
<
U
m
G
N
g
N 5
N
c
N
<

2Q

WWA
VVWWWy

WWh
Wy

YWWWy
VW

VWWWy
VW

>
>
>
>
>

AAAA

2R

AAAA
YWW

B

AAAA
VVWWy

AAAA

10Q

100
o5

VW

<

>
>
>
>
S

<
<
<

AAAA
WWWA
5Q

VWWWy

10Q

o] G
S
8 — }4}4}4}4
§) fa) 2
xg
G c [
—la Yo - ™ » o e
o S -2 ¢
— A + <
R ] R N P VA
< DmA 5 Dm.A 8 DM nmw
N = |+ + &2
S
m Lu Dm..A Dm..A —
2 &
W I [ | .
o < Q
s R & O o3
3 =%
W. oQo A AAAA
o w6 = 2
3 xs
wn S
< nmv AAAA
<
G
S
—
A
> <
i) g3 3& G3 3
o 83 39 83 3
+
m M
T @] + MM
A ™ o = A G
& S = S
P AAAA —
N
- as 5 QA - 1
f 333 0 a
o 7% sc =
G b= A
N 9 e
<A @) 0,
py A=
| o LG
< o ) — MW = MW“"EJ b
— < <
o I o MW ¥ A 1LA"mM <
=«
;< e
- - g
< = —

250

<

<
<
<

100

B

5Q

4.17Q
B

A

about

symmetrical

circuit is

As

perpendicular bisector of AB, lying on it are

at same potential.



U
A
=
B
56.
20 = 5Q 50
20 B
,30Q | 400
20 WWA—E—MAN
U
10 10 N 150

55.

(g)

C YWWWY D

0.71Q
B
Clearly C and D, E and F are at same
potential.
B D F
A c E

Let R be the resistance of each conductor,
and R, be the effective resistance between A
and F in first case then,

. R, =5R
If R, be effective resistance between A and F
in second case then,

B D
A C E
R, =3R
R R R
R 3R
2 _-2"-06
R, 5R
R, =0.6R,
A oL n

< S

5589 2 15Q 3:159

d M

$200 $60

150

CE 200 300 DF

U
300
20 m 8Q
A N ’
500

Here, C and E , D and F are at same
potential.

R,=2330Q

v 2,
< r < 2r 3
57. (@ 2 ro= =
aw—~Lp b
r a r b a p

=
A

w|oe
=



(c) As Wheatstone bridge is balanced.
b . 58. R,=_
r r (b)
U
2r
b—Nrw—a <b a
2r

As Wheatstone bridge is balanced

‘ r

X

4
(d)j%jw :

© ro = a b
a b
r 8113 2r/3
' U 4/5r
a
Objective Questions (Level-1)
1. When ammeter is connected in series - E = ™4 _ 0t constant
R,=R+R, v et
Hence, net current decreases. So R, should 3. R =7
b low.
e very low . V] [ML2T 1]
. Amount of charge entering per second from = Rl=—="—"——

. [1] [1]
one face is equal to the amount of charge oo
leaving per second at the other, hence I is =[ML*T %]
constant. _ 1

. . 0=

Again, I P

Va = nedA not constant. As unit of resistivity is ohm-m and

el unit of is ohm - m™.
As vy =—r1
m . Fact.



6. E=I(R+r)
Case I
E=05(3.75+r)
Case I1
E=044.75+r)
On solving
r=025Q0,E=2V
7. L:@:I:§Ig
Ig 20 2
I I-1
S=—2_G=G= £ 8
I-1, I,
:§><12
2
=18Q
1
8. I, =2%I=_
50
sl G G
I-1, 49
2
0. P=V
R
2
P + AP = v
R+ AR
As R«
AR =-10%R
2 2
_v _L:[L_ljp
09R R \0.9
:Elel%P
9
10. Potential difference between any two points
is zero.
11. pohithp
L
:75_60><10
60
=250

12. (b) By applying KCL at O

18

N

L+1,+1I;,=0
6 -V, +3—V0+2—V0 0
6 3 2

=6-V,+2(3-V,)+32-V,)=0

(=}

Vy=3V
I I
13. v, =——=
Y neA  nemr?

, 21 Ug v

v =———— =t =—

nen(2r) 2 2
14. Voltmeter has higher resistance than

ammeter.

Again higher the range of voltmeter, higher
will be its resistance.

1

R

B Lh=g—7 1
7+7
R 'R,

—— S WWW— B>

121_(1+q

R LR, R, Ry
_ 08 *(L+ij
0.3 x20 20 15
_1
60

R =60Q

E

_~ V. -LR
R,+R, * 7

16. (I =

® Y

=E-LR,
If resistance is connected in parallel with
voltmeter,
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Ve

R P, n°P
R,
| 19. Asbulb A is in series with entire circuit.
2
|E| oo, 7. Bt B, _ 18
E

R+r1+r2_R+3

Ly=——pp—>h Vap =By — 11, =0
Ry+ v 18
R+ Ry 3 - x1=0
R+3
and Vo=E-I,R, <V, = R-30
17. Before connectivity resistance is parallel R
with ammeter 21. I, = I
R + Ry
| Iy R
Iy | BT MWN——
| 1,Y
E O
I _E Vi, =LR y__R
"Ry R, VY R, R+Ry,
=B LRy 2150000 "R 1;500 b
After connecting resistance in parallel to the *
ammeter. R +2500=125R

r=-2%¢ 1000
24

22.

R/10 R/10

R0  R/10
7 E R/10  R/10
2 = )
R, R

o Tiw RI10  R/10

Reading of ammeter = %I 9 U

E 1 R/5

=—>—I
R, +2Ry, 2
2E
-ILR,=— " <9
V=Dl R, +2R, Y R/5 R/ 25
R WWv = MWW—
18. R,=— R/5
n
R/n
‘ ™y \ o3 T _20 _1
R, 80 4
R +15 40 2
PV R, 60 3



Vs =IR5 =160
K= Vep _ 1.6 =0.016 V/cm
100

L
_E_ 12 o
K 0.016
26. A V,5=83x2+3+1x4-2+6x1
=17V
1 2A
20 20
3 20 20 10 10
MWW WW—] B
A 3v 2v
E E
27. (E, =272 gy
ntr
n=-12_ _050
ntry

For maximum power R =7,

and P, —E—ez— @’ =
"X 4y 4x05

R
28. V=
@ R+

EI_E2
R +Ry+r1+n
B 10-5 1
T 25+15+25+25 9

29. (1=

Vg =—-1(25+ 15)
__L40~-av
9

30. (a) Vg =kL =0.2 x100 =20 mV
RAB E
R,z + R

R, + 490

= R,; +490=100R 5
490
Ryp=——=490Q
4B~ gg

VAB =

= 0.02 =

31. (c) When key is open,

 _2E
3R
R 2R 3R
2R R - 3R
|1 |1ﬂ
A1 @1
E E
312R |
3R
1
Ol
E
When key is closed
R 2R
2R/3 2R/3
Iy 2
@—1 A1
E U E
4R/3
I2
@—t
, _3E
4R
L8
I, 9
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1
I S
32. ) S=—2 G=34 43663
I-1 33
g —1I
34
-111Q

Hence R, and R, are in parallel

2r
r Re _ R1R2
' R, + R,
B = B =2.50
g .
% ' 36. (c) Let R,j, = Rpy =«

1Q 1Q 1Q 1Q 1Q

5/3r

U
2r/3 ; 10 101Q
—AMW
A B < A%%’B 10 0 A Blio 10
r
5/3r 213

Clearly x <1 as 1Q resistor is in parallel

U with some combination.
5/11r
— M Now Ryp=x+1+x
=2x+1
Asx <1
1<R,p<3
R(R+ Ry)
37. R,z =R+ ——=R,
@ Ryp 2R+ R, 0
= 2R*+ RR,+ R* + RR,=2RR, + R}
= 3R*=R}
R
= R=-2
NE]
38.
P P
R R/2 § R
— >
R/3
A Qe Qe
o U
As the circuit is symmetrical about
perpendicular bisector of AB, all points 5 5 >
lying on it are at same potential. B R=250 < TR R
L
35. (0 R, = 1
) By L, +L, 0
= R, = R =3Q
6
b R,=15Q
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39. Wheatstone bridge is balanced. R = 4 xnr=2=R,
A 2nr
R R R, = 4 x2r = 4
2nr I
2R3 2R3 = R 11,1 1
R, R R, R,
2RI3 SR L
2RI “otetaT g
Ua R-2 o
R R R 4+ 1
7R/3 7RI/3
= = 42. (d) Points C and D are shorted hence the
4R/3 4RI3 4R/3 4R/3 portion above line CD can be removed.
B
= R, = TR /S‘ W\
6
C D
R R
A B
U
C%D
A B
U
R/2 R/2
R/2 R
L f=
Ry=—2 1l p_330 ATIWW—E 7/ \ &
1+ Ly 12 R A R B
R, and R, are in parallel,
RR, 3x33 43. (b) As AB is line of symmetry,
e = R +R, ~34,33 we can fold the network about AB.
~2.750 AR _R
41. (a) Resistance per unit length of wire R R R
- 2nr R R R
A R R B
RI2__RI2 R
A R/2 R/2
R/2 R2 A
= B
Ry Rs R, R2| A
U
B 3R/2
A




JEE Corner

Assertion and Reason

. () V=IR,IfV =0either[ =00or R=0

. (b) As all the resistors are in parallel

potential difference is same, hence
2

Ve . . . .
P= B is maximum if R is minimum.

2
. (b) dH = I%dRt = % dH

I is same everywhere, hence portion having
less area is more heated.

1
gain

Jy>dp.
Reason is also correct but does not explain
assertion.

. (b) Both assertion and reason are correct but
reason does not explain the cause of decrease
in voltmeter reading.

. (b) As R, < Ry, more current passes through
ammeter when positions of ammeter and
voltmeter are interchanged and potential
difference across voltmeter becomes less that
emf of cell.

. (¢) During charging current inside the
battery flows from positive terminal to
negative terminal. Reason is false while
assertion is true.

E
. d 1 =

+r

is maximum when R is zero

hence reason is false.

10.

11.

12.

2
P= E7R2 is maximum at R =r.
(R+7r)
vV V2

. (¢ I=—,P=—Doth I and P are inversly
R R

proportional to R hence both decrease with
increase in R which increases with
temperature.

According to Ohm’s law V oc I not V = IR.
As R can be variable also.

(d) Drift velocity is average velocity of all the
electrons but velocity of all electrons is not
constant.

L
@ R=p—
PA
_m
ne’t
with increase in temperature, -electron

collide more frequently, i.e., © decreases,
increasing p and hence R.
Er,+E
@E="12""1 . g E<E,
I+
If E, <E,
r=£,r<r1,r<r2
ntr
L
(d) B =—1
R, L,
Hence there is no effect of one while
measuring using meter bridge.

Objective Questions (Level-2)

E,-E 15-13

. (I=
7"1 + 7'2 7'1 + rZ
0.2 .
= ...(1)
n+n
V=E +1In
= 1.45=1.3 + 0.2 n
ntn
n 015

=—— = 0.2, =0.15r; + 0.15r,
n+r 02

0.06r; =0.151, r, =3ny

2.

(c) Let R = Resistance of voltmeter,

V= ER =198V .1

"R +R
v,- ER___ER g0y
R,+R 2R +R

2K + R _198 11
R +R 180 10
20R, + 10R=11R, + 11R

9R, =R

...(i)




From Eq. (i),
ER

R +R
E =198 x%:MOV
9E,

=198

3. b P=I’R

As R is same for all bulbs and maximum
current passes through bulb A, it will glow
most brightly.

4. R+ RA:¥:5Q

R=5-R, <5Q

10 x132.40

L-L, ,_10
60

5.
(@)r= L,
~22.1Q

6. (b) Current through R when S is open.
E +E,
[ =177
"R+ o+
Current throughR when S is closed
E,
I, =
R+n
Al =1, -1
E,  E+E
R+nn R+n+rn
_ En,-EyR+n)
(R+n)(R+nr+ry)
Al =+veif Eir, >E,(R+ 1)

7. @V, =IR
2,
3s—®
| A
X @ y
N
11—
3
2
Vy :§I x1.5R=1IR
Ve = 1I x3R=1IR
VA V=V
8. (d) Current through 15 Q resistor
_39 9
15

Ve =2 +5)x5=35V
Voltage drop across R =100 — (30 + 55)
=35V

10.

11.

12.

24

..Required ratio = 35 _ 1

L —
@r=2""2p-*"Yp
9 y
R-20 ¢-10
(d) =
40-20 30-20
= R=t+10
_E_ 10
R t+10
dg 10
dt t+10
30Ldt—lo[lo (t+10)
107+ 10 Be
=101log, 2

(b) Let [ length is kept fixed and I, is
stretched,

L
2 =Pf2

_ph
Rl_pA’R A

Initial resistance,
R=R, +R, ...(1)

Now full is stretched % times, ie,

3
:§(l1+12)_ll
1
:§(ZL+312)
, AL 2AL
27, L +3l
1
5(zl+3z2)2
B =r A
2
. (4 +3L)°
P
4Al,
Now, R =4R
R +R,=4(R +R)
(4, +3L,)?
e B LA I
L+ 4, 4l + 1)
- L_1
L 7
= b _1
L+L, 8
L
= =40
() T 100 - llzll em
IfR' =8
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X__ K
R 100-1’
= L'=60cm
L'-4 =20cm
0.1
13. I, =—"1T
©h=51"99
QQfA\lo mA
a4
|
1 ,
| 0.1Q 0.9Q
A B C
ButI; =10 mA
10

I:ﬂ x10mA =1000 mA

=1kA

14. (d) Effective emf of two cells
_E1r2+E2r1 _2><6+4><2

E
Rt 2+6
_20 _o5v
8
R,z =4x4=16Q
Vip-—lae_p _ 16 49
R+ R,y 4+16
=9.6V
k:Vﬁ=2.4V/m
L
Now, E =kl
E 25 25
= L="—"=""

k24 24

15. When % and k, both are closed, the
resistance R, is short circuited. Therefore
net resistance is

Ky

100 x 100
net =7 100+ 100
E
o 150

+ 50

...

when, % is open and £k, is closed, net
resistance is

100 x100

R =r+R+——=(+R +50
net =7+ By 4 2007700 -7 B+ 50)
L E ...(i)
2 7+ R +50

The above two equations are satisfied if » =0
and R, =50Q.

16. (b) 20Q,100Q and 25Q resistors are in
parallel.

40
R
\V/ =
6Q) 6Q
-0
4A

R=20Q
V=IR=80V

17. (a) Hence, points A and C, B and D are at
same potential.

vvvvvvvvvvvvvvv

vvvvv

—y

vvvvv
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I= _E —1A 21. (a) Voltage sensitivity of voltmeter
e o~ 1
3 R Resistance of voltmeter
V=I><§=3V VSl:R2+G
1, r vV, Ri+G
18. (c)S:I_IgG, G:r,S:Z 30 R, +50
! 1(I o1 11 20 2950 + 50
74" T Ty 30 x3000
4 5 R, +G=""""""_ 4500
=0.006 A 20
19. @1, -9-3 = R, =44500
14 7 22. (b) Forx =0
8QQ B 6Q
MW Vg =E
p A
2 A
[ EO:lelz% ...(0)
! L
0oV
10 For x = x (say)
12 :7A VAB: RRAB E
g+ X
V-V, =1, x4
"% ky = — apE
= A 2 (Rup +x)L
40 R,zEL, .
— =T =" A E =k, L,=—2a5""2 ...(>i1)
Vp-Vg=I x8 7 0 = ol (Ryp + )L
Vy-Ap=0 From Egs. (i) and (ii),
Another method Ryp+ L,
R 1=
As’ﬁzi, VBZVA (RAB+x)
R, R, 00 _ 1030
20. (b) For series connection = T 10+ x
Y_R
‘/2 RZ = x=5Q
R, 3 23. (d) To obtain null point similar terminal of
E ) both the batteries should be connected.
L 24. (c) Wheatstone bridge is balanced.
Now, By =p~-="—=3, 200 40 ! 40
A m AR
P S 1.4A
Rz—sh:@ e 3150 = — -
4y N Y —in
R L [rQJZ 500 100 500 100
|2
R, 2 \71 = R, I
n_ [RL _ [2x6 _, R+ R,
r2_ Rle_ 3x1 :@xl.él
no 2 =1A



25. (b) 29. (¢ r-fi-lep
E,B.H L,
R R - R Lyr
A B L -1,
490 x 10
C WWW ? vVWW E = = 7X = 490 Q
10vV=<3 10
VAVAVAVAV - VAVAVAVAV H R .
F 500 G100 D 5 More than One Correct Options
1ov 30. H=Pt =Py,
v H H
= tl =50 tz =
13 By
R R

|1/«| MW—WW If connected in series
\im 1_1 1
Iy P B P

1A =
= t=t +t,
I I If connected in parallel
lov 1ov P=P+P,
t,t
I = 10 =25A = t=—12_
2x2 i+ 1
26. (b) Effective resistance of voltmeter and 31. E= Eyry + Bty - 6x3 +5x2
3 kQ resistor, R+ 2+3
R1:3X6=2kQ =56V
R, 9 2+6 As there is no load.
V, = E="x10=5V V=E=56V
R + R, 4
If E =E, I=0
27. () P, =P, =P,, Clearly R, = R _ _
1=4 =13 g 2 3 [:El 2:6 5:0.2A
2 n+r, 2+3
R
_— 32. Let V = Potential difference between T} and
: , T,.
3
) L—® ®
.1 T,
l2 _l3 5 T2
N 2 %)
P —i°R, P, =(§) «R,-L1i2R, ©
\4
1, I =———r
P, :Zl R, R, + Ry
\%4
Ry =4R,, Ry =4R, IZ:Ri
R :R,:Ry=1:4:4 ¢
E 2 Now,. I,=Iz=1
28. ASE=kKL,=> k=—"=—-=250 I.-1
L, 500 c =1z
1 Also, V =I.R,=I,(R, + Rp)
=——V/ecm “I.R.+I.R
250 =iy +iphp
V= kL, =1 x490cm Ip _L__Re
250 I. I, R,+Ry

=196V



33.

34.

35.

36.

37.

As R, #R,
Ac B
2
Vi#V,
Also, Vo=V +V,
As R =R,
[ Ry R>
>—MWW—AMWWW—
Vi=V,
L
R=p—
PA
But
L,=2L,
and R =R,
Ay =2A,

Also, v, oc% (For constant current)

v, _§Ud1:>"d1 =2v,,

2
Again,v; « E
E =2E,

If E > 18 V current will flow from B to A and
vice-versa.

V =kl

If Jockey is shifted towards right, I and
hence & will decreases as k oc I.

Hence L will increase.

If E, is increased, k& will increase, hence L
will decrease.

If E, is increased L will increase as V will
increase.

If p is closed V will decrease hence L will
decrease.

I =

e

E
+r

, Initially, I =
YI°R

et Te

If S, is closed

28

E
Ie:R >T
—+r
2
If S, is closed
I, = Er>I
R+ -
2
38. V, -V, =-10+2I =2V
20 | 10V
—e
a C b
I=6A
From b to a.

V-V, =2x6=12V
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Match the Columns

1. By applying KCL ate
h+iy+ig+iy=0

2-V, 4-V, 6-V, 4-V, |
1 2 1 2
V,=4V, I, =-2A,i,=0,i3=2A,i,=0
2. Current is same at every point and A, < A,
i
J=—=d, >dJ
A 1 2

14
Uy :azvdl >Ud2
R _»p
reLTATn
1%
k=—=k >k
Yok,

3. When switch S is closed
V] decreases, V, increases,

~.Current through R, decreases and through

R, increases.

. [R]

vvvvvvvvvv

C VI IMLTPA™Y
m (Al
=[ML?T3A %]
vy W _ [MLT2]
[q] [AT]
=[ML?T3A ]
_[RI[A] [ML*T°A*][L?]
A [L]
=[ML3T3A2]
[cl= 1 [MIL3T3A2)
[p

[o]

AAAA
VVWWy

Vy=E,-Ir, =3V
Vy=Eg+Irg=2V
P =1V, -3 W
Py=IVy=2 W



21 Electrostatics

Introductory Exercise 21.1

1. No, because charged body can attract an 4. No. of electrons in 3 g mole of hydrogen atom
uncharged by inducing charge on it. =3 x6.022 x1023

2. Yes. 5 g=ne=3x6.022x10% x1.6 x107**

3. On clearing, a phonograph record becomes =2.9x10°C
charged by friction.

Introductory Exercise 21.2

1. _ 1 ¢ 1 f 3. Let us find net force on charge at A.
° d4ngy, r®  4dng, r? A
7o Gmm, \
&= 2
E__ ¢

F, - 4ne,-Gmym, .
9 x10% x(1.6 x10719)? B C
= 11 31 27 q

6.67 x107" x9.11 x10™°" x1.67 x10

2 2
Fyp :iqu Fye = : qu
=2.27 x10% 4ne, a dng, a
2 po_ 1l % Net force on charge at A
: 2
dngy 1 F, = F,5c0s30° + F,cos30°
)= 4Q1;22 _ V3¢?
T 4me, -a?
[e]= lq. I Fag cOs 30°
[F1rP? j
[1T]? Fac JFaccos30°
T INVT 2117 12 AB
[MLT2][L]?
:[M71L73T412] )
; 2 N1, 2 60
SI units of gy =C“ N "m™.
FAC sin 30° < > FAB sin 30°



Foa=Foc
— —
and Fos=-Fop
A B
a® .’
\\\ e q
N ,
\\\ /,’
N .7
'
,>\\_q
.70 N
e \\\
7 N
q /// \\\ q
D C

Hence, net force on charge at centre is zero.

. No. In case of induction while charge comes
closer and like charge moves further from
the source.

The cause of attraction is more attractive
force due to small distance. But if
electrostatic force becomes independent of
distance, attractive force will become equal
to repulsive force, hence net force becomes
zero.

. When the charged glass rod is brought near

the metal sphere, negative induces on the
portion of sphere near the charge, hence it
get attracted. But when the sphere touches
the rod it becomes positively charged due to
conduction and gets repelled by the rod.

. Yes as qup =€

1 e?

2

min —
4dngy r

. No. Electrostatic force is independent of

presence or absence of other charges.
N

By =—F,=(-41+3)N.

Introductory Exercise 21.3

. False. E = ! %

4dngy r
. V4, > Vy as electric lines of force move from
higher potential to lower potential.

. False. Positively charged particle moves in
the direction of electric field while negatively
charged particle moves opposite to the
direction of electric field.

. False. Direction of motion can be different
from direction of force.

 E=2=06=FE¢=30x885x10"2
€o

=2.655 x10"" C/m?

. q; and g4 are positively charged as lines of
force are directed away from ¢; and g5. g, is
negatively charged because electric field
lines are towards g,

. If a charge q is placed at A also net field at
centre will be zero.

q q
D C

Hence net field at O is same as produced by
A done but in opposite direction,02 i.e.,

. Net field at the centre (O) of wire is zero. If a

small length of the wire is cut-off, net field
will be equal to the field
due to cut-off portion, i.e.,

__1 dg

4ng, R?

q

1 2rnR

“4ne, R®

~qdl

- 8n’e,R®




9. E- 1 4y
4ney r

9x10° x2x1078

32

= e (31+4))=-144(31+4j)N/C

(32 + 42)3/2

Introductory Exercise 21.4

1. Gain in KE =loss of PE

1oa_ 1 (11
2 4me, Nz R

11042
2
- 1x10°x2x10° x9x10° (L - L
1 05
v? =360
v=6/10 ms™*

2. W=‘I(VA_VB)

—2><10_6{ 1 -1x10° 1 —1><106}

4rg, 1 47580' 2
=-9x102%J
=-9md

3. Whenever work is done by electric force,
potential energy is decreased.

W =-AU
Uy=U, -W=-86x10°J

4. No.AsU = D92
4neyr

If there are three particles

1
_ | 9192 n 9293 " q3q;
dmey | 19 a3 31

Here U may be zero.

In case of more than two particles PE of
systems may same as if they were separated
by infinite distance but not in case of two
particles.

Introductory Exercise 21.5

W,
1.V, =—22 =12 x102=1200 V

a

q
2. A=ax
(a) SI Units of A = C/m
azt
x

C/
Hence SI unit of o = 2 C/m?.

m
< L >
op [ ) ® O
“~Xx—>

f¢—d—>

(b) Consider an elementary portion of rod at
a distance x from origin having length
dx. Electric potential at P due to this
element.

1 Adx

dV = .
4rey, x+d

Net electric potential at P
(L1 dx

04ne, x+d

o Lxdx
= )

_4Tl',80 Ox +d
N P
dme, | 20 Ox+d
=% qlxlk —dn(x + d)IE]
4me, )
¢ .L—dlnL“q
dne, |

3. Consider an elementary portion of length dx
at a distance x fro my centre O of the rod.
P

1
d
!
a O

O <«—x—>d—x>
< 2 >

Electric potential at P due to this element,
1 rdx

B e, ' Jd? + x?
A Il dx
- \/dz +x2

4me,
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Charge on the elementary ring;
d@=cdA=—% 2mcdl
RL

-1 x2sint X . T
4me, 21 d or dQ = 2Q! sin 0 dl
= q sjn71 i RL
4me, I d Potential at O due to this ring
4. Consider the cone to be made up of large _ 1 aQ
number of elementary rings. dmey 1
_ Qsin0 dl
~ 2ngyRL

Total potential at O
_ Qsind IL dl—QL sin ©
2mgy RL'  2me, RL

= Q [L sin 6= R]
2me, L

U=qV
__Qq

Consider one such ring of radius x and 2me, L

thickness dl. Let 0 be the semi-vertical angle

of cone and R be the radius of cone.

<«—R—>

Introductory Exercise 21.6

1. @V=ax?-y? V is constant hence E is zero.
E:_[&’fﬂj}_zaxhzys For x>4

ox oy V is decreasing at constant rate, hence E is
bV = positive.
BV = azy dv  (50-100)
ova Ovap A N 3. E=——=-——""=10V/m
E=-|—i=—j|=—a(yi+x])) dr 5-0
ox oy
2. Fromx=-2tox=0&x=2tox =4 True. IR
V is increasing uniformly. 4. (@) Vp-Vp=E-1=0
4 () Vp - Vy=E-T =20 x1 xcos0°
=20V
Ar-------B
: : > E) 20V/
T T X T m i = m
-2 0 2 4 oiam i

©Vy-Vp,=-20x1=-20V
Hence, E is uniform and negative DV,-Vp=-20x1=-20V

Fromx=0tox =2
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Introductory Exercise 21.7

N
————————————————————— > E
1
7
—————————— >
————————— >
_____________________ _>

1. F, =qFE towards right

F, = qE towards left
Net torque about 0,
t1=qE (2] —x)sin 0 + qEx sin 0
=q(2]) Esin 6 = pE sin 0
7 =pxE
-1 a
1 4, (\/y2 +a?)?

E,- 1 .4
? dmey ((Jy?+a?)?

1 2¢q
E; = dre. V2
TESO y
Net field at P

]73:7(E3 fElcoseszcos(ﬂ)j
—q{Z cos 0 cos 6 :*j

dngy | ¥2 y +a® ¥ +a?

A

2901y 13

47[80 y2 (yZ +a2)3/2

- 2q _(y2 +a2)3/2_y3 :]\
4:7[80 y2 (yz + a2)3/2

9N 3/2
y31+(L2 — 8
Y

__ % 5
47'[80 y2 (y2 + a2)3/2
Asy>>a
3 2
y3 1+i2 —y3
2q 2y A
E=— ) 2 j
4rg, y
>
Eo_ 3qa . A
4meyy

Introductory Exercise 21.8

. (a) Charge g is completely the hemisphere
hence flux through hemisphere is zero.
(b) Charge inside the sphere is g hence flux
through hemisphere
4= 9
€o
(c) As charge q is at the surface, net flux
through hemisphere
-9
¢ 2¢,
. When charge is at any of the vertex, net flux
through the cube,
-2
¢ 8g,
If charge q is at D,
flux through three faces containing D is zero
and the flux ¢ is divided equal among other
three faces, hence

bercm =< =5
EFGH (I) 27580

and dapap =0

. True. As electric field is wuniform, flux

entering the cube will be equal to flux
leaving it.

q
¢net =0= (I)net =
€o

=q=0

. (a) As net charge inside hemisphere is zero,

G +¢=0
But E is parallel to surface 2.
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Hence, ¢ =0
(b) Again, ¢ + ¢, =0

& =E xR? = R’E
& =—¢=-nRE
1

, 0=60°

ZPOQ =26 =120°
..Length of arc PQ = 23—n R

Charge inside sphere,

q:iqo X2jR3@
2k 3 3

.. Flux through the sphere

_9_ 9
¢ g 3¢

6. Net charge inside the cube =0.
..Net flux through the cube =0.

Introductory Exercise 21.9

Ly 1 atatag_
C B 4re, 2R
B

0

9p=—2q
Total charge inside a conducting sphere
appears on its outer surface,

..Charge on outer surface of A =2¢q
and charge on outer surface of B

=29 -2q=0

2. Let q'= charge on sphere B and charge ¢
flows from sphere C to A.

1

=
4rg,

=

(9+9+Q 29-@Q
2R 3R
39" +q+ =0

Again, V, =V,

1 [g+@Q
4me, R

j:o

...

2q — 3q+4q
+q+qQ}_1'q+q

2R 3R | 4ng,

3R

6(g +Q)+3q"+229-Q)=2(3q9 +q")

On solving

49 +49+q'=0



5 . 24
Q= 17129119
A B C

Charge on 0 -@+Q) -({@+q+Q)
inner surface 6 _ 18

- 11q 11 d
Charge on +Q=£ I+9+Q 35, 4=2
outer surface 1 11 18 1+ 4 11q

11
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AIEEE Corner

Subjective Questions (Level-1)

Lo 1 9Q-9)
4me, r

For maximum force
dF 1 .Q -2q

“@s 5 0
dq 4mne, r
_Q

175
d°F 1 -2
—— = —5 <0
dq® 4mg, r

Q

Hence F is maximum at q = 9

2. Minimum possible charge on a particle =e.
1 e? 9x10° x(1.6x107%)
(1x107%)

=23 x104N

1
R D)

Lmin = o9 T
4ng, r*

3. F,=
4ne, r
Gmym,

;. ...(>i1)

F,=

i _ 4192

F, 4ne,Gmm,

_ (32x107)* x9 x10°
6.67 x107M x(6.64 x10727)?

=3.1x10%

3.
A B C
Charge on —q -2q + ﬁq
inner surface 3
Charge on + 2g _4q L2
outer surface 3 3 q
1 qq .
4. F = L1412 ...(1)
! 4ng, 1’
1 g2 ..
F, = - ...(i)
2 4me, r?

[As both the spheres are identical, find
charge on both the spheres will be equal]

_%1 9
q 2

= -9 =29
From Eq. (i),
q* =4ne, r°F,
(50 x107%)* x0.036
- 9 x10°
g=10°%C=1pnC
From Eq. (i),

— 10712

50 x1072)% x0.108
9, :4n80r2F1 :( x ) x

9 x10°
—3 %1012
Also, q; +qy=29=2x 1078
On solving
g =1t3pnC
and g, =+1pC
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5 (a)F =

1 . ¢, Q
4ne, (3a/2)?
—-a +a/2 +a
-3 3G o
Fo ™ Fy
! 4ne, 9a’
_ 1 4R
*ang, (a/2)
1 49,Q

= =
4ng, a

...

...(i)

For net force on @ to be zero

F =F,
or . Qq1=9q2
1
B F=—— 07
4ne, 25a
ra
-a +Q 2
--------- v-i)—v—_))—»
Oz o F Q F @
1 49,Q

1= ’
4me, 9a?

For net force on @ to be zero.

FE +F,=0
= % _25
q; 9

(a) In order to make net force on charge at A
and B zero, @ must have negative sign.

Let the charge @ is planed at a distance x
from A (+ @ charge)

1 q@Q
F,=— 1%
oA 4me, x2
1 49Q

OB 4me, .(x —x)?

For net force on @ to be zero.

Foa = Fop
1 9@ _ 1 4@
dne, x®  4mgy, (L —x)?
(L - x)* =(2x)?
L

x==

3

Force on A,

1 4
4ng, L*

1 q@
3

Fp=

F,,= .
40 4me, «

_ 1 4@
4ng, L*

For net force on @ to be zero.
Fpp=Fyo
1 4¢° 1 4qaQ
dng, L*  4me, L2
9

= _2
q 4Q

4

- _2
Q i

As @ is negative = ¢ = ) q

(b) PE of the system
2
1 497 9@ 4@
4mg, | L x L-x

_1.{4&_4(162_@61:0

C4ng, | L 3L 3L

Hence, equilibrium is unstable.

7. FBD of af placed at left can be given by

N sin 60°
N
60°
mg
AABD is equilateral
As beads are in equilibrium

mg = N sin 60°
F, = N cos60°

E, =cot60°

mg

g% = 4naoR2 mg cot60°

4neyR® mg
q= 3

6reymg

=2R
NE)



8.

12.

n
®
A
y
Y
M

As ball are in equilibrium
(@]

F,=Tsina
mg =T cosa
F,=mgtana
q? =4TC807‘2 tan o
Here, r=2Ilsina
q®= 167, %sin? o tan o
g=3.3x10"° C.

. Same as Q.7. Introductory Exercise 21.3.
10.

11.

See Q.7. Introductory Exercise 21.3.

fop— 1Ly
4ne, r

- 9x107 x(~8.0x10?)
(1.2 +(1.6)%)%2

(1.2i-1.673)

=182 (1.21-1.6j)N/C.

Consider an elementary portion on the ring
of length dl subtending angle d¢ at centre ‘O’
of the ring.

Charge on this portion,
dE cos ¢

dE AdE cos ¢

X X
X x x x x X

dq =)dl = Rd¢
_ 1 dg _ 1 Ad¢
4ne, R® 4ney R

dE

13.

38

Here, dE sin ¢ components of field will cancel
each other.

Hence, Net field at O
1 A (2
E:IdECOS(b:E'EL[/z cos o dd

12
_4Tl',80 R

Consider elementary portion of the rod of
length d/ at a distance [ from the centre O of
the rod.

N dE sin ¢
AN A
dTI dE
|
dE cos
o dE cos ¢ ¢
dE
dl dE sin ¢
Charge on this portion
dg=A\dl= Q dl
L
_ 1 dq
4ng, (a sec §)?
1 Qdl
- 4ne, La®sec® ¢
Now,
l=a tan ¢
= dl =a sec® § do
1 Qdd
4ne, La
Net Electric field at P.
E-= I dEcos ¢

[ dE sin ¢ components will cancel each other
as rod in symmetrical about P.]

1 Q (o
= e, -EJ:O cos ¢ d
1 2Qsin®
_%. La

L L

) J o Jaa® 17
2

_ 1 2Q
4ng, a\/4a2+L2

But sin 6 =
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14. (a) As shown in figure, direction of electric Clearly resultant field is along angle bisector
field at P will be along + ve y-axis. of field towards 9 and 10.

6E
6E,

Hence time shown by clock in the direction
of electric field is 9 : 30.

s —eE

(b) Positive x-axis. 16. (2) a - F_-e

YA m m

T _-1.6x107" x1 x10°

E. 9.1x107%!
/ —_1.76 x10" ms 2
+Q ——X u=5.00x10® cm/s =5 x10° ms™!
\ v=0
E, v? —u? =2as
(5 x10°%)2

S=—————=+
2x1.7 x10™

+Q

=14x102=1.4cm
(c) Positive y-axis.
(b) v=u+at
6
E E, p__8x107
1.76 x10™

(c) Ak =work done by electric field.
p =F.x=—eEx
=-1.6x10"" x1x10% x8 x107°
+Q =-1.28x107'%J
nE Loss of KE =1.28 x10718 J

=2.8x10"% =28 ns.

17. Here,u, =ucos45°= 2 ms ™

NG}

u — E
e
. 25 1
u, =u sin45°=—ms
Y V2
a, =qE =2 %107 x2 x10"
=40 ms™!
a,=-10ms™

y

Y=Uy + i t?
Resultant fields of two opposite charges can ay
be shown as given in figure. yo §t 52

V2



at the end of motion,

t=Tand y=0
5
T=—s
V2
Also at the end of motion,
x=R

x—ut+1at2
— Yy o %x
2

25 5 5’

R:ﬁxﬁ+20x[ﬁj
=312.5m

3 “2 sin 26

= E

qER

muz

_1.6x107"? x720 x1.27 x10°°
167 x107%7 x(9.55 x10°)*

=0.96
20 =88°o0r92°

0 =44°or 46°
T 2mh sin 0
2E

1
2x9.55 x10% x —— x1.67 x1073!
V2

1.6 x1071° x 720
=1.95x10" " s

eE  1.6x107°x120,
m 91xi0® ?

=-2.1x10" im/s
2x1072
(b)t:&:%:é
u, 15x10° 3
vyzuy+ayt 4
=3.0x10% x2.1 x10" x5 x1077

18. (a) R

sin 20 =

19. (a)a=

x107" s

=0.2 x10% m/s
v=(1.5x10°)1+ (0.2 x10%)j
20. Absolute potential can be zero at two points
on the x-axis. One in between the charges

and other on the left of charge a,; (smaller in
magnitude).

[e) ) .100cm
a2

A1

21.

40

Case L.
In between two charges : let potential is zero
at a distance x from ¢; towards g,.
<—X—> <100-x>
A ' a2
vl @&, 1 & _,
4ngy 100 —x

- 4ngy «x
1 2x10° 1 3x10°
C4ng, x 4mg, 100 -x
= 200 —2x =3«
x =20cm

Case II.
Consider the potential is zero at a distance x
from charge g, on its left.
<« X <— 100 cm—>
a; 4z
V= L i L % =0
4negy 100 + x

_4TE80 x
_ 1 2x10° 1 -3x10° _
4rme, x 4me, 100 + x
200 + 2x =3x
x =200 cm

Let us first find the potential at a point on
the perpendicular bisector of a line charge.

Consider a line of carrying a line charge
density A having length L.

Adl

Y

Consider an elementary portion of length dl
on the rod.

Charge on this portion

dq=2\dl
qv - 1 Adl
4ng, rsec ¢
Now, l=rtan¢

dl=rsec? do
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22.

23.

:ksec odd

4rg,

A
V:'de:E.f’e sec? ¢ do

av

= A [lnlsec9+tan9|]ge
T,

= » In
4me,

= 22 In|sec 0 + tan 0]
g,

sec O —tan©

sec O+ tan 0 H

In the given condition
0=60°
Potential due to one side

Vi=V,=V, = 21 -In|sec 60° + tan 60°|
4

gy
2
4me,

‘In|2+ 31

Total potential at O
V=3V, L NP INCY
4me,

nl2+ V31

2ngy a

(@) V, -V, =—E-d =—250 x20 x10°2

=-50V
W =AV =q(V, - V})
=12x10°% x —50=-0.6mJ
(b) Vo -V, =-50V
By work energy theorem
W=AK

oV V) =L mo? — L me?

1 muvy ——muy;
2 2

~5x107° (20 - 800)
:% x2 x 1074V - (5)%)

vZ =55
vy =~/55 = 7.42 ms ™!

When a particle is released in electric field it
moves in such a way that, it decreases its PE
and increases KE

Hence, particle at B is faster than that at A.

24. Centre of circle is equidistant from every
point on its periphery,

Hence, Vi = 1 ~l,
4ne, R
where g =@, + Q, =- SQ
. ___1 5Q
4rne, R
Similarl V. —L-L
v P dne, [R2 4 72
__1 5@
4ne, \|R? + Z*
25. Initial PE
U, = 1 @9
4me, 1
U, = 1 a9
4ne, 1y

Work done by electric force
W=-AU=-(U; -U,)

1 1 1
4me, r, n
= W=-9x10°%x2.4x107% x(-4.3 x107%)

1 1
0.25v2 0.15

W =-0.356 mJ
26. (U= ! -{qlqz 4 2% q3q1}
TEy | T2 To3 31
9 410° 4x107 x(-3 x107)
0.2
. (=8 x10%) x(2x107%)

0.1

. 4x107° x2x107°
0.1

U=9x10"°[-6-6+ 8]=-360nJ
(b) Let the distance of g4 from g, is x cm. Then

__ 1 992 | 9293 | D% | _
4ngy | 0.2 0.2 -x x
4x107° x(-3 x107?
— 910|420 X3 X107)
20 x 10
(-3 x10?)x2x107°
(20 —x)x1072
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L 2x107 x4 %107 | E=-10(28+2]+2k)
x x1072 206+ s b
=- i+j+
= _6__6 +§:O N
10 20-x « 32. V-V, =-E-¥
= x =6.43 cm = V -0 =—(40 + 60)
27. Let @ be the third charge = vV =-100
go 1 [d® 4@ 4Q|_, 33. @) E, —— 2 = (Ay—2Bx)
4ney, | d d - d ox v
q E, -—=-(Ax+C)
:—E y ay
v,
28. V=-E¢ A
(@r=5k (b) For E =0
A E =0and E, =0
V=-(i-3)-Gk=0 Hence, E, =0
(b)r=4i+3k Ax+CC=0
V=-(5i-3)-4i+3}) =7
=-20kV E. =0 o
29. E=400jV/m Ay—2B(—Xj=0
(@)¥=20jem=(0.2))m y:—zBf
A
V=-E¥=-80V _ C 2BC
. Hence, Eis zeroat | — —, — —— .
(b)r=(-0.3j)m A A
-9
V=-E¥=120V b=
(¢) ¥ =(0.15k) q=¢£,0=8.8x10"'2 x360
V-0 =3.18x107°C
B _90i =3.186 nC
30, B=20aNE 36 (a)¢_i__3.60 x107¢
(@r=4i+2j)m ' g  8.85x10712
Ve _BZ=_80V =4.07 x10° V-m.
PSA ®) o=L=g=¢
b)) r=(2i+3))m & ’
Ve BrEe_40V =8.85x107"? x 780 =6.903 x107°
=6.903 nC
[V] [ML2T 317 a n
31l. (a)[A]l= = 5 (¢) No.
Loy + yz + 2x] (L] Net flux through a closed surface does
=[ML°T31 1 not depend on position of charge.
N n 3 A 4 n
WE=-VV=_| P15, g 36.§:(7E01+7E0‘]J
ox oy 0z 5 5

A 1,
=—A[(y+z)li\+(z+x)_l]'\+(x+y)ﬁ] §=0~2Jm2:ng2

(c) at (1Im, 1m, 1m) $=F-8 = 4 Nm2/C
25
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— 4 9.0x10° N-m¥C
25

=320 N-m*C
E A
37. B = 3’6 ix,=0
E, =0
Xy =0
E; _ EO a i\
Flux entering the surface
@ =0
Flux leaving the surface
3
& = E2a2 = Eola
5 x10% x(1x107%)?
- 2 x1072
=0.25N-m%C
Net flux, ¢ = L
€9
q
b-a=2
€0
g=¢ (¢ —¢)

38.

=8.85 x107 x0.25
=2.21x10712C=2.21pC
Consider the charge is placed at vertex of the

(@)
Let o be the semi-vertical angle of the cone,
then solid angle subtended by the cone.
Q=2n(1l-cosa)
Flux passing through cone

Q
¢ = E ! (bnotal
1
But o= 2 Drotal (Given)
Q=1

2n (1 —cosa)=m
1
2

1 b

coso=—= 0 =—

2 3

R=btana =+/3b
Hence

=-L%], S, =-L%)} S, =
_)
Ss=-L*k
= = 9 =2 9
& =E-S, =BL? ¢, =E-S, =CL?
= o 9 = o 9
& =E-S; =-BL? ¢, =E-S, =-CL?,
=2 2 9 =22 9
& =E-S;=-DL* ¢y =E-S;=DL

B d=@ + ¢+ &+ + ¢+ ¢ =0
40. Q=27 (1 —cos ¢)

q —-q
Q 2n (1 —cosa)
== oty =
4n 4n b
:i(l —cosa)

2g,

Total flux through the ring

proved

|

O=q + ¢
q q l
==(1-cosa)="|1-——
& & [ JRZ+ 2
41. From the given equation,
/N

l—a—>

radius of hemisphere = a
and its centre is at (a, 0, 0)
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1 1 (9a+t49p  qc
Q=2r(1- =2n|1-—"— Vg = + 2=
n(1l—-cosa) n( «/§j B 41:80( b c
1 2
2n|1-— =S| _
_Q _(ﬁj q g [b b+c]
¢_4TE d%tal - 4n '8 0
0 V. 1 (q4+4qp+qc
¢:i(1_ij 4rg, c
28 V2 of(a?-b%+c?
42. q1=c(4nr2), q2=c(4nR2) :80[ c ]
Y2
44. (a) As charge @ is placed at the centre of the

sphere, charge —@ will appear on the
inner surface and @ on its outer surface.

+Q
J |
But, ¢, + ¢, =@ = GZ%
4n(r” + R®) -Q
Hence, Gin = 5
v, =1 .(@ 4 @) 4na
W=
4ne, \r R and oy = _
1 (c@mwr?)  o(4nR?) 4na
- 4n80' r * R (b) Entire charge inside the sphere appears
on its outer surface, hence
_ 1 Q(r +R) Q Q+q
4ne, r?+ R® Oim =7 2 and G,y = e
3 = 1 (©td:)_ 1 @ (c) In case (a)
4rme, R 4ne, R B 1 @

43. q, = o(4ma?), g = —o(4nb?)

(e

() -

. In case (b)

C
E=E +E,
) E, =Field due to charge Q.
qc = o(4nc”) E. - Fi
1 5, = Field due to charge on shell.
_ [LA 98 @) 1
W= + 284 B Q
4me, \ a b c E= e
ngy X

(e}

::0(‘1+b+c) forx <a

As field due to shell is zero for x < a.
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1 @+¢q (d) Let @ 4 be the charge on inner sphere.

= ,forx >a
2
dney,  «x

and E

45. Let @ be the charge on the shell B,

S 7'
4ne, | R 3R
_Q
Qa 3
47. (a)Atr=R
_ 1], -2 3@
4ne, | R 2R 3R
_1.Q
Charge distribution on different surfaces is 4ne, R
shown in figure. Atr—3R
46. (a) Let E; and E, be the electric field at P due v 1 {Q -2Q + 3Q}
to i hell and outer shell tively. = ‘
o inner shell and outer shell respectively dne, 3R
-1 2
4ney 3R

(b) Let E;, E, and E4 be the electric fields at
r =gR due to shells A,B and C

respectively.

Now, E| = ! -ﬁandE2 =0

g, T
1 2Q
4me, T

E=E, +E,=E, =
1{% Q}

4me,

b))V, = % 3E

V. - 1 20 -@
B 4me, 3R
I'FQ w}

4rne, | R 3R
1 e
4ngy, 3R 1 ﬂ (outwards)

VA7VB:

(c) Whenever two concentric conducting
spheres are joined by a conducting wire E, = )
entire charge flows to the outer sphere. dne, (§ Rjz
2

QAZO,QB:O
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= (inward)
4ne, 25R
E;=0
Net field at r = g R
E=E,+E = L ﬂ (inward)
4ne, 25R

(c) Total electrostatic energy of system is the
sum of self-energy of three shell and the
energy of all possible pairs i.e.,

1 .Q72+(72Q)2+ (3Q)?
4ne, |2R  2x2R  2x3R

L Q20 (-20)x3Q @ X3Q}

2R 3R 3R
1 Q

- 4rne, R

(d) Let g charge flows from innermost shell
to outermost shell on connecting them
with a conducting wire.

3Q +q

&

1 {Qq+2Q+3Q+q}

A 4ne, | R 2R 3R
3 1'3Q—2q
4me, 3R

46

=
4rg,

1 29

- 4ne, 3R

But V, =Vy
I 3-2 1 2

4ng, 3R 4mg, 3R

1 .Q—q—2Q+3Q+q
e

= ==
q2

-.Charge on innermost shell=Q — ¢ = %

Q

and charge on outermost shell=3Q + g = o
1 .3Q -2q
4 4ne, 3R
L
4mgy 3R

and

(c) In this case

_1 . _ €
2
4rg, 2R(§Rj
2
1 .2Q
_47580 25R
_ 1 2Q
4re, (5RJ2
2
1 .SQ
747550 25R

(outward)

E,

(inward)

Net electric field at r = g R
1 6@

E=E,-E = L
4ne, 26R

(inward)

Objective Questions (Level-1)

. ¢=E-A
Units of $=N/C xm? = N-m?%C
orV/m xm?2=V-m

. Net force
F'=mg - qFE
E
g'=g—L
m

T' =2r L>T
8

3. Electric lines of force terminate at negative

charge.
_ 1 q
4ne, 12

Initial PE

Find PE
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2 2 2 3 a2 2
=1 [L,9 .2 3p W:Uf—Ui:—fq TR S RN )
4dme, (20 21 21) 2 4dngya  4ngya
3 2
W=U, -U=-"Fl =L 424213
2 4neya
5 KE=qV 1 8. Potential at point P
2
—mv° =qV
9 q
_ 2qV 2R
= P
R
= Vl:VQ:ng\/qlVl :\/qzVZ :\/q3V3
my my ms
= ‘G:VZ:V3=\/eX1:\/6X2:\/26X4 3R—>
m 2m 4m 1
AP
V,:V:V,=1:1:42 = JAL T A2
! 3 4ne, 3R
9x10? x3 x10°°
R - XXX 9000
4ngy 1 3R
R=1m
9. As distance of every point of ring from axis is
same.
V:7kq ,Butx =2VR
JR? + x?
_ka
L1 2V 3R
_47580'5_5 10. For equilibrium,
2
7. U, = 1 B SR S
4rg, a V2a
+q -q +q —q
mg mg cos 0
= A
mgsin30°=F,
—q +q +q —q 1 ¢
9 mgsin30°:4 Sy
_ nEy T
-9 42 °
4mey a r—gq 1
2 2 2 4ne, mgsin 30°
Ufzi- 9 949 42 9 9 0 g
4me, a a V2
__V2¢’
- 4mey a

~20cm



11. Net forceonC =0

A B
O.\\
. ™ c—> Fct
Fco
i Fea
Fes
1 @2V2-17Q
F, = .
ey a
1 (22 -17%Q?
b 4rg, a?
1 (22-17Q7
ca 4re, 2a*
1 22V2-1)Q?
co- 4re, a?

Net force on C
F =Fgy + Fyo + Fpgcos45° + Fr, cos 45°

:(2ﬁ—1n (2&—1)Q+(2J§—1)Q

a? 2 V2
L 221 2]
V2 1
__w
4
12. E=2
€9
F=eF=%
€9
Acceleration of proton
F ce
a=—-2°
m  me,

1
s=ut+ —t2
a

u=0
. @_ 25 meg
Na ce

_[2x0.1x1.67x107" x8.8 x10™"2
- 2.21 107 x1.6 x107

:2«/5;15

13.
14.

15.

16.

17.

18. V

19.

48

Data is not sufficient.

If the charges have opposite sign, electric
field is zero on the left of smaller charge.
Net field is only due to charge on C.

g4 9

_ 1 g9 _ q
4re, (2a)? 16n80a2

On touching two spheres, equal charge will
appear on both the spheres and for a given
total charge, force between two spheres is
maximum if charges on them are equal.

Charge distribution is shown in figure.
+8Q
-2Q

+20Q
-4Q

+4Q

1l g
4ngy 1

If drops coalesce, total volume remains
conserved,

4 R? 21000 x 2
3 3
R=10r
,_ 1 1000g _, .o
4ngy, 10q

4ngy |r R

L
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v L. q+Q
4me, R

q 1 1
V,-V.= J_2

A B 4rme, {r R}

Va-Vpxgq

V3 will become double.

If q is doubled, V, —

20. Charge distribution is shown in figure.
2Q

=2 =2

21. ¢=E- S =551+2})-(1)=5V-m
1 Qq
22 FDA :FDC:r.T
ne, a
T I
Q
L Q
F
° D c
Fos
Y
Foa
1 q2
Foo-—— .9
DB 4ne, 2a”

Net force on charge at D
_)
F, = Fpp + Fp, cos45° + Fppcos45° =0
[ Q. Q } 0
2 2"
q=-2,2Q
23. As V; =0, Total charge inside B must be zero
and hence charge on its outer surface is zero

and on its inner surface is — q.

24. V, =Vi

0

1
= —4rg
4 €y

<«—R—><«—1 —

1 ¢ _1 1 3¢

dng, R+r 2 4mg, 2R
1 3°
R+r 4R
4R=3R+3r
R
B
3

25. Net charge on any dipole is zero.

26. For net force to be zero.

27.

28.

20.

30.

Electric field on equatorial lines of dipole is
opposite to dipole moment.

Potential difference between two concentric
spheres is independent of charge on outer

sphere.
_ 1 a
4ng, r’



31.

32.

33.

34.

1 4 =Er
4n80 r
_ { V| _3000 _
500
6 x(—3000)
=4ne,rtV=—-——=-2uC
q 0 9 x10° u
R=F
1 9192 _ 1 9192
4ne, 1P 4nKe, 1}
~22.3 m
Electric field at a distance r from infinite line

charge

E-_"
2meqr
dV =-Edr
VZdV:—jbEdr T
v
N V, V= nl
21, 2
qr 1
W=qV,-V)="2"1n1
W=V 2

As negative charge is at less distance from
the line charge, it is attracted towards the
line charge.

r=J4-1%+@2-2?+(©0-4*=5m

9x10% x2 x10°®
o1 g 2x107>x2x10 7 g6y
dney 1 5
(b) and (c) are wrong.
35 v-_1 .4
4ne, R

At a distance r from the centre,

36.

37.

38. V=

39.

40.

50
1 g R
2

E= 5

4ne, r r

When outer sphere is earthed field between
the region of two spheres in non-zero and is
zero in all other regions.

%
w :F~_s>: gEscos 0
W 4

= = =20 N/C
gscos® 0.2 x2 xcos60°

1~

4“80 2+ R2

’ Jd% + R?

Electric field inside a hollow sphere is
always zero.

- -
W-F.r-qE r
=q(E1f+E23)—(af+ b3

=q(aE; + bE,)

JEE Corner

Assertion and Reason

1.

2.

Negative charge always moved towards
increasing potential.
On moving from A to B potential energy of
negative charge decreases hence its KE
increases.
-1 9%

dney, 1T

3.

4.

If ¢; and g, have opposite sign, U decreases
with decrease in r.

F=- C;—U = work done by conservative force
r

always decreases PE.

E=- C;—V =—(10) =10 V/m along x-axis.

1 g
4, R

V=
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Inside the solid sphere.
1 ar
4ne, RP

atr:E
2

1 e _V
4ne, 2R* 2R

Assertion is correct.

Reason is false as electric field inside the
sphere is directly proportional to distance
from centre but not outside it.

. Gauss theorem is valid only for closed

surface but electric flux can be obtained for
any surface.

. Let V,, = Potential at origin,

Vi=-(4i+4))-41)=-16V
Vp=—(4i+4)-41)=-16V
Va=Vg
Hence, Assertion is false.
In the line going A and B, the energy of third
charge is minimum at centre.

Dipole has both negative and positive
charges hence work done is not positive.

Charge outside a closed surface can produce
electric field but cannot produce flux.

1 gx . . a
10. E= . is maximum at x = —
4me, (x% + a?)¥? V2
ButV = 1 N S is maximum at x =0.

dngy Ja? + x*

Objective Questions (Level-2)

. Electrostatic force always acts along the line

joining the two charges, hence net torque on
charge + 2¢ is always zero.
U

30°

+2
R :q

+
AO

As net torque is zero angular momentum of
charge remains conserved.

Initial angular momentum
L, =m(Vsin30°)R

When the separation between the charges
become minimum, direction of motion of
charge + 2q become perpendicular to the line
joining the charges.

'

r/ +2q
—

+1q

..find angular momentum
mur

V2

By conservation of angular momentum

Li:Lf:rzﬁR
2

Lf =mv'r=

2.

i N d N A
Vv, =0], Vg =2vc0s30°1 + 2vsin30° )
= 3f+v3

As velocity along y-axis is unchanged,
electric field along x-axis is zero.

For motion along x-axis,
2

v —u? =2a,(x —x,)
_(Bv’-0 3
v 2a " 2a
2
F. = ma, _3mv
2a
- 2 A
= F :3mv i
2a
- -
Also, F=-¢cE
- 2/\
F :_3mv 3
2ea

Rate of work done by electric field at B
% N A A
P-F. V- (32’"” i)(\/gvi +v))
a

B 343 mv®
B 2a

Electric field is always possible, hence a
must be positive and b must be negative.
+q -Q

> >

a b




. The system can be assumed as a
combination of three identical dipoles as
shown in figure.

Here, P, =P, = P; =Q(2a)

H
P,
N N
P1 :oo°
_)
P3

Net dipole moment of the system
P =P, + P,cos60° + Pycos60°
=2p=4Qa
Electric field on equatorial lines of short
dipole is given by

g L.
4ney x
1 4Qa _Qa
4ne,  «F n80x3

. Potential at centre will be same as potential
at the surface of inner shell i.e., 10 V.

. Initial charge distribution is shown in figure,

Initial energy of system

2 N2 2

SRR A Sl
4me, | 2a 2x2a 2x3a
+qr(—q)+q(q)+q(—q)

2a 3a 3a

5a?

- 48mney a

When switch S is closed, entire charge flows
to the outer surface of outer shell,

52

2 2

U, = 1 ¢ _ ¢
4ne, 2x3a 24mng;a

2
Heat produced =U,; =U, = g
8neya
_kq®
2a
7. Let @ charge flows to C
D -4

i
<

1 {q+Q+(—q)}=O

C_4TE80 3a 4a
V, = 1 .{i+g+;q}
4ngy |20 3a 4a
_ 1 |aq
i
V,-V,--L .9
4me, ca
_ kg
" oa
_ 1 q
8747'[80 R
and V.= 1 3¢
4me, 2R
W V—Ve=t . 4
e s 4ne, 2R

3
- 1 gTESR - 6R2
“4ps, 2R oE,

. As particle comes to rest, force must be

repulsive, hence it is positively charged.

Again on moving down its KE first increases
than decreases, PE will first decrease than
increase.
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10. (1) is correct as the points having zero
potential are close to @y, [Q,] <@,

Again as potential near @, is positive, @, is
positive, hence (2) is correct.

At point A and B potential is zero not field,
hence they may or may not be equilibrium
point.

Hence (3) is wrong.

At point C potential is minimum, @ positive
charge placed at this point will have
unstable equilibrium but a negative charge
will be in stable equilibrium at this position.

Hence, (4) is wrong.

11. V; is always negative and V, is always
positive.

12. Electric field between the two points is
positive near g, and negative near gq,, hence
q, is positive and g, is negative.
Again neutral point is closer to g, hence
q1 <43

13. Electric field due to a conductor does not
depend on position of charge inside it.

14. B =400cos45° + 4000sin 45°
=200~2(1 + )
=-2002(1+ - (2)-31)x1072
=22V ~28V

15. Potential difference between two concentric
spherical shells does not depend on charge of
outer sphere. Hence,

V, =V =V, -V,
But V3;'=0
V=V, -V
16. By work energy theorem,

I(l—cose). B
Work done by electric field
=charge is KE
qE (1 —cos 9):émv2 -0

qE1
v=,—
m

2
T=qE+™ -2¢E
r

At point B

17. Velocity of particle at any instant

VTE

r——
o (x, 0)
Veat-98,
m

L =muvr=qExt

Hence, angular momentum of the particle
increases with time.

18. By work energy theorem

W = AK
= q(VS—VC):O—%mvz
J 9 139y 1
dne, R 4mey 2R) 2

N u Qq
4neymR

19. Potential at the centre of negatively charged
ring
-Q +Q
/

D5

s

10—
«~—0—>

f—— BR—
1 2

LY
4ne, \ R 2R

___@Q
8mey R
Potential at the centre of positively charged
ring
ol (e e
4ne, \R 2R
__Q
8ney R
Kinetic energy required = Work done required
=q(Vy - W)= _Q

4mey R



20.

21.

22.

23.

Ve, V2 16 — 4
E =--2 1—_ =3 V/m
Xg — Xy -2-2
v, -V 12 -4
y
=2 o =-4V/m
Y3 -0 4 -2
~E=E1+E,j=(31-4)) V/m.
Consider a point P (x, y)
where potential is zero.
Now, V
A
P(x.y)
< ZQ.L’/// \‘:Q
(-3a,0) o (+3a,0)
Y
1 Q -2Q)
= +
4ng, \/(3a —x)?+ y2 \/(x +3a)+ y2
=0
=  (x+3a)?2+y?=4[Ba -x)* + ¥*]
= 3x2 +3y% - 30ax + 27a% =0
= x? + y? —10ax + 9a® =0

The equation represents a circle with radius

2
[&j -9a? =4a
2

and centre at [12—0 a, O) =(5a,0)

Clearly points x =a and x =9a lie on this

circle.
Work done = gEy = Charge in KE

Hence, K, = % mv® + qEy

All other statements are correct.

Electrostatic force of attraction provides

necessary centripetal force.
2

ie, mv” _ rq
r 2meyr
A
N q
Znaom
2m‘ 2n80
rq 2K rq

54

[

24, T —mgcose—quinG:%

Y

Y
m

Y

e

Tension will be minimum when velocity is
minimum.

>
>

Minimum possible in the string is zero.
2

ie, %:—(mgcoséansin 0)
Diff. both sides w.r.t. 0
2muv dv
—— =mgsin0-qgEsin 0 .G
I a0 "¢ 7 ®
For minima or maxima
@:O: G:tan"lﬂ
do mg
or n+ tan! ﬂ
mg
Differentiating Eq. (i) again,
2 2
—vad—g + 2—m @ =mgsin 6+ gEsin 6
[ do [ \do
2,
. d——+ve for 6 = tan"1ﬂ
do? mg
19E

and —ve for 0 =1 + tan
mg

. q4=o(4na?), qp =- o(4nb?)

and g, = - o(4nc?)
__1 (9a+*48  4c
b c
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27. g, =c(4na®), g5 = - c(4nb®), ¢ = o(4nc®) On dividing Eq. (ii) by Eq. (1),
Given, Va=Ve Q = M
1 (qA 93 qu_ 1 (g4+9p+4c F, mg
2y 28 4 2R = .
4ngy \ a b c 4mg, c i: _i: _%_1
a? - b2 K mg 1 2
-b -
= a +c . +c K =9
= a+b=c
, N o 32 Vy— Do L .9
28. Potential at minimum at mid-point in the dng, | a a’+ b2
region between two charges, and is always
positive. _2q a?+b%-a
1 ¢ Tdne, 2 2
29. Uj=—-+1-=U 0o | aa”+b
4ng, 1 o172
1 ¢ a [1 + J —a
U, =—*x3=3U
f 4re, r _ 2 a’ _ 2 iz
4me la? 2 4ne, a
.'.W:Uf—Ui:ZU 0 aa“+b 0
30. Loss of KE = Gain in PE
1 21 4@ [As b << a]
2 4neg, 1 . ... . 1 bqg
33. In any case electric field at origin is -t
1 mEy T
ro 2 . 1 5¢ .
along x-axis and -— along y-axis.
31. When the spheres are in air &y T
2
34. <u >:180E2 :180 i%
2 2 °\4ne, R
1 | 9x10° L1079
L e
2 12
=% J/m3
2
T cos 0 =mg 35. IfQ is initial charge on B
T'sin 6 =F, then, V, -V, = ! -Q:V
4me, b

F,=mgtan®6 ...
Now, if A is earthed, let charge ¢ moves on A

When the spheres are immersed in liquid
from ground, then

Q
'Fle
F'=T'sin® VA:41 ~(1+%:0
g&-Fz=T'cos® ZEO “
F,'=(mg -Fp)tan®  ...(i1) q=—gQ



37.

38.

39.

40.

41.

- A
. E =[avi+

ox oy 0z

=2(i+J+Kk)N/C
If V is potential at P, then
Vp-V,=—E-x
Vp-10=-21+j+k)-(i+j+k)=-6
Vp =4V

On touching two spheres, charge is equally

divided among them, then due to induction a

q

charge (— 5] appears on the earthed sphere.

Negative charge will induce on the conductor
near P.

0 for r<r,
kQp for rp<r<rg
r
7k(QA_QB) for r>rg
”
AS|Q3|>IQA|

E is —ve for r > ry.

H N n
E=- @i+@j
ox aoy

=k(yi+x))

II_E)I =kyy? +x% =kr

Let charge on outer shell becomes gq.

56

42. Let charge q' flows through the switch to the
ground, then

1 . Q_q'_g -0
4me, r 2r

43. After n steps
, 1 -1
qzz—nQandq:FQ
v, [L, 2|0
dngy | v 2r
_ 1 q'+q
B 4ng,  2r

_ 1 Q
2"+ 11 4ngpr

44. Consider a spherical Gaussian surface of
radius r (< R) and concentric with the sphere,

Charge on a small sphere of radius r
dq =58dV =4nr®3dr

3
=rmd, [r2 - r] dr
R

Total charge inside the Gaussian surface,

r r3
q=4n 80.’.0 [r2 - R] dr
3 4
r r
=4 [3 - 43}

E__ 1 .9 _%[r_r
T 4mey r* 5|3 4R

45. Total charge inside the surface.

[R® R®| 1 3

=478y — - — | == n8,R
@ S E r} 30
E:1.Q:80R3

.
46. E=N| 7T
g |3 4R]

For maximum intensity of electric field
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CLE:ioF_L}:o v,- L (Qra)_,
dr g |3 2R 4rne, b
= r:gR ¢ =-@Q
9 3 Now, if A is earthed
d°E 3o
o =—ve, a9
dr 2Re,

hence E is maximum at r = ; R.

20 [ZRJZ
3 (3 PR

47. B, =Po| 3 o) |
g | 3 4R qg,
. . . = . @ + i =0
48. Potential difference between two concentric s dme a b
spheres do not depend on the charge on aO a
outer sphere. gy =— b q = EQ
49. When outer sphere B is earthed

50. When connected by conducting wires, entire

q
L charge from inner sphere flows to the outer
sphere, ie,
a
93 =41 + 4> (g—le
a-b
= b Q
More than One Correct Options
1. Before earthing the surface B, 2. For the motion of particle
= 1 .[in+quj:2V Y z
4ngy, \ R 2R
_ 1 (Mj 3y "
B
4me, 2R 2
/IIIIIIIIIIIIIIIIIII=X
= ga_2 ;
I8 ux:O,vx:v,ax:q—,ay:—g,
On earthing the sphere B, m
94" =44 %0 =0, =0 1
-1 9a*98"_ X =%y + Ut + - a,t’
B 4ne, 2R
' ' X = ﬂ t2 .. .(1)
9p =44 2m
da _ _ 1
= qBI 1 y:y0+uyt+§ayt2
As potential difference does not depend on _o. 1 s
=ut gt ...(i1)
charge on outer sphere,
VA'_VB':VA_VB:K At the end of motion
2

1 t=T,y=0,x=R
VA':§V



From Eq. (ii),

1
O=|u—-=gT|T
( 2g)
T:Z—u:2><10:2s
10
From Eq. (i),
r=9E 12
2m
-3 4
:1><10 x10 wd—10m
2xg
Now, vz —u? =2a,(y - y,)

At highest point (i.e., y = H),v, =0
0-(10)% = -2 x10(H -0)

H=5m
. Let R be the radius of the sphere
— 1 . q
! 4ngy R+ 1
10°
- 2= %9 _q00
(R+ S)x10
_1  _aq
2 4ney, R+,
9 x10°
. _9x10%xq g
(R+10)x10
On solving,
R =10cm,

q=§x10*90=5?°x10*1°c

Electric field on surface,

1 [

9x10° x 2 x107°
q 3

Tdmg, BT (10x1072)

=1500 V/m
Potential at surface,

1 g

9 x10° xg x107°

Td4ne, R 10x1072

=150V

Potential at Centre

3
Vo= Vs =225V

...

...(ii)
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. For all charges to be in equilibrium, force

experienced by either charge must be zero
ie., force due to other two charges must be
equal and opposite.

dy a, a3

Hence all the charges must be collinear,
charges q;, and g; must have same sign and
q, must have opposite sign, g, must have
maximum magnitude.

Such on equilibrium is always unstable.

. Flux through any closed surface depends

only on charge inside the surface but electric
field at any point on the surface depends on
charges inside as well as outside the surface.

Q>

. As net charge on an electric dipole is zero,

net flux through the sphere is zero.

But electric field at any point due to a dipole
cannot be zero.

. Gauss’s law gives total electric field and flux

due to all charges.

. If two concentric spheres carry equal and

opposite charges, Electric field is non-zero
only in the region between two sphere and
potential is is zero only outside both the
spheres.

. As force on the rod due to electric field is

towards right, force on the rod due to hinge
must be left.

The equilibrium is clearly neutral.

. If moved along perpendicular bisector, for all

identical charges, -electrostatic potential
energy is maximum at mid point and if
moved along the line joining the particles,
electrostatic potential energy is minimum at
the mid-point.
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Match the Columns

1. (@a>s),(b—>q),(c—>r),(d— p).

If charge at B is removed
B C

E, . =E}cos30°+ E;cos30°
=V3E
If charge at C is removed
E, ., =Epcos60° + E; cos60°
=E

If charge at D is removed

— —> —>
E, . =0andE;=-E,

—> —>
and E;,=-E;

If charge at B and C both are removed,
E . =Eg + E}cos60° + Ej cos60°

—9F
2. (a>q),b—>p),c—>s),(d>r).
V-_E7
It T -4iv=-_8V,
If ¥ --4i,v=-8V
If T -4} Vv--16V,
If T -—4} V=16V

at r=

11y,
8
_ 1
out 4me, 1
atr=2R
L. a vV
4ng, 2R 2
_ 1 g
" 4rne, R?
atr=£
2
1 q Vv Vv
E1—4 ==
ng, 2R* 2R 2
1 gq
E . = 9
M 4mg, r?
atr =2R

1 qg V.V

2 4ne, 2R 4R 4
s(a—s),(b—>q),(c—q),(d—p)

.a—>nr),b—>q),c—>q),d—>s)
.la—>p),b—>q),c>r),d-—>s)

For a spherical shell,

0 for r<R
E= K—g for r> R
r
% for r<R
V=
@ for r> R
r
For a solid sphere,
K7q3r for r<R
E-= Ifg
—g for r> R
r
K—qQ(2R2—r2) for r<R
v =J2R X
—zq for r> R
r

(-R=1m)



27 Capacitors

Introductory Exercise 22.1
[AT]
1L c=L_[c1-— 20—
v =1el ML?*T?A™] 3. 7HC  —THC—3,c
— [M71 sz T 4A2]
2. False.

Charge will flow if there is potential
difference between the conductors. It does
not depend on amount of charge present.

3. Consider the charge distribution shown in — —

figure. Hence, if q; and g, be charge on two plates
10-ar— 9 -qr—@-4) then.
1 2 3 4 di—1 92 a3 Q4

Electric field at point P — —

E,=E +E,-E,-E, a=q,=3"%_3,c
_10-¢ g ¢ g-4 0
2e0A  2g5)A  2g,A  2g)A gy = 172 =7uC
But P lies inside conductor g — q
- E 0 CI3:722 12—7}10
.. P =
= 10-9g-qg+q-q+4=0 a1— 2 d3— %4
= q="TTnC
Hence, the charge distribution is shown in
figure.

Sort-cut Method

Entire charge resides on outer surface of
conductor and will be divided equally on two
outer surfaces.
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4. Charge distribution is shown in figure. q= 59
+ 2

R

e 2 2 and C= g4
I d

2 2 9 vo9._ 5qd
q :qz_q1:_57q C 280A

BT 2 2

Charge on capacitor = Charge on inner
side of positive plate.

Introductory Exercise 22.2

1. All the capacitors are in parallel q=C,V = 2 %1200 = 800 pC
3
1WF == 10V == = 2uF T 3F || ||
€1 C Cs “~—V; > V,—>

q,=C;V=1x10=10puC
gy =C,V =2 x10 =20 uC !

\%
g3 =C3V =3 x10=30puC q 800
2. Potential difference across the plates of (b)V; = C71 R 800V
capacitor
qg 800
V=10V VQ:C =7:4OOV
q=CV =4 x10 =40 uC 2 .
3. In the steady state capacitor behaves as |1 1 !
open circuit. '
2Q
———o0 o— " N\A\—
||

AF— N NNN——B
|
Now, if they are connected in parallel,

C,V, + CQVZJ

[ | Common potential, (V =

| I
60 30V C; +C,
. 30 s :1><80;)><2><400:1%00V
G4 1600 ) 3200
Potential difference across the capacitor, @ =CV="-—1Cgq,=CV= 3 nC
Vap=4xI=4x3=12V 5. Common potentlal
..Charge on capacitor Vo C,\V, +C,V,
q=CV,p=2x12=24C CC +Cy
1 1 1 1 1
4. (a)Cf*C—+C—:I+§ But V=20,V,=0,V; =100V, C, =100 uC
e 1 2 100 x100 + C,, x0
2 =20
C, = 3 uC 400 + C,,

= C, =400 uC
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Introductory Exercise 22.3

1. Let g be the final charge on the capacitor, . q= @(1 _et'T)y
work done by battery 2
5 c . At time ¢,

—/\/\/\/\/—| I— Charge on C, =q:%(l—e’t/r)

Charge onC, =g, — q =%(1 +e'm)

|11 4. Let g be the charge on capacitor at any
\% instant ¢

C
W =qV l' =4

Energy stored in the capacitor

R

1 4
U==-qV
27 T
..Energy dissipated as heat I | | :
E
H=U-W-= 1 qV=U
2 By Kirchhoff’s voltage law
2. We have 9, IR-E
I[=Ie"" ¢
I dg _CE-q
E°=Ioe’“T =e =2 dt RC

J'q dq t dt

90 CE-q J‘ORC

t=1In2=0.693 1
t =0.693 time constant.

= =CE(1 _e—t/r + eft/r
3. Let capacitor C is initially charged and C,, is b goRC ( )+ qq
uncharged. where, T =
Ty | R 5. (a) When the switch is just closed,
! Capacitors behave like short circuit.
C1—(do—) £ S

e :
Cz RZ

At any instant, let charge on C, be g, charge

on C; at that instant =g, — q R, Rs
By Kirchhoff’s voltage law,
(go-q) m-9_o . Initial current .
C C I=—
- dg _q0-29 By
dt RC (b) After a long time, i.e., in steady state, both
= J‘ ¢_dq _[! dt the capacitors behaves open circuit,
0gy—29 °“ORC 7 E
(n (g -200 _ 1 " "R +R,
-2 RC 6. (a) Immediately after closing the switch,

capacitor behaves as short circuit,
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A I
I !
|A
E—— R; R,
_l_c
S B
I = £ and I, = £
R, R,

(b) In the steady state, capacitor behaves as
open circuit,

L-E1,-0

R,

(c) Potential difference across the capacitors in
the steady state,

V=E
..Energy stored in the capacitor
U=-1ce?
2

(d) After the switch is open

R, A%RZ
-

Re:R1+R2
1=R,C =(R, + R,)C

AIEEE Corner

Subjective Questions (Level-1)

goA Cd 1x1x107° A
1.C:LZ>A:7:7 kgi
d & 8.85x10 12 Cy =2l
) 2d/2 2d
=113 x10° m
2. ¢, - 894y and C, - goAy Therefore, the effective (gpcacitance,
d d C=C, +_-23_
If connected in parallel Cy+Cy
C=C +Cy=0t | B _EA R Rk
d d 2d | 2 ky+ ky
g(A; + Ay))  gA
- d 4 4. (a) Let the spheres A and B carry charges ¢

where, A = A; + A, = effective area.

Hence proved.

3. The arrangement can be considered as the
combination of three different capacitors as
shown in figure, where

J: Cy
LhT%
A
_k“SOE kigyA
1™ 94 = 4d
pe A
_ ZSOE_kZSOA
27 9d/2  2d

and — g respectively,

VA=41 .[1_1}
e, La d

VB=41 .[,Q+1}
g, b d

Potential difference between the spheres,

qg [1 1 2}
V=V,-Vp= —+ ==
A B 4n80[a b d

q _ 4me,
1% 1+1

1.2
a b d

C =

Hence proved.



(b) Ifd —»
4ne, 4ng,-ab

C = =
1+1 a+b

a b
If two isolated spheres of radii a and b are
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Let effective capacitance between A and B
Cup=x
As the network is infinite,
Cpg=Cap=x
Equivalent circuit is shown in figure,

connected in series,

then, IZIC
. CCy A 1 P
C,+C, oL .
where, C; =4ngja, Cy =4mng)b
, _4mey-ab B Q
 a+b
, Ry=C+ 2% _
c'=C 2C +x
Hence proved. = 2C2 + Cx + 20x =2Cx + x>

> (@ = x? —Cx -20% =

On solving, x =2C or - C

)
But x cannot be negative,
Hence, x =2C
6. ¢q=CV =7.28 x25=182uC
0.148 x10°°
7. @V=L_ 22200 o4V
C 245 x10

§ ; mc-ft_ 4
d €

5C/3 2C/3 _245x 10712 x0.328 x 1072
A B X :: :jB 8.85 x10
=9.08 x10™% m?2
c 2
) =90.8 cm
q 0.148x10°° )
(@©c=L=""""""" _ _16.3uC/m
5 A 9.08x107 H
CcC C C
J—H—H—HTHJ:> mm 8. (a) E, =3.20 x10° V/m
c cc E =250 x10° V/m
Y% _E, _3.20x10° 198
G E  250x10°

(b) Electric field between the plates of
capacitor is given by

e =N

(e}
© B
2C 2C 2C 2
A ] | —---[F-- =  o=5E=88x10"x3.20 x10°
| 1 | =2.832 x10° C/m*
C— & CT ” =2.8321C/m?
5 e 9. (a)q; =C,V =4 x660 =2640 uC

gy =C,V =6 x660 =3960 pC
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10.

11.

12.

As C; and C,, are connected in parallel,
Vi=V,=V =660V

(b) When unlike plates of capacitors are
connected to each other,

Common potential
V- C, v, -C,V; _ 6 x660 —4 x660
C, +C, 6
=220V
g, =C,V =4 x220 =880 uC

gy =CyV =6 x220 = 1320 uC
V' 400

E=—-= — =8x10* V/m
d 5x10
Energy density,
u =%80E2 =% x 8.85 x1072 x(8 x107*)?
=2.03 x102 J/m?®
=20.3 mJ/m?
Dielectric strength = maximum possible
electric field
E-= v =>d= v
d E
=ﬂ07 =34x10*m
1.6 x10
okl _ 4 Cd
d ks,
_1.25x107° x3.4x107*
© 3.6x8.85x107"2
=1.3 x10% m?
=0.013 m?
Let Cp and Cy be the effective capacitance of

parallel and series combination respectively.
For parallel combination,

Up=0.19J
Up =5 CpV?
2U, 2x0.1
= C,=—=L2=""""-0.05F
P VZ (2)2

=50 mF

For series combination,
Ug=16x102J=0.016J

US:%CSVZ
2x0.016
= cg=2Us 220916 _ 5087
4 (2)
=8 mF
Now,Cp =C; + Cy, =5 mF
or C,=(56-C;))mF
1 1 1 1
and —=—+ —=—
Cs C, C, 8
1 1 1
= —+ ==
c, S-C 8
On solving,

C, =40 mF, C, =10 mF or vice-versa.

13. In the given circuit,

1 CZ
qalg | +a i
a— —— B
= . _10+—21 -5
10 2x10
= g=10x10°C =10uC
Vi=L-10v,v,=2L =5V
Cl CZ

14. (a) In order to increase voltage range n

times, n-capacitors must be connected in
series.

Hence, to increase voltage range to 500V,
5 capacitors must be connected in series.
Now, effective capacitance of series
combination,

Cs=C, =15—0=2pF

Hence, no parallel grouping of such units is
required.
Hence, a series grouping of 5 such
capacitors will have effective capacitance
2 pF and can withstand 500 V.

(b) If n capacitors are connected in series and
m such units are connected in parallel,

V,=nV
Ce:LC
n
Here, V=100V
V,=300V
n :&:3
\%



C =10 pF
C, =20 pF
~nC, 3 ><20_6
S c 10
Hence, the required arrangement is shown
in figure.
| | | ] | |
Wl N Wl
|| | | ||
Il I Il
| | | ] | |
Wl N Wl
|| | | ||
Il I Il
|| | | ||
Il I Il
| | | ] | |
I 11 I
15. Casel.
Cy
= V=60V
C,+C,
A B
| |
I I
Vi Va
L
100V
Vy = € V=40V
C; +C,
c, 2
= 1 _Z
c, 3
3
= C,==C
2751
Case II.
L= Cy =10V
C,+Cy+2
2uF
| |
I I
A B

16.

17.

18.

19.

66
C; +2:%:9
C, 10
= C,+2=9C,
= Cl+2:9><%(:'1

25 4
=C,=2=C,=—uF
= g 1 =0 25M

=0.16 uF
3

Cy =5 C =0.24yF
(8) g =CV =10 x12 =120 uC

A
bC:—80
®) d

If separation is doubled, capacitance will
become half. i.e.,

c==
2

q':E'V:%V:60uC

g A n80r2
4 d
If r is doubled, C will become four times, i.e.,
C'=4C
q'=C'V =480 uC
Heat produced = Energy stored in the
capacitor

H- écv2 =% x450 x107° x (295)*

(©C=

=19.58J
(@ A _885 x107"% x2
d  5x107
=354x10°F
=3.54uF

(b) ¢ =CV =3.54 x10™° x10000
=35.4x10°=385.4C

() E= V. _ 10000 o 106 vim

d 5x10°

Given,

1]t

\Y
C, =8.4yF,C, =82 F
C,=4.2yF, V=36V
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20.

(a) Effective capacitance,
1 1 1 1

_— = — 4 —
Ce Cl CZ CS

Lol —200uF
84 82 42

q=C,V =209 x36="752uC

As combination is series, charge on each
capacitor is same, i.e., 75.2 uC.

(b)U:%qV:% x75.2 x36x1078

=1.35x102J=1.35mJ

(c) Common potential,

V—CV +C,V, + C5V, 1085V
C,+Cy+C4

@U'=2(C, +C, + C)V?
=% x(8.4 + 8.2 + 4.2) x(10.85)% x107°

=1.22x102%J=1.22mJ

The Given circuit can be considered as the
sum of three circuits as shown

3uF
+12 | |-12
1
+6 +2 +4
Vi OGP uFT, - 4uF
-6 4
3uF
+12 | |1-12
1
—24 +12 +24
+ 6uF —— 2vF—— —
+24 —12 _4|AHF
X
10V
5
3pF 5V
-4 | 1+4 |
1 1 '__ 24
+8 +8/3 3
. It 3|
-, -83— ——4uF
_8 4]
BuF| " 2uF =
3uF l 5V
+20uCj |—20uC | —
I w50 | |+40 c
—-10uC 3 uC 3 B
5V 6uF = 5 —T
+10 Cu _@ uC —40 c
13 3

1ov

(Charge is shown in pC).
Hence, charge on 6 pF capacitor = 10 uC
and Charge on 4 uF capacitor = 43—0 uC

21. (a)
C,=8.4uF Cs=4.2uF
a

C,=4.2uF

Cs=8.4uF C,=4.2uF

8.4uF
a
4.2uF 2.1uF
b0—|
8.4uF
8 auF
2.52uF a
e b <= 6.3uF
b0—| }_—Ir
8.4uF

(b) Charge supplied by the source of emf
g=CV =2.52 x107% x220

=554.4 uC
q; =95 =q=554.4uC
42
2=y 001!
- % «554.4 uC = 369.6 uC
21 21
dg,=g,=——— x554.4 uC
el ==y o017 63 "
=184.8 uC
-G 5544 gy y
C, 84
2:&:3696_88\/
Cc, 42
v,-v, =9 1848 _ vy
C, 42
22. Let C; and C, be the capacitances of A and B
respectively.
C. - kyggAy C. - kyggAy
1 4 d,
Now, V= C,
C, +C,
c, 130 13

=== ..G)
C,+C, 230 23



G
e+,
¢ _10 ...(ii)
C,+C, 23
From Egs. (i) and (ii),
¢ _10
c, 13

If dielectric slab of C, is replaced by one for
which £ =5 then,
C, = 58)4,
4
V' G _5C, _50
vy C, 2C, 26

v, + 20y —230
26

5
=§c1

Also,
Vi'+ Vy' =230
50
Vi'=22v
1 =56 1
V,'=78.68V
and V,=151.32V
23. In this case
ICIl,Vl
I
| | | |
[l [
C, Cs
Common potential,
__ oV
|+ CyCs
C,+C4
_1x110
T 1+1.2
_110
2.2
=50V
Charge flown through connecting wires,
— C2C3 Vv
C,+C4
=1.2 x50
=60 uC

24. (a) Hence, effective capacitance across the
battery is 3 pF.

25.

IC|2=2uF
I
J_ 4uF
2uF—— :I:
+ Z— Cy=4uF
20V
3uF——
| |
Il
C,=3uF
2uF
2uF—— j— p—T
20V —
3uF—— ——3uF
6uF
20V :|: = 20V - ——3uF
]_ 6uF

(b) g =CV =3 x20 =60 uC
(c) Potential difference across Cy

6 L 90-10V
+6

1:6

q, =C;V; =3 x10=30C

(d) Potential difference across C,

v,--% .20-10v
6+6

q, =C,V, =2x10=20 uC

(e) Potential difference across C,
Vy = 4 xVy =56V
4+4
q3=C3V;=4x2=20uC
(a) When switch S, is open, C; and C; are in
series, C, and C, are in series their
effective capacitances are in parallel with
each other.

Hence,
CICS Vv

h=9Be e,
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1
- Xz x12 =9 uC

+
_ _ CZC4
L=U=c e,

:2Xi><12:16pc

+

(b) When S, is closed, C, is in parallel with
C, and Cj is in parallel with C,.

Therefore,
V-V, - C;+C,
C,+C,+C3+Cy

— 7 12-84V
10

C,+C,y
Ci+Cy+C3+Cy

=i><12:3.6V
10

V,=V, =

q, =C;V; =1x84=8.4uC
95, =Cyq, =2x8.4=16.8uC
q3 =C3V; =3 x3.6=10.8 uC
q,=C,V, =4x3.6=14.4C
26. Initial charge on C;
Q=C\V,
Now, if switch S is thrown to right.
Let charge g flows from C, to C, and Cj.
By Kirchhoff’s voltage law,

_ CLQ
C,Cy + CoCy + C,C,
C,C,CsV
TC,C,y + CoCy + CoC,
C2(C,+CyV

=R 9= G0 o0, + O,
C,C,CsV
L=B=I7 00,1 e,0, + C)0,
27, ¢ =% 4 _cy =04V
d
ggA
Ccr=2
(a) % q'=q
(As battery is dlsconnected)
V=2 =2V
C!
(b) V 7iV2 SOAV
2C 2d
1 2 1 80 2
Uy=-C'V?== 2V)
2 2 2d
g, AV?
d
g, AV?
W=U,-U =2
© ! 2d

28. In the steady state, capacitor behaves as
open circuit,

Iy Ry P
Y Ic
A S B
_L _—_C
E, E, R,
D
E,
L=I= =1lmAand I,=0
R, + R,
Vep =1,R, = &
R, + R,
When switch is shifted to B,
At this instant,
Vip = ER,
R + R,
I, = h _B =1mA
R, R +R,



E, +
_E2+VPD_

LR,
R + R,

=g R,
_(R + R)E, + ER,

R,

=2 mA

Io=I+1,=1+2=3mA
29. (a) When switch S is open, no current pass

through the circuit,
V=18.0V

Hence,
V,-0=0
V, =0
18-V,=0= V, =18V
= V,-V, =18V

(b) a is at higher potential.
(c) When switch S is closed,
IV=18.0V

|
ol

I=—=2A
R + R,

V, ~0=1IR, =2 x3
V,=6V
(d) g, =C,V =6x18=108 uC

30. (1=

70

q, =C,V =3 x18 =54 uC
After closing the switch,

q,'=C,V; =6x12=72uC

g5, =CyV, =3 x6 =18 uC

Ag; =18 G, Ag, =-36uC
18 oA

R +R, 9

C,Cy

=—==_V=2x18=36uC
=¢c v, :
Now, V,-0=IR,= V,=6V
qg 36
and V,-0=—"-=—=12V
c, 3
V,-V,=-6V

(b) b is at higher potential.
(c) When switch S is closed, in steady state,
V =18V

V,-v, =6V
q; =C;V; =6x12=721C
q, =C,V, =3 x6=18uC
Charge flown through S
=q; —qy=72-18=54C
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31.

(a) Consider the circuit as combination of two
cells of emf E and OV.

Ee
R + R, 2
RE:R+E:3R
2 2
q:qo(l_eft/r)
_CE
99 9
3RC
T=—"
2
q- CTE(I _ o 2/3RCy
(b)llzﬂzﬂefzt/SRc
dt 3R
Inloop EDBA L + LR-I,R=0
C
q
I,=——+1
2 RC+ 1

_ER,+ER, V

E (1— o 2t/3RCy | E  _au3re

—e

“2R 3R
:£(3 _e—2t/3RC)
6R

Objective Questions (Level 1)

1. F= Q is independent of d.
2g,

2.c=ZL
\%4

On connecting the plates V becomes zero.

3. The system can assumed to a parallel
combination of two spherical conductors.

C =Cy +C, =4negja + 4neyb
=4ney(a + b)

4. v=4
c

On connecting in series
q' = q¢ = Charge on any capacitor

c==
n

5. Incorrect diagram.

6. Charge on capacitor of capacitance

2C
A || M A
4 Wl i
60V C = —_—C=>60V = —
B H N B
2C
¢_Cy_sc
2 2
Viw =L _-30V
C
7. For equilibrium,
qE:mg qE
Vo
d 3" P
3
Vel mg

q

N O



3
sz[rz] L4
i \n s
= V, =4V

8. Electric field between the plates is uniform
but in all other regions it is zero.

9. Initially the capacitor offers zero resistance.
1Q

12v——

12v 20

10. ¢=CV =CE

11. In the steady state, capacitor behaves as
open circuit. the equivalent diagram is given

by

3
7R R
|
|1
II
E 4
3R
R R

| —
=

72

R
R R R
R
|
| I
E
E 4E
I= —3 -
R+°R R
4
But potential difference across capacitor,
V=IR
= 10 = 45 R
7R
= E=175V

12. As all the capacitors are connected in series
potential difference across each capacitor is

V= £ = 10 =25V
4 4
Vy,-Vy=3V=175V
V,=75V
Vy -Vp=25V
Vy=-25V
13. Heat produced = Loss of energy
=GO (y oy,
2(C; +Cy)

2x10°%x2x10°
© 2(2+2)x10°°

=5x1023J=5mJ

(100 -0)

14. q= qoe_t/n
I=I,e "
P=I’R=1%*"R=Pe N
M
= =—
1779

CVi+CV, E

15. Common potential =
C, +C, 2

16. VA—VB=6+3X2—%+3X3=12V
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17. In the steady state, current through battery

e
< |1 >
2|u||= 40
6Q
1= 12 34
6+2 2

Potential difference across the capacitor,

VABZGX%ZE)N

q=CV,p=2x9=18uC
18. C, and C; are in parallel

Hence, V, =V,
Again Kirchhoff’s junction rule
-q; +q5+q3=0
= 9 =92+ 33
19. For the motion of electron
2 .
g musin20 _, (D)
ek
2 .2
and g-mesnto .. (i)
2eE
Dividing Eq. (ii) by Eq. (i),
4d
tan 0= T
20, VoEd=d-Y 2%
E 6
_ 2x5x8.85x10"?
B 1077
=8.85x107* =0.88 mm
21.
Py 1 Q. R S
A FAFA A A FHESB

| | | |
I I
P and @ are at same potential, hence

capacitor connected between them have no
effect on equivalent capacitance.

T T T
A -8
3C/14
22.
1uF 1uF
|| ||
1 1
X o— 1pF == —ey
| |
11
2uF
2uF {} 1pF
| | | |
11 1
X —] oy
||
|2| E
2 1
3 uF {}
| |
11
X &— —ey => X °—| |—°y
2pF Equ
| | 3
1
23. ¢, = Fatod | Fatod
2d 2d
A
= m (Parallel grouping)
2d
1 d d . .
= = + (Series grouping)
Cy  2kigyA  2ky5)A
_ 2kiky g A
P Rkt ky d
C, (b +ky)® (2+3)7 25

CQ_ 4k, k,, T 4x2x3 24



24.

B C T T cj§ Z:C
B
A A {}
C C
E** Ei: C**<:: <; > -—C
2 2
B B C C
I
= 2C
T
B

25. Cases (a), (b) and (c) are balanced

Wheatstone bridge.

26. The given arrangement can be considered as
the combination of three capacitors as shown
in figure.

Ci— I

Hence, C; =

k A
C. = 28()E_kzgoA
5 = =
d/2 d
A
C, = 2 :k350A
d/2 d

kse,

Effective capacitance,
C=C,+ CoCs SOA{]ﬁ n koks }

2 ky+ kg

c,+C, d

27. Here, plate 1 is connected to plate 5 and
plate 3 is connected to plate 6.

74

. §
| S A
§
3 ¥
4
4 \
2
5 Y
;
B 6

Capacitanfg of all other capacitance is same,
ie, C = %2 but that of formed by plates 4

and 5 is % as distance between these two

plates is 2d.
The equivalent circuit is shown in figure.

201

C
v C
544 47,3
;56
< B

2]
|
C3

Y

A

4C 4C
=7 C 3
/ \ <= /_{
A | | B A | | B
c c

=>

11C
7

11 11e,A 11
O =——C =" = x7uF =11uF
a7 7d 7 H H
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JEE Corner

Assertion and Reason

q

1. Capacitance = is constant for a given

capacitor.
2. Reason correctly explains the assertion.
3. U:%qV,W =qV

4. For discharging of capacitor
—t/t

q=qpe
49 _ 9o v
dt T
__ % et
RC
Hence, more is the resistance, less will be

the slope.

5. Charge on two capacitors will be same only if
both the capacitors are initially uncharged.

Objective Questions (Level 2)

-1 for x<d
€9

1. BE<1-22% for dex<2d
€9
ﬂf for 2d <x <3d
€p

2. Let E,, = external electric field
and E = electric field due to sheet

E =E,-E=8
E,=E,+E=12
= E=2Vim = 2 =2
2g,
G =4¢g,

3. When the switch is just closed, capacitors
behave like short circuit, no current pass
through either 6 Q or 5 Q resistor.

4. For charging of capacitor

I=Ie""
Inl =log I, _t
T
In1 :lnz—L

R RC

10.

As potential difference across both the
capacitors is same, charge will not flow
through the switch.

C and R, are shorted.

. Time constant for the circuit,

1=RC
In series, charge remains same
2
and U=2 U« 1
2C C
In series charge remains same
q q
Vi==-Vy=—-
% C,

On inserting dielectric slab between the
plates of the capacitor, C, increases and
hence, V, decreases. So more charge flows to
C,.

But, I, =1,

=

| =
E1S

1 1
RC, R,
= R,C, > RC,
As only two parameters can be different,
C,=C,
R, >R,
Vo>V

Also,

>

and

. Charge on capacitor at the given instant.

_% _CE
=9 =79

Heat produced = Energy stored in capacitor
¢ CE?
2¢ 8

Heat liberated inside the battery,

- " xTotal heat produced
r+2r

_ CE?
24
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6. Capacitor is not inside any loop.

12. vV, =-V,
i v
R+ R, ie,Vy-Vp=Vp-Vp [V, =01
q9 _ g
q = o=
Vga = ol -E Cs C,
= C, =Ciy3
| B! A N
c, C, C, C4
5 |IT: +q |C| —q A 13. When connected with reverse polarity
I I - CccC, (V, + V,)?
2(C; +Cy)
1 - O viavp =By
Eo Ro 2(C +2C) 3
H R, R
_4q 14, 1 _ 2 _ &
-E+IR=~--E
C s RS
g =IRC + (£ - Ey) RC 2|“|F
R+ R, I
8. ¢ - _CiCs X0 .
C, +C, 1
g A R
C,=C, =2 <
TR g I,
_&A
C‘g A1so,H1+H2:%CV2:2lx2x1o-6x(5)2
C.— 2g)A . EA
7] H, + Hy =25
Cr C,'Cy :280A<C H,=25-10=15pd
C,'+C, 5d E:ﬁ:R:EQ
9 R R 15 5 3
Y 15. When current in the resistor is 1 A.
RC q
= =— IR+ -~ =E
1=RC = 3 C
q=qy(1-e'") 1x5+2-10
:CV(l_e—St/RC) 2
0102 9 = q= 10 ].,lC
10. Energy loss = 20C, + C )(Vl -V2) When the switch is shifted to position 2. In
9 w4 ! 2 steady state, charge on capacitor
= (100-50)* x107° - -
2><(2—14)( )" x q'=5x2=10uC
73 but with opposite polarity.
j/;‘; x107dJ .. Total charge flown through 5 V battery,
11. g=gqqe d =q+q =20uC
=- dij = % et RC Work done by the battery =20 x5
att=0 =100pJ
7- % _q0 Heat produced =W — AU

"~ RC But, AU =0
Vo= -10xR=10x10-100V H =W =100 uJ
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16.

17.

18.
19.

20.

21.

22.

SVT ZVT 40

9,9 49
VA_VB:_7+§_§:
2uF
+ | | =
[
q Ry
q q
H |5 H
6uF 3uF

Hence, no charge will flow from A to B.

As potential difference across both the
capacitors is same, they are in parallel.

Hence, effective capacitance,

c - 2aA
d
v=leyeowdye
2 d

Rate of charging decreases as it just charged.

Potential difference across capacitor =6 V
A 1Q B 2Q
|

—=6V

D C 30
q=CV=2x6=12uC

In loop ABCD,
Ix1-2-5=0=1=TA
While charging
R,=R=1=RC
While discharging

R,=2R= 1 =2RC

Common potential,
GV, -CV; 3 x100-1x100

C, +C, 1+3
=25V
1x15
x30=18 uC
q 1+1 B
Cy C
1.0puF a 1.5puF
|| | |
|1 |
P A1 1
dz d2
| |
1 b 11
2.5uF 0.5uF
C3 C4

_25x05
2 95705
=12.5uC

V,-V, = _18V
Cl

30

99
V, -V, =2
p C3
_ 12.5 -5V
2.5
V,-V, =13V

23. As all the capacitors are identical, potential
difference across each capacitor,
12v B

|
|
0

= V,=9V

24. By Kirchhoff’s voltage law,
A

Cy = 60pF

C,= ZOHF\& Cs = 30pF
ARREN

C

@ +9s+q3=0
Ci(Cyu-V))+Cy(Vy-V))+Cs(Vy-V,)=0
V. _ C\V, +C,Vp +C5V,
Ci+Cy+Cy4
60 x6+2x20 +3 x30
o 60 + 20 + 30
49
= HV
25. In the steady state, there will be no current
in the circuit.




3uF 1uF
3uF B 1uF b?::u
Is F il
’—i T Tz“q suF
1l 11
20 1uF 100 20Q 10Q
| 10 | 1OV
A | A X
ClzﬁuFB C2:3HF
d1 Clzljl-“': dz
11
200 9 100
I
A IM10v
V, = Cy __3 10=EV
C,+C, 3+6 3
26. I, = B _18 34
+n 5+1
L T I Y
R,+r, 4+2
3uF
A+ B
g Eaty
18V 50 40 Izg
10 '
"""" JE .
D ,F C
In loop ABCD,
q q
g—lsz + 5 _IIRI =0

= %:3 x5+25x4=q=30uC

27. During discharging
t/t

g=qpe"

q, =CE =10nC

att=12s,
q =106 =102

=(0.37)*10 uC

— CIC2
28. q= C s, (E, - E,)
q _ Cl

-9 _ E -E
» o, Cl+Cz(1 2)

E -E
:[ 1 chl
C; +C,
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29. H= &(Vl -V,)? is independent of
2(C; +Cy)
resistance.
30. Immediately after switch is closed, capacitor
behaves like short circuit.
31, 4 - V ure , _V tre
2R "2 R
1 Ot
b _21,6re
iy 2
Increases with time.
32 p-Pl_9d
A OGA
C- keyA
d
- Re - @ keA
cA d
g 8.85x107"
= = —— =068
6 7.4x107%?
33. i=je "
i -In4
= 50 =j,e RC
= In4 =In2
RC
= In4=1n2%¢
= RC =2
- 2.2 40
C 05
34. Potential difference across each capacitor is

35.

equal, hence they are in parallel,
charge on each capacitor

q=C,V=2x10=20uC
As plate C contributed to two capacitors,
charge on plate,

C=2¢g=+40uC

Charge distribution on the plates of the
capacitor is shown in figure

02 |cv +2Q Q/2
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36. Let g be the charge on C, (or charge flown _ Cyq, 1 eif
through the switches at any instant of time) 9= C, +C,
By Kirchhoff’s law C, +C,
T=———
St | C,C,R
C _ b
or g=—q,|1—e EC
+ . where, C= %
Go—9d |- a_—c, e 11T 0
37. H :2(01720)(\/1 ~V,)?
_ +
R+ L _$~9_, 110 .
C, % __ GG 90
@:C2q0—(Cl+Cz)q 2(C; +Cy)\ Cy
dt C,C,R ) Coq? C ¢
X dq _[r_at 2C,(C, + C,y)  2C2
0Cyq, —(C; +Cy)q “°C,CHR
1 ” 38. Electric field in the gap will remain same.
“C +C [ln 1Cyq0 —(Cy + C2)q]0 39. Electric field inside the dielectric slab
1 ) 2 ,E_V
= t =—=—
CC,R k kd
More Than One Correct Options
1. Charge distribution is shown in figure Iy CI 2R
Ez=E +E, +E;+E, el
2C
@ ., Q Q@ @q , 2 R
4eg)A  4e,A 4g)A 4g A > I
= Q |1 /I
2g)A I
E
Q@ Q9 t
2 2 2 2 q, =2CE|1—-e EC
t
A 8 ¢ % % Re
t
S S @ _1_ 9 _1
|E ,l=|Eql=|E, + E, —E; + E,| but E, and % 2 g, 2
E have opposite direction. ¢ =1, — RC
-3
ot 3. VIZQZ&:MV
2. ¢, =CE|1-e¢ EC C 100x10°°
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200Q

@ 9000

100Q ¢=9
®)

I,=0
Vi _40 2,

27900 900 45

V, = I, x200 = 2 x200 = 20 v
45 9

E = Vl+V2—4O+%

_440 440,
9

4. Initially I, =01, =1 = %

C
|

As the capacitor starts charging,
I, decreases and I, increases,
In the steady state

L =1==1,=0

E
E:
At any instant

P =I!R P,=I;R
Steady state potential difference across the
capacitor,

v==2
2

U= fcvz CE®
8

QZ

- .
. 9

£

independent of d.

independent of d.

Q°_ Q%

20 2g,A

R
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= U xd
y_oQ_Qd
gA
= Vod
6. When switch S is open
C|_ s
-
|_ C
C
il
I T
E
C x2C g
*“Cc+2¢ 3
fCE
When switch S is closed
C,’ =2C
q, =2CE

Charge flown through the battery
Ag=qy—q; = gCE = positive

. Let charge q flows to C; at it falls to the free

end of the wire.

By Kirchhoff’s voltage law,
2-9 9339 _49 _,
C, Cs G

150 + 120
q= ﬁ =180 HC

1
7+7 N
2 3 15
qy' =q5 —q =150 x2 -180
=120 uC



8. ¢ =24
d
2 2
:&:deUmd
2C  2g)A
_Q Qd:>Vocd
C gA
c-fA_ o1
d d
E= Q. = E is independent of d.
€0

9. R=1+2=3Q,C=2F
9y =CV, =2 x6=12C
At any instant

—t
q=q, [e RC]

—t

_49 _ % &
dt RC
att=0
_ 9 _ 12
RC 3 ><2
att=6In2

Match the Columns

c
C,' =—2=2yF
2 A M
C,'C,’
‘= LT2 Y _(1.6V)uC
T=rvey TV
q=0@2V)uC
q'<q \
2 (16V
gy =9 A8V 64y,
C, 2x2
2 2
q (2)
=2 2 _aqvyuc
2790, Taxg OV
U, <U,
vy =4 8V gy,
c, 8
v,- 2 -5y
c, 4
Vy' <V

—-6In2
7o %, _12 -1
RC 6 2
=2x==1A

Potential difference across 1 Q) resistor

= 1x1=1V
Potential difference across 2 Q) resistor
= 1x2=2V

. By Kirchhoff's voltage law, potential
difference across capacitors=1+2=3 V.

10. ¢ = CV1—1><10 10 uF

Hj Dw I
1uF  4uF 4uF 9uF

V> <V <V;3
I I
E
v,- 219 55y
Cc, 4
v,-4 -y
C; 9
By -9 18V
gA  gA
-9 __ 2V _V
2 kegA 2 xg,A  g)A
E, > E,

(a—>q),(b—q),(c— q), (s> p).

2. Before switch S is closed, charge distribution

is shown in figure (1).

4uF
s i
40pC
+ 1 [—
SuF 20uC
2uF
[ |
| I
30V
Fig. 1

After switch S is closed, charge distribution
is shown in figure (2).



S _
120uC
= 60pC
3uF -
2uF
I
| I
30V
Fig. 2

(a—>s),(bo>p)c—>q) (d->s).
3. (a—>q),b->p,r),(c>q),(d—>p,n)
(p) Cy C, Cs

A ——

(@) Cy

Vi=Vy=Vy=V
¢=9,=q3=CV

2V

V,=22 V.=V, =
2 3 1 2

v ev
5 37q1 q3 3

4. Common potential

C
| |
+1 T
S
| ]
g
2C
V/:CIVI+CQV2 _v
C,+C, 3

1

U ==C,V? Loy
18

2

(@a—>r),(b—p)(c—q.

=

9 =

G

Cy

U, =tc,ve=teov
2 9
GGy,
2(C; +Cy)
__CxC oy
2(C; + Cy)
“Leove
6
kegA g A

1= 57 7
2d  2d

=(k+1)ﬂ:380A

2d  2d

1 _a d
Cy 2ketA  2g)A

o d (1+k

C2gA\ E

_2kepA _dgA
d(1+Fk) 3d
9
8
As combination is series, ¢; = g,
@y
92
U _C _8
u, ¢, 9

(a—s), (b—s), (c— s).

)2

6. Charge distribution is shown in figure.

(a—>p),(b—>p,q),(c—s),(d—>p,q,1).

7Q

4Q

-3Q0 3Q

Q 2Q

—2Q 29| |o 0

7Q

7Q

82



23 Magnetics

Introductory Exercise 23.1

[E1=[F,]
[qE] =[quB]
N [%} o] =[LT]

= - 2
. F=q(v xB)
=2 - - 2
Flvand F LB
Because cross product of any two vectors is

always perpendicular to both the vectors.

— -
. No.AsF, =q(v xB)

H
= |F,|=quBsin 6
If F,, =0, either B=0orsin 0 =0,
i.e.,0=0

= -
4. F =q(¥v xB)

= 4x10°x10° x102[(21 -3 )+ k)
x(21+5j-3Kk)]

=—4x1024i+8)+16k)

=-16(1+2]+4k)x102N

Introductory Exercise 23.2

. As magnetic field can exert force on charged
particle, it can be accelerated in magnetic
field but its speed cannot increases as
magnetic force is always perpendicular to
the direction of motion of charged particle.

> -
.F, =—e(vxB)

ﬁ
By Fleming’s left hand rule, B must be along
positive z-axis.
. As magnetic force provides necessary
centripetal force to the particle to describe a
circle.

<
[

muv
(a =—
) 4B
= rocm
Hence, electron will describe smaller circle.
2
b —pET_Zm
v qB
_1_g¢gB
f= T 2nm
= f o 1
m

..electron have greater frequency.

. Electrons are refocused on x-axis at a

distance equal to pitch, i.e.,
n=p=yT

_2nmucos 0
- eB



5 (@ IfL>r=""%
q
(0]
0
X X X
X X X X X X X
X X X X X X 69
X X X X X X
T 9 X X X X X X
E_? X X X X X
X X X X X
> 0/2
< L >

X X X X X X X X

(b) The particle will describe a semi-circle.

Hence, 06=n

L 0

(c) — =cos—
! 2

L 0

= —— oS
2Rsin 2 2

£—sm6: sme—%

R

= 0=
6

mv _ |2mk
eB \ eB

A /2m eV omvV

6. r=

For electron,
1 \/2 x9.1 x10731 x100

T0.2 16x100
=1.67x10*m =0.0167 cm

For proton

02 1.6x10°1°
=7x10°m=0.7cm

1 \/2 x1.67 x 10727 x100

Introductory Exercise 23.3

. Let at any instant
_> A n
V=V,i+V,j+V,k
Now, V2 + Vy2 =V = constant

and V2=VO—;f

ﬁ
V is minimum when V, =0

muy
t )

a f= o

and Viin =V,

. After one revolution, y =0,

x = p = pitch of heating

B 2n musin 0
- oB

Hence, coordination of the particle,

(. b)= (0, Mswj
gB

3. F =i(1 xB)=ilB[A x(§+ &)1
(F)=+2ilB

4, No.asi\x(f+:]'\+ﬁ):A><A+Ax(Jxﬁ)

Butixj=0

Ii\x(i\+_l]'\+ ﬁ)zli\x(:]'\xﬁ)

84
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Introductory Exercise 23.4

1. Consider the disc to be made up of large ogx dx 2

dM =dixA=

X X
) . 2
number of elementary concentric rings. TR
Consider one such ring of radius x and ©q 3,
thickness dx. " R? x ax

Charge on this ring

dg=—2_.dA+ -4 _x2m dx

TR’ R
2qx dx
94="p
Current in this ring,
di:@+ odq wogxdx

T 21 7R
.. Magnetic moment of this ring,

Magnetic moment of entire disc,
wq R g
M=[dM =—; ["x’dx

R
og|R*| 1
R{ 4 }:ﬂqﬁ’z

- ->
2. M=ix[(OA xAB)]
—> A
OA =0Acos 0] + OAsin 0k

- ABi

Bl

M=ixOA-AB[(cos 0 + sin 0k) x 1]

=4x0.2 xo.{(ﬁjﬂﬁ] x/i\:|
27 2

=(0.04j-0.07k)A-m?

Introductory Exercise 23.5

1. (B, =B, =B; =B,
_Ho . i

=—.——[sin45° + sin45°]
4n 1/2

_ o 242
1

Net magnetic field at the centre of the
square,

B:BI+B2+B3+B4:“—0-8J§L

T 1
_2\/§u0i
o

=28.3 uT (inward)

(b) If the conductor is converted into a
circular loop, then

2nr:4l:>r=2—l
T

p=tol, _THol o947 uT (inward)
2 4]

2 p-Fo ¥

4n x

(As P is lying near one end of conductor 1)

B, =0 (Magnetic field on the axis of a current
carrying conductor is zero)

2 J‘ X/
P
i
1
B=B, .
_Ho ¥
4 «x

By right hand thumb rule, direction of
magnetic field at P is inward.
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_60° poi _ pol
27360° 2b  12b
_60° _pol _ Mo

(inward)

3. Magnetic field due to straight conductor at O

N 3 = = = (outward)
360° 2a 12a
As B; > B,,
Net magnetic field at P,
w2 B-B;-B,
| 4n R _m{i_z}
Magnetic field at O due to circular loop 12|a b
B, =R 6. AB, AP and BP from Pythagorus triplet,

> 2R
By right hand thumb rule, both the filds are
acting inward.

hence ZAPB =90°

Hence,
Hol
B=B +B,=——(1+
1 2 21'cR( m)
47 x1077 x 7 22
21 x10 x 10 7
=58 x107® T =58 uT (inward).

4. B, =B, =0 (Magnetic field on the axis of
current carrying conductor is zero)

P T

874 2R B8R

_4nx107 x5
~ 8x3x1072
=2.62x10° T
=26.2 uT (inward).

5. B, =B, =0 (Magnetic field on the axis of =13 uT

straight conductor is zero) 7. 7= NIABcos 0
2 3 =100 x1.2 x0.4 x0.3 x0.8 xcos30°
=9.98 N-m
L - 663/\ Rotation will be clockwise as seen from

4 above.
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Introductory Exercise 23.6

1. By right hand thumb rule, direction of
magnetic field due to conductor A, B, C and
D are as shown in figure.

~C

Ny
>

D
B,=By=B.=B, _Ho 2L
4 r
Here, I =5A
r =0.14

_a 02
22
..Net magnetic field at P

B=\(B, + By +(By + B.)’

_Ho 421
C4n r
-7
- M —20x10°8T
0.2/~2
=20 uT
Clearly resultant magnetic field is
downward.
2. At point A

B -Mo b

=
4n n

B, =0 (Magnetic field inside a current
carrying hollow cylinder is zero)

. no I
,.Ba:Bl+BQ=4—£71
1

107 x1
1x1073
=100 uT (upward)

-10*T

At point B

-t hisp ol
1 4mgy "T2 T 4n Ty

Net field at B
1
B=B,-B =20 ~,-1)
4n r,

1077 4
= x(3-2)=0.67x107*T
3 x1073

=67uT

. Consider the cylinder to be made up of large

number of elementary hollow cylinders.

>

Consider one such cylinder of radius r and
thickness dr.

Current passing through this hollow
cylinder,

di = jdA = j(2nr dr)2r bridr
(a) Total current inside the portion of radius r;,
I, = [di=2mb[ ! rdr

37N
=2nb{r1}
3 0

2 3
=—nbr
3 1

By ampere’s circuital law,
§B-dl=pg

27ry
2 3
B, x21r =p, gnb’i

_Ho brl2
3
(b) Total current inside the cylinder

i=2 Ttb_[oR r2dr

= B,

~2 bR
3
_@ﬁ_uObRS
27 4n Ty 31y
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AIEEE Corner

Subjective Questions (Level-1)

. Positive. By Flemings left hand rule.

2. F, =evBsin0

F,

v= £
eBsin 0

B 4.6x107"°
1.6x1071° x3.5x107% xsin 60°
=9.46 x10% m/s

. F,, =quBsin6

=(2x1.6 x1079) x10° x0.8 x1
=256 x10"4 N

. (@) I‘T,)n —e(v x]_?t))
=-16x10"[(20 x10%)1 + (3.0 x10°%) j1
x(003 1+ 0157)
=-(6.24 x10* N)k
(b) =F., e (v xB)=—(624 x10“N) &

—> -

. F, =e(v xB)

6.4x10")k=-16x10"[(21+4))
x(B,1+ 3B, J)]

6.4x10 Yk = - 1.6 x10"°[2B, k]

6.4 x1071°
B, =—— """ _—-_920T
Y -32x107"
. (@ As magnetic force always acts
perpendicular to magnetic field, magnetic
field must be along x-axis.

F =qu,Bsin 6,

E 512 x1073
= = - = 1
qu;Bsin 6, 1 %107 x10° x —
V2
= B=103T
- PR
or B=(10"T)1

(b) F, = qu, Bsin 0,
=1x107% x10°% x 107 xsin90°
=103 N
F,=1mN

- A N
. LetB=B,i+B,j+ B,k

%
@TF =qg(v xB)
76x10°1-52x10°k
=-7.8x10°x3.8x10%B,1i- B, k)

= B, =-0175T,B,=-0.256T
(b) Cannot be determined by this information.

(c) Asi‘) :q(;) ><]_3))

= o
F LB
- =
Hence, B-F =0
- A
. B-Bi
@V =v}
- -
F —q(v xB)=-quBk
bV =0}

- = A
F —q(v xB)=quB)
©V=-uvi
- -
F -g(v xB)=0

(d) 7 =vcos45°1 —vcosd5°k

qu./],\
V2

= -
F=q(vxB)=—

(e) 7 = vcos45°j —vcosd5°k

F-qvxB)-2B 5 p

NG

mv J2mk . 2meV
L r=—= =

qB eB eB

- B /2mVr
e

[2x9.1x107" x2 x10°
- 1.6x107%

x0.180
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10.

11.

12.

=0.36x107*T

B=36x10"T
@r="Y=y= 49Br
qB m
_1.6x107" x2.5 x6.96 x10™

3.34 x10° %7
=8.33 x10° ms™!
bye=L_mm
2 ¢B
3.14 x3.34 x 107"
T 1.6x10° x25
=2.62x10% s
()& :eV:%mvz

_ mv2

2e
334 x107" x(8.33 x10°)?
- 2x1.6x107"

=7.26x10°V
=7.26kV

(a) — ¢. As initially particle is neutral, charge
on two particles must be equal and opposite.

(b) The will collide after completing half
rotation, i.e.,

=V

‘e T mm
2 ¢B
x X X x xB
x x +Q x —( x x
x x
x x X q x x
10.0
Here,r =——=5.0 cm,
m muv
@r=—=B=—
B qr

q
- 9.1x107%" x1.41 x10°
© 1.6x107° x5x1072
=1.6x10*T

By Fleming’s left hand rule, direction of
magnetic field must be inward.
b) ¢ = T _mm
2 ¢B
3.14x9.1x1073!

T16x10° x1.6 x10*
=1.1x107"s

13.

14.

15.

The component of velocity along the
magnetic field (e, v,) will remain
unchanged and the proton will move in a
helical path.

z
A N
B

Vy cos ot

pd

i Y
vy sinot Vy

At any instant,

Components of velocity of particle along
Y-axis and Z-axis

v! =v, cos 0 =uv, cosnt

y =Y ¥
and v, =—-v,sin 0 =v, sin ot
B
where, o=
m

- 2 A .
LV :vx1+vycoswt,]—vzsmmtﬁ
For the electron to hit the target, distance
G S must be multiple of pitch, i.e.,
GS =np

For minimum distance, n =1

2
N GS=p- T muvcos 0
gB

B 2, /2 mk cos 60°

= =
p 4B

27,2 mk cos 60°
P mk cos

ap

(mv =./2mk)

=

2x3.14x.[2x9.1x103! x2x1.6x10716 x%

1.6 x107"° x0.1
= B=4.73 x10™*T

(a) From Question 5 (c)
Introductory Exercise 23.2

£:sin6:>L:Rsin9
R

Rsin60° = R
2
= L= _ %
2gB  2¢B,
(b) Now, L'=2.1L =1.05R
AsL'> R,



16.

17.

Particle will describe a semicircle and move
out of the magnetic field moving in opposite
direction, i.e.,

v’:—v:—voli\
and tzzzﬂ
2 ¢B,

D A
Y =(50ms™Hi B =(2.0mT)}
As particle move with uniform velocity,
— 2 5 2
F=q(E + v xB)=0

. E-Bxv- -(01NOk

If v be the speed of particle at point (0, y, z)
then by work-energy theorem,

g A
% 4 ®B=-8]
E = EK.

Vy A’VVX
%

>X

W:AK:%mv2

But work done by magnetic force is zero,

hence, network done = work done by electric
force

=qEZ

qE,Z = % muv?

N v |29EZ
m

As the magnetic field is along Y-axis,
particle will move in XZ-plane.

The path of particle will be a cycloid. In this
case, instantaneous centre of curvature of
the particle will move along X-axis.

As magnetic force provides centripetal force
to the particle,
z

18.

19.

20.

21.

90

2

muv
vB, = ——

qub, R
v:qBOR
mB

b, —veos 6 = IBofEcos®
m
:ﬂ (- Rcos0=2)
m
210272

m

= N
Given, E =Ej, B =Bk,

—> A
v =vcos0j+vsin ok
As protons are moving undeflected,

- = 5 2
F=0=e(E+vxB)=0

= e(Ej—vBcost)zo
E
v=
Bcos 9

Now, if electric field is switched off
_2nmusin® 2nmEtan 6

- ¢B qB?

(Component of velocity along magnetic field
=v, =vsin 6)

or

F=I1Bsin®
_F 0.13
[Bsin® 0.2 x0.067 xsin90°
=9.7TA
For no tension in springs Frm
o= X Al x
m =8 FEH
= IlB=mg
_mg  13.0x107° x10 mg

" IB 62.0x10°2 x0.440

=048 A

By Fleming left hand rule, for magnetic force
to act in upward direction, current in the
wire must be towards right.

(a) FBD of metal bar is shown in figure, for
metal to be in equilibrium,

F,+N=mg

Fm
= FE,=mg-N N
= V{lB=m—N mg
= —IB=mg-N
R
R
V= -N
= lB(mg )
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22.

23.

For largest voltage,
N=0
Rmg 25x750x107° x9.8
IB ~ 50.0x102 x0.450

=8175V

V=

(b) If1IB > mg
IIB-mg=ma
_IIB-mg VIB
T T Rm
~ 817.5 x50 x107* x0.45

2 x 750 x107°
=112.8 m/s?
I=350A,1=-(1.00cm)i

9.8

= 1=-(1.00 x102 m)i
—> A
(a)B =-(0.65T)]j

—> -> 2
F, =I(1 xB)=-(0.023 N\) k

%
®) B =+(0.56Tk
—> -> 2 A
F, =I1(1 xB)=(0.0196 N)j
% N
() B =-(0.33D)i
—> - =2
F, =1(1 xB)=0
- A N
(d)B =(0.33T)i-(0.28T)K
—> - 2 A
F, =1(1 xB)=-(0.0098 N)j
- A
(e B =+(0.74T)j-(0.36 Tk

—> - o A
F, =1(1 xB)=-(0.0259 N)k + (0.0126 N)j
=(0.0126 N) j —(0.0259 N)K

=(0.020T)j

l ©

= Wl
=

ab=-(40.0cm)j

=-(40.0x102m)j

2

— -
F, =1(1; xB)=0
- o

1, =bc =(40.0 em) k

-
Il

= (400x102m)k

— e »
F,=1(1, xB)=(0.04 N)i

24.

25.

26.

- = IR 2 N
I, —cd =-(40x102)i+ (40 x102 m)]j
— - 2

F, =1(1; xB)=-(0.04 N\)k

1, =da=(40 x102 m)§ - (40 x102 m)k
— - 2 2

F,=1(1; xB)=(0.04 N)i+(0.04 N\)k
M-=IAM

=0.20 x (8.0 x1072)%(0.601 — 0.80 })
=(40.2 x107*)(0601-0.80 j)A-m?

B =(0.25T)i+(0.30Dk
(a)_t) :N)I ><]_3)
=(40.2 x107*)(-0.241-0.18j + 0.2 k)
=(-9.61-7.2j+8.0k)x10* N-m.

g 4
B)U=-MB =-(40.2 x1074)(0.15) J
~-6.0x107*J

Consider the wire is bent in the form of a

loop of N turns,
L
r=—-—
2nN
Magnetic dipole moment associated with the
loop

Radius of loop,

iL?
4nN?
iL’B
AN

Clearly tis maximum, when N =1

M = NiA = Ni xr? =

T =MBsin90° =

and the maximum torque is given by
iL’B
T =
" 4r
Consider the disc to be made up of large
number of elementary rings. Consider on
such ring of radius x and thickness dx.

Charge on this ring,




27.

28.

29.

30.

Current associated with this ring,
d
di=% 0% _ 09,
T 2n R
Magnetic moment of this ring

dM = nx’di = %ﬁdx

Magnetic moment of entire disc,
:J.dM:%J.RdelewqR2 (6))
2% Jo 1
Magnetic field at the centre of disc due to the
elementary ring under consideration
aB = Mo _ “0“’% dx
2x 2nR
Net magnetic field at the centre of the disc,

B:J‘dB:P-o‘DQJ' dx Howq

2nR?
M _ R
B 2u,

(a) By principle of conservation of energy,
Gain in KE = Loss in PE

KE =-PEcos 6 + ME
K _, 0.80 x1073

fcosb=1-—- P —
ME 0.02 x52 x10
_10
13
0=cos ' 20 _76.70
13

(b) 6 =cos* 10 76.7°
13
Entire KE will again get converted into PE
AU =U, -U, =-MB —(+ MB)
=-2MB
=-2x1.45x0.835=-2.42J

2x3.14 x5.3 x107H
(@) T = 277 _ 22518 X0.0
v 2.2 x10
=15x10% g
1.6 x107¥
bi=s =" _11x10°A
T 15x10
=1.1 mA
(M =nr?
=3.14 x(5.3 x10711)? x1.1 x1073
=9.3 x1072* A-m?
Suppose equal and opposite currents are

flowing in sides ad and eh, so that three
complete current carrying loops are formed,

%

Mabcd == llz ﬁ
_)
M, =il’k

oy 19 4
Madeh =il J

92

..Total magnetic moment of the closed path,

> o

- - 94
M=Mypeq + Mg, + Myger, =117 j

31. Circuit is same as in Q.30

no I
32. B, :4—27

; -
47 r

Here, B; and B, are perpendicular to each

other, hence,
2

<
<

B=\|B} + B}

Cug V2T 107 %42 x5
4n 1 35 x1072

=2.0x10°T
=2.0uT
33. Clearly ABOC ~ AAOB
r, _AD
Ty " BC
= ry =2r
=100 mm
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A
B
I O
C<~—r—>
D 2

and AD =2BC =200 mm
0=cos™’ LA 45°

BC
2
21
By = @£[Sin45° +sin45°] 2
nr r
_Ho (outwards)
4n
B,p = M—-l(sin45° + sin45°)
4m 1
21
-t L (inwards)
4n 1
Net magnetic field at O.
N1 1
B=B,.-B,,=—% |~ _—
BC AD 4n non
— V8 x107 x42| — 1 ~
50 x10 100 x10
=2x10°T =2,T (outwards)

34. Let us consider a point P(x,y) where
magnetic field is zero. Clearly the point must
lie either in 1st quadrant or in 3rd quadrant.

|2
\

P(xy)
ly
_Bo 2L _po 2L
4 y 4n «x
= Lx =1y
= =[5l
I,

35. 0=45°

ng 1
Bhny

(sin 0 + sin 0)

36.

37.

B
<
= A
>
D —

4

a4
Z—z # (inwards)
B;=B,=—"— 0+ 0
. \/, (sin sin0)
_Mo 1 (outwards)
4 2af
Net magnetic field at P
B=B, + B, -(B; + B,)
Ho i
. (inwards)
47 «/§a
BooxHo L _pel ©
4t R 2R 275

= 0=2rad.

(a) Consider a point P in between the two
conductors at a distance x from conductor
carrying current I; (=25.0 A),

e s p l,=75.0A

I, =25.0A

1 ———

Magnetic field at P
o howe L
4t x 4n r—x
= 1427[2
xX r-x
N r—x:L2
x L
= x = L r:25'0 x40 =10 cm
IL+1, 100.0



(b) Consider a point @ lying on the left of the
conductor carrying current I; at a distance x

from it.
<~ X—>
Yl,=75.0A
I, =25.0A
g Mo i Mo I
41t x 4nw r+«x
= L_ L
X r+x
= x= L =@x40
I,-I, 500
=20 cm
2 1
38. Bzuio' 2Nm; 3/2
4t (r* + x*)
But,x =R
B:pONI :4«/§Br
4.2r wol
442 x6.39 x107* x6 x 102
B 4n x1077 x2.5
= N=69

39. For magnetic field at the centre of loop to be
zero, magnetic field due to straight
conductor at centre of loop must be outward,
hence I, must be rightwards.

At the centre of the loop

I

woNI_ ,_2BR

40. (a)B =
2R woN

41.

94

~2x0.0580 x2.40 x10~
© 4nx107 x 800

= I1=2177TA
(b) On the axis of coil,
2 NIA
B=to. 2 2:3/2
4n (r° + x°)

B rd 2

3/2
B, r? + x2)3/2 r? o+ x?
—~ = = =2
r

= x=0.0184 m
Let the current I, (= I) upwards
114 Al
> |3
>,

B=-B +B,-B;+B,
2
“Bof a1, +1,0=0

4n r
IL,=I+1,-1,

=10+8-20

=-2A

Negative sign indicates that current I is
directed downwards.



43. (a) Length of each side

<&

-y

<~ y—

0,
g
L
l:2nr
n
="
n
1
— te——cotG
2
B=n —(2sin9)
T oa

My 2n% sin 0
4n mrcotO
. .9
woin?sin? =~
n

2n’r cosE
n
Kol n%sin? "
(b) lim B = lim n

s
n —w n —w 21527‘COS—
n
. 14
= lim =20
n->0 2r

2> - 7
44, §;B-d1:3.83x10 T-m

(a) By Ampere’s circuital law

-
§B-dl=p,l
.
-1 §Bdi-—L 383107
n 4n x10
~0.3A

(b) If we integrate around the curve in the
opposite direction, the value of line integral
will become negative, i.e.,

~3.83 10" T-m.
.
45. §B-dl=p,l
As the path is taken counter-clockwise
=
direction, § B dl will be positive if current is

outwards and will be negative if current is
inwards.

@’H’l -0

46.

“wl
&l

:—p011:—50><10 T-m

=
&
]

wolIly —I)=2.5x10"° T-m

“é’ul
Bl

=poy+I3-I))= 5.0 x107% T-m

[ Py

| 9
l IO

Current density
I 21

2 2
—ZTE(E) @
2

Let us consider both the cavities are
carrying equal and opposite currents with
current density /.

Let B,, B, and B; be magnetic fields due to
complete cylinder, upper and lower cavity
respectively.

(a) At point P,

B —_Ho 2L _

2
Blz— &2JXTM1 i\

n r 47 r

L
2 2
=2 pol 2r2 —a? |,
" dnr| 4r? — a2



N 2 2
~(B)= Kol 227(12 , towards left.
4nr | 4r° —a

(b) At point P,

— 21 I A
BIZL'szioJ
47 r nr
— 2 A
B2:ﬁ.L[—sin9i—cos6j]
47 \/ﬁ
re 4+ =
4
kol inol 3
=——% _ [sin@i+cos0j]
ofart + a?
— I 4
BS=L.L[sin9i—cos9j]
47 9 a2
re 4+ —
4
I A A
= Ho [sin®1—cos0]]
2m./4r? + a?
T T T
B =B, +B, + B,
,LOI g_ 2cos0 |4
T\r 4r? + o2
but, cos 0= 4 = 2

_uOI_ZI"2+a2 A
dnr | 4r? + a? J

(ﬁ) _ H()I _2r2 + a2

—| ——— |, upwards.
4nr 4r2+a2:| P

47. Let us first find magnetic field due a current
carrying infinite plate.

Consider a rectangular amperian loop

(WXYZ) as shown in Fig. 1.

48.

«— | —>
Fig.1

=
§>B-d1=p0u
WXYZ

96

2> 2D > >
= [B-dl+[B.dl+[B-dl+|[Bdl=p!

WX XY Y>Z Z->W

Bl+0+Bl+0=pyrl

1
B=1u.a
gto

In Fig. 2.

Bz<—';—> B,

—> B
Q B, !
Fig.2
At point P,
1
B =B, =—pg A
1 2 2”0
B=B, - B, =0,
At point @,
1
B =B, =—pg A
1 2 2“0
B=B, +By=p,i
%
5w Idixr (¥ xP)
B =F0. =0 5
4r r 4r r
y
u
0 X

¥ =(8.00 x10° ms ™)}
(@ F =(0.500 m)i

- >

= Uy g(vxr)

B="01 """
4r r
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49.

1077 x6.00 x 10~°[(8.00 x 10° J) x(0.500)1]
B (0.500°

%

= B =-(192x10°T)k
ﬁ
r

(b) ¥ =-(0.500m)}j
= (V xT¥)
X
B_todVxr) 4
47 r
© T =+(0.500 m)k
- (7 x;))
B-to LY AT (192x10° )i
47 r
- N
(d r =-(0.50 m)j + 0.500 m k
= (V xT¥)
X N
B-FPo. LV XY _192x10°T)i

4n re

g=-480uC=-4.80x10"°C
¥ =(6.80 x10° m /s)}

() ¢ =(0.500 m)}

- -
u, g(vxr)

4n re

() r =(0.500 m)j

-1}

> >
_Hy g(v xr)

. s =-(13x10°Tk
T r

=

© F =(0.500 m)f + (0.500 m)}

- (7xr)
B-be LV XX (131x10° Dk
4 r
@ * =(0.500 m)k
= Uy g(v x 1) N
B-to BV X _(131x10°T)j
47 r
- -
B Mo q; (vy x135)
By= Ty
T rl
y
q v
Vo
0.300m 1

‘ 0.400m g,

51.

=

8 1077 x4.00 x107°[(2.00 x10° 1) x(- 0.300 )]

1=

(0.300)

- (8.89x10" Tk

- -
]?_Mo gy (Vo x15)
2_?' 3
n r

=

2 1077 x(- 1.5 x107®)[(8.00 x10° 1) x(— 0.400 })]

z- (0.400)?

=—(7.5x10" Tk
2> o o 6
B -B, +B,--(16.4x10°T)k

~(1.64x10° Mk

or B=1.64 x107% T (inwards)

Magnetic force per unit length on the
conductor AB,

uo 241,
f= 4t r
For equilibrium
m
f=78=2g
- Ag = Mo 201, @)
4t r

Suppose wire AB is depressed by x,

>
Y

r
Y
C

Net force on unit length of wire AB
ra =g —f'
_ WMo 2L1, p, 2L,
T4 r anrew
Mo 2011, -x

4n r(r—x)

Ifx <<r
uOII

or?
a= “0” ..
or?



52.

53.

General equation of SHM
a=-o% ...(11)

Hence, motion of wire AB will be simple
harmonic.

From Eqgs. (i) and (ii),

o= molily
2ar?
2
72 gn |2 =2n\/7
nolily g
=2x3.14 m
9.8
=0.2s
(a)f:FLOA%
4t r
I,= fr
Ho o,
4n

4.00 x107° x2.50 x10°2
© 1077 x2x0.600

=833 A

(b) As the wires repel each other, current must
be in opposite directions.
no 2L,
fop =40 =02
47

i

98

D C G
Il* Fce I2w Feo I}
<3cmy 5cm
[1—>|<——l—>
30A 10A 20A
_ Mo 21,1,
CG =y S
f=fep ~fee
L I
f=fep —fea :%'212[1—3}
4rn non
~10" x2 x 10 30 - 2072
3 x10 5x10

f=12x10* N=1.2 x103 N/m
F=f1=12x10"% x25x1072
=3 x10*N
54. Force per unit length on wire MN

_ko 2L,

foay = 4 a

LI,L
F=fyy xL =102
2 na

Torque acting on the loop is zero because
magnetic field is parallel to the area vector.

Objective Questions (Level 1)

Fact

T:2nm
qB

is independent of speed.

. Outside the wire

p_Fo. 2l
47 r
centre.

where, r is distance from the

The path will be parabola if force acting on
the particle is constant in magnitude as well
as in direction.

p-Fo. 2l
47 r
_4an
Ho = oI
Wb/ m?
Unitsofuozu
A
=Wbm'A™!
Fact

= > —
7. M =i A, where A = Area vector.

8. Force acting on a closed current carrying
loop is always zero.

9. M = NIA
10. alB=>a B=0
(xi+]J-k)(21+3)+4k)=2x+3-4=0

=x=05

12. A current carrying closed loop never
experiences a force magnetic field.

13, = _ P
gB qB
P = mv = momentum.
ro—
q
r
—p:q—“:rp:ru:&l

T 4y
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14. W = MB(cos 6; —cos 0,)

Here, 6, =m, 0, =1 -0
W = MB(cost —cos(mt — 0))

=-MB(1 —cos 0)
Ro g
15. B, :E~;(251n6)

A

T § 5¢cm
o™ I “.\

E X rg‘[ P
£

l; 5cm
Y

16.

17.

18.

sinG:§
5

1077 x50 x2 x%
B,=— 9
P 4x102

=1.5x10*T
=1.5 gauss.

Magnetic field on the axis of current

carrying circular loop,

Mo, 2M
4n (r® + x%)%2

| ...()
Magnetic field at the centre of current
carrying circular loop,
- 2—2271‘34 ..(i)

From Eqgs. (i) and (ii),

B, (% + x2)¥2

BT
(32 4 42)32

33

125
T 27

125
_129 54 —150,T
2797~ H

B
=2 > o -
F=I(1 xB)=I(baxB)
%

- =2 =
=-I(abxB)=I(B xab)
Kinetic energy of electron,
K= 1 mv?=eV
2

19.

20.

21.

2eV
= v=,
m

Magnetic force,
F,, =evBsin6
F, cv=>F, « Jv
Hence, if potential difference is doubled,
force will become /2 times.
Magnetic field at O due to P,
P Q
| |

R/2 R/2
> —>

(0]

<“~——R——>

Mo 21wl

= —— = (inwards)
4n R/2 =nR
Magnetic field at O due to @,
—Ho. 2 _ M (inwards)

> 4n R/2 =R
Net magnetic field at O,

2u,]
B=B, +B, =10

nR

As solved in Question 16,
B [xz + R2J3/2
-2 _

B, | R?
x%2+ R? o
= 7 =8
2 2
N x;2R 4
= x=+v3 R

Component of velocity of particle along
magnetic field, i.e.,
E
v, = = t=o0kt
m
is not constant, hence pitch is variable.

:ml}_12mK

22. r=—=
qB qB
J2mK
Now, R =

eB

J2m(2K) _@R
3

¢(BR)



23.

24.

25.

26.

27.

28.

Same as question 1. Introductory exercise
23.6.

Note. Her diagram is wrong correct diagram
should be

A ) C

B )D

rZEZJZmK :1l2;7]13qV K = gV

qB 9B

- Ty

Magnetic field due to a conductor of finite
length.

~

B :M-f(sin(x + sin )
4n r

Here,0.=-6,,p=6,andr=a

B= M(sin 0, —sin 6,)
2a

In case C, magnetic field of conductor 1-2
and 2-3 at O is inward while those of 3-4 and
4-1 at O is outward, hence net magnetic field
at O in this case is zero.

2 > 3
| A . A
(0]

1 > 4

- > 2
dF =1(dl xB)
= -
But B || dl at every point,

%
hence, dF =0.

B, =B; =0 (Magnetic field on the axis of
current carrying straight conductor is zero)

20.

30.

31.

32.

33.

34.

100

_)
B

8
Current associated with electron,

q
I=%_-
=9
gt _Heef
2R 2R

Same as question 1(a). Introductory Exercise
23.5.
At point 1,
Magnetic field due to inner conductor is
non-zero, but due to outer conductor is zero.
Hence, B, #0
At point 2,
Magnetic field due to both the conductors is
equal and opposite.
Hence, B, =0
Apply Fleming’s left hand rule or right hand
thumb rule.
Magnetic field due to straight conductors at
O is zero because O lies on axis of both the
conductors.
B= O mol _pold

2n 2x 4nx
Inside a solid cylinder having uniform
current density,

Hence,
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/’J\ B= bolr

T 91 R?

Here,r =R —x
B:pOI(R—x)

— h 21 R?
35. Magnetic force is acting radially outward on
the loop.

l«—~ R —

JEE Corner

Assertion and Reason

1. For parabolic path, acceleration must be I W
constant and should not be parallel or " gB  eB

antiparallel to velocity. 7 F libri
2. By Fleming’s left hand rule. + D oredmibTim

4)
3. Magnetic force on upper wire must be in F.+F, =0
upward direction, hence current should be in - NN
a direction opposite to that of wire 1. = qE =-q(v xB)
; i - = o
Reasor} is also correct but does not explain - F-_vxB-Bxv
Assertion.
_ - =
4. t=MBsina 8. P, =F,-v
a =90° —> RN
1=MB=0 AsF,, is always perpendicular to v,
5. F,=I1Byx, P -0
YA m
®F8 . 3
1 Again, P, =F,- v, may or may not be zero.
2 < 4
9. Reason correctly explains Assertion.
F i F, 10. Magpetlc f.or.ce cannot change speed of
N particle as it is always perpendicular to the
speed of the particle.
, 2
. I 11. a =2
i | R
1 1
X % > X but R also depends on v.
o - F, _quB
F, =11Byx, B m m
F, > F, = a v

Hence, net force is along X-axis.

6. Radii of both is different because mass of
both is different
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Objective Questions (Level 2)

1. For net torque to be zero.

T
mg
IAB, = mgR
~mgR  mgR
AB, =R’B,
__ms
n RB,

2. Asitis clear from diagram,

(- 4,0 (2,0)

Effective length of wire,

_)
1 =4m)i
N
F-I(1 xB)
F I 2
a-—-LT«B)
m m

= 0%(4? x(-0.02k))=1.6 jm/s>

3. Impulse = Change in momentum
[11Bdt=mv-0

lBqu:mv
_mv_my2gh
" IB IB

4. Consider the sphere to be made up of large
number of hollow, coaxial cylinder of
different height and radius. Consider one
such cylinder of radius x, height y and
thickness.

Now, y=2Rcos6,x = Rsin 6, dx = Rcos 6d6

Charge on this cylinder,

-—<—

=3gcos? 0sin 0d0O
Current associated with this cylinder,
di= @ wdq 3wq = cos? Bsin 6 dO
T 2n 2n

Magnetic moment associated with this
cylinder,

dM =di A = °9% cos? 9sin 0d6 x mx?

T

dM = % R2wqA cos? 0sin® 0d0
= .[ dM = 3 qujo cos?0sin® 040
9 2

_3 pa (0 2 2 0y i
_§R quﬂ cos“0(1 — cos” 0)sin 6d0O

3 cos®0  cos® 0 0
:Rzmq[ _]
2 3 5 o

1,9
=— R0
5 q
5. As solved in question 5(c). Introductory

Exercise 23.2.

£:sine
R
Here, I =d, R =Y.
q
qB
—d—sine
m
or 9q _ Vsin 6
m Bd

6. Force on portion AC will more compared to
that on portion CB.
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7. Consider an elementary portion of the wire
carrying current I; of length dx at a distance
x from end B.

d > B S |’
> Uy«
2 <3
—— a8 —»
fe——X—>

Force on this portion
dF =I,dx B
_ Mo 211, d
4t a +x

Total force on wire AB

F=[dF =211, 2o _dx
T a a+x

Holly g o
21

8. Magnetic field line due to current carrying
conductor is shown in figure.

ol
-

1t 1
_o, 2y
Bz=@~ 21-nr22
4n (x% + 7‘22)3/2
B, ri(xd+r)¥?
But, rnp=x;tan 6
and r, =%, tan 0
By
B,

10. b — a must be less than or equal to radius of
circular path,

ie., b-a<™
qB
or vziqB(b—a)
m

11. Consider an elementary portion of length dx
at a distance x from the pivoted end.

—> dxe

) I O

>

j < X >

Charge on this portion
dq = %dx

Current associated with this portion

di:@:de
T 1

Magnetic moment of this portion
dM = nx’di = #xde
mgf (1 o, 1 2
M _TI() x“dx —gnqﬂ
12, Atx=0,y=22m

Effective length of wire
I=(4m)j
F, -I(1 xB)=34}x5k)
=60iN
13. Effective length of wire,

X X X X X X X X X X XXX X XX

I
x x x x xIx x x x x
I

I
X X X xIx x x x
I

=
Yo
R
[=8ST =2 x?a xcot60°
_a
2
For equilibrium, I I/B = Mg
N - 2Mg
IB



14.

16.

17.

18.

For particle not collide with the solenoid,
radius of path of particle < half or radius of
solenoid.

mo 1
gB 2
ButB=pyni
- U>rqB:u0qrnL
2m 2m

Magnetic force cannot do work on charged
particle, hence its energy will remain same,
so that 6 remains same.
Again, magnetic force is always along the
string, it will never produce a torque hence,
T will also remain same.
Let the x-coordinates of loops be as shown in
figure,

YA

Y

> X
b+a

o T a b

then, F, =Ia(Bya)-0=Ia’B,
F, =Ia(By(b + a)) - Ia(Byb)
=Ia”B,
F =F,=0
Consider an amperian loop of radius
x(b<x<c), threaded by current the

amperian loop,

pol' _uol(c2 —x2)

2 2mx (c? - b?)

19.

20.

21.

104

= =
AsE=-7v xB

Net force on the particle must be zero.

Consider an elementary portion of length dy
at y — y on the wire.

Force on this portion,

- 2

dF =1(dy xB)
e d N
Here, dy = — dy j (Current is directed along
negative y-axis).
dF = -1{dy§(0.3y1 + 0.4y )}
=-2x103%(-0.3ydyk)

Total force on the wire,

_ _ -3t
F=[dF=-2x10 jo(—o.sydyﬁ)
F=3x10*k)N

E--VxB
B1-vB-"8p
m
_(5x107%)(20 x107°)(0.1)
- (20 x1079)
=1 9
L~ E=05V/m (1ug=10"kg)
22. Condition is shown in figure.
B,
A1

v

B
=HOI1
1 2R,
B, :Plolz
2R,
=B. + B
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2

= u, 2[4
B =Ho. 2
_dnx107 5 { 52 JZ Vana !
2 5 2 5 x1072 2 Mo 2l
— x10 B, =--—0.22
V2 2 i a
-7 N
ZM:LMXIO_ST B;=0
2x10 - e —> —> HOL AA
B=B +B,+B,=-2(j-1

23. Initially, net force on the particle is zero.

Hence, . 2 2

v B 26. Effective length, /= AC = 4" + 3
"B =5m

Now, if electric field is switched off. ~C

mv E ( q j ”
r=——= 72 — = S
gqB SB m
24. For equilibrium,
f= ng [f =magnetic force per unit length on A B

the conductors]
Ko 2L1,

= 4 =\g F=IIB=2x5x2=20N
T
27. At point P,
= r= 2—027{7112 _ 1 qx
TE77 8 47_[80 (R2 + x2)3/2
:10 x2 x100 x50 5t 2iA
0.01 x10 T4n (RZ+ 122
=0.01m Hence, i=4__ v
Clearly, equilibrium of conductor B is T 2R
unstable. and A = 1 R
- > —> ] 9
25. If B,,B, and B, be magnetic fields at the E_1 1 ¢
given point due to the wires along x, y and z B ugg v
axis respectively, then
More than One Correct Options
4n x1077 x50 x2 -
1 BlzuONlllz X X 72>< T -0
2R, 2 x5x10
2 o> 3
=4n x107* T Either, E =— v x B,
4n x1077 x100 x2
BZ:HONZIZZ T X X _2>< Ei(),]_g):o
2R, 2 x10 x10
=2 - =2
—4n x1074T or E=0orvxB=0

If current is in same sense,
B=B +B,=81x10*T
And if current is in opposite sense,
B=B -B,=0

=2 o o =2 o5 2
2. F=F,+F,, =q(E + v xB)

m

ﬁ
Again, If v x B =0
%
Either B =0

o=
or 0=0°1i.e., v || B.




. The particle will describe a circle in x-y plane
with radius,

1x,/8% + 62
P 27N T g

—_—= m
gB 1x2
and T:an =ns=3.14s
qB
_‘c> =MBsin 6
U=-pEcos6
0=280°

Hence, 1 =0, U = pE = maximum.

As PE (U) is maximum, equilibrium is
unstable.

. Fact.

. Upward and downward components of force
will cancel each other while leftward force is
more than rightward force, hence net force is
leftwards.

R -
. F=qE +q(7 xB)

= q{E, k + (v]) x(By 1)}

Match the Columns

1. (a>r),(b— q),(c—>p),d—>r)

F.-q(v xB)=—e(v xB)
—> - -
and F, =qE =-¢E
. (a>r),(b—>s),(c—>q),(d->p)
—> - =
AsF,, =q(v xB)

By Fleming’s left hand rule, positively
charged particles deflects towards left and
negatively charged particles deflects towards

right.
J2mK
Again, r = my _yem
q 9B
Jm
= ro——

q

. (@a—>p,s),(b—>p,q),(c—>p,1),(d—>Dp,s)
Whenever a closed current carrying loop is
placed in uniform magnetic field, net force
experienced by it is zero.

Also t=PEsina

8.

10.

5.
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- q(E, -vBy)k

E,
If v<B—°, particle will deflect towards
0

positive z-axis.
E

If v>=0
B,

negative z-axis.

particle will deflect towards

Ifv= %, particle will move undeflected and
0
its KE will remain constant.

K =e V= K «V will become double

R= Zn;K = R «+/K will become /2 times.
q

o= 9B is independent of kinetic energy.
2nm

Use right hand thumb rule.

For cd to be in equilibrium, force on it must
be repulsive while for ab to be in equilibrium,
force on it must be attractive.

Equilibrium of ¢d will be stable while that of
ab will be unstable.

is maximum if o =90°, i.e., in case (b) only.
And U =-PEcosa

U is positive if a is obtuse, i.e., in cases (a)
and (d).

and U is minimum if a =0, i.e., in case (c).

(a—>q),(b->r),(c—>s),d->s)
Use right hand thumb rule.

(@a>q,b-or),(c>q),(d->r)
1 2 3 4

- =g -2 | >

Fio Fou Faa Fos | Fas

R ——

> >

N -
For  Fail Fa Fa

> >
1l Fiz Fyg

Direction of different forces on different

wires is shown in figure.
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6. (@a—>q,s),(b—>p,1),(c>p,r),(d—>q,s)

When the current is increased or the loop is
moved towards the wire, magnetic flux
linked with the loop increases. As a result of
this, induced current will produce in the loop
to decrease the magnetic field. Because
initial magnetic flux linked with the loop is
inward, induced magnetic flux will be
outward and induced current will be
anti-clockwise and vice-versa.

.(a>rs),b>rs),(c>q,r),d—>p,1

y

2o,
12, ,x”ﬂw
LT )

Effective lengths of two conductors,
L=l=1i+1]

_) N
If B -B,1

= I o> =2
F=_( xB)+

L@ «B)--B1k

\V]

- . .
t =0, because lines of action of force on the

two wires are equal and opposite.
H A

If B=B)j
%
F =B,k

Again, lines of action of force on the two
wires are equal and opposite.

=0
_> N n
If B=By(i+}))
%
F =0
Z-0
If B-Bk
—> AA
F =BJi(i-))
%
=|F



24 Electromagnetic
Induction

Introductory Exercise 24.1

. Magnetic field inside the loop due to current
carrying conductor is inwards.

As the current in the conductor
increases, magnetic flux linked Q
with the loop increases as a
result of which, induced current
will produce in the loop to
produce an outward magnetic field, i.e.,

induced current will be anti-clockwise.

ddg
d

. No.

Emf is induced if the field is time varying.

= induced emf

[dﬁ} =[V]=[ML*T*1]
dt

Introductory Exercise 24.2

. If the outward magnetic flux increases,
induced current will be in such a way that it
produces inwards magnetic flux, i.e., it will
be clockwise.

. Magnetic flux linked with the coil will not
change, hence induced current will be zero.

. If the current in coil 1 (clockwise) increases,
outward magnetic flux linked with the coil 2
increases and the coil 2 will produce induced
current in clockwise direction to oppose the
change in magnetic flux linked with it.

i increasing

1 210
I

i decreasing

Hence, if the current in coil 1 increases,
induced current will be in same sense and
vice-versa.

Introductory Exercise 24.3

. ¢g=BS=B,Se™

ez—%zaBOSe’at
dt

As, F, =ilB=0

Because, i =0 as the circuit is not closed. As
net force acting on the bar is zero, no
external force is required to move the bar
with constant velocity.
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3. |e|=‘1&_dl

But, ¢ = NB;Acos6, ¢, = NByAcos 6
o] = NAcos 6(B, — B))

t
B le|t
~ N(B, - B,)cos 6
80.0 x107® x0.4

= A

50 x(600 x 1078 —200 x107%) x

V3

=1.85m?
Side of square, @ =+/A =1.36 m
Total length of wire =50 x4a
=50x4x1.36=272m

4. (a) Consider an elementary portion of length
dx of the bar at a distance x from end a.

Magnetic field at this point,
i
—»—
d
2l
dx i(
b

'

<« —> <>

B:ﬁ.i
4T a +x

Induced emf in this portion,

de:dev:@~ﬂdx
n d+x

5. (a) EMF induced in the bar ab,

e =Ide =%-2vi‘[é dx

d+x

=E09ifin(d + )T,
4r

_ Rl d+1
27 d
Ry (1 + i]
21 d
(b) Magnetic field in the region ab is
inwards, hence by Fleming’s left hand
rule, positive charge will move up and a
will be at higher potential.
Or
Use Fleming’s right hand rule.
(¢) No.

As flux linked with the square loop will
remain same.

Introductory Exercise 24.4

1. Potential difference across an inductor,
di

V:L—:Li(Stsint)
dt

dt

=3LI[sint + tcost]

Introductory Exercise 24.5

1. (a) Total number of turns on the solenoid,

1 40x107
d 0.10x1072
=400

LM 0NZA
!
4 x1077 x(400)” x0.90 x10™*
- 40 x1072

=45x10°H
di
b e=—-L—
(b) 7
-1
=-45x10"° xu
0.10
—45x10%V

=4.5mV
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Introductory Exercise 24.6

1. Consider a current i is flowing in the outer As R >>r, magnetic field inside smaller loop
loop. _ may assumed to be constant.
I Hence, magnetic flux linked with the
smaller loop,

© &, =B xmr?= L)TU'ZL.
2R
_ O _ or2
Magnetic field at the centre of the loop. T i 2R
B Mo
2R
Introductory Exercise 24.7
1. @)V, =iyR=36x10 x175=6.3 V ~ E-1L%..R
(0)i=iy(1-e') S
where, © :% = i Z[E —iR]
1
Now, at ¢t =58 us :300><[12—1><7]
i=4.9 mA di 5'
. 4.9=36(1-e"") - T3 T LETAS
_ 31.1 L 3
— 58/t _2-- _L_9
¢ 36 © =33
= £:397us i=iy(1-e")
_ E _ 12 _
E_397HS :E(l_et/‘r):7(1_e 1.4/3)
= L =175 x397 x10°° — i—0.639A
=69 mH @i -L-2_1714
(c) 1=397 s R 7
[el [VIIz] E?
2. L]l= = R (1t
[L] {ﬂ} T 4. (a)P=Ei R(l e ")
2
o SU2 i3y _90.6(1 - e 2H) W
and [R]l=— 7
] (b) Rate of dissipation of energy,
[E} :E:[T] P, =i2R=i§R(1—e"mR)2
R [R] :206(1 _e—2.33t)2W
3. (a) Initially (c) Rate of increase of magnetic energy
E-L% di
M P, =ei=L 5 i
% :% —920.6(e 233 _ o 467ty W
(d) Clearly, P =P, + P,
_120_, % + Py
73.00 s 5. No.
b)) E=V, +V, E =V, + V, and V, cannot be negative in

RL circuit.
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6. Consider the system as a combination of two R= _BiR, -20
batteries (E; =10V and E, =0) as shown R, + R,
R; =40 i 80 B iy = E :3:0.5A

- R+8 10
Iy L 1

T= =—

R+8 10

i=iy(1-et'")

Bi=10VT i=0.5(1—e)A
D C

..Current through inductor
i=25(1-e)A

8Q
In loop ABCDA .
. . l
. H L1R1+8l+L$—E1:0
i x4+ 8x0.5(1-e ') +1(5e)-10=0
i =(1.5-0.25¢ 1) A
E:E1R2+E2R1 _5V

R, + Ry

Introductory Exercise 24.8

1. qcp-ldl _HIT] = |ql=18 x107® x0.75 x3.40
[Vl [Vl =46.5x107%C
[L]= [eJ :[V][T] —46.5uC
[ﬂ} (4] oo pd L( 1 j
e=—L —=— -
di dt Lc?
=[VLC1=[VLJC1=[T] _g _48x10" ooy
2. In LC oscillations, magnetic energy is T C 18x10% T
equivalent to kinetic energy in spring block
system. 4. 1o =g,
. _dgq dx where, ® = ——
=—=0=— >
Ta T a VLC
i
Also L is equivalent to inertia (m) in = Vo= T _ %
electricity, hence @
-3
Magnetic energy = %Li2 is equivalent to Vy =1 L =0.1x 20 x10 —=
1 C 0.5 x10
kinetic energy = = mv>.
2 =20V

3. In LC oscillations,
di 1 di
a__ - Y o Rid
@ = e di

Introductory Exercise 24.9
e:—dd&:—uonNA%
1. (@ B=p,ni t o5 t
4, = NBA = gn NAi :—4nx10*7xmx10x5.0x10*4x(—0.2)



1l <e>=

=3.14x10°%V
=3.14 vV
e 3.14x10°°

bE=—= )
2nR 2 x3.14 x25 x107* x10

=2x107" V/m

. B=(2.00¢t3 —-4.00t2 +0.8) T

%} =(6.00¢% — 8.00¢) T/s

From, £=0 to £=1.33 s, % is negative,
hence B is decreasing in that interval.

For t>1.33s, d—B is positive, hence B is

increasing for ¢ > 1.33 s.

(a) For point P,,
d
induced emf, V, = - by = - nR? 4B
dt dt
Induced electric field at P,,
V, R dB

2mry 2r, dt
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2
=— 5(6.001:2 - 8.00t)
2r,

R? 2

F=-eE="—"(6.00t" —8.00¢)

2r,
=8.0x10% N

As magnetic field is increasing in this region,

induced electric field will be anti-clockwise

and hence, electron will experience force in
clockwise sense, i.e., downward at P,.

(b) For point P,

d
Induced emf, V| = - by =—mr? dB
dt dt
Induced electric field at B,
Vi 1 dB
=L -_—-p=
2nn 2 " dt

=— %rl(es.om:2 - 8.00¢t)=0.36 V/m

At,t=2.00s

magnetic field is increasing, hence, induced
electric field will be anti-clockwise, i.e.,
upward at P, and perpendicular to ;.

AIEEE Corner

Subjective Questions (Level 1)

Ch-h_ B(A-A)
t t
A, =mr? =3.14 x(0.1)?
=3.14x102% =0.0314
2nr 2
(3
4
(2x3.14x0.1
- 4
100(0.025 —0.0314)
0.1

2
J =0.025

<e>=

=64V

. ¢ = NBA =500x0.2 x4 x10™*
=0.04 Wb

¢, =— NBA=-0.04Wb

Average induced emf,

(¢ — )
-
Average induced current,

_<e>  (p—4)
" R Rt

<e>=

<i>

Charge flowing through the coil

g=<i>t
e (¢ — @)  (~0.04-0.04)
=77 R ~ 50
_008 6103 C
50

=1.6 mC =1600 uC

. & = NBS, ¢, = - NBS

Induced emf,
(& —4) 2NBS
t t

<e>=-—

Induced current
_<e> 2NBS

<i>=
R Rt

Charge flowing through the coil,

. 2NBS
q=<i>t=—r—

gR  4.5x107° x40

= B= =

" 2NS  2x60x3 x107°
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=05T

H A
4. B=(4.01-1.8k)x1073 T,
S —(5.0x10* k) m?

= 7
=B S =-9.0x10"7 Wb

5. e=Blv=11x0.8x5=44V

By Fleming’s right hand rule, north end of
the wire will be positive.

6. A=nr?=3.14 x(12 x1072)> =0.045 m?2
(a)Fort=0tot=2.0s

05-0
aB =slope = =0.25T/s
dt 2.0-1
_ b _ 4 dB
dt dt
=-0.045x0.25=-0.011V
le]=0.011V

(b) For,t=2.0stot=4.0s
d—B:slope:Oe =0
dt

(c)For,t=4.0stot=6.0s

E:slope :m:—0.25
dt 6.0 -40
_ B 9B g1y
dt dt

7. (a) When magnetic flux linked with the coil
changes, induced current is produced in it, in
such a way that, it opposes the change.
Magnetic flux linked with the coil will
change only when coil is entering in (from

x:——tox:—é) or moving (fromx:E

tox = %) of the magnetic field.

Because, of induced current, an opposing
force act on the coil, which is given by
272
F:ilB:%BL:B L

R
F
. _ B2L%
°7 R
..... For .
8L LoL L
2 2 22

Hence, equal force in direction of motion of
coil is required to move the block with
uniform speed.

(b) When the coil is entering into the
magnetic field, magnetic flux linked with
the coil increases and the induced
current will produce magnetic flux in
opposite  direction and will be
counter-clockwise and vice-versa.

' By

_iO_

. Consider an elementary section of length d!

of the frame as shown in figure. Magnetic
flux linked with this section,

-—|—>
dl

<« X—»><«<—ag—>»

do, =BdB="0. 2 .4
nox+1
Total magnetic flux linked with the frame,
Woai fa dl
=|db =
n I tn 27 '[0 x+1
_Hoat

[In(x + a) - Inx]

Induced emf

_—dg, _poai.|: 1 l}dx

e I
dt 2n dt

x+a x
_ poazi _ poaziv
2mx (x + a) 2mx (x + a)

9. As solved in Qusetion 4. Introductory

Exercise 24.3.

>
>
|

’—»v

-« — o



BTN [1 + 1)
21 d

i=10 A
v=10 ms~
[=10.0cm —1.0cm =9.0 cm

d=1.0cm
x10 xlOln[1+@j
1.0

Here,
1

47 x1077
- 2n
e=(2x10V)In(10)V

10. Induced current

e Bl

"R R

Force needed to move the rod with constant
speed = Magnetic force acting on the rod
Blv

ie., F=ilB —FZB
B%% (0.15)" x(50 x107%)* x2
R 3
= F =0.00375

11. Suppose the magnetic field is acting into the
plane of paper.
Rods 1 and 2 can be treated as cells of emf
E, (= Blv,) and E, (= Blv,) respectively.

2 1
[ ]

® W

V2<—§— §R

2 1

Now, E; = Blv, =0.010 x10.0 x 1072 x4.00
=0.004V
E, = Blv, =0.010 x10 x0 x 102
=0.008 V

% 8.00
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Effective emf
PR E,r, - Eir,
ntn
~0.008 x15.0 —0.004 x10.0
N 15.0 + 10.0
=0.0032V
nry 15 x10
n+n 25
E 0.0032

= = =0.003 A =0.3 mA
R+r 5+6
di

12. (a)e=-L 7 0.54 x(-0.030)

=6Q

=1.62x102V

(b) Current flowing from b to a is decreasing,
hence, a must be at higher potential

13. (a)i=5+16t,|e|=10mV = 10><10 \%

IeI—L%210 1073 = —(5+16t)
-3
L:&:O.G%mH

16

(b)att=1s
i=5+16(1)=21A
Energy stored in the inductor,

U= %L{Z =% x0.625 x 1072 x(21)?

~0.138J

_AU %625 %107 x21 x 16
dr ar
—0.21W

14. Fromt=0tot=2.0ms
V-0 50-0

-0 20x10°
= V =2500¢
L% _9500¢
dt

J-d 2500

tdt

I di— 2500 tdt

B 1250t
L
at t=2.0ms

= LO_S x(2.0 x107%)
150 x 10

=3.33x102 A
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15.

16.

17.

From ¢ =2.0ms tot=4.0 ms
V-5.0 0-0.50

t-20x10° (4.0-2.0)x10°
V =-2500(£ —2.0 x1073) + 5.0
=-2500¢ + 10.0
L%~ _9500¢ +10.0
dt

di= %(— 2500¢ + 10.0)dt

i= %[— 1250¢% + 10.0¢]

at t=4s
=~ [-1250 x(4.0 x107%)?
' 150x10*3[ X (4.0 )
+10.0(4.0 x107%)]
=3.33 x102A
(a)lelzLﬂz L= !el :0'0160
dt di/dt 0.0640
=0.250 H
(b) Flux per turn
b= Li 0.250 x0.720
N 400
=45 x107* Wb
lel-M @ _p2=4
dt t
12-4
= 50x10°%=M-——
0.5
-3
M = 501077 0.5 =3.125x10° H
=3.125 mH
If current changes from 3 A to 9 A in 0.02 s.
lel-mM &yt
dt t
=3.125 x107 x 9-3
0.02
=0.9375V
(a) Magnetic flux linked with secondary coil,
Oy, =M 1, ,
0x107% x1
M:g:(mx 0 x1000 _,, -0
i 3
d .
B e=- T pdh
dt dt
=-2x 0-3 _ 30V
0.2
-3
(C)L:h:600x5x10 1|

A 3

18.

19.

20.

21.

(a)lel Y 395107 x 830
dt
=027V
As, % is constant, induced emf is
constant.

(b) Coefficient of mutual induction remains
same whether current flows in first coil

or second. '
Hence, |e| =M, di =027V
dt
(a) Magnetic flux linked with the secondary
coil,

¢ = Miy
2y - & _ 0.0320 x400
i 6.52
=1.96H

(b) ¢ = Mi, =1.96 x2.54 =4.9784 Wb

Flux per turn through primary coil
_ G 49784

N, 700
=17.112 x10~® Wb/turn.

Same as Question 2. Introductory Exercise
24.4

-t/ )

_EBe

1-e L)

i=iyl-e

_E
R

Rt

di _E

dt L

Power supplied by battery,
2 Rt

P:Ei:Ef(l—e*T)
R

Rate of storage of magnetic energy

; 2 _Rt Rt
PI:Liﬂ:E—(l—e L)e L
dt R
Rt 10 x0.1
i:e_fze_ 1 =e1=037
P
(a)r:£:3:0.2s
R 10
L R
K
H—
E
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b)iy=—=-—=10A
®h=%=70
t
(©i=ifl-e )
1
i=10(1—e 02)

=10(1-¢?)=9.93 A

23. (a) Power delivered by the battery,
2 Rt

P :Ei:E—(l —e L)
R
12.8 x0.278

2
_B24° S

12.8
=0.82(1-¢')=0.518 W
=518 mW
(b) Rate of dissipation of energy as heat
op B T
P, =i Rzi(l—e L)
=0.82(1-¢ ') =0.328 W
=328 mW
(c) Rate of storage of magnetic energy
P =P-P,=190mW

24. E:VL+VR:L%+iR

(a) Initially, i =0
di _E_6.00 =2.40 A/s
dt L 250
(b) When, i =0.500 A
di E-iR 6.00-0.500 x8.00

dt L 2.50
=0.80A/s

8.00 x 0.250
_ 6.00 l-e 25
8.00

=0.750(1 - ¢ *%)=0.413 A
@iy =L -850 47504
R 8.00

_Rt
25. (a)i—io{l—e L]
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1.25 x1072
= Lypg 125107 6og
R 50.0
=173 x10°% =173 us

1 .9 ]. 1 .92
bU==L?==|=L
D=, Li 2[2 l"j

=30.7ps .

26. Steady state current through the inductor
L,r

io A

_“_/_

E

=

S
E
r
When the switch S is o%en

’t:
R+r

.. —tlt
(@i=ije

(R+r)
= i= Ee ( L j
r

(b) Amount of heat generated in the solenoid
H-= J: i2rdt = igr_[: e 2T dt

B v oo}

o { 2 Le I
_(R+1)E?
T 2rL




117

27. At any instant of time,
5 mH
IYo0u

i1 A

\ 4 10 mH
~"J00000 -

—|—20V

WW
50

L, di g, di
dt dt
= Lyiy = Ly,
b =20
In steady state,
inductors offer zero resistance, hence

z:@:4A
5
But il+i2:i
4 8
h=—Ai=—A
2737

, Ry

s>

i2 :E(l _e—R2t/L)
2
dt L

Potential difference across L

V+L % —Ee Rat/L _(12¢754)V

Y

I

When the switch S is open, current i, flows
in the circuit in clockwise direction and is
given by

—t/t

iy =iye
Here, Iy =—
R,
L
R, + R,
Ry + Ry
i —Ee_[ L ]t
5 =
R,
_ ;ﬁe-lot —(6e 1) A

. For current through galvanometer to be

Zero,

Ll!Rl

Vp =V,
di di .

L dilﬂlR,l =L, 2 4R, D)

Also, iRy =iyR, ...i)

From Eqgs.(i) and (ii),
L, d‘1+le1 L ‘2—“213

dt .. (i)
LRy iy Ry
In the steady state,
diy _diy _
dt dt
R_R,_FR _R

R, R, R, R,
Again as current through galvanometer is
always zero.

_i = constant

ly

di, / dt

di, / dt
di,

or dr

dt
From Eqgs. (iii) and (iv),

or = constant

...(iv)

NS [



30.

31.

L _E, R
L2 R, R,
(a) In LC circuit
Maximum electrical energy = Maximum
magnetic energy
= %CVOZ = éLig
1Al 150 )’
L=C|-%| =4x10°% ——
i 50 x10
=3.6x10°H
= L =3.6mH
1
(b)f =
f= 2nJLC
B 1
2x3.14,/3.6 x 107 x4 x10°
=1.33 x10° Hz
=1.33 kHz

(c) Time taken to rise from zero to maximum
value,

tzzzi: 1
4 4f 4x1.33x103
=3 x102s =3 ms.
(a) =2nf =2 x3.14 x 103
=6.28 rad/s
T:1 1 =103 s=1ms
f10°

(b) As initially charge is maximum, (i.e.., it is
extreme position for charge).
q =qycos ot
qo=CV, =1x10"° x100
=10

[10™* cos(6.28 x10%)¢]C.

q]-:
@ w=—r
JLC
=L = —1 1
o?C  (6.28 x10%)? x10°°
=253 x107°
= L =253 mH

(d) In one quarter cycle, entire charge of the
capacitor flows out.

<i>:g:ﬂ
t T
~4x107° %100

o =04A

32.

33.
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@V, o _500x 107°
- C - 4 %107
=1.25x102V=12.5 mV

(b) Maximum magnetic energy = Maximum
electric energy

2
lLig -2
2 2C
. q
= iy = «/I%C
5.00 x107°
S - ~8.33 x10* A

0.090 x4 x107*

(c) Maximum energy stored in inductor,

1.
==Lj
gt

:% x0.0900 x(8.33 x107%)?

=3.125x10%J
(d) By conservation of energy,
q2 1.0 1 5
L4 S Li* =-Lid
. 2c 2 2
Buti=2
2
q— §Llo
2 8
_L732 5 00x10°6
2
=4.33 x10°°C
1., 1(1..
U, :§LL2 :Z[ingj
=78x107°J
(@) oo 1 1
VLC /2.0 x107° x5.0 x10°°
=10%*rad/s
di| o
de|”° @

=(10*)? x100 x107® =10* A/s

M) i=0/Qs - Q*
=10*/(200 x107)? (200 x 10%)? =0
(©) iy = 0@, =10* x200 x10 =2 A

@i=0/Q; -Q
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- i§°=mJQ§—Q2

J3 1.73 x200 x 1078
- TQO 2

=173 uC
34. As initially charge is maximum

Q

q =qycos ot
and li]l=iysin ot

where, o =

VLC 3.3 x840 x10°°
~19rad./s
iy = ©q, =19 x105 x10°°
~2.0x10° A=2.0mA

At ¢t =2.00 ms
2 2
q
(@U, = 2% = %(coﬁ ot)
105 x10°6)?
= (OL)_(S [cos? (38 rad)]
2 x 840 x10

U, =6.55x10"°J =6.55 udJ
dU,, = éLi2 = %Lig (sin 0t)

:% «3.3 x(2 x107%)? sin%(38 rad)

=0.009 x107% J =0.009 pj

2
q 1.
U=20__[,
@U =50 =350
=6.56 x105J =6.56 uJ

35. As the inward magnetic field is increasing,
induced electric field will be anticlockwise.

36.

At a distance x from centre of the region,

Magnetic flux linked with the imaginary
loop of radius x

&, = nx’B
-d
_ 9, __ 2dB
dt dt
Induced electric field,
e 1 dB
=
2rx 2 dt
At a,
E-= 1 r dB, towards left.
4 dt
At b,
1
==—r——, upwards.
2 dt
Atec,
E=0
Inside the solenoid,
B =pni
aB_ - di
dr " g

Inside the region of varying magnetic field

o dr MM

:% x41 x1077 x5.0 x 10~ x900 x60

=1.7x107* V/m
b)r=10ecm=1.0x102m
E= 1 rn di
Ho dt

:% x4n x1073 x5.0 x 10~ x900 x60

=3.4x10"* V/m
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AIEEE Corner
Objective Questions (Level 1)

v-L %
dt
() VILT]_ ML T A(T]
[:] [A]
=[ML*T*A?]
M o« nqng
Both will tend to oppose the magnetic flux

changing with them by increasing current in
opposite direction.

Moving charged particle will produced
magnetic field parallel to ring, Hence

¢, =0
Velocity of particle increases continuously
due to gravity.
Induced electric field can exist at a point
where magnetic field is not present, i.e.,

outside the region occupying the magnetic
field.

At,t=1s
20 4V 2H 2F
ao—T—Mw—“—"GUUUGD'\-er—‘b
a
q =4t =4C
. dq
i=—=8t=8A
dt
ﬂ=8A/s
dt
. 2
As, i = g = Positive
dt dt

Charge in capacitor is increasing, current i
must be towards left.

V,-—2l+4-L%_4
dt C
:—2><8+4—2><8_§:—30V
di
_M—_M— sin ot
lel er (iysin ot)

= CoMlO cos ot
Maximum induced emf = o Mji,
=1007 x0.005 x 10
=67

10.

11.

12.

13.

14.

15.

fL fCVO :LO\F 15105

=2 x10%V
= §Bl o, is independent of z.
dd A
le]=20_ 20
dt t
Adp=lelt=iRt
=10 x1072 x0.5 x5
=25x10° Wb
=25 mWh.
As inward magnetic field is increasing,

induced electric field must be anti-clockwise.

Hence, direction of induced electric field at P
will be towards and electron will experience
force towards right (opposite to electric
field).

b=at(t—t)=att - at?

|e|=@=ar—2at
dt
_M_ar—Zat
"R R
. : (at - 2at)?
H=['i*Rdt=| (ar —2at)”
0 0 R
l ((;mf—ZoLt)3 f
" R| 3 x(-2a) .
_ 1 [ a® _ade®]
—6Ra
_02‘53
3R
go_1 %
dt
di
Vs =—L "= +15-iR
BA dr L
=-5x103(-10%)+15-5x1
=15V
di .
— =10A/s,att=0,i=5A
dt

ﬂ =10A/s
dt
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16.

17.

18.

19.

20.

21.

22.

23.

24.

di
Vy-Vp,=iR+L—-E=0
A B=1 dr

=5x3+1x10-10=15V

di 3 dzq 9 q
[dt}max _( dt Jmax “Ph =10

V:Lﬂ
dt
¢, =BAcos 6
= ez—%zBAsinO@
dt dt
= iR:BAsineﬁ
dt
= @R:BAsinO@
dt dt
= dq=%sin6d9
R
= q:% 3Td2sin6d6:0
R ‘w2
— - 2 A
A=abk, B =20ti+10:25+50k
- >
¢, =B-A =50ab
__
dt
E=V, +iR

V,=E-iR=200-20x1.5=170V

£:N3:>Vs=1x290:10V
V, N, 2
B _ Ny
iis N,
. N,
= ls:ilp:2><4:8A
V. =0, hence magnetic flux linked with the

coil remain same.
-d
Se= —d’ =0
dt
1
s==at?
2
Due to change in magnetic flux linked with
the ring, magnet experiences an upward
force, hence,

a<g
s<%gt2:s<5m
di

Vy-Vg=L—=-at

A B dt

26.

27.

28.

iOZE:L:40A
R 03
Uy =112 =1 x50 x10 x(40)?
2 2
=40J
t Rt
i:ig(lef]zE(leLj
R
dt L
Rt
di -
Vi, =L—-= L
o
att=0
V, =E=20V
att =20 ms
Rx20.07 R
V, = Ee L —5=20e 5L
B 4= R-00ma0
50L
|i|:@:l.@:lNAd—B
R R dt R dt
-4
_1010-107 408 4104
20
=5A
In the steady state, inductor behaves as

short circuit, hence entire current flows
through it.

29. ¢, = ABcos 0
But, 6 =90°
. % — 0
30, j—1¢l__1dd
R R dt
= d =— nBA i(cos 0)
dt R dt
nBA . _db
=—sin6—
R dt
= dq = nf;A sin 6d06
Q, - nBA " in 040 2nBA
0 R
Q,-"EA “in0d6=0
Q_,
@,
31. According to Lenz’s law, induced current

always opposes the cause producing it.



32.

33.
34.
35.

36.

_3 (1 - 1] A
e

Velocity of AB is parallel to its length.
Velocity of rod is parallel to its length.
V.-V,=V, -V, =BRV
and V,-V, =0
Induced current always opposes the cause
producing it.

37. E=- 4
dt

122

38. Magnetic flux linked with the coil does not
change, hence

As |cos 0| varies from 0 to 1

joe_~1de_
R R dt
39. e =BlUCOS9=%Blz(DCOSG

e varies from 0 to %B Po.

JEE Corner

Assertion and Reason

1.

Magnetic flux linked with the coil is not
changing with time, hence induced current
is zero.

Both Assertion and Reason are correct but
Reason does not explain Assertion.

Induced electric field is non-conservative but
can exert force on charged particles.

. 1=2t-8

di_y
dt
di
V,-V,=L—=2x2=4V
dt
(ﬂ) =(lpa)®=1%x2=2A/s
dt max
Va _Vb :ch _Va
V.>V, >V,
Fact.

8. L=p,n OnzlA, for ferromagnetic substance,
H>8

and L does not depends on i.

9. As soon as key is opened

a

resistor does not.

Objective Questions (Level 2)

By conservation of energy

1.0, 1 o
—Lii=—mv,
270 270

. m

. Wire AB behaves as a cell of emf, E = Blv

.. _E
l—lo—f

R,

10. Inductors oppose change in current while

YO

A

it
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. E Bl
"R R
i, =0

1

U, ==
2

CE? - %CBZZZUZ

Apply Fleming’s left hand rule.
For SHM,

v=wAcos ot

e = Blv=Blo Acos ot

e, cos ot for nT <t <(2n — 1)%

€= @2n -1)T
, en - DL

—eycosot  fo >t>nT

¢, =BA
At any instant when wires have moved
through a distance x,

A=(a +2x)

¢, = Bla + 2x)>

IeI:d&:4B(a +2x)@
dt dt

=4B(a + 2x)v,
IiI—M—4B(a+2x)UO—%
"R Ax4(a+2x) A

%:2lﬂ:—21a [az—ﬂj
dt dt dt
¢, =BA

e :—%:—B%:2Blcx

dt dt
at l=a
e =2a oB
At this instant, direction of motion of wire
PQ is perpendicular to its length.

e =Blv

. q=CV =CBlv

=20 x1075 x0.5 x0.1 x0.2
=0.2uC
Plate A is positive while plate B is negative.

%:BA:B(%M]

But/=2xtan 0

" ¢, = Btan 0x?
e:—%z—ZBtanex@
dt dt

=2Btan Ovx
R=rl=r(2x tan0)

where, r = resistance per unit length of the
conductor.

= £ _ @ = constant.
R r

10. ¢, = BAcos 6 = BAcos wt

e :—%:mBAsinmt
dt

A =b?
o e = b?Bwsin ot
11. Induced emf
e—a?B _(172 x2x107
dt

But

=2x107°%V
W=ge=1x10"%x2x1073
=2x107°J
12. In the steady
capacitor =0.

state, current through

20
i == =4A
L5
& =0, ¢ =i L =4 x500 x 107
=2 Wb
Ad=dy — & =2 Wh.
13. 1Li2:1(1u§j

2 2l2
=0
V2
ot
zo[l—e T]—\/%
7t/r_\/§_1
V2
V2
t=1ln
. [ﬁ_l
L V2
=ZIn| Y2
R 2-1
14, B- Mo
2na

F =quB= HolqU
2na

15. Consider an elementary section of loop of
width dx at a distance x from wire AB



P Q

i A

C
A L
s<uio R
«—b— »
Ale_X_p

d, = BdA =" C dx
2mx

poiC rpdx  pyiC 1 b
= —_— = ni
. 21 L x 21 a

M= BeCyp b

i 2n a
16. From previous question

p
A R

. | «=—X
I A E I 1F

<«a>»
B
«—bh——>

D

0
O ZLOLylné
2n a
ilné
Lo db, PPy ay
dt 2n  dt

_Mowy b
2n a
j=2 Bt lné
R 2R a

Consider an elementary portion of length dx
of the rod at a distance, x from the wire PQ.
Force on this portion,
dF =idxB
=i bo. 2 dx
4n «x

2t

4n ax
= [M In 9} Mol b

2rR  a |2n a

. 2
ZL{HOW 1né}
vR| 2n a
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18. Induced current opposes change in magnetic
flux.

19. V, =E-iR
20. The rod can be assumed as a cell of emf
E =Blv

The equivalent circuit is shown in figure,

20  E
20
40 E 120 =
3Q
. E Blv 0.50x0.25 x4
243 5 5

=0.1A

21. Outside the region of magnetic field, induced
electric field,

_r’dB_Br’
2R dt 2R
F=qE
r:qER:%qBr2
22. V,-V,=B@2R)V
= V,-V,=2BRV
23 1,- " p,- L
n+1 n+1
Ly Ry
L, R,
H
E
nR nR
R, = » fg =
n+1 n+1
11,1
L, L L,
m+1l n+1
L L
:(n+1){1+1}
L n 1
__nL
© (m+1y
Similarly, R, = nk g 1:£:£
(n+1) R, R



Biy =i "
e T
0
B
. 9 L
25. Given, iyR =P, 7 =1

when, choke coil is short circuited,
Total heat produced = Magnetic energy
stored in the choke coil

:lLig “Lro[B)-Lp:
2 2 R) 2
26. i=ie L

For current to be constant

i=1
_Bt
e L =1
% =0 =not possible.

27. To final time constant, short the battery and
find effective resistance in series with

inductor
R
R/2
]
&
L
R
Re = E
_L 2
R R

28. When switch is at position 1.
In steady state,

29.

30.

31.

32.
33.

34.

When switch is thrown to position 2.

E . E
“CRETR
12 :l[lLigj
2 4\ 2
;b
2
Y
i [1—e TJ :50
t=1ln2
= t:£1n2
2
At the moment when switch is thrown to

position 2,
current in capacitor = current in inductor
just before throwing the switch to position 2,

= I, =—
R

Initially, inductor offers infinite resistance,
hence,

i=0and ﬂ = maximum
dt

. E=V, +V,+V,

But Ve=Vp =0

= V., =E

Same as Q.12 objective Questions (Level 2).
Let V,, = Potential of metallic rod,

V-V, =B@2R)V =2BR*»  ...()

V, -V =B@R)V =2BR%* ...(i1)
Adding Egs. (i) and (ii), we get
Vg - V, =4 BoR?
e = Blv,
U; + U,
v =2 dx
1 ’ v
e= §Bl(v1 +0y)
Vv
. ér dx;
S dt

dA - %l(dxl + dx,)

o Llpy[d%1, dxy
2 dt dt

1
=§Bl(v1 +0y)



35. Initially, capacitor offer zero resistance and
inductor offers infinite resistance.

Effective circuit is given by

E=5V
R U

5R/6=5 O

U

R/2

m
L

@\m

E S

E 20V
L=10mH

C=0.1mF

i i
R;= 10Q
R,= 10Q
—E
L=0.1mH = 01mF

=10 +1

Ryt _t
:E l_eiT +£e R2C
R, R,
at£=10"°1n2

10x107% In2

_20 1_e 10x107° +@e
10 10

oo

th
36. ilzgl[le L

10° In2
10 x0.1 x1073

126

37. 13-l A dB
R Rdt
_ B,A  B(2b)° - ma®]
R R
_ B4b” - na®)
- R

As inward magnetic field is increasing, net
current must be anticlockwise. Hence
current in inner circle will be clockwise.

38. From Q. 48 Subjectivg Questions (Level 1).
(I)m = M ln (1 + gj
21 x

Case 1
x=ba=a
noat a
= In|1+ =
b 2n ( )
_Hoal b+a
2n b
Case 2
x=b-a
a=a
woai a
= Inf1+
g 2n ( b—aJ
_ Moty b
2n b-a
<e>:—(h"2;(')m1
<e> By — Oy
<e>= -
R Rt
q:<i>t:_w
R

ST bta —[ln b j
2nR b b-a
—noal b

= 1
27R n(bz—az]

W oai b
lgl= In
a 2nR [bz —az)

39. Magnetic flux linked with the coil.

4 = nBA =P
2r
d
el = L
dit
= iR:dL%
dit
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dq dg, 1
—~R=""=dq=—d
a e T TR
:uonAJw'dl:uoniA
2rR 2rR

40. Induced electric field inside the region of
varying magnetic fields,

1 dB 1 r(6¢% + 2x) =3r(t? + x) V/m

At,t:Z.Osandr:§:1.25cm

=1.25x102m
E=3x125x102 x(4 + x)
=0.3 V/m
F=¢E=16x10""x0.3
=48 x102'N
41. E*1 @3Eocr
2 dt

42. As inward magnetic field is increasing,
induced electric field must be anticlockwise.

43. e di” 2%=na230
a. E=° -laup,
2na 2
45. 1=qFEa =ia
a_an q x—aBa
ma? ma?
_4B,
2m
46. P=to=1(at)=ia’ t
e
=ma? x >t
um
Att=1s
212 2
q°Bya” Bja
P=
4m
dB

47. i=

48.

49.

50.

51.

52.

CCZTI;zzT/s,A=o.2x0.4=0.08m2
i = 0.08 ><2:16A [R:rx(b+2l)]
1x1.0

As outward magnetic field is increasing,
induced current must be clockwise.
e-BIA A8 _pp,, 2B
dt dt dt
Att=2s,
B=4T,A=0.2x(0.4-vt)=0.06 m?
v=5cm/s=0.05m/s
e=-4x0.2x0.05+0.06 x2

-=-0.04+0.12=0.08V
F-ilB=<IB
R
0.08

T1x08

=0.008 N
When terminal velocity is attained,

x0.2 x4

power delivered by gravity = power dissipated
in two resistors

mgv =0.76 + 1.2
1.96

== _1mJs
0.2x9.8
e=Blv=0.6x1x1= 06V
B-%
R,
2 2
= R == o470
076
2
p=2
RZ
2 2
= R,= =08 430
P, 12
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More than One Correct Options

1. e:B(ljvleLv
2 2
By Fleming’s left hand rule, P must be

positive w.r.t. @.
2. d¢,, =BdA =Ba dx

dX<—— X —>

“«~—— a—>X—>

:Loaidx
2nx
¢, ="% 1o
2mi
M= Bl
i 2n

If the loop is brought close to the wire, upward
magnetic flux linked with the loop increases,
hence induced current will be clockwise.
3. ¢ =Li=Henry-Ampere.
V. Vdt Volt-second

:di/dt_ di Ampere
4 ’C=£=1S
R
E
P 1_ —t/t :71_ —t/t
i=iy(1-e") R( e"'")
=4(1-e™)
Att=1In2,
i=2A

Power supplied by battery, P = EI =16 J/s.
Rate of dissipation of heat in across resistor
=i’R=8J/s
Ve =iR=4V
V,-V,=E-V,p =4V
5. In both the cases, magnetic flux linked with

increases, so current i, decreases in order to
oppose the change.

6. & =BA=4x2=8Wh, ¢ =0

e=BTh_8 gy
t 0.1

-2 -8 _90a
R 4

q=it=20x0.1=2C

Current is not given as a function of time,
hence heat produced in the coil cannot be
determined.

7. In LC oscillations,

- 1 f _ o 1
JLC’ 2n  2nJLC

T = % =2nVLC

. q

iy _ o _ 4
[dtjmax LI 5

di q
v) =0/%| =%
( L)max [dtjmax C

8. If magnetic field increases, induced electric
field will be anticlockwise and vice-versa.

9. q=2¢2

94 _y,
dt
ﬂ =4A/s
dt
As @ = Positive
dt

Charge on the capacitor is increasing, hence
current flows from a to b.

1H 2R a0y

AT FW—

| 4+ —

t=1s, ¢ =2C, i=4A

l

=4A/s
e
V, -V, =L =1x4=4V
%
V,-V,=1=S-1v
c 2

V,-V,=iR=4x4=16V
V,-V;=4+1+16=21V
10. V, -V, :§Bl2w

V.-V, =%Bz%

Va - ‘fc =0
[Direction of velocity of rod a-c is parallel to
length a-c]
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Match the Columns

1. (B] = 1 =7[MLT72]
101 [AIIL]
=[ML°T2A™1]
() Vildt] _[ML*TIIT]
[di] [A]
=[ML2T2A?]
[LC]1=[T?]
[,1=[BI[S]

=[ML°T 2 A'[L?]=[ML2T 2 A™']
2. i=ig(1—-e'")

t=—=1s

ip=—=5A

SIS

Vy=iR=E(l-e)

V,=E-Vp=Et"
Att =0,

V., =E=10V,V, =0
at t=1s

v, :E(l—e’1)=[1—1j 0V
e

v -1y
e

3. In LC oscillations,
1 1

JIC [ 1
IXZ

q,=4C
iy =ngy,=8A

=2rad/s

di 9
— = =16 A/s.
dtjmax ¢ qO

When, g=2C
q
V., =V,=%-=8V
L="¢ ¢

When, (ﬂ) = 1 (gj =8A/s.
dt) 2\dt)max

di
V-V, =L -1x8=8V
C L dt

_Eat
iy = (1-e I )=3(1-e"'?)
2

E

At t=(In2)s

. —t/ q
V. =E -i,R, =qe t3:21ﬁ

Vi, =Ry =q(1—e"'%)
1
=q ]_—zlﬁ
Vg, =R =9V
Ve = Vi, + Vi, =9V
(a—>s),(b—>s),(c—p),d->p).

5. Induced emf
¢(\A,k\/b)

|e| = slope of ¢ - ¢ graph
4-0
=——=2V
2_
|i|:M:g:1A
R 2
lgl=1ilt=1x2=2C
As current i is constant
H =Rt =(1)® x2 x2=4J



25 Alternating Current

Introductory Exercise 25.1

:@:109
10

z=Yac 150 454
10
X, =2 -R? = 157 - (109
=5v5Q
X, 5V5

2nf 2x3.14 x 50
~0.036 H

V, =IX; =505V

~1118V

2. For phase angle to be zero,

_ Ve
I
Vac
I

Lo X
(0]

X, =X,

= oL=—"

oC
*C  (2nf)*C
B 1
(360)> x 1078

~7.7TH

Introductory Exercise 25.2

1. Resonating frequency,

1
o, =
VLC  /0.03 x2x 1078

_10t
J6
PR 10*
" 21 2x3.14x+6
~1105 Hz

Phase angle at resonance is always 0°.

2. Resistance of arc lamp,

R:VDC
I

_40_
10

Impedance of series combination,

R 4 1

Z 20 5

40

Power factor =cos ¢ =
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AIEEE Corner

Subjective Questions (Level-1)

1. () X; =oL =2xfL 3. (a) Power factor at resonance is always 1,
=2x3.14x50x2 asZ:R,Powerfactor:cosd):ﬁzl.
-628Q LB coso B2 Z
X, by p - LoEocos ¢ _ Eq
(b)XLsz:sz (b) ~— o  “3g
2
:ﬁ: ) _ (150 _TBW
2nf 2x3.14x50 3 x 150
=6.37mH (c) Because resonance is still maintained,
X - 1 1 average power consumed will remain
(© X¢ = oC  2nfC same, i.e., 75 W.
1 4. (a)As voltage is lag behind current,

inductor should be added to the circuit

T2x3.14x50x2x10°
to raise the power factor.

=15920 =1.59 kQ R
1 1 (b) Power factor =cos ¢ =—
DX, =—=C= 7
oC Q)XC - 7 R _ﬂ_2509
: “cosd 0.720 3
=—— =159 mF .
2x3.14 x50x 2 % _ 7 R
o= _

2. (@) Z =[R? + (X, - X,,)°

2
J(]
oC =5

2502 9
2271 —(60
3) (60

7N\

8Q
1 ’ c-—
= [(300)* +| 400x0.25 - ——— oXc
400x 8 x 10 1
~367.6Q 2nf X,
=Yoo 120 4306 = 1
Z 367.6 2x3.14 x 50x 58
(b) p=tan! % =54 uF
For resonance,
_tan 12120 3530 1
300 ©, :ﬁ
As X, >X; voltage will lag behind 1
current by 35.3°. = L= 2C
(c) Vi =I,R =0.326x 300=97.8 V, " 1
V, =I,X; =326V :m
Vo =I,X,=0.326x312.5 ; 1
= =
=101.875V =120V (2x 3.14 x 50)* x 54 x 1078

=0.185H
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5. V(¢) =170sin (6280¢ + =/ 3) volt (b) ®=1000rad/s
i(£) =8.5 sin (6280¢ + 71/2) amp. __ %0 _19x102A
y 10005
A

170V fmgomm=—mmmmmmmm e e : (c) ®=10000 rad/s
O\ ! /\ 1=—5%9  _19x10%a

0.25 Wo.n 1.00 1.25 t(ms) 10000 x 5
170V - mmmm o> ) 7. Vp =(2.5V)cos [(950 rad/s ) t]

V,
J=_F
(a) R

3 (2.5V)cos [(950 rad/s) t]

/'\ 300

o il 1 7 /5 13 4 t(ms) =(8.33 mA) cos [(950rad /s) £]
| 12 3\ 112/ 6 12 3 (b) X; =L =950x% 0.800
=7600Q
(©V, =1,X; cos (ot +1/2)
mf=2=_280 _1500m, Lo T
2n 2x3.14 = V, =-1,X, sin ot
—1kHz =-6.33sin [(950 rad /s) ]V
T onon 8. Given, L=0.120 H, R =240Q, C =7.30 uF,
©@¢=0-3=% I...=0450A, f =400 Hz
- T J3 X, =oL =2nfL
= cos p=cos =~ ~2x3.14 x 400 0.120
As phase of i is greater than V, current is 2321-44 Ql

leading voltage.

XC =— =
(d) Clearly the circuit is capacitive in oC 2nfC

nature, we have _ 1
R 2x3.14x 400x 7.3 x 107°
cos p=—
5 Z =54.430Q
3 R 2
= 7:7:Z:TR (a)COS(I):E: R
2 Z 1 3 Z \/R2+(XL_Xc)2
Also, z-Yo 110 _95q B 240
io .5 - 9 B)
5 (240 +(301.44 —54.43)
Rz?z—mﬁg _0.697
Again, Z=\R*+ X% = X, =\Z* -R? ¢=cos (0697) ~ 458°
0) Z = [R? +(X, - X\
= /400-300 =10Q
% 1 1 1 — /(2407 + (301.44 —54.43)° =344 O
c == =
oC  oX, 6280x10 (©) Voo =1, Z =0.450 x 344
=1592 uF =154.8 V ~155V
6. I:L:L (d) By = Vimgl i cos ¢
X, oL =155x 0.450 x 0.697 =48.6 W
(a) =100 rad/s (e) Py =12, R =(0.450)* x 240 =48.6 W
60 —0.12 A (f) and (g) Average power associated with

~100x 5 inductor and capacitor is always zero.
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10.

11.

12.

Objective Questions (Level-1)

In an AC circuit, cos ¢ is called power
factor.

DC ammeter measures charge flowing in
the circuit per unit time, hence it
measures average value of current, but
average value of AC over a long time is
zZero.

Z =R + (X, - X.)

2
J +(@L-1J
oC

Hence, for X; <X, Z decreases with
increase in frequency and for X; > X, Z
increases with increase in frequency.

As voltage leads current and ¢<g, hence

either circuit contains inductance and
resistance or contains inductance,
capacitance and resistance with X; > X..

RMS value of sine wave AC is 0.707 I,
but can be different for different types of
AC’s.

P=],E cos$=0

Z =R +(X, -X,)

P :% [V, and I, are peak voltage and

current through resistor only]

V,
V., . =—2=170V
rms \/5
= 120 iom,
2n 2x3.14

Current is maximum at

1 1
0=, = =
VLC  0.5x8x107®
=500 rad/s.
P:IOE0 cos ¢
2
_100>100 o 10825 W
2 3
X. :i =0 if ©=0, i.e., for DC
®

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.
23.

V =10cos 100w ¢

attzis
600

V =10 cos 1001 -
600

=10cosg:10x§:5\/§V

>

For purely resistive circuit ¢ =0.

1 1 1
XC:E:XCOCEOI'XCOC?
sin¢—£—i
Z 3
ol 1]
= — -

A ]
¢=?’2—E,P=%cos¢:0
r=Yoc _1000

DC
z=Yac _100 9400
IAC
X, =Z* -R* =100V3 Q
X, X, 1003
o 2rnf 2nx50
:[ﬁ]H
T
Irms = Vms =0)CVI‘mS
XC
=100x 1x 10°® x 2035‘5

I, =20mA

V= [V2+ V2 = [207 +(15°

=25V, V, =252V

PZIOVocosd):O
2
= cos ¢=0
= 6=90°
R is independent of frequency.

L is very high so that circuit consumes
less power.



24. tan d):ﬁ: tan 45°:ﬁ
R 100

= X, =100Q

oL =100Q
100

L=————>~16mH
2x3.14 x 10

25. The minimum time taken by it in reaching

from zero to peak value = TZ

134
1 1

- = =——=5ms
4f 4x50 200
26. $=60°
1
P:IOVocos¢:4X22OX§
2 2

=220W

JEE Corner

Assertion and Reasons

1. X, and X; can be greater than Z because
Z=\|R? +(X, - X7

Hence, V,=IX, and V, =IX; can be
greater than V =1Z.

2. At resonance X; =X, with further
increase in frequency, X; increases but
X decreases hence voltage will lead

current.

3. =# if dielectric slab is inserted

" onl/LC’

between the plates of the capacitor, its
capacitance will increase, hence, f, will
decrease.

4. q =Area under graph
:%x4x(2+3)+%x4x(2+4)

=22C
q 22

Average current = n = 0 =3.6 A

Objective Questions (Level-2)

Single Correct Options

1. For parallel circuit

1/X
o= ‘can_lrg—| =tan 4
BT A
=53°
2. Current will remain same in series circuit
given by

5. On inserting ferromagnetic rod inside the
inductor, X; and hence V; increase. Due
to this current will increase if it is lagging
and vice-versa.

6. Vp=V, =V, =R=X, =X,

Hence, $ =0 and [ is maximum.

as Z :\/R2 +(X, —Xc)2 is minimum.
7.1=I, -1,=0
8. P=I2 .R=(+2)’ x10=20 W

9. Inductor coil resists varying current.

B ,d=tan! ok
R? + &I R

10. I, =

11. At resonance, current and voltage are in

same phase and IO:%. Hence, I,

depends on R.

I =I,sin (ot -9
: 1 X
=I,sin| ot —tan —=
R

3. R=R,+R;, =10Q
X, =oL=10Q,

X,--L -100
oC
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Reading of ammeter

7 = Vems _ 1042
ms R 10
=V2A=14A

Reading of voltmeter,
V=I,/R, =56V
1

1
4 Xczwz 3.1 6
2nx 5x 10° x —x 10
T
=100Q
V200
I,=—="=2
R 100 A
7._V 200 _,
X, 100

[Question is wrong. It should be choose
the correct statement].

5. Leti=ij + i,
where, i; =5 A, i, =5sin 100wt A
Average value of j; =5 A
Average value of i, =0
~.Average value of i =5 A
Another method

i:5[1+cos(;‘+1oomtﬂ
= |— COS2 E w —|
—5{2 (4+50 tjj
=10 cos? E +50 wt}

Average value of cosz(g +50 wt) =

N | =

.. average value of i = % =5A.

6. As voltage is leading with current, circuit

is inductive, and as ¢ = E,X L =R
or . B_R
o 100

7. As X > X, voltage will lag with current.

Again V =V2 +(V, - V,)? =10V

V<V,
and cosq):ﬁzﬁzé
zZ V 5

Hence, a, b and c are wrong.

10.

11.

12.
13.

14.

15.

16.

17.

18.

For parallel RLC circuit,

[=\I3+U,-I,)

V=\Vi+V: =728V
o= tan~! ﬁ = tan’l(g)
Vi 7
Clearly P is capacitor and @ is resistor,
as, Vp =V, X =R.
..When connected in series,

Z =X} +R*=\2R

and ¢ = g, leading.

!
42
I=JI%3+U,-1,)

Here, I, <Iorl; >1

I=I, -1,=02A

For a pure inductor voltage leads with
current by g

I A, leading in phase by g

Vp =IR =220V

Hence it is condition of resonance, i.e.,
V, =V,=200V

H ILIy).,R 1*

H, IR (I/\2?

H=I> R :I(2)7R :L
e 2 2R+ L)
V, =IX, =IloL
V. =IX, :mlic
If ois very small,
V, ==0V,=V,.

Resistance of coil, R :¥ =4Q

When connected to battery

-V _ 12 g

R+r 4+14




19.

20.

21.

22.

23.

24

Vo _1Iy
" 9r 2
Ve _12

I, 4
. X, =\Z? -R* = |5” -G
=4Q

R= =3Q

More than One Correct Answers

1

. V2 + V2 =10000
V, -V, =120
Vz +(V, - V)* =(130)* =16900
On solving
V, =50V, V, =86.6V, V, =206.6 V

Ve 50 5
VvV 130 15
As V. >V, , circuit is capacitive in nature.

...
...(i)

...(iit)

and cos ¢ =

i=3sin ot + 4 cos ot
=Rsin (ot + ¢)
R =5and ¢=tan‘1§

2§y 2R 10
" mw
If V =V, sin ot
current will lead with the voltage.
If V=V, cos ot

current will lag with voltage.

25.

26.

27.

28.
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= - -80
50 x 2500 x 1078

Z=\|R® + (X, - X, =50
VimsB

72
=17.28 W

Average power =% R =

(12°x3
5
Already X, > X, , with increase in o, X,

further decrease in ®, X, increases and
X, decreases, hence, I will decrease.

For maximum current

1 1
0=0, = =
VLC  \[1x10° x 4.9x10°
:@ rad/s.
7

In resonance,
Z=\R:+ X% =770

In resonance, cos ¢ =1.

P v

I=—=1AR=—=60Q
\% I
For AC,
Z:&l():IOOQ
X, or X, =\Z% -R* =80Q
p-Xo_ 80 _4
o 2nx50 5Bn
1 1 125
or = = =—uF
oX, 2nx50x80 n
or R’+R:z
I
= R'=100-60=40Q
R [1if R=Z
cos p=—= .
Z |0 if R=0
As X, > X, voltage will lead with the

current.
Z=\|R? +(X; - X, =102 0
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-1 XL _XC :£:45o
4

cos (|)=E=i

Z 2

¢=tan

6. AsX; >X., 0>,

with increase in o, X; and hence, Z will
increase while with decrease in o, Z will
first decrease and then increase.

7. X, = Ve =50Q
1
Vp=IR =80V
V, =IX; =40V
Match the Columns
1. (a) > (p, 1), (b) > (q, 1), (c > 8), (d) > (p)
Concept based insertion.

2. (a) - (p, s) current and voltage are in
same phase so either X, =0, X; =0

or X.=X; #0.
(b) = (q)
I=-1,cos ot

=1, sin (o)t —Ej
2

$=90°= R =0
(c) — (r, s) current is leading with voltage
by g, either X; =0or X, > X
but X, and R are non-zero.

(d) — (s) current lags with voltage by g, R

and X; are both non-zero.
3. (@) > (q, 8), (b) > (1, 8), (c) > (r, 5),
(d) = (r, s).
\% V2r

I=_—and P=—j-
Z VA
with increase in L, C or f, Z may increase
or decrease, hence power and current.

8.

Vims =y Va +(V, =V)? =100V,

V, =10042 V
14

2
\/32 + (coL —1]
oC

with change in L or C I may decrease or

I=

increase depending on effect on oL — 1—C
®

(a—>q),

R :V— _40 =20Q

I 2

(b —>p)

Vo =IX;,=2x30=60V
(c—>r)

V, =IX,=2x15=30V
(d—s)

=50V

(a — s) R is independent of f.
(b —p) X, oc%

1
(C—)r)XL oc?

2
Z:\/RZ +(mL—1J
oC

i.e., first decreases then increases.

d—-q
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