JEE-Physics

CAREER INSTITUTE

UNIT # 10

ELECTROMAGNETIC INDUCTION & ALTERNATING CURRENT

EXERCISE -I

10.

11.

12.

Total change in flux = Total charge flown through

the coil

resistance

1
= (E x4 x 0-1) Resistance= 0.2 10 = 2 Webers

N A
D
L N
e= _do =Na®— =5volt
dt
o= |90 _NadB (100)(40 x10*4)(g]
dt dt 2
= 0.8 volt = 1lvolt
_A0_NBA o R
R R NA
6= 1B se=2_(onB)d

dt dt

W =[QE.d/ =Q[Edi= QV

L= §Ed »-an-PET

P%Q e=B

v
X X
According

(2R) v = 2Brv

x

to Lenzs law  »*[* x x x x

= Plate B will become positively charged.

1

I:
R

~Bw/*
2

All spokes are in parallel

W = Fr

= N(I/B)¢ = N[

B%¢*
tR

NBZV] 2B - N?
R

13.

14.

15.

16.

17.

18.

19.
20.

K 2p2 A2
St=— .'.W=N BA =0.1mdJ
v Rt
2
[ c —Bor Bor?
! 1 Rl 2R1

I/B > mg = I/B < mg
¢ = NBA cosot

do
. e= ——~ =NBAo® sinot = e__ =

BA

at NBA®

e_Lé L=—2 8 _ 8 50 =0-1H
Al/At (4/0.05)

I increases increases

1
So from Lenz's law

Current in A is clockwise

<+
-« v B,
2

I same and flux linked with A increases
So from Lenz's law current in A clockwise

a le— d—>

d+b

- = Ml but = |

d

d+b
= M= :Onﬁn( d j:Moca

“—Ol(adx) - “O_Ia/gn (ﬁ)
271X 21 d

Work done = LI * = (0.04) (5)* =1.0 J

According to Lenz law current in loop as shown
in figure due to this current, a magnetic force F_
is acted on bar magnetic if ¢ is the acceleration

of the bar magnet then
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21.

22.

23.

24.

25.

26.

27.

28.

29.
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<@

ma=mg-F a=g-F/m .. a<g
100 =V, +V But V_=(4000) (15 107 =60volt
= V, = 40 volt
L
— = - =0.5x107°
R, 2 103° & R, +R,

90 +R,
= R =4 = R, = 30Q, L = 60mH

1

E
Here I0 = E: constant

= We can't change E or R.
For curve 2 time constant Eis more
—eV) 2= 1-e")

-3
=t=1/n2 =%€n2 = {Mj (0.693) = 0.1s

Average value = 0

rms value = V

ot

T
E reaches at maximum value at 5 phase before

[ reaches at its peak value at phase m.

i o
So E is leads I by 5 So E is leads I by 5

4td
) j]zdt: !ttz @1 _ 17 _943A
o Ja }dt (0

2

Ac ammeter reads
dc ammeter reads

Lo =< (I, + 1 sinot)’ > = J<E +Esin’ot + 211 sinot >
12
=, +E JI+0.50

rms value
average value

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Impedance = /R? + (wL)?

At low frequency @ — 0
so impedance — R
At high frequency @ — o
so impedance — oL

2 2
R _0O _on
P 20
In AC circuit
V2 v2)
P = VI cos ¢ —cos ¢ —[—J( j
z z
(10)*(5)
=10=——"—7— -
57 + (0L = oL = 5Q
R R
RO on 21l
= > =80 H
2x3.14x10x10° z
) o Lo
c oc 2nfc
X
G
¢ = tan R
Z =+R? +X?

1
If X is capacitive X= ——
oC

() (2]

—tan-! [200 x 1

]2 tan}(1) =

200 45
B0 _ AT m/4 AT T
"o T 27 T 8
but T = L AT = LS 2.5
u 5052 400 . ms

_V _100_,4
I 25
vV 100
JR*+(wL) =—=—+-=5 =
(L) =20 T= oL = 3Q
Here V = V_

= Resonance condition
= Voltage across LC combination remains same

Xc _XL
R = 27fc

tan4b =

23
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45 I di q di q
: 50 g7 la) T Lc
\Y%

=R +2xnfL = :>C=; I \V/ Ve
2nfC 2nf(2nfL + R) T — \V4
51.
I
40. V, -V_=50-50=0
1 S Ve
0=—
41. Resonant frequency \/E
52. For LC circuit g = q, cos wt,
42. V =IX [V)( L)
. =IX =| 5] (® T
LOE AR i =q,0 cos [(Dt+§)
=(Xj [(DX 1 jz v - 100 According to given condition
R ®°’C/ oRC 200x10°x2x107°
2
~ 250 volt Q@ 1. 49
°oc 2 7 2
43. V,=V +V_ =0
V., 100 54. = (mR?)B = nB(R_+t)?

44. V_ =100V, 1 = 2*=—>=2A ¢ 0

R R R 50 do

= at = 2nB(R,*t) anticlockwise

45. Circuit will be capacitive if X_ > X/
Circuit will be inductive if X > X_ Blv (0.1)(0.1)(1) 5 1

[= - - -
55 "1v6/5  11/5 1100 220
46. Reading of voltmeter=0 as V|, = V_
V 240
Reading of ammeter=E=—=8 A 4 )\
30 > B€V > > B€V
1 1 $20 S = 3560
= =2000rad / < < <
47. Here e = J5x10° x50 x10° eers 10 10
SN
so resonance condition - eT dt’ gt ° more for
57. Dimension based : Check yourself.
LV 202 5, g
R 6+4
1
and reading of voltmeter= (I) (4) = 4+/2 = 5.6V P ELP LP L 2U
58. PR-P =>R=- 5= e
£ P 1. 20 R P
48. P =Vlcos ¢ = (—0](—0] cos(ﬁj =0 2
WY WY e
(oL L (27nx50%0.7 . 59. Vg =+/10%2 =82 = 6volt
49. ¢=tan |—|=tan” | ————|=tan (1)=45°
220
wattless current = [ __ sin¢ o =tan" [%} — tan~! (i\ — tan"! [ﬁ) — tan™! [i)
R v,) 6 3
jov1 22 1 11,1,
Z\2 220V242 222
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60.

61.

62.

63.

64.

65.
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i =2 sin 100nt + 2 sin(100xt) cos 30
+ 2cos(100mt) sin 30

=(2 ++/3) sin 100%t + cos(100mt)

- J<iz> =\/(2+\E)2 «Liixl_o 754443
rms 2 2
R 1
Old power factor = \/RZ +(3R)? -~ J10
N . R 1
ew power factor = TTYV———— = =
P R?+ (2R} 5

P

I, & I, = clockwise I, = 0
C
A
B D
q,= + (Bfv) C = (4) (1) (20) (10 10°°) =800nuC

qg = —q, = -800uC

EXERCISE -II

d L. d
e= _d_i) [where ¢ =B.A | ezE(BA cos6)

either 6,A or B should be changed for induced
e.m.f.

Total charge transferred=?

It is independent of time

6= BA =[do= [ adx
A=4-(-)-20

. om0
3¢:+;_;agn2:q=%w_n()

Y

e b .
Kol

e = B/ = |de= vdx
;[ !27:)(

MotV . MotV
LA = BV
e o nlb/a) = i 9 n(b/a)

b .
i
Force ()= Bif = b :Idf:-[;;x

. 2
f:Mgn(E) i :[—“OIV (n(hj} v
27 a 27 a R

Hoir®
2(R2 + X2)3/2

i,dx

¢ = BA = nR?

_dd  3p,irRmx
dt (R% +x2)**
For e to be maximum

@:O 3)(:5
dx 2
A ._ZBTCRZ

I = FR——
j] (|)$1 =1

¢ o I

_ Bol?
2

effective length of the wire frame is 2R
= e = 2B0R?

1 1 1
0=— -
2nJLCc — “ endLC

e

X X
tan 60 = ?cAlso tan 60 :EL is X. =X = J3R

series L-C-R is in resonating condition

100 = 400W
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10.

11.

12.

2 2
P-Y —r=-Y _1000
R P

with AC source

V 2
P:(gj R=7Z=200Q

2 _p2 /
ZZ:R2+(92L2:>L:£:—3H
Q)] T

I w_1_v_,
i, 4 7w, 4° V,

Minimum value of impedance is for

1
X =X, >—=0L >L=—-

oC 52C 0.36 mH
In DC (act as open circuit)
250
So R = T=250 Q
L R

L]
At oL =— C
resonance o —I’—m“f‘“\_'
2
1 4500L v
= H 7\
4500C () @
V=V _-V =V,
(o)
L E—(D =V = [R=V
2 2
Here 1= |+ = 12:%+ n v >
(-ot)
oC
(5/4) 1 1
= 2 2 + 2
(250)° (250)° (1/0C-oL)
1 4
——0L =—x250 here ®=2250 rad/sec
oC 3
S L _ 4 950422500 (ii)
o, 2250C_3 ..
From (i) & (ii) :

g % 250 + 2250L

4500L
4
9000L = 3 x 250 +2250L

250

Xﬁ = 0.0494 H

L=2
3

13.

14.

15.

16.

17.

18.

19.

1
(4500)° x 0.0494

C - - 106 F

_ | Bole/T)| o @:uoenrz
¢ [ 9R | dt  2RT?

2 2
woemr o _ Hoeor
= e 0 — T

2R(2m) 4R
AdB
e=——
dt
4
10 =(1Ox10'2)2% — At = 20 ms
- - ¢ _J.}"'oieeit/T b dx
0=BA =0=[250
-t/t d
“oloe [a+ ]
== 21 b fn d
_do Hoige b Kn[a+d]
=T gt 21 d

d
o =at (T -1t :d—i):aT—Zat

d(l)
i=—— =(aT —2at
=1 dt (a a)

T
Heat = I(aT—Zat)ZRdt

0
t? 2]
=|a’T?t+4a® —-4a’T—| R
3 2 X
a’T?
3R

42°T?
=[a2T3 +aT—2a2T3}R Heat =

Area in the magnetic field is given by
A = x% ¢= Bx?

d dx
d0 = ZBX(—] = 2Bvx

dt dt $>
~ 1d$ 2BVt
i=>—= , doct

Rdt R

No induced current in the loop therefore No force acts
over the loop. Work done on the loop will be zero

Equivalent circuit diagram is as shown

. 4de e Bv/ |_4\,\Ar,\,_-|
=17 4r v/ %
r
. Bv r %r
=>1l=— T—

r
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20.

21.

22.

23.

24.

25.

26.
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e = Blv
where all the three should be perpendicular to each
other

e =B(I x¥)=e = (3]+4Kk) [(3i+4]) x 2i]
= (3j+ 4k)(8k) = e=32 volt

As capacitor blocks the current there will be no
current in the circuit HKDE

Bw/?
e =
2
effective length for the given diagram is
Bo(/* +L*
I2=10+17 :ez%

By flemings left hand rule equivalent circuit diagram

is as shown current will be P to Q In the disc
PB
di 4(5-0
e= L—I:Z =¥ = At=10sec
dt At

In loop CDEF current is independent of the time

as current will remain ?all the time

DAV E
L | R
B LMW F
C
R 3V
A G

Circuit equivalent can be considered as

\V/ _Rt
current at any time :Eo[l—e ]
I 2V
R
3V

By super imposing the two current the net current
in it will be
Vo Vo Vo _

-Rt/L
i ___"oe t/

R R R R

Decay of current in L-R circuit is given by

JHE R
dt
L di Byt
:———:: _ L
i R dt i=ij(l-e®)

27.

29.

30.

31.

32.

E2
Heat (O00)) = [LR,dt = R_fR
OR

Heat produced = energy stored in inductor

2 2
n(E) e
2 \R,) 2R’
1. 5
U=ELI = u = 32Joule
L=7?1=4A

L =4H, P = iR = R = 20 ohm

Time (DDD)=%= 0.2 sec

As current in the circuit is given by EO

1
= X =X ;=IOOQ

L C

=L = 100x

R
cosO= 7

!

J2
b

V = 2V cos ot +g as voltage across inductor is

more circuit behaves like an inductive circuit is
current lags voltage by an amount 30 .

[ cos [0)‘[ - E]
0 6

3W
[ =

v

For (L - R) circuit

0 = i 6= 53 X = iR
cos 5 = =X, 3
For (C - R) circuit

1
cos 0 =§2 06 =60 = XC=\/§R2

In L-C-R power factor is i i.e. reactance is zero

R, 4

4 —_—
X =X :>§R1=\/3R2:>R1 373

L C

A

I, = +12 +2L1, cos 30

2
30°
2
I /2 3
=l = 2\/2+\/§ [, = %: +2\F
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33.

34.

35.

36.

37.

38.

39.

40.

41.

L. = |12 sinot Rdt =1, = 1,

and current In the [, more than [ =1
L>1 =1,>1,

2
2

If 12=0 and P moves towards Q, then according to
Lenz law a current in opposite as I, is induced in
Q. Same as 11:O and Q moves towards P when
|l¢ 0, L# O are in opposite direction then the coils
repels each others.

No emf will be induced in any direction of its motion

(7l8)

C

I L
IO

UDLLLA

L = ]l

11 1R

C G+C,

We know g=q_cosot

oL
i,cos (O)t + E)

. — 1
Maximum current iy = q_o {@ :—}

L(C, +C,)

T
i = q_ocos [(DH‘E] i=

Maximum charge on (C, + C,)

a. - oo JL(c, +G,)

(@)

Maximum charge on C,
ST JL(C, +C,) =1,C L
c,+¢c, ° PR T e+,

Sudden increase in the e.m.f. cause the spark in
the inductor

In absence of L whole emf of B goes on lamp and
lamp will glow with full brightness instantaneously
but in presence of L some emf is induced in L.
Voltage drop on P decrease and brightness V.

o, =Ml,, 4=2, = [=2A
-~
z
X, = 2750 2 = 200x%
X, = 2m(400) 2 = 1600x

Z increases 8 times current decreases by 1/8

I, is the induced current of i, so the nature of i
become should becomes opposite of i, ie negative.

42.

43.

44.

46.

47.

48.

Charge on the capacitorQ = CV = C
As all the quantities are constant

Hence i=—=0

so dQ =0 at

Replace the induced emf's in the rings by cell

e, = B(2r) (2V) = 4BrV
e,= B (4r) (V) = 4BrV
V,-V =e,+te = 8BrV
3

dé d d( ( xj )
__ %4 4B [1+%]]d
e it o [BA cos 0] dtL 0 +a)

[~ Area of square = d?, 0 =0 ]

B,d>dx B,d®. . .
=T R 20y (V=
T % (V=1,i)

Charging

For determini&‘lg R
ANVA R =

2R L L

Discharging

R S
TZ_gR: T, 2

Energy per unit volume

B? 1 ([ pir )’
= :I— 5| 2mrdr
24, 2p, \2na

1 2.2 2 .2 a
= Hol ¥ x 27rdr = “014 J.r3dr
0

- 2p, 4n%a’ 4ma

4 .2
a i
Ho 2 _Ho

4ma® " 4 16¢

Current through C and L would be equal after

1
a time f when ELi2 =—

28
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49.

50.

51.

52.
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2eV/RC =1 =eF=(n2

t
= /{n? =
= nZ =t=RC/n2

I0 = 1.57
Instantaneous voltage across capacitor

E = Vssinot, V = XI; = orie x Iy

1
27 x50x100x10°°
. E = 50 sin 100mxt

(200) V&

x1.57 =V, = 50

IF =

|
+

So phase difference between I, and I,

T a4 X
= —+tan =k
2

L
Time constant of L-R circuit is = E

1 L
2 % 2 =—
iR R

From option (A) =

53.

54.

56.

58.

59.

60.

The electric field force due to variable magnetic

1 -~ dB 1 _dB
field= EXRXEXCI =§e J
". Acceleration = —eRﬁ
. cceleration om dt

Induced current

[ = E:l(_@) ___HM
R R dt 5R t

2nr = L

As wire is fixed

 N'2r —-L=N 21r = N'=2N

2
r2
2N)? x [—]
(2N) 5
LiE L =L'= 2L
2

\V) = 0 _ 0
rms T/4 T/4
dt j dt
0 0
4 x4V} T®
_ T2 16x4x3 _ Vo
T B
4
Area
Average value = — =0
time

(in O-T interval)

R+ — 9
(27 = o’c® = 4R? + 55 =R’ +—
1 c o’c

R* +—

o cC

5 /3 X
2 = 2— 2 —_= ¢
=3R PO =3R%*= 5X* = t R

29
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EXERCISE -III

Match the column-I

T

V = 100 sin(100 t) =i = 10 sin (100t—Z)

T

(A) Phase difference (Z]

X
cos 0 = 5:2:«/211 ; tar19=?L:XL =R
Z

JRZ +X?

R +R2=10>R=5V2 0=X%

vO
(B) - ;=2-1002z-

1
= = L=——+—
X =ol) =52 = 10 /—2

(C) Average power = VL cos 0
100x10 1

= x—=2502
2 N

Match the column II
Peak value current in the circuit is given by

= If R will be less current will be maximum

Slope of i (v/s) t graph gives time constant is R

(A)  Graph Il and IV denotes for 'R, and slope is more
for Il therefore R L represent Il and (IV) represent
R,.2L,

(B) Similarly I and II denotes for '2R,' and slopes is

more for T

Match the column III
IO

V2

I for full cycle = 0

meal

I for half cycle = 0

mean

(A) I

ms

QW

I for half cycle _ 2l
T
(B) = ﬂt

T

16I§ T/2 , ] \/
i = t’Rdt —; = =
1 T2 EI)' 3lrms ﬂ/g

Total Area

L Total time =i = 0 for full cycle

Lican — LT,2 = i—°[for half cycle]
4T, 2
€ i = Total A'rea 0 —
Total time T 105
21mean = O g i IU
T2 %
T,/2 0
) Total Area
(D) e = Total time
i, T, /2
mean TO
. iy . ioT/2 .
Liean — 5 Sl cyde T/2 =iy
Match the column (IV)
_E ( &)
at t=0 att=o0 11R—11—eL

Match the column V

1 1

XC
(A) tanB=—=

R oCR 10x10°x10° x10

fn0=1=0=—
an = 4

(B) t 0- 2L o R-0= 0=
an R as = 2

Xe T
(C) tan6=?asR=O:>9:§

Xe =X, T
(D) tan 06 = asR=O:6=§
(E) fan 6 = b= 20X0 g T

R 1000 4

A —d¢—5: ——:>lAt'l kwi
dt 1 10 2 nticlockwise
(B) ﬂ_o -_O —

dt i | zero

30
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do o _ 1 .
(©) e -5 =i= 0”2 Clockwise

d
(D) d—(l)=5 = Anticlockwise

Compreshension—-1

1.

2.

3.

B*/?

f=Bil >f = ——
-4 -4
39 1075:4><10 x64 x107 xv
2
= 10° = 25 m/

=70 =v=25m/s
e=Bin=2 10 8 102 25=4 10*%V

B/
V=E-ir =V =Bl - ?V(R) —V=36 107

Comprehension-2

1.

i, 3

By applying K.V.L. F G
For ABCDE 6Q
B ok D
1
di, i
- i — = 0 i
= 18 - 6i at ..()
A E

By applying K.V.L.
for ABCFGE
= 18-6i-3(-1i)=0=18 -9 + 3i=0

. 18+3i

=i 9 (i)

Substituting its value in equation (i)

i
=018~ 12 - 2i=—*

:18_6[18+3i}_di
dt

9 dt

—2[dt =j3d‘1, -2t= fn[ggllj — (n(1)
0

22" h

=3-i=e? =1 =3 -¢e*

V, +V,= V=18 - 6 + V, = 18 =V, = 6

1

2.

Comprehension-3
1.

M is same as that of L

Ly thth
m 1S Same as at O I_.C

mk —» —

1
ki that of —
is same as that of = C

Comprehension-4

1.

q = q, sin (¢) ...(1)

d_q: q,® cos (¢) = /5 = q, ® cos (ot + ¢)

dt
By dividing (1) and (2) we get

4

2
\/g: %tan (ot + ¢) tan (9) = E

from above equation sin (ot + ¢) = 3
2
Q=Q,sin (ot + ¢) =4 = Qo[g] = Q,=6C

T T T 42
(Ot + )= S =0t= S - ¢ =t z{g—sm [gﬂ

Comprehension-5

1.

¢, = B(L? + £?) as current in both direction are
additive in nature while ¢, = B(L*~(?) as current in

both the loops are in opposite direction.

By lenz law in both the loop are in clock wise
direction therefore it flours from b to a and d to ¢

in both the loop.

Again by lenz law current in both direction should
be clockwise but it is not possible therefore it is
clockwise in bigger loop and in anticlockwise in
smaller loop as e.m.f. due to bigger one is greater

than smaller one

>
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EXERCISE -IV (A)

N A
aCaCaC,

_’
v K-fixedj v

Due to current in C no change in ¢ of B. So no
induced current in B. But due to I in A, ¢ is chang-
ing in B because A is moving towards B. ¢ is changing
(increasing) in B.

So according to Lenz's law direction of induced
current in B will be such that it will try to decrease
the ¢ in B so current will be opposite in direction in

B than A.
x x xVxi
x x¥x % P
X x |x x
Bi x x [x x 30
x x [x x I—v
x xglx x o
X X X X

N

® <
O WD

e 1® ® 20-L) —e
O, ®
8 8 leo

D I F [ C

Refer to figure Electromotive force (emf) is induced
in circuits I and II due to change of magnetic flux
threading the circuits because magnetic field B is
changing with time. As the areas enclosed by the
circuits remain unchanged, the magnitude of the
induced emf is given by

d d AdB
o= 4o _ —(BA)=—+
dt dt dt
Area enclosed by circuit 1 is
A, =AD AE=1m 1Im = 1m”

Therefore, the emf induced in circuit I is

e, =1m* 1 Ts'=1Tm?*'= 1V

Area enclosed by circuit II is

A,=EB EF=05m 1m=05m?

-, Induced emf in circuit II is

e,=05m* 1Ts'=05V

Let I, and I, be the induced currents in circuits I and
II respectively. From Lenz's law, the directions of
these currents must be such that they oppose the
increase in currents. In other words, the directions
of the current in circuits I and II must be such that

they produced a magnetic field which is normal to
the plane of the paper but point upwards, i.e. to-
wards the reader. This requires that current I, and
I, flow in the directions shown in the figure.

Since the resistance per unit length is 1 Qm™, the
resistance of wires AD, AE, DF and EF are 1 Q
each and those of wires EB, BC and FC are 0.5 Q
each. Applying Kirchoff's loop rule to loop 1
(AEFDA),

L 1+( L) x1+1 x1+I, x1-e =0

or 4l -1, =e = 1volt..... (1)
Applying Kirchhoff's loop rule to loop I (BCFCB),
we have

e,-1, 1-1, 05-(,-1) 1-1, 05=0
or 3, -1 =e, - 05volt ... (2)

Solving equation (1) and (2), we get

I = L d I = iA

1T M T

Referring to figure, the current in segment AE = I,

= E A in the direction from E to A, the current

in segment BE = [, = —— A in the direction from B

11

to E and the current in segment EF =1 - I, = 29

3

1
"1 E A in the direction from F to E.

T ) 895+5 ,
= 1100) \100xm3x102?) ~10°T

Y
Mt

Induced emf in coil
HoN;iNoA

Mutual inductance of system M = /

: N
where (00]) n =71, N, =N,A = nR?

= M= p, n N (nR?

Therefore e = p,nN(nR?) %
= pon N (nR?) [ mcosmt

(i) Clockwise BT, (I)»Jr

(i)Anticlockwise B, (I)Jr

(

(

(Ipsinwt)

iii) Anticlockwise AY, ¢4
iv) Clockwise AT, d)T

Induced emf in the loop = B,v/ - B,v/ = (B, - B,)

Bl gl Hol a’v
vt 2nx  2n(x +a) (v) (a) = o1 x(x+a)
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2x1077 x50 x(01)? x10 50
= = —“v

02x0.3 3

(i) Maximum Current

e..x. NBA® 50x0.3x2.5x60
max R R 500
Flux is maximum when plane of coil is at
90 to the magnetic field.Flux is zero when
plane of coil is at 0 to the magnetic field.
Yes it will work because ¢ related to coil
continuous in change.

=4.5A

(ii)

Induced emf in primary coil
do
E-a " a

Induced emf in secondary coil

+ 4t) = 4 volt

ES NS
E ~ I\Ip
[NS] (5000)
= E = E = |74 |(4) =400 volt
TN, B 50
2 11v 14V
(i) A ——] I
4! =
2Q 40
- ?)I\/I—«/vv\»v - AMAA

7 7\
VA+3_5X2_VB=O PlzlzR: (E] X 2

=>V,-V, =4V P=245W
s “t/1 3V 20
(i) i, =i, (1—e™/7) | 20
. 3 30
10 =m=O6A 10mH
IR
L 10x107°
T:—:—OX 0 =2x107sec
R,
(A) i, = 0.6 A

i . e 1 /e
(B) Eozlo(l—e”)zgzl—e”

—=e VT :%3t/r:fn2

t=t/n2 =>t=2 1073
= t=1.38 102 sec
Energy stored in L :

0.693

2
bo L :lx10x10*3(%]
2 2 2

= H=45 10*J

11.

12.

13.

14.

15.

16.

Here Vi, =V, i, L
> L,
i,
diy di, | v
= Ll_t =L, E L,
e —— s
= Lyi; = Lo, E R
.. _E Ly [(E
But 11+12=E=1211= L, +L, \R

Hence L, E
(i) Current in L; = m E

(i)

(i) At t=0
L act as open circuit

Current in R = —
urrent in R

20 6Q

i

10V
)

\r

30 5H

1
501—m:1—2A

(ii) After some time
L act as short circuit

10 10

9, 0%3 2425 4-25A
6+3

(i) After 100 ms wave is repeated so time

1
period is T = 100 ms. =f = T =10 Hz
(i)

Average value = Area/time period
(1/2)x100x10

= 100) = 5 volt

L= \/< (I, cos ot +1, sin (ot)2 >

= \/112 <c052 0)t> + I% <sin2 0)t> + 251, (sin otcos cot)

1 1 2 +15
- B = |+ = |+2L1,(0) = |12
J(z) {[2) oo - 12

27 2x314 1
O T=-07"628 ~ 100 00ls
(ii) 60 (30 - C- 30)
(i) Impedance
Vo o 110 )
= I, = T = 22Q (i)

33



JEE-Physics

CAREER INSTITUTE

17.

18.

19.

20.

21.

Power factor

_ _ )1 ,
= cosd = cos 3)7% (lagging)

R =100 Q ; f = 1000 Hz, ¢ = 45

X
tan(|)=?L = X, =Rtan ¢ =100 1 =100 Q
X = onfl = 100 . L= —200
VAL T AT T "7 2314 x1000

= 0.0159 H = 15.9 mH

(i) X is resistor and Y is a capacitor

(ii) Since the current in the two devices is the same
(0.5A at 220 volt)

When R and C are in series across the same
voltage then

220

05

rms

=440 Q=1 = Ny
,/R +XC
220

R =X, =

J(440)? + 440)2

(i) resistor (ii) inductor

(i) At resonance condition X = X_

1 1
0,C = %= Jic

= ol =

(i)
L 6=0

No, It is always zero.

COS¢:E:

(i) Impedance of the circuit
_ 2 2 _
Z = 4R +(XL —XC) =

current flow in ckt.

I _vrms 25/\/§_iA
w7 5 e

.. Heat developed

2
5
=12 Rt = [E] 4 80 = 4000 joule

OR

5 4
H=Pt=(Vlcos ) t= (Eﬁxgj 10 = 4000

R
U =
J ( se cos ¢ j

(ii)Wattless current = I sin ¢
5 3 , X, —-X: 3
= — = 2 esing = ———— = —
Z 5 2.12 A ( ¢ 7 5
22. Impedance of circuit
Z=RZ+(X; ~Xc)? = (@57 +(a—4)% =450
vV 90
Total current in circuit I= 7 15" 2A
(Reading of ammeter)
Voltmeter connect across L and C
so reading of voltmeter = V, - V_
Now X = X.= V, =V,
So reading of voltmeter = 0
23. Power dissipation
cos ¢ = 7 22
R \Y%
rcoshp=—,1=—
]
V=100V, R=10Q,Z= R% +(X )% = 10~2Q
1
XL =oL =21nx50 x
10x
XL =10Q
Put all these value in eq (1)
p 100x100x10 500 watt
= ————= wa
loss (10\/5)2
24. Mutual inductance
M = ¢_S :% _ «/§u01 (nr?) _ «/guorz
Ip I Ta [ a
25. E= BLxV = —B,kAix(v,i+v,]

= —Bol;?wylz = -Av B,
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3x6 EXERCISE -1V (B)
26 = +2=4Q
et 3+6 1
| &
6Q 30
20

() e= I de = IB(Drdr = %B(DYZ
0

1A

Reff Reff 4 (II)I:IO (1—e7%\ 3 B(DrZ (1—e7%
"F-ILB-1 1 2-2N L )=%r | JI
BLv, mgR Now torque required for power loses
27. mg=1ILB = LB = v= ==
R T LB ( B%r'e? )
LP =I'R =
4R W
ﬁ-)A AAA,
VVVy *J \AAAS .- P BZr4(D2 BZr4(D
1= = =
i > L 3 ® 4Ro 4R
= 30 340 = 30 340
28. & 10V Torque required to move the rod in circular motion
P — against gravitational field
r
T, (mg)(—cosej = lmgr cos wt
I = 10 _ 1A I = 10 _ éA ? ?
1 644 2 6+2 4 The total torque
[ =1, + —@+—m r cos ot
. =08 TR T g T pMs
2 Direction of torque : clockwise
[=10H
Ell—e’“‘](r—% 2. 1-2_5 S
29. I-= R R . 0T 5 T
.. Charge passed through the battery ) 1 ., I
Magnetic energy ELI !
T 10V
_ Ildt _ Ej‘(l _ e—t/t)dt _ E[t + TeimT The current in the circuit for one forth of magnetic
R o
0
I
energy | = EO
E EL
:E[(r+r/e)—(0+r)]: = ([ m [ o
) Butl=1 |1-¢ " |2 -] [1-e*
S S
1 1(1 I s _ 1 t
—Lizj:—[—uzj P — > e = Def=2—=1I(n2
30. [2 2\ =i 5 2 5
=>t=5m2 =5 0.693=3.47s
where 1= é =le" =1 =%:£ =/n2 3. Refer to figure.
T

t=1/n2

.. Charge flown = j idt :J‘(Ieft”)dt

0

:Ir[—e’f/ T]:“Q :Ir(%j =%

z
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4.

a=g-

Let v be the velocity of the rod along the positive
x—direction at an instant of time and let the magnetic
field B act perpendicular to the table along the
positive y—direction.

The emf induced in the rod is e = BLv.

Therefore, the induced current is

e BLv

R R

The rod of length L carrying a current I in magnetic
field will experience a force F =BIL ...(2)

1=

along the negative x—direction. Since the rod is

massless, this force will also be equal to the tension T

in the string acting along the positive x-direction, i.e.
T=F=BIL

Let a be the acceleration of mass m moving in the

downward direction, then ma = net force acting on

F
m=mg-T=mg-F ora=g—§...(3)

Using (1) , (2) and (3), we have
B/L B x BL?v B*L%v
a=g- =g- =g - ....(4)
m mR mR

(1) The rod will acquire terminal velocity v, when
a=0.
Putting a =0 and v = v, in eq. (4)

BZLZVt ng
we have 0 =g- e
(ii) When the velocity of the rod is half the terminal
o v, mgR
velocity i.e. when V=S = oper

then from equation (4), we have
B?L?
2mR

Bszvt /2
mR

=g-

Refer to figure
Loop Magnet

The magnetlc field at distance x on the axis of a
magnetic of length 2/ and dipole moment M is given
by

u Mx
B= i (X2 _zz)z
M

. x>>( we have B = 3
2nx

Due to B, the flux through the loop is

—RA — 2) _ MM 2 _ BoMa’
¢—BA—B(na )— 27[)(3 X —7
Induced emf in the loop is

__do_dx do_ do
dt  dt dx © dx

~ pMa’v d (L] ~ 3 pMa’v
2 dx ¥/ 2 k¢

.. Induced current int he loop is
e 3 pMa’v

R 2 «x'R
Magnetic moment of the loop is

1=

M, =1 area enclosed by the loop = I(Tcaz)

3 pMa%y
2 x'R
1 B
—
v (due to
S N — magnet)

Potential energy
U=-M-B=-MB cos 180°= U =M'B
3 pu,mMa \/(po M)

3

2 Rx' 2n x
U_suowazv 1
4 R x’
2nf2. 4
Fz_d_U F_gquaV

dx el 4 Rx®

This force is caused by the moving magnet. From
Lenz's law, this force opposes the motion of the
magnet.

A
B
BoL? . .
.= ol :50><20><01><01:5V
2 2
For the circuit I, + I, +1,=0
:E_}.E_f_l:o :V:l_o
10 10 10 3
Vo1,
3 10 3
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€
Initial current through L for switch in position = R.
1
1 L( \ Le?
.. Energy stored in inductor = LR _ZRf
L
. Heat developed across R, = 2Rf
dB
8=E2nr=nr2E:>E= Ek
f eE erK
. For an electron a= —=—=——
m m 2m
do
¢=Ml=¢€= _I = M(2kt)
T 2
€ kMT
= | =dt=
AQ ;[R R
R d(0.2t) R R
=nR*— = E=— =—(0.2)=—
E2nR = 7R 5 dt 5 (0.2) 10

.. Torque on coil

Rj )
= = — |R =la =mR“a
qER q[lO

= Angular velocity attained
qER
o=aAT= [_2J At =40 rad/sec
mR

Ldi
For LC circuit =220
c dt

1

Att=0,q=Q=>Q,=Q,sin ¢ = ¢ =n/2
t T

. q=Qgsin| —+—

q Qosm[ C 2]

= (Kt—C)(Tcaz)

Ad _ 9~y
R R

—C(1a?)

¢ =BA
Charge q =
At t=0; (I)1 =

At t=

C
Kk 70

SO q:o—:(

B=0.042-0.87t

14.

16.

(ii) B is decreasing with B so induced current will try to
increase (B) (Lenz's law). So direction of current
anticlockwise

(i) For upper half area

2x%x2
o _AdB_ [ . )(—0.87) 1.74V
dt 2
=e=1.74 Volt
Total emf in circuit 20V
E=1.74+ 20 = E=21.74 volts
e = Bv/, de = (dB)vdx
A]
) de== v,
N X
A H D
«—
a
induced current will be clockwise
%l u,lv
; . - O vdx = e, =—2—/n2
in AB : ¢ '([2nx 1 o
ol _ Blv 3
; . e, vdx = e In—
in CD - J 2mx 2 2
plv 3 . e uolv /n3
So net e=e,-e, on ZHZ:I_E P
Force F = i/B, dF =i (dx) dB)
Work done dW = dF.x.
2a H I
= i(dx)( 0 )-x
w !)‘ 21X
i I ip,
= — | dx= 0 (24—
= W on _([ on (2a-a)
pl’va 3
W= fn—
47°R 4
R,
™
A il
R
= »-
L B
Ai
1
E R,
o E _ E(R,+R,)
&*_R RIRZ +R2R3 +R1R3
R,+R, °
R, ER,
R, +R, R|R,+R,R;+RR,
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17.

18.

19.(i)

o By ) E.
o L@L_lJ XL_XC
o(C, +C,)

. - C
= (ll)max - C1 +c2 1max
. clmax
2(11)%: ( . 1 \
C, +C L-———
(€. +Co)|o o(C.+C,))
. - C,
and (12)max - c1 +C2 Linax
C,E

2 " max

(iZ)max = 1 \
o(C, +C,))

i=3+ 5t R=4Q, L = 6H

(C, +C2)(mL—

N
" E=R +Ld—i — (3+51) 4 + 6(5)

E =42 + 20t

Let v be the velocity of the rod MN at an instant of]
time t when it is at a distance x from R. Then, the
induced emf at that instant is e = Bvd. Since A is
the resistance per unit length of each wire, the total
resistance in series with R at that instant is

AX + Ax = 2 AX.
Thus the total resistance of the circuit at time t

=R +2 Ax.

Hence the current in the circuit is

induced emf Bvd

= = = constant (given
total resistance (R + 2)‘)() (given)

Bd

The magnetic force acting on the rod is F_ = Bld
directed to the left.
The net force acting on the rod is

F =F-F=F-Bd..Q2)
F  is the force experienced by the rod MN at time
t when its velocity is v at a distance x from R.
From Newton's law

dv dv dx

—=m ——

dx dt

F =ma=m
net dt

20.

d
Now d—)t(=v Using (1), we have
d JIR+2A%)|  2mu
Fra =10V 1 Bd |~ Bd

(~+ I, R, B and d are constants)

2mAl? '
= B (R+2)x) [Use equation (1)]
Using this in equation (2), we get
2mAl?

F = BId +

o (Rr2A..(3)

(ii) Work done in time dt = Fdx.
Therefore, work done per second i.e., power is

FTER T v

Using Equation (1), we have

P

FI(R +22x)
Pp=——~
Bd

Heat produced per second is
Q = I2 (R+2Ax)

I(R+2Xx)Bd g4
. RathE “FI(R + 22x) =T-~(4)
Using (3) in (4), we get

Q_ B’d’
P B%d®+2mAl(R +2Ax)

Let the magnetic field be perpendicular to the
plane of rails and inwards ® . if V be the terminal
velocity of the rails, then potential difference across
E and F would be BVL with E at lower potential
and F at higher potential. The equivalent circuit is
shown in figure (2). In figure (2).

®B
Al " C
o TFE
B D
R,
iy i FIBVL A
E | F
(2) 1 4
we
...... B
e
L= R_ (1)

38
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Power dissipated in R; is 0.76 watt
Therefore ({00 ei; = 0.76 watt

Similarly (UL U0UT) ei, = 1.2 watt
Now the total current in bar EF is
i=i +i, FromEto F) ...(5)
Under equilibrium condition, magnetic force (F,)
on bar EF = weight (F) of bar EF

g
ie, F = Fg or iLB = mg ...(6)

...(3)
...(4)

—

1
\ £
By

AAAAAA

From equation (6)
_mg 0.2(9.8)
' 1B (1.0)(0.6)

Multiplying equation (5) by e, we get
ei = ei; + ei,= (0.075 + 1.2) watt

A ori=327A

(From equation 3 and 4) = 1.96 watt
196 ki = 1.96V _ 06V
e Vo —3'27 or e .
But since e = BVL
Ve — - _06) /s= 1.0 m/
BL ~ (0.6)(1.0) ™/ 10m/s

Hence, terminal velocity of bar is 1.0 m/s.
Power in R, is 0.76 watt

e e (0.6
076 = R~ = Ry = 5o 0o ~0=0470
R, = 0.47 Q
2 (0.6)

Similarly R, = 2 -

R, =03 Q

Refer to figure

Consider a small element of the loop of width dy
and side a. The area of the element dA = ady. Since
the area vector and the magnetic field vector point
in the same direction, i.e. the angle 0 between the
normal to the plane of the loop and the magnetic

field is zero, the magnetic flux through the element

dd = BdA cos® = BdA cos0° = BdA
The total magnetic flux linked with the loop is

y) -
= : = - k
¢=[ BdA B =B, (a]
depends upon y, we have
y+a y+a
v B
¢=IBO[;]ady=BO= jydy - 20
v v 2
2 B
lval, "= 2F Hvralt-y....)
.. Induced emf is
__do_ B d 221~ _ Bo
N A
dy dy dy
2(y+a)——-2y—| = =
{ (y a)dt ydt} By a dt
B
The induced current is 1 = H=—°ady ...... (2)
R R dt

Since the magnetic field B points in the positive
z—direction, it follows from Lenz's law that the
direction of the induced current will be along the
negative z—axis. Thus the current in the loop will flow
in the counterclockwise direction as shown in figure.

O > X
E P F

v
ya

r'y
o) e
e H
vy

The Lorentz force acting on a current element I dI
of length d/ in magnetic field B is given by

F=1 C.PWXB)

Now, the forces acting on sides EG and FH of the
loop are equal and opposite. Hence they cancel each
other. The forces acting on sides EF and GH are in
opposite directions but their magnitudes are different
since B depends upon y. Thus, force acting on side

N B,y - .
EF is Fpe =1 [(al)x[%k]} = IB,yj

Similarly, force acting on side GH is

Fon =1 {(af)x{w}ﬁ}— -1B,(v+a)j

Therefore, the net force acting on the loop is
Foo = Fgr + Foy = IBoyi—IBy(y+a)j =-IBaj

Substituting the expression for I from equation (2),

net
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(i)

22.

we get
(Bgaﬂ

e )

The negative sign (—j) indicates that the force acts

dy -
at !

along the negative y-direction.

As force F_, is directed along the negative
y-axis and the gravitational force mg is along the
positive y-direction, the total force on the loop in
the downward (positive y) direction is

(Bzaz\dy
F =mg - k ; JE

d
where d_st] = v, the speed with which the loop is

falling downwards. From newton's second law, the
equation of motion of the loop is

d
F = mass acceleration or F = m d_\t/
dv (BgaZ\v
-m g - R
dv (Bgaz d
- _ v = 5 -
or & =9 ka) or o 79 kv (3)
2a2
h k= —2
where R
dv

Rearranging expression (3), we have (g—kv) = dt

Intergrating, we have

t
1
= '([dt or — Eloge{ g

which gives

¢ dv
)

0

( Bia’t)
- Biee) - B 1ol B

This is the required expression for the speed v of
the loop as a function of time t. When the loop
acquires terminal velocity vy no force acts on it.
Hence its acceleration dv/dt is zero.

Using this in equation (3), we have

mgR
L~ Bl

0 =g -kv,orv, =

I
flux $=BA; d¢ = (dB) (dA)=dd = ( ;;X](edx)

a+b a+b

¢=!d¢: “;—:f!idx

¥4 ar 0 +b
l’lo—(fnx)a b:>¢=“°—€n[a j
27 27 a

EXERCISE -V(A)
— 3500000000 ——
D T LU —
S DL —
1111
In parallel T L, L, L,
l—l+l+l—§—1 L_lH
L 3 3 3 3 @
X XXXXXXX
XIXXXXXXX
X XXXXXXX
X xxxxxx —>V
X XXXXXXX
X XXXXXXX
X XXXXXXX
X]:z)\ AAAAAA C

The equivalent circuit of the conductor will be

A B

——eDBW

D C

The core of transformer is laminated so as to reduce
the energy loss due to eddy currents.

Il:zA
12:_2A
t=0.05, e= 8V
—Ldi —2A -2A
e= =-L
dt [ 0.05 }
8= L[i}
0.05

L=2 005=01H

Number of turns = n
Resistance of coil = RQ
Resistance of galvanometer= 4RQ)

Induced current =

x| e

- _ ¢2 — ¢1 1
t Resitance of circuit

_ |nW,-nW, | 1
t 5R
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The flux associated with coil = NBAcoswt

2
o=B %cosmt

—do Brr’o |
e= —+ sin ot
dt
b i B (Bnr’o ) sin? ot
inst. R L 2 R
b :f Pdt _ Bro’ [ sin® otdt
[ at 4R [ at
B 1
[sin® otdt =T
0 2
B*r’r'o? 1
Hence P, =2t ® 1
ence P iR 2
p BZrn’r'e?’
av 8R
(Bnrzm)z
p =~ )
av 8R

The emf developed across the ends of the pivoted

. B/
rod is e= 3
rad
©o=5— B =0.2 10T, L=1m
sec
) 2
e=O.2><10 x1 ><5=5 105 = 500V

2

vz
Isteady: ﬁ:§:1A§ - OL € J
E_ 2 _2000
L 300x10° 300

R

IO—Io{l—e LtJ
2
l: el =t= fn ~0.1
2 L/

The vertical arm of the both tubes will becomes a
battery of emf Blv.

—Blv —Blv

The emf induced in the circuit is 2 Blv.

12.

13.

14.

15.

$=10t2-50t +250

do _
+ =20t-50
_ —do _
e = — =50-20t

eps = 50 - 20 3 =- 10V

L = 100 mH; R=100Q; E=100V

L
— 35000000 —
R
ﬁAx I ].3
I’ e

Long time after, current in the circuit is

~E_ia

I
° R

R
On short circuiting - ¢ '

— 100 x107°
[ =1e 100x107

(3

L

—— /38000008080 ——————
R

RMS value of electric field = 720 N/C

Peak value of electric field = /2 x720 N/C

the average total energy density of electromagnetic

1 1
wave = ESOEg ;U =§80E§
On solving we get
u,, = 4.58 1076 J/m3

Inductance of the coil L = 10 H

Resistance of the coil R=5Q

As R-L is connected across battery, hence nature
of current that will flow through the circuit will be
transient current, i.e., I=lj(1-et7)

V 5
Where Tzﬁ—?=25 and IozazgzlA

hence I=1(1-e2/2) ; I = (1-e1)A
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16.
17.

18.

19.

20.

21.

22.

M = uONIZNZA

Equivalent resistance across L(by short circuiting
battery) = R,, = 2Q
then current through L

=24nx10"H

i = ip(1 - eRVL)

where R = 2Q, L = —H, i =E—E= 6A
’ 10" ° R 2
i=6(1-ed) .. ()
. p.d. across L is
di 4 d
V, = La T 5[6(1 -] = 12 et

This question contains Statement-1 and Statement-
2. Of the four choices given after the statements,
choose the one that best describes the two
statements.

At t = 0 inductor behaves as broken wire then

i
|
Y
\ — —WWW—]
1= R
R 2 7 """"‘V‘V
R,

at t = oo Inductor behaves as conducting wire

v
v v
i= I‘v‘v‘v‘v‘v‘v
Rle / (Rl +R2) 2 AAAAAA
Circuit can be reduced as
i, R i R
. e 2v/B
R, '“3rR/2
I /2 3R
e=v/B
. . i /B
11 = 12 = —=—
2 3R
e=Blv=(5 109 (2) (1.50) = 0.15 mV
B=0.3 104 wb/m?
B,
A
w E
®v

e=v/B=5 20 0.3 10% = 3mV
Due to conducting nature of Al eddy currents are

produced

23, lR1=0.2

) l
/ L} l~\
P
T
:
S

\,’4—0.15—>

HoRfTCRg

Mutual inductance = 2(Rf + X2

_ . _[h) 2n°R’R’ ,
so flux through trigger coil . '(Rf +X2)¥?

107 x(3.14)%(2 x107)*(3x 107%)? x 2 x 2
- (0.2)? +(0.15)%)%?

ALTERNATING CURRENT

24. On drawing the impedance triangle; we get

The power factor €0S¢ =

26. Let Q. = Quax

2
lQ_:luz Q)
2C 2

[Given that energy stored in capacitor= Energy
stored in conductor].
According to the conservation of energy we know

2 2
1Q,, 1Q 1

that — LI?
a 2C 2

Qmax
V2

A DC meter measure the average value and the
average value of AC over one full cycle is zero.
Hence, DC meters can't measure AC.

Q:

27.
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28.

29.

30.

31.

32.

33.

34.
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Voltage across LC combination = |V -V|
Voltage across LC combination = |50-50|=0V
o = 1
The resonant frequency O, \/E
1 1

For o;=m, /L1C = ,LZZC

On squaring both sides, we get

1 1 L, 1 L

— —_1
2§L2_2

In order to transfer maximum power the generator
should work at resonant frequency, i.e., C should
be such so that

f= 1 — f? _L

2nJLC 47°LC

=C= 3 2 = !
4n“Lf 4x10x10x%x2500

—C=10"F = 1pF
R
Power factor= cos¢ = =

cos¢:1—:i=0.8

If resistance will be the part of circuit, phase
difference between voltage and current can not be

r
5
The voltage across L =V = IX;

Voltage
At resonance, current = ————;
Resistance

_100V _
10°Q
Also at resonance X=X,

1 1

©. 200x2x10° 4

C

0.1

10

XC:

4

10
V, =1X, =0.1x 2 =250V
Magnetic flux associated with rotating coil
= NBAcosot
¢=NBAcosot
Q. (NBAw)sin(wt)
i ®)sin(®
e=ejsinmt
Maximum value of emf generated in coil
= NBAo

35.

36.

37.

Given that
E=Esin(ot) and I\Iysin(ot-1/2)

T
The phase difference between E and I is 5

Power dissipated in an AC circuit
P =E, L cos¢ =0
So, power dissipated for this situation where phase

T
difference between voltage and current is — will

2
be zero.
X, -X
t _ 2L c
and R
fan 30 == Xc = =
an = R = Cc ~ \/g
X, R
tan 30 = R =X, = NE)
X, = X = Condition for resonance
So 6=0
P = VI cos0
2 (220)
A ) e
R 200
Energy is shared equally between L and C at
T 3T 2
t= ——...... where T=—n=21wLC
8 8 o
© t:§:2nVLC :E C
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EXERCISE -V-B

A motional emf, e = B/v is induced in the rod. Or we
can say a potential difference is induced between the
two ends of the rod AB, with A at higher potential and
B at lower potential. Due to this potential difference,
there is an electric field in the rod.

—

A B

B

Magnetic field produced by a current i in a large
square loop at its centre.

i i
B « T s B :KE
.. Magnetic flux linked with smaller loop,

i

$=BS= ¢ = [K L)(Zz)
Therefore, the mutual inductance

o ? ?
M=-=K— =M o —
i L L

For understanding, let us assume that the two loops
are lying in the plane of paper as shown. The
current in loop 1 will produce * magnetic field in
loop 2. Therefore, increase in current in loop 1 will
produce an induced current in loop 2 which produce
® magnetic field passing through it i.e., induced
current in loop 2 will also be clokwise as shown in

the figure.
@ Perpendicular to

j I paper outwards
® Perpendicular to
paper inwards
F
F

The loops will now repel each other as the currents at
the nearest and farthest points of the two loops flow
in the opposite directions.

The current-time (i-t) equation in L-R circuit is given
by [Growth of current in L-R circuit]

i=i,(1-evn) 00

where ip = —=—=2A

L 84x1073

and T =—=———=14x1073s
R 6

and i=1A (given)

Substituting these values in equation (i), we get
t=0.97 1073
=t=0.97ms = t~1ms

- . dé dB
[Ed7 = |—{ = s|—
dt dt
£ ) ) E a®|dB
= na® [— >a .. E=——|—
= E (2nr) = ma orr>a or [dt
.. Induced electric field oc —
r
) dB‘ gl dB
<a- = — = —|—
For r <a; E(2nr) = nr 0t = o dt =Exr
A . a|dB
t — RN
TR ol
E4
Therefore, variation of
a
2% N E“l
E with r(distance from < v
»r
r-a

centre)will be as follows :

The equations of L(t), L(1) and B(t) will take the
following forms :

L(t)= Kl(l—e’kz‘) — current growth in L-R circuit
B(t) = K3(1—e’k2‘) — B(t) = L,(t); B = u,Ni in case of

Ni

solenoid coil and in case of circular coil i.e.,

Boci = L(t) =K,e™!

€9 dIl dll
Iz(t) = Eand ey o« E P ey = —ME

Therefore the product L(t) B(t) = K e ™2 (1-e™2).
The value of this product is zero at t=0 and t=o0.
Therefore, the product will pass through a
maximum value (K, : K, : K, : K, and K, are positive
constants and M is the mutual inductance between
the coil and the ring).

The corresponding graph will be as follows :

L B({) LHB()
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Electric field will be induced in both AD and BC.

When current flows in any of the coils, the flux linked
with the other coil will be maximum in the first case.
Therefore, mutual inductance will be maximum in
case (a).

When switch S is closed magnetic field lines passing
through Q increases in the direction from right to
left. So, according to Lenz's law induced current in Q
i.e., |Q will flow in such a direction, so that the
magne%ic field lines due to I, passes from left to
right through Q. This is possinle when [ flows in
anticlockwise direction as seen by E. Oppolsite is the
case when switch S is opened i.e., I will be

Qp
clockwise as seen by E.

€2

Power P = —
R

10.

d¢
Here, e = induced emf = E

dB
where ¢ = NBA e=-NA .

R 1
ocr2

Also,
where R = resistance, r = radius, ¢ = length
NZy? Py
Py

As the current i leads the emf e by

=1

P o

11.

c
1 it is an R-C circuit. tan ¢ = —

R

1
T
C
t J— A
or an4 R

As =100 rad/s

~oCR=1

1
Th t of C-R shoul —s!
e product of C-R should be 1005
Polarity of emf will be opposite in the two case while
entering and while leaving the coil. Only in option (b)
polarity is changing.

12.

13.

In uniform magnetic field, change in magnetic flux is
zero.

Therefore, induced current will be zero.

14. As area of outer loop is bigger therefore emf
induced in outer loop is dominant and therefore
according to lenz law current in outer loop is

Anticlockwise and inner loop is clockwise
MCQ
1.

Electrostatic and gravitational field do not make
closed loops.

3. When resistivity is low current induced will be more;
therefore impulsive force on the ring will also be
more and it jumps to higher levels. [But for this mass
should be either less or equal to the other]

Comprehension#1

1. Charge on capacitor at time t is :

q=q,(1-e")
Here, q,=CVandt=21t

q=CV (1- e%)

=CV (1-¢e?

2. From conservation of energy,

1 1 C
_Llfnax = _Cv2 Imax = v\/:e
2 2 L

3. Comparing the LC oscillations with normal SHM we

get,
d*Q 9 1 d*Q
TEa —0°Q Here, 0? = c Q=-LC e
Subjective
1. Magnetic field (B) varies with time (t) as shown in
B
0.8
figure.
0 o0z 04 06 o8 "
dB 0.8
—| =——=4T/s
dt 0.2

Induced emf in the coil due to change in magnetic
flux passing through it,

do dB
e = |—| = | —|
dt dt
Here, A =Areaof coil=5 103 m?

N = Number of turns = 100
Substituting the values, we get
e=(100)(5 103 (4)V =2V

Therefore, current passing through the coil

e
i= E (R = Resistance of coil=1.6 Q)

2
== _125A
~'7 16

Note that from 0 to 0.2 s and from 0.4s to 0.6s,
magnetic field passing through the coil increases,
while during the time 0.2s to 0.4s and from 0.6s to
0.8s magnetic field passing through the coil
decreases. Therefore, direction of current through
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the coil in these two time intervals will be opposite to
each other. the variation of current (i) with time (t) will
be as follows :

i(A)
A
+1.25

0 52 04 fos 05”1

-1.25

Power dissipated in the coil is
P=i2R =(1.25)?(1.6)W = 2.5W
Power is independent of the direction of current

through the coil. Therefore, power (P) versus time (t)
graph for first two cycles will be as follows :

Pwatt)
V' s

2.5

0 08 > s)

Total heat obtained in 12,000 cycles will be
H=P.t=(2.5)(12000) (0.4) =12000 J

This heat is used in raising the temperature of the

coil and the water. Let 0 be the final temperature.

Then H=m S (6 - 30)+ m S (6-30)

Here m = mass of water = 0.5 kg

S, = specific heat of water = 4200 J/kg-K

m_ = mass of coil = 0.06 kg

and S_= specific heat of coil = 500J/kg-K

Substituting the values, we get

1200 =(0.5) (4200) (6-30) + (0.06) (500) (6-30)

= 06=356C

(a) Given R, =R, = 2Q, E =12V

and L=400 mH = 0.4 H. Two parts of the circuit are

in parallel with the applied battery. So, the upper
circuit can be broken as :

T
(

S

E R E L
+
S S R,

(@) ()
Now refer figure (b) :

This is a simple L-R circuit, whose time constant

0.4
TL :I_./Rz :720.25

and steady state current i, =E/R,=12/2 = 6A

Therefore, if switch S is closed at time t=0, then
current in the cicuit at any time t will be given by

i(t) = i, (1-e/%)
i(t) =6 (1-e°2) = 6(1-e) =i (say)

Therefore, potential drop across L at any time t is:

di
V = ‘La‘ = L(30e™®!) = (0.4)(30)e™>"

= V = 12e>5tvolt
(b) The steady state currentin L or R, is i = 6A
Now, as soon as the switch is opened, current in R is

reduced to zero immediately. But in L and R, it
decreases exponentially. The situation is as follows:

15=ea 1

LT
L > > L
R $ 7 RS
< < 1 <
~E |-
R [ 3R, | i=0 R,
=0 < t=t
Steady state condition Sis open
© @ (@

Refer figure (e) :

Time constant of this circuit would be

L 0.4
T = = =0.1s
R; + Ry (2 +2)
.. Current through R at any time t is
i=ieVr=6e"""= i=6e'"A
Direction of current in R1 is as shown in figure or
clockwise.

(1) Applying Kirchhoff' second law :

do di do di
— —-iR-L—=0 —=iR+L— ...
a Robg TV P g T Brbg
di do
This is the desired relation between i, — and —.
dt dt
(ii) equation (1) can be written as
d¢ = iRdt + Ldi
Integrating we get, Ad¢ =R. Aq + Li
A Li
Aq = %’ - ?1 (i)
e o 1.0
L Holot
Here, A¢=0- ¢, = £ on x 9% = @)

So, from Equation (ii) charge flown through the
resistance upto time t=T, when current is i, is—
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(iii) This is the case of current decay in an L-R circuit.
Thus, i=ije /™ ... (iii)

i

L
Here, i = -, 1,=1,t=(2T-T)=Tand 7 =
Substituting these values in equation (3), we get :
L T
‘[L = —_— = —
R /n4d

(i) For a element strip of thickness dx at a distance x
from left wire, net magnetic field (due to both wires)

Ho I o I ﬁﬁ
= ——+ — «—x—>
2nx  2m3a-—x @
(outwards) /'y @ T
’ = @ a A/
pol(l 1 j g l
= —|—+
2n\x 3a-x T
P <+—3a—> R
Magnetic flux in this strip, < >
= = —| — + d
d = BdS 2n \x 3a—xaX
2a 2a
Hola [1 1 ]
. = | d¢ = —+ d
.. total flux ¢ ! o on _a[ < T 3a_x X
Ia aln(2)
0="me) o= 1 sinet) )
Magnitude of induced emf,
‘ do|  poalywin(2)
e =|-—|=———"—cosot = ejcosmt
dt T
Loalpm/n(2)
where ey = —

Charge stored in the capacitor,

q=Ce = Cecos ot ...(ii)

q
and current in the loop i = e =Cow e, sin ot...(ii)
toalym?Cin(2)
imax = Cu)eo =
T

(ii) Magnetic flux passing through the square loop

¢ oc sin ot [From equation (i)]

i.e., * magnetic field passing through the loop is
increasing at t=0. Hence, the induced current will
produce ® magnetic field (from Lenz's law). Or the
current in the circuit at t=0 will be clockwise
(or negative as per the given convention). Therefore,
charge on upper plate could be written as,

q = *q, cos ot [From equation (ii)]

LoaClyw/n(2)

Here, q,= Ce, =
T

0

The corresponding g—t graph is shown in figures.

Y

NN ES

After a long time, resistance across an inductor
becomes zero while resistance across capacitor
becomes infinite. Hence, net external resistance,

R
—+R 3R
R =2 = — Current through the batteries,
net 2 4
2E

jm—=
3j+r1 +r, Given that potential across the

terminals of cell A is zero.

2E )rI:O

e E—|— =
-E-ir, 0 = [I’)R/4+rl+r2

Solving this equation, we get R = é (r, - r,)
3

Inductive reactance

X =oL=(50)(2n) (35 107)~11Q

Impedance

z=|R? + X} =117

Givenv =220V Hence, amplitude of voltage

+ (11?2 =114/20

Vo = V2, = 22042V
0 rms

. , .o _220&_20A

. Amplitude of current i = ~ = TN =

Phase difference ¢=tan (ﬁj =tan’! [Ej S
R 11 4

In L-R circuit voltage leads the current. Hence,
instantaneous current in the circuit is,

i=(20A) sin (ot - n/4)
Corresponding i-t graph is shown in figure.

A

I
VI o= 22002 sin ot

A 1= 20 sin (0tn/4)
Bl R — 5

;
——% ——t
/TI/S T4 TN R ~—
________ 9

-10V2
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7.

Out side the solenoid net magnetic field zero. It can
be assumed only inside the solenoid and equal to
u,nl.

d(BA)— CI(I)( / ma?)
dt T g Hen/me

Jnma’®) ([ o cosomt)

induced e = - — =
mnauced e dt

or le| = (1
p(2nR)
Ld

p
Resistance of the cylindrical vessel R=— =
s

lel  poLdna®lymcoswmt
.. Induced currenti= — =
R 2pR

This is a problem of L-C oscillations.

Charge stored in the capacitor oscillates simple
harmonically as Q = Qosin (ot+ )

Here, Q, = max. value of Q =200 uC=2 10*C

1 1
J(2 x10°H)(5.0 x 10 °F)

O)Z\/E

Let at t=0, Q=Q, then

=10%"!

d

Q(t) =Q, cos wt...(i)) I(t) = d_? =-Q, sin ot ...(ii)

di(t)
and —— =-Q o’ cos (wt)...(iii)

dt
HQ=1004C = 2 Atcosot= > == 2
i uC = 5 cos 5 => o 3

1
At cos(mt) = By 1, from equation (iii) :
4 -1 1

‘ =(2.0x107'C)(10*s7!)? (2] =10%*A/s
(i) Q=200uC or Q, when cos(ot) =1 i.e. wt=0, 2r...
At this time It) =-Q » sin ot = I(t) =0
[sin 0 =sin 2m=0]
(iii) I(t) = -Q,» sin wt
. Maximum value of I is Q, ®
[ =Qo=(20 10°C) (10*%") =1 = 2.0A

(iv) From energy conservation

2
Lip _Lip, 1@
2 2 2 C
2 2 _ Imax —
:Q: LC(ImaX—I ) I—T—IOA

2 Q=42.0x107°)5.0 x10°)2* —1?)

=J3x10%C=1.732 10*C

11.

12.

13.

14.

induce electric field = ~o2 = 28
induce electric fie T
BR?[ -

torque on charge = Q 2 (—k)
E E

Q
E E

- dL
by T= jdL J“Edt
2

AL = QBZR (-k)

Change magnetic dipole moment = yAI:

yQBR® (-
= (k)

Magnitude of induced electric field =

RdB_ BR
2 dt 2

]

4000\/I g
q

<
[€E—>]
i)

:

step down

9 I 200V
P

il
[<—>1
<

step up
for step up transformer

V10,
4000 1

for step down transformere

40,000 Volt

N _ V. _2000_,4,
N, 200 200

Current in transmission line

3
_ Power _ 600 x10 _150A
Voltage 40,000

0.4 = 8Q)
i’R = (150)28= 180 KW

Resistance of line =

Power loss in line =

percentage of power dissipation in during
180 x10°
transmission = MXIOO =30%
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