Current Electricity and Capacitance ALLEN

Current Electricity and Capacitance

SOLUTIONS

EXERCISE - O

1. Ans. (D)

i, = n(Ze)% = ne;lv

i-=n(e) Av = neAv

inet = i+ + i—

2. Ans. (C)
1

V. =—_

" neA
1

V, oc Z

3. Ans. (C)

Apply Gauss’s law : qgﬂ = (Outgoing flux - Incoming flux)
0

4

V—IR—Ip =>A=Ip=>EA=1Ip

| A P
4. Ans. (D)

RiR;

R=RR,

_ R(1+ayAT)(1+a,AT)
T T 2+ (a;tay))AT

R[1+(a;+ap)AT+ay ay(4T)?|

<1+(“1’1*“2>AT>

2 —(1+ (m) AT)_l]

N =

2 —

2
(1 + “1+“ZAT)

a1+a2
2

N|’:U N|:U

= Ueq =
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5 Ans. (A)
S
3R »51
WWy T 6 B S 2

E R 3R
A\ AWV
S1 closed
Vi=(3R)i
i E i
4R E

3E
V,=—

4

S> closed —W&A AMAM

. E

=— L( : —
7R

A :(6R)(7£R) =

3R
R m R 2R
A\ AM\/\V
=
(V) L@—

I I
1" |
E E
S1and S closed
E 2E
Vs=(3p)2R =5
SO, Vz > V1 > V3
6. Ans. (B)
iir 10V
— —AMWWW—

E E

N o

L (il—iz) T

i1 J1 iz J2

No current can go through 2Q resistor because according to
junction law, the incoming current should be equal to outgoing current.
At junction J;
Current going to battery = (i1 - i2)
Current coming out of battery = iy
i1 = (i1 - i2)

Hence, iz =0
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7. Ans. (A)
e=10
8.
Current [ = % =14
Also assign 0 volt at point which earthed
So, Va=-12,Vp=-6V
Ve=-9V,Vp=-11V
9. Ans. (A)
Distributing potentials as shown in figure
D g, @2
D AW ov
G AL
As all potentials are known currents in resistances can be given as
hao =22 =34 (efttoright
and Lo = 2% = 754 (eftto right)
10. Ans. (A)
Ar—T—
L 220 %20 12
B P
eq — 1
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11. Ans. (B)
R:
:>Req R, Req
R .R
=3 =—2 % 4R
i R,+R,,

R,.R
and R, = 2~ <4 (as applied value of voltage is halved after each section)

2 eq

Req = 2R1

R,.R,,
= +R, =2R,
R +R

2 eq
_R2R e op
R,+2R,
R 4
= R——A
i E
12.  Ans. (C) 4A r
—_— —wwW—
E+4r=12
E-2r=9
2o By
= E=10Vandr=0.5Q _—  —wWwwW—
13. Ans. (A)

Initial resistance Ry = 5Q
For final resistance we have condition of balanced Wheatstone bridge

2

Final resistance R;=1 + 5t 1=3
AR=R;-R,=2Q
14. Ans. (A)

(a) Req=(1i6+%+1i6) 150
® == =124 oA 0 S8R

4+1 . 3A§E 00 3A
Hence 12 A will flow through the cell. 12A 50 3i=0Q, 3Q
By using current distribution law. TU6A6A
Current in resistance 10Q2 and 6Q2 = 34 12;5 ?A
Current in resistance 5Q and 3Q = 64 12A | 60V, 10Q
Current in resistance 20Q2=0 T a

Current in resistance 16Q2 = 34
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15. Ans. (D)

1|ma
Reffzz 7r+ ar

_1 7r+2]_

16. Ans. (B)

n+2]
3 ar

By folding symmetry along A - C we have

B

R/2
R/2

A C

R R

Now by condition of balanced wheat stone Bridge eliminate R/2 between B and F

R

17. Ans. (A)

R4

R>

2
P = 400 xR,
R, +R,

2
P, = 400 xR,
R, +R,

18. Ans. (A)
2

R, = 200

60
2 2

R - 00

100

200? 200>  100x60

60 100

(R,+R,) 200" 200° 160

{1
400
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19.

20.

21.

22,

23.

24.

25.

26.

Ans. (B)
V’A
=
VA (1L1)V°A
2T p(090) pt
Ans. (B)
(3v)?

1

t = msAT -(1) L

(Nv)?
2R

t = 2msAT -(2)

1 \
N T IHH!
(2) VVV
Ans. (B)

X R 12 18
_—= = — =

£, 100—¢; £, 100—¢;
Ans. (C)

Theoretical

Ans. (B)

X
DN
o
>
Son

10_£ 110-ig

1. @
0% 0020 10A i, 200
Ans. (C)

F.S.D. of voltmeter = (10 x 10-%) (90 + 910) =10 V

No. of divisions = % =100

Ans. (D)
Opposite direction terminals.
Ans. (A)
Initially
1.2V 50
°—| HWWWW——e

\%
£=z><900=1.2V

Finally
1'2_%X5:%xx _1|.2V 5Q
08=%Xx

1.2
08=%x "1‘/(‘)/‘3
x=600cm

d=1.2 1'2><5—08V
p.d =1 15 = 0.
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27. Ans. (D)

Ag
C=-gq

28. Ans. (C)

Charge will remain same.
d—2d

29. Ans. (C)

30. Ans. (C)

31. Ans. (A)
—q1 1 Q1
3uF
+20pC\_—92 1 92 20“C+20uC
4uF

5uF 2uF

—20uC

Q1:qZ=3:4
3
= —x20uC
q1 = x20u

32. Ans. (D)

1_1 1.1 1 . _ %A
C A A oA ta T oo
eq 2d 4d 8d  16d
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33. Ans. (C)
For charge in 5 uF capacitor
C1 . Cz =2: 5
o _ G
a G
_63,5
©=5 7

Charge on 5 pF capacitor is 9 uC
Charge on 4 uF capacitor is 24 pC
Ratio of charges =9:24=3:8

34. Ans. (B)
7uF
35uF ;
A — AT A — B

2uF

|
|}
10pF

6V

BLCE%

As the resulting circuit is a Wheat stone bridge hence current in 13uF capacitor is zero. Hence the

circuit now reduces to

35pF

<2

10uF

The resultant capacitance is
35 10 _ 45 15
+ -

35. Ans. (B)

Parallel

2ne,  2me, . 2ne,

" nbJ/a  (n2R/R . ZJ‘R

_ 2ne, [1+2] = 6ne,
(n2 In2
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36. Ans. (A)

1

—c )
w

7
In

J_ I

8 10 J‘4
T T T — balanced
wheatstone
bridge
¥ 3 Y
o J_ 1 ] J_ [
8 4
T T Ceq=14 /5

37. Ans. (A)

When switch is in position 1, 1 ZQIIJF
~4 _ 49 _ = ) L
30 20 30—0:>q—360yC i
Now, the switch is in position 2, = 30V 2_{
q’+q3:360 20 Fq
1 T =
Loops ABCD 30uF
@@ G5
20 30 ' 20 A HI B
—3q1— 29’1 +3q3=0 q1
, , 3 I
5¢1 =3q3=>¢q; = gCI3 = ®
843
360 x5 450 C = 228 uC q1
qz = 3 ) ut = u
38. Ans. (B)

Let g charge flow through the circuit then

Using Kirchoff’s law

19-9 99, 15-9
2 3

25—5Zq=0:>q=30u6

30uC

P.D. Across 3uFis V=
3ufF

39. Ans. (D)

=10V

It we close any switch there will be no change in any potential.

40. Ans. (C) g

q; =192 uC _f¢192—q +q

192—q_g_g=0 12uF = 1924 —q= 4uF

12 4 6
q =32uC . 9,%
N I
6uF
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41.

42,

43.

44,

45.

Ans. (B)

There four capacitors are in parallel and change on each capacitor is g = CV.

Change on plate C=+2 CV
=2x2x10=+40puC

Ans. (B)
q;, =cv qr = 2cv
4q =qr —q; =qr — (—q;) = 3cv
U, = ! cv?

)

1 (2cV)?

U ==X

=2 c

Wbattery = AH + AU
, CV?
(BCV) X2V =2CV? ———+H

H
Ratio=— = 2.25

Us
Ans. (C)
In case-i potential difference remains constant and U = %C v?
) . Q°
In case-ii charge remains constantand U = 2C
Ans. (D)
Initially Finally
E E
e e
| |
—— ——
C C C CK
oo € o K
2 K+1
_CE _ CEK
= U k1
N _ CEK CE
ar= 4qi = qflown T K+l 2
_ CE(K-1)
2K +1)
CE - CEK
2 K+1
So charge flows from C to B.
Ans. (B)

Charge on 15 pF capacitor A = 1500 pcC.
Charge on capacitor B =100 pC.

When they are connected with dielectric removed from A.

Capacitance of A now becomes 1 puF.

[ 208 ]
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46.

47.

48.

49.

50.

= €,A.15

=15C=15pF

Cpi = % C=1yuF

Q remains constant
Qnet = Ceq % Veommon
1500+ 100=(1+ 1)V
V=800 Volt

Ans. (B)

Given that C = =0 4

=10 uF

For new arrangement

_Kis (4/2)
d

Ci =10 uF

and C;=

Ko (412) _ o0 p
d

C1and C; are in parallel
Chew=C1+ C2=30 puF
Ans. (A)
Fe O
Ke,

Ans. (A)

As capacity of system increases so the charge supplied by the battery increases.

Ans. (D)

1500 *

——1500

100V

=t

- =
=

www.allen.in
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51. Ans. (C)

|4
Electric field at P and P'= B

52. Ans. (B)
4V =12 = V=3 volt I
and 3V =9 volt
q =36ucC
q=CV(1-evre) T
36 uC = 4puf x 12 (1 - e
1=4x25=10
= (1 - et/10)
et/10 = (.25
= t=RXCXx2mn2=25x10°x4x%x2x0x0.693
t=13.86 sec.
53. Ans. (C)

ov 0—IV

ity i

0V ¢—i}—e— B
2y

(A

4

L= ﬁ
V 4V
VB_ZV_g_RXZR_?
. . - 4V V
Potential difference across capacitor 3 V= 3
54. Ans. (D)
In steady state capacitor behaves as open circuit

i, R 1 R A B

1 —
i, 2R 2 10“1“'” §R §R
=2 x1-2 1012 W

Rx3 R
Va=LL1iR+IR=Vp
Va-Vp=8V

55. Ans. (A)

_ 4 4 ~2t/3RC
[ =—————¢€
2R 6R

—(n2
—e (2+r)0.5

—2(n2

P B PN (r=0)
2+r

N~ N
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56. Ans. (D)

To calculate charge on capacitor consider that capacitor acts as open circuit when completely
charged and calculate drop across it which comes out to be 3V.

When s is opened i.e. discharging circuit

MWW
1/20Q

=R, C

= %><100><10_6 x10° =50x107° = 50 ms.

57. Ans. (B)
Vi = e.e7t/RC
Ve=¢[l - et/RC]
At t=100ms

Ve=Vc

= gt/RC=1/2
RC= Eln(zg) ~145.45ms

58. Ans. (C)

When S open
q1 = 18uf= g2 = 18pf _ql]G VIZL
V1:Vz=% :% 9 3uf ouf 0
Vi:V,=2:1 —AWWWA——WWWA—
V1=§X9=6V01t L 0
V2 =3 volt

When S is closed
[=14 9uC gy 36uC

So, potential difference across 3uF = 3x1 = 3V. —~—ﬁ |

Potential difference across 6 uF = 6V. 9 127uC 0

So, charge on 3uF = 9uC. 3Q 6Q

Charge on 6uC = 36uC 6

So, 27uC will flow through switch. 1 0

www.allen.in [211]
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59.

60.

61.

62.

Ans. (ACD)
1V 10 2V 2Q
HAWMWM—
i .. i
2 ww(lllz) M ’

20
I—WM—o—h—ww»JPl
3V 3Q 1V 1Q
+3—3i1—1—1i1—2(i1—i2)=0
+2-1i-1+2(i1-1i2) -2i=0
Ans. (ABCD)
ip=lo ; Jr<Jo=Er<Eq
RP<RQ 5 iZRP<i2RQ:>Hp<HQ

np = ng: For metal n is independent of temperature

Ans. (BC)
Micrometer - R=100 Q
i=50p4

V=100 x50x 10-¢=5mV
If R=10kQ

V=10x103x50x10¢=05V

If R=200kQ

V=200x103x50x106=10V

Applying KVL in the circuit
(i-i) x1=1iox100
io=50 pA
i=101x1ip
i=50x10-6x101
i=5mA

Ans. (AD)

(A) Case (1)

Battery is connected at terminal (I)

S
V3

R

Case:-(2) Battery is connected at terminal (II)

O

R Af+-|—v

Voltmeter Reading = (V)

Voltmeter
Reading =V/2

[212]
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All current flow through the resistance (R)

+
J_ § R/2 (\bVoltmeter
AMVWY

1
2R

(B)

Reading # V/2
(C) Reverse case of (A)
(D) Same as (A)

63. Ans. (AB)
VO V(] | Vor l \/()r2 11 V0r3 11 \/()r4 11 VoI‘S V,
ITP | 1 1 1
C1 C1
Vo= C== C, ==C;, == Cy== C,=¢= -V
0’ T 0
Apply nodal at P
= C1(V0r— Vorz) + C1(Vor— Vo) + Covor=0
= 3rz-10r+3=0
1
= r=—(or)3
(o)
= V= ;—g or vo.3°
64. Ans. (BCD)
12uF
1 1) I}
C,=39+|=+=| =39+21=6uF ~aq
1 3 7 qz
= 39uF=
¢ =39+[1+ 1 71—4 F soq=4EuC T &
eq * 6 12 “ q l’l
= il
q1+q2=4Eandi=&:>q1=Ex4E I —
21 39 6 .
= 0.7x2E =1.4F ,
L —
q \ \%
So AV across 7uF = —-=6
TuF
= E=30V
q, =0.7x2x30=42nC
AV acorss 3uF:L: 14V
3uF
30
AV acorss 12pF =4x—=10V
12
www.allen.in [213]



ALLEN

JEE (Main + Advanced) : Physics

65. Ans. (ACD)

X

i >
A + Fej-—’Fext
+ -_—
+ -_—
I
I I
\%
€ A
(@) Charge on capacitoris Q= CV C= i
Wbattery = Q’V= Ccvz
Energy stored in the capacitor U :%CV2
1.
Heat generated = W, ,, —U = ECV
(b) Letthe distance between the plates be x at some intermediate stage.
c-So A
X
AV
q=CV = So
b's
Field due to charge on one plate is g = Aq
e0
2 2
q g, AV
Force between plates F=Eq=——=———
P oae, 2
(c) Assuming that the positive plate is fixed and the negative plate moves slowly towards it, work
done by external agent in displacement dx is
2
AW, = —|F,,|[dx|= —|F[Jdx| = S22
X
Work done in reducing the distance from d to % is
e, AV Pdx e AVF 1
ext:+0 _[_Zz : =__CV2
2 X 2d 2
(d) Energy dissipated must be zero as the plates are moved slowly. Charge flow from battery to

the capacitor plates is very slow.

1
M/ext = _CVZ
2
Charge in PE stored in the capacitor

au=2a2cv? Loy Loy
2 2 2

[Capacitance doubled when d was halved]
Whae = [(2CV) - CV] V = CV2
Whatt + Wexe = AU + Heat generated
Heat generated = 0

[214]
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66.

67.

68.

69.

Ans. (BD)
oA oo_EA
dl ' dZ

2 1

Extra charge flown =Q'-Q=(C'-C)V :goAV{dL_d_}

Work done by battery :

Wy, = V x charge flown :gOAV2 {dl_dl}

2 1
. . 1 ’ 2 2 1 1
Change in P.E. of capacitor =AU = E(C —C)V? =Zg AV 7

Ans. (BC)

When switch with position (1) is closed.
2CE

Charge flow = =3

Now switch shifted to position (2)

Charge flow 4E % =2CE

Heat = %x 2CE x 4E = 4CE?

After switch shifted to position (2)

2 2
Total heat from starting :% +4CE> :ﬁ
Ans. (AB)
ForA:C:Q: Q - Ane,ab
v ,{Q_Q} (b-a)
a b
2
ForB:U= lQ—
C
For C: If inner sphere is earthed, potential of inner sphere becomes zero.
Ans. (BD)

Charge flown = (Cs +%j—Q = (Cg _%j

Q| -CE|Q
2| |cg 2
K

€

Charge on the inner surface of left plate should be Ce if ¢ :% then charge flow

Ce _Q = 3Q
2 2
Work done = (charge flown) (emf) = [B?qj(%j :%
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70.  Ans. (ABD)
CKE CE

|1
I
Y Y

I e |
CE (k-1)

71.  Ans. (BCD)

t
Hence q, =CE(1—e ZRC}

_t
and g, =26E(1—e ZRCJ

Rate of increases of charge

=% = CE x—et/2RC -1 _ ie—t/ZRC
dt 2RC 2R
=%=2CExe*t/2RC y -1 _ Ee—t/ZRC
t 2RC R
4 _1
q 2
T1 =12
1
In steady state G2
q 2
72. Ans. (B)
73. Ans. (A)
74. Ans. (B)

Solution for Question No. 72 to 74
i2=i3=1p
V1=(V2+V3)=V
and P, =P3 =
and Vz = V3 = V/Z

P1 = Pz = P3 = P4 (given)
oV O
36 R3
As P1=P3:>R3=9Q
Also Rz =R;=9Q Ans.

R2:R3

I, = L and I, =1
3

P1=Ps=4W

3
Also I1=1A
Reg=16Q and =14
€=16V Ans.

()
(i)
C 2R
L
2C
i
_||—./S
E
3 2
v Oy Iy 0¥
01
V) v (0)
It Ri=36Q
4 -:Qm
- IH 0
€& 1 MY ©

2
I
(—j Ri=(D?Rs=4W = % = Rs = 4Q = Ry Ans.

[216]
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75.

76.

77.

78.

79.

Ans. (A)

These five plates constitute four identical capacitor in parallel, each of capacity

g, AV
= wTT
Ans. (D)

2¢€, AV
L
Ans. (B)

2
Total energy stored = 4 x %CVZ _ #

Ans. (AC)
Vi =GV,

As gmax for both is same hence A is correct.

As C1V1 = C,V, Hence EMF's of the cells may be different.

Ans. (D)
From graph C; is taking more time to charge.
SO, R,C; > R.1C,

EXERCISE - S
Ans. (a) JoA/3; (b) 2J0A/3
@ 1=y, (1—%)-2nrdr

2
=]0-2n-[f:rdr—f:%-dr]

®) Jy Jog(2mrdr)
Jo21
"3
2JoA
- 3

RZ

www.allen.in

[217]



ALLEN JEE (Main + Advanced) : Physics

1 nr’
2. Ans. T (202 + ©1) /ﬂ}\ {f[\\

o(r)=o, + 02;01 ‘T k\}/ \y/

£
dR = o-2nrdr

o2nrdr 2T 0,—01
- =—.|lo, + - rdr
Req 4 r

= ZTn [for oy rdr + 62;01 : forrz dr]

2T ﬁ 07,—01 ﬁ

A ) + r 3
3. Ans. 3.5

40 9V 10 3V 40
FwWWA-B

18

=—=6V
3

eq

A
0
2 _
1
5 20

9,
1 2 9
E 2
1,13
1 2

1x2 2

_Xe_z i 40 40)
W= =3 i 230
16V 6V 3V 0

16-4i-6-— i+30-4i=0

i

4. Ans. x——V 121V iA
315
x+10-10 x+5-15 x—(-6) x-0
+ + +
20 10 10 20
x_4_6
10~ 10

=0
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5. Ans. 44
10V
50422760, % 50
\ VAN § 20_-- 50 AN
1o0v 10V ]_ 10V
4OI AAAA é | AAAA AAAA
110 1ﬂ 20 T IO
% i
10V 10V oV
: 32 10V
40 W
107" %
50 g AAYAYAY |
(B)50 50
Va=10V V=50V
5 =40V
R, =E+2R=5—R=109
2 2
_AV_20_ =4A (From B to A)
R 10
6. Ans. 25
Current in 60Q resistance = 14
Q=i2Rt=(1)2x60x7x60]
Q=mSAT = AT = 25°C
7. Ans. 124, -20W
=234 TR 54 ‘1_+_
5 5 5

15 %

T

- 25V

=l +i+i3+i2=12A
on = —20i3 =-20x1=-20W
8. Ans.R;=0.0278Q,R2=0.25Q,R3=25Q
ig=10mA @ZSQ
o o/

AW

R, | R, | R,

0 P Q R

10A 1A 0.1A
For O-R (0.1 -ig) (Ri+ R2+ R3) =igx 25
for 0-Q (1 -1iy) (R1+ R2) =iy (25 + R3)
for 0-P (10 - ig) R1 =iy (25 + R2 + R3)

www.allen.in
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9.

10.

Ans. (i) 1.01Q (ii) 0-5 4, 0-10V, (iii) 0.05 A

()

(i)

(iii)

1x99
r,=
100
3__ 12
r+2+0.99

12V
—

=0.99Q

r

MWWy
20

r+299=4
12V 4010
—AWAWW—

—]
20)

WWv

®

r=101Q
rv=99+101=200W
12

1,014 2%200
200

i= 4A

V=8V
Range of voltmeter = Zx 8=10V

Range of ammeter = 54
1(5-i)) =994
5=100i,

ig=0.054

Ans. (a) +ve, E1 > E (b) -ve

N

B

In this case deflection will decreasing if move from A to B

E1>E

E
—

B
5]
|y
II

G

In this case if we move jockey from A to B deflection will be increased.

[220]
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11. Ans. 4
Vac=0.4x10 =4V
5-i(1)=4 ; i=14
i(R)=4
R =40
12. Ans. 2
Initial capacitance Co = 4 eoRo
Now, when they are combined to form a bigger drop of radius R
Total volume of mercury is same.
Final volume = 8 x Initial volume of each drop
~t R =8xfnR3
3 3
R3 = 8R3
R=2R,
Final capacitance ¢ = 4meg R = 2 x 4meoRo
C=2Co
13. Ans. 5
C:%: 1 ¢ _1
5
jE dx
0
3
14. Ans. > uF
C C 32/9
Ae—1] - |
8/3 = —8/9 =
Be Be
QC 32
= 329 =1 = C=—uF
32, . 23
15. Ans. 12 uC
Initial circuit
0= 2L )w24=16¢
2+1
24— 1 ::Q ::Qz
-Q —Q
Q1
2 ::Q 0
www.allen.in [221]
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16.

17.

18.

Final circuit

-
12 24
12V 1= A==2
-12 o4
24 — X
12V| 2 == 24 B“112
e —24

Initially charge on A and B combined is 0 and finally at is -12.

So charge flowing is 12 pC.

Ans. 30V

1 1
Vl.VZ—%.E I:
Vi:Vp=1:3 PR £ SR £ N

1 , 3C

V1= ZVS = V3=8V a “ ”

4 1 8 4 ¢
V:V:_:— = — = —
ST v, 15 =g
Va=30V V2w

100
Ans. (a) 7 volts; (b) 28.56 pC, 42.84 uC, 71.4 pC, 22.88 pC

.|||”_

2x+3x+5x+4(x-20)=120

14x =200
100
x=—— Volt
7
Ans. 30
q_0Q-q
c C
C+C 4
- 1 [ cc sz cg N
0 0 __"'Q_q __((1:
a. Q2 _ Gl “T-a Ta
c (C+C, C+C,
10x12
- =
c+10
C=30

[222]
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19.

20.

21.

Ans. 2.5 kV
leax =3Cx103C.

QZmax =4 (Cx103C.
_ 3Cx10°x5C _5

Qmex for first branch 3C x 103C=y ="—""—""""" = —_ KV
max 6C2 2
Similarly for second branch
Qimax=7C x103 C, Q2max = 6C x 103C

3
L6000 204y
1C 7

max,

The two branches are in parallel. So in order to find max value of voltage for which no capacitor
breaks down should be V. .

Ans. Q4= 90 pC, Qz= 150 pC, Qc= 210 pC, U= 47.4 mj, Us= 18mJ

| / q | 1=9g
10 l 11
—360 (360 —q)
3::300 2 3—(B00-q) —2
—300 T360 —(300—q) (360 —q)
Initial circuit Final circuit

Applying K.V.L. in final circuit
300—q _g+360—q —0
3 2 2
Qc=q=210puC
Q4a=90 uC
Qp=150 uC

1 ] 1 ]
U, =5x3(10 °)(100)" +§(2)(180)2x10 °

1(210)’

2 2
(162100 1001, 1050

3 2 2

x107°
2 2 J

Ans. 16
Wex: + Wbattery =AU
Wext =AU - Wbattery
U, =Lrev?

2

1
Ufzzcv2
1 2
AU:Ex(l—k)CV
Ws = AQV
Qi=kCV
Q=CV
AQ=(1-k)CV
= W,=r
2
=16 x 10-6] = 16/

-12 —4
(k—l)CVz =1><4><8.85><10 ><2(:0><10 410"
2 0.885x10"
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22. Ans. 6
Q=CV=600x10-12x 200 =12x10-8C IIC=600 PF
+Q”—Q

Initial energy = %CV2

%x600x10"12 % (200)

=200V

<

=12y

When connected to another uncharged capacitor Q'—qQ
Charge will be equally distributed on identical capacitor

Q’=Q=6><10‘8 Q' ,-Q'

2 [
12 12
Final energy = 2x Q_ = Q_
&Y 2 C

(6x10°)
600x107"
Energy lost = Initial energy - Final energy
= (12-6) W = 61/
23. Ans. 300
E=10% x 107 =106 V/m

3
E=Y —100=1% 4-103m
d d

=6y

- k“:'o —90x10-2= 2™ 1 103

C
10° 36n

A=300x10-6m2
A =300 mm?
24. Ans. 3
Initial charge on capacitor = CE

Initial potential energy of capacitor =

A
Now, C:SO—
d

g,A g,kA

, in series with

And new capacitance : C'=

C'= ZSC;’A series 46,4

d

A 4e A 4
oA 2x4 zg_oziC:Newcharge=—CE
2+4) 3d 3 3

1 4 2
New energy = —x—CE* ==CE*
2 3 3

Now W,

battery

=AH+AU

= E[%CE—CEJ:AHJr%CEz —%CEZ = AH :%CEZ

[224 ]
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25. Ans. qulCEE
2 K+1 C C

ce . . . I I
q= > (with no dielectric)

When dielectric is filed [1]+
_ C-KC
" (1+K)C
_ KC
" 1+K

., KC , kc ce
= change How=q¢' - ¢ =——-——
(1+k) 1+k 2

q

Change how = CefK-1
2\ K+1

26. Ans. dC,, =m1kzdlog£%]
(k1 _kZ)E ?

1 _ 1 1
dc,, dc, dc,
dl dZ

= +
kg, A, ke A,

net

_d—xtan¢ N xtan¢
kg A, k,e,A,

g adx
-[ AC,e :I d—xtar(l)(b N xtan¢
kl kZ
dc,,, =ﬂ1k2d(1ogk1 ~logk,)
(kl _kZ)E

k. k k
dc. . =507 Zd log(k—lJ
(kl _kZ) 2

a
_g,bV?(k-1)
2dg

27. Ans. M

g,bV?(k—-1)

Electric field attracts the dielectric into the capacitor with a force F = 4

g,bV?(k-1) Mg
2d

g,bV?(k-1)
2dg

M=
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28. Ans. Vo _Nk. -1
V2

Jk, -1
C, = k,e,bx c,- &bl —x)
d d
Chet = C1 + (2

=%’[klx+€1 —x]

Chet 2%[(1(1 —1)X+€1]

bV2
u:%CVl2 L

[¢, +x(k—1)]

g,bV?
F=2""1 (1
g (k=1)

. Fx2d V- Fx2d V- Fx2d
" e,b(k,-1) —h \/sob(kl—l)' * \gb(k,-1)

v, k-1
kg -1

29, Ans. 8.37W

1Q 1 502 —t/RC2
==X —ZCWP(1-e
2 -2 o ( )

o

du =16V02 x2(1—e " )xe /R x —
dc 2 RC

% — V??z(l_et/RC) eft/RC
du _6x6
de 1

@=8.37w

dt
30. Ans. 18
Vol. across Ry, V=IR;

(e -e”)

v=_E p=_25

R ™

V=4 volt

Vol. across C, V¢ = % =2 volt

Changeq=CV=3x2=6uC
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31. Ans. E=1.59 x 1015/

_AKe;, 20x10™*x5x8.85x10"
d 1x107°

C

C=88.5%x10""*F
Q =CV(1—e /RO

-8.9x107*
—88.5x107"2 ><6{1_e 8351010}

= 830.97C

p_1Q°_530.97x53097
2C 2x885x10™"

32. Ans. q1=2x10-6C, g2=8x10-¢C, q3=9%10-6C, q4=12x10-6C

= 1.59x1015]

g, =3x10°x3=9x10"°C 10 20
AW ——AAMA—————
g, =4x10°x3=12x10"°C 2A |
I
_ I
q,=C\V, q,=2x10"°x4 1A
:1)(10_6 XZ :8X10_6C -—A\WWWy \d MWWV
=2x107"°C

33. Ans. 750
Just after closing switch no current flows through Rz so [ =3 mA

Long time after closing switch no current flows through Cso I =2 mA

Steady

Directly after re-opening the switch no current flows through R; and the capacitor will discharge

through Rz so I3 =2 mA

34. Ans. 225
2 12 QH_Q
1(15)*x10~
U=5——F+—Xx55=1031.25
2 6x107° W R%
6R
on 2R
Energy in — is o 5 _Ux6 W
M B TR T A
5 3R
Energy emitted in 3R
|1
Ux6_6R !
E= X—
11 5 R Y
3R
-0 AW
1115 6R/5
=225x106]

www.allen.in
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CVR R, +R
35.  Ans. Qo= ——2 andg= L0
R, +R, CR /R,
cv
Q0= XR2
R, +R,
o= 1 :R1 +R,
quC RR,C
cv R.R
Qmax = x Ry, Req = =
R, +R, R, +R,

36. Ans. (a) QZ%V(l_ e

(b) i_l_le—Zt/SRC L

2R 6R 2R

Let at any time ¢ charge on capacitor C be Q and currents are as shown in figure. Since charge g will
increase with time ¢,

1= —

dt
(a) Applying Kirchoff's second law in the loop MNABM, we get
V=(i—i,)R+iR or V =2iR—i R
Similarly, applying Kirchoff’s second law in loop MNSTM, we have
V=iR+ Q +IR
C
Eliminating i from egs. (i) and (ii), we get

1 2
v=3iR+22 or 3i,R=v -2 or i, =~ y-2
c 3R C

or d—Q—i(V—@) or dQ__dt

dt 3R c y_20 3R
C
or IQ dQ :J'tﬂ
0., 2Q J03R
e

This equation gives

Q= %(1 _e—Zt/SRC)

. dQ VvV —2t/3RC
b [ =—=—e¢
() 4, dt 3R

From eq (i), we get

—2t/3RC

veir V3
2R 2R
Current through AB is
_ |4 |4 —2t/3RC
\=—————¢€
2R 6R

,=i—1

[228 ]
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EXERCISE - JEE (Main) PYQ

1. Ans. (3)
Total power (P) = (15 x 40) + (5 x 100) + (5 x 80) + (1 x 1000) = 2500W
P=VI
2500
I=——A
220
125

11
=11.34

Minimum capacity should be 12 A.
2. Ans. (1)

Electric field inside dielectric, - =3 x 104
Ke,

= 06=2.2x8.85x%x10-12x 3 x 104
=6x107C/m?
3. Ans. (1)

15 6V~ I
:

i
I
1
S|
w
1
(e
[E=
w
>
“www—]
=
|
o
<
_l
O
<

From +ve to -ve ®
QtoP.
4. Ans. (4)

_ 3¢
C3+C — L +Q —-Q +Q —Q

|
I
Q=CeqE C HZuF =| C 3uF
2CE 3CE

%= (c+3) " (c+3) 'E E

eq

Q2 when c=1uF = ZE{%} =

1

Q2/when c=3uF = ZEI:E} =F

dQ 2E -3
dc (C+3)

(-1) = >0
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5.

6.

Ans. (4)

Q=24+18=42 uc
- ke
r2

= E-=

(30)°
Ans. (2)

—

P.D. should remain same
1mA x100=9.999 R

R= T 0.01W
99.99
Ans. (3)

Heat generation in r will be, H =1’r,

2
H= 4 X d r= L
Rr  R+r R(R+2r

R+
R+r

dH R
Putting — =0 gives, r=—
g dr g >

1
Hence, f==
f 2

Ans. (3)
4uf 4uf

Ans. (1)
2V 4y 2V 2y 2V

[ d5 et

6V 2v 4V gy 2V

9 —6
9x10"x42x10 =420 N/C

————————————————————————————  Ammeter
B SO

6uf

3uF
Il
4uF +6pc | 1-6uc
||
11 _
+24uc —24uc +18“C“ 18uc
I
2uF 9uF
||
+16pc' '—16uc
+| =
II
8Vv

ov

p.d. across each resistance is zero so current is also zero.

[230]
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10. Ans. (1)
It steady state, current through AB =0

= VAB = VCD E r
r
= V= X1y |=Vep B— A
r+r, C
= Qc=CVis b e

r+r,

11. Ans. (2)
To hold 1 KV potential difference.
Minimum four capacitors are required in series.

1 : 8 Parallel
=  (,=— for one series.
' HHH
So, for Ceq to be 2uF, 8 parallel combinations are required. HHH
=  Minimum no. of capacitors = 8 x 4 = 32.
12. Ans.(4) I
? 1KV
Using formula r=R ({,—1 — )
2
—5(52 1)—5><12—15f2
" \40 ST T40 0 T
13. Ans. (4)
Q=(kAQV

+Q

. (Exgo pj 2ov) —yl/
= 3;00 p§= 3nC %(//////////Q

Induced charges on dielectric

Qind = Q (1—lj:3nC(1—§j:1.2nC
K 5

<

14. Ans. (2)

P

G O Y Golden

5 3 10° 5%

R=53x104+5% =530k +5%
15. Ans. (4)

. €

] =——

13r

il X12r |22
L 2

21X 92 |=
13r| L

www.allen.in [231]
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16. Ans. (4)
E
Casel i,= =(C0
B T 220+R, W
ool i E L5 _co i)
dase g: R = w11
220+ Ra | (R;+5) 5
5+Rg
SE (8 )
~ 225R +1100 5 -~
E
=(0 ()
220+R,
225R +1100
1100+5R,
— 5500 + 25R, = 225R, + 1100
200R, = 4400
Ry =220
17. Ans. (3)
y_d
X_CI
y=2x ’1
a y
d N A
dy =—(dx) X dx R
a < d >

1__y ()
dc KE-adx €;,adx

11 [X+d—yj

%_eo adx \ k

ij=j SH adx
X+d—y
k

(1-Kkd |~ d (1-k)d \k)~ (k-1)d

1
ke, d , d+d(k_1j ke d’ . (1J_keoazﬁnk

[232]
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18. Ans. (1)
: -3
Figure of Merit = C = é =C= 6X20 —3x1073 Ant?
19. Ans. (1)
As K is variable we take a plate element of Area A and thickness dx at distance x Capacitance of
element
dC:(A)K(1+ocx)s0 ]
dx
Now all such elements are is series so equivalent capacitance X dx
1 ¢1 _T dx
C *dC J AKe,(1+ax)
1 1 1+od
—= In
C adKg, 1
2 3
1 1 od d
11 [ (ed)] (o)
C o0AdKg, 2 3
1 od ad (Otd)2
= == 1-——+—=
C adKg, 2 3
1 d 1- od
C AKg, 2
c - AKe, [ 1, od j
d 2
20. Ans. (3)
V=E-ir/2
1.5V r
1.2:1.5-1'[—] — 1 —WW— /2
ﬂ/ r 1.5V||_
r —
i5=03 Afg% AW\
i 0Q 10Q
=2 1014715 vt
10+7 2
2
10i=15-0.3
i=0124
= r=25_50
0.12
21. Ans. (4)
o q 7x107°
ASE 30nx10x T x3.6x107
4nx9x10
K==8%7 _333
30x3.6
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22. Ans. (20)

.2V 2
11 ==
50 5
w1
20 2
Current through voltmeter = i —i

_1 2 5-4 1
2 5 10 10
For voltmeter
(5)
2= — |[R=R=20Q
10

23. Ans. (25)

R= p% be the initial resistance new resistance R'= p% = 1.25p% =1.25R
Percentage change = 125% x100=25%

24. Ans. (5)
oo g,A

(d¢)

N x200x10™*

4x1073
x=5
The situation is equivalent to a conducting slab placed between the plates
25. Ans. (3)
Forx = i
3
c - € A _ s A :EOAX(EJ
! (d/3 2dj d 2d d 9
k 3 12 3
4e, A
C,=———=2uF
17374 W
For x= ﬁ
3
c, - s A _S A «2
(2(1 /3 dj d
7_’_7
k 3

6
=  —x2=3uF
4 n
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1. Ans. (ABD)

—— (G + 4990) = 30
1000

]

30,000
= G+4990= . = 5000

= 6=10
6 6
x10 = | 1.5-—— S
1000 1000
60 2n
- ==
1494 249
249X30 2490
- n= = :5
1494 498

3. Ans. (AD)
C= Ke A N 2e,A
3d 3d
Cy = Ke A
3d

C _2+K pps, (D)
C

1

E1=E2=-K
d

= Ei_; Ans.(A)
E

2

Ke A
=CV=—"21yV
G=ar==
0r=CV = ZSOAV
d
- @ _K
Q, 2
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4. Ans. (B)
R4, and Ry are Parallel to each other
1 1 1
Req Ra1  RFe
 2.7%x10”8x(.05)
(.007)%=(.002)*
2.7x1078x5
Ryy=———=3x10-5
10~6x45x100
~ 1.0x1077x(.05)
T (002)2
-7
10 5
Rpe = 5x1072=3x10"3
Fe ™ 4x107° 4
1 1 4 10°  4x103
= s + 3 = — 4
Req 3x10 5x10 3 5
1 15 15
Req 5x105+12x103  5.12X10°
1 150 9 1875 0
Req 512/ 7 T6a
5. Ans. (1)
3 R
v AW
4
6.5V = AW
10Q
12Q 4Q
U
3 12
v AN
4
6.5V = AW
10Q
12Q 4Q
U
6Q %ZQ
6.5V AW
10Q
12Q 4Q

[236]
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5o

6. Ans. (C)
Suppose charge per unit length at any instant is A and initially it is Ao

Electric field at a distance r any instant is

A
- 2TET

A
2TET

J=0c

aq _ .
— =) =-]x 2nr¢

aif A
—_— = - X o2nré
dt 2TET

A =hoe €
J=Joe e
7. Ans. (B)

Balls placed on +ve plate become positive charge and move upward due to electric field.

These balls on colliding with negative plate become negatively charged and move opposite to the

direction of electric field.

8 Ans. (A) Just before collision 2d|  Just after collision
K V,r
—q = VO = q = O— —v Pl 2q
r K o C
1(qE\ , 1Vyr 2V, h? mk a
L PO PP L
2\m 2K h V2 r 2V, [
E=—
h
. h |mk N
2

During every collision 2q charge will flow from ‘ q
circuit.

2q 2V¢ rVr )
Average current I,y = : = h mk NG IypgaVy
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9. Ans. (ABCD)
(A) Att=0, capacitor acts as short-circuit

At t — oo, capacitor acts as open circuit and no current flows through voltmeter.

q, :2CV(1_e—t/ZCR) x= %e—t/ZCR

_ |74
=CV(1—e/2R) y— L gt/2r

q
AV =—y2R+1x
YEToe

= V[1-2e/*"]=0
(C) t=1sec
So, by i =ipe-t/*current att = 1 sec.is = ip/e
(D) After long time no current flows since both capacitor and voltmeter does not allow.
10. Ans. (BC)

1
VE
Range = iy(2R¢ + 2R)

R R
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Range = 2i; x Req

R
= 2i, [2R+—CJ
2

=iy (4R + R¢)

R
R, < 5
2Rc<R=Rangein1 < 3i4R
Range in 2 > 4i,R

So (B)
©
©
o n _
i AW
R
AW\

Range =i, + 4igFC

2R
=2i 1+—C
912 R

R. R
\2 R R

So (C)

11. Ans. (A)
When switch is closed for A very long-time capacitor will get fully R
charged and charge on capacitor will be g = CV.
Energy stored in capacitor,

ECZ%CVZ -(1)

Work done by battery (®) = Vq = VCV = CV2
Dissipated across resistance €, = (work done by battery) - (energy store)

€,=CV? —%CVZ :%CVZ (i)

From (i) and (ii)

Ep=€C,

www.allen.in [239]
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12.

Ans. (A)
For process (1)
Charge on capacitor = %
2 2
Energy stored in capacitor = ECV_O = vy
2 9 18
2
Work done by battery = CVy Vo vy
3 3 9
Heat loss = 2CY,

For process (2)

Charge on capacitor = %

CcV
Extra charge flow through battery ?0

cv, 2V 2
Work done by battery : TO_O = 20V

3 9
2 2
1 .2V 4CV,
Final energy store in capacitor: =C| —2 | = 0
2 3 18

4CV2 CVE 3CV¢
18 18 18
Heat loss in process (2) = work done by battery in process (2)
_2CV? 3CVE  CV?
9 18 18

Energy store in process 2 :

For process (3)
Charge on capacitor = CVy

Extra charge flow through battery : CV, - ZC;/O = %
cv, cv;
Work done by battery in this process : [?‘)](VO )= 30

1
Find energy store in capacitor : EC A

2 2
Energy stored in this process : 1CVO2 _Acvy =5C_V0
2 18 18
2 2 2
Heat loss in process (3) : CVy _5CVy _CVy
18 18
cv: cv?: cv: cv?
Now total heatloss (Ep) : —% +—0 4 =0 —~70
18 18 18 6

: . . 1
Final energy store in capacitor : EC A

So we can say that Ep = %(%CVOZJ

- energy store in capacitor process (2)

[ 240 ]
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13. Ans. (1.50)

|

+8uC

V=8V T 8uC

Selllll =3¢
—3uC

T—BHC

Applying loop rule

1uC

er=1.50
14. Ans. (AC)
2uA
—A\AMVWY MWW
10Q R,

0.1=2x10-6 (10 + Ry)
Ry=49990 Q

1mA 2uA 10Q
——— AW

MWW
l{A

2x10-6x10=103Rys
R,=0.02Q
50000

Y 1000
X A
(A) Ty W

y 50000 = (x-y) 1000
S5ly=x

y50000
Reading = ~ 980
x

www.allen.in
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15. Ans. (CD)
PrEOHF 5v 300

4V
i — —ww\—
Ca
1S 1
C1=10pF C2=30pF — 80pF
R C
3
30Q
700 10V
T 10V AAAAA
0 Q0 100Q@ 9

(1) Att=0, capacitor C acts as A battery of 4V, C4 and Cs of each, C; is shorted circuit is

L L, L

4V
70Q 30Q 130Q
4V J— J-10v
6
=i= =0.0794
=
91/2Q 30Q 30421
(2) and (4)

At steady state, When capacitor is fully charged it behave as open circuit and current through it
Zero.
Hence, Charge on each capacitor is same.

Q=CeqqV=(8pF) x5

Q=40puC

40

Now, V, _E:VQ

V, -V, =4V

(3) Att=0,S1is closed, capacitor act as short circuit.

i= L2 o5ma
R, 200
16.  Ans. (0.99 to 1.01)
8=dx—i m_x
N N d
] K .
szK(1+Ej g
= K =K 1+ij L5 dx .
d « d >
C,:KmAeo
dx
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L_T dx 1 J- dx
C, vK,Ae, KAe, (1 xj

e

d
= L: d {Kn(lJrfﬂ
C, KAe, d)j]|,

K:eo [énZ —En(l)]

C. - KAe,
" d(n2
= oa=1
17. Ans. (AC)

d

eq

=

dR
(1)

2) E=—=—

Vo
di = 57 = ne(tdr) (va)
tdr
Vo (tdr)

pTYT

= ne(tdr)(v)

Vo
nepmr

vel=v =

Av =p.d. c v2
And v oc vy

(4)

1
1
1
1
1
'}

Electrons are moving in circle so required centripetal force = = eE so direction of electric filed

is radially outward so inner layer is at higher potential.

www.allen.in [243]



ALLEN

JEE (Main + Advanced) : Physics

18. Ans. (0.27)
When temperature of R is increased
R3=300[1+0.004 x 100]

=312Q
L 50 _50A
17 312+60 372

50 5

I = %00 = 504
Ve—V, =1 ><312—50><312
S Q — 11 _ﬁ

5
Vr—V,=1, X500 =—x 500
roreT 2 60
V. V—50x312 5><500—02688
ST 7372 60 o
Vs-Vr=0.27
19. Ans. (3)

—E 4 i(25) = ~i(14)
(25 + 14 E
i + =—
( ) >
39E _E
T'1+75_2
r1=3Q

20. Ans. (1.33)
21.  Ans. (0.67)
Solution for Question No. 20 and 21
Switch connected to position 'P'
V,-1-i,-1+2-2i, =V,
3i, =1

Potential drop across capacitor, AV = gvolt

Charge on capacitor q, =CAV

O,
Ri=60Q p  R=1000
4 A ? A A A A
i
o
S{Re=3120 © [ Re=b00Q [T
MWL e
Q
E
| 1 Ro/2 —— +1i(25)
E/2
r
. 0
) 72 28 x4
360 140
i A i
; AW AW
10 20 .
r 1
1
+
4, == C=1yF —
2V
i1
: .
i 10 A 20

“1xd e .
3 1
q,=1.33pC ——C=1pF 2V——
Switch at Position 'Q’
V,-1-i,+2-2i,=V,
3i,=2 B
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2
i,=—A
‘3
V,—i,x1=V,
. 2
V,-V, =12><1=§ volt

Potential difference across capacitor

AV = 2 volt
3
Charge on capacitor g, =CAV
2
=1 ><§ =0.67uC

22.  Ans. (ABCD)
From KCL
I1+ix+i3= 0
18-V, N 12-V, 4 0-V, _
3/2 1/2 3/2

= 18-Vo+36-3Vo-Vo=0

= 54 =5V,
I, :§=7.2A
5
1, =8-124
* 5
I, :ﬁ=4.8A
5
I, =E=2.4A
5
23. Ans. (5)
For the balanced Wheatstone bridge
Ofpdx
R, ¢ mr;
R, j‘ pdx
o5 Ty

R1=5R;=5Q
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24.

25.

When both switches are open equivalent resistance in circuit 1

Ans. (AB(C)
Case (I)
LT
11

Equivalent resistance in circuit 2

R, %0
2 11

For voltage source
V2
P=-—
R

Pocl
R

R. >R

G Gy
= P, > P; (Option (A) correct)
For constant current source
P=i2R
PxR
= P> P, (Option (B) correct)
Case-II

When switch is closed

R\, =20
11
B |
I'?C2 :EQ
R': <R

For voltage source

P % = Q, > P, (Option (C) correct)

and R', >R';

For current source P o« R

Q1 > Q- (Option (D) also correct)

Ans. (8)

Potential difference across the terminals of Cz is 2V.

Q3=CV=(4p) (2) =8uC

[ 246 ]
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26.  Ans. (ABCD)

By writing voltage drop across 1Q

= 0+5+1x1=V | I WAAN——————
V=6
=  Similarly across R 0 "_?Vl 1Q 1A v
0+15-IxR=6
IR=9
= Across 3Q2 YAAAA% -~
6-3L=0
L=2A
Hence option (B) is correct
= I=1+2 (by KCL)
=3
IR=9
R=3Q
Option (A) is correct Eeq =I
15,5,0 d
=%=1ox§=6v
37173
Gmax=2x 6=12pC H N

Ieq=0.6Q

€

27. Ans. (B)

In t = 10 sec volume of liquid is

V=2500cc
h= 2500 =10cm
50x5
C - Aek
T d
50x107°x10x107%g,x3
= 2 =3¢,
5x10
C - Ag, _ 50x107° x4(1:<10’280 _ 4z,
d 5x10
C= Ca + Cd = 780

=7x9x10-12=63 Pf
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1.

JEE (Main) Practice Paper

SECTION-A
Ans. (1)
Equivalent resistance
Ri=Z
3
Rz =3r
R3=r+ r_ 3
2 2
Rz (NE) 2
r+2r 3
= R, >R, >R, >R,
We know,
P=1I2R

P« R (Isame)
=P, >P,>P,>P

Ans. (1)

R
Increase in cross-section area will not affect then ratio of [—1j

2

Ans. (2)

Loop1 > 4—i, +2-2i, =0 20 0 Q(0)
i, =24 (312)
v, +2-2(2)=V, 2V [y 30

11 11 .

V,—-V,=24 P(x) 10 (4)2Q 2

Ans. (2) v

Vo2

Poc Vi B

Ans. (3)

For balanced wheatstone bridge

R, R,

R, R,

(1) The above condition is independent of emf of cell, so if battery emf is increased the bridge will

(2)

remain balanced.

R _R

RZ - R4

R +10 R;+10

R,+10 R,+10

= (R, +10)(R, +10)=(R, +10)(R,+10)

=R/R, +10(R, +R,)+100=R,R, +10(R, +R,)+100

This condition will not yield the balanced wheat stone bridge.

[ 248 ]
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3) 5R, B SR, - R, R,
5R, 5R, R, R,
hence, condition remains same.

(4) If galvanometer and cell are interchanged.

R,_R_R_R
R4 RZ RZ R4
Condition remains same.
6. Ans. (1)
(X xX_1 4X Y
1= 5~ —=— (1
(zoj (soj =Yy (1)
X 1
ﬂZL >—=—" -(2)
[ 100-1 Y 4(100-1)
1 |
From equation (1) and (2) o>~ =————
a (1) (2) 4 4(100-1)

100-1=1=1=50cm
Null point = 50 cm (Mid point)

7. Ans. (3)
For balanced meter bridge -
‘. R
100-¢, S
_29 _ R R=3Q
100-2.9 100

On improving accuracy the null point should be found near the middle of the meter bridge wire, i.e.
both the known and unknown resistance should be nearly equal.

Rl _ p_s-30
S 1
8. Ans. (3)
R= K = @ 4A 20V
X OFE
Since, voltmeter is non-ideal, so same current will °
also pass through it. iz

iy <4A32RTO<4:R>SQ

9. Ans. (1)
Reg=Ri+ Rz || Ry A(120) B(0)
=60+ 60 || 120 = 60 + 222120 _
60+120 i
=100 0 R R
i=12A4A
Voltmeter reading =i (Rz || Rv)
=1.2(60]] 120)
=1.2%x40=48V
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10. Ans.(3)
When both switch open
100Q2
; 50Q
1
300Q2 1.5V
. 1.5 . 1
f=—————————— =i, =——Amp
50+300+100 300
When both switch closed
+1.5-300i - 100 x 1 =0 100Q
300 1
e 300 R
6x300 .
i
1) 1 —]
R(’_ﬁj‘looxgoo 300Q 1.5V
7 _ 1 ).1
6x300 300) 3
R=600Q
11. Ans. (1)
_Q 6C 75y 2C
V_E |_._|B B
1 6C /7 N\ 2¢
Ve = 6C —=3C —=C —=2C Vi W,
‘ 10V FARNTI oV
V. G _V,_2_1 o ITc
YV c "V 6 3 10V~ 1ov il oV
v, C v, 6 3 10v C 200 A II AAA
1 A by 1ov  20Q
= V= x100=25V ov
12. Ans. (2)
2
2 5x107°
S .
24g, 2x0.3x8.85x10
13. Ans. (4)
Q/2 13Q/2 -3Q/2|Q/2
av =3¢
2C
i3)
y=2\2)
c
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14. Ans. (2)
Solving the circuit using following steps
\Y% C x C

I
oF——
_ln

0 )
A_lc C/2
- =—C C
[ /\B

B\

1.5C

C=— 2.5
= \

B

Resultant capacitance of the circuit = 1.6C.
15. Ans. (2)

Let M = {Area=A/2} |(|: BIE:
2d 11 11
3¢, (20)(4C)
eq— —— A~ 4~ |1 |1
C+3C 2C+4C 1 1
2C 4C
4 3 24 d
16. Ans. (2)
2 Lo
2uF| L
i 3
1v 2 2Q
L, 2/3V
i
_2-1_1
3 3
2
=|2——|[x3
o-(2-3)
www.allen.in [251]
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17. Ans. (3)

From the diagram
Q=78+42=12yC

20 20
|
E=20+10=30V | 12uF
V=Q/C=10V 7uF T V=6V
Q=CV=42uC
E=— 3.9uF —
Q=CV=784C
3uF ==V=42uC
V=Q/C=14Volt
0 0 0
18. Ans. (4)

When capacitors are connected in series, charges is same but potential drop is different across the
capacitors -

Q° 1

E==_ = E oc— same

°C c Q )
= Q>P
Now, capacitors charged separately using same battery

E=Lcv?

2
=  Eox(C (vissame)
= R>S

19. Ans. (3)

C
=
Q (Q'311__% nC

3 Q-3
37 ¢ Q Q=9
20. Ans. (2)
Capacitance are
A A
Cag = 80—, Cic= Sof
€1 EZ
0, >0,
=  Cpe>Cyy
Also,
Cap= 1, Cpe= L2
AB VBC
_ aQ 9
But Vap=Vece = ——<-—==¢q,>q,
AB BC

Hence, charge on C increases and on A decreases. Thus, attraction of B and C increases and that of
A and B decreases.

So, net force will act towards right.
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SECTION-B
1. Ans. (5)
Q(H%AT) _3R(1+20AT)(1+0aAT)
3(1+20AT)+(1+0AT)
1(1+aeﬁAT)=M
4 (4+70AT)
7
(1 + 0. AT) = (1+3OLAT—ZO(.AT]
(1+a AT)=(1+EaATj
eff 4
2. Ans. (60)
20x0.3=151 i
A‘/\ﬁM l
. 20x0.3 1 0.3A
L, = =0.4A —_——AMWA——
S 200 Cho
=i, +0.3+i, — W —
15Q

=  0.8=0.4+03+,

= 1,=014
20x0.3=1, xR,
= Rlzi:6OQ
0.1
3. Ans. (1)
R=p€/2
A
2R
R =
! 1+\/§
2+\/§
Req= R+&:R( )
2 1442
4
= R.\/_:p_
J24

4. Ans. (12)

If an ideal voltmeter with very high resistance is connected in series, then whole potential will drop

across it.
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5. Ans. (3)
As the potential difference is constant hence we can say that
le60 “C: VxC (1)

Now there is already 60 pC on the capacitor.
More 120 uC charge flows from battery.
Hence net charge on capacitor is
Q=180 uC=VxKC -(2)
(2)/(1)=3=K

6. Ans. (7)
3RxR 7R
eq= +R=—
3R+R 4
time constant (1) = %
7. Ans. (9) B A
In steady state there will be no current in the circuit
P.d across €2, =0 C,
So charge =0 v MWWy

P.d across €1 =9V l .
Q=9uC ' |
8. Ans. (2650) .
Using energy conservation -

1
“mv? =eV
2

o [V \/2><1.6><1019><20 ) 6510e
= = = /. X
\ 911x10°" m/s

9. Ans. (27)
When S open
q1=18uf= q2 = 18yf
\Y% \Y%
Vl:szl:l q 1292
3 6 B
Vi:Va=2:1 E

V1=2 x 9 = 6 volt
3

V, =3 volt

9},Lf 6V 36uf
9 127uf 0

30 60)
—AWWWWA—

6

When S closed.
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10. Ans. (12)

For loop ABEFGA

15 =3i1 + 3 (i1 + I2)

2i1+02=5 (1)
for loop ABCDEFGA

15 = Ri, +Ri, + R(il + iz)
= [,+3i,=5 (i)
from (i) & (ii)

i1=24,i=1A

Potential stress ‘C’ = Vpr = Vpg + Ver

Ve=Riz + R (i1+i2) =3(1) +3(3) = 12V

R=3Q p C=3uF

C F_j
. iz 3
112 R :R
i1 i1+iz
B R 5 " F
+ —_
A II G
15V

JEE (Advanced) Practice Paper

1. Ans. (C)
.12 =1Amp A B
(r+X+Y) v
(r+X+Y)=12
V, =1V =iX=1xX |
X=1Q 12Vr
r+Y=11
Now, 4 and B are shorted
vV, =iX
10:&){
(X+r)
1+r= 9
5
1
r=—
5
r=02Q
2 Ans. (C)
c.l__¢ Q 1
v T 4. X 4
jE.dx [3002+7) 3|7+ x
0 0 3 3 3 |,
3 Ans. (A)
After connecting
3Q/2
Q/2 Q/2
-3Q/2
. 3Q/2
Before connecting Q/2 Q/2
13Q | V=3Q/2C
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4. Ans. (B)
Charge will remain same & find potential is also same
From g=cv—c, =c, (D t
€A . .. : a —q
C, =g (initial capacitance) ..(2)
g,A j R J |
C, :O—t -(3) - d d+16
(d+1.6)-t+—
K
gA__ &d 5 X t=2mm
d d+1.6-2+—
K
Companing both side
1.6-2+ 2 =0
K
K=5
5. Ans. (C)
2 -12 —
1(15) %10 Q | Q
U=—()—_6><55 =1031.25
2 6x10 R
6R 1
Ux—
Energy in 6? is 11[? = U1X16 Aw%\,\R,V
5 AV
3R
Energy emitted in 3R
_Ux6 y 6R
115 —
3R R |
6U 6
= —X—
11 15
=225x 106 6R/5
6. Ans. (A)
Each plate is taking part in the formation of two capacitors except the plates at the ends.
oA

i

These capacitors are in parallel and n plates form (n - 1) capacitors.

Thus, equivalent capacitance between Aand B=(n-1) C.
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7.

10.

11.

Ans. (B)
E
A 'jB
1(2|3| [4]5
C
4—|
C
15—
2 C
_2CxC _ 2€)A
“3C 3d
1.4
=_ xE
¢ 3 d
Ans. (B)
C
Il
I TS
20— |

o=
O
\——
[\]

[ qp Ju
T

Redraw the circuit Ceq = C =

Ans. (D)

5=R+2=R=3Q

Ans. (D)

Pt

dW = i2Rdt

Insulated wall (AQ = 0)
dW=-dU

i*R

dU=1i2x100x5x60=30x103]Joule=30k/

Ans. (B)

v: (3)
Ry :?:%:189

Vun =3V
(ibulb) x18=3

1
Tpup = gAmpere

Apply KVL in ABCDEGA
+6-05i-4i-Vpr=0
Vpe =3V

3V, 0.5W
40
a8
MWW
R F
{—
6V 0.5Q

www.allen.in
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12.

13.

14.

15.

45i=3
i=2/3 Ampere
[ = ipup + IR
.21
p=——=
3 6
Vr=IirR

3=l><R
2

1
== Ampere
5 p

R=6Q
Ans. (BD)

i=1—0:1A
2+8

[(Eo+Eye)di=iR
Across BQ Enc=0
[Ecai=8j/cC

(1) jE*C.cﬁ=8]

Since, j E‘C.E@:O
loop

So, work done by conservative electric field while an unit charge goes from Q to P is -8 joule.

Now across the battery, we have

(1 I(E'NC)CTf =g=10joule
(B), (D)

Ans. (AC)
(R )22
“ \8+R )’ R,
2o 127 12° %2
P—IZR:R—Z = RZ

Pmax when Req — min

Ans. (ABD)

Power is maximum when r =R
=  Pmax=1x(r);  Ppax=5W

= r=l=0.2§2
5

Ans. (5)

R .

Ri_04_2_ p 2R,

R, 06 3 3
R,x10 2R,

R1: = —
R,+10 3

[ 258 ]
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16. Ans. (1)
P1=P;

Vv’ R - Vv’

‘R
(Ro+r) | (Ry+r)

Ri(R2 + )2 = Rz(R1 + 1)2

17. Ans. (C)
(P)
6 303 10
T 2uF
Re= 23 11230
6+3

Time constant (t) = Req x C

=3x2=6psec
Q)

Time constant (t) =2x1 =2 ps

(R)

— ] ——
1uF 40

Reg=1+4=5Q

Time constant (1) =5x1=5pus
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(S)
2 30
6/50Q
S5uF
30 20 - g
O
o
6/50
Req = é+9+0.6=1—5=3§2
5 5 5
Time constant (t) = Req x C=3x5=15ps
18. Ans. (B)

Potential gradient X =%

E> = (X)¢

A IFE T, x, 0l
B)IFRT , x4, ¢l
QIfE, T,¢0T
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