Level-l
Chapter 3

Current Electricity

Solutions |

SECTION - A

Objective Type Questions (One option is correct)

1. A voltmeter has resistance 2000 Q and range 0-5 V. For increasing its range upto 20 V, a resistance of

(1) 8000 Q should be connected in series (2) 6000 Q should be connected in series
(3) 8000 Q should be connected in parallel (4) 6000 Q should be connected in parallel
Sol. Answer (2)
5 20

I=m=m = x = 8000 — 2000 = 6000 Q (connected in series)

2. In the situation shown in figure, an ideal ammeter is connected across 7 Q resistors. Select the correct
statement from the following

(1) The current drawn by the battery is 1 A
(2) The currents through 2 Q and 7 Q are equal
(3) The rate of heat production in 7 Q is less than that in 2 Q
(4) Both (1) & (2)
Sol. Answer (3)

As ideal ammeter has zero resistance thus 7Q resistance will be shorted and all the current will pass through
the ammeter.

3. In the circuit shown below, the ammeter reading will be independent of R, when

f
1
|
X

iR

(1) R1+R2=r @) R1=2f’ (3) r=R1—R2 4) r=0
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Sol.

Sol.

Sol.

Answer (4)

If r = 0, potential difference across R, = E = constant. Hence, in this case current through R, does not
depend on R,.

What is the resistance of voltmeter shown in the circuit?

50V
VAVAVAVA AMA |
200 Q 800 0
3
!
100V
800
(1 3 Q (2) 800 Q (3) 1000 Q 4) 200 Q
Answer (2)
Voltage across 200 Q = 50 V 50V
So, equivalent resistance across voltmeter is also 200 Q
800
R TN 0 200 Q 800
le., 800 =20 3
—+R
3 I |
— R=800Q 100 v

A galvanometer of resistance 95 Q, shunted by a resistance of 5Q, gives a deflection of 50 divisions, when
joined in series with a resistance of 20 kQ2 and a 2.0 VV accumulator. The current sensitivity of the ammeter, in
divisions per A, is

M 5 (2) 1 3) 5 4 10

2
Answer (1)
Equivalent resistance of circuit = 20 kQ

a oy 950 20 kQ
i=—=——=10"*A ‘
20000 Q
N 5Q
50divisions 1 . . .
Cc t itivity =—————=—divisions/uA [}
urrent sensitivity 100 A 5 W Loxy

[Meter Bridge, Potentiometer]

In the meterbridge experiment, the null point is obtained at N. The value of unknown resistance X will be
R,=10Q x

] B ] B

(1) 60 Q 2) 40 Q @) 6Q 4 15Q
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Sol. Answer (4)

X -3x50=150
40 60 X7 -

7. In a potentiometer experiment, the balancing length for a cell was found to be 1.20 m. Now, a resistance of
10 Q is connected across the terminals of this cell and the balancing length becomes 80 cm. The internal
resistance of this cell is
M 2Q @ 5Q 3 15Q @4 15Q

Sol. Answer (2)

I
10+r

i

& _e—ir
12 0.8

On solving r=5 Q.

8. Two cells when connected in series are balanced on 6 m on a potentiometer. If the polarity of one of these
cell is reversed, they balance on 2 m. The ratio of e.m.f. of the two cells is

(1) 3:1 2 2:3 @ 4:3 4 2:1
Sol. Answer (4)
g+€, & —E,

6 2

Y41=38_3

[l

1_2
1

N

9. In the potentiometer circuit shown, the galvanometer shows no deflection for AD = 35 cm. The resistance of wire
AB is 18 Q and its length is 50 cm. Calculate the emf E of the cell.

(1 10V @ 14V 4 12V
Sol. Answer (3)
Current through the wire AB,

20V

“fsrga -
Rap _35
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7
= Rup=75%18

. 7x18
E=iR,,="2°x1 = 126V
10
[RC Circuit]
10. The power consumption by the circuit shown in figure at steady state is
5Q 4Q
_—[_ 230 _l_
o ] 49
[ 9OV
| I
(1) 18 W (2) 45W (3) 36W @4 9w
Sol. Answer (4)
At steady state, capacitor behaves “?A%A “A[A%A
as Open Circuit. YYYYVYY YYYY WYY
2 g2
P A oW
R 9
(Previous Year Questions) I I
9V

11. Consider a thin square sheet of side L and thickness {, made of a material of resistivity p. The resistance
between two opposite faces, shown by the shaded areas in the figure is

Ty,

IIIIIIIIIIIIIIII

(1) Directly proportional to L (2) Directly proportional to ¢
(3) Independent of L (4) Independent of ¢

Sol. Answer (3)
/
R=p—
PA
_oL
P
P

= 7 = Resistance is independent of L.

12. Incandescent bulbs are designed by keeping in mind that the resistance of their filament increases with the
increase in temperature. If at room temperature, 100 W, 60 W and 40 W bulbs have filament resistance R,
Rso and R,,, respectively, the relation between these resistance is

1 1 1 1 1 1

) Rigo ) R_40+R_eo (@) Rioo = Rio + Reo (3)  Rigo >Rso >Ry (4)
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Sol.

13.

Sol.

14.

Current Electricity Solutions of Assignment (Level-Il)
Answer (4)
2
p-v
R
1
— <P
=
L
= Ry Ry R

1

Normally 5— =5 T 5 could have been correct. But small change in resistance due to temperature
R100 R40 RGO

change can destroy the equality.

Figure shows three resistor configurations R1, R2 and R3 connected to 3 V battery. If the power dissipated
by the configuration R1, R2 and R3 is P1, P2 and P3, respectively, then

1Q
10 v 1Q
1Q 3V
. 1Q
10 3V
-3V 1Q 1Q
1Q
1Q 10 1Q
R1 R2 R3
(1) P1>P2>P3 (2) P1>P3>P2 () P2>P1>P3 4 P3>P2>P1
Answer (3)
R, =1 Q (Balanced Wheatstone bridge)
R,=05Q
Ry;=2Q
v? 1
As P = 7= P o R
To verify Ohm’s law, a student is provided with a test resistor R, a high resistance R,, a small resistance

R,, two identical galvanometers G, and G,, and a variable voltage source V. The correct circuit to carry out
the experiment is

) )
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Sol. Answer (3)

G, is used as voltmeter by connecting it in series with high resistance and applying it across R; in parallel
G, is used as ammeter by shunting it with small resistance and connecting in series with R

15. A resistance of 2 Q is connected across one gap of a meter-bridge (the length of the wire is 100 cm) and
an unknown resistance, greater than 2 Q, is connected across the other gap. When these resistances are
interchanged, the balance point shifts by 20 cm. Neglecting any corrections, the unknown resistance is
(1 3Q 2 4Q 3) 5Q @4 6Q

Sol. Answer (1)

In first situation, the balancing length is at a distance ‘x’ from left end and 100 — x from other end. In second
case, balancing length is at a distance 100 — x from left end. ... shift is (100 — x) — x = 20 cm

x =40 cm, 100 — x = 60 cm

R 60 . .

—=-—(by Wheatstone bridge principle)
2 40

or R=3Q

16. During an experiment with a metre bridge, the galvanometer shows a null point when the jockey is pressed
at 40.0 cm using a standard resistance of 90 Q, as shown in the figure. The least count of the scale used

in the metre bridge is 1 mm. The unknown resistance is
"
{1

R 90 Q

40.0.cm
(1) 60 £0.15 Q (2) 135+ 0.56 Q
(3) 60 £0.25Q (4) 135+0.23 Q
Sol. Answer (3)

Ri__ R
x (100 - x) (Balanced Wheatstone)
For R,
R 90 90 x 40
—=—=R-=
40 60 60
R X

90 100-x
For AR,

INR=Inx-In(100 - x)

Aakash Educational Services Limited - Regd. Office : Aakash Tower, 8, Pusa Road, New Delhi-110005 Ph.011-47623456



46 Current Electricity Solutions of Assignment (Level-Il)

AR _ Ax A(100-x)
R x (100-x)

AR _Ax  Ax

+—
R x (100 -x)
AR:(E+E]6O
40 60
AR =025Q
= R=60+025Q

17. A meter bridge is set-up as shown, to determine an unknown resistance X using a standard 10 ohm resistor.
The galvanometer shows null point when tapping key is at 52 cm mark. The end corrections are 1 cm and 2
cm respectively for the ends A and B. The determined value of X is

X 10Q
o] [6 o 3] [5
A B
(1) 10.2 ohm ) 10.6.0hm
(3) 10.8 ohm @) 11.1 ohm

Sol. Answer (2)

X _10
53 50
= X=106Q

18. A circuit is connected as shown in the figure with the switch S open. When the switch is closed, the total
amount of charge that flows from Y to X is

-

(1 0

(3) 27 uC
Sol. Answer (3)

The circuit before closing switch is shown

R

1] H
E—18uC +1_8uC

1A 30 6Q

L
9V
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19.

The circuit after closing the switch is shown

WF - piF
1] 1]
“9uC| +36uC
3V E—6V —>
3Q 6Q
1A 1A

Initially, the charge in dotted region is zero
Finally, the charge in dotted region is +27 uC (=36 — 9)
27uC charge flows from Y to X.

An infinite line charge of uniform electric charge density A lies along the axis of an electrically conducting infinite
cylindrical shell of radius R. At time t = 0, the space inside the cylinder is filled with a material of permittivity
€ and electrical conductivity 6. The electrical conduction in the material follows Ohm's law. Which one of the
following graphs best describes the subsequent variation of the magnitude of current density j(f) at any point
in the material?

it i I J®

M

(0,0) (0,0) { (0,0 (0, 0)

Sol. Answer (4)

Sol.

It is an RC discharging circuit.

SECTION - B
Objective Type Questions (More than one options are correct)

[Electric Current in Conductors]

Figure shows a conical conducting wire connected to a source of emf. Let E, v,, i represent the electric field,
drift velocity and current at a cross-section of the wire. As one moves from end A to end B of the wire,

(1) E increases (2) E decreases (3) v, decreases (4) iremains same
Answer (2, 3, 4)
Since there is no source or sink of charge inside, so current (i) remains constant at each cross-section.

|
Current density, J = Z decreases as one moves from A to B.

Vg =——, .. v,also decreases
j=oE

E also decreases.

Aakash Educational Services Limited - Regd. Office : Aakash Tower, 8, Pusa Road, New Delhi-110005 Ph.011-47623456



48 Current Electricity Solutions of Assignment (Level-Il)

2. There are two concentric metallic spherical shells of radii a and b (a < b). The shells are being maintained
at a constant potential difference V. The medium between the shells is filled with a material of resistivity p.
Select the correct alternatives. At a distance r (a < r < b) from the centre of the shells

o Vab o Vab
(1) Electric field is 77, (2) Current density is "2 ;)
3) Electric field i 4 4) C t density i
ectric field is rrent density is
3) ic field is "2y @) Cu is Sb—a)
Sol. Answer (1, 2)
. dr
Resistance of element, dR = p.——
4nr?
Integrating,
b
R:ijd_g _ L[l_l}p(b—a) ‘
am o r 4n|a b] 4mab T
i V _4nVab
R p(b-a)
j_L: 4nVab 1 _ Vab
A p(b-a) 4nr? pr?(b-a)
pj=E
E- 2Vab
r?(b-a)

3. Along conductor of circular cross-section of area S is made of material whose resistivity depends on radial
o
distance from axis as P =— where o is a positive constant. The conductor carries current /.
r

(1) The field intensity E will be same at all points of the cross section of given conductor

2moul
(2) E would be S?
. . 2no
(3) The resistance of a unit length of conductor would be ?

(4) None of these
Sol. Answer (1, 2, 3)

2nr®

o

ar

RE R
I=[jdS = [=.2nrdr = E|
oP 0

/\ /\ axis
U

4
j=g2t BT \/
a 4
[_E.R4
20,
nR2 =S
Re=S
i
nE S2
|=—x—
20 g

Aakash Educational Services Limited - Regd. Office : Aakash Tower, 8, Pusa Road, New Delhi-110005 Ph.011-47623456



Solutions of Assignment (Level-Il) Current Electricity 49

E- 2;(;/
E 2na
R =—=——
U | 32
4. Aresistance R, is connected to a source of constant voltage. On connecting a resistance R, in series with
R,
(1) The total thermal power dissipated increases (2) Thermal power dissipated by R, decreases
(3) Thermal power dissipated by R, increases (4) Total power dissipated decreases
Sol. Answer (2, 4)
i = £ i, R i R R,
R, > VWV
o ¢t
,=
Ri+ R, | |
= I, < & e

Thermal power generated in R, = IQF\’1

i R, > iy’ R,
= Thermal power generated in R, decreases.
Total thermal power generated in two cases,

g? g?

—_—>
R, R +R,

= decreases.

5. Acell supplies a current of 2 A to an external resistance of 2 Q and a current of 1 .ampere to another external
resistance of 4.5 Q connected across the cell separately. Select the correct alternative(s).

(1) Emf of the cell is 5 V (2) Emf of the cell is 4.25 V
(3) Internal resistance of the cell is 0.5 Q (4) Internal resistance of the cell is 3.25 Q
Sol. Answer (1, 3)
it
R+r eI
L
€
= 2=2+r ..(1) R
€ AW
1 = 7z ~
and 1557 ...(2 R

Solving (1) and (2) , we get
e=5V, r=05Q.

6. Consider the circuit shown. Which of the following values is/are correct?

ii 18V 5Q

A

M b=1A @ i,=1A @) iL,=0 @ =2A
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Sol. Answer (1, 2, 3)

Kirchhoff's loop theorem implies,
+7+3-10i;=0

= iy =1A
-10i,+7-5i,+8=0

= 5, =5

= i, =1A

From Kirchhoff's Junction Rule,
Iy =iy + i,

= i,=0

Consider the following arrangement of resistors. The currents in various branches are shown. Select the correct
alternative(s).

A 1 5Q ¢

>
>
>
>
>
>
>
>
>

<
<
<
<

1
§Q
. . 63
(1) i,=3A () I1:EA @) L=—1A
Sol. Answer (1, 3, 4) ]
10x5 1 AlA
i i ircuit = 2+—=7Q 1
Equwalezn1t resistance of circuit 10+5>< 3 i 100
ii=—=3A
== 50
2A

8.

Current distribution is shown in the diagram.
ih=1-2=-1A
V,=Vg=1Ax10Q=10V

A current enters from A and leaves at B through the network shown. Select the correct alternative(s).

3R
1) Ryg=—o
(1) Rag ==,
(3) Points P, Q, T and S are at same potential (4) Points C and D are at same potential
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Sol.

Sol.

10.

Answer (1, 3)

From symmetry, points P, Q, T and S are at
same potentials.

. Equivalent circuit is

This is a series and parallel combination of

resistors.

3R
Rug = =~
AB 4

In the circuit shown, current in different branches are marked. Select the correct alternative(s).

iL A2AA£A2A <&
Y/ Iy
svT 309 19—y
W
lh 20
1 1
ii==A ip ==A
(1) i=1 @ is=5
.1
@) 2=5A @ i;=1A
Answer (1, 2, 3, 4)
yx1=1= i,=1A
, o1
ih*x6=3 = 12=§A
+3-2xj —1xi,-2xi,=0
= 20, +2i,=2
= i +i,=1 ...(1)
Also, i, =i, ... (2
) 1
i I4_§A'

In the circuit shown, R, is varied from zero to infinity, keeping other values constant. Which of the following
graphs is/are correct?
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Sol.

Current Electricity Solutions of Assignment (Level-Il)

I 4 I,
€ €
R, +r R, +r
U] @)
»R, | >R,
V4 v
SR1 gR1
Ri+r Ry+r
©) (4)
>R, i >R,

Answer (1, 3)

AtR,=0

No current passes through R,, all current passes through R,.
= V=iLpR,=0

At R, =<, all current passes through R, and /, = &
Ri+r
= V=R, =T
Ri+r

Therefore, graphs are as shown in options (1) and (3).

11. In the circuit shown, reading of galvanometer is zero. Select the correct alternative(s).
i
I N ¥ | SV
15V 310
2Q RQ
(1) Reading of ideal voltmeteris 10 V (@) ¢, F 5A
(3) R must be zero (4) R can have any value
Sol. Answer (1, 2, 4)
.15 .
Iy :ﬁ:E’A (Since no current flows through galvanometer)
Voltmeter reading =i, x 2=5x 2=10V
Potential drop across 1 Q resistor =1 x5=5V
This is equal to emf of second cell. Hence no current passes through galvanometer irrespective of the value of R.
[RC Circuit]
12. In the circuit shown, the switch is closed at t = 0. Select the correct alternatives.

Aj

&l _—
— ———c % R
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Sol.

13.

Sol.

= £
(1) Att=0,i= R
= &
(2 Att=0,i= R
C
(3) At steady state, charge on the capacitor is 87
(4) The current at any instant is given by i = %(HG%IRC)

Answer (1, 3, 4)

At t = 0, all current passes through capacitor (Since capacitor acts as short circuit)
£

R

In steady state, no current passes through capacitor, (it behaves as open circuit)

=

€

i=—=i
2R °

At steady state, voltage across capacitor = iR zg
Charge on capacitor = %C

. L RC
Time constant of circuit = -

ot —2t
., SR -T
Instantaneous current = jje RC = EeRC

The figure shows two capacitors connected.in parallel with two resistance and a battery of emf 10 V, internal
resistance 5 Q. At steady state,

15 uF 30 uF
AR
Z2Q AR\ 39
|10 V,5Q
|I
4 4
(1) Vo= Vo= -3V (@) Vy=Vg=+3V
. .. 15 4 . .. 75 _5
(3) Energy stored in 15 uF capacitor is EXW J (4) Energy stored in 30 uF capacitor is EXW J
Answer (1, 3, 4) 15 uF 30 yF
1] ' 1]
1 1
In steady state, i:L:1 A
(2+3+5)Q ;
V, =P.D. across 2 Q resistor =1 x 2 =2V iA 2w B 3w
30 2 10
- itor = x5==x5=—V L ——WWW—se
V, = P.D. across 15 uF capacitor 15530 3 3 C 10V 5W D
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14.

Sol.

Current Electricity Solutions of Assignment (Level-Il)

10 4
Vy-Vo=V.—V,=2——=_2vy
A~ Vg=Vi—V; 3 3

1 1 10\ 15
Energy stored in 15 uF capacitor = ECVZ = EMSX[?] x1078 = Ex10‘4J

2
1 _ 10 1 6 25 75 _
Energy stored in 30 uF capacitor = Ex30X10 6><[5—?j = EX3OX10 Gx? = Ex10 5

Two identical metallic balls of radius a are placed in a homogeneous poorly conducting medium with resistivity p.
Distance between them is much larger than their size. Ifinitially (¢ = 0) they have charge g, and — g, respectively.
Choose the correct option among the followings :

(1) The resistance of medium between balls under above consideration would be #

_PE

(2) q(t)=qpe ! where qis charge on the charged ball
_t
(3) q(t)=gye " where g is charge on positive charged ball
(4) None of these
Answer (1, 3)
At time t, charges on balls are + g, —q. since the balls are at large distance from one another, electric field
near the surface of each ball is practically determined by the charge of nearest sphere and its charge can

be distributed uniformly on the surface. Surrounding the positively charged ball by a concentric sphere
adjoining directly the balls surface, we write the expression for current through this sphere.

| =4na? J

where J = current density

J=EandE= q >
p 4meqa

=9

€oP

Let us now find the P.D. between balls

AV=_29
4neqa
_ 9 _g4mnea
AV 2q = 2mga
R_AV_p
| 2ma

p
= = 2Mggax——=
T=RC e ona PE,
t
q(f) = Goe ™°

r=RC=2nsOaxﬁ= pEy

t
q(t)=qee ™
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15.

Sol.

16.

Sol.

Heater of an electric kettle is made of a wire of length L and diameter d. It takes 4 minutes to raise the
temperature of 0.5 kg water by 40 K. This heater is replaced by a new heater having two wires of the same
material, each of length L and diameter 2d. The way these wires are connected is given in the options. How
much time in minutes will it take to raise the temperature of the same amount of water by 40 K?

(1) 4 if wires are in parallel (2) 2 if wires are in series
(3) 1 if wires are in series (4) 0.5 if wires are in parallel
Answer (2, 4)

H HR
t:—:—

P v?

toR ReplI AR =P (a5 o = 24
= - pliA, 4A (as d" = 2d)

. , . ) o , R, t _
When wires are in series, Ry =R'+R'=2R =E:>t =§=2m|n
. . " R, )

When wires are in parallel, R, =5 " §:>t 3" 0.5 min

Two ideal batteries of emf V, and V and three resistances R,, R, and R, are connected as shown in the figure.
The current in resistance R, would be zero if

S
R3
WWW
M V,=V,and R, =R, =R, @ V,=V,and R, = 2R, = R,
() V,=2V,and 2R, = 2R, = R, @4) 2v,=V,and 2R, =R, =R,
Answer (1, 2, 4)
Using KVL, in ABCDEFA, we get
LR 4V, iRyt V=0 j=ATV2 B
Ri+R,
"
Using KVL in ABCDA, 0+V,-iRj=0=i= Y
Ry A
Vi _Vi+V,
R, R +R;
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Vi_%
= RV
Now possible answers are (1), (2), (4).

17. In an aluminium (Al) bar of square cross section, a square hole is drilled and is filled with iron (Fe) as shown
in the figure. The electrical resistivities of Al and Fe are 2.7 x 108 Q m and 1.0 x 107 Q m, respectively.
The electrical resistance between the two faces P and Q of the composite bar is

2475 o 18750 5 1875, L 2475
64 M @ g M B gt @ g M

Sol. Answer (2)
-8 -3
2.7x107° x50x107° _ 2-7><50x10_5= 27x50 -6

30 x 108Q = 30 uQ

N 45x107° e
107 x50x10™ 5000 .. ¢ RiR, 1250%30 1875
- - 10 - =74y — = — =
Reo 25100 2 X 1250 uQ R R, +R, 1280 ue 64 uQ

18. Consider two identical galvanometers and two identical resistors with resistance R. If the internal resistance
of the galvanometers R < R/2, which of the following statement(s) about any one of the galvanometers is(are)
true?

(1) The maximum voltage range is obtained when all the components are connected in series

(2) The maximum voltage range is obtained when the two resistors and one galvanometer are connected in
series, and the second galvanometer is connected in parallel to the first galvanometer

(3) The maximum current range is obtained when all the components are connected in parallel

(4) The maximum current range is obtained when the two galvanometers are connected in series and the
combination is connected in parallel with both the resistors

Sol. Answer (2, 3) R
C
Range for voltmeter
R 21, R R
= 2/ (ZR +—C)
(1) V; = 2 (2R +5 4
@ V,=1,2R+2R)=2I(R+R) ) v i
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R /
Now, V, = V, = 2lg (ZR +70—R—RC] O O——
R ) v g

:>V1_V2=2/9[R—7°)>0 =V,>V,
Hence maximum range will be obtained in Case-1
Range for ammeter

Ig
_ » (D)

(1 R =1 R @Rc

I'=2(, + 1)

== 2(/9 +IgFCj | R,

[ —
R+R /
— + C > AvAwAwAwAv

== 219( B ) R
(@ I2R,) =R L

Range / = 2/, + Iy R

(%)

R 9 R R
—- OO
R+4R,
= I = Ig( R C) L AAAA
R 4R _ 2R > lvl""v
Now, ZIQ(HFCJ_IQ(H C] 19[1— RC}>0 /,
R
As R, < 2>
SECTION - C

Linked Comprehension Type Questions
Comprehension-|

Figure shows the circuit of a flashing lamp, used at construction sites. The fluorescent lamp L, having negligible
capacitance, is connected in parallel across the capacitor C of an RC circuit. There is a current through the lamp
only when the potential difference across it reaches the breakdown voltage V. In this event, the capacitor discharges
completely through the lamp and lamp flashes momentarily.

R
AMVA

1. Consider an instant, when the capacitor has just discharged through the flash light. Taking this instant as
t = 0, the time after which the lamp flashes momentarily is given by
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Sol.

Sol.

Sol.

Current Electricity Solutions of Assignment (Level-Il)
T, =RCIn| —& e
M o e-V, (2) Ty =RC| 1-In V_L
() Ty=RCIn| - @ T =RCIn(8_VL]
vV, €
Answer (1)

The lamp flashes briefly when potential drop across the lamp becomes equal to breakdown voltage V,, then,

—t

VL:8L1—eEJ

—t
—t V, t ( VLj _ €
— RC —1-2L — ———=In|1--L| — t=RCIn
e 1 I RC € 8_V[_

The number of flashes per second produced by the arrangement is (neglecting the time of flashing or discharging
of capacitor)

(1) 1 2 1 3) — (4) !

RCIn & RCIn|-& Rein =2 rcl1—in £

e-V, vV, € Vv,
Answer (1)
Time taken for one flash, t=RC In £
e-V,
1 1
No. of flashes per second = - = =
RC Ian—VLJ

Which of the following graphs represents the variation of potential drop across the resistor?

Answer (2)

Voltage across resistor,

—t —t
=¢€— VC = S—EL‘]—GRCJ = geRC

and minimum value of Vpis=¢e-V,
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Comprehension-ll

Figure shows the circuit of a potentiometer. The length of the potentiometer wire AB is 50 cm. The emf of the
battery E, is 4 volt, having negligible internal resistance. Values of resistances R, and R, are 15 ohm and
5 ohm respectively. When both the keys are open, the null point is obtained at a distance of 31.25 cm from end
A but when both the keys are closed, the balance length reduces to 5 cm only. R,, = 10 Q.

Sol.

Sol.

Sol.

Sol.

S

E,
| wmv.—|
R1
A B
_|E2
R, K,
The emf of the cell E, is
(1) 1 volt (2) 2 volt (3) 3volt
Answer (1)
; o Vag _IxXR 4_XE__40 Y
Potential gradient = L TTL T (15+10) 50 25x50 cm
40
E, =Kl = ———x31.25=1volt

== 25%50 ve

The internal resistance of cell E, is

(1) 45 Q (2 55 Q (3) 65Q
Answer (4)
When both keys are closed then R, is short circuited to
E, 4x10 5x1 4
XR, =Kl =—x5 —4A N N
R,+r 2 10x50 T 50><5:>r 7.5Q

The balance length when key K, is open and K| is closed is given by
(1) 10.5cm (2 1.5cm (3) 12.5cm

Answer (3)

4) 4wvolt
4 75Q
4) 13.5cm

When K, is open and K, is closed. In this case R, is short circuited and emf E, is balanced against

potentiometer.
E,= ixﬂ x/:/:M:m.Scm
10 50 4x10

The balance length when key K is open and K, is closed, is given by
(1) 10.5cm (2 1.5cm (3) 12.5cm

Answer (3)
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When K, is open and K, is closed. In this case R, is included in the potentiometer, circuit and terminal
potential difference of E, is balanced by the potentiometer.

ER, _4 10

R,+r 25 50

1x5 4

5+75 125

/=125 cm

5. Which of the following can be a possible way to connect the batteries in the potentiometer setup above?
(1) Positive terminal of E, and positive terminal of E, connected to point A
(2) Negative terminal of E, and negative terminal of E, connected to A
(3) Positive terminal of £, and negative terminal of E, connected to A
(4) Positive terminal of E, and negative terminal of E, connected to A
Sol. Answer (1, 2)

As in potentiometer arrangement we equate potential differences thus batteries has to be joined with same
polarities.

Comprehension-lli

Consider a simple RC circuit as shown in Figure 1.

Process 1: In the circuit the switch S is closed at { =.0 and the capacitor is fully charged to voltage Vj (i.e.,
charging continues for time T >> RC). In the process‘some dissipation (E,) occurs across the resistance R. The
amount of energy finally stored in the fully charged capacitor is £...

Vo

Process 2: In a different process the voltage is first set to 3

and maintained for a charging time T >> RC. Then

2V,
the voltage is raised to TO without discharging the capacitor and again maintained for a time T >> RC. The process

is repeated one more time by raising the voltage to 'V, and the capacitor is charged to the same final voltage V,
as in Process 1.

These two processes are depicted in Figure 2.

v, Process 1

v

R 2V,/3—

Process 2

v p— V)3 T>>RC

1
2T t

: T
Figure 1 Figure 2
1. In Process 1, the energy stored in the capacitor £, and heat dissipated across resistance E are related by
(1) Ec=EpIn2 (@) Ec=E,
1
() E.=2E, (4) E.= EED

Sol. Answer (2)
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Final charge on capacitor = CV

Wb = CV?2
11,2
EC = ECV

12 _ 1A
ED=Wb_AEc=CV2_ECV = ECV

2. In Process 2, total energy dissipated across the resistance £ is

1(1 1
") Efa(zcvfj @ Ef‘{icvff]
1
() E,=3CV/} @) ED=§CV02
Sol. Answer (1)
E, =W, - AV
CVo [V, 2V, 10,2 CVo[Vo+2V,+3V, ] 1. .,
= 20170, 250 Ly |——cVZ = -
3 {3 3 0} 27" 3 3 2CY
cV, 1
= _30 [2v0]—§cv02
- (3-1va§
3 2
- C\/02
~ 6
SECTION - D

Matrix-Match Type Questions

61

1. Column I lists physical quantities for a uniform current.carrying conductor. These quantities depend on quantities

given in column Il. Match entries in column'| to all the quantities in column Il on which it depends.

Column | Column I
(A) Resistivity (p) Length of conductor
(B) Current through the conductor for a given (q) Electric field in conductor

potential difference across the conductor

(C) Current density in conductor for a given () Temperature of conductor

potential difference across the conductor
(D) Thermal power generated per unit volume (s) Nature of conductor
for given value of potential difference
across the conductor
(t) Area of conductor
Sol. Answer A(r, s), B(p, q, 1, s, t), C(p, g, 1, s), D(p, q, 1, 8)

Resistance depends upon nature, length area of cross section and temperature.
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2.

Sol.

Current Electricity Solutions of Assignment (Level-Il)

Current i is following through a wire of non-uniform cross-section as shown. Match the following columns.

Column- Column-li
(A) Current density (p) More at section 1 than 2
(B) Electric field (@) More at section 2 than 1
(C) Resistance per unit length () Same at both sections 1 and 2
(D) Potential difference per unit length (s) Data insufficient
Answer A(p), B(p), C(p). D(p)

Jocl, Eocl, Rocl,dVoc1
A A A A

Column | shows some electrical circuits with point A, B and C marked in the figures. Column Il lists value of

electrical resistance between any two of these three points. Match incomplete statements given in Column |
to the entries in Column II.

Column | Column I

C
R R
® 5 ® R
A wn——g

Equivalent resistance between

A and B cannot be (r is variable)

@ 2R3

Equivalent resistance of circuit between

A and B cannot be

I R C
©) R}X‘R () 5RI3
A R B

Equivalent resistance of circuit between

A and B cannot be
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R
S - . —
R S I - ©
R
Equivalent resistance of circuit between

A and B cannot be
(t) 8RM5
Sol. Answer A(p, q, 1, s, t), B(q, 1, s, 1), C(p, g, 1, 8), D(p, q, 1, t)
(A) No current will flow in ‘r

11,1

—l+ +
Req R 2R 2R

_2R_R
Rea= 4 73
c
MWV MWV
B) A— B
~MAWWV ~“MWW\
D

Req = R wheat stone

(C) Due to symmetry

A B
8R_2R
3__3 8R
10R =Req ﬁ
3
R
D)
A C B
D
3R
2 R _3r
Rq= 5R 5
2
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4.  Consider the circuit shown in figure. There are three switches S,, S,, S,. Match the columns.

Cr
L/ ——
S
3r S,
S,
2r
I
Column | Column I
. . vC
(A) If S, and S, are opened and S, is closed then in (9)) e
steady state, charge on capacitor equals
. . 2CV
(B) If S, and S, are opened and S, is closed then in Q) 5
steady state, charge on capacitor equals
. . cv
(C) If S, and S, are closed and S, is opened then in (o] 3
steady state charge on capacitor equals
. . 2CV
(D) If all the switches are closed then.in steady state, (s) B
charge on capacitor is
(t) Zero
Sol. Answer A(q), B(p), C(s), D(t)
C
Il
I
AMMMA
YYVYYY
3r
——WWW— 2
_ cvs 2cv
(A) 2r Charge on capacitor in steady state = ——=——
3+2 5
|
| +
74
C
Il
1
MMM
YYVYYY
3r
AVAVAVAVAVAVAV
r o cv cv
(B) Charge on capacitor in steady state = ——=—-
3+1 4
|
K
%
C
AMMMA ||
YYVYVYY 11
3r AMAAA
VVVrV_VVV 2r
MM CV? ZCV
(©) o Charge on capacitor in steady state = ===
2r 2r 11
3r+—
3
|
|
%
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N
AMAMAA I
YWVVYVY
3r r
AMMA
YYVYYVY
D
©) On closing all the switches capacitor will be shorted
and hence charge on it will be Zero.
AMMMA,
YYVYYYY
2r
|
74
5. Consider the circuit shown ‘R’ is a variable resistance ‘e’ is some unknown emf with polarity as shown. Match
the following.
B C D
2Q j4 Q R
6V
[t -|_ i} |
A oy el E
Column | Column I

(A) Current passing through 4 Q resistance can be zero  (p) Possible if e =6

(B) Current passing through 4 Q resistance can be from  (q) Possible ife > 6
F to C direction

(C) Current passing through 2 Q resistance will be from ( Possible ife <6
B to A direction

(D) Current passing through resistance R will be from (s) -~ Possible for any value of e
E to D direction

(t) Possible for any value of resistance R
Sol. Answer A(p, q, t), B(p, a, I, s, t), C(p, 0, T, S, t), D(p,.q, T, 1)
If equivalent of 4 V battery and e is greater than 6V with polarity same as 6V then current will flow from C
to F. If it is less than 6V then current will flow from F to C and if it is equal to 6V then current will be zero.

Cc

T [

'|'6V

F

SECTION - E
Assertion-Reason Type Questions
1.  STATEMENT-1 : As we move across a resistor in the direction of current, current decreases.
and
STATEMENT-2 : As we move across a resistor in the direction of current, potential decreases.
Sol. Answer (4)

Current at each cross-section of resistor remains same.
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2.

Sol.

Sol.

Sol.

Sol.

Current Electricity Solutions of Assignment (Level-Il)

STATEMENT-1 : When the plates of a charged capacitor are connected to a resistor, a current starts flowing
in the resistor.

and
STATEMENT-2 : A charged capacitor acts as a battery of steady emf.
Answer (3)

As the capacitor discharges, the voltage across it decreases. So, it cannot work as a battery of steady emf.

Consider the circuit diagram. The connecting wires are assumed to be perfectly conducting.
3Q A 6Q

AAA AAAA,
yvy \AAAS

AAA AAA
\AAAJ AAAJ

60 B 30

STATEMENT-1 : The current in branch AB is zero.
and
STATEMENT-2 : The potential difference between A & B is zero.
Answer (4)
Potential difference across A and B = 0 because they are short circuited.
Current through AB =i, — I,

5 i, 3Q A 6Q |

=2
"9

7T Lieo B 3q i
iy—i,#0
STATEMENT-1 : As temperature of a conducting wire increases, the slope of V-I graph (V on y-axis and | on
X-axis) increases.
and
STATEMENT-2 : For a conductor, the resistance increases with increase in temperature.
Answer (1)
V=IR
= Slope of V-I curve represents R and R increases with increase in temperature for a conductor.
STATEMENT-1 : Fuse wire must have high resistance and low melting point.
and
STATEMENT-2 : Fuse is used for small current flow only.
Answer (3)

Fuse wire must have high resistance because in series heat produced will be high if R is high. The melting
point must be low so that wire may melt with increase in temperature.
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6.

Sol.

Sol.

Sol.

Sol.

STATEMENT-1 : In a meter bridge, if its wire is replaced by another wire having same length, same material
but twice the cross sectional area, then the accuracy of measurement decreases.

and
STATEMENT-2 : Accuracy of meter bridge depends on the length of wire.
Answer (4)

Accuracy of meter bridge is independent of the area of cross-section of wire.

SECTION - F

Integer Answer Type Questions

A potential difference of 22 V is maintained across a 1200 Q rheostat PR. The voltmeter has a resistance of
600 Q and PQ is one fourth of distance from P to R. What is the reading (in V) of the voltmeter?

R
22V
Q
P
Answer (4)

600 x 300
o2 2 1

1000 100 50 300 600

V=i><200=4V
50

Consider the circuit shown with key opened. The key is closed at t = 0. Capacitance of one of the shown
capacitors is x uF. For what value of x the galvanometer does not show any deflection?

Answer (8)

R,C, = R,C, for no deflection

Consider the infinite ladder circuit shown. What is the value of current / (in A) shown in one of the 6 Q
resistors?
1Q 1Q 1Q

A AMA

MWW W YWy
J_ 27A

I 60E 60F 603

A <&
VW&

up to

Answer (4)
R,, =3 Q
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Current distribution is as shown.

21" 41
X
I 25 4ar
5 Yo \ &7
T I’ > P
= =
y

4. An ammeter and a voltmeter are connected in series to a battery with an emf = 6 V. When a certain resistance
is connected in parallel with the voltmeter, the reading of the latter decreases n = 2 times, whereas the reading
of the ammeter increases the same number of times. Find the voltmeter reading (in volts) after the connection
of the resistance.

Sol. Answer (2)

Ammeter  Voltmeter

6V
Before connecting resistance

6
Voltmeter reading = (r T Jrv
A v

6
ry+r,

Ammeter reading =

T ry

R

I
"6V
After connecting resistance

( 3r, \_ 6r,
fatty nLR
r,+R

rp+

12 6
ry+ry rR
ry+R

Iy +

On solving

r, 1
AZE and voltmeter reading = 2 volt

Iy
1
5. Consider a wire of length 7, area of cross-section A and resistivity p and resistance EQ' Its length is increased

by applying a force on it and its length increases by four times of its original length. Find the new resistance

in ohms of the wire.
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Sol.

Sol.

Sol.

Sol.

Answer (5)
Ali=Al,

A current, 32 A, is made to pass through a conductor where the free electrons density is 4 x 1028 m= and
its area of cross section is 10® m2. Find out the value of the drift velocity (in mm/s) of free electrons.

Answer (5)

32

=5x107° m/s
4%x10%® x1.6x107"° x107®

The deflection in a moving coil galvanometer falls from 50 divisions to 10 divisions when a shunt of 2 Q is
applied. What is the resistance (in ohms) of the galvanometer?

Answer (8)

1
Current falls to — of the original current due to shunting

5
45 20
> iy
=
. . (A
> G
i s =

i 4i
—xG=—x2
= 5 5

G=8Q
When two identical batteries of internal resistance 1 Q each are connected in series across a resistor R, the

rate of heat produced in R is J,. When the same batteries are connected in parallel across R, the rate is J,.
If J, = 2.25 J,, then the value of Rin Q is

Answer (4)
2
2¢
J [ ] R
In case 1, Ji R
2
2¢
J [ j R
In case 2, Jo SR 11
J; =225 4,
= R=4Q
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9. Attime t =0, a battery of 10 V is connected across points A and B in the given circuit. If the capacitors have
no charge initially, at what time (in seconds) does the voltage across them become 4 V?

[Take : In5=1.6,In3 =1.1]
2 MQ

i

2 MQ 2 uF
Sol. Answer (2)
Resistance of circuit = 1 MQ
Capacitance of circuit = 4 uF
Time constant=RC =4 s
Voltage across capacitor at time 0 = 0 V

Voltage across capacitor at time « = 10 V

In general

—t
V=10(1-e*)
Putting V=4V
Wegett=2s

10. Two batteries of different emfs and different internal resistance are connected as shown. The voltage across
AB in volts is

6|V 10
| WA
AC— ——o0B
|
|= AN\
A 2Q

Sol. Answer (5)

172 75_,
V=11 3

7+77

12 2

11. In the following circuit, the current through the resistor R (= 2 Q) is | amperes. The value of / is

RE=2Q) 10

6.5V |
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Sol. Answer (1)
The circuit is shown below.

R(2Q) 10
e W
20
60352Q
65V 100
120 ‘0
R(2Q)
AW
20
60
6.5V =
120 4Q
a

R (2 Q) 1Q
AM A
i . 2Q
= 2Q
6.5V 60
4Q
10Q
12 Q 40
a

71
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