17

Current Electricity

TOPIC 1
Ohm's Law and Resistance

01 A square shaped wire with
resistance of each side 3Q is bent
to form a complete circle. The
resistance between two
diametrically opposite points of the
circle in unit of Q will be

[2021, 31 Aug Shift-I]
Ans. (3)
Let the sides of square be a.
0 Total length or perimeter of square

=4a
If the radius of shape of circle ber, then
O 210 =4a
a r:4—a
21
O rzz—O
s
Since, resistance of each side of square
=3Q

OTotal resistance of square =4 x3=12Q
i.e. resistance of length2mr =12 Q
0 Resistanceof Tr=6Q

R, = 6Q

R, Z6Q

Now, equivalent resistance of circle
diametrically opposite
(R.)= RR, _6x6

=2"2=30
““R/+R, 6+6

02 A capacitor of 50 uF is connected
in a circuit as shown in figure. The
charge on the upper plate of the
€apacitor is ...c...e..... pC.

6V =

— C=50 uF

=

[2021, 31 Aug Shift-1]
Ans. (100)

According to given circuit diagram,
Capacitance =50 gF =50 x 107 °F
Supply voltage, V =6V

6V =

— C=50 uF

=

In steady state, capacitor will act as
open circuit,
OEquivalent resistance

Req =2 +2+2)kQ =6kQ

Circuit current, | =
eq
=5 —ygp
6 %1000
OVoltage across2kQ =/ x2
=107 x2 x10°
=2V

Now, charge on capacitor,
q=CV=50x10"% x2
=100x107° C
=100puC

03 The voltage drop across 15Q
resistance in the given figure will
be ......... V. [2021, 31 Aug Shift-1]

4Q 15Q

Ans. (6)

According to given circuit diagram,
(4x4) (15x10) _
@ia) 22 [(5+10) o

3 (12%12)
Brg (T2+72) 62
12V 19

As we know that, parallel equivalent
resistance,
Req RW RZ RS
and series equivalent resistance,
Req=Ry+ Ry + Rz + ...
Let the netresistance acrossaandb be R’
o a1,
R" 2+2+6 4+6
a= i + i :g
10 10 10
R'=6Q




Hence, total resistance,
R=R'+1=5+1=6Q
According to current division rule,
currentin upper branch,
4+6
(2+2+6) +(4 +6)
:[Ijgzi :1|_¥,, :1 XE =1A
202 2R 2 6
Again, according to current division rule,
currentin 15Q resistor,
e =312 =1x2 =04
10+ 15 5

OVoltage drop across 15Q resistor,

Ve =1, x15=04 x15 =6V

I, =

0_4 The equivalent resistance of the

given circuit between the terminals

AandBis [2021, 31 Aug Shift-II]
2Q 2Q
MWV A% A
5Q 2Q  3Q 3Q
B
(a)o (b)3Q
(c)9/2Q (d)1Q
Ans. (d)

In the given circuit, 5 Q resistance is
shorted. So, it can be discarded.

Now, we get a resolved circuit as shown
below

207, 2Q
A AN oA
2 Q§ i3 Q§ §3 o}
oB
In parallel,
R, =
,’ oA
0 /Ri=1Q 3 Q§
_________ oB
In series,
R, =R, +2=1+2=3Q
oA
= Ry=3 g§ 3 Q§ 3 Q§
oB

Here, all the three resistances(3Q)are
parallel.

OEquivalent resistance across Aand B,
L:1+1+1:1 O Ry =1Q
Req 3 3 3

E The ratio of the equivalent

resistance of the network (shown
in figure) between the pointsa and
b when switch is open and switch is

closed is x: 8. The value of x is
[2021, 27 Aug Shift-I1]

2R MR

Ans. (9)

According to given circuit diagram
When switch is open, then combination
R,and R, will be in series and also
combination Ry and R, will be in series
and these branches will be in parallel.
OEquivalent resistance

_ 3RBR _9R* _3 4

==__ =R ()
3R+3R BR 2
When switch is closed, then combination
R, and R3 will be in parallel and also,
combination R, and R, will be in parallel.
After that, both will be in series.
OEquivalent resistance,

2 2
R@R | ROAR _2R° 2R

(Req

(Ryg)= CANCi
R+2R R+2R 3R 3R
:§+§:ﬂ (||)
3 3 3

Now, dividing Eq. (i) by Eq. (ii), we get
3R

Rea 2.8

Ry’ 4R 8
3

x=9

06 The colour coding on a carbon

resistor is shown in the given
figure. The resistance value of the

given resistor is
[2021, 27 Aug Shift-11]

L

Red

Green

—— Violet

(a)(5700 £ 285)Q  (b)(7500 + 750)Q
(c)(5700 £ 375)Q  (d)(7500 + 375)Q

Ans. (d)

According to given colour coded resistor

1234
LGoIden
Red
Green
Violet

According to resistor colour chart,
Violet | Green Red | Golden

! ! ! !
7 5 2 5%

OResistance of resistor =75 x 10? + 5%
=7500 + 5% =(7500 + 375) Q

0_7 First, a set of nequal resistors of 10

Q each are connected in series to a
battery of emf 20 V and internal
resistance 10 Q. A current | is
observed to flow. Then, the n
resistors are connected in parallel
to the same battery. It is observed
that the current is increased
20 times, then the value of nis
......... . [2021, 27 Aug Shift-I]
Ans. (20)
Given, value of each resistance, R =10 Q
Emf of battery, e =20V
Internal resistance of battery, r =10 Q
Currentin parallel connectionis 20 times
current in series combination, i, =20i,.
Net resistance in parallel combination
will be given as

g ad
g ad

Rp =r+ D%D: r+B
O-+—+—..+n0 "

R R R ad
10
R, =10 +?
(-r=10QandR=10Q )...(i)
In series combination,
The net resistance of circuit will be
equivalent to sum of all resistances as all
are connected in series.
Ry =[R+R+...+n]+r =nR +r
R, =10n+10
(-r=10Qand R =10 Q)...(ii)
By Ohm's law, current flowing in circuit is
given as

i=VIR

As, i, =201
ﬁ:zovis

R



0
2010 _ 20x%20 [.'.\/p =V, =e =20V]
10+10 10n+10

n

20n___400 1 90n=400
10n+10  10n+10

n=20
Thus, the value of number of resistances
nis 20.

E If you are provided a set of

resistances 2Q,4Q,6Q and 8Q.

Connect these resistances, so as

to obtain an equivalent resistance

of@ Q.
3 [2021, 26 Aug Shift-11]

(a) 4Qand6Q arein parallel with2 Q
and 8 Q in series.

(b) 6Qand 8 Q arein parallel with2 Q
and4 Qin series.

(c) 2Qand6Qarein parallel with4 Q
and 8 Q in series.

(d) 2Qand4Q arein parallel with6 Q
and 8 Qin series.

Ans. (d)

The given value of resistances are 2Q,
4Q, 6Q and 8Q. The required value of
combination is 46/3Q.

In order to achieve the above mentioned
values of resistance from given
resistances, we will connect 2Q and 4Q
resistance in parallel, then join 6 Q and
8 Q resistance in series with the
combination.

The circuit diagram for connection is
shown below.

2Q
6Q 8Q
B

4Q

R = (2l +6+8 =24 114 =%8 ¢
2+4 3

Thus, resistance of 2Q and 4Q arein
parallel with

6Q and 8Q in series combination.

E What equal length of an iron wire

and a copper-nickel alloy wire,
each of 2 mm diameter connected
parallel to give an equivalent
resistance of 3Q?
(Given, resistivities of iron and
copper-nickel alloy wire are 12 uQ
cm and 51uQ cm respectively)
[2021, 26 Aug Shift-1]
(@)82m (b)97m (c)10m (d)90m

Ans.

(b) Let the resistance of iron wire be R,
and that of copper nickel alloy wire be R,
n=r =Tmm=10"m
p; =12puQ cm
=12x107% Qcm
=12x107% Qm
P, =51uQcm
=51x107% Qcm
=51x107 Qm
For parallel combination,
R, = PR
R+ R,
PRl
.
Pl Pl

7 2
LLENEL

(12x107°)1  51x107°]
_ mxio® mx 1078
12%1078) N 51x 1078
nx10%  mx107°

Onsolving, [=97m

10 The resistance of a conductor at

15°C is 16 Q and at 100°C is 20 Q.
What will be the temperature
coefficient of resistance of the

conductor? [2021, 27 July Shift-I1]
(a)0.010°C™ (b)0.033°C™
(c)0.003°C™ (d)0.042°C™

Ans. (¢)

Given,

Resistance of conductor at 15°C=16Q
and resistance of conductor at 100°C
=20Q

~-We know that,

R, =Ry[1+a(AT)] i)
where, R, =resistance of conductor at
t°C,

R, =resistance of conductor at0°C,

o = temperature coefficient of
resistance

and AT =temperature difference.
OUsing Eq. (i), we can write

16=R,[1+a(15 T,)] i)
and  20=R,[1+a(100 -T,)]  ..{ii)
Assume that T, to be 0°C as per general
convention and divide Eq. (i) by Eq. (i),
we get

16 _ R, (1+0a x15)

20 Ry (1+a x100)

4 _ 1+ 150

5 1+ 100a

0 44400 a =5 + 750

0 400a - 750 =5-4 O 325a=1

0 a=_'" =0003°C"
325

F In Bohr's atomic model, the

electron is assumed to revolve in a
circular orbit of radius 0.5 A. If the
speed of electronis 2.2 x16°% m/s,
then the current associated with
the electron will be ............... x1072

mA. [Take, Ttas 2—72]

[2021, 27 July Shift-1]
Ans. (112)
Radius of circular orbit,
r=05A=05x10""m
Velocity of electron,v=2.2 x 108 ms~
~-We know that,

1

Current, | =4
t
where, g = charge and t = time taken.
O /=? i) feg=¢e)

As electron is moving in circular orbit, so
it means electron is tracing a distance of
271U.

Distance 21U

Time=—"""" O t="0_(ii)
Speed %
From Egs. (i)and (ii), we get
1= % o =28
LS 21

Vv
1.6x 107" x 2.2 x10°

2x%x0,5x1o“0

O =

=112 x1072 mA

12 Consider an electrical circuit

containing a two way switch S.
Initially Sis open and thenT; is
connected toT,. As the current in
R =6 Q attains a maximum value of
steady state level, T, is
disconnected fromT, and
immediately connected to T5.
Potential drop acrossr=3 Q
resistor immediately afterT, is
connected toT; is ......... V.
(Round off to the nearest integer)
[2021, 27 July Shift-1]
R=6Q T, T;
ST,
L
r=3Q

BVT




Ans. (3)

According to given circuit diagramin

question, whenT, andT, are connected,

the steady state current in the inductor,
| :K :§ =1A

R 6

WhenT, andT; are connected, the steady

state current through inductor remains

same.

Therefore, potential difference,
V=Ir=1x3=3V

E In the given figure, a battery of emf

E is connected across a conductor
PQ of length I and different area of
cross-sections having radiir,; and
ry(r, <ry).

[2021, 27 July Shift-1]

p I Xe
Q

+

| ()
E K
Choose the correct option as one
moves fromP to 0.

(a) Drift velocity of electron increases
(b) Electric field decreases

(c)Electron current decreases

(d) All of the above

Ans. (a)

If we consider only conductor PQ as

follows
r

U

—dl<

Letdl be the small element of conductor
PO.

--Current passing through PQ is
constant.

So, resistance of this small elementd!
will be given as

ar=Pd (i)
A
where, p =resistivity,

dl = small element of conductor PQ
and A =area of cross-section.

Current, | =ﬂ
dR
O dV =IdR (i)

From Egs. (i)and (ii), we get
av =PI gy =4 i) =)
A w’

- We know that,

Electric field, E -av iv)
ol
From Egs. (iii)and (iv), we get
. £ = lpdl
ld
O 3 :L’Z
s
O EOL V)
r
Also, we know that, drift velocity,
_ekt
=
m
n! v, O Vi)

OFrom Egs. (v)and(vi), we can say

If rdecreases, E will increase and due to
this, v, willincrease.

ﬁ For the circuit shown, the value of

current at timet =3.2 s will be
[2021, 27 July Shift-I1]

Fig. (2)

[Voltage distribution V(t)is shown
by Fig. (1) and the circuit is shown
in Fig.(2).]

Ans. (1)

Consider the given figure 1,

v(H) T
10
5

ts) ——

From the above graph, we can say that
voltage att =32sis6 V.

Now, consider figure 2,

[ ™1
svp

OThe value of l'in the above figure will be
=V g Vg o
1Q 1Q

5V

E A 16 Q wire is bend to form a

square loop. A 9V supply having
internal resistance of 1Q is
connected across one of its sides.
The potential drop across the
diagonals of the square loop is ......
x107 V. [2021, 25 July Shift-11]
Ans.

(45) Given, resistance of wire =16 Q.
Let, length of wire=4L

Hence, side of squarea =L

Resistance of one side =§ =4Q

Supply voltageV =9 V and internal
resistance=1Q

Current flowing through circuit be/
and voltage across diagonal be V.

C 4Q D
4Q 4Q
} -1
B 4Q 1 E
| /
|
A 9V 10 F

There4l resistance are in series with4Q
and 1 Q resistance in parallel.

Equivalent resistance (R,,) = 124 +1

12+4
=48, 1=4Q

16

As we know that,

By Ohm'slaw, V =IR

0O 1:1 0 /ng

R 4

Now current through BE bel, and EDCB
is(l=1).
--In parallel connection,

Voltage across BE (V;) =Voltage across
EDCB (V)

O I]XA:Q—I@Z
/1:§—11§3



0 4, =(9 ~4,)3

O 161, =27
O =2TA
16
Equivalent resistance across diagonal,
L N e
Ry 4+4 4+4 8 8
8
Ry =§=41
and =11, =2-27 =9
4 16 16
O V’=(4+4)IZ=8X%=4.5\/
=45x107'V

16 A copper (Cu) rod of length 25 cm

and cross-sectional area 3mm? is
joined with a similar aluminium (Al)
rod as shown in figure. Find the
resistance of the combination
between the ends Aand B.
(Take, resistivity of copper
=1.7 x1078 Q-m, resistivity of
aluminium =2.6 107 Q-m)

[2021, 22 July Shift-II]

'.
A B
D

(a)2.170mQ (0)1.420mMQ
(c)0.0858mMQ (d)0.858 mQ
Ans. (d)

Given, length of copper and aluminium,
=25cm=25x10"’m
Area of cross-section,
A =3mm’ =3x107°n?
and their resistivities of copper(pC )and

alum|n|um(pA‘)be 7x107% Q-m and
26x107 Q-m respectively.

According to given diagram, both copper
rod and aluminium rods are in parallel
and we know that,

in parallel combination, equivalent

. 1 1. 1H
I’eSIStanCE‘Q———+—§
Req R1 RZ

We know that, R =pl /A
OResistance of copper(Rg,)
_17x107° x25x10~
3x107°
=14167%107Q
Resistance of aluminium
2.6%1078 x26 x107
3x107°
=2167x107" Q

(Ruy =

Hence,
1 = L + i
Req RCu RA\
O Req = RCu mAI
Reut Ry
. _ 14167 %107 x2167 x10~*

107%(14.167 + 2167)
_ 141672187 %107
B 35.837
=0.857x107°=0.857mQ
=0.858 MQ

17 In the given figure, switches S; and

S, are in open condition. The

resistance across ab when the

switches S; and S, are closed is

...... Q. [2021, 20 July Shift-1I]
12Q 40 6Q

6Q 4Q 12Q

Ans. (10)

When switches S, and S, are closed,
then the given figure will be represented
as follows

15y Parallel 7y Parallel 6 Parallel

AMA AAA
V WV

b

AAA A
V

W LW 12 W

OThe resistance acrossab will be given
as
12><8 4X4 B6x12
12+6 4+4 B+12
72 72

R ="Z“+4+2+°%
® g 18

O R,=4+2+4=10Q

ab ~

ﬁ A current of 5 A is passing through

a non-linear magnesium wire of
cross-section 0.04 m?. At every
point, the direction of current
density is at an angle of 60° with
the unit vector of area of
cross-section. The magnitude of
electric field at every point of the
conductor is
(Take, resistivity of magnesium,
p=44x10"8 QO-m)
[2021, 20 July Shift-I]
(b)11x1077 V/m
(d)11x107° V/m

(a)11x1072 V/m
(c)1x107° V/m

Ans. (¢)
Given, current,|=5A
Area of cross-section of wire, A =0.04n7

We know that, J=lZ

O [ =JA

or I=J[A or |=JAcosB

where, = current density.

0 5= Jéf@x cos(60°)
[--Given,8=60°]
0 10

J=500 x— =-cosb0°=—

28 2B

O J =250 Am™?

The relation between electric field,
current density and resistivity can be
given as

E=pLU
=44 %1078 x250

[Resistivity, p=44 x 1078 Q-m]
=11%x107° V/m

19 In the figure given, the electric

current flowing through the 5kQ
resistor is x mA.
[2021, 16 March Shift-I]

S K¢
5 kO 3G
3 kQ
W
21V, 1kQ
The value of xto the nearest
Integeris...... .
Ans. (3)

According to the figure given in
question, all3Q resistances are in
parallel combination. So, their equivalent
resistance is

LI
Roarater 3 3 3
1.3
Rparal\e\ 3
O R =1kQ

parallel

Equivalent circuit

5kQ 1kQ

21y 1kQ

5kQ and 1kQ resistance are in series to
the equivalent of all3Q resistances.



0 Rnet =5+1+ Rparal\el (l)
O Ryt =(+1+10kQ=7kQ =7 x10°Q
OThe value of electric current flowing
through 5kQ resistor will be

Vo 21 _3x107A =3mA

= =

Rt 7%10°

Comparing with the given value in the
questioni.e., xmA, the value of x =3.

20 Two wires of same length and

thickness having specific
resistances 6 Q- cm and 3Q-cm
respectively are connected in
parallel. The effective resistivity isp
Q-cm. The value of pto the nearest
integer, is ..c.cceeveue. .

[2021, 18 March Shift-II]

Ans. (4)
Given, specific resistance for wire 1,
p; =6Q-cm
Specific resistance for wire 2,
p, =3Q-cm
Resistance,
R :g'
A
For parallel connections,
_ RiR
net RW + Rz
Al Pl
0 Pl_a A
24 Pl Pl
A A
O B: p1p2
2 ptp
0 E = 6x3
2 B6+3
p=4Q-cm

Hence, the value of pto the nearest
integeris 4.

2_1 The circuit shown in the figure

consists of a charged capacitor of
capacity 3uF and a charge of 30
MC. At time t =0, when the key is
closed, the value of current flowing
through the 5 MQ resistor is x pA.
The value of x to the nearest integer
[ . [2021, 18 March Shift-I]
C = 3uF 5MQ

—F——wwwwww

g = 30uC

Ans. (2)
According to given circuit diagram,
Att =0, the key isin closed position.

Current through the resistor will be
maximum.

Using Ohm'’s law,

| :K
max R
g1
O | = X
max %B R
0x107%0 ]
o |
e 3x10‘BE 5x 10°
loax =2 %1076 A
Inax = 2UA

The value of the current flowing through
the 5 Q resistor is2pA. Hence, the value
of the x to the nearest integer is 2.

22 The voltage across the 10Q resistor

in the given circuit is x volt.
50Q

AW
10Q
20Q
1|70V

The value of xto the nearest
integeris...... .

[2021, 18 March Shift-1]
Ans. (70)

Electrical circuit is shown in the
diagram. Now, let's draw the equivalent
circuit.

10 Q 50 Q 10Q Req

H

170V 170V

Equivalent resistance of the circuit,

_ 50 x20
50+ 20
100
Req :7Q

According to voltage division rule,

voltage across the 10 Q resistance of the
circuit,
a |

0 o O
Vigg =170 X B—— [

100

ad
510-'- 7 O
Vigog =70V

The value of the x to the nearest integer
is 70.

23

24

A current of 10 A exists in a wire of
cross sectional area of 5mm? with
a drift velocity of 2 x10 ms™". The
number of free electrons in each
cubic metre of the wire is

[2021, 17 March Shift-I]

(a)2 x108 (b) 625 x10?®
(c)2 x10%° (d)1x10%
Ans. (b)

Given, current,/ =10 A
Cross-sectional area,

A=5mn? =5x1078 m?
Drift velocity, v, =2x10™ ms”
The value of current flowing through a
conductor can be given by

I =neAv, i)

where, n=number of free electrons
and e =charge onan electron

Putting all the given values in Eq. (i) we
get

1

10=nx16x10""% x5 x107 2 x10~°

0 n= 10
16x10719 x5 %1078 x2 x107

=0625x10%% =625 x10%°

The equivalent resistance of series
combination of two resistors is s.
When they are connected in
parallel, the equivalent resistance
is p. If s =np, then the minimum
value for nis ......... .

(Round off to the nearest integer)
[2021, 17 March Shift-1]

Ans. (4)

Let two resistors have resistances R,

and R,, respectively.

As per question, equivalent resistance of
series combinationis s

O s=R;+R, (1)
and equivalent resistance of parallel
combinationis p

RiR,
R+ R,
According to the question,

s=np

From Egs. (i),(ii) and (iii), we get

RiR,
(Ry+R,)

O p= (i)

!
Ri+R,=n

(Ry+ R, )’
RiR,
Forntobe minimum, R, =R, =R
2 2 2
O n:(R+R) :(ZR) :ﬂ
RR R R

O n(R\R,)=(R,+R,)* 0 n=

0 n=4



25 A conducting wire of length |, area 0 I, =(8 =1;)is passing through R, Ans. ()

of cross-section A and electric As, same current is flowing through R, Given, i=agt+ Bt?
resistivity pis connected between and Ry. S where, o, =20A/s, B =8 A/s?
the terminals of a battery. A OR, and Rz are in series. We know that, i=dq

potential difference V is developed dt

between its ends, causing an
electric current. If the length of the
wire of the same material is
doubled and the area of
cross-section is halved, the
resultant current would be

O [:Tq:[ =qgt + Bt? =20t +8¢
t

O  dg=(20t +8t%)dt

Onintegrating both sides, we get
q 15

Jda=f20t+ 8t%)dt

0 0

[2021, 16 March Shift-I] 5
(a)l% (b)E\LA Q gg A Q=E~)mz—t2+8;§ =10 x(15)” +§><(15)3
4pl 4 pl and series equivalent resistance, O [

4 VA pl O Req=2+2=40Q oo . , ,
Ans. (a) Voltage through R, and R, will be same. 29 Consider four conducting materials
Initially, the resistance of wire is O hReq=hR, O 1h4=6-1)2 copper, tunggten, mercury and

R =pL/A 0 2,=6-1, O I,=2A aluminium with reS|st|V|ty
- Seconé case, . Pc Pr.Py andp,, respectively.
Length, "= 2] 27 A cylindrical wire of rac;ius 0.5 mm Then, [2020, 2 Sep Shift-I]
A and conductivity 5x10” S/mis (@) pa> Pr >pc
Area, A ) subjected to an electric field of 10 (b) pa>py >pc
0 g 2Bl p2) 4l mV/m. The expected value of (c) pc >pa>pr
2T TR A current in the wire will be x*TtmaA. (d) Py >pa>pc
, ) Vv The value of xis ......... . Ans. (d)
According to Ohmis law, = R, [2021, 24 Feb Shift-I] Aluminium is more resistive than copper
Vv 1VA Ans. (5) and mercury is most resistive of all.
- / =m =ZE Given, radius of cylindrical wire, r=05 So. py >R o
mm=0.5x10""m Hence, correct option is(d).

This is the required value of resultant Conductivity, 6=5 x 107 S/m

current. Electric field, E=10 mV/m=10 x10~3 30 Two resistors 400Q and800Q are
26 A current of 6 A enters one corner Vim connected in series across a6 V
P of an equilateral triangle POR We know that current density, battery. The potential difference
having three wires of resistance o J=ot measured by a voltmeter of 10 kQ
2 Q each and leaves by the corner =5x10" x10 x107° across 400 Q resistor is close to
R. The currents i; in ampere is =5x10° A/t [2020, 3 Sep, Shift-Il]
......... . [2021, 25 Feb Shift-II] Also, J=I/A 0 |=JA (a)1.95V (b)2V
0 1=5x105 x mx(0.5 107 (c)1.8V (d)2.05V
5 -8 Ans. (a)
=5x10" x 1t %25 x10 S )
125 rx 10 The circuit diagram is
: 10kQ
O  x?mA=125 tmA
O x°=5°
g x=5

E A current through a wire depends

+ —
ontime asi= 0t +Bt?, where I%
0, =20A/s and B =8 As 2. Find the 6V
Q R charge c'ros'sed through a section The equivalent resistance across AB,
Ans. (2) of the wirein15s. R, = 10000 %400
. [2021, 24 Feb Shift-1] 10000 + 400
Let resistances be Ry, Ry, R;and R, and (a)260C (b)2100C 10000 %400

I, current is passing through R, as

shown in figure (c)11250 C (d)2250 C 10400



_ 40000
104
=3846 Q
=385Q
[ Total circuit resistance
=385+ 800 =185 Q
Hence, circuit current is

[:L :i
Req 1185

=506x107° A
Now, potential drop across points Aand
Bis

Vig =R g
=606 x107° x385
=1046V =~ 195V

31 The value of current i; flowing from

Ato Cin the circuit diagram is
[2020, 4 Sep Shift-1I]

(a)1A
Ans. (a)

(b)5 A

From the given circuit diagram,
Potential drop across AC,V =8V
Resistance of mentioned wire,
R=4+4=8Q

So, the current flowing from A toC,

Hence, option(a)is correct.

32 Acircuit to verify Ohm’s law uses
ammeter and voltmeter in series or
parallel connected correctly to the

resistor. In the circuit,
[2020, 6 Sep Shift-II]

(a) ammeter is always used in parallel
and voltmeterin series

(b) Both ammeter and voltmeter must
be connected in parallel

(c) ammeter is always connected in
series and voltmeter in parallel

(d) Bothammeter and voltmeter must
be connected in series

Ans. (¢)

In the circuit to verify Ohm's law, the

ammeter is connected in series as it

measures the current through the

resistance, while the voltmeter is

connected in parallel as it measures the

potential difference across the ends of

resistor.

Hence, correct optionis(c).

33 The current I, (in ampere) flowing
through 1Q resistor in the following

circuit is [2020, 7 Jan Shift-I]
Lo1Q
E:::j 2Q
AN
2Q
||
|{
v
(a) 0.25 (b) 0.4
(c) 0.5 (d) 0.2
Ans. (d)
Given circuitis
I, 1Q
20
C
A AN B
2Q
1
|{
V=1V

In given circuitV,;, =1V, so upper branch
of circuit is as shown below figure.
I1Q
/ 2Q

A 10 B

Equivalent resistance of upper branch,
R =(1Q111Q) +2Q
:l +2:EQ
2 2
So, current in upper branch,

At pointC, this current is equally divided
into two parts.

So, I =1%Q=O.2A
2

34 A 200 Q resistor has a certain
colour code. If one replaces the red
colour by green in the code, the
new resistance will be

(a) 100Q (b) 400 Q
(c) 300Q (d) 500 Q
[2019, 8 April Shift-I]
Ans. (d)
Given, resistance is200 Q.=20x10'Q

R B Br

So, colour scheme will be red, black and
brown.

Significant figure of red band is 2 and for
greenis 5. When red(2)is replaced with
green(b), new resistance will be

200 ohm B 500 ohm.

35 A wire of resistance Ris bent to
form a square ABCD as shown in
the figure. The effective resistance
between E and Cis [E is mid-point

of arm CD] [2019, 9 April Shift-I]
A B
b £ ¢
7 3
a) —R b) =R
(a) v ( )4
1
c) R d) —R
(c) ( )18
Ans. (a)

Let the length of each side of square
ABCDisa.

OResistance per unit length of each side

R
4a
A B
R2
L
D EQ—R1—>C
Now, RWZE[EC]zﬂ x2 =R
4a 4o 2 8



Similarly,

Now, effective resistance between E
and Cis the equivalent resistance of R,
and R, that are connected in parallel as
shown below.

RT
£ c
RZ
_ Rk
EC R1+R2
_(R/8)x(7R/9)
(R/8)+(7R/8)
2
:Exi:lR
64 B8R 64

36 Determine the charge on the

capacitor in the following circuit
[2019, 9 April Shift-I]

(a) 2upC (b) 200uC

(c) 10pC (d) BOpC

Ans. (b)

Given circuitis

7V=—= 49%% 10Q ——10pF

To find charge on capacitor, we need to
determine voltage across it. In steady
state, capacitor will acts as open circuit
and circuit can be reduced as

6Q r20 |
W WA !
7oy 403 ! 1003 |
Inseries, Ryq =2Q +10Q
=120
O
6Q ‘
7oV e 120!
4x12
In parallel, R, = =3Q
P 412

***********

7o\ = 3 3Q

Inseries, Ryq =6Q +3Q =9Q

9Q
AN

2V

So, currentin steady state,
| :K :LZ =8A

R 9

Now, by using current division, at point

P, currentinB Q branch is

72=Ve —gap v, =72 -48 =24V
6Q

8A 6Q p [, 2Q
e AMAA
I
72N/ 4Q 10Q —10pF
G G G G
V=0 V=0 V=0 V=0
Currentin4 Q branchiis,
[2 :VP -0 :24—0 -60
4 4
So, currentin2 Q resistance is
l,=8-1, Lol=1+1,]
=8-6=2A

OPotential difference across 10Q
resistoris

Vos =2Ax10Q =20V
Same potential difference will be
applicable over the capacitor(parallel
combination).

So, charge stored in the capacitor will be
0=CV=10x10"% x20
O 0=2x10"C=200pC

37 In a conductor, if the number of

conduction electrons per unit
volume is8.5x10% m ™ and mean
free time is 25 fs(femto second),
it's approximate resistivity is (Take,
m, =9.1x107" kg)

[2019, 9 April Shift-1I]

(a) 107 Q-m (b) 107°Q-m
(c)107°Q-m (d) 1078 Q-m
Ans. (d)
Resistivity of a conductor is
_m, )
p= (1)

ne’t

where,m, =mass of electron
=91x10"""kg,
n=free charge density=85 x10%m™%,
T=mean free time=25fs=25 x10™°s
and e =charge of electron=16x10""° C
Substituting values in Eq. (i), we get
o= 9.1x10~"
8.5x10% x(16 x1071%)f* x25 x107'®
_91x107°®
 85x256x25
=16x10"* Q-m=10"% Q-m

=0016x107°

38 A metal wire of resistance 3 Q is

elongated to make a uniform wire
of double its previous length. This
new wire is now bent and the ends
joined to make a circle. If two
points on this circle make an angle
602 at the centre, the equivalent
resistance between these two

points will be  [2019, 9 April Shift-11]
7 5

a) =Q b) =Q

(a) 2 ( )2
12 5

c) —Q d) =Q

(c) . (d) 2

Ans. (d)

Initial resistance of wire is3 Q. Let its
lengthisland areais A.

Then, Ry, :p’Z =30 )

When wire is stretched twice its length,
thenits area becomes A’, on equating
volume, we have

Al=paoa=?
2

So, after stretching, resistance of wire
will be
i A
R"= R¢ina pA’ 4pA 12Q
[using Eq. (i)]

Now, this wire is made into a circle and
connected across two points Aand B
(making 602 angle at centre) as
Now, above arrangement is a
combination of two resistances in
parallel,




39

p ZBOXR 1

1 =lxn=20
360 6

and R,=Wxr=2x1p=100
%0 6

Since, Ry and R, are connected in
parallel.

R:R
So, AB:#:HJXQ:EQ
Ri+R, 12 3
In an experiment, the resistance of

a material is plotted as a function
of temperature (in some range). As
shown in the figure, it is a straight

line. [2019, 10 April Shift-1]
InR(7) \
! 112
One may conclude that
2,72
(a) RM)=Rye” 0
(b) R =Ree’ /0
)
(c) RM)=Rye™ 0"
R
(d) RN =—2
T
Ans. (¢)

From the given graph,

InR(To) 1.

In R(T)
\‘\1/T02
1/TP—s

We can say that,InR (T) iz
7

Negative sign implies that the slope of
the graphis negative.

orIinR(T)= constant%ig
72

_exp(const.)

0 RI)=2E—2t
exp Q}Z@
O R{T)=Ryexp E—gé

Alternate Solution
1

72, InR(M)
1 InR(Ty)

T

From graph, =1

o r20
0 InR(T)=[InR(TO)]Euj—%D
o o

720

= 0
or R(T) =R, EXD%TT

E A current of 5 A passes through a

copper conductor (resistivity
=17 x107® Q-m) of radius of
cross-section 5 mm. Find the
mobility of the charges, if their drift
velocity is11 x1075 m/s.

[2019, 10 April Shift-1]

(a) 1.5m?/ V-s (b) 1.3m?/ V-s
(c) 1.0m?/V-s (d) 1.8m?/ V-s
Ans. (¢)

Given, | =5A,

p=17x10"% Q-m,
r=5mm=5x10"m,
v, =11x107 m/s
Mobility of charges in a conductor is

given by
Vg .
=4 . (i)
" E
and resistivity is given by

p:%:i (sJd=0E :1 x E)

1A P
O p:&
|
or E:p—l .. (i)
A
From Egs. (i)and (ii), we get
_VgA
IJ = -
pl

Substituting the given values, we get
_11x107 x rx(5 x 107

17x1078 x5
-9
=86.35><108 —10.1x 10"
85x 10~
O p= 1nt/V-s

41 Space between two concentric

conducting spheres of radii @ and
b(b>a)is filled with a medium of
resistivity p. The resistance
between the two spheres (in ohm)
will be [2019, 10 April Shift-11]

(a) %%%@ (b) %%—%Q
R I s

Ans. (b)

Key Idea Resistance between surface of

inner shell and a circumferential point of
outer shell can be formed by finding
resistance of a thin (differentially thin)
shell in between these two shells. Then,
this result can be integrated (summed
up) to get resistance of the complete
arrangement.

For aelemental shell of radius x and
thicknessdx,

E Drift speed of electrons, when 1.5 A

of current flows in a copper wire of
cross-section 5mm? isv. If the
electron density in copper is
9x10% /m3, the value of v (in
mm/s)is close to (Take, charge of
electron to be =16 x107"° C)

[2019, 9 Jan Shift-1]
(a) 0.02 (b) 0.2 (c)2 (d)3
Ans. (a)
Relation between current (/) flowing

through a conducting wire and drift
velocity of electrons(v,)is given as
| =neAv,
where, nis the electron density and Ais
the area of cross-section of wire.
O Vg :Ii
neA



Substituting the given values, we get color)indicates the decimal multiplier Colour  Values Multiplier Tolerance

15 and D(forth color)indicates the code (AB) (C)
v= o oo
28 -19 -6 tolerance in % as per the indicated 5
9107 x1.6 <1077 x5 x10 value. The table for color code of carbon Green 5 10
V:1.5x10'3 m/s=02 x 107 m/s resistor is given below, Blue 6 108
’ ] 7
72 Color Values Multiplier Tolerance Voilet 7 10
or  v=002mm/s Codes (A B) () D) (%) Grey 8 108
—_— o Black 0 10° White 9 10°
43 A copper wire is stretched to make . |
. - — + 00
it 0.5% longer. The percentage Brown ! 19 Gold 5%
.. . . 2 i - - ©,
change in its electrical resistance, Red 2 10 Silver * 10%
if its volume remains unchanged is Orange 3 10° Nocolour - - +20%
) _ [2019,9 Jan Shift-l] Yellow 4 10" -:Comparing the colours given in the
(a) 2.0% (b) 1.0% (c) 0.5% (d) 2.5% Green 5 108 question and table and writing in the
Ans. (b) manner of Eq. (i), we get
: ; ; " Blue 6 10° R=53x10* £5%Q
Electrical resistance of wire of length 7, 3 .
area of cross-section A and resistivity g Violet 7 107 or R=530x10"Q +5%
is given as - or R=530kQ* 5%
Gre 8 10
R=pl ) . - — o
A White 9 10 46 A2 W carbon resistor is color
Since we know, volume of the wire is Gold +59 coded with green, black, red and
V=Ax| (i) brown respectively. The maximum
. " Silver +10% p. y
OFrom Egs. (i) and (ii), we get current which can be passed
2 ©, . . .
R=p i) No colour +20% through this resistor is
4 O Comparing the colors given in the [2019, 10 Jan Shift-1]
As, thelengthhasbeenincreasedto0.5%. question and the table and writing in the (a) 0.4 mA (b) B3 mA
O New length of the wire, manner of (c) 20 mA (d) 100 mA
I'=1+0.5% of =] +0.005/ =1.005 | Eq.(i) we get ) ) Ans. (¢
ButV and premains unchanged. R=27x10"Q, +10%=27kQ, £10% . .
) Colour code of carbonresistance is
So, new resistance, — shown in the figure below
v 2 PI1.005) 1 (v 45 Acarbon resistance has a following 9
% color code. What is the value of the Green Black Red Brown
Dividing Eq. (iv)and Eq. (iii). we get resistance? [2019, 9 Jan Shift-11] =
R~ (1.0057 ‘.
R — [I[  [| ‘
0% cgzr’wge B the resistance G oY Golden So, resistance value of resistor using
=Hg ~1g100 (a) 53MQ 5%  (b) 64 kQ £10% CO'OU”;C’ES'ZZ o
o o = X
= [(1.0052 = 1] x 100 = 1.0025%= 1% (AC) 6.4(;])(2154 (d) 530kQ £5% oo x 1P O
ns. -
A . . . . . L Here, we must know that for given
44 A resistance is shown in the.ﬂgure. The value of a carbon resistor is given as carbon resistor first three colours give
Its value and tolerance are given R=ABxC +D% -Ai) value of resistance and fourth colour
respectively by  [2019, 9 Jan Shift-I1] where, colour band Aand B(first two gives multiplier value.
Red Orange fcolour)infdicatesthefirsothtwo significant Now using power, P =i%R
igures of resistance in Ohms.
._|P 2
C(third colour)indicate the decimal we get, i :\g N
multiplies and D (fourth colour)indicates 502x10
Violet  Sil the tolerance in % as per the indicated B
iolet  Silver oo, p =20 %1073
Eg; ;;Ok% 526’0/ The table for colour code, =20mA.
(c) 27kQ,10% Colour Values Multiplier Tolerance 47 A uniform metallic wire has a
(d) 270k Q,10% code (AB) (€) ) . .
0 resistance of 18 Q and is bent into
Ans. (¢) Black 0 10 X _
; an equilateral triangle. Then, the
Thevalue of acarbonresistorisgiven as‘, Brown ! 102 resistance between any two
e R (i) Red Z 10 vertices of the triangle is
where, color band Aand B(flrs't two Orange 3 10° [2019, 10 Jan Shift-I]
colors)indicate the first two significant Vel 4 10°
figures of resistance in ohms, C (third cliow (@) 12Q (b)8Q (c)2Q (d)4Q




Ans. (d)

Resistance of each arm of equilateral
triangle will be
18

R=—=6Q
3
So we have following combination will be

Equivalent resistance is
0 _12x6 _12x6

= = =4Q
B 12+ 18

K The temperature dependence of

resistances of Cu and undoped Si

in the temperature range

300-400 K, is best described by

[JEE Main 2016]

(a) linearincrease for Cu, linear increase
for Si

(b) linear increase for Cu, exponential
increase for Si

(c) linearincrease for Cu, exponential
decrease for Si

(d) linear decrease for Cu, linear
decrease for Si

Ans.(¢)

As, we know Cu is a conductor, so
increase in temperature, resistance will
increase. Then, Siis semiconductor, so
with increase in temperature, resistance
will decrease.

E When 5V potential difference is

applied across a wire of length 0.1m,
the drift speed of electrons is
2.5x10"*ms™" . If the electron
density in the wire is8 x102¢ m~*
the resistivity of the material is
close to [JEE Main 2015]
(a)1.6x107%Qm  (b)1.6x107" Qm
(c)1.6x1078Qm  (d)1.6x107° Qm

Ans. (d)

According to the question,

[ 0.1m °
|1
|I
5V
v, =25x10""m/s
] n=8x10%/m?3

We know that
J=nev, orl=nev,A
where, symbols have their usual
meaning.
O %=nevdAoré:nevdA
A

50

51

52

%
or — =nevy orp=
pL aorP nevy L

5

T 8x10% x16 x10°° x2.5 x1074 x0.1
orp=16x10"% Qm

If 400Q of resistance is made by

adding four 100Q resistance of
tolerance 5%, then the tolerance of
the combination is [AIEEE 2011]

(a)20% (b)5%

(c)10% (d)15%

Ans.(b)

Resistance of combination, R, =4R

O AR, :ﬁ:5x100:5%
R, R 100

If a wire is stretched to make it

0.1% longer, its resistance will
[AIEEE 2011]
)increase by 0.2%
)decrease by 0.2%
)decrease by 0.05%
)increase by 0.05%
Ans. (d)
R :&l :i
AV

0 AR A 02%
R 1

(a
(b
(c
(d

[V =volume]

Two conductors have the same
resistance at 0°C but their
temperature coefficients of
resistance area; anda,. The
respective temperature
coefficients of their series and

parallel combinations are nearly
[AIEEE 2010]

(a) 0 +0,
o, +a
(b) oy +ory ———2
2
a
(c) ay +a, — 2
o,+0, 0, +a
(d) 1 2[ 1 2
2 2
Ans. (d)

Let Ry be the initial resistance of both
conductors.

O Attemperature®, their resistances
will be

R =Ry(1+ap)
and R, = Ry(1+a.0)
For series combination,

Rs =R, +R,
Ryol+ o, 8=Ry(1+ 0,8 +Ry(1+0a, 6
where, R, g =Ry + Ry =2R,
O2R,(1+ 0,08 =2R, + R 8la, +ay,)

a,+a
or J= 2 ; 2
For parallel combination,
_ Rk
’ R/ +R,
+ +
Rol1+a1,6) = Ro(1+a)Ry(1+a0)
Ro(1+ap) + Ry(1+a.0)
where, RDO=4RUR0 =Ro
Ro+Ry 2
RZ1+aP+0a.0 + 2
D&(Hape): ol+ap+ap +app’)
2 Ry(2+ap +0a,9)

Asa,anda, are small quantities.
[ g ,isnegligible.

_ 0ytoy
or pE————
2+(a, +a,p
:aw+a25_w1+azmem
2 B 62 oH
As(a, +c12)2 is negligible.
o, +a
0 o rap
? 2

53 This question contains Statement |

and Statement Il. Of the four

choices given after the statements,
choose the one that best describes
the two statements.  [AIEEE 2009]

Statement | The temperature

dependence of resistance is

usually givenasR = Ry (1+aAt).

The resistance of a wire changes

from100Q to150Q when its

temperature is increased from

27°C to 227°C. This implies that

a=2.5x107%/°C.

Statement Il R = R, (1+aAT)is

valid only when the change in the

temperature AT is small and

AR=(R -Ry)<<R,.

(a) Statement lis true, Statement Il is
false

(b) Statement | is true, Statement Il is
true; Statement Il is the correct
explanation of Statement |

(c) Statement | is true, Statement Il is
true; Statement Il is not the correct
explanation of Statement |

(d) Statement | is false, Statement Il is
true



Ans.(d)
R=R,(1+a At)
Given, R, =100 Q, R =150 Q, At =200°C
ad 150 =100 (1+a 200)

0O 0.5=200a
O GZEZL
200 400
=25x107*/°C

Directions (0. Nos. 54 to 55)are based on
the following paragraph.

Consider a block of conducting material of
resistivitypshown in the figure. Current |
enters at Aand leaves fromD. We apply
superposition principle to find voltage AV
developed betweenBand C. The calculation is
done in the following steps

/ AV /

(a) Take current/entering from Aand
assume it to spread over a
hemispherical surface on the block.

(b) Calculate field E(r) at distance r from
Aby using Ohm's law = pJ, where Jis
the current per unitareaatr.

(c) Fromthe rdependence of E(r),
obtain the potential V(r) at r.

(d) Repeat steps (i), (i) and (iii) for
current [leaving D and superpose
results for Aand D.

54 AV measured betweenBand Cis
[AIEEE 2008]
Pl e el ol
Ta Ta+b) a (a+b)
pl pl pl
c)—-— (d)
2ma  2ma +b) 2ma —b)
Ans. (¢)
Electric field at a distance r from Ais
|
2T
O J’d\/ = —J’E dr
O Vo -Vy=4v
_otbpl y dr

E:px

2

or AV ="

55 For current entering at A, the

electric field at a distance r from A

is [AIEEE 2008]
p! p/
(a) (b)=
g r
pl pl
(c)— (d)—
21’ 41
Ans. (¢)
As E :! :B :zil :pJ
I 1 tA
[--current density, J =1/A]
FromE =pJ =P
217

56 The resistance of a wireis5 Q at

50°C and 6 Q at 100°C. The
resistance of the wire at 0°C will be
[AIEEE 2007]

(@) 2Q (b) 1Q
(c) 4Q (d) 3Q
Ans. (¢)
From R, =Ry(1+at)
0 5=R,(1+500a) i)
and 6=R,(1+100a) (D))

5_ 1+ 50a
O = TOovR

6 1+100a

_ 1
or oa=—
200

Putting the value ofain Eq. (i), we get
10
5=R,H+50 x—H or Ry =4 Q
°H 2000 O

5_7 A material B has twice the specific

resistance of A. A circular wire
made of B has twice the diameter
of a wire made of A. Then, for the
two wires to have the same
resistance, the ratio I3/l , of their
respective lengths must be

[AIEEE 2006]

(a)1 (b) 172
(c) 14 (d) 2
Ans.(d)

Let(py, £y ra Ag)and (pg, I rp Ag) be
specific resistances, lengths, radii and
areas of wires A and B, respectively.

Resistance of A= R, :% :%
Ay T,
Resistance of B=R, :% :leB
A i

B B

From given information,
pB :ZPA

g =21,

and Ra=R,
O %:%
W T
2
or %: prl25
Ty  Ti2r,)
or LB:%:Z:]

58 The resistance of a bulb filament is

100 Q at a temperature of 100°C. If
its temperature coefficient of
resistance is 0.005 per °C, its
resistance will become 200 Q at a
temperature of [AIEEE 2006]
(a) 300°C(b) 400°C(c) 500°C(d) 200°C
Ans. (b)
Let resistance of bulb filament be R, at
0°C, then from expression,
Ry = Ro[1+0an6]
We have, 100 =R,[1+0.005 x100]
and 200 =R,[1+0.005 xx]
where, xis temperature in °C at which
resistance become 200 Q.
Dividing the above two equations, we get
200 _1+0.005¢ 1, _up0ep
100 1+0.005x100

E The total current supplied to the

circuit by the battery is
[AIEEE 2004]

6V
3Q
(@) 1A (b) 2A
(c) 4A (d) BA
Ans. (¢)

The equivalent circuit can be drawn as
6 Qand2Qarein parallel.

R=2%6_159
8
1. Q VAAAAAA
VAVAVASVAVAVA vé 5 ’ | —
AAAAAA
YYVYVYYY
30 6Q
AAAAAA
YYVYVYY
ks
ey
U

As1.5Qand 1.5 Q arein series.
R"=15+15=3Q



1.5Q 1.5Q
—— AWWW—— WAW—
VAVAVAVAVAVA
ks
H;

As3Qand3 Qarein parallel.

Req :%:1.59

3Q 1.5Q
——VWWW— ——VWWW—
3
VYW =
St St
ey 'I"'av

Hence, current supplied by the battery

60 The resistance of the series

combination of two resistances is
S. When they are joined in parallel,
the total resistance isP. If S=nP,
then the minimum possible value of

nis [AIEEE 2004]

(a) 4 (b) 3

(c) 2 (d) 1

Ans. (a)

Letresistances be R, and R,. Then,

S=R,+R,

and p= i
R, +R,

0 (R+R) =0 s onp)
R+ R,

or (R;+ R, =nRiR,
CR? + RZ +2RR, 0
n=g— 2 “ 727

O
g RiR, g
a
:DR1+&+2D
% R, O
We know,
Arithmetic Mean = Geometric Mean
&+72
Re Riy [RicRe
2 R, R,
0 &+&22
RZ RW

So, n(minimum value) =2 +2 =4

61 A3V battery with negligible

internal resistance is connected in

a circuit as shown in the figure.
[AIEEE 2003]

The current | in the circuit will be

(@) TA (b) 11A5A
(c) 2A (d) EA
Ans. (b)

Resistance inthe arms AC and BC are in
series.

A
1
v s 30
B 3Q c
O '=3+3=6Q
Now, R"and 3 Q are in parallel.
6x3
O Ry =——=2Q
“B+3
Now, V=R O /:%:1.5A

6_2 The length of a given cylindrical

wire is increased by 100%. Due to
the consequent decrease in
diameter, the change in the

resistance of the wire will be
[AIEEE 2003]

(a) 200% (b) 100%
(c) 50% (d) 300%
Ans. (d)
Given, '=[+100%1=21
Initial volume = Final volume
i.e., =’
2
or r’z = Ll = r2 XL
I 21
2
or rr=l
2
20 0, ,_plO
] R'=p—= cR="2
P P8 T AR
:pﬂol:m

Thus, AR=R'-R=4R -R=3R

3R

a % AR =FX1OO% =300%

Alternate Solution

By the shortcut formula,
X
100

Valid only for 2 variables in terms of
percentage.

As RO’ %
Increase in resistance

% Change=x+y +

=100+100 +.100%100 _=400,
100

TOPIC 2
Heating Effect of Current

E A uniform heating wire of

resistance 36 Q is connected
across a potential difference of
240 V. The wire is then cut into half
and potential difference of 240 V is
applied across each half
separately. The ratio of power
dissipation in first case to the total
power dissipation in the second
case would be 1: x, where x is .........
. [2021, 1 Sep Shift-II]
Ans. (4)
Forcasel,

The potential difference of the uniform
wire, V =240V

The resistance of the uniform wire,
R, =36Q
The power dissipation in the first case,

2 2
p =V 240
R, 36
Forcasell,
The resistance of each half,
RZ :& :@ =18 Q
2 2

2 2 2 2 2
p =V VP _RUOF 24O _(240)
R, R, 18 18 9

Thus, the ratio of the total power
dissipation in the first case to the
second case

P _(240) /36

B (2407/9
O E:l

B 4
Comparingv\/ith,ﬁ:l

B x

The value of the x =4.



6_4 A resistor dissipates 192 J of

energy in 1s when a current of 4 A
is passed through it. Now, when
the current is doubled, the amount
of thermal energy dissipated in5 s
(1S J. [2021, 31 Aug Shift-1I]
Ans. (3840)

Given that, initial current, /; =4A

Final current, |, =2/, =8A

Initial heat dissipated, H, =192 J

Initial time, t, = 1s

Final time, t, =bs

Let final heat dissipated=H,

By Joule's law of heating,HDlzRT

Since resistance remains same at initial
and final condition,

2 2
0 Hizzlthz :lzi

Substituting the given values, we get

i=§§x§
192 1

a H, =3840J

65 An electric bulb of 500 W at 100 V

is used in a circuit having a 200 V
supply. Calculate the resistance R
to be connected in series with the
bulb, so that the power delivered

by the bulb is 500 W.

[2021, 26 Aug Shift-I1]
(@)20Q (b)30Q (c)5Q (d)10Q
Ans. (a)
Given, power rating of bulb, F, =500 W
Voltage across bulb, vV, =100V
Supply voltage, Vg =200V
If aresistance Ris attached in series
with the bulb, then the voltage across
resistance will be 100 V.

Now, current flowing in circuit when
bulb delivers power of 500 W is given as

Py =Vl
O 500 =100 x|
O | =5A

Same amount of current will flow from
the resistance as it is connected in
series.

Using Ohm'’s law,

V=IR
O 100=56xR
O R=20Q

Thus, the resistance connected in
seriesis20Q.

66 In the given figure, the emf of the

cellis 2.2 V and if internal
resistance is 0.6 Q. Calculate the
power dissipated in the whole

circuit [2021, 26 Aug Shift-1]
40
MV
40 4Q
A B
2Q 8Q
8Q
I
22V, r=0.6Q
(a)1.32 W (b)0.65W
(c)2.2W (d) 4.4 W
Ans. (¢

The given circuit diagram can be drawn
as
4Q
MWW
4Q

>
N
©
W

MW
8Q

||
il
2.2V, r=0.6Q

Redrawing the above circuit diagram as

Equivalent resistance of the circuit
between point Aand Bis given as
1 1 1 1 1

- =+ + +
Req R1 RZ RS RA
LI
4 12 6 8
_6+2+4+3
24

_15
24
:&Q
15
=16Q
1.6Q
AW
%
0.6Q 2.2V
Riyw =1.6+0.6=2.20Q
po Vi _2.2%22
Rtotal 2.2
=2.2W

67 The energy dissipated by a resistor
is 10 mJ in 1s when an electric
current of 2 mA flows through it.
The resistance is ......... Q.

(Round off to the nearest integer)
[2021, 16 March Shift-II]

Ans. (2500)
Given, energy dissipated by a resistor,
H=10mJ
=10x107%Y
Time, t=1s
Electric current,/ =2mA

=2x107%A
Resistance, R =7
According to Joule’s law of heating,

H=1?Rt
O R=t 0
1T
Substituting the given values in Eq. (i),
we get
_ loxio”®
2x107%2 x1
-2
O R=_10
4x10"
O R=0.25x10"
| R =2500 Q



68 A resistor develops 500 J of
thermal energy in 20 s, when a
current of 1.6 A is passed through
it. If the current is increased from
1.5 Ato 3 A, what will be the energy

developed in 20 s?
[2021, 16 March Shift-II]

(a)1500 J (b) 1000 J (c)500 J (d)2000J
Ans. (d)
Given,

Heat energy, H, =500J
Initial current, [, =15 A, final current,

l, =3A

andtime, t =20s
According to Joule’s law of heating,

H=IRt
0 H, =I?Rt 1)
and H, =IZRt i)

[-Resistance and time being the same
in both cases]

Dividing Eq. (|)byEq i), we g

et
SN Eﬁ
HZ HZ 2%

. i:mﬁ:msﬁ o HoAd
R, O30 Hod ~ 5, B
o M-1ps0_1

0 H, =500 x4
0  H,=2000J

69 A torch battery of length [ is to be
made up of a thin cylindrical bar of
radius a and a concentric thin
cylindrical shell of radius b is filled
in between with an electrolyte of
resistivity p(see figure). If the
battery is connected to a
resistance R, the maximum joule’s
heating in R will takes place for

[2020, 3 Sep Shift-1]

—

Ans. (b)

By maximum power theorem, maximum
joule’s heating in external resistance R
takes place when internal resistance of

battery is equal to external resistance R.

Inner bar

Now, resistance of a elemental cylinder
of radius r and thicknessdris

(dR) internal = L@‘
21vl

- Rinternal :I(dR)lnternal

odr_ o bﬂ

" o amke
=ﬁ[lnr]a

210
:L(Inb—lna)—f[m
21 %E

So, the maximum joule's heating in R will
takes place when its value is

mtemal th;H

Hence, option(b)is correct.

70 Anideal cell of emf 10 Vis

connected in circuit shown in
figure. Each resistance is 2 Q. The
potential difference (in V) across
the capacitor when it is fully
chargedis ......... .

[2020, 2 Sep Shift-II]

Ans. (8)

When capacitor is fully charged, circuit
isreduced to as shown below,

{20  ._Series

; N R=2+2=4Q

i/3

So,
Total resistance is R, :% +2:$Q
_ vV _ 10 _
Currentincircuit,i=—=—_=
10/3

eq

Hence, potential difference across
capacitor
=potential difference across AEB

=00 /3 +2 %] =2 xg 12 %3 =8V

W A battery of 3.0 Vis connected to a

resistor dissipating 0.5 W of power.
If the terminal voltage of the
battery is 2.5V, the power
dissipated within the internal
resistance is [2020, 4 Sep Shift-I]
(a) 0.072 W (b) 0.126 W
(c) 0.50W (d) 0.10W
Ans. (d)
Using Kirchhoff s loop law,

V=E-ir

25=3-ir
ir=0.5 ()

i R i
AAAAAAA
WWWA

V=25V

+ —
lE=3v r !
—>
V=25V

Now, from Ohm's law,

V =iR,25=IR,iR =25 (i)
and given that

P, =05,i*R=05 i)



Dividing eq (i) by eq (i), we get

iR 25 R b
2
NOW,Pf:i 0 i:L O i:l
P, i°R 05 R 05 5

g P =0.TW=0.10W
Hence, correct option is(d).

72 In a building, there are 15 bulbs of

45 W, 15 bulbs of 100 W, 15 small fans
of 10 W and 2 heaters of TkW. The
voltage of electric main is 220 V.
The minimum fuse capacity (rated
value) of the building will be
[2020, 7 Jan Shift-II]

(@) 256 A (b) 10A (c) 20A (d) 15A
Ans. (¢)
Power of 15 bulbs (each of 45 W),

P =156 x45 =675W
Power of 15 bulbs (each of 100 W),

P, =16 x100 =1500 W
Power of 15 fans (each of 10 W),

P, =15x10 =150 W
Power of 2 heaters(each of TkW),

P, =2 %1000 =2000W
Total power usage of building,

P=P +F, +P, +P, =4325W
Using P =VI, current drawn from mains
supply of 220V,

OMinimum fuse capacity requiredis 20 A.

73 The resistive network shown below

is connected to a DC source of 16
V. The power consumed by the

network is 4 W. The value of Ris
[2019, 12 April Shift-1]

4R 6R
Y D
by Y.
[t
E=16V
(@a)6Q (b)8Q (c)1Q (d)16Q
Ans. (b)
Given circuitis
4R 6R

Equivalent resistance of part A,
R, = 4R x4R —9R
4R +4R
Equivalent resistance of part B,
RB :M:BR =4R
BR+12R 18
OEquivalent circuit is
2R R 4R R

N
1"

E=16V
OTotal resistance of the given network is
R, =2R+R +4R +R =8R
As we know, power of the circuit,
_E? _(16/* _16x16

p=—_=" =
8R 8R

i)

According to question, power consumed
by the network, P=4W

8R
I
E=16V
From Eq. (i), we get
0 16><16=4
8R

0 Rz]BX]B:SQ

8 x4

ﬁ A current of 2 mA was passed

through an unknown resistor which
dissipated a power of 4.4 W.
Dissipated power when an ideal
power supply of 11V is connected
across it is [2019, 10 Jan Shift-I1]
(a) 11x107* W (b) 11x107° W
(c) 1x10° W (d) 11x107° W
Ans. (b)
Power dissipated by any resistor R,
when [ current flows throughitis,
P=I’R ()

B
Given [=2mA=2x10"%Aand P=44 W
Using Eq. (i), we get

44=(2 x107% xR
4

4x1078

When this resistance R is connected
with 11V

(i)

or R=

supply then power dissipated is

2
P:L
R
2
or p=0 4 x107¢
44

[ Using Eq. (ii)]
po MxTx4x107°
44 %107

or P=11x10"° W

O

75 Two equal resistances when

connected in series to a battery
consume electric power of 60 W. If
these resistances are now
connected in parallel combination
to the same battery, the electric

power consumed will be
[2019, 11 Jan Shift-I1]

(a) BOW (b) 30W
(c) 240 W (d) 120W
Ans. (¢)

Let P and F, be the individual electric
powers of the two resistances,
respectively.
In series combination, power is

)

PR

P, = =60W

Since, the resistances are equal and the
current through each resistor in series
combination is also same. Then,
B=F=120W
In parallel combination, power is
P=P + PR =120 +120=240W
Alternate Solution
Let R be the resistance.
[0 Net resistance in series=R + R =2R
V2 %
P=—=60W 0O —=120W
2R R
R xR
R+ R

New resistance in parallel = =R/2

Ve B d
P—W—ZEEE—ZAOW

76 Two electric bulbs rated at 25 W, 220

Vand 100 W, 220 V are connected in

series across a 220 V voltage source.

If the 25 W and 100 W bulbs draw

powers P, and P, respectively, then
[2019, 12 Jan Shift-1]

(a) P, =16 W, P, =4W

(b) P, =4 W,P, =16W

(c)P, =9 W,P, =16W

(d)P, =16 W,P, =9W



Ans. (a) Ans. (d) 80 An electric bulb is rated
Resistance of a bulb of power Pand with P _V 220 V-100 W. The power consumed
avoltage Sourcezv is given by R by it when operated on 110 V will be
=V 240W 8O [AIEEE 2006]
P (@) 75W (b) 40W (c) 25W (d) 50W
Resistance of the given two bulbs are Ans. (c)
_V? _(20p :
"p 26 [
II
and V2 (220 120V where subscripts denote for rated
P 100 ) parameters.
2 Resistance of the bulb, (220
Since, bulbs are connected in series. _ 120 %120 _ 0 R=
, R=-"""-=2400Q 100
This means same amount of current 60
flows through them. R., =240 +6=246Q Power consumed at 110 V,
O Currentin circuit is ’ vV 120 p :Vi
v 220 ] O I1 = consumed R
i= = : s= A Req 246
Riw (220 , (2207 11 120 op _ (0P _
25 100 Vi=hfRy =275 ¥ 240 consimed = 22012100
Power drawn by bulbs are respectively,
= 7075y 81 Aheater coil is cut into t |
P =i"R, = %lg xM: 1BW. Resistance of the heater eater coll Is cut Into two equa
V2 120%120 _ parts and only one part is now used
iR =R, g 220x220 _, TP 40 =60Q in the heater. The heat generated
and R, =i*R, = . .
QW» As bulb and heater are connected in will now be [AIEEE 2005]
parallel. (a) doubled (b) four times
77 In alarge building, there are 15 Net resistance = 240%60 _ 0 o (c) one-fourth  (d) halved
bulbs of 40 W, 5 bulbs of 100 W, 5 300 Ans. (a)
fans of 80 W and 1 heater of 1 kW. Total resistance, R, =48+6 =54 Q Is heat generated
The voltage of the electric mains is Total current, I, =V/R, =120/54 b=V g =V
220 V. Then, the minimum current Potential across heater =Potential "R : (R/2)
. across bulb H
should be [JEE Main 2014] 0 %29 or b, =2H,
(@) 8A (b)) 10A (c)12A (d) 14A 48 W 6Q H,
Ans.(c) —
Total power (P) consumed 82 The resistance of hot tungsten
=(15x40) +(5 x100) +(5 x80) +(1 x1000) filament is about 10 times the cold
=2500 W It resistance. What will be the
120V i
osoW 69 o0 resistance of 100 W and 200 V

lamp, when not in use? [AIEEE 2005]

v, =129 <48 210686 v
o4 (a) 40Q (b) 20Q (c) 400Q(d) 2000

S0 V, -V, =117.073 10666

Ans. (a)
N =10.04V )
1" P=V°/R
120V — )
A Ko that 79 Two electric bulbs marked 25 ] Riot =V -200x200
se “;Vf wa W-220 V and 100 W-220 V are P00
_2500 125 connected in series to a 440 V ‘288 Q
g / =00 2721 1.3A supply. Which of the bulbs will Reod —W—ZGO Q
?
Hence, minimum capacity shouldbe 12 A. fuse? [AIEEE 2012] —
- (a) Both (b) 100W 83 The thermistors are usually made
78 The supply voltage to room is 120 V. (c) 26w (d) None of these of [AIEEE 2004]
The resistance of the lead wires is Ans. (c) (a) metals with low temperature

6 Q. AB0 W bulb is already
switched on. What is the decrease
of voltage across the bulb, when a
240 W heater is switched on in
parallel to the bulb? [JEE Main 2013]
(a) Zero (b) 2.9V (c) 13.3V (d) 10.04V

As the rated power of 25 W is less than
100 W, itimplies that 25 W bulb has
higher resistance. As in series
connection, current through both the
bulbs is same but heating in 25 W bulb is
more than that of 100 W bulb. So, 25 W
bulb will get fused.

coefficient of resistivity

(b) metals with high temperature
coefficient of resistivity

(c) metal oxides with high temperature
coefficient of resistivity

(d) semiconducting materials having low
temperature coefficient of resistivity



Ans.(c)

Thermistors are the resistors made up of
semiconductors whose resistance
decreases with the increase in
temperature. This implies that they have
negative and high temperature
coefficient of resistivity.

They are usually made of metal oxides
with high temperature coefficient of
resistivity.

8_4 Time taken by a 836 W heater to
heat 1L of water from 10°C to 40°C

is [AIEEE 2004]
(a) 50's (b) 100s

(c) 150's (d) 200s

Ans.(¢)

Let time taken in boiling the water by the
heater bet second. Then,

0=ms AT
0 E:ms AT
J
ad @tﬂ x1000(40 -10)
4.2
836

or ——t=1000 x30
4.2

- 1000 x 30 x4.2 -
836

or t 150 s

85 A 220 V-1000 W bulb is connected
across a 110 V mains supply. The

power consumed will be
[AIEEE 2003]

(a) 750 W (b) 500 W
(c) 250 W (d) 1000 W
Ans. (¢)
_VZ _(220¢
P 1000

where, V and Pare denoting rated
voltage and power, respectively.

VZ lied
O ’Dconsumed =%
_ 10x10 1000
220 %220
=260 W

86 A wire when connected to 220 V
mains supply has power dissipation
P;. Now, the wire is cut into two
equal pieces which are connected
in parallel to the same supply.
Power dissipation in this case is P,.
Then, P, :P;is [AIEEE 2002]
(a) 1 (b) 4
(c) 2 (d) 3

Ans. (b)

Casel
V2
Using the formula, F’=E o

where, R is resistance of wire, V is
voltage across wire and Pis power
dissipation in wire

and R=P! (i)
A
From Egs. (i)and (ii), we have
V2
1 —m
2
or p=" i)
p!
Casell
Let R, be net resistance of two wires in
parallel, then
RZ = RxR :E
R+R 2
where, R is the resistance of half wire.
/AN
p%ﬁ I
0 RZ = :pi
AR 4A
2
or R =V @ iv)
p!
Hence, from Egs. (iii)and (iv), we get

A

O P
R4 R

87 If in the circuit, power dissipation is
150 W, thenRis [AIEEE 2002]

(a) 2Q
(c)5Q
Ans. (b)

TOPIC 3

Cells and its Combination
and Kirchhoff's Rules

88 Five identical cells each of internal
resistance 1Q and emf 5V are
connected in series and in parallel
with an external resistance R.

For what value of R, current in
series and parallel combination will
remain the same ?

[2021, 27 Aug Shift-I]

(a)1Q (b)25 Q
(c)s Q (d)10Q
Ans. (a)

Given, number of cells,n=5
Internal resistance of each cell, r =1Q
Emfof eachcell, e =5V

When all cells are connected in parallel
as shown below.

i

e

?
MW
R
Potential will remain same as,V, =6V

Net resistance in parallel combination
will be given as
O O
] 1 a
=R+
Ro=R* o770
+—+—+—+_[]

O r r r rQ0
:R+£
5
R =R+1 (r=10)..00)
5

When all cells are connected in series
as shown below

Ise 77 & T e T e T e T
R
MWV

The net potential will increase as cells
are connected in series,
Vo =5+5+5+5+5 =26V
The net resistance of circuit will be
equivalent of sum of all resistances as all
are connected in series.
Ry =r+r+r+r+r+R =5r +R
R, =6+R (o r=1Q)..(ii)



By Ohm's law, current flowing in circuit is
given as

I=V/IR
As current in both series and parallel
combination is same,

Vo oY
R, R,
ad 0 i =2 [From Egs.(i)and
R+_ 5+R
5

(ii)]
0 256+5R=25R+50 R=1Q

89 In an electric circuit, a cell of

certain EMF provides a potential
difference of 1.25 V across a load
resistance of b Q. However, it
provides a potential difference of 1
V across a load resistance of 2 Q.

The emf of the cell is given by % V.

Then, the value of xis ......... .
[2021, 22 July Shift-II]

Ans. (15)

Letemfofcell=¢

Potential difference across the terminal
of cell

V=125V
Load resistance, R, =5Q
when load resistance, R =2Q,
thenV, =1V

l,1, be the current through load in the
two above mentioned cases and r be
internal resistance of cell.

As we know that,
By using Kirchhoff's voltage law,

e-V=IR,
e=hR  +V
e=l(Ry, +r) [V=Ir]
0 I = e _ €
RL1+r 5+r
. Vi=hR,,
0 125=—% x5
5+r
O € :OZB:E :1
5+r 100 4
O Le=b+r .A0)
€
and V, =l,R, =——2=1
2700, To
g 2e=2+r (i)
On subtracting Eq. (i)and Eq. (ii), we get
2e=3
g:;:].B \/:E\/
2 10

Hence, x =15

E The value of current in the6Q

resistance is [2021, 20 July Shift-1]

20Q 50

(@)4 A (b)8A
(c)10A (d)BA
Ans. (c)
The given figure can be represented as
20 Q 5Q
\—F& MW
140 V= §69 =90V
0 0 0

From the above figure, it can be clearly
seen that the voltage across point R is
assumedasV.

Therefore, applying Kirchhoff's current

law at point R, we can write
V-0 +V—9(J_'_\/—MO:O

6 5 20
. V., V=90, V=140 g
6 5 20
o J0V+12v-1080 +3V -420 _
60
0 25V = 1500
O V=60V

Therefore, current through6Q resistor
is

91 Two cells of emf 2E and E with

internal resistancer; andr,
respectively are connected in
series to an external resistor R (see
figure). The value of R, at which the
potential difference across the
terminals of the first cell becomes

zero is [2021, 17 March Shift-Ii]
2E E
L L
v‘vﬁv‘v
.
(a)n +r, (b)é-fz
(C)%H2 (dr-r,

Ans. (b)
The given circuit can be drawn as

AW ——— AWM~ —

AWV
R

Since in series combination, the current
through each resistance remains same.
So, equivalent resistance of the circuit is
given as
R

and equivalent emf,
E =2E + E =3E

equivalent =R+ h + f

equivalent

From Ohm's law, | = —cadivalent

equivalent
0 =S8
R+n+n
When potential difference is zero across
the first cell, then potential positive

terminal is equal to the potential at
negative terminal.

Ve =V

2E =In,
Substituting the values in the above
equation, we get

ZE:LG
R+n+rn
2R +2r, +2r, =3,
O R=n"20
2
p
] R=_1-rp
) 2

In an electrical circuit, a battery is
connected to pass 20 C of charge
through it in a certain given time.
The potential difference between
two plates of the battery is
maintained at 15 V. The work done
by the battery is.......... J.
[26 Feb 2021 Shift-I]

Ans. (300)
Given, charge passing through circuit,

g=20C
Potential difference between two
plates,

V=1V
Let W be the amount of work done by
battery.
O W=gqV =20x15

=300J



E AcellE, of emfB6Vand internal

resistance 2Q is connected with
another cell E, of emf4Vand
internal resistance 8Q (as shown in
the figure). The potential difference

across points X and Y is
[2021, 24 Feb Shift-I]

P Fﬂ X ,EF 1%
K g
6V.20Q 4V.8Q
(a)2.0V (b)3.6V (c)5.6V (d)10.0V
Ans. (c)

The circuit can be shown as below

6V on % AV Ye)

The current through the circuit,
| :ﬁ = 6;4 = l A
n+r, 10 5
OPotential difference across points X

andYis

Ve, =E, +In :4+% X8 =5.6V

Four resistances40Q,60Q,90Q
and 110 Q make the arms of a
quadrilateral ABCD. Across ACis a
battery of emf 40 V and internal
resistance negligible. The potential
difference across BD(in volt) is
e [2020, 4 Sep Shift-I]
Ans. (2)

95

The resistors 40 Q and 60 Q are
connected in series combination.
Similarly, the resistors 90 Q and 110 Q are
also connected in series combination.

So, []: VAC = 40 :ﬂ:ZA
R+ Ry 40+60 100 5
andi, = Vae 40
Rup + Rpe 90+ 110
:ﬂ:lA
200 b5

For path BAD, using KVL (Kirchhoff's
voltage law),

Vy + i, x40 —i, x90 =V,
2 1

V., + = x40 -— x90 =V,

85 5 g

Vg +16-18=V,
Vg —2=V,
Vg =V, =2V
So, the potential difference across BD
(involt)is=2.

In the given circuit, currents in
different branches and value of one
resistor are shown. Then, potential
at point Bwith respect to the point
Ais [2020, 5 Sep Shift-11]
5 2V
E
1A s
20
A NMMW-— F
C
1V 2A
(a) +2V (b) =2V
(c) =1V (d) +1V
Ans. (d)
The given circuit can be drawn as,
1A D 2A i
E A ] [:
1A

Y € -2
Current in branchDC(using KCl at
point C),
i3 =i,
2-1-i5=0
is=1A
Now, while moving from Ato BviaC and
D, the potential along ACDB,
Vy+ 1+2 %05 =2 =V,
ad Vg =Vy =1V
Hence, correct option is(d).

5Q

10Q 10V

20V

2Q

In above figure shown, the current
inthe 10 V battery is close to
[2020, 6 Sep Shift-II]

(a) 0.71Afrom positive to negative
terminal

(b) 0.42 A from positive to negative
terminal

(c) 0.21Afrom positive to negative
terminal

(d) 0.36 A from negative to positive
terminal

Ans. (¢)

Assume the current in branches as
shownin figure,

4Q

50 i

+
10V

ooy 2Q M 2 40

Applying KVL inloop 1,
+20 - 5i; —10(i, +i,) =2, =0
17i, +10i, =20 1)
Applying KVL in loop 2,
+10 = 10(i, +i,) —4i, =0
5i, + 7i, =5
On solving Egs. (i)and (ii), we get
i,=-0.214A0ri, = -0.21A

It means the direction of currentis from
positive to negative terminal of battery
inside it.

(i)

Alternate solution
The circuit can be reduced to

20V

10Q
7Q

Using voltage division rule, voltage
across 10 Q resistor,

—1ov

4Q

yr220%10 200,
10+7 17
and resistance, R' = 7x10 :E Q
7+10 17
Now, circuit becomes
/
200, L,
ﬁv oV
10Q 40
70
779



200
Ol=—f4=17_ =9 A=0.21A
Req /044 138

17

Hence, correct optionis(c).

97 The series combination of two
batteries, both of the same emf 10
V, but different internal resistance
of20Q and 5 Q, is connected to
the parallel combination of two
resistors 30Q and R Q. The voltage
difference across the battery of
internal resistance 20 Q is zero, the
value of R(in Q)is ..ccvveuee.. .

[2020, 8 Jan Shift-Ii]

Ans. (30)

Given arrangement of batteries and
resistancesis shown below.

Leti=circuit current, thenitis given
that potential difference across battery
of 10V and 20Q is zero.

i.e. E,-irn=0 0O 10-i(20)=0
a i=1 =0.5A
2

Now, potential drop across combination
of resistors,
Vg =(E, +E,) -i(r +n1)
=20 -0.5x%(25)=75V

Now, at junction B,

i=i,+i, 0 05="2472

R 30

On solving, we get, R =30Q

98 In the given circuit diagram, a wire
is joining points Band D. The current
in this wire is [2020, 9 Jan Shift-I]

10 5 2Q

4Q 3Q

(a) 0.4 A (b) zero (c) 2A

Ans. (¢)

In given circuit, current distribution
following Kirchhoff's law will be as shown

in the figure.
4 3
1Q 5'55° 2Q
A 1 C
5
4Q 3Q
D2
I 17 g
|
|{
20V

Since, the current flows in inverse ratio
of the resistance of branch.

Now, total circuit resistance,
Req =(1Q 114Q) +(2Q 113Q)

O ad O
=D]X4D+%X3D
O +40 2+30
:é+§
5 56
:EQ =2Q
5
So, current drawn from cell,
:L :207\/ =10 A
R 2Q

€q

Hence, current through BD arm is (refer
to circuit diagram),
lBD :L :E
5 5
=2A
99 For the circuit shown with
R,=10Q, R, =2.0Q,E, =2V and
E, =E; =4V, the potential
difference between the pointsa

and b is approximately (in volt)
[2019, 8 April Shift-1]

R4 a R4
Es
r b ¥
Es
R4 b

(a) 2.7 (b) 2.3
(c) 3.7 (d) 3.3
Ans. (d)

Given circuit is

10 g 1Q
2v£ %29 l4v
-wa—Iivwa
10 b 1Q

Above circuit can be viewed as

2V 20
i

a | b
|= %%
o 2Q
T
4V 2Q

This is a parallel combination of three
cellsorinotherwords, a parallel grouping
of three cells with internal resistances.

| r I r.
- _'eqg _ N 2 3
S0 Vg =Egq=—=

e
req

—

= |
+
\
+
\

h T3

+
+

N =N N

=V =33V
3

+
N — [N

+
N =[N
—
o

100 In the figure shown, what is the
current (in ampere) drawn from the
battery? You are given
R,=1Q,R,=10Q,R;=200Q,
R,=5QR,=25Q Rs=30Q,
E=15V [2019, 8 April Shift-11]

(a) 13/24 (b) 7118 (c) 20/3 (d) 9/32
Ans. (d)
Given circuit is redrawn and can be
simplified as
Ry=15Q 1//53;569"‘\‘
i } I,}In series,
2
T R=10Q | il |Req = Ra+R4+Rs
w | B =20+5+425
\ \ = 50Q
Re=30Q  \R;=25Q
oS-
Ry=16Q ,——————— N In parallel,
| |
Reog xR
| | 2
> Lo gl Ay 2
o4 132 B3 ReqtRo2
ln T 4N 31 50x10
| o7 | =
Ak <1 80410
T | ===0
Re=30Q ~—————__ - 6
O
/R1=150 3 ,
| Inseries,
- } e } R"cq =R1+R oqtRs
o+ Blo | 50
T [ =30 +—+15
W g 6
I « | 320 160
I I 6 3
\R6ZSOQ )

-~



So, current drawn through cell is
i= Voltage
Net resistance of the circuit
_ Vv
R%
15
(160/3)
9

=22
32

101 A cell of internal resistance r drives

current through an external
resistance R. The power delivered
by the cell to the external
resistance will be maximum when
[2019, 8 April Shift-11]

(a) R=2r (b) R=r

(c) R=0001r (d) R=1000r

Ans. (b)

Given circuit is shown in the figure below
Er

R

E
R+r

Net current, [ =

Power across Ris given as

P=I*R= Hig R
OR+r0
For the maximum power,
@:O
dR

qdP_dE

[using Eq.(i)]

dR dR

O
é[ﬂ?m
R+r(Q] B

_ EZiD R O
dR %R +r)? E
_oUR+ P x1-2R x(R +r)0_
=E'R® - =
0 (R+71) 0
O (R+r?=2R(R+r)
or R+ r=2R
O r=R
OThe power delivered by the cell to the
external resistance is maximum when
R=r.
Alternate Solution

From maximum power theorem,
power dissipated will be maximum
when internal resistance of source will
be equals to external load resistance,
i.e. r=R.

0

102 In the given circuit, an ideal

voltmeter connected across the

10 Q resistance reads 2 V. The

internal resistancer, of each cell is
[2019, 10 April Shift-1]

15 Q
2Q
10 Q
[
15V, 15V,
rQ rQ
(@) 15Q (b) 0.56Q (c)1Q (d)0Q

Ans. (b)
For the given circuit
/I A 150 B 2Q /
I
10Q

I

15V 15V
Given, V=2V
OCurrentin circuit,
=1 +1,
=2 4+ 2 [.v=IRorl=V/R]
15 10
4+8_1, . 0)
30 3

Also, voltage drop across(r + r)resistors
is

=voltage of the cell
—voltage drop across AB
=3-2=1V
UsingV =IR over the entire circuit
0 1=1(2+2r)

:%(2 +2r)using Eq.(i)]

0O 3=2+2r or 2r=1Q
or r:%Q:O.BQ

Alternate Solution

Equivalentresistance betweenA and Bis

11 _
SO R;=60

+ =

a
3l-

[OEquivalent resistance of the entire
circuitis, Ry =6Q +2Q +2r=8+72r
Now, current passing through the circuit
isgiven

as, | = Enet - Enet
R+ leq Req

where, Ris external resistance, r,, is net
internal resistance and E, ., is the emf of
the cells.

Here, E=15+156=3V

3
fg=r+r=2r 0I=
o 8+2r
Also, reading of the voltmeter,
V=2V=IR,,
2=H 5 Hesos+2r=9
B+2rQ
or r=l=0.5§2
2

‘E To verify Ohm'’s law, a student

connects the voltmeter across the
battery as shown in the figure. The
measured voltage is plotted as a
function of the current and the

following graph is obtained
[2019, 12 April Shift-1]

Internal

resistance

Yo = 1000 mA

If Vg is almost zero, then identify

the correct statement.

(a) The emf of the batteryis 1.5V and its
internal resistance is 1.6 Q

(b) The value of the resistance Ris 1.6 Q

(c) The potential difference across the
batteryis 1.5V whenit sendsa
current of 1000 mA

(d) The emf of the batteryis 1.5V and
the value of Ris1.5Q

Ans. (a)

Given circuit in a series combination of

internal resistance of cell(r) and external

resistance R.

[OEffective resistance in the circuit,

Ry =r+R



OCurrentin the circuit,

| = E orE=IR+Ir
R+r

Voltage difference across resistance R
isV,so

E=V+ir i)
Now, from graphat/ =0,V =15V
From Eq.(i)at/=0,E=V =15V (i)
At/ =1000mA(or1A),V =0
From Eq.(i)at/ =1AandV =0

g E=Ixr=r i)

From Egs. (i) and (iii), we can get
r=E=V=15V

ad r=15Q

10_4 When the switch Sin the circuit

shown is closed, then the value of
current i will be

20V iy C b1V
A 20 4Q B
2Q
h S
Ly=0
[2019, 9 Jan Shift-1]
(a) 4A (b) 3A
(c) 2A (d) A
Ans. (d)

When the switch'S"is closed the circuit,
hence formed is given in the figure
below,

V4=20V 2Q Ve 4Q Vg=10V

= V=0

Then, according to Kirchhoff's current

law, which states that the sum of all the

currents directed towards a pointin a

circuit is equal to the sum of all the

currents directed away from that point.

Since, in the above circuit, that point is’

c

ad iy +iy, =i

5~ Ve VeV

2 4 2

(-usingOhm’slaw, V =iR)

20—V, + 10-V, - -0

or

2 4
O 20-V, +(10 -V )2 =V,
O 40=V, +3V,
40=4V,0r Vo, =10V
Ve 10 _
O Thecurrent,i=-%=_—~= 5A
2 2

105

In the given circuit, the internal
resistance of the 18 V cell is
negligible. IfR; =400Q, R; =100 Q
andR, =500 Q and the reading of
an ideal voltmeter acrossR, isb V,

then the value of R, will be
[2019, 9 Jan Shift-1I]

Ry Ro
I}
18V
(a) 550 Q (b) 230Q
(c) 300Q (d) 450 Q
Ans. (¢)

According to question, the voltage
across R, is5volt, then the current
across it

Ry =100Q

R, =500Q

[
"

According to Ohm's law,

0 V=IR
0 5=/, xR,
0 5=/, x500
=2 =1
500 100

The potential difference across series
combination of Ry and R,
1

o V, =(R5 + R,)I =600 x— =6V
2 3Ty 100
So, potential difference (across R;)
V,=18-6=12V
Current through R, is,
[:ﬁ :£ :iA
R, 400 100
So current through R, is,
I2 =1-l :ifi = 2 A
100 100 100
Now, fromV =IR, we have,
v,
Ry=2=_5 =3000.
l, (2/100)

106 In the given circuit, the cells have

zero internal resistance. The
currents (in Ampere) passing
through resistancesR; andR,
respectively are [2019, 10 Jan Shift-I]

- * +, =
i ik
0V 0V
(@) 0.5,0(b) 1,2 (c)2,2 (d) 0,1

Ans. (a)

By Kirchhoff's loop rule in the given loop
ABEFA, we get
A B C

I
§ R{=20Q § R,=20Q

= ! D
F 1 r
v E
10=(1, +1,)R, =0
O 100, +1,)20 =0 orl, +1, =% i)

and from loop BCDEB, we get
10 =, +1,)R, =1,R, =0
0o 10-(,+1, +1,)20 =0
1 -
] I, +2l, =§ (i)
From Egs. (i)and (ii), we get

l,=0 and I,=0.5A

107 The actual value of resistance R,

shown in the figure is 30 Q. This is
measured in an experiment as
shown using the standard formula

R :T where V and [ are the

readings of the voltmeter and
ammeter, respectively. If the
measured value of Ris 5% less,
then the internal resistance of the
voltmeter is [2019, 10 Jan Shift-11]

O
&L

R

|1
|I

(a)800Q (b)570Q (c)350Q (d)35Q
Ans. (b)

Measured value of R =5% less than
actual value of R.

Actual values of R=30 Q

So, measured value of Ris

R'=30-(5% of 30)=30 - > x30
100

O R'=285Q i)



Now, let us assume that internal
resistance of voltmeter R,,. Replacing
voltmeter with its internal resistance, we
get following circuit.

Ry

_
%

Itis clear that the measured value, R’
should be equal to parallel combination
of Rand R,,. Mathematically,

RRy

R'= =285Q
R+R,
Given, rR=3000 39fv =95
v
0 30R, =(28.5x30) +28.5R,
0 1.5R, =285 x30
R, =285x30 _i9, 30
15
or R, =570Q

108 In the circuit shown, the potential

difference between Aand Bis
[2019, 11 Jan Shift-1]

10 I\

10Q
AV -0
A c B
|_
(a) 3V (b) 1V (c)BV (d)2V
Ans. (d)

In the given circuit, let's assume currents
inthe arms areiy i, andis, respectively.

i, 1 1V
M ——WW—

1 v

50 i 10Q

<

Now, h=l=_=1A
1

R
2

=

Similarly,

Total currentinthe arm DA is

=iy +i, +iz =6 A
As all three resistors between Dand C
are in parallel.
O Equivalent resistance between
terminals DandC is

Ai,:§+l+l@
Roc 11

1
g Rpe ==Q
oc =3

So, potential difference across DandC is
%C:N%C:SX%D\@C:ZV

Now, V,, and V., =0
(In case of open circuits, | =0)
S0, Vg =Vup +Vpe +Vo =Vpe

So, V=2V

109 In the given circuit diagram, the
currents /; =-0.3A [, =0.8 Aand
l¢ =0.4 A are flowing as shown.
The currents [, |5 and I ¢ respectively,
are

lg

Is b Y

) LTA, 0.4A,0.4A

) 1.1A, =04 A, 0.4 A

) 0.4A,1.1A, 0.4 A

) =04 A, 0.4A10A

Ans. (a)

Given circuit with currents as shown in
the figure below, [In the question

I, =03 Ais given, due to it we change the
direction of I, in this figure]

(a
(b
(c
(d

lg Q I
P
15=0.4 A §
I
S AV o
,=08A R 11=03A

From Kirchoff's junction rule, I =0

Atjunction S, I, =1, +13

O 08=04+/;0 I;=04A

Atjunction P, I, =1g O g =04A

Atjunction 0, I, =1, +15 +1g
=03+04+04=1.1A

2 =2 =2 nand ;=3 =34 110 Two batteries with emf 12 V and 13

V are connected in parallel across a
load resistor of 10Q. The internal
resistances of the two batteries
are1Q and 2 Q, respectively. The
voltage across the load lies
between [JEE Main 2018]
(@)1N.6Vand 1.7V (b)1.56Vand 1.6V
(c)1.4Vand 1.5V (d)11.7Vand 1.8V

[2019, 12 Jan Shift-11]

Ans. (b)

For parallel combination of cells,

10Q
ANV
A2V
T 1Q
gy 2Q
EL,E 2,1
hoh _ 1 2 _37
Eeq -0 Eeq ==V
Sl T
non 1 2

Potential drop across 10 Q resistance,

v=HE Hx10=_3B .1
DRtotaI o Q\U + g@
3
=11.56V
O v=15b6V
Alternate Solution
l 13V, 2Q
2 |
E I h D
/ 12V, 1Q
F =1 c
A WW B
10Q

Applying KVL, in loop ABCFA,
=12 +10 (I, +1,) + 1/, =0

ad 12 =111, + 101, 1)
Similarly,
Inloop ABDEA,
=13+ 10 (I, +1,) +2xI, =0
ad 13 =101, + 12I, (i)
Solving Egs. (i)and (ii), we get
L=la,=25n
16 32
0 Voltagedropacross10 Qresistanceis
v=10 H +3§ﬁzﬂ56v
B 3

111 In the given circuit diagram, when
the current reaches steady state in
the circuit, the charge on the

capacitor of capacitance C will be
[JEE Main 2017]

§
(R +r)
h
(r+r1)

(a)CE

(c)CE



Ans. (b)

In steady state, no current flows through
the capacitor. So, resistancer,
becomes ineffective.
So, the current in circuit,
_ E
r+ r, (Total Resistance)

--Potential drop across capacitor =
Potential drop
En,
acrossn, =Ir, =—*
r+r,
[0 Stored charge of capacitor,

0=CV=CE_"2

r+rn,

112 In the below circuit, the current in

each resistance is  [JEE Main 2017]

Applying KCL of point 0 we can write
Incoming current at 0 =outgoing current
from 0

. V46,V _9-V
3 1 5

or v%+%+15:%—2
o y+3+150.9-10
H s H s

or \/EQSD:_—1
HsH &

or sz
23
=-013V

Thus, currentin the 1Q resistance is
0.13A, fromQto P.

115 The Kirchhoffs first law (=i =0) and

second law (Z iR =XE) where, the

symbols have their usual meanings,

are respectively based on

[AIEEE 2006]

(a) conservation of charge,
conservation of momentum

(b) conservation of energy,
conservation of charge

(c) conservation of momentum,
conservation of charge

(d) conservation of charge,
conservation of energy

Ans. (d)

Kirchhoff's Ist law or KCL states that the
algebraic sum of current meeting at any
junction is equal to zero. In other words,
we can say that “The sum of all the

2V 2V 2V currents directed towards ajunctionin a
L | | — A A . o
\ i i 114 A5 V battery with internal circuitis egualtothe sum of all the
. 20anda2 Vb currents directed away from that
10 310 10 re.S|sf(ance ap a attery junction.”
with internal reSIStance.1 Qare Thus, no charge has been accumulated
L I connected to a10Q resistor as atany junction i.e., charge is conserved
oV 2'\/ 2'\/ shown in the figure. and hence we can say that KCL(Zi =0)is
(@)0.25A (b)O.5A (c)OA  (d)1A b based on conservation of charge.
2 Kirchhoff's lInd law or KVL states that
Ans. (¢) . ) -
algebraic sum of changes in potential
Each resistance is converted with two q 9 around any closed resistor loop must be
cells combined in opposite direction, so s5v_| 1oy zero. In other words, "Around any closed
potentlaldrop across each resistoris 2Q T 10Q __1 Q |00p,\/0|tage drops are equa|t0 Vo|tage
zero. Hence, the current through each of rises”. No energy is gained or lost in
. . 4 L
resistoris zero. circulating a charge around a loop, thus
— we can say that KVL is based on
113 In the circuit shown below, the Py conservation of energy.

The currentin the10Q resistor is —
[aieee 2008] 116 In the circuit, the galvanometer G

current in the 1Q resistor is
[JEE Main 2015]

6V p 20 (a)027A B toP,  (b)O0O3A P toPR, shows zero deflection. If the
(c)003A R toP  (d)027A P toR, batteries Aand B have negligible
10 oV Ans. (¢) internal resistance, the value of the
Let potential at A, be 0 V and potential at resistor R will be [AIEEE 2005]
30 Q 30 R, be V. SOOWV. =
(a)1.3 A, from Pto 0 Now apply KCL at B, A
(b)OA >/=0 A
(c)0.13 A, fromQto P P, 12v|B R
(d)0.13 A, fromPto 0
Ans. (c) 20 10
Key Idea Connect point Q to ground 10Q (a) 200Q(b)100Q (c)500 Q (d) 1000 Q
and apply KCL. sy 5V _g\\; Ans. (b)
Consider the grounded circuit as shown T T The galvanometer shows zero deflection
below. P4 i.e., current through XY is zero
6V - - _(—
I P(V) Yo=5,% -0, %-(2_, 500Q  x ,
K 2 10 1
0 Vg = 5
1Q T 9V r 0 _% — oV
Q So, current through 10 Q resistor is\LO
30 _L sq 10

from P, to A.




117

As aresult potential drop across Ris 2 V.
Circuit can be redrawn as

500Q

12V —

|- 12
500+ R
Voltage across R,V =IR
0 9= 12 xR
500+ R

or 1000+2R =12R
or R=100Q

Two sources of equal emf are
connected to an external
resistance R. The internal
resistances of the two sources are
R,andR,.(R, >R;). If the potential
difference across the source
having internal resistance R, is
zero, then [AIEEE 2005]
(a) R :7& X(Ry +Ry)
(Rz - R])

(b) R=R, - R,

RWRZ
(R +R,)

RiR,
(Rz - R})
Ans. (b)
As R, R, and R in series.

Req =Ry + Ry, +R

(c) R=

(d) R=

O Net current, I=L
Ri+R,+R
According to the question,
—(Vy =V =E -IR,
d 0=E-IR,
£ A £ B
R
WWWA
or E=IR, or E:LR2
R, +R, +R

or  R,+R,+R=2R, or R=R, -R,

118 An energy source will supply a
constant current into the load, if its
internal resistance is  [AIEEE 2005]
(a)equal to the resistance of the load
(b) very large as compared to the load

resistance
(c) zero
(d) non-zero but less than the
resistance of the load
Ans. (¢)
=
R+r

| =£ =constant
R

where, R = external resistance
r =internal resistance =0

TOPIC 4
Measuring Instruments

119 In the given potentiometer circuit
arrangement, the balancing length
AC is measured to be 250 cm.
When the galvanometer
connection is shifted from point (1)
to point (2)in the given diagram,
the balancing length becomes 400
cm. The ratio of the EMF of two

g .
cells, —L is
Y [2021, 25 July Shift-11]

(a)2 ()8
3 5
() ()2
3 2
Ans. (a)

Given, balancing length for emf(g,),
1,=250cm=250x10"? m

and for balancing emf (g, + ¢,), length,
l, =400 cm=400%10"* m

As we know that,

& =h

g+g |

g _250x107"
g +¢g 400x107

§ _250 _5

] £or =2

g+¢g 400 8

O 8e, =5¢, +bg,
O 3¢, =bg,
O E:E
g 3

% Consider a 72 cm long wire ABas

shown in the figure. The
galvanometer jockey is placed at P
on ABat a distance x cm from A.
The galvanometer shows zero
deflection.

12Q C 6Q
——WW o WW

The value of x, to the nearest
integer, is ...........
[2021, 18 March Shift-I1]

Ans. (48)

At the balanced condition of the

Wheatstone bridge,
R__bL O 2_ x O x=48cm
S L-L B8 72-x
OThe galvanometer jockey is placed at P
on AB at a distance of 48 cm from the A.

So, the value of the x to the nearest
integer is 48.

121 The four arms of a Wheatstone

bridge have resistances as shown
in the figure. A galvanometer of 15 Q
resistance is connected across BD.
Calculate the current through the
galvanometer when a potential
difference of 10 V is maintained
across AC. [2021, 17 March Shift-11]

10V
(a) 2.44pA (b)2.44 mA
(c)4.87mA (d)4.87pA



Ans. (¢)

As, Ais directly connected to the
positive terminal of the battery,V, =
andV, =0
By nodal analysis at B,
VB—1O+ Vg =Vp . Vy—0 -0
100 15 10

53V, —20V, =30 ...(i

By nodal analysis at D,
v, —10 +VD —VB+VD -0
60 15 5
-4V, + 17V, =10
Solving Egs. (i) and (ii) by substitution
method, we get

=0

Vp =0.792v O V,=0.865V
The current through the galvanometer,

Vg =Vp

R
Substituting the values in the above
equation, we get

| =

| =

0.865-0.792
15
O | =4.87mA

122 Five equal resistances are

connected in a network as shown

in figure. The net resistance
between the points Aand Bis

[2021, 26 Feb Shift-I]

E

(@2R ()~ SR
2

Ans. (d)

Given all resistances have same
resistance R.

Now, we can redraw the circuit as below

R:R1 O

VW
E R=R, B

Let resistances be Ry, R, R;and R,,.

RoR
Ry R,

So, circuit will behave as a Wheatstone
bridge and no current will flow through

middle resistor.

O

_ (Ri+R)(Rs +R,)

(R + Ry +(Ry +R,)

_ (R+R)(R+R)
(R+R)+(R+R)

=R

2

[2021, 25 Feb Shift-I]

123 In the given circuit of
potentiometer, the potential
difference E across AB(10 m
length)is larger thanE; and E, as
well. For key K,(closed), the jockey
is adjusted to touch the wire at
point Jy, so that there is no
deflection in the galvanometer.
Now, the first battery (E;)is
replaced by second battery (E ) for
working by making K, open and K,
closed. The galvanometer gives
then null deflectionat J,. The

E,. a
value of —Lis—, wherea=......... .

ey

« 20 cm— J4

Ans. (1)

Given, length of AB=10 m =1000 cm

1000

Length of onearm =

Forno deflection,
In first case,

potentiometer,

g
£

O a_vou_1
b

0 a

3x100 + 80 =380cm
In 2nd case, |, -7 x 100 +60 =760cm
As we know that in balanced

=100cm

'E A potentiometer wire P of Tm

length is connected to a standard
cellE;. Another cell E, of emf 1.02
Vis connected with a resistance r
and switch S(as shown in figure).
With switch S open, the null
position is obtained at a distance of
49 cm from Q. The potential
gradient in the potentiometer wire

is [2020, 2 Sep Shift-II]
E;
||
|I
1
P L Q
r
—
E, S
(a)0.02 V/cm (b)0.01V/cm
(c)0.03V/cm (d)0.04 V/cm
Ans. (a)

Resistance r limits current through £,
when there is no balance situation.

But at balance point no current flows
through galvanometerG and E,, so r does
not affects the position of balance point
as shown in figure.

Eq

[
|I

100 cm
«———5blcm——>/«—49 cm—>

1.02V I

—
Er

Now, 1.02 V is balanced against 51cm
length, so potential gradient of wire PO
is,

Potential gradient =Fall of potential per
unit |ength:&l
51 cm
Hence, correct optionis(a).

=0.02V/cm

12_5 Four resistancesof 15Q,12 Q, 4 Q

and 10 Q respectively in cyclic
order to form Wheatstone's
network. The resistance that is to
be connected in parallel with the
resistance of 10 Q to balance the
network is ......... Q.

[2020, 8 Jan Shift-1]
Ans. (10)
Cyclic order and resistance X Q which is

connected to obtain balance condition is
as shown in the figure



B
15Q 12Q
A C
4Q
X
D

For balance,
O ]
H 10X H
E:EHD+X[| 10X 5
12 4 0+ X
O X=10Q

126 In the circuit shown, a four-wire
potentiometer is made of a 400 cm
long wire, which extends between
Aand B. The resistance per unit
length of the potentiometer wire is
r=0.01Q/cm. If an ideal voltmeter
is connected as shown with jockey
J at 50 cm from end A, the
expected reading of the voltmeter

will be [2019, 8 April Shift-11]
15V. 1.5V,
5Q05Q
0.5 {0}45\ 2 -
! ~ 50 cm
R=1Q -
Il H
100 cm
(a) 0.20V (b) 0.75V
(c) 0.26V (d) 0.50V
Ans. (¢)

In given potentiometer, resistance per
unit lengthisx =001Qcm™.

15V15V,
O.SQPH?QA -

100 cm

Length of potentiometer wire is
L =400cm
Net resistance of the wire AB is
R g =resistance perunitlengthxlength of
AB=0.01x400
g Rpg=4Q
Net internal resistance of the cells
connected in series,
r=05+05=1Q

OCurrentin given potentiometer circuit
is

| = Net emf _ Net emf
Totalresistance r+ R + RAB
=5 -gsA
1+1+4

Reading of voltmeter when the jockey is
at 50 cm(!') from one end A,

V =IR =I(xI")=0.5x001x50=0.25V
127 In a meter bridge experiment, the
circuit diagram and the
corresponding observation table

are shown in figure
[2019, 10 April Shift-1]

X
box

Unknown
resistance

£ K
S. No. R(Q) I(cm)
1. 1000 60
2. 100 13
3. 10 1.5
4. 1 1.0
Which of the readings is
inconsistent?
(a) 3 (b) 2 (c) 1 (d) 4
Ans. (d)

Unknown resistance ‘X' in meter bridge
experimentis given by

X= U?"QR

Case | When R =1000 Q and/ =60cm,
then
X = (100 -60) < 1000:40 x 1000
60
0 x= 20300 Q =6670Q
CasellWhen R =100 Q and/ =13cm,
then
X= 100 =130 1UU><87
H s 0%
- 8700

Case lllWhenR=10Q and/=15cm,
then

EHLHX]O
_985 .19 _Ligo Q =656 0

15

CaselVWhen R =1Qand/ =10 cm, then

P

O X=99Q

Thus, from the above cases, it can be
concluded that, value calculated in case
(IV) is inconsistent.

128 The resistance of the meter bridge
ABin given figure is 4Q. With a cell
of emf €=0.5V and rheostat
resistance R}, =2Q. The null point
is obtained at some point J. When
the cell is replaced by another
one of emf e =¢,, the same null
point J is found forR, =6Q.The
emfe, is [2019, 11 Jan Shift-1]

€

J
6V Rn

(a) 0.6V (b) 0.3V

(c) 0.5V (d) 0.4V

Ans. (b)

Let length of null point'J be X and length
of the potentiometer wire be L.

In first case, current in the circuit
6

I, = =1A
4+2
[ Potential gradient,
_ _1x4
=|xR=

0 Potential diffe]rer}'ce in part’AJ
X

= XX =g
Given, g, =O.5=4—X
L
or x_1 i)
L 8
In second case, current in the circuit
=% =08A
4+6

[ Potential gradient :%

[ Potential difference in part’AJ

:MXX:SZ
L
_08x4 L . )
] x = [using Eq.(i)]
] 5 geq
d e ,=03V



12_9 In a Wheatstone bridge (see figure),

resistances P and 0 are
approximately equal. When

R =400Q, the bridge is balanced.
On interchanging P and (0, the value
of R for balance is405Q. The value
of Xiscloseto [2019, 11 Jan Shift-I]

(a) 404.5Q (b) 401.5Q
(c) 402.5Q (d) 403.5Q
Ans. (¢)
For abalanced Wheatstone bridge,
P_0
R X

Infirst case when R =400 Q, the
balancing equation will be

P_0
R X
O P :9
400Q X
O p=400%0 )

In second case, Pand Q are interchanged
and R =405 Q

O Q:
R
0 _ i)

Substituting the value of Pfrom Eq.(i)in
Eq. (i), we get

0 _0x400
405 X2
| X2 =400 x405
0 X =,/400 x405
=4025

The value of Xis close to402.5 Q.

130 In the experimental set up of meter

bridge shown in the figure, the null
point is obtained at a distance of
40 cm from A. If a10 Q resistor is
connected in series with R, the
null point shifts by 10 cm.

The resistance that should be

connected in parallel with

(R, +10) Q such that the null point

shifts back to its initial position is
[2019, 11 Jan Shift-II]

Ry Ry

| —0

(@)80Q (b)20Q (c)30Q (d)40Q
Ans. (a)
For meter bridge, if balancing length is
/
R; " (100 1)
Itis giventhat,| =40cm:;
So; Rio_R Ri=2

. or —L==_(i)
40 100-40 R, 3

[cm, thenin first case,

In second case, R} =R, + 10, and
balancing length is now 50 cm then

Ri+10_ Ry
50 (100 - 50)
or R,+10=R, (D)

Substituting value of R, from ii) to (i) we
get,

R, _2
or ==
10+R, 3
0 3R, =20 + 2R, or R, =200Q
0 R, =30Q

Let us assume the parallel connected
resistance is x.

Then equivalent resistance is
x (R, +10)

x+ R, +100
So, this combination should be again equal
toR,.

(R, +10)x 30x

=R, 0 —/—=20
R, +10 +x 30 +x

or 30x =600 +20xorx=60Q

‘EAn ideal battery of 4 V and

resistance R are connected in
series in the primary circuit of a
potentiometer of length 1 m and
resistance 5Q. The value of R to
give a potential difference of 5
mV across 10 cm of

potentiometer wire is
[2019, 12 Jan Shift-I]

(a)395Q (b)495Q (c)490 Q (d)480 Q

Ans. (a)

Given, potential difference of 5 mVis

across 10 m length of potentiometer

wire. So potential drop per unit lengthis
_5x107° 2 VA

10 x 1072 =00 5%5

Hence, potential drop across 1m length
of potentiometer wire is

_ -2V, ; _ -2
VAB_SXm H;HX1—5X1O V

Now, potential drop that must occurs
across resistance R is

V,=4-5x1072 =20y
100
Now, circuit currentis i = 4 = 4
Rtota\ R+5

Hence, for resistance R, usingV, =iR,
we get
39 _ 4
100 R+5
395(R + 5) =400R
395 x5 =(400 -395)R
] R=395Q

xR

13_2 In a meter bridge, the wire of

length Tm has a non-uniform
cross-section such that the

variation % of its resistance R with

length [is ar Di. Two equal

d A1
resistance are connected as shown
in the figure. The galvanometer has
zero deflection when the jockey is

at point P. What is the length AP?
[2019, 12 Jan Shift-1]

||
L

R' R'
P
——=— 1
A B
k— | —x 1/ A

(a)0.3m (b)0.26m(c)0.2m (d)0.35m
Ans. (b)
As, galvanometer shows zero deflection.

This means, the meter bridge is
balanced.

R’ R’ )
= O Rupp=Rpp i)
Rap Reg
. . dR _ k
Now, for meter bridge wire, =—
° d I



‘E A potentiometer wire AB having

Internal resistance of cell’'D'=r
EMF of ceII’C’:g

where, 'K’ is the constant of

proportionality.

0 drR="di
i Internal resistance of cellC'=3r

Integrating both sides, we get Current in potentiometer wire
] R :J-ﬁd/ EMF of cell of potentiometer
NG

" Total resistance of potentiometer

I . .
I circuit
S0, R = Kodr =k =2kl
o1 0 0= & _E
1 1 FE
and Reg :L id/ :2;«@)‘) r+12r 13r
I Potential drop across the balance length
=2k(N1=V=2k(1-I) AJ of potentiometer wire is
Substituting values of R » and R in Vo =i xRy,
Eq.(i). we get 0 V,, =i(Resistance per unit length of
Rap =Rpg potentiometer wire x length AJ)
0 2k =2k(1 = 1) 2r
1 1 0 \/AJ :IQL X X@
O W:E or /:2:0.25m L

where, x =balance length AdJ.

As null point occurs at J so potential
drop across balance length AJ =EMF of

length L and resistance 12r is joined the cellC".

to a cell Dof EMF € and internal
resistancer. A cell C having emfg

and internal resistance 3r is
connected. The length AJ at which
the galvanometer as shown in 1Br L

figure shows no deflection is —
[2019, 10 Jan shift-1] 134 The Wheatstone bridge shown in

]
X
X
x
|

O
‘ —IiIN
A
X
>
1
Nl NIm N m

+D_(£,r) figure here, gets balanced when
L the carbon resistor is used as R,
has the color code (orange, red,
A J g

brown). The resistors R, and R, are
80 Q and 40 Q, respectively.

.

€
(531)
5 n
—L b) —L
v
—L d) —L
©) (d) o
Ans. (¢)

Given, length of potentiometer wire Assuming that_the COl(_)r code TOI’
(AB)=L the carbon resistors gives their
accurate values, the color code
for the carbon resistor is used as

Resistance of potentiometer wire
(AB)=12r

EMF of cell D of potentiometer =€ R3 would be [2019, 10 Jan Shift-11]
D (er) (a)brown, blue, black
= (b) brown, blue, brown
(c)grey, black, brown
d)red, green, brown
A J B (d)red, g
Ans. (b)
The value of R, (orange, red, brown)
L Y%= © 1
€ O = 3 1& 320Q
C(E'3r) Given, R, =80 QandR, =40 Q

In balanced Wheatstone bridge condition,

RiRs
R, R,
0 Ry=R, x
RZ
- R, = 40x320
80
or R;=160 Q=16 x10'

Comparing the value of R; with the
colours assigned for the carbon resistor,
we get

Ry=16x 10
e

Brown  Bjue Brown

135 In a potentiometer experiment, it is

found that no current passes
through the galvanometer when
the terminals of the cell are
connected across 52 cm of the
potentiometer wire. If the cell is
shunted by a resistance of 5Q, a
balance is found when the cell is
connected across 40 cm of the
wire. Find the internal resistance of
the cell. [JEE Main 2018]
(@1Q  (b)15Q (c)2Q (d)256Q
Ans.(b)
With only the cell,

£

s

L 52cm
—|>$G)
E r

Onbalancing, E =52xx i)
where, xis the potential gradient of the
wire.

When the cell is shunted,

EV
40 cm
E, r
R=5Q
Similarly, on balancing,
V=E-—E =uoxx i)
(R+1)
Solving Egs. (i)and (ii), we get
E 1 52



E_R+r_52

=0 5+r:iz
v R 40 5 40

0 rng r=150Q

136 On interchanging the resistances,
the balance point of a meter bridge
shifts to the left by 10 cm. The
resistance of their series
combination is 1TkQ. How much was
the resistance on the left slot before

interchanging the resistances?
[JEE Main 2018]

(@)990 Q (b)505Q (c)550Q (d)910Q
Ans. (¢)
We have, X+Y =1000Q
X Y=1000 - X
| 2100—/
Initially, X-1000-X )
| 100 =1
When XandY are interchanged, then
Y=1000 - X X

—— (- 10) —> (110 /)~

1000 -X _ X
/=10 100-(-10)
or 1000-X__X (i)
I =10 10 -1
From Egs. (i)and (ii), we get
100-1_1-10
| 110 -1
(100 =1) (10 =1) = (I =10)!
11000-1001 = 1101 +1? =/> =10/
ad 11000 =200/
ad | =565cm
Substituting the value of I in Eq. (i), we
get
X 2100055 1 50x = 11000
55  100-55
ad X=550Q

137 Which of the following statements

is false? [JEE Main 2017]

(a) Inabalanced Wheatstone bridge, if
the cell and the galvanometer are
exchanged, the null point is
disturbed

(b) Arheostat can be used as a potential
divider

(c) Kirchhoff's second law represents
energy conservation

(d) Wheatstone bridge is the most
sensitive when all the four
resistances are of the same order of
magnitude

Ans. (a)

In a balanced Wheatstone bridge, there is
no effect on position of null point, if we
exchange the battery and galvanometer.
So, option(a)isincorrect.

13_8 The current in the primary circuit

of a potentiometeris 0.2 A. The
specific resistance and
cross-section of the potentiometer
wire are 4x107" Q-mand
8x107" m?, respectively. The
potential gradient will be equal to
[AIEEE 2011]
(b)1V/m
(d)0.1V/m

(a)0.2V/m
(c)0.3V/m

Ans. (d)
Potential gradient of a potentiometer,

E Shown in the figure adjacent is a

meter-bridge set up with null
deflection in the galvanometer. The

value of the unknown resistor R is
[AIEEE 2008]

55Q R
fw M
<20 cm~>

L
(a)13.75Q (0)220 Q
(c)110 Q (d)55Q
Ans.(b)

When bridge is balanced, ratio of
resistance in opposite arms is equal.

P_kR
0 s
Given, P=565Q,0 =R
As rROI

RO, wherel,=20cm
S04, wherel, =100-20 =80cm

0 85_20 o Rr=2200
R 80

140 The current | drawn from the 5V
source will be [AIEEE 2006]

10Q
5Q 10Q 20Q
—AMWW—
10Q
/
+-
]t
5V
(a) 0.33A (b) 0.5A
(c) 0.67 A (d) 0.7 A
Ans. (b)
The given circuit can be redrawn as
10Q 20Q
/ 5Q 10Q
+I =
5V

Which is a balanced Wheatstone's bridge
and hence no current flows in the middle
resistor, so equivalent circuit would be
as shown below.

NWW
30Q

15Q

1
5V

30Q || 15Q = 10Q
WWWA

141 In a Wheatstone's bridge, three
resistances P,0and R are
connected in the three arms and
the fourth arm is formed by two
resistances S;and S, connected in
parallel. The condition for the
bridge to be balanced will be

[AIEEE 2006]



P 2R P R(S;+S
(a) == (b) == (S + %)
0 $;+5, 0 S5,
( )B_R(Sw"'sz) (d)E: R
0 255, 0 S$;+S,
Ans. (b)
For balanced Wheatstone's bridge,
P_R
0 S
Here, S=3S,lIs, = 515,
S+,
0 P _RI(S;+S,)
0 S5,

142 |n a potentiometer experiment, the

balancing with a cell is at length
240 cm. On shunting the cell with a
resistance of 2 Q, the balancing
length becomes 120 cm. The
internal resistance of the cell is
[AIEEE 2005]

(@) 1Q (b) 0.5Q
(c) 4Q (d)2Q
Ans. (d)

The internal resistance of the cell,

r=%_lz§R=Dﬂ'o_120§x2:ZQ
H b 120

143 In a meter bridge experiment, null

point is obtained at 20 cm from
one end of the wire when
resistance X is balanced against
another resistance Y. If X<Y, then

where will be the new position of
the null point from the same end, if
one decides to balance a
resistance of 4X against Y?

[AIEEE 2004]

(a) 50 cm (b) 80 cm
(c) 40cm (d) 70cm
Ans. (a)

Meter bridge is an arrangement which
works on Wheatstone’s principle, so
the balancing condition is
R_A
S I,
where, I, =100 -/,
Case | R=XS=Y,l,=20cm,
I, =100 -20 =80 cm
X_2 .
:£ )
Y 80
Case Il Letthe position of null point be
obtained at a distance /from same end.

0

ad R=4X, S=Y,
I,=11,=100 -1
So, from Eq. (i), we get
ax_ 1
Y 100-1/
X1 i)
Y 4(100-1))
Therefore, from Egs. (i) and (ii), we get
I 20
4(100-17) 80
O ! :l
4(100-1) 4

or [=100~-70r2/=100
Hence, /=50cm

m The length of a wire of a

potentiometer is 100 cm and the
emf of its stand and cell is E volt. It
is employed to measure the emf of
a battery whose internal resistance
is 0.5 Q. If the balance point is
obtained at | =30 cm from the
positive end, the emf of the battery

IS [AIEEE 2003]
30E
(a)—
1005
30E
(b)——
100-0.5
C M,Wherel isthe currentin
100
the potentiometer wire
30E
(d)—
100
Ans. (d)
v ol
O K:l
E L

where, [ = balance point distance

L =length of potentiometer wire

or V=LE
L

y230xE_30 o

100 100
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