/ 3.Current Electricity

Answers

Module 1 : Kirchhoff’s Laws

A3.1.1 (D)

A. Electric current is a scalar quantity, Hence (A) is incorrect.

B. As the potential changes. Hence energy does not remain conserved. Hence (B) is incorrect.

C. Charge accelerates in the presence of an electric field, hence linear momentum is not conserved.
Therefore, (C) is incorrect.

D. There is no accumulation or depletion of charge at a junction. Hence, (D) is correct.
A3.1.2 (B)
Applying Kirchhoff's junction rule
4+2+1=+1
or/[=-5A
A3.1.3 (A)
The arms of the network having capacitor C have zero current. Capacitor does not allow d.c. to flow through it.

Applying Kirchhoff's junction rule

3+1=1,
Or,=4A
A3.1.4 (B)
i E |: kR b
Fig.A.3.1.1

Fig.A.3.1.1 shows the internal resistance of the cell separately. p.d.(V) of the cell is the potential difference
between points a and b. Using Kirchhoff's voltage law;

Ve=3— 1x2

=1V
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A3.1.5(C)

V —3Q2)=2-=3+24V =0
X y

Therefore, Vy =+9V

A3.1.6 (B)

Solution: For cells connected in parallel, we know

E E E r.r

1 2 12
—% =l 4L oandr =L
Teq £} 2 eq 17

In given arrangement; E,=+10V, E,;=-2V,

_ 10x5+(=2)x10 _ 30 _
Eeq - 10+5 =5 =2V
5x10
Tes = S5+10 - 3.330Q

A3.1.7 (C)

(B) Charge moves under the effect of force. So linear momentum does not remain conserved. Hence (B) is
incorrect.

(C) As no change in potential, hence energy remains the same. Therefore, (C) is correct.

A.3.1.8 (O)
L, L,
A Il | | ) B
I ¥
I
C "/\QN‘ D
Fig.A.3.1.2

1 is current in loop, as shown in Fig.A.3.1.2 Applying Kirchoff's loop law

(— E - Ir1)+(E2— Irz)— IR =0
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E,-E

R+r1+r2

orl =
V1 = p.d. of cel IE1 =— Ellr1

- F — (EZ_El)rl
1 R+r1+r2

E1R — (Ezr1_ E1Tz)
R+r1+r2

V1=0;if

E R =(E2r1— Elrz)
EZ

~R = (E_l)rl _TZ'

A3.19 (B)

Fig.A.3.1.3

Fig.A.3.1.3 shows current distribution in accordance with Kirchhoff's junction law. Applying Kirchhoft’s loop
law to

(1) loop C1C2C4C1

—(1—11)R +11R—(1—11)R=O
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orl = 2(1 —11)

L] ==L
wL== (A3.1.1)
(i1) loop C2C3C4C2;
—IR+V -IR=0
(I +1HR=v
~] =2 (A3.1.2)

5

From Eqns (A.3.1.1) and (A.3.1.2), we have

2V

I ==z

A.3.1.10 (C)

R

B 3 C
- — AAAA <
2 (]1_12) V
— 3
R2 T
R4
VZ
E (11-12) D
Fig.A.3.1.4

Fig.A.3.1.4 shows current distribution in the circuital arrangement. Applying Kirchhoff's loop law to

(i) loop ABEFA

—V1+12R2—V2+11R1 =0
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orl + 21=7 (A.3.1.3)
(i1) loop BCDEB

R(,—1)—V +( —I)R +V,~IR =0

or,3(, —1)— 5+50, —1)+3-2,=0

811 - 1012 =2
41 =sI, =1 (A3.1.4)
From Eqns (A.3.1.3) and (A.3.1.4);
I ==2p
-0

Module 2 : Wheatstone Bridge

A.3.2.1 (B)
Current /[;; (assumed to flow from B to D) is proportional to (R,R;—R,R,). Using given values of the parameters

R,R, =6 X 2=12; RR,=4 X 4=16
Since R,R; < R,R,; actual direction of current in arm BD is from D to B. Therefore the potential of point D; (V)

is more than the potential of point B (V3); Vp> V.

A3.2.2 (A)
For the pair of points A and C; the arrangement is a balanced Wheatstone bridge. There is no current in arm

BD. The arrangement can be redrawn removing 7 Q resistance in arm BD. Therefore

_ _(4+12) X (349)
RAC

_ A8
T @+12)+ (349 7 Q
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For the pair of points B and D; R'= (4+3) =7 Q; R" = (1249) =21 Q and R; = 7 Q are in parallel with one
another. Therefore,

r _+r, 1,1 _ 1 . =
RBD_7+21+7_3 "RBD3Q
Obviously,

R 48 16
R, T 7x3 T 7
A.3.2.3 (0)

The given arrangement is a balanced Wheatstone bridge having AB, BC, AD and CD as the four arms.

R=3Q;R,=6%Q;
R=1Q;R,=2Q

and 3Q
X Awwn—> EAMMWP y
A 10 60
VWWY
20
Fig.A.3.2.1

R;=Resistance in arm BD = 10 Q.
In a balanced Wheatstone bridge, there is no current in arm BD, so Rs can be removed. The arrangement is redrawn
as
shown in Fig.A.3.2.1. Obviously 3 Q and 6 Q are in series with one another.
R'=3+6 =9 Q s their equivalent resistance. Similarly, 1 Q and 2 Q are in series with one another.
R"=1+2=3Q. Now R' and R" are in parallel with one another.

The equivalent resistance (Req) between X and Y is
1

R
eq

"R =2=2250
eq 4

1 1
_9+3

A.3.2.4 (A)
Pull out point O from inside the triangle AABC and redraw the given arrangement as shown in Fig.A.3.2.2 (a).

This is a balanced Wheatstone bridge. There is no current in arm AB. Removing the resistance of 4 Q in arm

AB; the arrangement is shown in Fig.A.3.2.2 (b). Obviously
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R = (2r0x@48) _ o

eq  (2+4) + (4+8)
g o 40 ¢ 40
B WWW, < B =
8Q 8Q
X Y X Y
Fig.A.3.2.2 (a)and (b)
A.3.2.5 (D)

Fig.A.3.2.4 shows the redrawn arrangement on pulling point O out of triangle AABC. OA; AC; OB; BC; and
AB are arms of a balanced Wheatstone bridge. There is no current in arms AB. The equivalent resistance

between points O and C is R. Fig.A.3.2.5 shows the equivalent agreement. Obviously; Req; the equivalent

resistance between X and Y is (3R + R + 4R = 8R)

3R

. — WWWWY
X Y 4R X ¥ 4R
Fig.A.3.2.3 (a) Fig.A.3.2.3 (b)
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For observer P, all the four arms of the Wheatstone bridge have resistances of the same order of magnitude. This

Fig.A.3.2.3 ()
A.3.2.6 (C)

is not so for observer Q. Measurement of P is more accurate because the bridge is more sensitive for the values

used by P.

A3.2.7 (A)
Let / be the balancing length. Given

l 9

100-1 11

. [=45cm

Using the condition of balance;

|

=2

2 11

“R=18Q

N

A.3.2.8 (A)

Connecting 4 Q in parallel with S the equivalent resistance in the arm equals 2 Q) . At balance

ll

100—l1

2
2

“ [,=50cm

Disconnecting 4 Q from S and connecting it in series with R changes the effective resistance of that arm to 6 Q .

At balance
6 __b
4~ 100-I
[, =60 cm
. l1 5
Obviously — =+
2
A3.2.9 (A)
Given
R _ 1
s T2
. 85=2R

When resistors each of value X are connected in series with R and S respectively. At balance
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R+X _ 2
S+X ~ 3
2
3

R+X
2R+X

“X=R

A.3.2.10 (C)
Increasing S at balance length CD = CJ increases. The balance point moves away from the end C of meter

bridge wire.

-6

Module 3 : Potentiometer

A.3.3.1 (D)
Let p be the initial potential gradient across potentiometer wire. Given

e =pl (A3.3.1)

Let p' and /' denote the new value of potential gradient and balancing length respectively. Given ,
—y 4 L3
=l + = Also
g=pl’ (A.3.3.2)

From Eqns (A.3.3.1) and (A.3.3.2), we have
" _2
p=p Ul ==Zp

% change in p = -'D'—;& x 100%
=-33.3%

A3.3.2 (A)
Given

V=5 V; Ry\g=0.1 X 100 =10 Q; R =490 Q
The potential gradient p is

VRAB

P~ ®R L
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5%10

_ o Y -1
= @oo+i0x1 Y

=10 Vm"
=10 Vem™!

A3.3.3(C)

R,z = Total resistance of potentiometer wire
=2 x10=20Q

Let p be the potential gradient across potentiometer wire.
For V=20x107V; balancing length / = 4 m. Therefore

-3 _
p=—4 =200 = 5%107 V'

We know

VxRAB

P~ @R+R )L

-3 4x20
5x10 "= (R+20)x10

SR+ 20 =2 x 10°

= 1600
orR=1580Q

A.3.3.4 (D)

/ 3.Current Electricity

Let p be the potential gradient across the potentiometer. £' is equivalent e.m.f of the series, a combination of £,

and E,. Then
E'=E+E,=pl

(A.33.3)

Let E" be the equivalent e.m.f of £, and E, in opposition. E" = E|-E,. The balancing length (/') for £" is

'=1-0.4/=0.61

and E"=E;-E,=p x 0.6/

From Eqns (A.3.3.3) and (A.3.3.4)

(A.3.3.4)
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E +E, L _ 10
E —E, 06L ~ 6
El
oo E—2 = 4-
A3.3.5(A)

P.d. of 1 V is connected appropriately i.e. in opposition to p.d across potentiometer. The total p.d. across the
potentiometer = 0.2 x 4 = 0.8 V, This is LESS than the p.d. to be measured (1 V). Hence a balance cannot be
obtained. Since 0.8 V and 1 V are in opposition; deflection in the galvanometer decreases in the same direction,

but cannot be zero as the jockey moves from one end to the other end of the potentiometer. To balance 1 V

across potentiometer; the minimum potential gradient, p = % = 0.25 Vm'

A.3.3.6 (D)
The p.d. across the potentiometer wire(=V,z) is Not connected in opposition to unknown emf (=E). The two are

connected in series with one another.

To have p.d. across potentiometer wire AB in opposition to £; the polarity of £ has to be reversed.

A.3.3.7 (D)
Let V', and V, be p.d. across R, and (R,+R,) respectively in the circuit shown. R; and R, are connected in series

with one another, therefore,

1 1
V—2= R (A.3.3.5)
Also
4 5 2
71:?2? (A.3.3.6)

From Eqns (A.3.3.5)and (A.3.3.6) we have

1
L =2
RZ

A.3.3.8 (O)
Let /' be the true value of current in resistance R.

The p.d. across RisV = I'R = pl
where p and [ and denote the potential gradient and the balancing length respectively, for the potentiometer

given.
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Given p=10?V(em)'=1Vm', /=45m

1x4.5

I'=—=

=0.9A

The ammeter reads current as 1 A. The error in the ammeter is + 0.1 A. Therefore

% Error in reading of ammeter = % X 100 %

~ 11.1%
A.3.3.9 (B)
Let V" and V' be p.d of cell when it is shunted by resistance R and R' (>R) respectively
V=E-Ir
V'=E-Ir
From ohm's law
_ _E . _ _E
I'= R+r and I' = R'+r

Given R' >R; therefore
I'<landV'>V
or pl2> pl1
L>1,

where p is the potential gradient across potentiometer

A.3.3.10 (B)
p = potential gradient across potentiometer

-3
5x10 "V _

=== =0.5Vm'
10 m

[ = balancing length = 4m

The actual p.d. across resistance R =p x [ =0.5X 4=2V

The voltmeter read p.d as 1.9 V. There is an error of 0.1 V in voltmeter. Therefore

% Error in voltmeter = %L« 100 %
2

=—5%

Continuous Professional Development

12



/ 3.Current Electricity

Development Team

K.L.Chopra, Former Associate Professor, Hans Raj College, Delhi University

C.K. Ghosh, Former Director, NCIDE, IGNOU, New Delhi

Atul Mody, Former Associate Professor, VES College,Mumbai
Nidhi Kalucha,PGT,Sanskriti School,Chanakyapuri,New Delhi
Suruchi Agarwal, PGT, Amity International School, Gaziabad

Member- Coordinator

Shashi Prabha, Professor, CIET, NCERT, New Delhi

Technical support

Riya Rani, JPF, CIET, NCERT, New Delhi

Continuous Professional Development

13



/ 3.Current Electricity

Bhawana Bhatt, Technical Content Developer, CIET, NCERT, New Delhi
Rajat Kumar, Graphic Designer, CIET, NCERT, New Delhi

Continuous Professional Development

14



