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DAY TWENTY

Unit Test 4

(Electrostatics and
Current Electricity)

1 Two concentric spheres of radii r, and r, carry charges
g4 and g,, respectively. If the surface charge density (o)
is the same for both the spheres, the electric potential at
the common centre will be

0 2 0 1
© 2 (4~ 1) () 26+ r)
) €

2 Point charge g moves from

point P to point S along the E

path PQRS (figure shown) in a -

uniform electric field E pointing — X
coparallel to the positive ST . Q=
direction of the X-axis. The So

coordinates of the points A

P,Q,R and S (a,b,0) (2a,0,0)(a,—b,0) and (0,0, Q)
respectively. The work done by the field in the above
process is given by the expression

(a)gEa (b) —gEa

(c) gEav2 (d) gEN[(2a)* + b?]

3 The variation of potential with distance R from a fixed
point is as shown below.The electric field at R =5mis

N wWwr O

Potential in volts

Distance R in metre

(b) -2.5 V/m
(d)-2/5V/m

(a)2.5V/m
(c)2/5V/m

4 In the given circuit, it is observed that the current /is
independent of the value of resistance Rg. Then, the
resistance value must satisfy

Reg
AN
! Ry R3
Rs
R, R,
1 1 1 1

(8) o+ =
R, R, R,+R, Ry+R,

(b) RR, = RoR,
(¢) RR.Rs = RyR,Re
(d) RRs = R,R, = RsRs
5 Two cells of internal resistance r; and r,; and at same emf
are connected in series, across a resistor of resistance R.
If the terminal potential difference across the cells of
internal resistance r; is zero, then the value of Ris
(@R=2( +r) (b)YR=r, -1
(c)R=r-r, (AR =2(-r)
6 The electric dipole moment of an electron and proton
4.30 nm apart is
(a) 6.88x 1072 C-m
(c) 6.88x 10%® C-m

(b) 5.88% 10728 C-m
(d) 5.88x 10 C-m

7 At what distance along the central axis of a uniformly
charged plastic disk of radius R is the magnitude of the
electric field equal to one-half the magnitude of the field
at the centre of the surface of the disk?

R R

(@) = (b) = (c)v2R

7 7 (d) V3R
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8 Work done in placing a charge of 8 x107"® C on a
condenser of capacity 100 pF is
(a)16x 107 J (b)31x 1072
(c) 64 x 10732y (d)32 x107%2y
9 A drop, having a mass of 4.8x 107'°g and a charge of
2.4x 107'8C is suspended between two charged
horizontal plates at a distance 1.0 cm apart. Find the
potential difference between the plates. If polarity of the
plates be changed, then calculate the instantaneous
acceleration of the drop.
(a)1.96x 10°V, 186 ms?  (b)1.86x 10*V, 18.6 ms~?2
(c)1.96x 10V, 19.6 ms?  (d)2.96x 10°V, 17.6 ms?
10 What is the direction of the electric field at the centre of
the square of figure, if g =1.0x 108C and a = 5.0 cm?

Y, X
hS /
>0
Toec——F5——9-20q
N ’
A 7
A 7’
a M a
. N
, N
s N
’ a N

qec————e +2.0q
(a) 30° with X-axis
(c) 60° with X-axis

(b) 45° with X-axis

(d) 90° with X-axis

11 In 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

(a)4 Q (b)y2Q (c)1Q (d)0.5Q

12 The resistance of a wire at 20°C is 20 Q and at 500°C

is 60 Q. At which temperature its resistance will be

2507
(a) 50°C (b) 60°C
(c) 70°C (d) 80°C

13 A charged cloud system produces an electric field in the
air near earth’s surface. A particle of charge -2 x107°C
is acted on by a downward electrostatic force of
3 x107®N, when placed in this field. The ratio of the
magnitude of the electrostatic force to the magnitude of
the gravitational force in the case of proton is

(a)1.6x107"° (b)1.5x107"% (c)1.6x10"° (d)1.4 x10"°

14 An infinite non-conducting sheet has a surface charge
density o = 0.10 uC m~2 on one side. How far apart are
equipotential surfaces whose potentials differ by 50 V?

(a)5.8x 107°m (b) 6.8 x 10°m
(c)7.8x 10°m (d) 8.8x 10°m

15 An electron is released from rest in a uniform electric
field of magnitude 2.00 x 10*NC ~'. Acceleration of the
electron is (ignore gravitation)

(a)2.51x 10"ms (0)2.51x 107°ms
(c) 3.51x 10"°ms™ (d)3.51x 107ms ™2
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16 In figure, the net potential at point P due to the four point
charges, if V = 0 at infinity is

3q

7q 9q
B, ) (d)

@ 81g, 81g,

17 V-1 graphs for parallel and series combination of two
identical resistors are as shown in figure. Which graph
represent parallel combination?

v, B

/

(b) Graph-B
(d) None of these

(a) Graph-A
(c) Both graph Aand B
18 The equivalent resistance between points A and B in the
following diagram is

2Q 2Q 2Q 2Q 2Q 2Q

2Q 2Q 2Q 2Q 2Q 2Q

(@)2Q (b) 8 Q (c)9Q (d)10Q
19 Two cells connected in series have electromotive force of
1.5V each. Their internal resistance are 0.5 Q and 0.25 Q
respectively. This combination is connected to a

resistance of 2.25 Q . Potential difference across the
terminals of each cell

(a)1V,025V (b)1V,1.25V
(c)1.5V,2.25V (d)1.5V,2.56 V

20 A charge of 0.8 C is divided into two charges Q; and Q5.
These are kept at a separation of 30 cm. The force on Q
is maximum, when
(a) =Q,=04C (b) @Q=08C,Q, is negligible
(c) @ is negligible, Q,=08C (d) @ =02C,Q,=06C
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21 A particular 12 V car battery can send a total charge of
84 A-h through a circuit, from one terminal to other. If this
entire charge undergoes a potential difference of 12V,
how much energy is involved?

(a)1.6x 10°J (b)2.6x 10%J
(c) 3.6x 10%J (d)4.6x 10%J

22 ABis uniform resistance wire of length Tm. A2V
accumulator, a Daniell cell of 1.08 V and a galvanometer
G are connected as shown. If the sliding contact is
adjusted for null deflection then the potential gradient in
AB and the balancing length, measured from end A are
respectively.

1.08V

(a) 0.02 V/cm, 54 cm
(c) 0.0092 V/cm, 49.6 cm

(b) 0.0308 V/cm, 46 cm
(d) 0.02 V/cm, 50.4 cm

23 A potentiometer wire of length 200 cm has a resistance
of 20 Q. It is connected in series with a resistance of 10 Q
and an accumulator of emf 6 V having negligible internal
resistance. A source of 2.4 V is balanced against a
length L of the potentiometer wire. Find the value of L.

10Q 6V
li

k——— [ —)

24V G
(a)100cm  (b)120cm  (c) 110 cm (d) 140 cm

24 A charged ball Ahangs from a silk thread,
A . +
which makes an angle @ with a large D
charged conducting sheet B as shown in +l @
the figure. The surface charge density of i
the sheet is proportional to +
(a)sino (b) cot @ i
(c)cos @ (d) tan @

25 Two concentric conducting thin shells of radius r and 2r
carry charges +2g and +6q, respectively. The magnitude
of electric field at a distance x outside and inside from
the surface of outer sphere is same, then the volume of x

2r r
5 (b) 5 (c) 3 (d) 5

26 There are two electric bulbs rated 60 W, 120 V and 90 W,
120 V. They are connected in parallel with 240 V supply,
then
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(a) both bulbs work properly
(b) both bulbs will fuse
(c) Only 60 W bulb will fuse
(d) Only 90 W bulb will fuse
27 Masses of the three wires of same material are in the ratio
of 1:2: 3 and their lengths in the ratioof 3: 2 : 1.
Electrical resistance of these wires will be in the ratio of
(@a1:1:1 () 1:2:3 (c)9:4:1 (d) 27:6: 1
28 Six wires, each of resistance r; are connected so as to
form a tetrahedron. The equivalent resistance of the
combination when current enters through one corner and
leaves through other corner is

(a)r (b) 2r r

(c) 3 (d) -

2

29 A unit negative charge with mass M resides at the
mid-point of the straight line of length 2a adjoining two
fixed charges of magnitude + Q each. If it is given a very
small displacement x(x < <a)in a direction
perpendicular to the straight line, it will

(a) came back to its original position and stay there

(b) execute oscillations with frequency T LS
2\ 4ngMa

(c) execute oscillations with frequency T LZ
2\ 4ngMa

(d) execute oscillations with frequency —— _Q
2m\ 2ngMa®

30 A 28 puF capacitor is charged to 100 V and another 2uF
capacitor to 200V, they are connected in parallel. Then,
the total final energy is

(a) 01537J  (b) 00155J (c)01865J  (d)0123J

31 A hollow copper tube of 1m length has got external
diameter equal to 10cm and its walls are 5mm thick. Then
the resistance of tube, if its specific resistance is
17 x1078Qm,is

(a) 1139 x 107°Q (b)1327 x 107°Q
(c)1150x 107°Q (d)1125 x 1074Q

32 Manjeet’'s room heater is marked as 1000 W-200V. If the
voltage drops to 160V, the percentage change in the
power of the heater is

(a) 40% (b) 42%

(c) 36% (d)50%

Direction (Q. Nos. 33-40) Each of these questions contains
two statements : Statement I and Statement II. Each of these
questions also has four alternative choices, only one of which
is the correct answer. You have to select one of the codes (a),
(b), (c), (d) given below
(a) Statement | is true, Statement Il is true; Statement Il is
the correct explanation for Statement |
(b) Statement | is true, Statement Il is true; Statement Il is
not the correct explanation for Statement |
(c) Statement | is true; Statement Il is false
(d) Statement | is false; Statement Il is true
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33 Statement | A and B are two conducting spheres of
same radius. A being solid and B hollow. Both are
charged to the same potential. Then,

Charge on A =charge on B.

Statement Il Potentials on both are same.

34 Statement | A thin metallic wire is bent into semicircular
shape, then its resistivity decreases.
Statement Il On bending, the drift of electron in the wire
remains same.

35 Statement | The circuits containing capacitor be handed
cautiously, even when there is no current.
Statement Il A dielectric differs from an insulator.

36 Statement | In the following circuit, the net resistance
between points Aand Bis R

Statement 1l All the resistances are in parallel to each
other.

37 Statement | In the following circuit, emf is 2V and internal
resistance of the cell is1Q and R =1Q, then reading of
the voltmeter is 1V.

Statement Il V =E —/Ir, where E =2V, l=§:1 A and
R=1Q.

38 Statement | The power delivered to a light bulb is more
just after it is switched ON and the glow of the filament is
increasing, as compared to when the bulb is glowing
steadily, i.e. after sometime of switching ON.

Statement Il As temperature increases, resistance of
conductor increases.

39 Statement | When a wire is stretched, so that its diameter

is halved, its resistance becomes 16 times.
Statement |l Resistance of wire decreases with increase
in length.

40 Statement | A potentiometer is preferred over that of a

voltmeter for measurement of emf of a cell.

Statement Il Potentiometer is preferred as it does not
draw any current from the cell.

ANSWERS

1. (d) 2. (b) 3. (a) 4. (b) 5. (c)
11. (b) 12. (d) 13. (d) 14. (d) 15. ()
21. () 22. (a) 23. (b) 24. (d) 25. (b)
31. (a) 32. () 33. (a) 34. (d) 35. (b)

6. (a) 7. (b) 8. (d) 9. (0 10. (b)
16. (b) 17. (a) 18. (b) 19. (b) 20. (a)
26. (b) 27. (d) 28. (d) 29. (d) 30. (¢
36. (c) 37. (a) 38. (a) 39. (c) 40. (a)

Hints and Explanations

1 Electric potential of the common v 3 Intensity at 5m is same as at any point
centre, is between B and C because the slope of
v=_94 4+ %D E BC is same throughout (i.e. electric
ATE,r,  4TE)T, (@,b,0) 2. P field between B and C is uniform).
o o ~
Ve xntoxn b ™~ Va2ipe
€ € < 5
p a_ O 0 X -
=%, + 1) BN 0> o e 4
€ J % b s z 3
EL~q1=4m12ng a’tb \\y, a+b § 2
E q, = 41wy x 0% R % 1
a
2 As electric field is a conservative field 0 WPQRS = WPQS =Wpo + Wy 0 L 2 t
Hence, the work done does not depend = Fbcos 90°+ Facos 180° istance i in metre
on path =0+qFEa(-1) = -qEa
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Therefore electric field at R = 5m is

equal to the slope of line BC hence by
_—dv
E= ;
dr

(0-5)

=2.5V/m

4 From figure, it can be seen that I is
independent of resistance Ry, so no
current flow through it. This require
that the R, and R, junction is at same
potential of the junction at R, and R,.
So, according to Wheatstone bridge
condition,

B -8 g RpRrs RR,
HZ H4
5 Given,V, =0
V,+V,=IR
O V,=IR
-E-I, =IR
ButV,=E -Ir,0FE I, [V, =0
O1Ir —-1Ir, =IR
or R=r -1,

6 Magnitude of a dipole moment is
p=qd
=(1.60 x 10719)(430 x 107%)
= 6.88 x107*® C-m
7 At a point on the axis of a uniformaly
charged disk at a distance x above the

centre of the disk, the magnitude of the
electric field is

O

0
E:LD—LD
2505 1X2+HZH

But E, = 2 such thatﬁ =1
2¢, E, 2
Then, 1 - x -1
Jx* +R* 2
X _1
or ==
Vx*+ R* 2
Squaring both side, we get
L S
X+ R 4
2
or XZ = i + i
4 4
BZ
Thus, X =
3
X = i
NG}
8 Here,q = 8%x107%C,C =100uF =107* F
18
v=9=8X10"_g, o1y
c 107

10

Get More Learning Materials Here : &

Energy stored = %qV

=14 8 x10 ¥ xg x107
2
=32 x107%

Let m and q be the mass and the charge
of the drop and E the intensity of
electric field between the plates.
Since, the drop is in equilibrium, the
electric force gE acting on it balances
its weight mg, i.e.

qE = mg
If the potential difference between the
plates is V and the distance between
them isd, then E = V/d.
0 q(V/d)=mg or V = mgdlq
Here, m = 48 x107° g = 4.8 x10 kg,

g =98Nkg™,
d=10 cm=1.0x%x10"7m

and ¢ =2.4x10"8C
0 oy = (48 1073) x 9.8 x (1.0 x107%)
24 x 1078
=196 x10*V

On changing the polarity of the plates,
the electric force g E will also be
directed downwards. Then, the
acceleration of the drop is

a= qE + mg
m
But qE = mg
O a=2g =19.6 ms™
Since, each charge distance from centre
_2a_a
2 2

Net field due to these two charges is
1 02 0 1
¥ 4Tte, E]FZ% _UZL/ZEF 4Tte, Gzi/z
(9% 10%)(1.0 x 1078)
(0.050)
2
=7.19% 10°NC™

1 Ug q U

and E, = —— 3~ - ——
Yamg, 5P 02/25
=1 9 =719x10*N/C
41, /2

The magnitude of the field is

E= B2+ E2 =\2(7.19 x 10*)*
=1.02 x 10°NC™

Angle made with the x-axis is

E
@=tan' L
X

= tan"'(1) = 45°

11

12

13

14

15

It is upward in the diagram, from the
centre of the square towards the centre of
the upper side.
r= @ x2Q

2
where, I, =240 cm,/, =120 cm

Here,

:7240_120 XZ:E x2=2Q
120 120
Use R, =R, + at)
Here, 20=R,(1 +20a)
60 = R,(1 + 5000)
Here, R,=25Q

Solving, we findt = 80°C
We have, F =qE

F _3x107°®
q 2x107
=1.5x 10°NC™

Magnitude of the electrostatic force on a
proton is
F, =eE = (160 x107%)(1.5 x10°)

e

Thus, E =

=2.4x 107N

Magnitude of the gravitational force on
the proton is

F, = mg =(1.67 x107%7)(9.8)

=1.63%x 107N
The ratio of the force is
F, _ 24x107"°
F, 1.63x107%
=1.4 x 10"

Electric field, E = o
2¢,

and electric potential, V =V —I; Edx
=V, - Ex

Here, two surfaces are separated by Ax,
then their potentials difference in
magnitude by

[}

o
€

AV = EAx =

1

Hax
g

-

_ 2g,AV

T o

_ 2(885x107**)(50)
010 x 107°

=88x107° m

Thus, Ax

We know that, F = eE

By Newton’s second law,

_F _eE

m m

_ (160 x 107'?)(2.00 x 10*)
911 x 107!

=3.51x 10°ms ™2
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16 Net potential at point P,
¢ 05 _ 5,5, 50_ 5¢q

e l2d d a al sne

17 Rpuaiier < Bseries - From graph A it is

clear that slope of the line A is lower
than the slope of the line B.

Also, slope = resistance, so line A
represents the graph for parallel
combination.

18 The resistances 2Q and 2Q at the last
terminals are outside the circuit and so
they may be ignored. Now, in loop 2,
the resistances (2Q + 2Q), 4Q and
(2Q + 2Q)are in series. Their
equivalent resistance is 12 Q, which is in
parallel with 6 Q. The equivalent
resistance is

R'= 6 x12 =40
6+ 12

2W

2W 2W

2W 2W 2w 2W 2W 2W

Similarly, in loop 1, the resistances
(2Q +2Q),R'(=4Q)and (2Q + 2Q)are
in series and these are in parallel with
6Q. Hence, their equivalent resistance
is
R" = 4Q

Lastly, between the points A and B, the
resistances 2Q, R''= (4Q)and 2Q are in
series. Hence, their equivalent
resistance is

2Q +4Q +2Q =8Q

19 The arrangement is shown in the figure.
The effective emf in the circuit is
E=15+15=3.0V
and the total resistance is

R =05+ 025+ 225 =30Q
Hence, the current in the circuit is

Potential difference across the terminals
of the first cell is

V,=E -Ir, =1.5 - (1.0) x (0.5)= 1.0 V
Potential difference across the terminals

of the second cell is
V, =E -Ir, =1.5 «(1.0) {0.25) =1.25V

20 Given,
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The force of Q; due to Q,,

F=k,— 0% =@ X100
30 x 1072 30
Z x 04x04x100 _ 8
30 15
(b) WhenQ, =08C,Q, =0
Fokx 08X0 _ o
30 x 1072
(c) When Q,=0,,Q, =0.8C
F =k x w =0
30 x 1072
(d) WhenQ, =02C,Q, = 0.6C
F=kx22%06100_2,
30 5

Hence, for Q, = Q, = 0.4C, the force will
be maximum.

21 An ampere is coulomb per second, so
84 A-h=84x 3600 =3.0x10°C
The change in potential energy is
AU =qAV = 3.0 x 10° x12=36 x 10°]

22 Potential difference per cm
- 2 \%
100 cm

Balancing length = % x 1.08 = 54 cm

=0.02V/cm

23 The current in the potentiometer wire
AB is
1=—% =024
20 + 10

The potential difference across the
potentiometer wire is
V' = current x resistance

=02x20 =4V
The length of the wire is =200 cm. So,
the potential gradient along the wire is

=V_ 4
I 200
=0.02 Vem ™!

The emf 2.4 V is balanced against a
length L of the potentiometer wire.

i.e.2.4 =kL orL = 24
= 274 =120 cm
0.02
24 FElectric field at point A
E=2 (@)
€

25

26

For equilibrium of forces at A,

Tsing =QE
Tsing=Q 0%, [from Eq. (i)]
€
Tsing= 20 .. (ii)
€9
and T cos @ =mg ... (iii)
On dividing Eq. (ii) by Eq. (iii), we get
tan@ =
€,mg
or g = Eomg tan @
| o O tap

Electric field at a distance x outside from
surface of outer shell

= Electric field at a distance x inside from
surface of outer shell
1 2+6q _ 1 5 %

i.e.
4me, (2r+ xf  47mg (2r - x)
O L:#
(2r+ x¢ (2r-xf
0 2 _ 1
2r+x 2r—x
O 4r —-2x =2r + x
| 2r = 3x
O :271"
3
2 2
31:‘/71:&:240(2
P, 60
2 2
RZ:Vi:ﬂ:]GOQ
P, 90
D]1:i:ﬂ:0.5A
v, 120
[zzizﬂ:0.75A
v, 120

When both bulbs are connected in
parallel, then equivalent resistance
Hl HZ

R, + R,

_ 240x160 _

240+ 160

0 When they are connected with 240 V
supply, then

I:@:2.5A
96

P:

96Q

Now, current in 60 W bulb,

1= 1o

400
=25% @ =1A
400
Current in 90 W bulb,
I =25x220 2154
400

Since, 11’ > [ and 12’ >1],

Hence, both bulbs will fuse.
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27 Mass, M = Volume x Density

A:M
ld

= Al xd or

Resistance, R == =~ =
A

lZ
So, RO —
M
2 2 2
Thus, R, : R, R3=l—1 AL
M, M, M,
2 2 2
23—22— 1—227:6 1
1 2

28 Six wires each of resistance r from a
tetrahedron as shown in the following
figure.

p:

In Wheatstone circuit, the equivalent
resistance of upper circuit

1 - 1 " 1 2 1

r

g R=r
It will be in parallel with outer
resistance,
i = l + l = E
Req r r R
r
O Ry = 7

+Qe.
PO F
i A
SR ST
| /4{'/
- F
—Qe~
F,; = —FcosB®+(—Fcos)
= —-2F cos 6
k-1 x
X +d [+
_ 2kQ Ok
(2 + PP

[ x<<qa]

Or F, =+ B’ﬂ@:ﬁ
a3

Frequency of oscillation,
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:;JZKng 2x1xQ
2\ Md® 2 m\4 m g Md

30 HereC, =28p F =28 x10°°F
C,=3u F=3x10"F
V, =100V and V, =200V
O Charge of C,,
q, =C,V, =28 x107° x100

=28 x107'C
Charge of C,
q, =C,V, =3 x107° x200
=6x107"C
Potential,
ve®hta _ 28x107* +6x107*
C,+C, 28x10°+3x107°
=109.68V

Total final energy, U = %(C1 +C,)V?

= %(28 x107% +3 x107%)(109.68)

=0.1865J
31 External radius,
r, = ? =5cm = 0.05m
Internal radius r; = r, — thickness of tube
= 0.05 - 0.005
= 0.045m

Area of cross-section = T (r22 —rlz)

= 11[(0.05f —(0.045f]
=1.492 x 10 m?

Resistance of copper tube,

17x107% x1

R = i:L

a 1.492x107°
=1139 x107°Q

32 Resistance of heater,
= LZ = M =4

R 0Q
p 1000
Power of heater at V' =160V
2
pr=V o060 _ uow
R 40
Percentage fall in the power of the
heater,
p-p x 100 = 10007640 04 = 3506
1000

34 Resistivity of metallic wire does not
depend on shape of wire because it is a
material property. On bending, the
cross-sectional area of wire changes but

35

36

39

drift velocity of electron does not depend
on area of cross-section, so it remains
same.

A capacitor does not discharge itself. In
case the capacitor is connected in a
circuit containing a source of high
voltage, the capacitor charges itself to a
very high potential. So, if a person
handles it without discharging, he may
get a severe shock.Dielectrics and
insulators cannot conduct electricity but
in case of a dielectric, when an external
field is applied, induced charges appear
on the faces of the dielectric. In other
words, the dielectric have the property of
transmitting electric effects without
conducting.

The equivalent circuit is represented as,
This is balanced Wheatstone bridge
hence, resistance in branch MN is not
taken into consideration. Hence, the
equivalent resistance between points A
and B is given by

M
A B
N
1 _ 1 + 1
R,;, (R+R) (R+R)
1 _2 _1
or —— =—=—
R,;, 2R R
0 Ry, =R

The resistance of a wire is

R = p%,pbeing specific resistance

or R Dil
AZ
or rO-L (A= m?)
T4

Hence, when diameter is halved the
resistance of the wire is

RO _=16R  ..(0)

H

Hence, its resistance will become
16 times.

Again from Eq. (i), we get

1

2
R0l oo ROL orrO P
A Al

Therefore, on increasing the length
resistance increases.
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