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1. Drift velocity, v, = L

&
H

_:,.
where E is electric field strength, © 1s relation time, e is the charge on electron and m is the mass
of electron.

2. Relation between Current and Drift Velocity:

I=—neAv,
where n = number of free electrons per m°, A = cross-sectional area
3. Ohm’s law V=RI
4. Resistance R = pl
A
: . RA m
5. Specific resistance p=——=—3
[ ne” T
. /
6. Current density ] = =
7. Electrical conductivity ¢ = L
P

8. o = o0 FE (alternative forms of Ohm’s law)
9. (i) Resistances in series
Net resistance Rg= R, + Rs + R
Current is the same in each resistance V=V, + V, + V,
(ii) Resistances in parallel: Net resistance Rp 18 given by

11 1 1
=—+—+
R, R R, R,

Voltage 1s the same across each resistance
=1, +1,+ 1,
10. Temperature dependence of resistance
R, = Ry (1+ aAl)
where a 1s the temperature coefficient of resistance
or Ry=Ry[1+a (i, — ty)]

F
11. Internal resistance of a cell r = (IT — IJH

where F 1s emf of cell, V = terminal p.d. across external resistance R.
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Combination of Cells

(1) When n-1dentical cells are connected 1n series

_nl
R + nr

Current, z

I___ nel
R +R.
\ tik

ext

For useful series combination, the condition is R_. >> R, ,

(121) When m-1dentical cells are connected 1in parallel

‘Ermf o JE,
R 4R R+ rim

exl 1t

=

Condition of useful parallel combination is R < r/m.

(111) When N = mn, cells are connected 1n mixed grouping (m-rows in parallel, each row containing

n cells in series)

: nk
Current, j = — —
R+
m
Condition for useful mixed grouping is R__, = R, ,
R=—
m
(1v) When two cells of different emfs F; and Fo and different internal resistances ry and r, are

connected 1n parallel as shown 1n fig. then net emf of combination 1s

nnk
mRk + nr
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12. Joule's Law of heating effect of current:

13. Electric Power

Value of External

Resistance

R

hR=0

(Short circuit)

R=r
Open circuit,

R:Cﬂ
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MULTIPLE CHOICE QUESTIONS

Choose and wrile the correct oplion in the following questions.
1.

Dimensions of a block are 1 cm X 1 cm X 100 cm. If specific
resistance of its material is 3 X 10~ QQ m, then the resistance

between the opposite rectangular faces is

(@) 3 %X 107 ) 3 X 107 Q
(€) 8 X 107° O (d) 3 x 107° O

1cm

In a Wheatstone bridge, all the four arms have equal resistance R. If resistance of the
galvanometer arm is also R, then equivalent resistance of the combination is
R R

@ R (b) 2R ©) 5 &

A potentiometer is an accurate and versatile device to make electrical measurement of KMF
because the method 1nvolves

(@) potential gradients

(b) a condition of no current flow through the galvanometer

(¢) a combination of cells, galvanometer and resistance

(d) cells

Consider a current carrying wire (current / ) in the shape of a circle. Note that as the current

progresses along the wire, the direction of j (current density) changes 1n an exact manner,

while the current I remain unaffected. The agent that 1s essentially responsible for is
INCERT Exemplar]

(a) source of emf.

(b) electric field produced by charges accumulated on the surface of wire.

(¢) thecharges just behind a given segment of wire which push them justthe right way by repulsion.

(d) the charges ahead.

'Iwo batteries of emf ¢, and &, (¢ > &) and internal resistances r; and r, respectively are
connected 1n parallel as shown 1 Figure, INCERT Exemplar]

v

%)

, of the two cells 1s between g and &y, 1.¢., &, < ¢, < &

(0) The equivalent emt g, is smaller than &,

(¢) Theeg,, 1s given by &, = & T & always.

(d) Ceq

The drift velocity of the free electrons 1n a conducting wire carrying a current { 1s v. If in a

(@) The equivalent emf g,

1s iIndependent of internal resistances r; and ro.

wire of the same metal, but of double the radius, the current be 21, then the drift velocity of
the electrons will be

(@) v/1 () v/2 (c) v (d) 4v

A resistance R is to be measured using a meter bridge. Student chooses the standard resistance
S to be 100 (). He finds the null point at /; = 2.9 cm. He is told to attempt to improve the
accuracy. Which of the following is a useful way? INCERT Exemplar|
(a) He should measure /; more accurately.

() He should change S to 1000 () and repeat the experiment.

(¢) He should change S to 3 () and repeat the experiment.

(d) He should give up hope of a more accurate measurement with a meter bridge.
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10.

11.

12.

13.

14.

Two cells of emf’s approximately 5 V and 10 V are to be accurately compared using a
potentiometer of length 400 cm. INCERT Exemplar]

(@) 'l'he battery that runs the potentiometer should have voltage of 3V.

() 'l'he battery of potentiometer can have a voltage of 15 V and R adjusted so that the potential
drop across the wire shghtly exceeds 10 V.

(¢) The first portion of 50 cm of wire 1tself should have a potential drop of 10 V.

(d) Potentiometer 1s usually used for comparing resistances and not voltages.

Figure represents a part of a closed circuit. The potential difference between points 4 and B
(Vy-Vp) is

A ; : B
(@) +9V by =9V
(e +8 (d)y + 6V
. : . 1 ;
A metal rod of length 10 cm and a rectangnlar cross-section of Tem X 9 cm 1s connected tn a
battery across opposite faces. The resistance will be INCERT Exemplar]
. . 1
(a) maximum when the battery 1s connected across 1 cm X 5 om faces.
(6) maximum when the battery 1s connected across 10 cm X 1 cm faces.
. . |
(c) maximum when the battery 1s connected across 10 cm X 5 om faces.

(d) same 1rrespective of the three taces.

Which of the following characteristics of electrons determines the current in a conductor’
INCERT Exemplar]

(@) Drift velocity alone

(b) Thermal velocity alone

(¢) Both dnit velocity and thermal velocity

(d) Neither drift nor thermal velocity.

Temperature dependence of resistivity p(T) of semiconductors insulators and metals is
significantly based on the following factors. INCERT Exemplar]
(a) Number of charge carriers can change with temperature 7.

(b) Time 1nterval between two successive collision can depend on 7.

(¢) Length of material can be a function of 7.

(d) Both (a) and (b)

Kirchhoff’s junction rule is a reflection of INCERT Exemnplar]
(a) conservation of current density vector.

(b) conservation of charge.

(¢) the fact that there 1s no accumulauon of charged at a junction.

(d) Both (b) and (¢)

The current in electrolyte is due to

(@) positive 1ons only (b) negative 1ons only

(¢) both positive and negative 1ons (d) holes
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15.

16.

17.

18.

19.

20.

ol

22.

In the circuit diagram the electric current through branch BC is

A B 2A  3A

S =

(@) 1 A (b) 2 A (c) 4 A (d) b A
The temperature coefficient of resistance for a wire i1s 0.00125/°C. At 27° C its resistance 1s 1

ohm. The temperature at which the resistance becomes 2 ohm is
(@) 1154 K (b) 1100 K (¢) 1400 K (d) 1127 K

Drift velocity v, varies with the intensity of electric field as per the relation

|
(@) v, <k (b) v, T (¢) v, = constant (d) v, E°
The resistance of a wire 1s ‘R’ ohm. If 1t 1s melted and stretched to ‘n’ times its original length,

its new resistance will be

@) ) n°R © 3 (@) nR
Electric current through resistance 4 {}, in the given circuit is:
12V
43 :; AWW—T
20
1+ 15
g VAVAVAVAVAVA >
4Q
| |

L sy de f

(@) 0 A (b) 0.5 A () 12/7 A (d) 2/7 A

From the graph between current/ and voltage 'shown below, identify the portion corresponding
to negative resistance

E
C
<
A —\/
(a) AD (b) BC (c) CD (d) DE

'Two wires of same material have length L and 2L and cross-sectional areas 44 and 4 respectively.
The ratio of their specific resistance would be

) L g2 (b) 8:1 (¢) 1:8 d) 1:1
A wire of non-uniform cross-section is carrying a steady current. Along the wire
(@) current and current density are constant

(0) only current 1s constant

(¢) only current density 1s constant

(d) neither current nor current density 1s constant
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23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

A conducting wire of diameter 0.5 mm has a resistance of 8 (). The resistance of a wire of same
length and material having a diameter 1mm will be

(@) 32 O (b) 16 O (c) 4 (d) 2 O

12 coulombs/minute can be written as

(@) 2 A (b) 0.2 A (c) 0.02 A (d) 0.002 A

A wire of uniform area of cross-section A, length / and resistance R is cut at the middle into
two equal parts of length I/2 each. Then the resistivity of each piece compared to that of the
original becomes

(a) hall (0) double

() unchanged (d) unpredictable

Drift velocity of electrons in a conductor is of the order of

(@) a few mullimeters per second (0) a lew meters per second

(c) a few kilometers per second (d) 3 X 10" cms™

A 220 V-100 W bulb 1s connected to a source of 180 V. The power consumed by it will be nearly
(@) 100 W (b) 82 W () 7B W (d) 67 W

Two bulbs one of 50 watts and another of 25 watts are connected in series to the mains. The
ratio of the current through them is

(@ 1:1 b) 1:2 () 2:2 (d) 1:4
A 100 W, 200 V bulb is being operated at 160 V, the power dissipation is
(@) 32 W (b) 64 W (c) 100 W (d) 160 W

A, B and C are voltmeters of resistance R, 1.5R and 3R respectively as shown in the figure.

When some potential difference 1s applied between X and Y, the voltmeter readings are V,, Vp
and V, respectively. Then

a0
X v
(e
)
@) Vy=Vp#V¢ 0) Vy#Vpg#T¢
@) ¥a=Va*= Ve d) VyzVp=1V¢
The potential difference (V, — ') between the points A and B in the given figure is
VA 2 Q +T \i 1 ﬂ VB
o VWMAN | I WAWA E
& I=2A
(@) =3V (b) +3 'V (c) =13V d) +13V
Kirchhofl’s 11 law for the electric network i1s based on
(a) law of conservation of charge (0) law of conservation of energy

(¢) law of conservation of angular momentum (d) law of conservation of mass

Three cells each of emf 1.5 V and terminal resistance 1 () are connected in parallel. The
combination will have an emf of

(@) 4.5V (b) 8V (¢) 1.5V (d) 0.5V

For a cell, the terminal potential difference 1s 3.6 V, when the circuit 1s open. If the potential
difference reduces to 3 V, when cell is connected to a resistance of 5 (), the internal resistance
of cell 1s

(@) 1O ) 2 Q (c) 4 & (d) 8
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36.

37.

38.

39,

40.

41].

42.

43.

44,

45.

Kirchhoff’s T law for the electric junction is based on
(a) law of conservation of charge (b) law of conservauon of energy

(¢) law of conservation of angular momentum (d) law of conservauon ol mass

A potentiometer wire 1s 100 cm long and a constant potential difference i1s maintained across
it. Two cells are connected in series first to support one another and then in opposite direction.
'The balance points are obtained at 50 cm and 10 cm from the positive end of the wire in the
two cases. The ratio of emf’s 1s

(@) 3:4 () 35 2 () 8% 1 (d) 54

‘Two batteries, one of emf 18 V and internal resistance 2 () and the other of emf 12 V and internal
resistance 1 (), are connected as shown. The voltmeter } will record a reading of

oy
W)

(@) 30V (b) 18V (c) 15V (d) 14 V

n cells each of emf E and internal resistance r send the same current through an external
resistance R whether the cells are connected 1n series or parallel. Then

(a) R = nr O) R =7

(¢c) r=nR d) R=(\n)r

A wire of length 100 cm i1s connected to a cell of emf 2 V and negligible internal resistance.
The resistance of the wire 1s 3 (). The additional resistance required to produce a potential
drop of 1 millivolt per cm 1s

(@) GO O () 47 O (c) 57 Q (d) 55 Q

The internal resistance of a 2.1 V cell which gives a current of 0.2 A through a resistance of
10 Qs
(@) 0.8 Q ) 1.0 Q (c) 0.2 Q (d) 0.5 Q

If a copper wire is stretched to make 1t 0.1% longer, the percentage increase in resistance will
be
(@) 0.2 (b) 2 (¢) 1 (d) 0.1

According to Joule’s law, if potential difference across a conductor of material of resistivity p

remains constant, then heat produced in the conductor is directly proportional to

@) ﬁ ®) o ©) o (d) o

‘Twa hitlhs each marked 100 W, 220 V are connected in series across 220 V supply. The power

consumed by the combination will be

(@) 220 W (b) 100 W (¢) 30 W (d) zero

Two bulbs each marked 100 W, 220 V are connected 1n parallel across 220 V supply. The power
consumed by the combination will be

(a) 200 W (b) 100 W (c) 50 W (d) zero

A 5°C rise in temperature is observed in a conductor by passing a current. If the current is

doubled, the rise 1in temperature of the conductor will be nearly

(@) 10°C (b) 20°C (c) 40°C (d) 2.5°C
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46. A student measures the terminal potential difference (V) of a cell of emf F and internal

48.

64

47.

49.

50.

51.

resistance r as a function of the current () flowing through it. The slope and intercept, of the
graph between V and I, then respectively, equal

'4
O I —
(@) —r and ¢ (b) rand —¢ (¢) —e and » (d) € and —r
See the electrical circuit shown in fig. Which one of the following is the correct equation for
it?
R
P —— AN e Q
€1 I
Al | —A\WWAW—B
DL——AWA— | C
12 ) £5
(@) €o—taro—€; —ty1; = 0 (b) =69 — (21 + t9) R + 1919 = 0

The resistance of a mercury column 1n a cylindrical container i1s R. This mercury 1S pnured
into another cylindrical container with half the radius of cross-section. The resistance of other
mercury column will be

(@) R () 4R (¢) 16R (d) R4
A current is passed by a battery of constant voltage through the R
—— MWWWMAMAA

germanium wire at room temperature. Now the temperature of

gEI‘lIlﬂl]illlll wire 1s decreased. The reading of ammeter will Ge

(a) increase A

(b) decrease

(¢) remain unchanged

(d) mcrease and decrease alternatively
A steady current flows 1n a metallic conductor of non-uniform cross-section. The quantity/
quantities constant along the length of the conductor is/are

(@) current, electric field and drift speed (b) current, current density and dnft speed

(¢) drift speed only (d) current only

The electric current in a conductor varies with timef as I = 21 + 3!2, where I 1s in ampere and ¢
in seconds. Electric charge flowing through a section of the conductorduring { = 2stof =3 s

15
(a) 10 C (b) 24 C [6) BS540 (d) 44 C
In the given circuit, with steady current, the potential drop across VI
. A —/VWWA B
the capacitor € must be R
@V Ok
a) v ) 9
: et
I/ 91/ v C
© 3 @) 73
C | = D
2V 2R
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53.

54.

b5.

56.

57.

58.

59.

60.

61.

62.

In a metre bridge experiment null point is obtained at 20 cm from one end of the wire, when
resistance X 1s balanced against another resistance Y. If then where will be the new position
of null point from the same end if one decides to balance a resistance of 4X against Y7

(@) 50 cm (b) 80 cm (¢) 40 cm (d) 70 cm

'The length of a potentiometer wire is 100 cm and the emf of the standard cell 1s E volt. It i1s
employed to measure the emf of a battery of internal resistance 0.5 Q. If the balance point
1s obtained at length 30 cm from the positive end, the emf of the battery 1s (i = current 1n
potentiometer wire)

S0 SOF 30(E — 0.5 i) T
@) 7005 ®) Too—o0n () 100 @) Too

In the circuit the galvannmeter shows zero deflection. If the batteries 4 and B have negligible

internal resistance, the value of resistance R will be

12V

(@) 100 O (b) 200 O (c) 500 © (d) 1000 ©

An uncharged capacitor of capacitance 4uF a battery of emf 12 V and a resistor of 2.5 M2
are connected in series. The time after which the p.d. across capacitor becomes 3-times across
resistor (z.e., V. = 3Vy) 1s (log, 2 = 0.693)

(a) 6°93 s (b) 13-86 s (¢) 10-86 s (d) none of above

An electric bulb rated 500 W at 100 V is used in a circuit fed by a 200 V supply; then the
resistance R ta he put in series with the hulh, sa that hulb delivers 500 W is

(a) 40 Q) (b) 20 Q (¢) 10 Q (d) 80 €2
Time taken by a 836 W heater to heat one litre of water from 10°C to 40°C is
(@) 30 s () 100 s (¢) 150 s (d) 200 s

An electric bulb is marked 100 W, 230 V. If the supply voltage drops to 115 V, what is the total
energy produced by the bulb in 10 minutes?

(@) 30 k] (b) 15 K] (¢) 10 K] (d) 5 K]
In a Wheatstone bridge, three resistances Py, Q and R arc connected in the three arms and the
fourth arm 1s formed by two resistances $; and S, connected 1n parallel. The condition for the

bridge to be balanced will be

3 P . 25 ; P _ R(S, +38,)
@ Q=5 +s, Wg 55
e 5 P B
A TN @ G 73S,
If the ratio of concentration of electrons to that of hole 1n a semiconductor is % and the ratio
of currents is %, then what is the ratio of their drift velocities?
k2] 4 2 &
@) 3 (b) = €) 3 d) =

Two conductors have the same resistance at 0°C but their temperature coefficients are o; and
o, the respective temperature coefficients of their series and parallel combination are nearly

t:zl+c12 u1+aE
@) —52.a, +a, ) o +ay =
a, O o, +a. o, +o
1 =9 ] 9 ] 2
¢l - 0, d :
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66

63.

64.

65.

66.

67.

68.

69.

70.

/1.

12.

73.

74.

A potentiometer can measure emf of a cell because [CBSE 2020 (55/1/1)]
(a) the sensiuvity of potentuometer 1s large.
(b) no current 1s drawn from the cell at balance.
(¢) no current flows i the wire of potentiometer at balance.
(d) mternal resistance of cell 1s neglected.
The resistance of a metal wire 1ncreases with increasing temperature on account of
|[CBSE 2020 (55/1/2)]
(a) decrease 1n Iree electron density. (b) decrease 1in relaxation time.

(¢) 1ncrease in mean free path. (d) mmcrease 1 the mass of electron.

Kirchhofl’s first rule at a junction in an electrical network, deals with conservation of
|CBSE 2020 (55/1/2)]

(@) energy (b) charge

(¢) momentum (d) both energy and charge.

The conductivity of a metal decreases with the increase in temperature on account of
|CBSE 2020 (55/1/3)]
(a) decrease i number density of electrons. (b) decrease 1n resistivity.

(c) decrease mn relaxation time. (d) mcrease In mean free path.

A cell of internal resistance r is connected across an external resistance R can supply maximum

current when [CBSE 2020 (55/2/1)]
(@ R =1 B) R >r (c) R=§ d) R =0

In a current carrying conductor, the ratio of the electric field and the current density at a
point is called [CBSE 2020 (55/2/1)]
(a) Resisuvity (b) Conducuvity (¢) Resistance (d) Mobility

Resistivity of a given conductor depends upon [CBSE 2020 (55/2/2)]
(a) temperature. (0) length of conductor.

(¢) area of cross-section. (d) shape of the conductor.

The ratio of current density and electric field 1s called [CBSE 2020 (55/2/2)]
(a) Resistuvity () Conductivity

(¢) Dt velocity (d) Mobility

For a lixed potential difference applied across a conductor, the drift speed ol Iree electrons
does not depend upon |CBSE 2020 (55/2/3)]
(@) free electron density in the conductor. () mass of the electrons.

(¢) length of the conductor (d) temperature of the conductor.

Ohm'’s law 1s obeyed by |CBSE 2020 (55/2/3)|
(a) extrinsic semiconductors. (b) mtrinsic semiconductors.

(c) metals at low temperature. (d) metals at high temperature.

The electrical resistance of a conductor |CBSE 2020 (55/3/1)]

(a) varies directly proportuonal to 1ts area of cross-section.
(0) decreases with increase 1n 1ts temperature.
(¢) decreases with increase 1n its conductivity.

(d) mdependent or its shape but depends only on 1its volume.

The element of a heater is rated (B, V). If it is connected across a source of voltage V/2, then the

power communed by it will be |CBSE 2020 (55/3/1)]
| . P &
(@) P (b) 2P ©) 5 d) 5
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75. m°V's™ is the ST unit of which of the following? [CBSE 2020 (55/3/1)]
(a) Drift velocity (b) Mobility
(¢) Resisuvity (d) Potenual gradient

76. A cell of emf (E) and internal resistance r 1s connected across a variable external resistance R.

The graph of terminal potential difference V as a function of R is

[CBSE 2020 (55/4/1)]

V
! bl
@ (b) /—
o R—» O R—»
V) V
IE te
(¢) (d)
O R—> O e
Answers
1. (b) 2. (a) 3. (b) 4. (b) 5. (a) 6. (b) 7. (c) 8. (b)
9. (a) 10. (a) 11. (@) 12. (d) 13. (d) 14. (c) 15. (c) 16. ()
17. (a) 18. (b) 19. (c) 20. (c) 21. (d) 22, (b) 23. (d) 24, (h)
25. (¢) 26. (a) 27. (d) 98. () 29. (b) 30. () 31. (d) 32. (b)
33. (c) 34. (a) 35. () 36. (b) 37. (d) 38. (b) 39. (¢) 40. (d)
41. (a) 42. (c) 43. (¢) 44. () 45. (b) 46. (a) 47. (d) 48. (c)
49. (b 50. (d) 51. (b) 52. (c) 53. (a) 54. (¢) 55. (a) 56. (b)
57. (b) 58. (c) 59. (b) 60. (b) 61. () 62. (d) 63. (c) 64. (b)
65. (b) 66. (c) 67. (d) 68. (@) 69. () 70. (b) 71. (a) 72. (¢)
73. (c) 74. (d) 75. (b) 76. ()

CASE-BASED QUESTIONS

Attempt any 4 sub-parts from each question. Each question carries 1 marhk.

1. ELECTRON DRIFT:

An electric charge (electron, 1ons) will experience a force if an electric field 1s apphed. It we
consider solid conductors, then of course the atoms are tightly bound to each other so that the
current is carried by the negative charged electrons. Consider the first case when no electric
field 1s present, the electrons will be moving due to thermal motion during which they collide
with the fixed 1ons. An electron colliding with an 1on emerges with same speed as before the
collision. However, the direction of its velocity after the collision 1s completely random. At a given
time, there is no preferential direction for the velocities of the electrons. Thus, on an average,
the number of electrons travelling in any direction will be equal to the number of electrons
travelling in the opposite direction. So, there will be no net electric current. If an electric field is
applied, the electrons will be accelerated due to this field towards positive charge. The electrons,
as long as they are moving, will constitute an electric current.

The free electrons in a conductor have random velocity and move in random directions. When
current 1s applied across the conductor, the randomly moving electrons are subjected to electrical

forces along the direction of electric field. Due to this electric field, free electrons still have their
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random moving nature, but they will move through the conductor with a certain force. The net
velacit}’ 1 a conductor due to the mmfiug of electrons i1s referred to as the drift of electrons.

E
P Q Y
{ HO—07 HO+—0
. 1 Current II:))E 5

A\ B!

.|.|I_

(1) When a potential difference V is supplied across a conductor at temperature T, the drift

velocity of electrons 1s proportional to -
(b) YV

(@) V
d) T

(¢) yT

(i1) A steady current flows in a metallic conductor of non-uniform cross-section. Which of the
following quantities i1s constant along the conductor?
(@) Current density (0) Drift speed
(d) None of these

(¢) Current
(111) Relation between drift velocity (v,;) of electron and thermal velocity (v;) of an electron at

room temperature is
(b) vg> v

@)vg=vr=10
(d) v;=vp

(&) v; <vp
(1z) Which of the following characteristics of electrons determines the current in a conductor?
() Thermal velocity alone (b) Drift velocity alone

(d) Neither drift nor thermal velocity

(¢) Both drift velocity and thermal velocity
(v) If £ denotes electric field in a uniform conductor, I corresponding current through it, v,

drift velocity of electrons and P’ denotes thermal power produced in the conductor, then

which of the following graphs is/are carrect?

(d) All of the above

Answers
(1) (a); We know that drift velocity, v, oF |'." E= VL] So, v; xEx]! So for a particular conductor

1.
of a particular length, the drift velocity will directly depend on the voltage.
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(@) (c); When a steady current tflows through a metallic conductor of non uniform cross-section,

I
then drift velocity, v, =
7274 peA
: [ 3 Eaq F |
1.e., v, oc Aj,an v,0c EsoE o A

Both v; and E change with A, only current I remains constant.

(222) (¢); Electrons with the fermi energy carry considerable kinetic energy. Their mean thermal

velocity at temperature 7 should be v, = v/3KT/m, which generally turns out to be quite

large. The average velocity with which electrons must pass along a conductor to carry

a current is called drift velocity and 1s given by v, = which 1s much less than the

1neA
thermal velocity, or v; < v,

(vv) (b); Asl = nedvy, so current Jocv,. Although [ also depends on n, the number of free electrons
which mcreases on imcreasing temperature that causes more collision between electrons
which in turn increases resistance or decreases current. So, J«v, .

ek .
(v) (d); v, —FT 1.e., U, o< E
F\2
v’ (_) B2
o PE = 2/ ie., Poc E*

R R d°R
or P=VI=I°R; ie., Poc I’

2. THE POTENTIOMETER:

'1he potentiometer 1s an instrument that can be used to measure the emt of a source without
drawing any current from the source it also has a number of other usetul applications. Essentially,
it balances an unknown potential difference against an adjustable, measurable potential
difference.

Potentiometer is based on the principle that when a constant current flows through a wire
of uniform area of cross-section, the potential drop across any length of the wire 1s directly
proportional to the length. A resistance wire AB of total resistance R 5 1s permanently connected
to the terminals of a source of known emt ¢,. A shding jockey | 1s connected through the
galvanometer G to a second source whose emf

€9 1s to be measured. fiﬁjfjﬂkﬁ}j 1s moved almlg

B
< I+|1|_ X W

: . : :

the resistance wire, the resistance Ryr between 4

_ S oo TPB R Driver battery Rh
points P and B varies; if the resistance wire 1s ! J Primary circuit
uniform, Rpp 1s proportional to the length of HF’

. _ Al \B
wire between P and B. To determune the value + & . . —

_ _ o . Secondary J +—(Null deflection position)

of &, | 1s moved until a position 1s found at — @
which the galvanometer shows no deflection; e G

: 2 L
this corresponds to zero current passing +Ia

through &,.
The term potentiometer is also used for any variable resistor, usually having a circular resistance
element and a sliding contact controlled by a rotating shaft and knob.
(1) 'Iwo cells of emis approximately 5 V and 10 V are to be accurately compared using a
potentiometer of length 400 cm. Choose the correct option.
(@) potentiometer 1s usually used for comparing resistance and not voltages.

(b) the first portion ot 50 cm of wire itselt should have a potential drop of 10 V.
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(¢) the battery of potentiometer can have a voltage of 15 V and R adjusted so that the potential
drop across the wire slightly exceeds 10 V.

(d) the battery that runs the potentiometer should have voltage of 3 V.

(it) AB is a potentiometer wire of a potentiometer. If the value of R is increased, in which

direction will the balance point J shift?
R

— e [ —

A B
-
[ :
(@) lowards A (0) lowards B
(¢) Same as mital point (d) None of these

(iii) The current in a potentiometer wire is adjusted to give a null point at 56 cm with a standard
cell of 1.02 V. The emf of another cell for which a null point at 70 cm is

@)1V (b) 1.02V
() 1.275V (d) 1.3V
(1z) Potentiometer 1s an electrical measuring device which measure
(@) emf of the cell () mternal resistance of the cell
(c) both (a) and (b) (d) none of these
(z) The current in the primary circuit of a potentiometer 1s 0.2 A. The specific resistance

and cross-scction area of the putcnliﬂmul.cr wire are 1 X 10 chm métre and 8 X 107! m*

respectively. The potential gradient will be equal to
(@) 0.1 Vm™ (6) 0.2 Vm™
(¢) 0.5 Vm™ d) 1 Vm™

Answers

2. (1) (¢); Here emf of primary cells are 5 V and 10 V. So, the potential drop across potenuometer
wire must be slightly more than the larger emf 10 V. So, the battery should be 15 V and

about4 V p{jteut.ial 15 {lrmpped h}f usiﬂg rheostat or resistance.

() (b); If R 18 increased, current in main circuit will decrease (by 17 = IR) as the potential (£) 1s
constant. So, in turn potential difference across AB will decrease (by IV = IR). As R of AB
1s constant so potential gradient K =R will decrease. So, to balance potential across

AB equal to potential of secondary circuit (£'), the length AJ" must be larger than earlier
Af. So, the pomnt / shilts towards B.

(222) (¢); In potentiometer, comparison of emfs,

E1. _ El
EZ ) lZ
1.02 _ 56
~ E, 70
70
By =grx102=1275V
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(2v) (c); The potentiometer is an electrical measurement device which measure emf of the cell

and 1internal resistance of the cell.

E.'FIE,I,

— £ r _ 31_22
Vu(R+r)LIand ru(. Iz )R

(v) (a); Let ! be the length of potentiometer wire and I be the potential drop across length /.

Potential gradient, k=—

¥ o Bl Y
I ‘upA)

A
02x4x107
k=—"—————=01Vm
8 x 10

ASSERTION-REASON QUESTIONS

In the following questions, a statement of Assertion (A) s followed by a statement of Reason (R).

Choose the correct answer out ﬂf the fb[lﬂwing choices.

(a)
(b)
(¢)
(d)

Both A and R are irue and R is the correct explanaiion of A.
Both A and R are true bul R is not the correct explanation of A.
A s true but R 1s false.

A s false and R 1s also false.

Assertion (A)
(R)
Assertion (A)
(R)

Reason

Reason

Assertion (A)
Reason (R)
Assertion (A)

Reason (R)
Assertion (A)

Reason

(R)
Assertion (A)

Reason (R)
Assertion (A)

Reason (R)

Assertion (A)
(R)

Reason

+ An electrical bulb starts glmwing instantl}r as 1t 1s switched on.

+ Electric current 1s a scalar quami[y.

Electric current arises due to continuous tlow of charged particles.

The current denﬁitjf 1S a vector quantit}:.

: Current density has magnitude current per unit area and 1s directed along the

direction of current.
The connectin o wires are made of copper.
Copper has very high electrical conductivity.

With mcrease in dnift velocity, the current flowing through a metallic conductor
decreases.

: The current flowing in a conductor 1s inversely proportional to drift velocity.

: The current tlows in a conductor when there 1s an electric field within the

conductor.

: The electrons 1n a conductor drift Dl‘llj,r 111 the presence of electric field.

: In a metre bridge experument, null point for an unknown resistance 1s put

mside an enclosure maintained at a higher temperature. The null point can
be obtained at the same pomt as before by decreasing the value of standard
resistance. [AIIMS 201 5]
Resistance of metal increases with increase in temperature.

The conductivity of an electrolyte 1s very low as compared to a metal at room

[AIIMS 2015]

te lIlpE]‘ElUJ I'c.

: The number dens;it}-’ of free 10118 1 elec[ml}?te 1s much smaller as cmnpared to

number density of free electrons in metals. Further, 1ons dritt much more slowly,
being heavier.

[ATIMS 2017)

: Drift speed of electrons in a metallic wire 1s very large.

Current Electricity | 71



9. Assertion(A) : Awire carrving an electric current has no electric field around it. [AITMS 201 3|
Reason (R) : Rate of flow of electrons imn one direction 1s equal to the rate of flow of protons
1n opposite direction.

10. Assertion(A) : Electrons move from a region of higher potential to a region of lower

potential. |AIIMS 2013]
Reason (R) : An electron has less potential energy at a point where potential 1s higher and
vice-versa.
Answers
1. (b) 2. (a) 3. (a) 4. (d) 5. (a) 6. (d) 7. (a) 8. (¢)
9. (¢) 10. («)

HINTS/SOLUTIONS OF SELECTED MCQs

I. @) I=1cm=10"m, A= (1 X 100)cm” = 10* m?

2

{ 7 107~ | .
R=p—=3x107"x—5=3x107Q
A 107
P R . : ; : ,
2. (a) O~ g - soresistance of the galvanometer can be omitted (£ + Q are 1n sertes = 2R, R and
o . . IR
S are also 1 series = 2R). Now the equivalent resistance = P R.

3. (b) It 1s based on null deflection and measure accurate emf because the method involves a

condition of no current flow through the galvanometenr.

4. (b) The current density 1s also directed along E and is also a vector and relationship is given by
e —
| = 6kL..

The J changes due to electric field produces by charge accumulated on the surface of the

wire.
€y, 2 S
. (c 0= , this o1 s &g
5. (¢) Fﬁq_ P tn this gives g, Eoq < &9
; I
6. (b)) [=Anev, = vU;cc vl
v I A 21 - 1 Vg W
Now, d=( X ,)='—>< e — R —
Vg I A I R(E-}“)E 9 2 2
R HII >‘1

7. (¢) Bv Wheatstone bridge, — = = =
L H(lUU—?\l) lUU-?\l
simce, here R : §=2.9:97.1 = S =33R. In order to make the ratio 1 : 1, 1t 1s necessary to
|

reduce the value of s = — tumes, r.e., 3 Q.

33
8. (b) The potential drop across wires of potentiometer should be greater than emts of primary
cells. So, the potential drop along potentiometer wire must be more than 10 V.

9. (a) According to Kirchofl'’s loop rule,
Va—(2X2)=3-2X1)=-Vg=0
= V,-1Vg=4+3+2=9V.

10. (a) lhe resistance of wire depends on its geometry of wire/metallic rod. So, for greater value ot

[

R, ! must be higher and 4 should be lower, t.e., R = p

1
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11. (@) I =Anev; = [ x vy
Thus, only drift velocity determines the current in conductor.
m
E
ne T
increases and relaxation time (t) will be decreases.

12. (d) p = . when temperature increases, than successive collision between electrons will be

13. (d) Kirchhoff’s junction rule states that algebraic sum of current flowing towards any pomt n
an electric network 1s zero, i.e., charges are conserved 1n electric network.
so, 1t 1s a reflection of conservation of charge.
14. (¢) As electrolyte carry +ve as well as —ve charge.
15. (¢) 1=2A4+2A=4A
16. () Ry =R||1 + oty —1,)]
2 =1[1+ 0.00125({, — 27)] = {, =827°Cor 1100 K

e I e FEl . .
17. (@) v, =X 7Toor U= T (Since v = El)

U, F

18. (b) Aslength mcreases n tune area decreases by n tumes so

el - pl" pnl
R="71 R=3 =74
1
R' =n° % =n’R R' = n°R
19. (¢) Inloop ABCDA
o | 12V 2q
-12+ 21, +4(y +1,)=0 B —— —~ C
6f, + 41, =12 o
] C e = A D
3, + 2, =5  ..(}) TR
In loop FADEF T
) F ¥: 1 WAA— E
47, + 51, =6 sl 1)
Solving (¢) and (%) ¥ e 18 I o= 2K
I p TG 7
So, L=1 41
g0, 0 12
=7 T g A

20. (¢) CD because slope of this portion 1s negative.

21. (d) Specitic resistance doesn’'t depend upon length and area.

Y /
93. (d) R = %] =
Ty
Ra L} a 1—}
.-}-'-' oy
s
L |
RE t"l’]{i
8 _ (l_f
R, \0.b,
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o 188
o 1) 12'min - 60 sec o

25. (¢) Resisuvity depends on material only

P @20
21. (@) =" 1=
Now,
VP (180)°  180x180x100 8100 .o,
P' = T (22(})2 = T 990x9290 1oL 67 W (approx)
(100)
28. (a) In series current is same.
72
29. (b)) R = I? (from rating)
~(200)°
100
, VA (160F 160Xx160x100 6400
Now: B TR T 9007 200x200 100 oW
100

30. (¢) The current following in the different branches of circuit 1s shown in figure.

21
3 ®
I
—A 1 .
i“{,_l — IH
. 21 3R
Vy = z : 5 = IR
{
Ve = ;XSR = IR
Hence, V, = V5 = I
I=2A .
31. (d) Vae—>»—AAAAA | ANAAN oVs
A 20 5V 20 B

Vig=TVs=Tg=2X2+53+2 X2
=4+5+4=16V
33. (¢) Asin parallel p.d. 1s same
L-V 3.6-3
)=

: )= 10

36. (b) Suppose two cells have emfs € and e, (also € >¢€,).

)
g

34. (a) r= H(

Potential difference per unit length of the potentiometer wire = £ (say)
When €,
te,=50xk ()

and €, are 1 series and support each other then

€

When g, and &, are in opposite direction
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81—62=|03"~’~k

On adding eqn. () and eqn. (i)

251 = 60k = 5= 30/ and &y = 50k 30k =20k

© _ 30k _3
€, 20k 2
. E]f”é_'_'sﬁ_ﬂi
37. (d) If?ﬁ"— I e

_18X1+12x2 _ 42

—
—

9 +1 5 14V

38.

(b) As according to maximum power theorem

R=r

internal resistance = external load

39. (¢) For the full length of wire, total drop required =
_ 100 1
{= 7y mATge A
V=2V
I e
R = T =60Q
30

Now l‘equired resistance = 60 -8 = 57 Q3

40. (d) V =g—ir

1B =g

0.2 X 10=2.1-0.2y
0.1

=09 0.5Q

41. (a) For same mass if a wire is stretched, R oc [°
AR _ 2Al . ;
N Z! = 2X0.1%=0.2%

v, v 1
ﬁ.@)Q—Rf—wnﬂﬁmp

43. (¢) In series, the combmed power P 1s given by
PP
B = 172 100X100 B0 W
£ +.E, 100+ 100
44.

(@) In parallel, P = P, + P, = 100 + 100 = 200 W
45. () H=I"Rt = msAt

= jf—mri =>&T—I§&T
1‘3 &Tz 2_12 |
2 1
(91 ¥

AT, = =D =207 G
= [—
46. (a) V=¢-1Ir
dl

Slope =+ =—r

dl
When =0,V =g,

.. Intercept = ¢

I mV

1 cin

X100cm=100mV

Current El

D

e

e

[l

CJ

—.
:
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47. (d) Applying Kirchhoff’s law in mesh ABOPA
&, +igy+ (G + i) R=0

= &, —(; +i)R—ip =0

]

48. (c) For same mass of mercury R o —;
.

4
r .r *
R =( ) R=16R
.
49. (b) On cooling resistance of semiconductor Ge increases, so current /= e decreases.
50. (d) ¢ = nedv,, for given ¢, v .::r::L
- (d) i = nesvy, for giveni, v, 0c 3

So only current 1s same

dg .3 3 g
51. (b)) I=—- = ¢=| I = [ (2t + 3t7) di
28 , 38T 19, 87
=[(3)° + 31— + (1 =24C

52. (¢) 'lhereis no current in capacitor branch. Current / m circuit ABCD (1gnoring branch EF) 1s

2=V _ ¥V

= RT9orR " 3R
d.across AB=FEF=1V+IR=1 + LH =ilf’
B C T gt g
V.+1V+V.=1V. = V =i1f’—V=LV
E ® F C~ 9 3
X / 20 X _ 1
>3 @) YET00-1"80 7V 4
ax 14 .
y " 100-1 ~ Yy 1001 = h=o0em
. ' » V_,.m = E =
54. (¢) Potential gradient, k= = V/cm
L. 100
oes g A B o SO(B—~0.5 1)
EMFE, L—k!—( 100 ),x:l,:U— 100
9
55. (a) Pd.across R = T
' Pd.across 500 Q2 =12-2 =10V
_10 _ 1
4= 500 50 A
. This 1s also current in R
e B e
R = 1/50) =100 Q

56. (b) ¢ =go (1 -
T=RC=°25X10°%Xx4x10"%=105s
.
(

Ve + V=122V + £ =122V, =9V

From Equat.iml of gIOwW th of charge,

Ve = E(1 -
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1
4
= t=10Xlog,4=10 X2 % 0.693 = 13.86s
17 (100)°

9=12(1-¢"% = " =

57. (b)) R= P =00 =200Q
s _P _500 _ .
Current in bulb, 7 7 =100 "0 A
Resistance required for 200 V supply,
R = LT'= 220 =40 Q

Addituonal Resistance 1't'L1ui1'th] =40-20 =20Q

58. (¢) Mass of 1 litre of water = 1 kg

Jme AD
IJ

Pl= Jmc AD = 1=

_4.18%10° x1x1x30

: —F By wrnses ;
or | 235 150 seconds
59. () P=Lor o L o(Vy o(L5)_1
" @) R 7 P \V) \230/ 4
P'=25W
W=Pt=25X10X60] =1b X 1[}3__] = 15 K]
: | | 5,8,
60. (b) Resistance of fourth arm S = §; and S, connected 1n parallel = o
| 752
P _R P _ R(§, +5,)
QO S 7 0 5.5,
(T’(;)] ' 3'1 1y I' "7\ [D 5
) @) ( Iy J\ 1 ) - ( 4 ) % ( 7 ) T4

62. (d) R, =R,(1+a0) and R, =R, (1+a,0)
In series combination Rg = R + R,

R (1+ta®)=R (1+a,0)+R (1+a,0)

03

H!’J_‘i = QRr‘}
Qa, + Q.
2R (1+a 0) = 2R |1 +( — Z)B
0T
LA T
Similarly,

R(1+e0) R (1+0a,6)
R (1+a,0)+R (1+c,0)

Rﬂ;:(l i ﬁti‘[:’e) -

0

Solving for a, and neglecting (o; + to),

p
_"r:r:]-l--::z,g
P9

we get A
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63. (¢) no current flows in the potentiometer wire at balance.

oL [
73. (¢) R= T
R o ]E
4. @) p=L
. () o R
. 4
1ir’hf‘l'lE'.‘ll }'lE‘E’ltE'I' 1S5 CDIIIIEEtEd ACI'OS85 d SOU1ICEe ‘Df FDlt.E’lgE‘ ? . thE‘Il PD\’UE‘I' CUIISUIIlEd
o W2y 1 _p
R 4 R 4
. Y
75. (b) Mobility, p= E
my/s 971 ]
= o R .
Vim m-V s

76. (b)) V=IR=E-1Ir
11D
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