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Current Electricity

Multiple Choice Questions

Choose and write the correct option(s) in the following questions.
1. The resistance of a metal wire increases with increasing temperature on account of

[CBSE 2020 (55/1/2)]
(@) decrease in free electron density. (b) decrease in relaxation time.
(¢) increase in mean free path. (d) increase in the mass of electron.

2. Dimensions of a block are lem X lem X 100 cm. If specific resistance of its material is
3 X 107" Q2 m, then the resistance between the opposite rectangular facesis
(@) 3x107°0Q
® 3x107Q I

© 3x10%0Q §[,-" .
-3 T - Aoo &
(d) 3 x107°Q
Tem
3. Resistivity of a given conductor depends upon [CBSE 2020 (55/2/2)]

(@) temperature.
(b) length of conductor.
(c) area of cross-section.

(d) shape of the conductor.
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A cell of emf (E) and internal resistance r is 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)]
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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
@ -
Consider a current carrying wire (current I ) in the shape of a circle. Note that as the current

progresses along the wire, the direction of | (current density) changes in an exact manner,
while the current / remain unaffected. The agent that is essentially responsible for is

[NCERT Exemplar]

R
@ R ®) 2R @ 5

(@) source of emf.

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

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

(d) the charges ahead.

. Two batteries of emf ¢, and &, (g, > ;) and internal resistances r, and r, respectively are

connected in parallel as shown in Figure. [NCERT Exemplar]
(@) The equivalent emfe,, of the two cells is between €, and &, €1 AT

; = )\\// 0

ie, £< £, < &
() The equivalent emf g, is smaller than g,. —A/ H}
(€) The £y is given by By =6 T 8y always. \’A\ e

- L . e il
() e, is independent of internal resistances r; and r,. B2 N T2

. The drift velocity of the free electrons in a conducting wire carrying a current i isv. If in a

wire of the same metal, but of double the radius, the current be 2, then the drift velocity of
the electrons will be

(@) v/4 (b) v/2 v (d) 4v
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 ) 2P

P P
© 5 @ 7

A metal rod of length 10 em and a rectangular cross-section of lem X %cm is connected to a
battery across opposite faces. The resistance will be [NCERT Exemplar]

y , 1 ’
() maximum when the battery is connected across 1 cm X g om faces.
() maximum when the battery is connected across 10 cm X 1 cm faces.

s ; 1 .
(¢) maximum when the battery is connected across 10 cm % g om faces.

(d) same irrespective of the three faces.
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Which of the following characteristics of electrons determines the current in a conductor?
[NCERT Exemplar)

(a) Drift velocity alone

(b) Thermal velocity alone

(c) Both drifi 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. [NCERT Exemplar]

(@) Number of charge carriers can change with temperature T

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

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

(d) Mass of carriers is a function of 7.

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

current when [CBSE 2020 (55/2/1)]
@ R=r GR>r © R=§ R=0
Kirchhoff’s junction rule is a reflection of [NCERT Exemplar]

(a) conservation of current density vector.

(b) conservation of charge.

(c) the fact that the momentum with which a charged particle approaches a junction is
unchanged (as a vector) as the charged particle leaves the junction.

(d) the fact that there is no accumulation of charged at a junction.

The ratio of current density and electric field is called [CBSE 2020 (55/2/2)]
(a) Resistivity (b) Conductivity

(¢) Drift velocity (d) Mobility

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

(a) varies directly proportional to its area of cross-section.
() decreases with increase in its temperature.
(¢) decreases with increase in its conductivity.
(d) independent or its shape but depends only on its volume.
For a fixed potential difference applied across a conductor, the drift speed of free electrons
does not depend upon [CBSE 2020 (55/2/3)]
(@) free electron density in the conductor.
(b) mass of the electrons.
(¢) length of the conductor
(d) temperature of the conductor.
Two sources of equal emf are connected in series. This combination is, in turn connected to
an external resistance R. The internal resistance of two sources are r, and r, (ry > ry). If the
potential difference across the source of internal resistance r, is zero, then R equals to

[CBSE 2022 (55/2/4), Term-1]

qtn

(a) pr— ) m-n
N ntn
@ %= ) T
If n, e, T and m have their usual meanings, then the resistance of a wire of length [ and cross-
sectional area 4 is given by [CBSE 2022 (55/2/4), Term-1]
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A straight line plot showing the terminal potential difference (V) of a cell as a function of
current (I) drawn from it, is shown in the figure. The internal resistance of the cell would be

then [CBSE Sample Paper-2022), Term-1]
56
2 12
w58
I 14
0 05 10 15 20
— [ (ampere)
(@) 2.8 ohms (b) 1.4 ohms (¢) 1.2 ohms (d) zero
A car battery is charged by a 12 V supply, and energy stored in it is 7.20 X 10° J. The charge
passed through the battery is [CBSE 2022 (55/2/4), Term-1]
(@) 6.0 x 10°C (b) 5.8 x 107 ] (¢) 8.64 x 109] ) 1.6 x 10°C

We use alloys for making standard resistors because they have

[CBSE Sample Paper-2022, Term-1]
(a) low temperature coefficient of resistivity and high specific resistance
(b) high temperature coefficient of resistivity and low specific resistance
(¢) low temperature coefficient of resistivity and low specific resistance
(d) high temperature coeflicient of resistivity and high specific resistance
A constant voltage is applied between the two ends of a uniform metallic wire, heat ‘H" is
developed in it. If another wire of the same material, double the radius and twice the length
as compared to original wire is used then the heat developed in it will be

[CBSE Sample Paper-2022, Term-1]

(a) H/2 ) H (c) 2H (d) 4H
If the potential difference V applied across a conductor is increased to 2V with its temperature
kept constant, free electrons in a conductor [CBSE Sample Paper-2022, Term-1]
(¢) remain the same (b) become half of its previous value
(¢) be double of its initial value (d) become zero
A battery is connected to the conductor of non-uniform cross section area. The quantities or
quantity which remains constant is [CBSE Sample Paper-2022, Term-1)]
(a) electric field only (b) drifi speed and electric field
(¢) electric field and current (d) current only
For a metallic conductor, the correct representation of variation of resistance R with
temperature T is [CBSE 2023 (55/1/1)]
@ R © R © R @ r
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A steady current flows through a metallic wire whose area of cross-section (4) increases
continuously from one end of the wire to the other. The magnitude of drift velocity (v,) of the
free electrons as a function of ‘4’ can be shown by [CBSE 2023 (55/1/1)]

(a) vq l\ () vq l ©) vy (d) vq
A A A
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1.

28. A current of 0.8 A flows in a conductor of 40 {} for 1 minute. The heat produced in the
conductor will be [CBSE 2023 (55/2/1)]
(a) 1445 ] (b) 1536 ] (c) 1569 ] (d) 1640 J
29. A cell of emf E is connected across an external resistance R. When current ‘I’ is drawn from
the cell, the potential difference across the electrodes of the cell drops to V. The internal
resistance ‘r* of the cell is [CBSE 2023 (55/2/1)]
E-V) E-V (E-NR E-V
@ (5 o5 ©—= @ (555 =
30. The current density due to drift of electrons in a conductor is given by
(symbols have their usual meanings) [CBSE 2023 (55/3/1)]
nA U4 nvy .
(@) nedwyy; ) — (€) T dnevy
Answers
| () 2. (&) 3. (a) 4. (b) 5. (a) 6. () 7. (@)
8. (b) 9. @) 10. (a) 11. (a) 12. (a), ()  13. (@) 14. (b), (@)
15. (b) 16. (c) 17. (a) 18. (b) 19. (b) 20. (a) 21. (a)
22. (a) 23. (0) 24. (c) 25. (d) 26. (a) 27. (@) 28. (b)
29. (d) 30. (d)

Assertion-Reason Questions

In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R). Choose the
correct answer out of the following choices.

Both A and R are true and R is the correct explanation of A.
Both A and R are true but R is not the correct explanation of A.
A is true but R is false.

A is false and R is also false.

Assertion (4) : An electron has a high potential energy when it is at a location associated
with a more negative value of potential, and a low potential energy when ata
location associated with a more positive potential.

[CBSE Sample Paper-2022, Term-1]

Reason (R) : Electrons move from a region of higher potential to region of lower potential.
Assertion (4) : The current density is a vector quantity.
Reason (R) : Current density has magnitude current per unit area and is directed along

the direction of current.

Assertion (4) The connecting wires are made of copper.

Reason (R) : Copper has very high electrical conductivity.

Assertion (4) : Material used in construction of a standard resistance is constantan.

Reason (R) : The temperature coeflicient of resistance of constantan is negligible.

Assertion (4) : An electrical bulb starts glowing instantly as it is switched on.

Reason (R) : Drifi speed of electrons in a metallic wire is very large. [AIIMS 20171

Assertion (4) : Withincrease in drili velocity, the current flowing through a metallic conductor
decreases.

Reason (R) : The current flowing in a conductor is inversely proportional 1o drift velocity.
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Assertion (4)

Reason (R)
Assertion (A4)

Reason (R)

Assertion (4)
Reason (R)

Assertion (4)

Reason (R)

Answers

1. () 2. (a)
8. (a) 9. (d)

1.

The current flows in a conductor when there is an electric field within the
conductor.

: The electrons in a conductor drift only in the presence of electric field.
: The conductivity of an electrolyte is very low as compared to a metal at room

temperature.

The number density of free ions in electrolyte is much smaller as compared
to number density of free electrons in metals. Further, ions drift much more
slowly, being heavier. [AIIMS 2015]

: The internal resistance of a cell is constant.

Lonic concentration of the electrolyte remains same during use of a cell.
[CBSE 2023 (55/3/1)]

When three electric bulbs of power 200 W, 100 W and 50 W are connected in
series Lo a source, the power consumed by the 50 W bulb is maximum.

: In a series circuit, current is the same through each bulb, but the potential

difference across each bulb is different. [CBSE 2023 (55/4/1)]

3. (a) 4. (a) 5. (c) 6. (&) 7. (@)
10. (b).

Case-based/Passage-based Questions

Eel: The Electric Fish

Electric fish are able Lo generate current with biological cells called electroplaques, which
are physiological emf devices. The electro-plagues in the South American ell shown in the
photograph that opens this chapter are arranged in 140 rows, each row stretching horizontally
along the body and each containing 5000 electro-plaques. The arrangement is suggested in
figure each electro-plague has an emf (g) of 0.15V and an internal resistance (r) of 0.25Q. The
water surrounding the eel completes a circuit between the two ends of the electroplaque array,
one end at the animal’s head and the other near its tail.

Electroplagque =

({) If the water surrounding the eel has resistance R, = 800 () how much current can the eel
produce in the water?

(@) 6.6 mA
(€) 0.93 A

I
|
l
l
I
I
l
l
I
I
l
l
l
I
l
l
l
I Read the paragraph given below and answer the questions that follow:
l
l
l
I
|
l
l
I
I
l
l
I
|
l
l
I

(b) 6.6 A
() 9.3 mA



(ii) If the cell has on emf of 4 V and the internal resistance of this cell is 0.2 (), it is connected
to resistance of 3.8 (), terminal voltage through the cell will be
(@) 3.8V by4v (€ 0.2V d) 1.8V

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

(@) 1 Q2 20 (c)4Q ) 8Q

(iv) A group of girls connected 10 identical cell first in series and then in parallel across a bulb
of resistance 50 () and they see that the reading of the ammeter 1 A in both cases. Then the
internal resistance of any one cell will be

(@) 100 Q2 () 50 © @ 100 ) 50
OR

If n identical cells emf and internal resistance r are connected parallel then the equivalent
emf of the combination will

= oL ©E @ =

r

2. An experiment was set up with the circuit diagram shown in figure.
Giventhat R, = 100, Ry = R; = 5Q,r = 0Qand E = 5V [CBSE 2022 (55/2/4), Term-1, Modified]

a b c

&

AAAN
b
~

ViA—e——AMA

g . .
R
[ AAAS
2

=
e

(i) The points with the same potential are

(a) be,d ©)f b, j ) d,ef (@) a,b,j
(ii) The current through branch bg is

(@ LA ) éA © %A () %A
(iii) The power dissipated in R, is
(@) 2W () 2.5 W © 3 W ) 45W
(iz) The potential difference across R, is
@ 15V b2V ) 25V @3V
OR

The potential difference (V, — V) between the points 4 and B in the given figure is
5V

A 20 #5 = 20 Vg
s ANAAN } | e
A
I=2A
@ -3V ) +3V ) -13V ) +13V



Explanations
1. (1) (¢) Theotal emf, E_ . along a row of 5000 electro-plaque
E = 5000 E = 5000 X 0.15 =750V
Now, Total internal resistance in row,
Teow = (5000)r = (5000 X 0.25) = 1250 0.
The equivalent resistance of this combination,
7.
B m e :%=8.939, E
Hence, I produce by eel in water, R, = 800 Q

Ewa 750
R+r, ~ 800+8.93
[Note: In parallel combination of cell having equal internal resistance, E,,,, = E]

NI T
R+r 38+02 4

Now, V=E-Ir=4-1x02=38V

row

=E

net row

I= =0.927A =093 A

(i) (z) Here, [ = =1A

(iii) (a) Given, E=36V,V=3V,R =50
i fo Lom D
1en, = R Btk

Now, E=V+IR
E-V _36-3 _06x5

H= 3 5 1Q
b
(#w) (b) Case I: When cells connected in series, E_ = 10 E
_ _Bue __10E @
R+10r 50+10r
Case II: When cell connected in parallal, E, = E
E

o net E .. (i)

W r
R+m 50+E

Now, in both case ammeter reading is same,

L=1,
_ 0E _E
50+10r e
50+ 0
== 500+%=50+10’r = Yr =450 r:é}éﬂ=509
OR
(¢) In parallel combination of cell,
E, K E, E
— n
= 5 g W T -F
B~ Lol 3 n
Tl TE o T)’i r

2. () (b) Here, r = 0, so no potential drop across r.
Pdofcell =V, -V, = (5-0) = 5V
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Now, ¥, = 5V, 7, = OV
From the circuit, commeon points &, b, 4, ¢ have same potential and common points 4, g,
J»f have same potential.

(i) (¢) Potental difference across bg,

+5le
Vie=+5-0=5V }
1
Current through branch bg,
_I’Eg_s_lA %R,ﬂcg
TR0 2 '
(1i) (b) Power dissipated in R, L
r ;ﬁ;@;&;za“’r o
R 10 10 N
(@) (¢) Potential difference across ¢f branch, _—
Vy=(-0)=5V 3
1
Ry=Ry+Ry;=(5+5=100 R,=50
L e P
Ry 10 2 § Ry=50Q
Then, potential difference across R, 1
f
2 V=1R3=1§x5=2.5v oy
OR
1=2A ‘.
(d) From KVL, Vae—r——— AAANA—TI T AAAAA——8Vp
A 20 5V 2Q B

Vip=V=Vp=2%x2+5+2x2
=4+4+5+4=13V

CONCEPTUAL QUESTIONS

Q. 1. When a potential difference is applied across the ends of a conductor, how is the drift velocity
of the electrons related to the relaxation time. [CBSE 2019 (55/1/2)]
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Q. 2.
Ans.

Q.3.

Ans.

Q.4.

Ans.

Q.5.

Ans.

Q. 6.

Ans.

Define the term ‘Mobility’ of electrons. Give its SI unit. [CBSE 2023 (55/4/1)]
Mobility is defined as the magnitude of the drift velocity acquired by it in a unit electric field.
The SI unit of mobility is m%/Vs or m? v ='s7,

How does the mobility of electrons in a conductor change, if the potential difference applied
across the conductor is doubled, keeping the length and temperature of the conductor
constant? [CBSE 2019 (55/1/1)]
Mobility is delined as the magnitude of drift velocity per unit electric field.

|”d| ¢E ¢
T o e
m

B="E "mE"" ;
At constant temperature and length, there is no change in relaxation time ie., T o« T Also it
does not depend on potential difference.
Hence, on changing the potenual difference, there is no change in mobility of electrons.
Define electrical conductivity of a conductor and give its SI unit. On what factors does it
depend? [CBSE Delhi 2014, (East) 2016, CBSE 2023 (55/4/1)]
The conductivity of a material equals the reciprocal of the resistance of its wire of unit length and
unit area ol cross-section.

Its SI unit is

1 5 s % . ¥
(7 or ohm™ m™ or (mho m™) or siemen m™!
ohm - metre

[t depends upon number density, nature of material, relaxation time and temperature.
Plot a graph showing variation of current versus voltage for the material GaAs.

[CBSE Delhi 2014]
The variation of electric current with applied voltage for GaAs is as shown.

Non- Negative
linear resistance
region . region

—— Current [ (mA) —=

Voltage V(V) ——=

Graph showing the variation of current versus voltage for a material GaAs is shown in the figure.
Identify the region of

A
£
E E
=
°l s
A Voltage V —=
(i) negative resistance (ii) where Ohm’s law is obeyed. [CBSE Delhi 2015]
(#) In region DE, material GaAs (Gallium Arsenide) offers negative resistance, because slope
AV
? < 0.

(i) The region BC approximately passes through the origin, (or current also increases with the

; i - P . AV
increase of voltage). Hence, it follows Ohm's law and in this region A 0.
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Plot a graph showing the variation of resistance of a conducting |

wire as a function of its radius, keeping the length of the wire and
its temperature as constant. [CBSE (F) 2013] g
Resistance of a conductor of length [, and radius r is given by

! 1
R=p——; thus Roc—
nr? o
The emf of a cell is always greater than its terminal voltage. Why? P
Give reason. [CBSE Deihi 2013] T ?

(i) In an open circuit, the emf of a cell and terminal voltage are same.
(21) In closed circuit, a current is drawn from the source, so, V = E - Ir, it is true/valid, because
each cell has some [inite internal resistance.

Two materials Si and Cu, are cooled from 300 K to 60 K. What will be the effect on their
resistivity? [CBSE (F) 2013]
In silicon, the resistivity increases.

In copper, the resistivity decreases.

For Silicon For Copper

1 T

P p

T(K}—> T(K)—=
Plot a graph showing the variation of current °I" versus resistance ‘R’, connected to a cell of
emf E and internal resistance ‘7",
K

= r+R

I — R
Give an example of a material each for which temperature coefficient of resistivity is
(i) positive, (ii) negative. [CBSE Sample Paper 2016]
(1) Copper (Cu) (Temperature coeflicient of resistivity (o) is positive for metals and alloys.)
(it) Silicon (Si) (For semiconductors, o is negative)
A cell of emf ‘s’ and internal resistance ‘7’ draws a current ‘I". Write the relation between
terminal voltage ‘F” in terms of &, [ and r. [CBSE Delhi 2013]

The terminal voltage V < g,s0 V=g Ir

Under what condition will the current in a wire be the same when connected in series and in
parallel of n identical cells each having internal resistance r and external resistance R 7
[CBSE 2019 (55/4/1)]
When internal resistance of cell r is equal to external resistance.
Let n identical cell of internal resistance r connected in series and parallel with external resistance R.
I ne =4 ne

5T Rtmr oo 1‘“=R+L=Rn+r
n




Ans.

Ans.

Ans.

According to question,

ne  NE
R+nr Rn+tr

Iy=Ip=

=D R+nr=Rn+r = nr-r=Rn-R
=r(n-1)=Rn-1)

r=R
Two wires, one of copper and the other of manganin, have same resistance and equal thickness.
Which wire is longer? Justify your answer. [CBSE Guwahati 2015]

Let /; and Iy be lengths of copper and manganin wires having same resistance R and thickness
i.e., area ol cross-section (A).
Pihy

Resistance of copper wire, R = o

Pyl
Resistance of manganin wire R = rh
= pily = palo (As pl = constant)
Since p;<<<py Then,l >>>1,
Hence, copper wire would be longer.

Two wires one of manganin and the other of copper have equal length and equal resistance.
Which one of these wires will be thicker? [CBSE (AI) 2012, (South) 2016] [HOTS]
. _e_ o

Resistance R = i E

Resistivity p of manganin is much greater than that of copper, therelore to keep same resistance
for same length of wire, the manganin wire must be thicker.

Nichrome and copper wires of same length and same radius are connected in series. Current [ is
passed through them. Which wire gets heated up more? Justify your answer.  [CBSE (41) 2017]

i T & samme ch bath -

e T romséant

The heal paocluced “t Ecrye t

L= TR+
HoA R
Rof  Fc héighes fog efchaoyme
S R dy bheghes {09 néchaanses
M0oge Fyeak €8 h‘“GCL!‘._LftGLJ) nfckefo X9 ge
[prper s Answer 2017]

I -V graph for a metallic wire at two different temperatures, T and =
T, is as shown in the figure. Which of the two temperatures is lower Y
and why? [CBSE Allahabad 2015)
If a constant current 1 flows through the conductor, resistance at |I T

temperature 7' and Ty is

T "

4 / Ty

1

Ri= 7 / ¥ =
. i

and R2 = T 1

£ Vi Vo Ve
Since Vo>V, = Ry>R,

The resistance of the wire increases with rise of temperature. Hence, T is lower than T .



Q. 18

Ans.

Q. 19.

Ans.

Ans.

Ans,

Q. 22.
Ans.

Q. 23.

Ans.

Two metallic resistors are connected first in series and then in parallel across a dc supply. Plot
of I -V graph is shown for the two cases. Which one represents a parallel combination of the

resistors and why? " [CBSE Bhubaneshwer 2015)
4 B
Vo=
Line A represents the parallel combination. f A
Reason: At a given potential difference I, current in the combination 4 7
is more than in the combination B. 8
i.e., 1, =1y
Since R, = IL and Ry = X V—
4 I,
= Ry< Ry

The variation of potential difference V" with length [ in the case of two potentiometer P and Q@
is as shown. Which of these two will you prefer for comparing the emfs of two primary cells
and why? [CBSE (East) 2016) [HOTS]

v
For greater accuracy of potentiometer, the potential gradient (slope) 7 P
4
must be as small as possible. In the graph given the slope 7 is smaller for T
v

a potentiometer Q; hence we shall prefer potentiometer @ for comparing

Qo

the emfs ol two cells.

I - V graph for two identical conductors of different materials A and B
is shown in the figure. Which one of the two has higher resistivity? A
[CBSE (Chennai) 2015] [HOTS]
The resistivity of material B is higher. i
Reason: If the same amount of the current flows through them, then
Vy>V,, and from Ohm’s law R > R,. Hence the resistivity of the material

B is higher. o y—

For household electrical wiring, one uses Cu wires or Al wires. What considerations are kept
in mind? [NCERT Exemplar]
Two considerations are required: (i) cost of metal, and (ii) good conductivity of metal. Cost factor
inhibits silver. Cu and Al are the next best conductors.

Why are alloys used for making standard resistance coils? [NCERT Exemplar]

Alloys have
(1) low value of temperature coefficient and the resistance of the alloy does not vary much with
rise in temperature.

(12) high resistivity, so even a smaller length of the material is sufficient to design high standard

resistance.
The I-V characteristics of a resistor are observed to deviate from a straight T
line for higher values of current as shown in the adjoining figure why?

[HOTS] |

At higher value of current, sufficient heat is produced which raises the
temperature of resistor and so causes increase in resistance.
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Two metallic resistors are connected first in series and then in parallel across a dc supply. Plot
of I -V graph is shown for the two cases. Which one represents a parallel combination of the

resistors and why? " [CBSE Bhubaneshwer 2015)
4 B
Vo=
Line A represents the parallel combination. f A
Reason: At a given potential difference I, current in the combination 4 7
is more than in the combination B. 8
i.e., 1, =1y
Since R, = IL and Ry = X V—
4 I,
= Ry< Ry

The variation of potential difference V" with length [ in the case of two potentiometer P and Q@
is as shown. Which of these two will you prefer for comparing the emfs of two primary cells
and why? [CBSE (East) 2016) [HOTS]

v
For greater accuracy of potentiometer, the potential gradient (slope) 7 P
4
must be as small as possible. In the graph given the slope 7 is smaller for T
v

a potentiometer Q; hence we shall prefer potentiometer @ for comparing

Qo

the emfs ol two cells.

I - V graph for two identical conductors of different materials A and B
is shown in the figure. Which one of the two has higher resistivity? A
[CBSE (Chennai) 2015] [HOTS]
The resistivity of material B is higher. i
Reason: If the same amount of the current flows through them, then
Vy>V,, and from Ohm’s law R > R,. Hence the resistivity of the material

B is higher. o y—

For household electrical wiring, one uses Cu wires or Al wires. What considerations are kept
in mind? [NCERT Exemplar]
Two considerations are required: (i) cost of metal, and (ii) good conductivity of metal. Cost factor
inhibits silver. Cu and Al are the next best conductors.

Why are alloys used for making standard resistance coils? [NCERT Exemplar]

Alloys have
(1) low value of temperature coefficient and the resistance of the alloy does not vary much with
rise in temperature.

(12) high resistivity, so even a smaller length of the material is sufficient to design high standard

resistance.
The I-V characteristics of a resistor are observed to deviate from a straight T
line for higher values of current as shown in the adjoining figure why?

[HOTS] |

At higher value of current, sufficient heat is produced which raises the
temperature of resistor and so causes increase in resistance.



Q. 24,

Ans,

Ans.

Q.1.
Ans.

Q.2.

Ans.

V-I graphs for parallel and series combinations of two metallic resistors

are shown in figure. Which graph represents parallel combination? B
Justify your answer. [HOTS]

Graph ‘A’ represents parallel combination. v T

Reason: In series combination the effective resistance, R = T is more than v

parallel combination. The slope of a line of I/ graph represents resistance.

The slope of B is more than A. Therefore B represents series combination [—>
and A represents parallel combination.

Draw a graph to show a variation of resistance of a metal wire as a function of its diameter

keeping its length and material constant. [CBSE Sample Paper 2017] D
1 { 4

R &p = P 5 =e
4 r? nD?

e R« #

Hence, graph of resistance (R) versus diameter (D) is of the following form.

Very Short Answer Questions

Each of the following questions are of 2 marks.

Define the terms (i) drift velocity, (ii) relaxation time. [CBSE Delhi 2011, (AI) 2013]
(i) Drift Velocity: The average velocity acquired by the free electrons of a conductor in a
direction opposite to the externally applied electric field is called drift velocity. The drift
velocity will remain the same with lattice ions/atoms.
(ii) Relaxation Time: The average time of free travel of [ree electrons between two successive
collisions is called the relaxation time.
Define the term ‘mobility’ of charge carriers in a current carrying conductor. Obtain the
relation for mobility in terms of relaxation time. [CBSE 2020 (55/2/1)]
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Q.3.

Q.4

Ans.

Q.6.

Ans.

Ans.

Ans.

Define the term *drift velocity’ of electrons in a current carrying conductor. Obtain the relationship

between the current density and the drift velocity of electrons. [CBSE 2020 (55/2/1)]
The average speed with which electrons move when an electric field or potential difference is
applied is called drift velocity. 1

— _—eEt
4 m Ax SuAL
/ N \\
[ \
., |

|
I‘-. / \ ) ,W}

o L.

The amount of charge crossing the area A in time Al %

1A= ne Al |t

Hence current density ¥
ji= % =neu, [CBSE Marking Scheme 2020 (55/2/1)]
Differentiate between the random velocity and the drift velocity of electrons in an electrical
conductor. Give their order of magnitudes. [CBSE 2020 (55/3/1)]
1
Random Velocity (v) Drift Velocity (vy)
1. | The velocity acquired by the free electrons | The average velocity acquired by the free
in the absence of electric field. electrons in the presence of electric field.

2. | The average ramdom velocity is zero. | The average drift velocity is not zero.

3. | Has quite a large value. Has a very small value.
Order of magnitude of random velocity in 10° my/s. Vet
Order of magnitude of drift velocity is 107% mys. [CBSE Marking Scheme 2020 (55/3/1)]

A battery of emf 12 V and internal resistance 4 (} is connected to an external resistance R. If
the current in the resistance is 0.5 A, calculate the value of (a) R, and (b) the terminal voltage

of the battery. [CBSE 2020 (55/3/2)]
Current, [ =7R oy

= E=IR+1

= 12=05(R+4)

R=24-4=200
Terminal voltage across the battery,
Vp=E-Ir=12-05x4=10V
Write two differences between the emf and terminal potential difference of a cell. What is the
meost important precaution that one should take while drawing current from a cell?
[CBSE 2023 (55/4/1)]

EMF | Terminal Potential Difference (L.E.D)

(i) EMF is the maximum potential difference thata | (f) Terminal voltage is the potential difference
cell is able 10 produce when there is no current across of the terminals when the circuit is
flow across it. switched on.

(i) EMF is measured using a potentiometer. (it) It is measured using volimeter.

(i) The value of EMF is always greater than T.RD [ (i#i) The value of T.PD is always lower than that of

due to open circuit. EMF due to the potential drop.

Precaution: (1) Some external resistance should be connected to cell in series.
(2) Short circuiting should be avoided.



Q.7

Ans.

Ans.

Ans.

Q. 10.

Ans.

Plot a graph showing variation of voltage verses the current drawn
from the cell. How can one get information from this plot about the
emf of the cell and its internal resistance? [CBSE (F) 2016]
-V
V=e-Ir=r= ET
ALlI=0,V=¢
£

When V=0, I= 1'0‘ r= Tﬂ
The intercept on y-axis gives the emf of the cell. The slope of graph o
gives the internal resistance. 1 {ampere) —
Two cells of emfs 1.5 V and 2.0 V having internal resistances 0.2 { and 0.3 () respectively are

connected in parallel. Calculate the emf and internal resistance of the equivalent cell.

I (volt) —=

[CBSE Delhi 2016]
Given, E, =15V, 5=02Q
E,=20V, 1£=030Q
Emf of equivalent cell,
E K
- + —_—
gt B BEYEN (1.5><0.s+ 2><0.2)= 045+ 040, _ oy
[ - | 02+ 03 0.5 :
ooty it
L
Internal resistance of equivalent cell,
1 _1 1 % 0.2X0.3) 0.06
B . I = =—0=—"-0Q=0.
rTR TR T Ty (62703)2 - 550020

When 5 V potential difference is applied across a wire of length 0.1 m, the drift speed of
electrons is 2.5 X 107 m/s. If the electron density in the wire is § X 10*® m™, calculate the

resistivity of the material of wire. [CBSE (North) 2016]
e k " _ ¥ dR = 1
We know I—neAvd,J—Fan R—DI
So i nedu,
v _R4 _ _ ¥
nev, | l P nev, |
b

= Qm = 1.56 x 107 Qm
8x10%x 1.6x107¥%x25x 107 % 0.1

= 1.6X107°Qm
Two conducting wires X and ¥ of same diameter but different materials are joined in series

across a battery. If the number density of electrons in X is twice that in ¥, find the ratio of drift
velocity of electrons in the two wires. [CBSE (4I) 2011]

In series current is same,
So, I,=1,=1=nedy,
For same diameler, cross-sectional area is same

Ay=A4,=4
=1 = nxeAv:=njeAvj
v n ",
y ¥ 1
Given n_= 2n = T P i
& ¥ v n n
A s 2 : 2



Q. 11. A potential difference V is applied across the ends of copper wire of length [ and diameter D.

What is the effect on drift velocity of electrons if [CBSE Ajmer 2015]
(i) Vis halved? (if) 1is doubled?
(iii) D is halved?
- . _ 4 VR _ ¥V ¥
Ans. Drift velocity, v, = T el
neA(;)

(1) As v, «V,when Vis halved the drift velocity is halved.

(i) As v, = %, when [ is doubled the drift velocity is halved.
(i) As vy is independent of D, when D is halved drift velocity remains unchanged.

Q. 12, A steady current flows through a wire 4B, as shown in the figure. What happens to the electric
field and the drift velocity along the wire? Justify your answer. [CBSE 2023 (55/4/1)]

B

Ans. According to Ohm's Law, [ = ¢E

—— \

1 £ 1

So, JeE = Ec:; Ay @ 2(A2|>
Along the wire if 4 increases then £ will decreases. S 1

Drift velocity, v; = pE
(Here, p = constant)

g E 2y«

A |

A |
Similarly, il 4 increases vy will decreases.

Q. 13. A wire of length L, has a resistance R,. It is gradually stretched till its length becomes 2 L.
(a) Plot a graph showing variation of its resistance R with its length L during stretching.

(6) What will be its resistance when its length becomes 2L, ? [CBSE 2020 (55/4/1)]

i eL,
Ans. (¢) Inually, R = A_u
On stretching, the total volume is constant

AL, = AL [Where 4 and L are area and length after stretching]
R
LA A
00
A= 4R,
L , o /;
RrR_eLA L A4 LA P P
Ry Aol Ldy Ly 134, L} R, -

o 5 0| 5 7
R:RB(I_D) = Ral

{b) When L = 2L,
R=4R,



Q. 14. Find the magnitude and direction of current in 1() resistor in the given circuit.

- . _ [CBSE (South) 2016]
av
10
30 Q 3n
Ans. For the mesh APQBA
6 1(y=1,) + 31, =0 2 jj‘i P 20 5
or —Ip+ 4= 6 0 " Y1, l“l*gv
For the mesh PCDQP Sie B
21, - 9+31,+1(ly - 1,)=0 T
. o 1
or 6l =9 (T3 L—n— AN
o =% (t) B30 Q 30 .
Solving (1) and (i7), we get
_45 _ 42
et T Ahp
. 5 _ _ =3
~. Current through the | Q resistor = (I, - 1)) = 23

Hence the direction of current in 1 Q resistor from Q to P in the circuit.
Q. 15. Figure shows two circuits each having a galvanometer and a battery of 3 ¥ When the

. & i . 1
galvanometers in each arrangement do not show any deflection, obtain the ratio ——.
2

\171 r/ [CBSE (AI) 2013)
+ R

; 60 (I %ng
!

’_5-1
(G 600 a0V
=
N o
h, o
a0 RaTy RAa: )
Ll\ )
| ()
|| \&/
3.0V 1.200

Ans. For balanced Wheatstone bridge, no current flows through the galvanometer.

i 2
R 9
4x9
= R = 5 =6Q
For another circuit,
R
6 2 6X8
_— = = = =
12 8 R2 12 0
R
: (| .- )
. Ratio, E_‘l_?



Q. 16.

Ans.

Q.17

Ans.

Q. 18.

Ans.

Using Kirchoff's rules determine the value of B e E o
unknown resistance R in the circuit so that no ;
current flows through 4 () resistance. Also find Z40 J
the potential difference between A and D. 10 T R
[CBSE Delhi 2012) [HOTS)] T . - 3
Applying Kirchhofl's loop rule for loop ABEFA, ! I, T |
9+6+4x0+2/=0 A iy B b8 o
I=15A ()
For loop BCDEB
3+IR+4x0-6=0
IR=3
Putting the value of I from (f) we have
3
T R=3 = R=20Q
Potential difference between A and D through path ABCD,
9-3-IR=1V,,
&
or 9-8oX2=V,, = F,=8V
In the circuit shown in the figure, the galvanometer 5000
‘G’ gives zero deflection. If the batteries A and B have ol (:)
negligible internal resistance, find the value of the
resistor R. [CBSE (F) 2013] [HOTS) L.
If galvanometer G gives zero deflection, than current 12V —B %R ATV
of source of 12 V flows through R, and voliage across R
becomes 2 V.
Current in the circuit [ = ——— = -
: R,+R, 500+R
and V=IR=2
12.0
(500 +R )R .
= 12R = 1000 + 2R
= 10R = 1000
& R=1009Q
The plot of the variation of potential difference across a combination
of three identical cells in series, versus current is shown alongside. gy -
What is the emf and internal resistance of each cell? [
[CBSE (Central) 2016] [HOTS)]
We know that for a circuit
VR~ f) |
From graph, when/ = 0 A, then V¥ = 6 Vand when/ =1 A o ' 1A, meiilf
then V=0V
Putting, ¥ =6 Vand I = 0 A ineq. (i)
6=E,-0.r, = E,=6V i
o
Eg=g tegteg= g =g=g=8= 3 =2V

And,when/=1A,and V=0V
0=6-1r, = r,=60

Ty=t +ratrs = r=ryg=ryg=r=—o =20



Q.19

Ans.

Ans,

Q.21.

Ans.

Q.22.

Ans.

A voltmeter of resistance 998 () is connected across a cell of emf 2 V and internal resistance
2 (). Find the potential difference across the voltmeter and also across the terminals of the cell.

Estimate the percentage error in the reading of the voltmeter. [CBSE 2019 (55/5/1)]
We have, V=E-Ir
: ()
= Q98 X [=2-27 b 4
= 1000 x I=2
I= Tooo = 0.002 A
Now, = 0.002 x 998 Bl 2Q
i | |
V=199V Lo
Then AV =2 -1.996
= 0.004 V
% error = 0'204 x100=0.2%

Two wires A and B of the same material and having same length, have their cross sectional
areas in the ratio 1 : 6. What would be the ratio of heat produced in these wires when same
voltage is applied across each? [CBSE Sample Paper 2017]
Asgiven, A, : Ay =1:6

H=VR  and R= %
2
V2 12 H VixA i H A
Hy=——— H,= = e AxE A=A
pliA, pliA, B ol Void g 5 Ap
Two cells of emf 10 V and 2 V and internal resistance 10 Q and 5 () respectively, are connected
in parallel as shown. Find the effective voltage across R. [CBSE Sample Paper 2016]
R
——————
{— ANAA
} I 50
7 2
"oy 10Q

The effective voltage across R is given by €=

£, =2V

Two cells of same emf E but internal resistance r| and r, are connected in series to an external
resistor R (Fig.). What should be the value of R so that the potential difference across the
terminals of the first cell becomes zero. [NCERT Exemplar] [HOTS)

E E
From the circuit shown, | = R I i B
R4yt 1 [
2FE
K-E-hl_E_r]JrriﬁrRr'_O 1
2En
or R

=
r1+r2+R

= rtre+R=2r, => R=r-ry



Q. 23. (a) Draw a graph showing the variation of current versus voltage
voltage in an electrolyte when an external resistance is also
connected.

() The graph between resistance (R) and temperature (T) for Hg
is shown in the figure. Explain the behaviour of Hg near 4K.
[CBSE 2019 (55/4/1)]

Ans. (a) Note : Award this I mark even if the student draw the following or some other non linear

graph 1
| /|
OR
l v —> | [ —
b) At a temperature of 4 K, the resistance of Hg becomes zero. 1
P g

Note - Award this 1 mark if the student writes that Hg becomes a super conductor at
temperature of 4 K

[CBSE Marking Scheme 2019 (55/4/1)]

Q. 24. Atroom temperature (27.0°C), the resistance of a heating element is 100 (). At what temperature
does the resistance of the element change to 117 Q? Given that the temperature coefficient of

the material of the resistor is 1.70 x 107~ °¢™" [NCERT]
Ans. Given, Ry;= 100Q, R, = 117Q, (=7, a =170 x 107rC
Rs - RET

Temperature Coeflicient, a = m, temperature ¢ is unknown

R,-R )
- P s Sk 117 -100 — = 1000

Ryp@ 100X 1.70% 10

= £ = 1000 + 27 = 1027°C

Q. 25. A storage battery of emf 8.0 V and internal resistance 0.5 () is being charged by a 120 V dc
supply using a series resistor of 15.5 Q0. What is the terminal voltage of the battery during
charging? What is the purpose of having a series resistor in the charging circuit? [NCERT]

Ans. When battery is being charged by a 120 V d.c. supply, the gV
current in battery is in opposite direction than normal —] -! V.Y S —
connections of battery of supplying current. So the potential 0.5 @ ‘l
difference across battery :
E=V+IR ' §R=15,5Q
Z
Given E=8V,r=05Q,R=155Q [
120 V!
120-8 112 *

Current in circuit, I = 55705 - 16 =

F=84+7%x05=115V

Series resistance limits the current drawn from external de source. In the absence of series
resistance the current may exceed the safe-value permitted by storage battery.
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Short Answer Questions

Each of the following questions are of 3 marks.

Q.1

Ans.

Q.2.

Ans.

Q.3.

A variable resistor R is connected across a cell of emf E and internal resistance r.
(a) Draw the circuit diagram.
(b) Plot the graph showing variation of potential drop across R as function of R.
(c) At what value of R current in circuit will be maximum? [CBSE Sample Paper 2021]
&

T S

<
"
n
|

\

bV—IR*( £ )R* . 3
® R+r R®REDIR | 4 T 2
R /
:
i N V V
(¢) Maximum current is drawn when R = 0, I = =7 => R—

A storage battery of emf 8 V and internal resistance 0.5 ohm is being charged by d.c. supply
of 120 V using a resistor of 15.5 ohm.

(a) Draw the circuit diagram.

(b) Calculate the potential difference across the battery.

(¢) What is the purpose of having series resistance in this circuit? [CBSE Sample Paper 2021]
(2) Circuit diagram:

A 050 B
—— MW 9
8V
1
| -
120V 15.50Q
Vie  120-8 112

O =gy ~Ts5+05 16 2

Applying Kirchofl”s rule,
V,+05(T)+8 =V,
85+8=1156=V,-1,
Potential difference, Vy— Vp= 115V

(¢) Series resistance limits the current through the source.

(a) Two cells of emf E| and E, have their internal resistances r, and r,, respectively. Deduce
an expression for the equivalent emf and internal resistance of their parallel combination
when connected across an external resistance R. Assume that the two cells are supporting

each other.
(b) In case the two cells are identical, each of emf E = 5 V and internal resistance r = 2 (),
calculate the voltage across the external resistance R = 10 (). [CBSE 2020 (55/1/1)]



Ans. (a) E "
—— wvw——}
“J |8 - E
| E2 L 1=1+1, aq
s s %
(a) (b)
Let I, and I, be the currents leaving the positive, terminals of the cells, and at the point B
I=L+1 (2)
Let ¥ be the potential difference between points A and B of the combination of the cells, so
S N .. (#)
and V=Es—Iors ... (##)
From equation (1), (i) and (ii1), we geL
& -0 (E;,-V)
I=——+—
i %
E; E, 1 1
= [ S ) (- i e 1
(. B + % ) V(,_I TZ) (1)
Fig. (b) shows the equivalent cell, so for the same potential difference
V=E,-I,
or i= & il (v)
R
On comparing Eq. (fv) and (v), we get
)
TR S
) (o U | __hn
and ’}q—ﬁ+fg = Tﬂ?_rx'*"'z
On further solving, we have
g LBy B e . o TN
q\h % n 1y eq ntr,
_ bx2+45x2 Do
® ngf_T_Ev and W oxg =10
E
«ff 5 5
Now, I = = =—A
R+ ty 10+1 11
; . — Rz _504_
. Voltage across R, V=IR= T x10= ﬁ‘r =454V

Q. 4. Using the concept of free electrons in a conductor, derive the expression for the conductivity
of a wire in terms of number density and relaxation time. Hence obtain the relation between
current density and the applied electric field E.

P - —
Ans. The acceleration, a = “mE
The average drilt velocity is given by, v, = —é‘r
g yisg Y Ya m

(t = average ume between collisions or relaxation time)
Ifn is the number of free electrons per unit volume, the current / is given by

1=neA|vd|



Ans. (a) E "
—— wvw——}
“J |8 - E
| E2 L 1=1+1, aq
s s %
(a) (b)
Let I, and I, be the currents leaving the positive, terminals of the cells, and at the point B
I=L+1 (2)
Let ¥ be the potential difference between points A and B of the combination of the cells, so
S N .. (#)
and V=Es—Iors ... (##)
From equation (1), (i) and (ii1), we geL
& -0 (E;,-V)
I=——+—
i %
E; E, 1 1
= [ S ) (- i e 1
(. B + % ) V(,_I TZ) (1)
Fig. (b) shows the equivalent cell, so for the same potential difference
V=E,-I,
or i= & il (v)
R
On comparing Eq. (fv) and (v), we get
)
TR S
) (o U | __hn
and ’}q—ﬁ+fg = Tﬂ?_rx'*"'z
On further solving, we have
g LBy B e . o TN
q\h % n 1y eq ntr,
_ bx2+45x2 Do
® ngf_T_Ev and W oxg =10
E
«ff 5 5
Now, I = = =—A
R+ ty 10+1 11
; . — Rz _504_
. Voltage across R, V=IR= T x10= ﬁ‘r =454V

Q. 4. Using the concept of free electrons in a conductor, derive the expression for the conductivity
of a wire in terms of number density and relaxation time. Hence obtain the relation between
current density and the applied electric field E.

P - —
Ans. The acceleration, a = “mE
The average drilt velocity is given by, v, = —é‘r
g yisg Y Ya m

(t = average ume between collisions or relaxation time)
Ifn is the number of free electrons per unit volume, the current / is given by

1=neA|vd|



But I =|j|A (where j= current density)
Therefore, we get

2
" e
li=ae 51 E T

2
ne’ . e
The term —,—Tis conductivity.

- J=oE

Q. 5. A metal rod of square cross-sectional area A having length [ has current I flowing through it
when a potential difference of V" volt is applied across its ends (figure (i)). Now the rod is cut
parallel to its length into two identical pieces and joined as shown in figure (i7). What potential
difference must be maintained across the length 2 so that the current in the rod is still I?

[CBSE (F) 2016]

e - ] | et
I
! I
I
(i (ii)
Ans. Let resistance of metal rod having cross sectional area 4 and length [ be R
i
= = T
Also, resistance of metal rod having cross sectional area % and length 2{
2 {
Rg = pz [ "R = \07]
2
=4R,

Let V' be potential difference maintained across rod. When the rod is cut parallel and rejoined

; A
by length, the length of the conductor becomes 2/ and area decreases by 5
For maintaining same current,

v _ Vv
I=—=—

Rl RE
I A i o
I=p =ag = V=%

The new potential applied across the metal rod will be four times the original potential (V).

Q. 6. Two metallic wires, P, and P, of the same material and same length but different cross-sectional
areas, 4, and 4, are joined together and connected to a source of emf. Find the ratio of the
drift velocities of free electrons in the two wires when they are connected (i) in series, and
(ii) in parallel. [CBSE (F) 2017]

Ans. We know that,

I = nedv, = W= ﬁ

Let R| and R, be resistances of P} & P, and A & A, are their cross sectional areas respectively.
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M
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ek lecd
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(it) When, connected in parallel, b
e _1 :l [
pl “med, ‘
s P2
Y 4 ———==
P s S \
Ya, £ 1
_ |
ol "ned, . ‘
A, 1Ys
Q.7. (a) The potential difference applied across a given
resistor is altered so that the heat produced per
second increases by a factor of 9. By what factor
does the applied potential difference change? ‘ Ig
(b) In the figure shown, an ammeter 4 and a resistor 12V
of 4 ) are connected to the terminals of the source. )
The emf of the source is 12 V having an internal
resistance of 2 (. Calculate the voltmeter and ‘
ammeter readings. [CBSE (AI) 2017] | A
R=40
Ans. - =
S@d  teal per gecondds N Jc.
=
_ letifally Hy= v ¥ Toe Rcy il
. fn ) R feareds
f  Ten Heg e Aw® = pyle Guy?
L M dbe  hnfegeded difference. & naeased by a
S ,{az;t,m_o{_.& e opall
S | =
Ch V= S T
Ser. Tocal cuseent = Jacalermnd
al Jofal gesSlamce
S EES =8
USSR | o+ 4 =
o
- = [ — d
e - e _/_274/
. . The qrynefeq feaders Sy QA
[l The volirneted JLegder] S V=C-T17%
e - = =IRN— QxD
_~=le—4
= o [Topper’s Answer 2017




Q. 8. Two identical cells of emf 1.5 V each joined in parallel supply energy to an external circuit
consisting of two resistances of 7 () each joined in parallel. A very high resistance voltmeter
reads the terminal voltage of cells to be 1.4 V. Calculate the internal resistance of each cell.

[CBSE (North) 2016]
Ans. Here,E=15V,F=14V
Resistance of external circuit = Equivalent resistance of two resistances of 7Q2 connected in parallel
PN B S ———
“RtR, 7+ 7
Let # be the total internal resistance of the two cells, then .
E-V 1.5-14 ! ~
f:( )R:(L)S.B:O.QSQ —
v 1.4 1 15V, !
As the two cells of internal resistance r each have been — —AnAan—
connected in parallel, so |
1oyl1 L2 —o252x2=05Q | 15
7 TT‘:‘)O.25 T R s ' . A

|
Q. 9. Show, on a plot, variation of resistivity of (i) a conductor, and (ii) a typical semiconductor as a
function of temperature.
Using the expression for the resistivity in terms of number density and relaxation time
between the collisions, explain how resistivity in the case of a conductor increases while it
decreases in a semiconductor, with the rise of temperature. [CBSE 2019 (55/2/1)]
Ans. We know Lhalm

ne’t
Where m is mass of electron P,
p = charge density, T = relaxation time Elos |
¢ = charge on the electron. ) / \
(#) In case of conductors with increase in 'P_
temperature, relaxation time decreases, E 0.2
sO resistivity increases. =
(i) In case of semiconductors with increase 2 )
in temperature number density (n) of | . . i
free electrons increases, hence resistivity 50 100 150 T © T

decreases.

Q. 10. Twelve wires each having a resistance of 3{} are connected to form a cubical network. A battery
of 10 V and negligible internal resistance is connected across the diagonally opposite corners

of this network. Determine its equivalent resistance and the current along each edge of the

cube. [CBSE 2019 (55/3/1))

Ans.

A 10V
Applying loop rule 1o ABCC’EFA,

31+Sé+31"—10*—'0 el

——— e = = = e e = = e e = = e = = = = —— —— — —— —— -

| T |



15

?I =10
_2x10_20, _4 :
=" B ;
=l ;
Now, R, = 37~ 3%20 =250 ]
Current = 1 (=10 =lip=Ipc=Ipc= (;(r):%A %

2

Tpp (5 Lyp =Typ = Ipc=1Ipc = Ipp) = g A %

[CBSE Marking Scheme 2019 (55/3/1)]

Q. 11. Use Kirchhoff’s rules to determine the potential difference between the points A and D when
no current flows in the arm BE of the electric network shown in the figure.

£ 30 E [CBSE Allahabad 2015]
fw J o
%
1V =
3R J
S
| in
20 % '
T ﬁﬂv ‘
- .
6V 4V
Ans. According to Kirchhofl’s junction rule at E or B
I, = L+,
Since fy = 0 in the arm BE as given in the question 30 L g I,
= I; =1, Fr—iVW— i]{? - |D
Using loop rule in the loop AFEBA L5 3 >
—2L 4181, I,R,+ 3 +6=0 by g R %7
= oI, + 3I,+ LR, =10 3 I
3 3V I
Since I, = 0, so i 2 _i_ig 1
5I, = 10 T8 1
3
= I;=2A v v
Ig=I=2A

The potential difference between 4 and D, along the branch AFED of the closed circuit.
V= 20y 4 1= 8 IV =0
= Vy=Vp=205=1 + 315
=2x2-1+3x2=9V
Q. 12. Using Kirchhoff’s rules, calculate the current through the 40  and 20 (Q resistors in the

following circuit. [CBSE 2019 (55/1/2)]
oV g
A B
| | VWA
40Q
D YV o]
| | 100
E | o i F
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[Toppers Answer 2019]

The potential difference across a resistor ‘¢’ carrying current 0" is Ir.
(i) Now if the potential difference across ‘¢’ is measured using a voltmeter of resistance ‘R,’, show
that the reading of voltmeter is less than the true value.

(ii) Find the percentage error in measuring the potential difference by a voltmeter.

(tif) At what value of R, does the voltmeter measures the true potential difference?
[CBSE Sample Paper 2016] [HOTS]



Ans.

Ans.

Q.1

Ans.

(1) V = Ir (without voltmeter Ry)

IRy, Ir
A N i A
r+R, 1+
v
Vi<V
. Vv o
(ti) Percentage error ( v )X 100 = (r = R},)X 100

(iii) Bp— o, V= lr =V

A heating element using nichrome connected to a 230 V supply draws an initial current of 3.2 A
which settles after a few seconds at a steady value of 2.8 A. What is the steady temperature of
the heating element if the room temperature is 27°C? Temperature coefficient of resistance of
nichrome averaged over the temperature range involved is 1.7 X 10 per °C. [NCERT) [HOTS)]

Resistance of heating element at room temperature ¢, = 27°Cis

V230
R = 1_] = ﬁﬂ
Resistance of heating element at steady state temperature £,°C is
Vo230
R? = g = ﬁ
5 % s Ry - Ry
Temperature coefficient of resistance o = Rix-1)
230\ (230
o ) s

= = =840.3°C
230 %10~
2 L7107 2.8x1.7%10

Steady state temperature, i, = 840.3 + [, = 840.3 + 27 = 867.3°C

-1 = Rl.a

Long Answer Questions

Each of the following questions are of 5 marks.

Derive an expression for drift velocity of free electrons in a conductor in terms of relaxation

time of electrons. [CBSE Delhi 2009]
OR

Explain how the average velocity of free electrons in a metal at constant temperature, in an

electric field, remains constant even though the electrons are being constantly accelerated by

this electric field.

Consider a metallic conductor X¥ of length [ and cross-sectional area 4. A potential difference

V' is applied across the conductor XY, Due to this potential difference an electric field E is

produced in the conductor. The magnitude of electric field sirength E = 7 and its direction is

fromXtw¥

!
—

_x|® g © g Oy
g e ¥ e @&
.=
Vg

{
‘I i
+=
v



Ans.

This electric field exerts a force on free electrons; due 1o which electrons are accelerated.

The electric force on electron F =—¢E (wheree = +1.6 X 107 coulomb).
Ifm is the mass of electron, then its acceleration
- _ F eE E
] =)
This acceleration remains constant only for a very short duration, since there are random forces
which deflect the electron in random manner. These deflections may arise as

(i) ions of metallic crystal vibrate simple harmonically around their mean positions. Different
ions vibrate in different directions and may be displaced by different amounts.

(i1) direct collisions of electrons with atoms of metallic crystal lattice.

In any way after a short duration called relaxation time, the motion of electrons become random.

Thus, we can imagine that the electrons are accelerated only for a short duration. As average

velocity of random motion is zero, if we consider the average motion of an electron, then its
-

initial velocity is zero, so the velocity of electron after time 1 (i.e., drift velocity v d) is given by the

a5
relation v = u+at

s o el e
(hereuw = 0,v=wvyl="T,a = )
— ¢E — et =+ .
Uy =l= T = Y=ok s ()
At given temperature, the relaxation time t remains constant, so drift velocity remains constant.
Establish a relation between electric current and drift velocity. [CBSE (Al) 2013]

OR
Prove that the current density of a metallic conductor is directly proportional to the drift
speed of electrons.

Relation between electric current and drift velocity:

Consider a uniform metallic wire XY of length / and cross-sectional area 4. A potential difference
Vis applied across the ends X and Y of the wire. This causes an electric field at each point of the
wire of strength

L i)

Due to this electric field, the electrons gain a drilt velocity v; opposite to direction of electric
field. 1f ¢ be the charge passing through the cross-section of wire in { seconds, then

Currentin wire 7 =2 (i)
t

The distance traversed by each electron in time { =average velocity X time = vt

If we consider two planes P and Q at a distance v, £ in a conductor, then the total charge flowing
in time ¢ will be equal to the total charge on the electrons present within the cylinder PQ.

The volume of this cylinder = cross sectional area X height

=Auvgl



Q.3.

Ans.

Ifn is the number of free electrons in the wire per unit volume, then the number of free electrons
in the cylinder = n (dvy 1)

If charge on each electron is — ¢ (e=1.6 x107'C), then the total charge flowing through a
cross-section of the wire

q = (ndugl) (- ) =—neduv ! ..(#it)
. Gurrent flowing in the wire,
pafd —neduv, t
! t
Le., current I = —nedu, L(10)

This is the relation between electric current and drift velocity. Negative sign shows that the
direction of current is opposite to the drift velocity.

Numerically J = - nedv, ()

; I
Current density, [ = T ey

=5 Jxv,.
That is, current density of a metallic conductor is directly proportional to the drift velocity.

Deduce Ohm’s law using the concept of drift velocity.

Define the term ‘drift velocity’ of charge carriers in a conductor. Obtain the expression for the

current density in terms of relaxation time. [CBSE (F) 2014]
OR

Define relaxation time of the free electrons drifting in a conductor. How is it related to the

drift velocity of free electrons? Use this relation to deduce the expression for the electrical

resistivity of the material. [CBSE (A1) 2012]
OR

(i) On the basis of electron drift, derive an expression for resistivity of a conductor in terms

of number density of free electrons and relaxation time. On what factors does resistivity

of a conductor depend? [CBSE 2023 (55/2/1)]
(i) Why alloys like constantan and manganin are used for making standard resistors?
[CBSE Delhi 2016]

Relaxation time of free electrons drifting in a conductor is the average time elapsed between two
successive collisions.

Deduction of Ohm’s Law: Consider a conductor of length [ and cross-sectional area 4. When a

potential difference V' is applied across its ends, the current produced is I. If n is the number of

electrons per unit volume in the conductor and v, the drift velocity of electrons, then the relation
between current and drift velocity is

I =—nedu,; D)
where — ¢ is the charge on electron (¢ = 1.6 X 107'°C)

Electric field produced at each point of wire, E =% w8

If 1 is relaxation time and E is electric field strength, then drift velocity

"I (i)
m
Substituting this value in (1), we get
2 e
I =—neA(—H—1EJ or I=22" 4k el
m m
E/
As E= [From (i)]



Ans.

I ne2 TAV i K: m i )
m 1 T % d ()
E
. I\ nePt ——E .
Current density ](— 1 )— o V. l\ A\|

potential difference V.
Under given physical conditions (temperature, | i
pressure) for a given conductor

This is relation between current density / and applied \

m | &
.— = Constant
ne’t A

ﬁ-
<
kX

. This constant is called the resistance of the conductor (i.e. R).

. m | ?
ie., = Fe vt

ne’t A )
From (u) and (vi); % R i)

This is Ohm’s law. From equation (vi) it is clear that the resistance of a wire depends on its length
(1), cross-sectional area (4), number of electrons per m® (n) and the relaxation time ()
Expression for resistivity:

kool

As ... (wii)

Comparing (vi) and (viit), we get
Resistivity of a conductor p=———

ne’t

Clearly, resistivity of a conductor is inversely proportional to number density of electrons and
relaxation ume.

Resistivity of the material of a conductor depends upon the relaxation time, i.e., temperature
and the number density of electrons.

This is because constantan and manganin show very weak dependence of resistivity on temperature.
Derive condition of balance of a Wheatstone bridge.

OR
Draw a circuit diagram showing balancing of Wheatstone bridge. Use Kirchhoff’s rules to
obtain the balance condition in terms of the resistances of four arms of Wheatstone Bridge.

[CBSE Delhi 2013, 2015]

Condition of balance of a Wheatstone bridge:
The circuit diagram of Wheatstone bridge is shown in [ig.
P, Q, R and § are [our resistance forming a closed bridge, called Wheatstone bridge. A bauery is
connected across A and C, while a galvanometer is connected between B and D). When the bridge
is balanced, there is no current in galvanometer.

B
Derivation of Formula: Let the current flowing in the circuit in the ‘/“\ I
balanced condition be 1. This current on reaching point 4 is divided p o g
S » " . + ke g
into two parts [} and J,. As there is no current in galvanometer 1y
in balanced condition, current in resistances P and @ is [} and in Iy Pt e
" 5 K (1) c
resistances it and S it is L. L,
Applying Kirchhoff”s I law at point 4, Iz 2 Ry
; o
I-1,-1,=0 or I=1+1, - (2) R ,\ A58
3 ; ; I

Applying KirchhofIs II law to closed mesh ABDA, ! ¥ C

-1 P+I,R=0 or LP=1I, R ()
Applying Kirchhofl”s II law o mesh BCDB, L *_I = ’K:

-1,Q+1,85=0 or Q=18 ) F A



Dividing equation (i) by (iii), we get

LP IR P R

—_— = or
10 1S o s

This is the condition of balance of Wheatstone bridge.

Questions for Practice

1. Choose and write the correct option in the following questions. E
(z) From the graph between current [ and voltage I shown below, identify 3: " ¢
the portion corresponding to negative resistance D
A —>V
(@) AB (b) BC ) cD () DE
(#) The potential difference across a cell in an open circuit is 8 V. It falls to 4 V when a current
of 4 A is drawn from it. The internal resistance of the cell is [CBSE 2023 (55/1/1)]
(@) 40 b)) 30 © 20 10
(iif) An electric current is passed through a circuit containing two wires of same material,

(@)

@)

(i)

(vit)

(vii)

connected in parallel. If the lengths and radii of the wires are in the ratio of 3:2 and 2:3,
then the ratio of the current passing throught the wire will be

[CBSE Sample Paper 2022, Term-1]

(@) 2:3 (b) 3:2 (c) 8:27 (d) 27:8

Which one of the following is not a scalar quantity? [CBSE 2023 (55/3/1)]
(@) Electric field (b) Voltage (¢) Resistivity (d) Power

m®V~'s™" is the SI unit of which of the following? [CBSE 2020 (55/3/1)]
(@) Drift velocity (b) Mobility () Resistivity (d) Potential gradient

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) Resistivity (b) Conductivity (¢) Resistance (d) Mobility

Ohm’s law is obeyed by [CBSE 2020 (55/2/3)]

(b) intrinsic semiconductors.
(d) metals at high temperature.

(@) extrinsic semiconductors.
(¢) metals at low temperature.
The resistance of a metal wire increases with increasing temperature on account of

[CBSE 2020 (55/1/2)]
(@) decrease in free electron density. (b) decrease in relaxation time.
(¢) increase in mean free path. (d) increase in the mass of electron.

In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R).
Choose the correct answer out of the following choices.

(a) Both A and R are true and R is the correct explanation of A.
(b) Both A and R are true but R is not the correct explanation of A.
(c) A is true but R is false.

(d) A is false and R is also false.

(i) Assertion (4) : The drift velocity of electrons in a metallic conductor decreases with rise of

temperature of conductor.
Reason (R) : On increasing temperature, the collision of electrons with lauice ions
increases; this hinders the drift of electrons.



10.

11.

12.

13.

14.

15.

16.

i

(i) Assertion (4) : The resistance of a given mass of copper wire is inversely proportional to the

square of length.
Reason (R) : When a copper wire of given mass is sireiched to increase its length, its

cross-sectional area also increases.

State the two Kirchhoff’s rules used in electric networks. How are these rules justified?

Show variation of resistivity of copper as a function of temperature in a graph

A5 V battery of negllglble internal resistance is connected across ;

a 200 V battery and a resistance of 39 ) as shown in the figure. '{'

Find the value of the current flowing in the circuit.

Two identical cells, each of emf E, having negligible internal

resistance, are connected in parallel with each other across an ‘V‘v\‘x’\f\";‘ ; Hi- “

external resistance R. What is the current through this resistance? R 200 V
[CBSE (A1) 2013] o

B F

Using Kirchhoff’s rules, calculate the current in the arm AC of

the given circuit. i Th

A cell of emf *E” and internal resistance " is connected across a Al ;EH’I I-:'[ 4'0 \';" '&C
variable resistor ‘R’. Plot a graph showing variation of terminal 1, il z200
voltage 'I” of the cell versus the current ‘I'. Using the plot, Ll iD
show how the emf of the cell and its internal resistance can be 80V Iy

determined.

Estimate the average drift speed of conduction electrons in a copper wire of cross-sectional area
2.5 x 107" m* carrying a current of 1.8 A. Assume the density of conduction electrons to be
9 x 10 m™

A wire of 20 Q resistance is gradually stretched to double its original length. It is then cut into
two equal parts. These parts are then connected in parallel across a 4.0 volt battery. Find the
current drawn from the battery.

A conductor of length 7' is connected to a de source of potential ‘1. If the length of the conductor
is tripled by gradually stretching it, keeping ‘I constant, how will (i) drift speed of electrons and
(i) resistance of the conductor be affected? Justify your answer. [CBSE (F) 2012]
What will be the value of current through the 2 Q |
resistance for the circuit shown in the figure? Give
reason Lo Support your answer. 10V = §5 0 100 T

[CBSE (F) 2013] [HOTS) T

Calculate the value of the resistance R in the il
circuit shown in the figure so that the current in
the circuit is 0.2 A. What would be the potential 8 02A B 50
difference between points B and E? 3 e |C
CBSE (AI) 2012] [HOTS 1502 2 Ny
(CBSE (1) 2012) [HOTS) : wo} %% Fun
‘ 5 | W [ N L
The storage battery of a car has an emf of 12 V. If R 02AE
the internal resistance of the battery is 0.4 Q, what
is the maximum current that can be drawn from the battery? [NCERT]

A battery of emf 10 V and internal resistance 3 Q is connected to a resistor. If the current in the
circuit is 0.5 A, what is the resistance of the resistor? What is the terminal voltage of the battery
when the circuit is closed. [NCERT]
A negligibly small current is passed through a wire of length 15 m and uniform cross-section
6.0 % 1077 m?and its resistance is measured to be 5.0 ©. What is the resistivity of the material at
the temperature of the experiment? [NCERT]
A silver wire has a resistance 2.1 © a1 27.5°C and a resistance of 2.7 Q at 100°C. Determine the
temperature coeflicient of the resistivity of silver.



18. Two cells E| and E, of emf’s 5 V and 9 V and internal resistances of g3 &1 E 459
0.3 Q2 and 1.2 Q respectively are connected to a network of resistances [ /¥ s
as shown in the figure. Calculate the value of current flowing through e B

the 3 Q resistance.

’ . o e 60
19. (i) Derive an expression [or drift velocity of free electrons. - v’\/'g\/‘r’;' e ]
" oo < X . oo 450
(i1) How does drift velocity of electrons in a metallic conductor vary l—www—
with increase in temperature? Explain. 30
o i o @, ¥ o
20. (i) High current s to be drawn safely from (1) a low-voliage YW -
battery, and (2) a high-voltage battery. What can you say Tl j
about the internal resistance of the two batteries? =l g 60
- ) ) 10V
(1) Calculate the energy supplied by the batteries to the —[ T
circuit shown in the figure, in one minute. =  AAAAA— J
[CBSE 2023 (55/4/1)] 450 30
21. Determine the current in each branch of the network shown in figure.
B
25"
00 1 5
1 /?r‘lr % ”ILHQ
Al 50 :>(:
50 210
\Lﬁ: $t (}f
+ H‘\.“/F
5, 0o
L—wama——— r AMAAM,
10Q 10V
22. Calculate the value of the current drawn froma 5 V5 8@ 5 100 |, 200 g,
battery in the circuit as shown. [CBSE (F) 2013] | AL ) A S AR
100
L L —
*:I =
5V
23. State Kirchhoff s rules. Use these rules to write the expressions n Ei=2V n=40
for the currents I, I, and I; in the circuit diagram shown. A I I A B
[CBSE (AI) 2010]
L B=1V p=30
c I: D
L E=4V  r=20
E L AN F
Answers
L@e @@ (iit) (c) () (@) @) &) 5
(i) (@) (vit) () (witt) (b) 2. (1) (a) @@ (d) 5.5A 6. % i 13 A
9. 5x 107" 10.02A 12. 0A 13. 1V 14. 30 A 15. 17Q), 8.5V
16. 2 x 1077Qm 17. 0.0039/°C 18. %A 20. (i) 180]
do b 6,4, 2,10 L e O
21. 7A,l,7A,17A, ITA’ITA’ 1,?A 22, 0.5 A 23.1, = le,I?_ ISA’IS_ISA’
(B ]



