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PHYSICS SMART-100 MATERIAL
CHAPTER.03: CURRENT ELECTRICITY

Resistor: Resistor is device that opposes the flow of current through it.
Ohm’s law: The strength of the current in a conductor (i) is directly proportional to the potential

difference (V) applied across it at constant temperature.

iaV, i:% = V=iR

] V
Resistance: R=T

S.1unit of resistance is \yo~t orohm ()
Dimensional formula:- pp1 213 A2
Defination of Ohm :- The Resistance of a conductor is one onm(1 ¢y ), if one ampere current
flowing through the conductor when a potential difference of one volt is applied across its ends.
Y
1A
Ohm’s law is just an empirical relationship. It is not a fundamental physical principle.

Ohmic device:- The devices which obeys ohm’s law are called ohmic devices. Ex: metals
Non-Ohmic device:- The devices which does not obeys ohm’s law are called non-ohmic

evices. Ex: diodes, Thermistor, vaccumtubes.. etc

The value ofthe resistance of the conductor depends on (i) nature of the material
(i) its dimensions (length, area of cross-section) (iii) its temperature
Current density:-
Current per unit area (normal to the current ) is called current density

i1
A

It isavector quantity and Sl unitis A/ m?
and J :l E=0cE
Yo

Where “E’ is electric field and & is conductivity.
Drift velocity (V,)
Definition: The speed with which an electron gets drifted in a metallic conductor
under the application of an external electric field is called “drift velocity” (V)

V, =—§T
m
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1. Mobility (u )

The mobility of a charge carrier is the average drift velocity per unit electric field strength

vl
H="¢

12.  The relation between Electric current and drift velocity

" neA
When n ® The number of charge carriers per unit volume
e ® Charge of an electron

A ® The area of cross-section.
13.  Variation of resistance with temperature

Ro ® resistance of conductor at 0°C

R . ® resistance of conductor at t°C

R, ® resistance of conductor at t1°C

R, ® resistance of conductor at t ZOC

o ® temperature co-efficient of resistance

o = R-R _ R,—R
R At Rt, - Rt

14. Variation of resistivity with temperature

p, — resistivity of conductor at 0°C

p, — resistivity of conductor at t°c
p, — resistivity of conductor at t’C

p, — resistance of conductor at t)C

o — temperature co-efficient of resistivity
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15. Resistivity of manganin and constantans are nearly independent of temperature then Manganine is

widely used in making resistance boxes, standard resistances and wires used in metre bridge and
potentiometer.

16. Resistivity of carbon decreases with increase intemperature and hence carbon has a negative
temperature co-efficient of resistivity.

17. emf of a cell : It is defined as the workdone in carrying a unit positive charge through the
complete circuit including the charge flow inside the cell (or) The potential difference
between the terminals of a cell in open circuit is called emf of a cell.

Unit of emf = J / coulomb = volt

18. The magnitude of internal resistance depends on (i) The distance between the plates (ii) The area
and size of the plates (iii) Strength of electrolyte (iv) Temperature (internal resistance decreases
with increase of temperature)

19.  Kirchhoff’s 1% Law (Junction Theorem)

The sum of currents flowing in a junction is equal to the sum of currents flowing out of
the junction or the algebraic sum of current meeting at a junction is zero .

Si=0
This law states the law of conservation of charge.
20. Kirchhoff’s 2" law (loop theorem)
The algebraic sum of changes in potential around any closed loop is zero
Sv=00rSi"'R=0
This law is a consequence of law of conservation of energy.

21. Wheatstone Bridge

Wheatstone bridge is the application of Kirchhoff’s law. If P,Q,R,S be the resistances of the
four arms of Wheatstone Bridge then the balancing condition is P/Q=R/S.
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23.
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PHYSICS SMART-100 MATERIAL
Meter Bridge

X l, _ - -
R (100—1,) where x — unknown resistance of given wire

R — Resistance of resistance box, |, — balanching length from left end of the bridge to

jockey
Potentiometer
Potentiometer is used to measure accurately the e.m.f of a source (or) the P.D across any part

of an electric circuit, without drawing any current.
P.D across ‘I’ is balanced by e.m.fof a cell g,
E, = potential gradient x balancing length.

E, :\il; E, = Emf insecondary circuit
L

V=P.D across the wire
L= total length of wire
I= balancing length

E, |
In comparison of E.M.F of 2 cells E—l = |—1
2 2

Internal resistance of cell
R x (I1 — |2)

I,
where R is the shunt resistance connected to the battery of secondary

I, — Balancing length without shunt, |, — Balancing length with Shunt.
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One Mark Questions with Answers :

1. Define an ampere.

Ans.  When acharge of one coulomb flows across a cross-section of a conductor in one second, the
current through the conductor is said to be one ampere.

2. How many electrons per second constitute a current of one ampere?

Ans.  6.25x10" electrons

3. State Ohm’s law and mention its mathematical form.

Ans.  The current through a conductor is directly proportional to the potential difference across
its ends provided temperature and other physical conditions remain the same.
| V=V =IR

Where R= resistance

4. Define ohm.

Ans.  The resistance of a conductor is said to be 1 Q ifacurrent of 1 A flows through it when a

potential difference of 1V isapplied across its ends. = %
5. What is the dimensional formula for resistance?
Ans.  Dimensional formula for resistance is [ M* L*T 17 ].
6. Mention the relation between the resistance and resistivity?

I
Ans.  Theresistance R of a conductor isgiven by R = % ,

7. What is drift velocity of conduction electrons?

Ans. It istheaverage velocity with which the conduction electrons get drifted in a conductor
under the influence of electric field.

e
v,=——Er
‘" m
8. How is current through a conductor related to drift velocity?

Ans.  The current through a given conductor is directly proportional to the drift velocity.

(i=neAv,)
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AnS.

10.

AnS.

11.

AnS.

12.

Ans.

13.

Ans.

14.

Ans.

15.

Ans.

16.

Ans.

17.

Ans.

18.

Ans.

19.

Ans.

20.

PHYSICS SMART-100 MATERIAL
Define relaxation time (or) mean free time.

The average time that elapses between two successive collisions of an electron with
fixed atoms or ions inthe conductor is called relaxation time.

Name two materials whose resistivity decreases with the rise of temperature.
Germaniumand Silicon.
Name a material which exhibit very weak dependence of resistivity with temperature?

Nichrome , analloy of nickel, ironand chromium exhibit very weak dependence of resistivity
with temperature.

Define emf of a cell.

Emf of a cell is the work done by it in transferring unit quantity of charge once all round the circuit
in which it is connected.

Define internal resistance of a cell.

The finite resistance offered by the electrolyte for the flow of current through it is called internal
resistance.

What is the power output of a cell of emf 2V when it delivers 5 A to an external load?
The power output P=El =2x5=10W

Write the expression for equivalent emf when two cells of emf’s ¢ and &, connected in

series such that negative electrode of & to negative electrode of ¢, (81 >82)

Eequ = €1~ &,
What is a mesh or loop in an electric network?

A mesh or loop is a closed path with in the network for the flow of electric current.
What is the significance of junction rule?

Conservation of charge.

What is the significance of loop rule?

Conservation of energy.

What is a potentiometer?

It is an instrument consisting of long piece of uniform wire across which a standard cell is
connected and is used to measure emf of a cell with an accuracy.

What is the principle of potentio meter?
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21.

AnS.

22,

AnS.

23.

AnS.

24,

AnS.

25.

Ans.

PHYSICS SMART-100 MATERIAL
When ever a steady current flows through a potentio meter wire, the potential difference between

any two points on the wire is directly proportional to its length.

TWO (OR) THREE MARK QUESTIONS WITH ANSWERS:

Define electron mobility & Mention its SI unit.

Mobility ( ) is defined as the magnitude of drift velocity (v, ) per unit electric

field (E). i _
ield ( ).|.e.,#—E

Its Slunitis m?siy* (0r) ms*N*C

Define the term current density (j) & Mention its SI unit.
It is defined as the electric current (i) per unit area (A) taken normal to the direction of
i

current.i.e., j=—
A

Its SI unit is Ampere / metre? (A/m?)

Define electrical conductance & Mention its SI unit.

The reciprocal of resistance is called electrical conductance.

|
e, 6=

Its SI Unit is Siemen (s) or mho(p ).
Define electrical conductivity & mention its Sl unit.

The reciprocal of electrical resistivity of material of a conductor iscalled conductivity.

1
ie, © =;. its Sl unitis Q™' m™ (or ) seimen/m

Mention the limitations of Ohm’s law.
Limitations of Ohm’s law:
1. Ohm’s law is applicable only for good conductors.

2. Ohm’s law is applicable only, when the physical conditions like temperature, pressure and
tension remains constant.

3. Ohm’s law is not applicable at very low temperature and very high temperature.
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Ans.

27.

Ans.

28.

Ans.

29.

Ans.

30.

Ans.

31.

Ans.

32.

PHYSICS SMART-100 MATERIAL
4. Ohm’s law is not applicable for semiconductors, thermistors, vaccum tubes, discharge tubes.

What are Ohmic devices? Give examples.

A device that obey ohm’s law through out its range is known as ohmic device.

Ex: Linear conductors.

What are non-ohmic devices? Give two examples.

A device that does not obey Ohm’s law throughout its range is known as non-ohmic device.
E.g: Semiconductors and electron tubes are non-ohmic.

Define temperature co-efficient of resistance of the material of a conductor.

The temperature coefficient of resistance of a material is the ratio of increase in its resistance of
a resistor per 1°C rise in temperature to its resistance at 0°C .

a:RI_RO
R, xt

What is the resistance of a 60 W,220V electric lamp?

2 2
SN Ct) I
P 60

On what factors does internal resistance of a cell depend?
Internal resistance of a cell depends on

(i) surface area of its electrodes

(i) the separation between the electrodes

(iif) the nature, concentration and temperature of the electrolyte.
State Kirchhoff’s rules in electrical network.

Kirchhoff’s 1st law (KCL): At any junction in an electric network the sum of the currents
entering the junction is equal to sum of the currents leaving the junction. i.e., 3| =0

Kirchhoff’s 2nd law (KVL):The algebraic sum of changes in potential around any closed loop
involving resistors and cells in the loop is zero.i.e.,, 2 ¢ = 0
Write the applications of potentiometer.

Potentiometer is used

i) To measure the emf of a cell accurately 8(I) =gl ,
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where ¢ is the potential drop per unit length

& |

1 _ 1
ii) To compare the emf’s of two cells g_ R
2 2

iii) To determine internal resistance of a cell, ' — Lo
2

FIVE MARKS QUESTIONS WITH ANSWERS

33. Define relaxation time. Derive the expression for electrical conductivity of a
material in terms of relaxation time.

Ans: Relaxation time : The averege time that elapses between two successive collisions
of an electron with fixed atoms or ions in the conductor is called relaxation time.

E >
-0 Q0 =0 A
4+-0ag =40 <0
<0 “+0 +O
<0 +0O <0
I L.

Consider a conductor of length of L’ and cross sectional area ‘A’. When electric field ‘E’

is applied across it, the electrons are drifted opposite to the applied field. Let *V/, * be the
drift velocity of electrons.

. Volume of a conductor = LA
Let “n’ be the number of free electrons per unit volume of conductor.
. Total number of e- in unit volume = n x volume = nLA

. Total charge on all the electrons in the conductor g = nLAe

q neAL
Butcurrent | = — = ——
t t
L
We know | = neAV, ----—-- (1) LV =7
. |
Current density J = =" CAVAN——— )

Page No.: 49



PHYSICS SMART-100 MATERIAL

BUtVd =—7T
J :ne(gjr
m
2
ZE‘FE
m
J=0cE

2

- ne S
where o = conductivity = ?r , and 7 = relaxation time

ne
o=—-1Tt
m
34. What is drift velocity and mobility of free electrons and deduce the expressions for them.

Ans.  The average velocity with which electrons in a conductor get drifted in a direction opposite to the

applied field is called Drift velocity.
Drift velocity per unit electric field is called Mobility.

Expression for Drift velocity:

Let a potential difference \/ is applied across a conductor of length |.

The force on each electron =F =—e E

(Negative sign indicates that £ and E are directed opposite)
_eE
m

F
The acceleration of electron =a = H =

Where, m is the mass of the electron.
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Let T be the average time between two successive collisions of the electron (relaxation time). i.e.

the electron accelerates for average time interval .
We have,

Here,
V=V,, u=0 and t=rx

SVg=u+an

|5

vi|] eE ex

Mobility = 1 Z? =

-

35. State and deduce ohm’s law. Mention the limitations of ohm’s law.

Ans: Statement : At a constant temparature, the steady current flowing through a conductor is
directly proportional to the potential difference betweeen the ends of the conductor.

la V

I'=—V wh L duct
=— == nce.
=V where — = conductance

The current flowing through a conductor is

eE
I =nAeV, But vy = FT

2
= | :nAe(gjr = _ne AV (E:\i]
m mL L
L (_mL ). : : :
The quantity nAelr | €2 constant for a given conductor called electrical resistance.

laV
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| =£V =V=IR
R
-‘I’ -~
I
0 \*—) X
Resistance

Resistance of a conductor is defined as the ratio of potential defference across the
conductor to the current flowing throughit.

Limitations of ohm’s law:

1. Ohm’s law applicable only for good conductores.

2. it is applicable only when the physical conditions like temporature, pressure and
tension remains constant.

3. This law is not applicable for semiconductors, thermistors, vaccum tubes.

36.  Obtain expressions for effective emf and effective internal resistance when two
different cells are connected in series.

Ans: Consider two cells connected in series, with negative terminal of one cell is connected to
the positive terminal of the other.

£ £ Eeq ;
. i LTI o
o o < o = b—<—0e
Al 'r' B 'r’ C Al C
1 2 eq

Let ¢,,&, aretheemf’softhe two cells. r;, r, are the internal resistances of the cells. | be

the current sent by the cells. Let V,,V; ,V.. be the potentials at points A, Band C

respectively. The potential difference between the positive and negative
terminals ofthe firstcell is

Vg =Va—Ve=¢, -1,
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The potential difference between the positive and negative terminals of the second cell is

Voo =V =V, =¢, -1,

The potential difference between the terminals Aand C of the combination is

= (VA —Vg ) + (VB _VC )

=g —Ir+¢,—1r,

VAC=81+82—|(I’1+I’2) ————————— (l)

The series combination of two cells can be replaced by a single cell between ‘A and ‘C’

ofemf ¢,, and internal resistance .

Ve =€ — g ———————— (2)
from equations (1) and (2)
Eq =& T &

req =N+

for ‘n’ identical cells.

Eoq =& F & F ot €
=E+E+ +e
Eqq = NE.

P A A +r
r,=nr

37.  Obtain expression for effective emf and effective internal resistance when two
different cells are connected in parallel.
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Consider two cells connected in parallel, Let ¢, ¢, are the emf’s of two cells, r, and r, are

the internal resistance of the cells are connected in parallel across points B, and B, .

I, and I, are the currents leaving the positive electrodes of the cells. At the point.

B,, I,and I, flow inwhereas the current | leave out.

Let V (B,)and V (B,) bethe potentialsat B, and B, respectively.
for the first cell.

v :V(Bl)_V(Bz)
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:>V :[815 +82r1]_|( IF1r2 ] _____ (4)
L+r, L+r,

If the parallel combination of cells is replaced by asingle cell ofemf ¢, and internal resistance

r, between B, and B,

Comparing equations (4) & (5)

_ah &
L+

rr
and r, =—2

eq eq
n+r,

38. State Kirchhoff’s rules for electrical networks. Deduce the condition for balance of
wheat stone’s network using Kirchhoff’s law. (M2014, J2014, M2011)

Ans: First law : at any junction the sumof the currents entering the junction is equal to the
sum of the currents leaving the junction.

This law is a consequence of conservation of charges.

Second law: The algebraic sum of changes in potential around any closed loop involving
resistors and cells is zero.

This law is a consequence of conservation of energy :
Condition for balance of wheat stone bridge:

Wheatstone bridge is based on the application of Kirchhoff’s rules.

The bridge has four resistors R, , R, , R, and R,. Across one pair of diogonally opposite

points ‘A’and ‘C’a source is connected. Between the other two vertices ‘B’ and ‘D’, a
galvanometer of resistance ‘G’ is connected.

Let 1, be the current in the galvanometer. The branch currents and their directions are as
shown infig.

Apply Kirchhoff’s loop rule to closed loop ADBA

LR, +1,G—I,R =0———— (1)

Apply Kirchhoff’s loop rule to closed loop BCDB

(1,=1,)R, (1, +1,)R,=1,G =0-———(2)
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The bridge is said to be balanced, when the galvanometer show zero deflection. i.e I, =0
The equations (1) and (2) becomes

|2R2 - IlR1 =0
= |2R2 = |1R1___—(3) and
|2 R4_|1 R3:0:>|2R4:|1R3 ————— (4)
(E] I,R, _ LR,
4 |2R4 |1R3
R_R
R4 R3

This is the balancing condition of wheatstone network.
39.  Explain how meter bridge is used to determine unknown resistance.

Ans: Meter bridge works on the principle of wheatstone bridge. The meter bridge consists of a
wire of length 1 m and of uniform cross sectional area stretched taut and clamped
between two thick metallic strips bent at right angles, as shown.

The metallic strip has two gaps across which resistors can be connected. The end points where
the wire is clamped are connected to a cell through a key. One end of a galvanometer is connected to
the metallic strip midway between the two gaps. The other end of the galvanometer is connected to

a ‘jockey’.
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Let R is an unknown resistance connected across one of the gaps. Across the other gap,
we connect a standard knwon resistance S.

The four arms AB, BC, AD and DC forma wheatstone bridge with AC as the battery arm
and BD the galvanometer arm. let the distance of the jockey ~ from the end Aat the balance

point be | =1,. The four resistances of the bridge at the balance point thenare R, S,

40.

R,,and R, (100-1). The balance condition, gives

R Rcm Il Il

S R, (100-1,) 1001,

. The unknown resistance R is known in terms of the standard known resistance S by

Il

1001,

Three equal resistors connected in series across a source of emf of negligible intenal
resistance together dissipate 10 watts of power .What would be the power

dissipated if the resistors are connected in parallel across the same source of emf.

AnS.

41.

AnS.

Given; P,=10W
When the resistors are connected in series,
vz o V2

issi P=———
Power dissipated , "1 R, 3R (1)
When the resistors are connected in parallel

o poV _ V' 3V
Power dissipated, ™ R, —(R /3) R (2)
From equations (1)& (2) , we get
P 3V 3R
P R V?

P,=9P,=9x10=90W

Power dissipated is 90 W

Two cells Aand B are conneted in series, each having an emfof 1.5V.The internal
resistances of Aand B are 0.5 ohm and 0.25Q) respectively . The combination is

connected across a resistance of 2.250hm .

Calculate (i) The current in the circuit (ii) The potential difference across the
terminal of each cell

Emf of the battery E=1.5+1.5=3V

Internal resistance of battery, r=0.5+0.25=0.75 ohms

Total resistance in the circuit , R=2.25+0.75=3 ohms

(i) Current in the circuit, I=====1A

(1) P.d. across the terminals of cell Aiis
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V, =E-Ir, =1.5-1x0.5=1V
P.d. across the terminals of cell B is
V, =E-Ir,=1.5-1x0.25=1.25V
42. Calculate the power dissipated in 10 ohms resistor in the given circuit

Ans.  Applyig KCL to the node B, I, +1,=l,
Applying KVL to the mesh ABEFAwe get

21, +1,=-443
21, +(1-1,)=-1
SBlL+,=-1 e (1)
Applying KVL to the mesh BCDEB we get
101,+21,=4
,+#51,=2 e (2)
Equation (2)x3, 31,+151,=6
Fromequation (1), -3l,+,=-1
161,=5
I3=£A
16
Power dissipated in 10 ohm s
P=I§R=£x10:@:0.9766w
256 256

Power dissipated in 100 resistor is 0.9766W

43.  Acopperwire of 10°° m? area of cross section, carries a current of 2A. If the number
of electrons per cubic metre is g x10%, calculate the current density and average
drift velocity.
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[Given e =1.6x107°C)

Data: A =10"°m?; Current flowing | = 2A:n =8x10% (1M)
e=16x10"°C; J =2;v, =? (1IM)
Solution : Current density, J :LA: 102_6 =2x10° A/m® (amMm)
(1m)
or v, =2 2x10° =15.6x10"° ms™ (1M)

ne - 8x10%® x1.6x107°

44.  The resistance of a nichrome wire at o°c is 10Q. Ifits temperature coefficient of
resistance is 0.004/° C, find its resistance at boiling point of water. Comment on the

result.

Data:At 0°C,R, =10Q; =0.004/° C;t =100°C; (1M)
Att°C,R =? (1M)
Solution : [R, = R, (1+ t)| (1M)
=10(1+(0.004x100)) (1m)
R =14Q

As temperature increases the resistance of wire also increases. (amMm)

45, a) Three resistance of resistance 2Q2,3Q and 4 are combined in series. What is the
total resistance of the combination?

b) If this combination is connected to a battery of emf 10V and negligible internal
resistance, obtain the potential drop across each resistor.

Ans. a) R, =R +R,+R;=2+3+4=9Q

V.10
) V =Ry 1 === =L.11A

eq

finding potential drop across R,V, = IR, =2.22V
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finding potential drop across R,,V, = IR, =3.33V

finding potential drop across R;,V, = IR, = 4.44V
46. When two resistors are connected in series with a cell of emf 2 V and

2
negligible internal resistance, a current of 5 A flows in the circuit. When

. . i )
the resistors are connected in parallel the main current is - A. Calculate the

3
resistances. (MARCH 2017)
. 2 5
Given that E= 2V ISZEA, I, :§A
E Vv
| = R=—
R+r OR |
F ies R —L—SQ
or series R =~
2 8
5/3 5
R +R,=5-(1)
RR _6
R+R, 5

simplyfing both eq than R =3/L,R,=2/L

47. 100 mg mass of nichrome metal is drawn into a wire of area of cross-
section 0.05 mm?Z. Calculate the resistance of this wire. Given density of
nichrome 8.4 x 10° kgm™ and resistivity of the material as 1.2 x 10°Q m.

(5M) 2018 MARCH QP
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Given:
. mass
Mass = 100 x 107 g R volume
i, Vohume = Mass__100% 10°
A =0.05x (107)m"  Density  8.4x10°
, Prpod 93
Density = 8.4 x 10° kgm V =11.904 x 10°m
p=1.2x10°m
I
Ans: R:p_ Volume = £ x A
A

V11904 x107

T
R = 1.2 %107 x0.238 i ¥

0.05%107° 4 0.05x1078

R=5.7140 £ =0.23808 m

48. Two cells of emf 2V and 4V and internal resistabce1n and 20
respctively are connected in parallel so as to send the current in the same
direction through an external resistanve of 10Q . Fine the potential

diffecnece across 10Q) resistor. (5M) MARCH 2015 QP
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kvl Fo mesh E2AB Es

O, +12T, = 4

nnnnnnnnn

..........

Ve (I,frf)&
: 25V

vvvvvvvvvvv
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49.A Wire having length 2.0 m diameter 1.0 mm and resistivity 1.963X 102 Qm isconnected in
series with a battery of emf 3V and internal resistance 1¢) . Calculate the resistance of the
wire and current in the circuit. (5M) JULY 2016 QP

Ans. Given

|=2m, D=1.0mm, p=1.963X10°%Qm e=3V, r=1Q., R=?,1="?

ZD? 3.14X(1X107)

A= =0.785X10°m?

R 1.963X10°8X 2
~0.785X10°

R=5X107°Q

I_e_3
R+r 0.05+1

50. Define electrical resistivity of material of a conductor.

(1M) (MARCH 2019)

Ans: The resistance of the conductor per unit length and per unit area of cross
section.

51. Write the expression for drift velocity interms of current, explain the
term used. (2M) (MARCH 2019)

[
" nAe

I — current in conductor, A- area of cross section, n — number of electrons per unit volume
or free electron density, e — charge on electron

Va
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52. Graphically represent the variation of resistivity of a semiconductor
with absolute temperature.

Pl

53. a) Three resistors 3Q, 40 and 120 are connected in parallel. What is the effective
resistance of the combination?

b) If the combination is connected to a battery of emf 6V and internal
resistance 0.5Q), find the current drawn from the battery and terminal potential
difference across the battery. (5M) (MARCH 2020)

a) Effective resistance Rp 15 given by = n
TP 1 1. 1 _ 1 1 4+3+1 8 2
Substituting, — ==+ —+— = _ _8 2
R, 3 4 12 Rp 12 2 3

1
Effective resistance of the combination: R, =3/2Q = 1.5Q
£
b) Current drawn from the battery is, I =
: Rp+r1
6
1.5+05
Terminal potential difference: V=¢-Ir=6-3(0.5)=45V
OR Terminal potential difference: V= IR, =3 (1.5) =4.5V

I =3 A
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