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Chapter: 3
Current Electricity

Current Electricity
The branch of Physics which deals with the study of electric charges in motion is called current
electricity.

Electric current
The flow of electric charges in a particular direction constitutes electric current.

The electric current is defined as the rate of flow of charges.across any/cross sectional area of a
conductor is known as electric current.

~ | Q

Where, | = electric current
g= charge passed through any cross section of conductor
t=time
If the rate of flow of charge is notuniform then current varies with time and is given by-

. dq
T

Current is'ascalar quantity.
The direction of conventional current is taken as the direction of flow of positive charges or
opposite to the direction of flow of electrons.
Units of electric current: Ampere (in S.I. System)- One ampere represents the passage of one
coulomb of charge per second.
An electric current is due to the drift of -

1. Electrons in a metallic conductor.

2. Positive and negative charges in an electrolyte.

3. Electrons and ions in gases in discharge tubes.

4. Electrons and holes in a semiconductor.
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How Electric Current Flow in the Conductor

When no potential difference is applied across a conductor, the electrons are in random motion.
The average velocity of electrons is zero. Thus the motion of electrons does not constitute any
transport of charge in any direction. The current in the conductor is zero.

When potential difference is maintained (i.e. battery is connected) across a conductor, the electrons
gain some average velocity in the direction of positive potential (towards positive terminal of
battery). And thus current is set up in the conductor.

/| EIl 60 , Ax

It states that physical conditions like temperature pressure etc. remaining constant, the current
flowing through a conductor is always directly proportional to the potential difference across the
conductor.

ie. 1"V
or Vo 1
or  V=IR g — (1) '
Where R is constant of proportionality, called resistance of
conductor.
v
From (1) T= R = constant v o

So, if we plot a graph between V and I it will be a Straight line as shown in figure.

Resistance
It is the property of a body due to which it opposes the flow of current through the conductor. It is
equal to ratio of potential difference applied to the current flowing through the conductor.i.e.

Unit of R: unit of resistanceis| EI j T Qstdnl 38) 8 OU

One Ohm Resistance of a conductor is said to be one ohm if a potential difference of one volt produces
one ampere current through it.

Cause of Resistance: As we know that there are large numbers of free electrons in a conductor.
When a potential difference is applied across the ends of conductor the free electrons moves with
higher energy and collide among themselves and with the atoms of conductor and causes obstacle
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to flow of current. This obstacle produces the opposition to flow of electrons ie. produces
resistance.

Conductance (G)
The reciprocal of resistance is known as conductance. i.e.

G =

x| =

Unit of conductance is Simen or mho.

Resistivity (r)
As we know, resistance of a conductor (R) is
A . [N .
(i) Directly proportional to length(l) of
conductor D —
ie. R
(ii) Inversely proportional to the area of cross-section (A) of the conductor
=

- . l
Combining these two points, we have R=r "

Where, r is the constant of proportionality, called resistivity of the material.
Ifl=1,A=1thenr =R

So, r is defined as the resistance of a material having unit length and unit area of cross-
section.

r depends on the nature of material, but not on the dimensions of the material.
Unit of r is ohm=metre

Conductivity (S)

The reciprocal of resistivity () is called conductivity (S) ie.

1
P

S =

Unit of conductivity is Simen per metre

Current density (])
The electric current per unit area ,taken normal to the current, is known as Current Density.
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B

Unit of | is Ampere/metre2
The current density is a vector quantity directed along the flow of current.
When the plane of small area A makes an angle q with the direction of current, then

]: I

A cosf
Or [ =]A cosq
Or [= T A

If E is the magnitude of uniform electric field in the conductor whose length is [, then the
potential difference V across its ends is given by-

V=EI [asE:%)
Also  V=IxR=Ix%
Or El=]rl
Or E=]Jr
In vector form
E=pj
Or 7=6E

Where s is conductivity.

Drift Velocity

When no Electric field is applied across a conductor, the electrons are in random motion. The
average velocity of electrons is zero. Thus the motion of electrons does not constitute any transport
of charge in any direction. The current in the conductor is zero.

But when Electric field is applied; the free electrons at negative end experience a force F = eF in a
direction opposite to the‘electric field i.e. towards positive end.

Thus due to collision, there act backward force on electron. So, the electron drift slowly towards
positive end with a constant average velocity called, drift velocity vq

So, drift velocity is defined as the velocity with which free electrons get drifted towards the positive
terminal, when electric field is applied is known as drift velocity

Expression for drift velocity:
If t = average time between two successive collisions
a = acceleration produced

Then, v, =at
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. F
Also a = (F= force on electron, m= mass of electron)

But =-eE where negative sign shows that direction of force is opposite to that of
electric field.

So, a=——

—_ E - - - - . - - -
Or Vg=— %t where negative sign shows that direction of drift velocity is oppositeto that

of electric field.

Which is expression for drift velocity.

NoteV,;  E

Mobility:
Magnitude of drift velocity is given by Vg = ;—Et
Vd = EfE
m
Or Va=uE

where M= ff is mobility, and is defined as the drift velocity acquired per unit electric field.

Unit of mobility= m2V-1s-1

Relation between current and drift velocity

Consider a conductor of length / and area of cross section A. An electric field E is applied between its
ends. Let n be the number of free electrons per unit volume. The free electrons move towards the
left with a constant drift velocity va.

E— _

The number of conduction electrons in the conductor = nAl *

The charge of an electron = e . ‘

The total charge passing through the conductor q = (ndl) e

o . L
The time in which the charges pass through the conductor, t = -
d

Current flowing through the conductor, | =% = —(rll'/qi) <
d
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So, [ =ndev,
0 I_

r ~ = nevgy
Or J=ne,

This is the relation between current and drift velocity.

Note:
J =nevg,
y ne*cE
Y ]= —
- 2 -
in vector form | = n; “E
Also —]) =sE

ne?r

Comparing above two equations S =

$AAOAOCEIT 1T /& /I EI&O ,Axq

The current flowing through a conductor is given by, [ = ndev,

Also Va = £t
m
Therefore, I = nde %l‘
2
Or 1=nA <y asE = v
ml 1

ml ,
Where > = constant (= resistance)
nAe<r

Therefore| ““V
2 KAOK Aa 2KYQa fl go

Try example 3.1 and 3.2 from NCERT BOOK Download it from www.rsnotes.in or website of ncert

, EIEOAOGEITO 1T £ I EI 60 , Ax
1. For some good conductor graph between V and | is not exactly linear.

2. Indiodes relation between V and | depends on sign of V.
3. For semiconductor graph between V and | is not linear.
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semiconductors, and diodes.

RESISTIVITY OF VARIOUS MATERIALS

Depending on resistivity, the materials can be classified as conductor, semiconductors and insulators.
The conductors (metals) have low resistivities in the range of 102 KY G 2KY ma
The insulators have very high resistivities in the range of 108 KY G 2KY. mn

The semiconductors have resistivities between conductors and insulator i.e.inthe rangeof 10 KY (i 2
10°KY @

Temperature Dependence of Resistance
As we know for metallic conductor

So, when temperature of a conductor is increased, the thermal energy of electron increases. Due to
which the frequency of collision of free electrons with atoms or ions also increase and hence ¢
decreases. Hence, resistance increases.

If R, = resistance of conductor at 0°C &
R, = resistance of conductorat t°C
And t =rise in temperatue.
Then R;=Rp(1+at) « ---(1)
Where a =temperature coefficient or resistance.

From(1) R =Ry +Roat

R¢-R
Or a=—2>=
Rot
. _ . change in resistance
i.e. Temperature coefficient of resistance = £

Original resistancexrise in temperature

Hence a is defined as the change in resistance per unit original resistance per degree rise in
temperature.
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Unitof a = °C or kelvin™
For metals: a is positive. So, from (1) R;> Rg

Therefore resistance of metals increases with rise of temperature.(this implies that conductivity
decreases with rise in temperature.)

For insulators and semiconductors: a is negative. So, from (1) R;< R

Therefore resistance of insulators or semiconductors decrease with rise of temperature.(this implies
that conductivity increases with rise in temperature.)

For Alloys: for alloys like Nichrome, Manganin etc a is veryvery smallSo, from (1) R;° R,

Therefore resistance of alloys almost remains same with rise in temperature. That is why we use these
alloys to make standard resistance coil.

Similarly resistivity of a metallic conductor is givenby ry=ry(1+at)

Colour Code of Carbon Resistors
The value of resistors and their percentage accuracy.are indicated on carbon resistor by colour code
printed on them.

The colour code of carbon resistors is as given in the following table-

Colour black brown red orange yellow green blue violet grey white gold silver
No. 0 1 2 3 4 5 6 7 8 9

Mult. 10° 10 10 10°  10* 10° 10° 100 10®° 10° 10" 107
Colour green silver No Colour

Tolerance 5% 10% 20%

Methodl: when there is a set of rings of colours on the carbon resistors

1% ring colour gives the first significant figure

2* ring colour gives the second significant figure . .

a3y

3" ring colour gives the multiplier

MOTI3A
JONVHO
N3TT09D

4" ring (if any) gives the tolerance
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e.g.if 1%, 2”d,3rd and 4" colour are red, yellow, orange and golden respectively, then its value will be
24x10°° 5%

Method2:
Colour of body gives the first significant figure RED
b
Colour of ends gives the second significant figure : GREEN

SILVER
Colour of dots gives the multiplier

Ring (if any) gives the tolerance

e.g. if body colour be blue, end colour be green, dot be red and ring is silver, then its value will be
65x10°° 10%

COMBINATION OF RESISTANCES

Resistances in Series
Resistance are said to be connected in series , if the same current is flowing through each resistor, when
some potential difference is applied across the combination.

L— Ry X
LetR{,R, and R; are three resistances connected in series-as + M R
P | ae, §F AR
shown in figure S AMA—S  AMALS AMA
4-’*\/\ —D eV, Vg — =
N

If V1,V, and V5 is the potential drop across Rq,R, and

Rj respectively. Then,

V=V1+V2 +V3 """"" (1)

F'faz2z FTNRBY W=KR;Qa [ | & whereR;isthe total resistance of series combination.
So,V; =1R{,V, =TRzandV; =1R; - (2)

So, from*(1) and (2), we have

IRg=IR; +IR, +IR;

Or R¢g= Ry + Ry + R3

If there are n resistances connected in series then R¢ = Ry + R; +............. +R,

Hence if a number of resistances are connected in series then their resultant resistance is equal to sum
of individual resistances.
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Resistances in Parallel
A number of resistances are said to be connected in parallel if potential difference across each of them
is the same and is equal to applied potential difference.

LetR4,R, and R3 are three resistances connected in parallel as shown in figure.
Let V = potential difference applied.

If 1;,I, and I3 is the current flowing through R{,R, and
R; respectively. Then,

Then total current, 1=1;+1, +1;

A|SOV= 11R1= IZRZ = I3R3

\%
Or 11=R_,12=_ I3=_
Or —=—+— +— where R, is total resistance of parallel combination.
Or — =t +—

Similarly, if a number of resistances are connected in parallel, then the resultant resistance is given by-

1 1 1 1

—=—+— B =

R, R, R, [T R,

Hence, the reciprocal of resultant resistance in parallel is equal to sum of reciprocals of the individual
resistances.

Terminal Potential Difference
The potential difference between two electrodes of the cell in closed circuit i.e. when current is being
drawn from it, is called terminal potential difference.

E.M.F.
Electromotive force is the maximum potential difference between two electrodes of the cell in poen
circuiti.e. whenno current is being drawn from it.

Internal Resistance of a Cell :

The internal resistance of a cell is the resistance offered by

electrolyte and electrodes of a cell when electric current flows

through it. \/ Elgcxmlylc

Electrodes
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Internal resistance depends on-

Distance between the electrodes
Nature of electrolyte
Nature of material of electrodes

A wnN e

Area of electrodes immersed in electrolyte.

Expression for Internal Resistance
Consider a circuit with a battery, key and a resistance R as shown in figure.

Let E = emf of the cell
r =internal resistance of the cell.
R = resistance connected &

| = current clowing through the circuit

f E
Then, = ——— = —_
total resistance R+r E
L N
Or E=IR+Ir |
Or E=V+Ir
_ +_/\/VV\_(
Or V=E-Ir R K
E-V__ E-V__ E-V
o T Ty sk
E-V S . . .
Or r=- R whichis expression for internal resistance of a cell.
Difference between emf and potential difference
Emf Potential Difference
Maximum value of potential difference between The potential difference between two electrodes
electrodes of a cell in open circuit is called emf of the cell in closed circuit i.e. when current is
being drawn from it, is called terminal potential
difference.
It is independent of resistance of circuit. It depends upone the resistance of the circuit.
It is measured by potentiometer It is measured by voltmeter.
GRUPING OF CELL

1. Cell in Series:
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Let us consider n cells each of emf E and internal resistance r are connected in series, as shown in figure.

. >4 A 7 N7 N7 2 ~ ~ r oA~
Then,totalemfofiNDA G I' 9 b 9 b 9b X 5w 5
lyR G2GFf AYGSNYFE NBaradl yc “*4*‘%;“1}" t"‘“‘"L‘

t. - =
Total resistance of circuit = nr + R
_ emf _ nE
~ total resistance  R+nr Q

nE v . . - . . .
If R>>nr, then | = = Y current in external circuit is n-times the current due to single cell. So, series

combination is useful.

nE E

If R<<nr, then | = i Y current in external circuit is same as due to single cell. So, series

combination is not useful in this case.

2. Cell in Parallel
Let us consider m cells each of emf E and internal resistance r.are.connected in parallel, as shown in
figure

Then E =total emf or circuit
& R = external resistance

Then, total internal resistance r; is given by

—=—+—+—+

1 1 1 1 1
rp r r r r

=3

m
Orri=?

Total resistance of the circuit=R+ r; =R +?

E _ E
R+2 7 _mR+r

Or |=

~|3

mE - . . - . .
If R<<r, then|= N Y current in external circuit is n-times the current due to single cell. So, parallel

combination is useful.

mE E . . - .
If R>>r, then | = =R Y current in external circuit is same as due to single cell. So, parallel

combination is not useful in this case.
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Note in mixed grouping

n-cells are connected in each series and m such combination are connected in parallel, as shown in
figure

e i o -\
Then, in the similar way, : )_{_,_a, (:\\

l——'\\—"*‘”)‘ 7
Total emf = nE i\

o -t

{— F’“’ﬁ‘ —’

Total resistance= R + —
m ——«‘/\/\VV\__\A—%‘_J

Then emf _ nEm

total resistance IIlR+IlI‘

Combination is useful when internal resistance is equal to external resistance.

Note:h KY Wa ¢ A& dzylo6tS (2 3IAGBS OdNNByild Ay O2YLIX A
+ EOAET ££860 , Ax g

YANDK2FFQa 3+ @S Go2 tlsa 6KAOK I NBE OSNE dzaSTdzZ (2

Kirchoff’'s 1** law or Junction Law: It states that, the algebraic sum of the currents at any unction in a
circuit is zero. i.e.

XI=0

So, according to this law there is no accumulation of electric current at any junction (the points where
wires meets in an electric circuit).

By convention, the currents which flow towards a junction are taken as
positive & the currents which flow away from the junction are taken as
negative.

From figure, we‘have-

11_12_I3+I4_15+I6=0

Kirchoff’s 2" Law or Loop Law: it states that , in any closed circuithe algebraic sum of the products of
the current and resistance of each part of the circuit is equal to the total emf in the circuit. i.e.

ZIR= ZE
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By convention, the product of current and resistance is taken as positive when we move in the direction
of flow of current. The emf is taken positive when we move from negative to positive terminal through
the cell and vice-versa.

PLILX @AYy3 YANDK2FFQa (2 GKS OANDdzZAG Fa aK2gvV Ay TA

For the loop ACDBA, Ii’ Eb R
A P—AW ¢
[1R; = LRy =E; —E; . 8
L, ,E R
For the loop EFDBA 2, 2 2
£ r-{—h AL |

LR, + (I; +12)R; = E, J'+IL N

For the loop EFBAE WEEENS. - |
E

LRy +d; +I)R3 =E4

M

ILLSTRATION: taking the current in the clockwise direction along 50
ABCDA as positive

51+ 10l + 81 + 10l + 51 =50 - 20 - 30 +40

Y 381=40
Y 1=2a
38

7TEAAOOOI TABO "OEAA(Q

LG A& olFlaSR 2y YANDKRIHRERQE | ¢ f
and S to form a closed path. A galvanometer G, a cell of emfE, a A
key K is connected as'shown in figure.

¢tKS OdzNNByid L Aa RAGARSR Fid ¢
law as shown in figure.

b2g | LILX @Ay 3 YA NDRsdgdpaaBoa2ft G135 1 g G2

[P+ I,G—(I-I)R=0XXXX®DPO MO

b2¢ LI &@Ay3a YANDK2FFQa x2fdGrF3aS ¢ G2 GKS Of 2aSR
(I-1)Q—(I-L, +I)S—,G=0XX XXX PO H 0

If bridge is balanced, then galvanometer will show no deflectioni.e.l; = 0
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Therefore, equation(1) becomes

LP+(I-I)R=0 XXXX®oouv
And, equation (2) becomes

LQ—(I—-I)DS=0 XXXXX®doOono
Dividing (3) by (4) we have

P R
Q S

This is condition for bridge balance. If P,Q, and r are known the resistance S can be calculated.

Slide Wire Bridge or Meter Bridge

Itis the practical application of wheatstone brdge. It is used to determine unknown resistance.

Construction: it is consist of 100cm long wire stretched and

clamped between two metallic strips bent at right angle as

wi A Agie

shown in figure.( between two points Aand C) T o, [E " i| o B o
. “G -:' ‘ ‘

The metallic strip has two gaps G; and G, where resistance P

-

and Q are connected. A cell E is connected between A and C .

through a key K. here J is jockey connected to B through

P
J matre scale
galvanometer G. This jockey can be move over wire. K

Working: A known resistance is “taken out of the resistance box (Q) and jockey is moved till the
deflection in the galvanometeriis.zero.

When galvanometer shows no deflection (say at point J) the bridge is said to be balanced and therefore

g=§ (1)
Here R =resistance of wire segment Al
& S = resistance of wire segment JC
Let, I = resistance of the wire per unit length

If Al =landJC= 100l
Then, R=r.l and S=r (100

Therefor, R r L XXXXXXOHO

s r(100-0) _ (100-0)
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P l
From (1) and (2) we have Q_ (100-0)

1
p= (100-1) Q

Or

Hence by knowing Q and | we can calculate P

100-!
P

Note: If P is Known and Q is unknown then Q =

Potentiometer

www.rsnotes.in

It is an instrument used to compare the emfs of two cells and to determine the internal resistance of a

cell.

Construction: It is consist of long uniform wire of constantan or manganin stretched in 4 to 10 segment,

each of one metre length. Te segments are
stretched parallel to each other on a wooden

Rh

board. The ends of the wire are fixed to Cu strips.

HK>
m
| —

A metre scale is fixed parallel to the wire. To
provide constant current through AB a source of

emf E is connected across points A and B through

ot

an Ammeter a key K and a rheostat as shownin
figure.

Principle of Potentiometer

An potential difference less than“the total potential difference maintained across the potentiometer

wire can be balanced against-a convenient length of the potentiometer wire. The potential difference

balanced is directly proportional to the length of the wire which balances the potential difference.

Proof:

Make the connections as shown in circuit diagram. Here E; > E. | is

constnt current. G is galvanometer.

If the potential difference between A and J is equal to the emf of the
cell, no current flows through the galvanometer. It shows zero

deflection. AJ = is called balancing length.

Then, potential difference across AJ = Irl

Eq Rh
[HHEY

JE—

Where, r=ressistance per unit length of potentiometer wire & | is current by E;

So, E=Irl

Ta
e
E

J
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Or E™Irl, (Asl and r are constant)

Hence emf of the cell is directly proportional to its balancing length.The. potential difference
balanced is directly proportional to the lehgof the wire which balances the potential differenghich
is principle of a potentiometer.

To compare the emf’s of two cells.

fweg |l yi G2 02 YLI NBcelli K $ndES YvE @ake th: Tonnéctods as shown in the
circuit diagram. Let r is the resistance per unit length of the Rh

B
potentiometer wire and | is the constant current flowing through l_| H hl}/W\%\_
it.

Here E; andE, is connected through a two way key.

|
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E

Now we insert key between gap PC E,will be in circuit (and E, 1 P

will be out of circuit.) 4-| I'_

c
If balancing length in this case is |; then ﬂzko
Er=ll - (1)
Now we insert key between gap QC E,will be in circuit (and E; will be out of circuit.)
If balancing length in this case is |, then
Ex=lrl e (2)
Dividing (1) by (2), we have-

E, Lrl
E, Ll

Or
Eq _ Ly
E, B Ly

Hence by knowing ljand, 6 S OF y O2 ¥ELahdEE SYTFQa

To determine the internal resistance of a cell:

Rh
B
To determine the internal resistance of a cell E, we make FHF(.T.ML
I

the connections as shown in the circuit diagram. Here K is

a key, if K is pressed E supply current which passes

through resistance box RB.
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Let r is the resistance per unit length of the potentiometer wire and | is the constant current flowing
through it.

Now let K is not pressed, cell E will not supply any current.

If balancing length in this case is |; then, emf of the cell will be-

Now let K is pressed, cell E will not supply any current.

If balancing length in this case is |, then, terminal potential difference of the cell will be

Dividing (1) by (2), we have-

Or

As the internal resistance r; of the cell is given by

rn=(Z-1)R
Therefore, r{= (i—: - ) R

Henceknowing [;and [, we can calculate the internal resistance of a cell.
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