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(1) The time rate of flow of charge through any cross-section is called current. i= Lim AA? 99 If flow is

uniform then i:%' Current is a scalar quantity. It's S.I. unit is ampere (A) and C.G.S. unit is emu and is

called biot (Bi), or ab ampere. 1A = (1/10) Bi (ab amp.)

(2) Ampere of current means the flow of 6.25 x 108 electrons/sec through any cross-section of the
conductor.

(3) The conventional direction of current is taken to be the direction of flow of positive charge, i.e. field
and is opposite to the direction of flow of negative charge as shown below.
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(@) The net charge in a current carrying conductor is zero. a t_

Fig.19.1
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(5) For a given conductor current does not change with change in cross-sectional area. In the following
figure il = i2 = i3 /f-l
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Fig. 19.2
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(6) Current due to translatory motion of charge : If n particle each having a charge g, pass
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through a given area in time t then i =

O—> o—

If n particles each having a charge g pass per second per unit area, the current associated with cross-
sectional area A is i = ng4

If there are n particle per unit volume each having a charge g and moving with velocity v, the current
thorough, cross section A is i = nqva

Table : 19.1 Types of current

c) Direct current (dc)
 ———
) ] ulsating dc) stant dc)
' — Magnitudeand | | 77\ /\\/\
direction both varies ‘ : — .
with time \j
ac— —dc
de > —ac
(ii) Shows heating effect only (ii) Shows heating effect, chemical effect and magnetic
effect of current
+|,—
(iii) It’s symbol is @ (iii) It’s symbol is _| —

(7) Current due to rotatory motion of charge : If a point charge g is moving in a circle of radius r
with speed v (frequency v, angular speed ® and time period T) then corresponding current
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(8) Current carriers : The charged particles whose flow in a definite direction constitutes the electric
current are called current carriers. In different situation current carriers are different.

(1) Solids : In solid conductors like metals current carriers are free electrons.

(ii) Liquids : In liquids current carriers are positive and negative ions.

(iii) Gases : In gases current carriers are positive ions and free electrons.

(iv) Semi conductor : In semi conductors current carriers are holes and free electrons.

ﬂE:urrent Density (J)

Current density at any point inside a conductor is defined as a vector having magnitude equal to current
per unit area surrounding that point. Remember area is normal to the direction of charge flow (or current

passes) through that point.
\ d

di — in W

(1) Current density at point P is given by J = i
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(2) If the cross-sectional area is not normal to the current, but makes an angle & with the direction of

current then
J=—Y s Gi—Jddcos® =T .dd = i=[7 -dd < > 0

dA cos @

(3) If current density J is uniform for a normal cross-section 4 then J = i

(4) Current density J is a vector quantity. It's direction is same as that of £ . It's S.I. unit is amp/m? and

dimension [L2A].

(5) In case of uniform flow of charge through a cross-section normal to it as i=ngvd = J = i =ngv .
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(6) Current density relates with electric field as J = o E = % ; where o = conductivity and p = resistivity or
specific resistance of substance.
¥¥\7- €| (J=7F
. . 9
Drift Velocity f

Drift velocity is the average uniform velocity acquired by free electrons inside a metal by the application
of an electric field which is responsible for current through it. Drift velocity is very small it is of the order of
10~4 m/s as compared to thermal speed (=10°m/s) of electrons at room temperature.
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If suppose for a conductor

n = Number of electron per unit volume of the conductor f - Nne A \/

A = Area of cross-section

i \/
V = potential difference across the conductor l - nNe 4

—m

0
= electric field inside the conductor A W PO e ) [S
Lo

i1 = current, J = current density, p = specific resistance, o = conductivity (o =—J then current relates
P

with drift velocity as i = nedv , we can also write

— 7 7 .« __v |NRET ‘T \/‘ o _L/
d_neA_ne_ne_pne_plne. \L

(1) The direction of drift velocity for electron in a metal is opposite to that of apphed electric field (i.e.
current density J).

v, < E 1.e., greater the electric field, larger will be the drift velocity.
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(2) When a steady current flows through a conductor of non-uniform cross-section drift velocity varies

. . . 1
inversely with area of cross-section [v s Zj

de
vd] A <A
. S0 v, >V,
1 1 2
/ A A

Fig. 19.7

(3) If diameter (d) of a conductor is doubled, then drift velocity of electrons inside it will not change.
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Fig.19.8

(1) Relaxation time (7) : The time interval between two successive collisions of electrons with the

positive ions in the metallic lattice is defined as relaxation time r= mean free path - With rise in
r.m.s. velocity of electrons v,

temperature v,»s increases consequently rdecreases.

(2) Mobility : Drift velocity per unit electric field is called mobility of electron ie. u= %’ It’s unit is

= vV
volt — sec - J, ( C‘{NC‘- & V\AL\'OV\)
Ohm's Law E

If the physical conditions of the conductor (length, temperature, mechanical strain etc.) remains some,

then the current flowing through the conductor is directly proportional to the potential difference across it’s
two ends i.e. i « ¥ = V¥ =iR where R is a proportionality constant, known as electric resistance.

(1) Ohm’s law is not a universal law, the substances, which obey ohm’s law are known as ohmic
substance.
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(2) Graph between V and i for a metallic conductor is a straight line as shown. At different temperatures
V-i curves are different.

"

0 V=TR
5 R=-V\
i — 2
. T _ Vo
(A) Slope of I:he line (B) Here tand, > tants ‘]/ﬂ\qui___ - B
—tanf =— =R SoR: > R-
i ie. T.>T> I
Fig. 19.9
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Resistance

(1) The property of substance by virtue of which it opposes the flow of current through it, is known as
the resistance.

(2) Formula of resistance : For a conductor if [ = length of a conductor A = Area of cross-section

of conductor, n = No. of free electrons per unit volume in conductor, 7 = relaxation time then resistance

l m 1

of conductor R = P where p = resistivity of the material of conductor
ne 7T

(3) Dependence of resistance : Resistance of a conductor depends upon the following factors.

.@ 0 R« {
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(i) Length of the conductor : Resistance of a conductor is directly proportional to it’s length i.e. R oc 1

1
and inversely proportional to it’s area of cross-section i.e. R o« ”

(ii) Temperature : For a conductor

Resistance oc temperatur e . R R ( \ ‘)"‘ D( >

RQsigl—awu; ﬁ‘
al T % RQQAQMV\UL

and ¢, f = temperature co-efficient of resistance o4 O °c

then R, = R,(1+at+p+*) for t > 300°C and Q‘Aﬂ\+ (N\k (NEET)

0rt<300°C or a=% Rm - 2\( ]‘\/OL(T‘L:F\\>

If R, and R, are the resistances at t,°C and t,°C respectively then % = 13:—“;‘ . h PP / X
o

The value of « is different at different temperature. Temperature coefficient of resistance averaged over the

temperature range t,°C to t.°Cis given by « = % which gives R, = R, [1 + a (t. — t1)]. This formula gives an
1 2

approximate value. Rvn s Yav L.
b

If o = resistance of conductor at o°C

R; = resistance of conductor at t°C

Blewp -

Table 19.2 : Variation of resistance of some electrical material with temperature

Material Temp. Variation of
coefficient of | resistance with
resistance (¢) | temperature

rise

Metals Positive Increases

Solid  non- | Zero Independent
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metal

Semi- Negative Decreases

conductor

Electrolyte Negative Decreases

Ionised gases | Negative Decreases

Alloys Small  positive | Almost constant
value

Resistivity (o), Conductivity (o) and Conductance (C)

(1) Resistivity : From R = pﬁ; If l=1m, A =1m2then R=p i.e. resistivity is numerically equal to the

resistance of a substance having unit area of cross-section and unit length.

(1) Unit and dimension : It’s S.I. unit is ohm x m and dimension is [ML3T> 472]

R-7°
m l’/]m ~ —
ne’r A;IML R’r A

(iii) Resistivity is the intrinsic property of the substance. It is independent of shape and size of the body

(i.e. land A).
uw b oy € s Obrm % walhee

(i) It’s formula : p =

Pinsulator > palloy > Psemi -conductor > Peonductor
(Maximum for fused quartz) (Minimum for silver )

(v) Resistivity depends on the temperature. For metals p, = p,(1+aAr) 1i.e. resitivity increases with
temperature.

(vi) Resistivity increases with impurity and mechanical stress.
(vii) Magnetic field increases the resistivity of all metals except iron, cobalt and nickel.

(viii) Resistivity of certain substances like selenium, cadmium, sulphides is inversely proportional to
intensity of light falling upon them.

(2) Conductivity : Reciprocal of resistivity is called conductivity (o) i.e. o =% with unit mho/m and

dimensions M LT3 4%].

(,ov\(J\Ac Mwa [7 MQHWH/
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(3) Conductance : Reciprocal of resistance is known as conductance. ¢ =— It’s unit is — or Q- or
“Siemen”.

3

4

V —

Fig. 19.11
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If a conducting wire stretches, it’s length increases, area of cross-section decreases so resistance increases
but volume remain constant.

Suppose for a conducting wire before stretching it’s length = [, area of cross-section = A,, radius = r;,
diameter = d,, and resistance R, = pi—l
1

Before stretching After stretching O

?RM' ﬁgx
»—i > > > S —/‘ v i
g pVolume remains constant i.e. Al; = Azl 6(“ JI W> \\’ ( 7«? L

Fig. 19.12 9 2.
L R=1A R, T v
R-F2 4 _ {¢¢ A n e B (T ) = f
vol, N R - (\/04@. 2+ )
R °( ,Q'L , g, ] (;ﬂ_\ AL
R, ‘&
After stretching length = L, area of cross-section = A., radius = r., diameter = d. and resistance
=R, = P;—z
2

p) p) 7 T
Ratio of resistances before and after stretching 11:1 = ;—lx % = [;_IJ = [ﬁ) = (’ 2 J = (‘1 2 ]
2 2 1 2
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2
(1) If length is given then R « 12 :2—1 = U—lj
2 2

4
(2) If radius is given then R « — ==Xt _ [r_zj

rt 2 n

Grouping of Resistance

(1) Series grouping

(i) Same current flows through each resistance but potential difference distributes in the ratio of
resistance i.e. V &R R. Rs

207 e i I Conits  mbivahon
y W‘ Jrgpentir s Sonond

\L\}\, M - Q‘J‘Q’L ‘]’Kg

[

J \/—v1"\/’),_\/f5 = U

(ii) R, =R, +R,+R, equivalent resistance is greater than the maximum value of resistance in the

combination.

(ii)If n identical resistance are connected in series R, =nR and potential difference across each

resistance r'=—
n

(2) Parallel grouping by ( | ) |

153

. . i3
. (i) Same potential | ) R
difference appeared across Rs eﬂ
each resistance but current I
distributes in the reverse

ratio of their resistance i.e. Fig. 19.16 | )

\4

ioc—

Ry=ta
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R,R,R
Lol orr, =Ry +R;' +R') or R, :
R R, R, " RR, T R, R, + RR,

(ii) Equivalent resistance is given by

eq

. . . R,R iplicati
(iv) If two resistance in parallel r, = ——2—= Multiplica tion
R, +R, Addition

(v) Current through any resistance

)
. : )
i ix [Res1stance of opposite branch } P‘?/ glm

Total resistance

Where i’ = required current (branch current), |.e l/]. M W ns
wn
ln ponr e PO

; R
. o u
1 = main current AW 9 amnL
. ? . PR,
1 [
> RH’EL
| R, i
=1
! (Rl +R2J i R.
AW
Fig. 19.17
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The device which converts chemical energy into electrical energy is known as electric cell. Cell is a source
of constant emf but not constant current.

Ay
I \
R i

Symbol of cell
w kel
frvistance

Fig. 19.18 ‘/v VAB - E _ 'o\‘ / i

tevminal polen Had Ob WA
(1 The potential difference across the terminals of a cell when it is not supplying any
current iscalled it’s emf’.

(2) Potential difference (V) : The voltage across the terminals of a cell when it is supplying current
to external Tesistance 15 calted potential difference or terminal voltage. Potential difference is equal to the
product of current and resistance of that given part i.e. V=iR.

(3) Internal resistance () : In case of a cell the opposition of electrolyte to the flow of current
through it is called internal resistance of the cell. The internal resistance of a cell depends on the distance
between electrodes (r « d), area of electrodes [r o« (1/A)] and nature, concentration (r o« C) and temperature

of electrolyte [r «c (1/Temp.)].

A cell is said to be ideal, if it has zero internal resistance.

cell-inVari Positi
(1) Closed circuit : Gell supplies a constant current in the circuit. R 5 7= XR,
—— AWWW—— /
i V=iR / .
|y l ‘
L o
Fig. 19.19 - 4+ \
+1- ¥
0 E 0
[ = — E Y
R +¥
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(i) Current given by the cell i= RE

+r
(ii) Potential difference across the resistance v =ir \/ Y - E - \j
(iii) Potential drop inside the cell = ir 'Z

(iv) Equation of cell £=r+ir  (E> V) Y - [E ’,> P\/
va

(v) Internal resistance of the cell » = (% - 1)- R

(vi) Power dissipated in external resistance (load) ,.Y - R ( _,\5.7_ _ D

2 2
P=Vi=i2R=V—=[ £ j R

R R+r

. . . E?
Power delivered will be maximum when rR=r so P, = o

This statement in generalised from is called “maximum power transfer theorem”.

T ------------- <2 Pmax = E?/41

5 Q_KJQ.M‘CQ.
N G e

iR:r 'H"l"" Y

R —

Fig. 19.20 l’—N\/"*"'
FO V\AA/’ d(,{- A wa w MR A |2 |V\I-e‘squ f’\»UY)SHVILL

(v11) When the cell is being charged i.e. current is given to the cell then E=V —ir and E< V.

(i) Maximum current (called short circuit current) flows momentarily i, = E
r

\TT

(ii) Potential difference V=0 P\ R _B

Grouping of Cells
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Group of cell is called a battery.

In series grouping of cell’s their emf’s are additive or subtractive while their internal resistances are
always additive. If dissimilar plates of cells are connected together their emf’s are added to each other while if
their similar plates are connected together their emf’s are subtractive.

E, E, E, E,
Eeq =E. +E> Eeq =E -E. (E1 > Ez)
Teg=T1+ T2 Teg=T1+ T2
Fig. 19.23

(1) Series grouping : In series grouping anode of one cell is connected to cathode of other cell and so
on. If n identical cells are connected in series

E,r Er Er E,r - —
| e e ne
- A - +
LYTIVES
; Ener = ME . Yy= WY T - ME k-
R WY R
AW
Fig. 19.24
\f \“Np Owk ob n td 'b wm s wuneited
W*rovxa\v‘ en
= MNE -2ME
Eey

(2) Parallel grouping : In parallel grouping all anodes are connected at one point and all cathode are
connected together at other point. If n identical cells are connected in parallel

Fig. 19.25
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(3) Mixed Grouping : If n identical cell’s are connected in a row and such m row’s are connected in
parallel as shown.
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(1) Kirchoff’s first law : This law is also known as junction rule or current law (KCL). According to it
the algebraic sum of currents meeting at a junction is zero i.e. 21 = 0

<O
O

Fig. 19.27

In a circuit, at any junction the sum of the currents entering the junction must equal the sum of the
currents leaving the junction. ; +i;, =i, +4,

(ii) This law is simply a statement of “conservation of charge”.

(2) Kirchoff’s second law : This law is also known as loop rule or voltage law (KVL) and according to
it “the algebraic sum of the changes in potential in complete traversal of a mesh (closed loop) is zero”, i.e. XV

=0
o R\ °PL l” R:b

| +
(i) This law represents “conservation of energy’.

\/—\/f'\/'),v\/_'s;o A+ -
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(ii) If there are n meshes in a circuit, the number of independent equations in accordance with loop rule will be

(n—1).

(3) Sign convention for the application of Kirchoff’s law : For the application of Kirchoff’s laws
following sign convention are to be considered

(i) The change in potential in traversing a resistance in the direction of current is — iR while in the

opposite direction +iR .
ppos1 1 1 'R v

(ii) The change in potential in traversing an emf source from negative to positive terminal is +E while in
the opposite direction — E irrespective of the direction of current in the circuit.
Vh-E = Vg \/ =\ht+E

’_ﬁﬁ?h—L? A.—);—p—g‘—o

- E E
Fig. 19.29 *

Va Uy Vgt Vh = e

ifno 9 2 g
@\*f@ff»”ﬂa
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(1) Galvanometer : It is an instrument used to detect small current passing through it by showing
deflection. Galvanometers are of different types e.g. moving coil galvanometer, moving magnet
galvanometer, hot wire galvanometer. In dc circuit usually moving coil galvanometer are used.

(i) It’s symbol : : ; where G is the total internal resistance of the galvanometer.

—

(ii) Full scale deflection current : The current required for full scale deflection in a galvanometer is

called full scale deflection current and is represented by i,.

(2) Ammeter : It is a device used to measure current and is always connected in series with the
‘element’ through which current is to be measured.

R
AW
| @
I
1=

Fig. 19.32 &

e
v

(i) The reading of an ammeter is always lesser than actual current in the circuit.

(ii) Smaller the resistance of an ammeter more accurate will be its reading. An ammeter is said to be
ideal if its resistance r is zero.

(iii) Conversion of galvanometer into ammeter : A galvanometer may be converted into an
ammeter by connecting a low resistance (called shunt S) in parallel to the galvanometer G as shown in figure.

i—igvgW o v 61 \036'\
© i

Fig. 19.33 : %61 =§U\-i)/ff
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(3) Voltmeter : It is a device used to measure potential difference and is always put in parallel with the

‘circuit element’ across which potential difference is to be measured.

(i) The reading of a voltmeter is always lesser than true value.

(ii) Greater the resistance of voltmeter, more accurate will be its reading. A voltmeter is said to be ideal if
its resistance is infinite, i.e., it draws no current from the circuit element for its operation

(iii) Conversion of galvanometer into voltmeter : A galvanometer may be converted into a
voltmeter by connecting a large resistance R in series with the galvanometer as shown in the figure

(o)
(6) A
o (o] R

—— V= i)G —He——(V - V)
i, |
\%4
N - >

Fig. 19.35 y, 3 €
= -\ )V
. Vo ( ) ) .

7

(4) Wheatstone bridge : Wheatstone bridge is an arrangement of four résistance which can be used to
measure one of them in terms of rest. Here arms AB and BC are called ratio arm and arms AC and BD are

called conjugate arms
Vo _ 6o)vd p=)b

VD
Q V>VgdVe 127 low
P _ 9}_ A 8
z - g 24 UrA
M halante bR _\ \_f’ -
okl - 7 - K
(L4 164
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(5) Meter bridge : In case of meter bridge, the resistance wire AC is 100 cm long. Varying the position
of tapping point B, bridge is balanced. If in balanced position of bridge AB = I, BC (100 — I) so that
Q_(00-0 oo P_R _ o _(100-D),

P ! 0 s I
ﬂ@
— /|
@
0
. P |B e'(;lo'gl) c
T&— lem —><—— (100 - ) cnfy—|
1
= ()K
Fig. 19.37 g
—_— -

R &

Potentiometer is a device mainly used to measure emf of a given cell and to compare emf’s of cells. It is
also used to measure internal resistance of a given cell.

X(|ovd()

Potentiometer

(1) Circuit diagram : Potentiometer consists of a long resistive wire AB of length L (about 6m to 10 m
long) made up of mangnine or constantan and a battery of known voltage e and internal resistance r called
supplier battery or driver cell. Connection of these two forms primary circuit.

One terminal of another cell (whose emf E is to be measured) is connected at one end of the main circuit
and the other terminal at any point on the resistive wire through a galvanometer G. This forms the secondary
circuit. Other details are as follows

Rn
Primary

| Ry
|} .
1* \*/
circuit

A B
Secondary—_| 5
circuit E |




