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CURRENT ELECTRICTY

(Some Definations

\

OHM’S LAW )

(
N

ELECTRIC CURRENT ]

The rate of flow of electric charge across any cross-
section is called electric current.

(a)

(b) Average electric current I, =

Current Density

. dq
Instantaneous electric current [ = E

Aq
At

Drift Velocity

Current flowing per unit area through any cross-
section is called current density.

[=J.A=JAcos0

Average velocity with which electrons drift from
low potential end to high potential end of the
conductor (v,). Drift velocity is given by

Uy = —%E (in terms of applied electric field)

Vd:_

neA

conductor) From second relation

(in terms of current through the

I = neAv, where A is the area of cross-section
and “Av,” represents the rate of flow.

The term A1 is called mobility of charge

E

) v, et
carriers, represented by p = T
m

(here t — mean relaxation time depends on

temperature 1 oc 1 , T — absolute temperature
T

of the conductor)

J

=

\Y)
R whereR = —— =

1
1¢ pL where p (resistivity) =—
o

c A
Hence according to Ohm’s law when R is constant
[V = 1~V curve is a straight line (at constant
temperature)

Resistance of a conductor is given by

R=PL_ nzw
A  ne*tA
where p is resistivity. Its units is Q m.

m
Resistivity of a conductor, p = o't (where m is

mass of electron, n is number density of free
electrons, t is average relaxation time).

Variatio in resistance (R)

Variation with length: R = A

1

(@)
()

If a wire is cut to alter its length, then area
remains same. L Roc v
If a wire is stretched or drawn out or folded,

area varies but volume remains constant. = R
2
oc f

For small percentage changes (< 5%) in length by

stretching or folding, then, % = 260
4

Variation with area of cross-section or
thickness

(@)

()

If area is increased / decreased but length is
kept same.

1
o R A or R o 1 (r = radius / thickness)

rZ

If area is increased/decreased but volume
remains same.

1
ROC—orR —
A? e

For Conductors :

p, = pol1+at), where ‘o’ is temperature.
Coefficient of resistivity.
AsR o p =R =R(1 + aof)
(R, is the resistance at reference temperature)
At temperature t;, R; = R, (1 + at,)
At temperature t,, R, = R (1 + at,)

RZ_RI _ RZ_RI

sa=——- R, =
Rolt, -t,) " °  alt,-t,)

GOeeeeeeee————)
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( COMBINATION OF RESISTANCES )

Resistance In Series (Same Current)

R=R +R,+R,+............... +R_ and
V=V +V,+V.+ ... +V .
f[ )
Rl 2 R3
VYWV VWYY -~V
v, VR
+ -
L V!
= —WW———o
an:Rl"'Rz"'Rs
=V, =1R,V,=1IR,, V,=1R,

Re;istance In Parallel (Same Poiential
difference)

Effective resistance (R) then
1 1

11
—_= s ——
R R, R, R, R

RiR,
Ry

For two resistance R =

Equivalent Resistance In Cube (Symmatry)

[ KIRCHHOFF’S LAWS )

1. Junction Rule (K.C.L.)
It is based on conservation of charge.

I=1+1,

2. Loop Rule (K.V.L.))
For any closed loop, total rise in potential + total
fall in potential = 0.
It is based on conservation of energy.

R
ANVA'

+v-R =0

|
~ |I

Terminal Voltage V = E — iR discharging,
E + iR charging

* EMF (E) : The potential difference across the

terminals of a practical cell when no current is
being drawn from it.
* Internal Resistance (r) : The opposition of flow
of current inside the cell. It depends on
(i) Distance between electrodes : TrT
(i) Area of electrodes : Tri
(i) Concentration of electrolyte : TrT
(i

( Q) A v) Temperature : Trd
8 7 Series Compbination of Cells :
6
T U T U N L LS
4 1y r s
1 2 W \ >
/) R
(@) Resistance between two nearer corners
7 19C (a) Eequivalent =E, +E, +E;+....... E,
R12 = Er C12 === r‘equivalent = r1 + r‘2 + I‘3 T rn
(b) Resistance across face diagonal _ in
3 4C (c) Current i=
R13=Zr Clsz? Zr,.+
() Resistance across main diagonal (d) If all cells have equal emf E and equal internal
E
Ry, = gr S =% resistance r then i= mn+ R
_\ J J J

Geeeessee————— )
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(Cases : Mixed combination h
. E Total number of identical cell in this circuit is nm. If n cells
@ Ifnr>>R = 1= T connected in a series and there are m such branches in
the circuit than the internal resistance of the cells connected
E
n .
(i) If nr << R :>i:F in arow = nr
Parallel Combination of cells : R
E
r N r
E FWWWA—] WM —| FWWWW—
TV -
_|E2 1, AWM —] MWW —] FWWMW—]
E3 ) E r
v i +ncell | Y,
A
Total internal resistance of the circuit 1 = 1 + 1
r, nronr
R ....upto m turns
\— J
nr
E; N E, N E . (- There are such m rows) I,,; =
Rl SO
(a) ccivlont = — : - Total e.m.f. of the circuit = total e.m.f. of the cells
a 1 1 1
e e connected inarow E.=nE
L L o
1 [= E . __nE
(b) requivalent = 1 1 1 R+ rnet R+ E
e e S m
r, 1, T
oz . Current in the circuit is maximum when external resistance
(c) If all cells have equal emf. E and internal . s . .
resistance r then E _E in the circuit is equal to the total internal resistance of the
‘equivalent —
nr
Loquivalent = L = current i = — cells R = m
4 )
L WHEAT STONE BRIDGE )
When current through the galvanometer is zero (null
R 4 ™
point or zero defluction) 6 =35
Q
When PS>QR,V. <V &PS<QR,V.>V_ or
B
PS = QR = products of opposite arms are equal.
Potential difference between C & D at null point is S
zero . The null point is not affected by resistance
E R
of G&E. It is not affected even if the positions of G i: AAAMA—
\ J
& E are interchanged.
\_ J
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(Electrical Instruments

~

(Applications of potentiometer :

Metre Bridge : Works on principle of
wheet stone bridge

At balance condition :

P R ¢ R (100 - ¢)
2 = —=S=
Q S (100-¢ S !
4 D
S
m AV
| D
[ o 0 ¢ [
=
P v
Ae—f————(100-) C
| I
& J

Potentiometer :

A potentiometer is a linear conductor of uniform
cross-section with a steady current set up in it. This
maintains a uniform potential gradient along the
length of the wire . Any potential difference which
is less than the potential difference maintained
across the potentiometer wire can be measured
using this .

Circuits of potentiometer :

E
(i) Comparision of emfs of two cells E_l
2
. 2
—
—||—(o)—4vww~'—
J J

(i) Internal Resistance of a given primary cell

(0,—10,)

=7y, 8

p
IS w—
A A B
\.

(iii) Comparision of two resistances

R, ¢

1
@ N R, +R, ¢,
E " Rh(0-R)
4| F—WWAM——(—— WA —
primary circuit T_
< L ( ]
A ~__ B —| —O—ww—
secondary circuit J wire ;
' A B
E'| /-\G E<E
! & S
\ J l—%
1 I 2 p
) VVV:VV VHQVVV
current x resistance of 1A
vV potentiometer wire B I(Ej “ \Y
L length of potentiometer wire L \
N J
88 Geeeessee————— )
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An instrument used to measure shtrength of current
by measuring the diflection of me coil due to torque
produced by a magnetic field.
Tocioch

A galvanometer can be converted into ammeter &
voltmeter of varied scale as below.

Ammeter
It is a modified form of suspended coil
galvanometer, it is used to measure current. A shunt
(small resistance) is connected in parallel with
galvanometer to convert into ammeter .

4 \
I
S= IgRg
> A I- Ig
I S
\. J
where

R, = galvanometer resistance

I, = Maximum current that can flow through the

galvanometer .

[ = Maximum current that can be measured using

the given ammeter .

An ideal ammeter has zero resistance.
Voltmeter :

A high resistance is put in series with galvanometer.

It is used to measure potential difference.

V.

o

L, = R,+R’ R — w0, Ideal voltmeter

Electrical Power

The energy liberated per second in a device is called
its power. The electrical power P delivered by an
electrical device is given by P = VI, where V =
potential difference across device & [ = current. If
the current enters the higher potential point of the
device then power is consumed by it (i.e. acts as
load) . If the current enters the lower potential point
then the device supplies power (i.e. acts as source).
Power consumed by a resistor

P=IR =VI= v

2
R

( Galvanometer : )

(Heating Effect Of Electric Current : )
When a current is passed through a resistor energy
is wasted in over coming the resistances of the wire.
This energy is converted into heat

2
W=Wt=12Rt=%t

Joules Law Of Electrical Heating
The heat generated (in joules) when a current of
[ ampere flows through a resistance of R ohm
for T second is given by :

2

I*RT
=12 ; -
H = I?RT joule = 49

If current is variable passing through the conductor
then we use for heat produced in resistance in time

calories.

T
0to Tis: H = [IPRdt
0
Unit Of Electrical Energy Consumption :
1 unit of electrical energy
= kilowatt hour
= 1 kWh = 3.6 x10° joules.
¢+ Series combination of Bulbs

1 1 1 1
=+ —+—+...
Ptota] Pl PZ PS
4 A
2 99 g
P,V P,V PV P,V
V),
| I
\ /

+ Parallel combination of Bulbs
P.=P +P,+P+..

total

4 1\

¥ PV
\BP,V
AR
WPV
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KEY POINTS

A current flows through a conductor only when there is an electric field within the conductor because the
drift velocity of electrons is directly proportional to the applied electric field.

Electric field outside the conducting wire which carries a constant current is zero because net charge on a
current carrying conductor is zero.

A metal has a resistance and gets often heated by flow of current because when free electrons drift through
a metal, they make occasional collisions with the lattice. These collisions are inelastic and transfer energy
to the lattice as internal energy.

Ohm's law holds only for small current in metallic wire, not for high currents because resistance increased
with increase in temperature.

Potentiometer is an ideal instrument to measure the potential difference because potential gradient along
the potentiometer wire can be made very small.

An ammeter is always connected in series whereas a voltmeter is connected in parallel because an ammeter
is a low-resistance galvanometer while a voltmeter is a high-resistance galvanometer.

Current is passed through a metallic wires, heating it red, when cold water is poured over half of the
portion, rest of the portion becomes more hot because resistance decreases due to decrease in temperature
so current through wire increases.

_/

IMPORTANT NOTES
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