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o When current passes through breadth side, the pb resistance offered by cube = lh 
o When current passes through the thickness side, 

. ph the resistance offered by cube = lb. 
ELECTRIC ENERGY 

• It is defined as the total electric work done or energy supplied by the source of emf in maintaining the current in an electric circuit for a given time. 
Electric energy = Electric power x time = P x t. 

• The SI unit of electrical energy is joule (J). 
• The commercial unit of electric energy is kilowatt-hour (kVlh), 

1 k\Vh = 1000 Wh = 3.6 x 106 J = one unit of elechicity consumed. 
• The number of units of electricity consumed is 

n = (total wattage x time in hour)/1000. 
• Bill of electricity i.e., the cost of consumption of electricity in a house = no. of units of electricity consumed x amount for one unit of electricity. 

ELECTRIC POWER 

• 

• 
• 

• 

It is defined as the rate at which work is done by the source of emf in maintaining the current in the electric circuit. 
Electric power P = 

v1 
P= VI=P.R =  -. R 

Electric work done 
time taken 

The SI unit of power is watt (W) . 
The practical unit of power is kilowatt (kW) and horse power (hp). 
1 kilowatt = 1000 watt . 

• 1 hp = 746 watt. 
CARBON RESISTORS • Resistors in the higher range are made mostly from carbon. Carbon resistors are compact, inexpensive and thus find exterisive use in electronic circuits. Carbon resistors are small in size. 
Colour Code of Resistors • A colour code is used to indicate the resistance value and its percentage accuracy. Every resistor has a set of coloured rings on it. The first two coloured rings from the left end indicate the first two significant figures of the resistance in ohms. The third colour ring indicates the decimal multiplier and the last colour ring stands for the tolerance in percenl The colour code of a resistor is as shown in the table. 

Colour Number Multiplier Tolerance(%) 
Black 0 100 

Brown 1 101 
Red 2 102 
Orange 3 103 

Yellow 4 104 

Green 5 105 

Blue 6 106 

Violet 7 101 
Gray 8 108 
White 9 109 

Gold 10-1 5 

Silver 10-2 10 
No colour 20 

• Suppose a resistor has yellow, violet, brown and gold rings as shown in the figure below. The resistance of the resistor is (47 x 10  Q) ± 5 %. 

Illustration 2 

The resistance of a wire is 10 Q. It is drawn so that its length increases by 10%. find the final resistance. 
Soln.: Volume of material of wire remains constant. Volume V =  (Area) x (Length) = AL 

Now R = � = Pi2 = (: )L2 

l 
1 .21 

or R2
= R1 x 1.21 = 10 x 1.21 = 12 .1  Q 

final resistance = 12.1  Q.  
Illustration 3 

A potential difference of l OOV is applied to the ends of a copper wire one metre long. Calculate the average drift velocity of the electrons. Compare it with thermal velocity at 2 7°C. Given, the number of free electrons per unit volume is 8 .45 x 1 028 m-3 and conductivity of  copper is 5.81 X 107(Q-mr1. 
Soln. : Since 6.V = 100 V, l = I m, 

1'.V 100 electric field = - = - = 100 V m-1 
/ 1 Also, conductivity cr = 5.81 x 107 

n -
1 m -1 

n = 8.45 x 1028 m-3 
v = � E = 

5.81 x 107 x 100 
d en 1.6 X 10-19 

X 8.45 X 1028 

= 0.43 m s-1 



Current Electricity 

Thermal velocity can be calculated considering electrons 
as ideal gas particles. 

V = 1�k3T = 
13 X ( 1.38 X 10�23 )300 

= \J m \i 9.I x w -'1 

(where kB is the Boltzmann constant) 
vrim = Ll7  x 1 05 m 

RESISTORS 1111 SERIES ANO PARALLEL 

@ Resistors in series : The various resistors are said to 
be connected in series if they are connected as sho"'ll in 
the figure. 

@ Tne current through each resistor is the :iame. 
® The equivalent resistance of the combination of resistors 

is 
R.,, =R; + R:4-

0 Series combinations of resistors are used in resistance 
box and decorative bulbs. 

'® 1f n wires each of resistance R are connected in series, 
the equivalent resistance is nR. 

® .Resistors in parallel : Toe various resistors are said to 
be connected in parallel if  they are connected as shown 
in figure. 

1, 

A B 

I I 

'--"" H !-= ____ ___, 

® Tue potential difference is sa..."Ue across each resistor. 
® 'Ibe equivalent resistance of the combin.etion of resistors 

is 
l l l 1 

-··-=-·- . -··- +-··-. 
R

P R1 R2 R3 

® AH the domestic appliances in a house are usually 
connected in parallel combinations. 

lli@iiiiH,l·I 
Calculate resultant resistance between the points X and Y 
in the circuit sho\\rn in figure. 

4 Q  

+ 4 Q 

Soln.: The equivalent circuit is dra\vn in the figure: 

Xo.-<>--+-& 
4 Q 

8 Q and 2 Q are in  parallel 

4 Q and 6 Q are in parallel 

4 x 6  R, = -- 2.4 Q 
. 4 + 6  

R1 and R2 are in series 
= R: +. R1 = 1.6 + 2.4 = 4.0 0 
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:\ow the network is reduced to 4 Q, 4 Q and 4 Q in 
parallel. 

1 1 1 1 3  / 4 
� = -+-+ - = - or R = - Q.  
R '  4 4 4 4 3 

EFFECT OF TEMPERATURE ON RESISTANCE 

® The resistance of a metallic conductor increases with 
Jncrease in tec.1perature. 

@ The resistance of a conductor at temperature t°C is 

R, = R0 (! + at - f:lf) 
where R

1 
is the resistance at f'C, R0 is the resistance at 

0°C and a and 13 are the -charactsmstics constants of the 
material of the conductor. If the temperature t°C is r:ot 
sufficiently large, � is negligible, the above relation can 
be written as 

R, = (! c at) 
where a is the temperature coefficient of resistance, Its 
unit is K -1 or °C-1 • 

*' For metals a is positive i.e, resistance increases with 
rise in temperature. 

ci For insulators and semiconductors a is negative re., 
resistance decreases with rise in temperature. 

lh@MiiH,il 
A silver wire has a res is lance cf 2.1 ohm at 27 and a 
resistance of 2.7 .Q at 100° C. Determine the 1emperatu:e 
coefficient of resistivity of silver. 
Soln.: Resistance of a conductor changes with the 
temperature, if u is taken as temperature cc.efficient of 
resistivity then the relation is 

= Ri(l + a (t2 - t1)] 

2.7 = 2J [I + a (100 -·- 27.5)] 
0.6 2 .1  a [72.5] 
et = 0.00394°C-1 

a =-"- 39.4 X 10-4oc-J 

ElECTl!OCHEMICJU CUL 

• It is a device which, by converting chemical energy into 
electrical energy, maintains the fl-ow of charge i'll a circuit. 
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Electromotive Force (emf) of a Cell 
• It is defined as the potential difference between the two 

tenninals of a cell in an open circuit i.e., when no current 
flows through the cell. It is denoted by symbol s. 

• The SI unit of emf is joule/coulomb or volt and its 
dimensional formula is [ML2Y--3A-1]. 

• The emf of a cell depends upon the nature of electrodes, 
nature and the concentration of electrolyte used in the 
cell and its temperature. 

Terminal Potential Difference 

• It is defined as the potential difference between two 
terminals of a cell in a closed circuit i.e. when current is 
flowing through the cell. 

Internal Res,stance of a Cell 
• It is defined as the resistance offered by the electrolyte 

and electrodes of a cell when the current flows through 
it. 
Internal resistance of a cell depends upon the following 
factors: 
o Distance between the electrodes 
o The nature of the electrolyte 
o The nature of electrodes 
o Area of the electrodes, immersed in the electrolyte 

Relationship between &, V and R 
• When a cell of emf c and internal resistance r is 

connected to an external resistance R as shown in the 
figure. 

I 

The voltage across R is 
V = IR 

= -e-R 
R + r  

I 

R 

or c = IR + Ir or V = E - Ir or E = V + Ir 

or r =R( ; - 1) 

• During discharging of a cell tenninal potential difference 
= emf of a cell -voltage drop across the internal resistance 
of a cell. i.e. terminal potential difference across it is 
lesser than emf of the cell. The direction of current inside 
the cell is :from negative terminal to positive tenninal. 

• During charging of a cell, terminal potential difference 
= emf of a cell + ·voltage drop across internal resistance 
ofa cell i.e. tenninal potential difference becomes greater 
than the emf of the cell. The direction of current inside 
the cell is from positive terminal to negative terminal. 

Grouping of Cells 
• Cells can be grouped in the following three ways: 

o Series grouping 
o Parallel grouping 
o Mixed grouping 

• Series grouping : If n identical cells each of emf E and 
internal resistance r are connected to the external resistor 
of resistance R as shown in the figure, they are said to 
be connected in series grouping. 

n 

�-&,�r�-rr.---······-···-··-r r 

I 

E = nc: and r = nr 
eq eq 

R 

Curr . th . . I -- ____!!§._ .·. ent m e circuit, R + nr 
• Special cases : 

ne e o IfR < < nr, then I = - = -. nr r 
o IfR > > nr, then J = �  

R .  
• Parallel grouping : If m identical cells each of emf E and 

internal resistance r are connected to the external resistor 
of resistance R as shown in figure, they are said to be 
connected in parallel grouping. 

E,r 

R 

E = E and r ==.!... . 
"I eq m 

The current in the circuit, I =  
R + ( ;1

). 

Special cases : 

• If .!... « R, then I == ..£. 
m R 

• If .!.. » R, then I = m.!:.. m r 
• Mixed grouping : If the cells are connected as shown in 

figure they are said to be connected in mixed grouping. 
Let there be n cells in series in one row and m such rows 
of cells in parallel. Suppose all the cells are identical. Let 
each cell be of emf E and internal resistance r.' 

�n� 

i 
1-jl--fl·· · ll-l 

m t-Jt-Jl···if-1 
i 

HH1- - - 1H 

I I 
R 

e,. = ne and r = nr 
..., eq 1n :. I = 

( nr ) 
R + 

m 

ne 



® In case of mixed grouping of cells, current in the circuit 
will be maxL.�um, when 

R m 
i.e. external resistance = total internal resistance of aH 
cells 

® Vlhen one cell !s wrongly connected in series of n 
identical cells, each of emf e, it ;vill :reduce the total emf 
by 2e 
i.e. effective emf= m:: -· 2£, 
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ih@®iM·il 
Two- identical cells of emf 1.5 V each are joined in pz:.raUel 
to provide supply to an external circuit c011si,;tir1g of two 
resistors of 1 7 !2 each joined in paralleL A very high. resistance 
voltmeter reads the terminal voltage of the ceHs to be 
1.4 V. \Vhat is the :internal resistance of each cell? 

Som.: 

$ When n cells each of internal resistance r are wrongly i 

c:oooected in series, the total internal resistance of ; 
cells = nr i.e. there is no effect on the total Internal 
resistance of t.1te cells. 

IOMitiiM,hi 
{a) Six lead-add type of secondary cells each of emf 2.0 V 

and internal resistance 0.015 Q are joined in series to 
provide a supply to a resistance of8.5 Q. find the current 
in 8.5 Q resistance and terminal voltage of the battery. 

(h) A secondary cell after long use has an emf of 1.9 V and 
a farge inte!'Dal resista:r._ce of 380 Q. What ma.ximum 
current can be drawn from fae cell? Could the cell drive 
the starting motor of a car? 

Som.: (a) Six cells are joined in series. 
2V 2V 2 V  2V 2V 
. � 1-W.-j J->,A.'\-1 1-\•t,-I • r r r · r 

emf is 2 x 6 = l2 V 
equivalent internal. resistance is 0.015 x 6 

12V 

o
.
�11\Q I f---� 

R = S.5.Q 
Current drawn from the batter/ 

12 12 

l 

I =  . 
0 

= -- = l.4 A 8.5 + O.Oc 8.59 
Terminal voltage of the battery 

v = e Ir 12 L4 x 0.09 
V= 12-0.126 � IL89 V 

(b) Maximum current is dra\vn from a "-0·-· when 
external resistance is 
treated to be zero. 

L9 
1_ = 380 = 0.005 A. 

To start a car a current of the order of I 00 A is needed, 
so the battery mentioned above can not drive the 
starting motor. 

Let the internal resistance of each cell is 'r' on 
simplified circuit can be drawn 

15 
Current, I = ---

�: + 8.5 
2 

Terminal Potential under 
the given condition \ViU 

he 
V =  E - Jr 

LS r 
L4 = L5 -

( r ) 2 
\.2 + 8.5 

L5r 
= 0.1 

r + l7 
15r = r + 17 
14r = 17 

17 
r = - = L21 Q 

14 

� 

C
. 'j"sv 1 

•/2 

,,,, __ _, 
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Kll!Cll!IOff'S LAWS 
i " Kirchhoff in 1942 put forward fae following two laws to 

sclve the complicated circuits. These two laws are stated 
as follows: 

@ IGrchhoff's first faw o:r Kirchhoff's ju11e!tio11 faw (f!:r 
Kirchhoff�s cur:rent law: lt states that the algebraic sum 
of the currents meeting at a junction is  zero. 

i .., Kirchb.offs first law supports law of coosenrath:m of 
1 charge. 

i According to sign convention the current flovving 
, towards a jlll1c!ion is taken as positive and the cfu-rent 
I flowing away from the junction is ta.lcen as negative, 

¢} Kircb.boff�s second law or Kirchhoff's loop law o:r 
Kireuofi's voltage law : It states that in a closed loop, 
the algebraic sum of the emfs is equal to the algebraic 
sum of ihe products of the resistance- and the respective 
cUJ..-rents flowing through them. 

I " 
u = EIR 

K.irchllorr's second law supports the law of conservation 
of energy. 


