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CURRENT ELECTRICITY

1. ELECTRIC CURRENT

(a) Time rate of flow of charge through a cross section area is called Current.

= “2 andinstant ti= Lim J1=d
o= At and instantaneous current | =. M0 At dt

(b) Direction of current is along the direction of flow of positive charge or opposite to the direction
of flow of negative charge. But the current is a scalar quantity.
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Sl unit of current is ampere and

0 98930 58881.

1 Ampere = 1 coloumb/sec

1 coloumb/sec = 1A

CONDUCTOR :

In some materials, the outer electrons of each atoms or molecules are only weakly bound to it. These §
electrons are almost free to move throughout the body of the material and are called free electrons. They are &
also known as conduction electrons. When such a-material is placed in an electric field, the free electrons 8
move in a direction opposite to the field. Such materials are called conductors.

INSULATOR

Anotherclass of materials is called insulators in which all the electrons are tightly bound to their respective
atoms or molecules. Effectively, there are no-free electrons. When such a material is placed in an electric
field, the electrons may slightly shift opposite to the field but they can’t leave their parent atoms or molecules
and hence can’t move through long distances. Such materials are also called dielectrics.

SEMICONDUCTOR

In'semiconductors, the behaviour is like an insulator at lowlevels of temperature: But at higher temperatures, -
a small number of electrons are able to free themselves and they respond to the applied electric field. As the <
number of free electrons-in a semiconductor is much smaller than that in a conductor, its behaviour is in &C
between a conductor and an insulator and hence, the name semiconductor. A freed electron in a semicon- ¢n
ductor leaves a vacancy inits normal bound position. These vacancies also help in conduction. =

N
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ELECTRIC CURRENT IN A CONDUCTOR

In absence of potential difference across a conductor no net current flows through a cross section.
When a potential difference is applied across a conductor the charge carriers (electrons in case of
metallic conductors) start drifting in a direction i.e. opposite to electric field with average drift velocity.
If electrons are moving with velocity V, Ais area of cross section and n is number of free electrons per .~
unit volume then,

| = nAeV.

Suhag R. Kariya

Vg :;, where A is mean free path and 1 is relaxation time.

1 (eEj 2
—|—
2{m 1eE . . . g .
Vg = e EFT’ where e is electronic charge, E is electric field, m is mass of electron
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Due to this drift, net current in metals is given by;
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Ex. 1

Sol.

Ex. 2

Sol.

o

o

i = neAVUI

Find free electrons per unit volume in a metallic wire of density 10* kg/m?, atomic mass number 100
and number of free electron per atom is one.

. . total free charge particle
Number of free charge particle per unit volume (n) = % p
total volume

Number. of free electron per atom means

(g\]
)
total free electrons = total number of atoms. g
Q
_ N_AxM
My
Na
MM N, 6.023x10% x10*
So n= W = ——xd _
v My 100x1072

n = 6.023 x 10%

Find the approximate total distance travelled by an electron into the time-internal in which its displacement
is one meter along the wire.

displacement S

time = “qrift velocity Vg
V,=1+mm/s =10° m/s
S=1

: 1

time = 103 =10%s

distance travelled = speed x time
- speed = 10°m/s
So required distance =10° x 103 m

=10°m

CURRENT DENSITY

Current density, a vector, at a point have magnitude equal to current per unit normal area at that point
and direction is along the direction of the current at that point.

J=—n

di
ds

Y\

SO di = J.ds

(/
Current is flux of current density. &A
Due to principle of conservation of charge:

Charge entering at one end of a conductor = charge leaving at the other end, so current does not
change with change in cross section and conductor remains uncharged when current flows through it.
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Current is flowing from a cylindrical conductor of non-uniform cross section area if A, > A, then find
relation between

(a)i,andi,
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(b) j,and j, —>
(c)v,andyv,
where i is current, j is current density and V is drift velocity. .

I21A21V2

H H |11A11V1 J
ii=i,,V,<V,,J, <J, J, 2
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ELECTRICAL RESISTANCE

The property of a substance by virtue of that it opposes the flow of electric current through it is termed
as electrical resistance. Electrical resistance depends on the size, geometry, temperature and internal co
structure of the conductor.

2
ne
We have i = neAV, = neA (ij T= ( TJ AE
2m 2m

If Vis potential difference applied to the ends of a conductor of length ¢ then

e. v
T
_ne’t)(A A
e i=1"m Jl/) V= ol V =V/R = V=IR
2m 1
p is called resistivity (it is also.called specific resistance), and p = ne2: — o ¢ is called conductivity.

Therefore currentin conductors is proportional to potential difference'applied across its.ends. This is
Ohm's Law. Units: R - ohm(Q), p — ohm—meter(Q-m) also'called siemens, g — QO 'm'.
7.1 Dependence of Resistance on various factors
R= p£ — 2m i
A ne?t A
Therefore R.depends as

1 1 1
(1) o @@=y @<

A n T
(4) and in metals T decreases as T increases = R also increases.
Results
(a) On stretching a wire (volume constant)

R, /&
If length of wire is changed then R_; = z_;
2

4

, o 1_I — ,
If radius of cross section is changed then R, r%° where R, and R, are initial and final
1
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resistances and /,, ¢, , are initial and final lengths and r, and r, initial and final radii respectively.

(b) Effect of percentage change in length of wire
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X 2
£2[1 +}
Ry = $ where ¢ - original length and x- % increment
R, Y

if x is quite small (say < 5%) then % change in R is

2
X
1+] 1
Rs — R ><100=[L52x%

1

If a wire is stretched to double its length, find the new resistance if original resistance of the wire was
R.
/
As we know that R = %
in case R' = A
0'=20 A=Al by conservation of (volume of the wire remains constant)
a=2
2
. Px2L7 o
R="az =* A -4R
The wire.is stretched to increase the length by 1% find the percentage change in the Resistance.
As we known that
p_/f
R= A
AR BB AR MA A AA
R~ p ¢ A T A
AR
R - O+1+1+1
=2

Hence percentage increase in the Resistance = 2%

: Above method is applicable when % change is very small.

Dependence of Resistance on Temperature :

The resistance of most conductors and all pure metals increases with temperature, but there are a few
in which resistance decreases with temperature. If R and R be the resistance of a conductor at 0°C
and at 82C, theniitis foundthat R=R (1 + a.9).

Where o is temperature coefficient of resistance.
The unit of ais K=" or °C.

Electric current in resistance

. R .
| |
In a resistor current flows from high potential to low potential W
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High potential is represented by positive (+) sign and low potential is represented by negative (-) sign.

V,-V,=iR
IfV, >V,
v, R v,
then current will flow from Ato B —"\"\"\'N\N—o
A B
V, -V
and ji=—V—-2 "
R 0}
&
IV, <V, S

then current will go from Ato B

V-V,
andi= R
_ 20 i
EX.5 o> "\ N\ U \L——0
1oy findi 4V

Sol. V,-V,=ixR

=3A Ans.

N o

7.2 Colour code for Resistors

Resistors of different values are commercially available. To make a resistor, carbon with a suitable
binding agent is molded into-acylinder. Wire leads are

r tolerance

~—

/
digit digit2 multiplier

K. Sir), Bhopal Phone : 0903 903 7779, 0 98930 58881.

attached to the cylinder.and the entire register is encased in a ceramic or plastic jacket. The two
leads-connect the resistor tora-circuit such as those for radios, amplifiers etc. The value of the _;
resistance is.indicated by four coloured-bands, marked on the surface of the cylinder (figure). The =
meanings of the four positions of the bands are shown in figure and the meanings of different colours
are givenintable.

Table : Resistance codes (resistance given in ohm)
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Colour Digit Multiplier Tolerance
Black 0 1

Brown 1 10

Red 2 10

Orange 3 10°

Yellow 4 10*

Green 5 10°

Blue 6 10°

Violet 7 10’

Gray 8 108

White 9 10°

Gold 0.1 5%
Silver 0.01 10%

from left to right. Using table, the resistance is
(14 x 10° £ 5%)W = (1.4 £ 0.07) MQ.
Green

Brown Yellow

1 4 10

tolerance is 20%.

ELECTRICAL POWER

I = Current.

source).
Vidg —4 1 Load
Power = ——
dt + v -
=VI P=VI

If power is constant then energy = P t

If power is variable then
Energy = '[pdt
Power consumed by a resistor
2
P=1I12R =VI= ve .
R

This energy is converted into heat.

2
W = VIt = 2Rt = V—t
R

FREE Download Study Package from website: www.TekoClasses.com & www.MathsBySuhag.com
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Sometimes, the tolerance band is missing from the code so that there are only three bands. This means.the

Energy liberated per second in a device is calledits power. The electrical'power P delivered.or consumed o
by an electrical device is given'by P = VI, where V = Potential difference across the device and 5

If the current enters the higher potential point of theidevice then electric 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

I —

\Y

When a current is passed through a resistor energy is wasted in overcoming the resistance of the wire.
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For example, suppose the colours on the resistor shown in figure are brown yellow, green and gold as read
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The heat generated (in joules) when a current of | ampere flows through a resistance of R ohm for T
second is given by:

2
H=I2RT Joule = "RT
4.2

Calorie

1 unit of electrical energy = 1 Kilowatt hour = 1 KWh = 3.6 x 10¢ Joule.

Ex.6 |If bulbrating is 100 watt and 220 V then determine
(@) Resistance of filament
(b) Current through filament
(c) If bulb operate at 110 volt power supply then find power consume by bulb.

Sol. Bulbratingis 100 W and 220 V bulb means when 220 V potential difference is applied between the two
ends then the power consume is 100 W

Here V =220
P=100
2
V— =100
R
So R =484Q

Since Resistance depends only on material hence it is constant for bulb

L V_220 5,
=R 22x22 11 7MP-

power consumed at 110 V

110x110

. power consumed = 480

=25W

9. BATTERY (CELL)

A battery is a device which maintains a potential difference across its C_AM_MD
two terminals A and B. Dry cells, secondary cells, generator and
thermocouple are the devices used for producing potential difference in
an electric circuit. Arrangement of cell or battery is shown in figure.

Electrolyte provides continuity for current.

Ex.7 Whatisthe meaningof 10 Amp. hr ?

Sol. It meansifthe 10 A current is withdrawn then the battery will work for 1 hour.
10Amp —— 1 hr
1Amp —— 10 hr

2 Amp—— 20 hr
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10. ELECTROMOTIVE FORCE : (E.M.F.)

Definition I : Electromotive force is the capability of the system to make the charge flow.

Definition Il : Itisthe work done by the battery for the flow of 1 coloumb charge from lower potential
terminal to higher potential terminal inside the battery.

10.1 Representation for battery

Ideal cell : Cell in which there is no heating effect.

E
higher potential terminal @ I '

A 1=

ideal cell

® lower potential terminal

Non ideal cell : Cell in which there is heating effect inside due to opposition to the current
flow internally

€ r
Mo

™|nternal Resistance

Non ideal cell.
Casel :
Battery acting as a source (or battery is discharging)
V-~V =¢e—ir

V,-V,= itis also called terminal voltage.

Therate at which the chemical‘energy of the cell is consumed = &i A'\'é__| ir * B

The rate at which heat is generatedinside the battery or cell =i?r
electric power output = &i —i*r
= (e—ir) i
Casell:

Battery acting as a load (or battery charging).
V,—Vy=¢+ir | e r i
the rate at which chemical energy stored in the cell = ei A ir - B
thermal power inside the cell = i?r
electric power input = €i + i2r = (e+ir) i

=(v,=Vy)i

Definition III :
Electromotive force of a cell is equal to potential difference between its terminals when no current is
passing through the circuit.

CaseIll :
When cell is in open circuit

i = 0 as resistance of open circuit isco .
So V = €, so open circuit terminal voltage difference is equal to emf of the cell.

CaselV:
When cell is short circuited

|

and V = 0, short circuit current of a cell is maximum.

r
Note : The potential at all points of a wire of zero resistance will be same.
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11 RELATIVE POTENTIAL

While solving an electric circuit it is convenient to chose a reference point and assigning its voltage as
zero, then all other potentials are measured with respect to this point. This point is also called the
common point.

o
V)

>
=]
»

Since the cell is ideal and the connecting wires are of zero resistance
so the whole EMF will appear as potential difference across R : £

Find the power consumed by the resistance. The connecting wire have
negligeable resistance for calculation.

]
Py

2
€ . :
iy we notice from this formula that any amount of power

can be taken from cell by adjusting the value of R. Conecting wire

Ex. 8 Inthe given electric circuit find

(@)
(b)
()

(d)

Sol. (a)

current
power output

relation between r and R so that the electric power output (that & R
means power given to R) is maximum.

value of maximum power output.
plot graph between power and resistance of load

From-graph we'see that for a given power output there.exists two values of external resistance,
prove thatthe product of these resistances equals r2.

what is the efficiency of the cell when it is used to supply maximum power.

In the circuit shown if we‘assume that potential at A is zero then potential at Biis € =ir. Now
since the connecting wires are of zero resistance

Vp=V,=0 B c

Vo=V, =exir ! :

Now current through arevis also I ) R
(- its in_series with the cell). r

- Ve-Vp _(e=1n)-0 I

R R A f D

€
Currentl = ——
r+R

Note : After the learning the concept of series combination we will be able to calculate the current directly

(b)

Power output

dP g2 2°R

dR -~ (r+RP  (r+R)
for maximum power supply

dp

ar =0

r+ R—2R=0
r=R

Here for maximum power output outer Resistance should be equal to internal resistance

Successful People Replace the words like; "wish", "try" & "should” with "l Will". Ineffective People don't.
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82

(d) pmax =

ar
g (e) Graph between ‘P’ and R
O maximum power output at R = r
(@]
© 2
e €
3 Pmax = 4_
(D r
>
o f -
c U '= r+R
©
Power output
2. p
e?R
T (r+R)?
o3 P (r2+ 2rR + R?)=€?R
£
Q 2
9 Re+ (2r— £ )R+12=0
n P
o
% above quadratic equation in R has two roots R;and R, for given values of €, P and r such that
@® R,R,=r? (product of roots)
O r’=R,R,
% (9) Power of battery spent
= _&
= (rarR
82
.. ~ o
O
'45 e \ e?
= - r =
a power (output) (r+rj X ar
o
; 2
€
g Effic power output 7X1 00 _1 100 = 50
.— elency = total power spent by cell - é 2% - °
% 2r 5
Y c 3 B
X
(&) 20v
D“_S Ex.9 Shown inthe figure =10v
> Find out the current in the wire BD
'g Sol Let at point D potential = 0 and write the potential of other points then
4 10 20 D 20 A
Cg current in wire AD =7 = 5Afrom Ato D current in wire CB = 5 = 4A
8 fromCtoB v=+20 50 v=0
= current in wire BD =1 Afrom D to B
=
o
()
LIJ + 10v
o
L A

Successful People Replace the words like; "wish", "try" & "should” with "l Will". Ineffective People don't.

page 10

Teko Classes, Maths : Suhag R. Kariya (S. R. K. Sir), Bhopal Phone : 0 903 903 7779, 0 98930 58881.



Get Solution of These Packages & Learn by Video Tutorials on www.MathsBySuhag.com
Ex. 10 Find the currentin each wire

F

G
Ov JﬁOv JAOV 50v

100 22 Taq
B C D

>

Sol. let potential at point A is 0 volt then potential of other points is shown in figure.

current in BG = @:40 Afrom GtoB

oty G10Y_F 1oV
( 5A 35A | 10V og
currentin FC = WﬂSAfrom CtoK l L”OV J_5ov

aov LAV I_40v

10V 310 £-30V 390
—(= 5A 320
currentin DE = 2=(=40) _ogAfrom D to E { 40’?‘ A15A 20(1'/&\
2 OVA™ B 3sa C 20VD

currentin wire AH=40-35=5AfromAtoH ov ov

12. KIRCHHOFF'S LAWS

121-  Kirchhoff’s Current Law (Junction law)

Thislaw is based on law of conservation of charge. lt-states that " The algebraic.sum of the
currents meeting at a point of the circuitis zero " ortotal currents entering a'junction equals
total current leaving the junction.

I =XI . Itisalso knownasKCL (Kirchhoff's current law).

Ex. 11Find relation in between currenti,;i,, i , i, i;and i .

»
=3

i+, —i—i+i,+i,=0

D
L 1av
. . . 2Q
Ex. 12 Find the current in each wire — —‘7
C

Sol. F 1Q E_ 20 D

+10V X 25A 114V
2Q
+30V

Lt .

A 10A B C

Let potential at point B = 0. Then potential at other points are mentioned.

FREE Download Study Package from website: www.TekoClasses.com & www.MathsBySuhag.com

.. Potential at E is not known numerically.
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Let potential at E = x

Now applying kirchhoff’s current law at juction E. (This can be applied at any other juction also).

x-10 x-30 x+14

+ + 0
1 2 2

4x = 36 = Xx=9

Currentin EF = g =1AfromFtoE

Current in BE = &2_9:10.5A from Bto E

1-(-14)

Currentin DE = =75A fromEtoD

Q.3 Find the current in each wire :
F 10v 14 v

—] |—<-D
10 0 20

E
2
]—30v

A B C
Ans. currentin AFE =1 AfromAto E
currentin EB =10.5 AfromBto E
currentin ED = 7.5Afrom Eto D

Ex. 13 Findthe potential at'point A

20V
20
15V
+103—v353w—| —vn——o-50 v
20V 5V
10
=30V

Sol. Let potential at A= x, applying kirchhoff current law at juction A

x—-20-10 x-15-20 x+45 x+30

0
1 2 2 1
2x—-60+x—-35+x+45+2x+60
= =0
2
= 6x+10=0 = X =—-5/3

-5
Potential at A = ?V
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12.2  Kirchhoff’s Voltage Law (Loop law)

“The algebraic sum of all the potential differences along a closed loop is zero. S IR + £ EMF

& =0". The closed loop can be traversed in any direction. While traversing a loop if potential
8 increases, put a positive sign in expression and if potential decreases put a negative sign.
o sV
© [
- - +
>
(@p) \A \A
> o
(8] * -
n [
s + V3 —
©
S -V,-V,+V,-V,=0. Boxes may contain resistor or battery or any other element (linear or
. nonlinear).
% It is also known as KVL
Ex.14 Find currentin the circuit
o
£
o
o 15 \
)]
o
7))
©
5 39 30 V D i e
O Sol. . all the elements are connected in series ' 10
N +
Ii) -. current’is all of them will be same 4i 340 15 @
; let cdrrent = i 10V 2Q Ei
Applyingkirchhoff voltage law in ABCDA loop T ‘/%f}w s
. . . . ATRIWV=A"TB
10+4i—-20+i+15+2i-=30+3i=0 I 30V
o) 10i =25
= . 10 50V
O Ex. 15 Findthe current in each-wire applying only kirchhoff voltage law
; Sol.  Applying kirchhoff voltage law in loop ABEFA §1Q 2Q EZQ
o i+30+2(i,+1,)-10=0
HCT—J B,+2,+20=0  -ereeeeeeee (i) -|-30V
% Applying kirchoff voltage law in BCDEB A B C
% +30+ 2(i,+1i,) +50 +2i,=0 50V
Dct_s 4i,+2i, +80=0 e ET i<—D
— 2,41, +40=0  ceeeeeees (ii) A, Rl
'O . . o > H ZQ >
3 Solving (i) and (ii) 10 % : 2(|1+|2_) Zi% 20
n 3[-40-2i,] + 2i,+20=0 * T
© A, 30V A,
(4] -120-4i,+20=0 i, +i,
g i,=—25Aandi,=10A A B ,iz C
= - +i,=—15A
o
') current in wire AF = 10 Afrom Ato E
HJJ current in wire EB = 15 Afrom B to E
o current in wire DE = 25 Afrom D to C.
L
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13. COMBINATION OF RESISTANCES :

A number of resistances can be connected and all the complicated combinations can be reduced to
two different types, namely series and parallel.

<—box containing

. . C ; v a combination
The equivalent resistance of a combination is definedas R, = — L J of resistors

13.1 Resistances in Series:

When the resistances (or any type of elements) are connected end to end then they are
said to be in series. The current through each element is same.

— {1

Ex. 16 Which electrical elements are connected in series.

Sol.

Here S, S,, R,, R, connected in series and R,, S, connected in different series

Equivalent of Resistors :

R R, R, R,

The effective resistance appearing across the battery (or between the terminals A'and B) is

R=R, +R +R,+............. + R, (this means Req is greater then any resistor) ) and

The pottential difference across a resistor is proportional to the resistance. Power in each resistors is
also proportional to the resistance

V=IR and P =I?R

where Iis same through any of the resistor.

R, R,
= VvV, = \% etc
' R{+Ry H +R, 7?2 Ry+Ry+..... +R,
Ex. 17 Findthe current in the circuit
A —Aawvw AV AN B
10 2Q 3Q
||
6Q
30v A AN B
Sol. Req =1+2+ 3=6Q the given circuit is equivalent to
v _30 |
currenti= g =75 = 5A 30V

€q
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Ex.18 In the figure shown B,, B, and B, are three bulbs rated as (200V, 50 W), (200V, 100W) and (200 V,

7,
=]

25W) respectively. Find the current through each bulb and which bulb will give more light?

A A A
O—E&—6
X
200V
R _ (2007 R _ (2007 R _ (200)?
T B0 ° 27 100 ' ' 25

200
the current following through each bulb is = m

200

(200)2[2+1+4}
100

100
T 200x7
R,>R,>R,
Power consumed by bulb = i?R .. if the resistance is of higher value then it will give more light.
Here Bulb B, will-give more light.

1A
14

Since

13.2

Resistances in Parallel :
A parallel circuit’ of resistors is one in which the same voltage is applied -across all the
components in a parallel grouping of resistors R, R, R,,........ R

In the figure (a) and (b) all the resistors are connected between points A and B so they are in parallel.

Equivalent resistance

>— NNV
Applying kirchhoff’s junction law at point P A _P QJV\I,?A, >—oB
=1, +1,+ 1, ' —>|2—/v5\2/v\— lo
is R,
vy vy V¥ |
Therefore, Req R; R, Ry v
1 _1.,1.1
R. R'R'R
in general,
1 _1.,1.1 1
Eq_ R1+ R2+ R3+ ........... + Rn
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Conclusions: (about parallel combination)

(a) Potential difference across each resistor is same.
(b) P= 1+ L+ 1+ I .
. . L O L
(c) Effective resistance (R) then R R, R, Ry =~ R
(d) Current in different resistors is inversely proportional to the resistance.
BLEPSL L
(RN TS I = R, R, Ry 77 R
G G
= 1 1 = 2 l, etc.

R

1
where G = — = Conductance of a resistor. [lts unitis Q" or & (mho)]

AO——|

R
Ex. 19 When two resistors are in parallel combination then determine i, and i, ?
Sol. .. iR, =i,R,
b _Rg
. R,i . R,i
"ZR,+R, = TR +Ry’

o1
Note : Remember thislaw of 1< — in the resistors connected in parallel..lt-can be used in problems.

20
Ex. 20 Find current passing through the battery and each'resistor. VMV
3Q
A AN
Sol. Method (1)
It is easy to see that potential difference across each resistor<is 30 V. IGQ
|I
30 30
~.eurrent is each resistors are > = 15 A %:10A and 5 =5A 3oV
. Current through battery is =15 + 10 + 5=30A.
Method (II)
\ \Y
By ohm’s lawi = Req
LI B
R 2 3 6
=1Q
R . =1Q
eq
30
i = T =30A
Now distribute this current in the resistors in their inverse ratio.
2 15A 2
AN >—— MM
3 30A
Ae AN B =A—— —B
6 15A 2
AN > AN

FREE Download Study Package from website: www.TekoClasses.com & www.MathsBySuhag.com

Current total in 3 Q and 6 Q is 15 A it will be divided as 10 Aand 5 A.
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Note : The method (I) is batter. But you will not find such an easy case every where.

Ex. 21 Find current which is passing through battery.

- 20
o ANAM
o 30
&
AN

e 6Q
= I
(D |I
n>3- 30V, 1Q
o Sol Here potential difference across each resistor is not 30 V
o -+ battery has internal resistance here the concept of combination of resistors is useful.
= R,=1+1=2Q

30
% i = 5 = 15 A.
o
S Ex. 22 Find equivalent Resistance
o
Q
o o e
3 ATTTRTTR KT °B
(7]
©
@)
I R R | R og
(¢b] Sol. A VA v‘ll?" V;"' \/A o VB
=
% Here all the Resistance are connected between the terminals A and B

ifi ircuit i R

Modified circuit is .
.. R
O R AO—>—P>—"WWA OB
= So R,=7% 5 R
(7p] eq 3 A AAA
O
o
= Ex. 23 Findthe current in Resistance P if voltage supply between Aand B is V volts
£ R
S
[ -
oy A R | R R B
©
X
% VVVV
3R A aan
Q. Sol Ro=F7 AC— WY °B
€q 5 A B
>
O
2 R
© el
o] 5V . . P
l= 5 Modified circuit
g 3R ao— R C R |—op
g R
o RX% R R/2
(M) CurrentinP=___ oh a7 VYWY
L 1.5R+R ao— P —©°B
AAAAY
L R
o
T _ 2V
3R
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Ex. 24 Find the current in 2Q resistance

40 20
‘E120V
‘ 330100 $10
40 4Q
e
Sol. 2Q, 1Qin series = 3Q 40 °
8 12A° 12A &
3Q, 6Q in parallel = 9 =2Q 20
2Q, 4Q in series = 6Q
40 12A
6Q, 3Q in parallel = 2Q
4,8,
R,=4+4+2=10Q _Il_ziww_4A 30 2x3A=3
120 2 1,60
=0 =12 ‘ :]:SXQ
4Q

8
So current in 2Q Resistance = EA

=
Y

WHEATSTONE NETWORK : (4 TERMINAL NETWORK)

The arrangement as shown in figure, is known as Wheat stone bridge

Here there are fourterminals in which except two all are connected to each other through resistive
elements.

Inthis circuit if R, R, =R, R, thenV_ =V andcurrentin R, = 0 this is called balance point or null point

P R
When current through the galvanometer is zero (null point or balance point) 6 =3 thenPS=QR = e
Here in this case products of opposite arms are equal. Potential difference between C and D at null c?)
pointis zero. The null point is not affected by resistance R,, E and R. It is not affected even if the

positions of G and E are interchanged.

ag R. Kariya (S. R. K. Sir), Bhopal Phone : 0 903 903 7779, 0 98930 58881.

hence, here the circuit can be assumed to be following,
A&B or A4>—OB
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Ex.25 Find equivalent resistance of the circuit between the terminals A and B.

100 6.0

E vl\vAvAvA JAAAA
S Ao— £200 ——oB
@) L avww—L1
] 5Q 3Q
e
(?) Sol.  Since the given circuit is wheat stone bridge and it is in balance condition.
> ~+ 10x3 = 30 = 6x5
(8]
2] hence this is equivalent to
e 10 Q 6.Q
© [V::::V::::
16x8 16
= = _Q d
2- Req 16+8 3
% 50 Q 30
Ex.26 10 O 8Q.
3 o— $20 0
g AAAA ] AAAAA
O 5Q 3Q
) )
o 16 Q
7))
n - 60V, 1Q
© 1]
3
e Find (a) Equivalent resistance (b) and current in each resistance
o
= 1 1 1)
Sol. a)R =|—+—+—| +1=5Q
% @R, (16 8 16) oA _10Q 6
—VVWW\ ANV
3A $20 0 3A
. b , 0 12 A 12A 50 §i=0 3O
2 0) ~ =37 6A—  6A
N b AAA A
8 Hence 12 A will flow through the cell. 160 3A
= By using current distribution law. 12A A
< | I
g Current in resistance 10Q and 6Q = 3A I
HCT_J Current in resistance 5Q and 3Q = 6A
% Current in resistance 20Q =0
% Current in resistance 16Q = 3A
]
o . . .
>, Ex.27 Findthe equivalent resistance between A and B
©
2 R
CD WW
o] A AV AN W
© R R R B
O A
C R
= | . -
8 Sol. Thisarrangement can be modified as shown in figure
Ll since it is balanced wheat stone bridge
IE.I:J 2Rx 2R
X
R = =R
L «~ 2R+2R
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Q.4 Find the equivalent Resistance between A and B

Ans. Req =R

£
3
o 15. SYMMETRICAL CIRCUITS :
©
e Some circuits can be modified to have simpler solution by using symmetry if they are solved by traditional
=
(?) method of KVL and KCL then it would take much time. $
) g
a
2}
e
- .
© Ex.28 Findthe equivalent Resistance between A and B %
= 3
Sol. IMethod: 3
o
o
Here no two resistors appear to be in series or parallel no wheatstone bridge here. This circuit will be
e -
o
o ~
(&) solve by using R_ = —. The branches AC and AD are symmetrical ~
. eq 1 N~
0N ™
8 - current through then will be same. 3
N ™
@© The circuit is also'similar from left side and rightside current distribution while entering through B and §
an exiting from Awill be same. Using all these facts the currents are as shown in.the figure. It isclear ©
@)
(xb that current in‘resistorbetween C and E is 0 and also in ED is 0-It's'equivalent is shown-in figure (b) ¢
c
o o
= o
©
Q
% A 2
o
2 7z
m .
e <
o o
= 5
& 2R ©
S =73 £
= 5]
. X
oy 11 Method .
_cg The potential difference in R between (B, C) and between (B.D.) is same V=V S
O e
(4] Hence the point C and D are same hence circuit can be simplified as (7—’)
D_ .
>, 2
S This called folding. -
(d)p) %)
g 2
8 Y
= o
g Now, it is Balanced wheatstone bridge A BaEnR B %
e} —
() R - 2RxR _2R H R/2
L «a” 2R+R 3 b
m )
o
LL Note : In Il Method it is not necessary to know the currents in CA and DA.
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Ex.29 Findthe equivalent Resistance between A and B

Sol. Inthis case the circuit has symmetry in the two branches AC and AD at the input
. current in them are same but from input and from exit the circuit is not similar
(-~ onleft R and onright 2R)
. on both sides the distribution of current will not be similar.
Here V_ =V,
hence C and D are same point
the circuit can be simplified that

Now it is balanced wheat stone bridge
3RX%
R =

U gy R
2

Ex.-30 Findthe equivalent Resistance between A and B

Sol.

S .
Here V, = V_ and V, = V, A  C
Here the circuit can be simplified as R/2 R/2
this circuit can be simplified as R/2
A B
2Rx?
Ra = “Hom
3
A B
4R A
=5 ns.
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Ex. 31 Findthe equivalent Resistance between A and B

7,
=]

=
»

5Q 10 O
——AAMA——

V

AAAA

5 Q —B

VW

L AAM—
100 5Q

It is wheat stone bridge but not balanced. No series parallel connections. But similar values on input
side and output. Here we see that even after using symmetry the circuit does not reduce to series

parallel combination as in previous examples. g;
H2Q S0 >
applying kirchoff voltage law X+‘W S

v—10(i—x)—5x=0 A [ - _E;Zx—i 8
v —10i + 5x = 0...(1) ()10 Q . 50 X %
10(i—x)—-5(2x—i) —-5x=0 “ 3
10i—10x —10x +5i—5x =0 S
15i =25 x = 0 >
®
15 e
X= oz -
25 °,£
5x = 3i ....(2) ~
Using (2) and (1) §
~v—10i+3i=0 [99)
o
®

v

= _70 it
: 0
Rg =74 Ans. o
o
g
GROUPING OF CELLS 2
o
16.1 Cells in Series : =
=
E"r1 Ezvrz Esvra Envrn EeQ’ req x’
Ao [F——eB = oA ~
Equivalent EMFE_ = Ey+Ep +...... +E,, [write EMF's with polarity] @
2
Equivalentinternal resistance  r, = ry+r, +I3+r, +....+1, cxﬁ
If n cells each of emf E, arranged in series and c o
if r is internal resistance of each cell, then total ErErEr o’ o
A-b—' |—||—||—1|B CS;
emf = nE so current in the circuit | = nk I upton n
+nr t
(%)
R =
VWY ©
=
nE . T 8
If nr<<Rthen |= R ——  Series combination is advantageous. A
Y
E o
If nr>>Rthenl=— —  Series combination is not advantageous. 2
r )
F_

Note - If polarity of m cells is reversed, then equivalent emf = (n-2m)E while the equivalent resistance
is still nr+R, so current in R will be

(n-2m)E
nr+R
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Ex.32 Findthe currentin the loop.

10 40v, 2Q

Sol. The given circuit can be simplified as

] 35 § 10Q 35v, 5Q
'=J0+5 15 _WW_“ |
u A
-3
I ZA
-3
16.2 Cells in Parallel: €, r
—

& +8%+....+8/ _|82 V

Ee — A r2 rn U f’ th I t 83|| ¥
q y+/+ _____ +/ [Use emf’s with-polarity] ~ Ae—+— —— iy *B

I’1 I’2 rﬂ . Enl I

1 1 1 1
— =ttt —

feg T T2 M
If m cells each of.emf E and.internal resistance r be
connected in parallel and-ifthis combination is connected TRRRTS upto m---- -
to an externalresistance then the .m:ortheCil’CUit=E. o \

) . . I
Internal resistance of the circuit = — . .
m 4
E mE R
and. l.= = . VWA
R+ ﬁ mR +r
mE e
If mMR<<r; |l = — ——  Parallel combination is advantageous.
T
If mMR>>r; |I= r —— Parallel combination is not advantageous.

16.3 Cells in Multiple Arc:
mn = number of identical cells.
n = number of rows
m = number of cells in each row.

The combination of cells is equivalent to single cell of

. . mr
emf =mE and internal resistance = —
n
mE
Current | =
+ Jmr

FREE Download Study Package from website: www.TekoClasses.com & www.MathsBySuhag.com

n

Successful People Replace the words like; "wish", "try" & "should” with "l Will". Ineffective People don't.

page 23

Teko Classes, Maths : Suhag R. Kariya (S. R. K. Sir), Bhopal Phone : 0 903 903 7779, 0 98930 58881.



FREE Download Study Package from website: www.TekoClasses.com & www.MathsBySuhag.com

Get Solution of These Packages & Learn by Video Tutorials on www.MathsBySuhag.com
For maximum current nR = mr or

mr
== internal resistance of the equivalent battery.

nE _ mE
mx 2 2R

=
N

GALVANOMETER

Galvanometer is represented as follow :
()
O @ O

Inside the galvanometer there is coil (kept in a uniform magnetic field produced by
magnetic poles) which rotates due to the magnetic field when current is passed. There
is a spiral type of spring as shown in figure.

When coil rotates the spring is twisted and it exerts an opposing torque on the coil.

There is a resistive torque also against motion to damp the motion. Finally in equilibrium

=T .
magnetic spring

= BINA sin6=C¢
But by making the magnetic field radial 8 = 902.

BINA=C ¢
[ ¢
here  B'= magnetic field A = Area of the coil
I=Current C = torsional constant
N = Number of turns ¢ = angle rotate by coil.
| | | | o 7 3
A linear scale is obtained the marking on.the galvanometer are proportionate. /H\

\

The galvanometer coil has some resistance represented by R . Itis of the order few ohms. Its also has
a maximum capacity to carry a current known as I .. I is also the current required for full scale
deflection. This galvanometer is called moving coil galvanometer.

18. AMMETER
A shunt (small resistance) is connected in parallel with by Ry
galvanometer to convert into ammeter; An ideal Ao @ OB
ammeter has zero resistance | S |
[~ Whole system is
Ammeter is represented as follow - known as Ammeter
" Lk e
A O (A) OB A O—s # OB
s g

If maximum value of current to be measured by ammeter is I then

I,. R, = (I-1,)S

G-
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IG.RG
= 1-1g

I xRg

S="7

when I>> Is-

where I =Maximum current that can be measured using the given ammeter.

For measuring the current the ammeter is connected is series.

page 25

For calculation it is simply a resistance

o—@A)r—o0

O AW O

Resistance of ammeter

Rg-S
AT Rg+S
for 8 << R,
= R,=S

Ex. 33 Find the current in the circuit for larger range of-ammeter ‘S’ should be smaller (a) and.(b).

2Q 2Q

1ov—.E | 1ov% %‘)0-59

(a) (b)

Sol. InA I=%=5A

10

In B I=§

= 4A

R. K. Sir), Bhopal Phone : 0 903 903 7779, 0 98930 58881.

here we see-that the due to ammeterthe current has reduced. A good ammeter has very low resistance
as compared with other resistors, so that due to its presence in the circuit the current is not affected. <=

3Q
Ex. 34 Find the reading of ammeter Is this the current through 6 Q ? W
6Q b3
18V s1Q
T 3
Sol 361 _3q
° “«=3+6 -

Current through battery

I=?=6A

6
So, current through ammeter = 6 x 9 4A

Teko Classes, Maths : Suhag R. Kariya (S

No, it is not the current through the 6 Q resistor.

Note : Ideal ammeter is equivalent to zero resistance wire for calculation potential difference across it
is zero.
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19.

Ex.35 Find potential difference across the resistance 300 Q in A and'B.

Sol.

N
o

VOLTMETER

A high resistance is put in series with galvanometer. It is used to measure potential difference across
aresistor in a circuit.

AO—1F—B—WW—10 B

—>Whole system is known as voltmeter

%
v )
page 26

For maximum potential difference
V=I,.R+I;R,

G

v
Ry= 1. —R

If Ry << Rg = Rszl

Ig
For measuring the potential difference a voltmeter is connected across that element. (parallel to the
that element it measures the potential difference that appears between terminals ‘A’and ‘B’.)
For calculation it is simply a resistance

Ao——( )—o0B8 A
Resistance of voltmeter R, = R, + R; = Ry
I = Vo
¢ RgtR
R — « = |deal voltmeter.
A good voltmeter-has high value of resistance.

Idealvoltmeter — which has high value of resistance.
Note : For.calculation purposes the current through'the ideal voltmeter is zero.

2000 200 ¢
L ooy 300 & S 100y 30002 (V6000
(A) (B)
In (A) : Potential diff 19 _300 _govolt
n (A) : Potential difference = 500 + 300 =60vo
100 300 x 600
In (B) : Potential difference = , 300600 * 300+ 600 =50 volt
300 + 600

We see that by connected voltmeter the voltage which was to be measured has changed. Such voltmeters
are not good. If its resistance had been very large than 300 Q then it would have not affected the voltage
by much amount.

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 Cg
less then the potential difference maintained across the potentiometer wire can be measured using <
this. K

sses, Maths : Suhag R. Kariya (S. R. K. Sir), Bhopal Phone : 0 903 903 7779, 0 98930 58881.

. . T . r
The wire should have high resistivity and low expansion H
coefficient for example. Manganin or, Constantine wire
etc. Potentiometer wire
e A B Resistance = R
I= L

r+R
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€
R+r
Potential gradient (x) — Potential difference per unit length of wire

Va— Vg e R

L " R+r L

V, -V, = R

X =

x.36 How to measure an unknown voltage using potentiometer.

The unknown voltage V is connected across the potentiometer wire as shown
in figure. The positive terminal of the unknown voltage is kept on the same side
as of the source of the top most battery. When reading of galvanometer is zero
then we say that the meter is balanced. In that condition V =x 7.

om
=]

20.1  Application of potentiometer

(a) To find emf of unknown cell and compare emf of two cells.
In casel,
In figure (3) is joint to (1) then balance length = 7, T: '
g, = X/, (1)
in case II,
In figure (3) is joint to (2) then balance length = 7,
g, = X, ....(2) 81"&—1&
& _4h _||_13
€ I
If any one of €, or g, is known the other can befound. If x is known then both ¢, and g,canbe-found
(b) To find.current if resistance is known
V, =V, =xt,
IR, = x/,
X/

Similarly, we can find the value of R, also.
Potentiometer is ideal voltmeter because it does not draw any current frof circuit, at the balance

point.
(c) To find the internal resistance of cell.
[* arrangement 2" arrangement
L
..... b,
e'r ~
N
|I
gr R(known)
by firstarrangement &' = x/, (1)
by second arrangement IR = x/,
X0y [
I=—=, alsol = ——
R r'+R
& _ Xl
reR = R
X/l Xl
~ "R R

| hzle
r= 7,

(d) Ammeter and voltmeter can be graduated by potentiometer.
(e) Ammeter and voltmeter can be calibrated by potentiometer.
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21.

Note :

N
N

METRE BRIDGE (USE TO MEASURE UNKNOWN RESISTANCE)

If AB = ¢ cm, then BC = (100 — /) cm.
Resistance of the wire betweenAandB R o< ¢
[ - Specific resistance p and cross-sectional area A are the same for the whole of the wire ]
or R=o/¢ (1)
where ¢ is resistance per cm of wire.
Resistance Box (known)

®
X (unknown) $
m WWW [@))
(]
D Q
¢ [ o] Ce thick connecting
a b c d | L~ wires (strips)
(le) of negligible
A B lc resistance

L fem _LUUOO-K)cm R

r ™
K
| H =
Similarly, if Q is resistance of the wire between B and C, then

Qo< 100—¢
Q=0(100-7) —r(2)
Dividing (1) by (2 P !
ividing (1) by (2), Q= T00-¢
Applying the condition for balanced Wheatstone bridge, we get
RQ=PX
Q
x =R F
100-¢
or X= T R

Since R and/ are known, therefore, the value of X can be calculated.
Forbatter accuracy, R is so adjusted that ¢ lies between 40 cm and 60 cm.

Post-office Box
Introduction.'It is so named because its shape is like a box and it was originally designed to determine —
the resistances of electric cables and telegraph wires. It was used in post offices to determine the &2
resistance oftransmission lines. <
Construction. A post office box is a compact form of Wheatstone bridge with the help of which we can 'S
measure the value of the unknown resistance correctly up to 2nd decimal place, i.e., up to 1/100th of X
an ohm correctly. Two types of post office box are available - plug type and dial type. In the plug-type ¢
instrument shown in figure (a), each of the arms AB and BC contains three resistances of 10, 100 and @
1000 ohm. These arms are called the ratio arms. While the resistance P can be introduced in the arm <
AB, the resistance Q can be introduced in the arm BC. The third arm AD, called the resistance arm, is c?)
a complete resistance box containing resistances from 1 Q to 5,000 Q. In this arm, the resistance R is "
introduced by taking out plugs of suitable values. The unknown resistance X constitutes the fourth arm £
CD. Thus, the four arms AB, BC, CD and AD are infact the four arms of the Wheatstone bridge (figure ‘2“
(b)). Two tap keys K, and K, are also provided. While K, is connected internally to the terminal A, K, is " -
connected internally to B. These internal connections are shown by dotted lines in figure (a). o
A battery is connected between C and key K, (battery key). A galvanometer is connected between D &
and key K, (galvanometer key). Thus, the circuit is exactly the same as that shown in figure (b). It is 5
always the battery key which is pressed first and then the galvanometer key. This is because a self- o
induced current is always set up in the circuit whenever the battery key is pressed or released. If we ©
first press the galvanometer key, the balance point will be disturbed on account of induced current. If
the battery key is pressed first, then the induced current becomes zero by the time the galvanometer
key is pressed. So, the balance point is not affected.
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Working : The working of the post office box involves broadly the following four steps : oy
L. Keeping R zero, each of the resistances P and Q are made equal to 10 ohm by taking out &

suitable plugs from the arms AB and BC respectively. After pressing the battery key first and o
then the galvanometer key, the direction of deflection of the galvanometer coil is noted. Now, _
making R infinity, the direction of deflection is again noted. If the direction is opposite to that in ,02
the first case, then the connections are correct.
Keeping both P and Q equal to 10Q, the value of R is adjusted, beginning from 1Q, till 1 Q oo
increase reverses the direction of deflection. The 'unknown' resistance clearly lies somewhere S

77

between the two.final values of R.
X= R9 = RE =R
P 10

As.an illustration, suppose with 3Q resistance in theiarm AD, the deflection is towards left and
with 4Q, it is towards right. The unknown resistance lies between 3Q and 3Q.

Making P. 100 Q and keeping Q 10Q, we again find those values of R between which direction
of- deflection is reversed. Clearly, the resistance in the arm AD will be 10 times the resistance

X of the wire.
X:Rngﬂzi
P 100. 10

In the illustration considered in'step Il, the resistance-in the arm AD will now lie between 30 Q, x¢
and 30 Q. So, in-this step, we have to start adjusting R from 30 Q onwards. If 32 Q and 33 Q are ¢
the two values of R which give opposite deflections, then the unknown resistance lies between
3.2Q and 3.3Q.

Now, Pis made 1000 Q and Q is kept at 10 Q. The resistance in the arm AD will now be 100
times the 'unknown' resistance.

x-p10 _ R
1000 100

In the illustration under consideration, the resistance in the arm AD will lie between 320 Q and 5
330Q. Suppose the deflection is to the right for 326 ohm, towards left for 324 ohm and zero
deflection for 325Q Then, the unknown resistance is 3.25 Q.

The post office box method is a less accurate method for the determination of unknown resistance
as compared to a metre bridge. This is due to the fact that it is not always possible to arrange =
resistance in the four arms to be of the same order. When the arms ratio is large, large resistance &
are required to be introduced in the arm R.
(CIE) posir.
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SUMMERY

In volimeter V = I, RS + 1 RG

Potential gradient in potentiometer

X X

_.¢ R
T R+r L

g . I = A9 andi= dq
o a " At dt
(®))
(G i=neAV,
e
(?) . V=1R
= 1
m . R Pt
2 A
-
C Power P = VI
=

. Ve
% P=PR=—

R
o3 ° Energy = power x time
£ . The rate at which the chemical energy of the cell in consumed = Ei
o
O . The rate at which heat is generated inside the battery = i?r
0N
D Electric power output = (e —ir) i
9]
% o Maximum power.output-when internal resistance =external resistance
Q_g o In series combination R =R, + R, + R, + .........
f) o In parallel combination 13 1., L
|—. para Ina R - R, + R, "
% . Cellin series
e B, =&+ & &+ L. + ¢ (write Emf’s with polarity)
_g M= F L+ +
8 J Cellsin parallel
o
= € & €,
= L=t
o E - T M
eq — H

= l+l+ ........ +l (Use proper sign before the EMFs)
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