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EQUIVALENT RESISTANCE AND CURRENT DISTRIBUTION IN CIRCUIT
Equivalent resistance

Conclusions: (about parallel combination)

1.

2.
3.
4.

Ex.

Sol.

Ex.

Sol.

Applying Kirchhoff’s junction law at point P
ip =1i; +1i, +1i;
v vV VvV VvV

Req Ry Rz Rg

11 1 1
Req Ri Rz Rg

1 1 1 1 1

In general, — =4 —4+—F -+

Req Ri Rz Rg Rp

Potential difference across each resistor is same.
[ = Il + Iz + I3 +"‘ .......In.

. . 1 1 1 1 1 . .
Effective resistance (R) then - = — + —+—+--- ... ... + —. (Ris less than each resistor).
R Ry Ry R3 Rn

Current in different resistors is inversely proportional to the resistance.

- t.1.1. L

R ERR R

G
1,1, = Tz
n Gy1+Go+- ot G

[1: 12: PR Il’l

where G = % = Conductance of a resistor. [Its unit is Q~* or U(mho) ]

In the circuit shown below, find the equivalent resistance between A and B.
Consider the loop enclosed in blue box first. Resistances 4 ()
and 2 Q are connected in series and 3 1 is connected parallel ‘V\? o

to it. Thus, equivalent resistance of this loop is, in
63 63 f g
—=—=20
6+3 9 410 40 20

Now, replacing this loop with a 2 Q resistance new circuit ;——"VV*—*W—"‘V\"—
will look the adjacent figure. Resistances 4 ( and 2 Q are

connected in series and 6 () is connected parallel to it. Thus, equivalent resistance of this loop is,
6X6
Rea =5vs =
Req = 3Q

In the circuit shown below, find the equivalent resistance between A and B.

If we observe carefully, we can find that there are four branches, each in 6100
having two resistances in series between point 4 and B. After adding '

the resistances in series in the branches, given circuit can be RN
P
represented as shown in figure. mﬁ\l/ 20

The equivalent resistance of the simplified circuit is

1 1 1 1 1 1 3 1 8
— = —F -t — — = —+ - As 60 4n B

Req 10 10 5 10  Req 10 5

R 10 _ 0
2

eq T 3y

Req = 20

The process to determine the equivalent resistance in a complex circuit involves the following steps.

1.

Suppose that there is a potential difference I/ across the terminals of the T
provided circuit, with one terminal at a potential of 0. / i
Consider two other unknown potentials, denoted as x and y, within the If/

given circuit. '
Designate V and 0 as the endpoints, and place x between them, on the I\

given scale. \ R
Position all the resistances between the designated points and proceed —
to solve the circuit.
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Ex. In the circuit shown below, find the equivalent resistance between A and B.
Sol. Here, three resistances R are connected in parallel through circular loop between point x to point B.

Resistance R is connected in series with above combination between point A to x. The circuit can
be represented as shown in the figure.
Thus, equivalent resistance is,

B A B
R
Ex. In the circuit shown below, find the equivalent resistance between A and B.
Sol. In an 'ideal' short circuit, there is no resistance and thus

no voltage drop across the connection. The whole current
will flow through the wire having no resistance.

Here, one of the three branches between point A to point o R=0 B
B is short circuited. Thus, all current will flow through \

this branch and equivalent resistance of the circuit will be 40

zero. This can also be calculated from formula as follows.

1 101 1
—=-4+-4+-=R =0
Rap 2ttty AB

Req = 00

Ex. n the circuit shown below, find the equivalent resistance between A and B.

Sol. Here, one of the three branches is short circuited in the part of circuit enclosed in yellow circle.
Thus, all current will flow short circuited conductor and equivalent resistance of the part will be
zero. The equivalent circuit can be represented as shown in figure.

Equivalent resistance of the circuit is,

Ex.

Sol.

1
Reg =2+ 17
« 3+
6
=2+2=40
Req = 40
20 20
B« ’NN‘“————fj? B AN
/ éﬁﬂ 60
30 80 30
N
mé / ém
A..".’r A/.JV\,.. |
60 A

In the circuit shown below, find the equivalent resistance between A and B.
Number the resistances as shown in figure.

Resistance 1 and 2 are connected in parallel combination between point A
to x. Similarly, resistance 3 and 4 are connected in parallel combination
between point x to B. The circuit can be represented as shown in the figure.
Equivalent resistance of the circuit is,

11 1 1, 1 1,1
— =t mrmR=c-trr=c-+t%
Req R gXR RR™p "RR™Tp R

+R R+R 2 2

R

Reqg =3

R

Reqg =3
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Ex.

Sol.

Ex.

Sol.

Ex.

Sol.

Ex.

Sol.

In the circuit shown below, find the equivalent resistance between A and B.
Number the resistances as shown in figure. . 0
From figure, all resistances are connected in parallel. The circuit can 12 [;J!

be represented as shown in the figure. 0 40 v3 1:4"-. &
Equivalent resistance of the circuit is, A len® & Vo g
1 1 1 1 1 1 \ 5,
— =t -t =+t )x"
Req 3 6 12 4 6 -~ |76
— 4+2+1+3+2 =10 v

12

Req = 10
In the circuit shown below, find the equivalent resistance between A x
and B. 8n 60
The circuit can be represented as shown in the figure. 1

. . o v 0
Equivalent resistance of the circuit is A b B
8x8 | 3x6
Rea = 55 T 3v6 ” 30
=44+2=6Q0 -

Req = 6Q
In the electrical circuit shown below, find the current in 2 Q resistance.
Method 1: Using current distribution
Equivalent resistance of the circuit, R,z = 50 g 20 28 4y

2oV AN
) . 2
Current through battery, i’ = ? = 4A 24

L]

A\
A
The 4A current divides into two branches. The 2A current 55y — 40 ;Tgﬂ 40
further divides in two branches. Let’s assume these currents I
AN~

be i1 and iz as shown in figure. 0 P

11 B 20 i=7= =
Ratio of currents, il = -i0 = 1:2
Current through 2Q) resistance, ip = % X 2= g
i=2A
3
Method 2: Using potential difference across resistor 20v 30 ev 20,
Equivalent resistance of the circuit, Ryg = SQ Rk A e A
g Q _ . ZA /
Current through battery, i’ = o= 4A ol 40 )Sgn 4q
The voltage drop across the resistance is found by |’ ‘ J
multiplying current with resistance. The voltage at all points 0 o', W< 9a
. . . 200 i=-—=—
is shown in the figure. 763
The voltage drops from 4V to 0 through 4Q and 2Q resistance.
. .40 _ 4 _2
Thus, current through 2Q resistance, i = pretaite ;A
.2
i=-A
3
In the electrical circuit shown below, find the current in 2 € resistance.
Equivalent resistance of the circuit, R,z = 50 20v _:,{,1 8w J{/{.l
20 =
Current through battery, i’ = o= 4 A o [an 12 LN
3N
. . 8-0 _ 8 60
Current through 3Q resistance, i3 = - = §A 20 v_-Ir_ 30 é \L\ é 80
8
Let the current through 20 resistance be i". . . . 3 : <.\
Applying Kirchhoff’s current law, i” + ;=4 4A 2n i
ir=4-_8-12
37 3
.4
i=-A
3
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Ex.

Sol.

Ex.

Sol.

Ex.

Sol.

Ex.

Sol.

Ex.

In the electrical circuit shown below, find the current in 3 Q resistance
Equivalent resistance of the circuit, Rgq = 4
20V 54 10 15V

Current through battery, i, = ? =5A . { +'§:,\"_

Let the current through branches from A to B be iy, i, and i5.
1,11

633 R

=1:2:3 SA 720 10V 10

2 5
X5==A
1+2+3 3

in
20V = 610 240

Using short trick, we can write, ipriyriy =

.y N
Therefore, I = iyt (im) =

5
i=-A
3

In the electrical circuit shown below, find the value of i.

Equivalent resistance of the circuit, Req = 48 40 60
12

Current through battery, im = <= 3A an 10

in =3A
Simplified circuit: 12V sAA———+AA~ OV . |I .
20 20 12V

Here point x represents point C and B on original diagram.

Potential at point C and B: Vg=V=12-3Xx2=6V
Current in branch AB: iag = ? =15A
Current in branch BO: igo = 6—;0 =1A
Applying KCL atpointB:1.5 =i+ 1 =1i=0.5A

AZSA

VWY

Find current passing through the battery and each resistor. A B R B

Method (I) Itis easy to see that potential difference across each resistor —afi—
is30 V. i;

30 30 30 L
Current is each resistors are == 15 A,? =10 A And == 5A 3ov
Current through battery is = 15+ 10+ 5 = 30 A.
Method (II)
1

' =V 1 1.1
Byohmslaw1—Req=>Req—2+3+6 1Q

. 30
Reg =10 = i===30A

Now distribute this current in the resistors in their inverse ratio.
2 15A 2
ANAAA L AN
3 30A
Ae AN «B = A—— ——B
6 15A 2
ANAAN >—ANAMA
Current totalin 3 Q and 6 Q is 15 A it will be divided as 10 Aand 5 A.

The method (1) is better. But you will not find such an easy case everywhere

20
Find current which is passing through battery. [

Here potential difference across each resistor is not 30 V Battery has WV

internal resistance. Here the concept of combination of resistors is useful. VR

Reg=1+1=20 I
i=32—0=15A 30V, 1Q

AC i |R s I oB

Find equivalent Resistance
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Sol. R R
o WA VWA WWA———0
A v.’\ R B v‘-ﬂ VB B
Here all the Resistance are connected between the terminals A and B Modified circuit is
R
Ry ==
eq 3
R
>—ANVW
R
AO—>— P> —"WW—— 0B
R
S>— AN
Ex. Find the current in 2Q resistance
40)

'[120\/

330 10

40
Sol. 2Q,1Q in series = 3Q
30,60 in parallel == = 20
20,40 in series = 6Q)
60,30 in parallel = 2Q
Reg =4 +4+2 =100

i=2=124
10
So current in 2() Resistance = g A

4Q , 12A

12A 12A | _]_' """
T 320
ANAAA—E
40 12A
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