3.10 ComMBINATION OF RESISTORS — SERIES AND
PARALLEL

The current through a single resistor R across which there is a potential
difference Vis given by Ohm's law I = V/R. Resistors are sometimes joined
together and there are simple rules for calculation of equivalent resistance
of such combination.
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FIGURE 3.13 A series combination of two resistors R, and R,.

Two resistors are said to be in series if only one of their end points is
joined (Fig. 3.13). If a third resistor is joined with the series combination
of the two (Fig. 3.14), then all three are said to be in series. Clearly, we
can extend this definition to series combination of any number of resistors.
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FIGURE 3.14 A series combination of three resistors R,. R,. R,

Two or more resistors are said to be in parallel if one end of all the
resistors is joined together and similarly the other ends joined together
(Fig. 3.15).

I
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FIGURE 3.15 Two resistors R, and R, connected in parallel.
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Consider two resistors R, and R, in series. The charge which leaves R,
must be entering R,. Since current measures the rate of flow of charge,
this means that the same current I flows through R, and R,. By Ohm’s law:

Potential difference across R, =V, =IR,, and

Potential difference across R: - V2 =] FE.a

The potential difference Vacross the combination is V,+V,. Hence,
V=V+V,=I(R +R) (3.36)

This is as if the combination had an equivalent resistance R, which
by Ohm’s law is

1%
R, = T =(R, +R,) (3.37)
If we had three resistors connected in series, then similarly
V=IR, +IR,+IR,=I(R* R,* R,). (3.38)

This obviously can be extended to a series combination of any number
nofresistors R, R, ....., R,. The equivalent resistance R is

Ry,=R,+Ry+...+R, (3.39)

Consider now the parallel combination of two resistors (Fig. 3.15).
The charge that flows in at A from the left flows out partly through R,
and partly through R,. The currents I, I, I, shown in the figure are the
rates of flow of charge at the points indicated. Hence,

I=L +1, (3.40)

The potential difference between A and B is given by the Ohm’s law
applied to R,

V=I R, (3.41)
Also, Ohm's law applied to R, gives
V=L R, (3.42)
I=1 V+V‘V[I+IJ (3.43
sl ] 5 —F—= —_— ;
tLETRRRR .

If the combination was replaced by an equivalent resistance Rm' we
would have, by Ohm's law

4
'&_ﬂ (3.44)
Hence,
1 1 - 1
Rﬂl -R, R, (3.45)
We can easily see how this extends to three resistors in parallel
(Fig. 3.16) R
;I -.__'-.._/.,Il.n.‘_.\‘n
A ! { ”R- , ; ! B
FIGURE 3.18 Parallel combination of three resistors R, R, and R,.
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Exactly as before

I=I +1,+I, (3.46)
and applying Ohm's law to R, R, and R, we get,

V=L R,V=LR, V=L, R, (3.47)
So that

I=Il+fz+I3=V{L+L+i] (3.48)

R, R, R,

An equivalent resistance R that replaces the combination, would be
such that

e 1

B E (3.49)

and hence

L B %

Ry Ri R, Ry (3.50)

We can reason similarly for any number of resistors in parallel. The
equivalent resistance of nresistors R, R, . .. .R  is

1 1 1 1
—=—t—t (3.51)

R, R R R,
These formulae for equivalent resistances can be used to find out
currents and voltages in more complicated circuits, Consider for example,
the circuit in Fig. (3.17), where there are three resistors R, R, and R,.
R, and R, are in parallel and hence we can
replace them by an equivalent Ry, between R,
point B and C with

. " [ AL
1 1.1 '_fﬁﬁwvv" 'A'—‘—<
B p R A B " :
RY R, R, I, NAAAAAA

c
£ R]
2 _ _RRy I
or, Ry = R, +R, (3.52) _ A . ANy
\ R-.-rl :
The circuit now has R, and R in series
and hence their combination can be _ ._,‘_«_flxn’\._;__.
replaced by an equivalent resistance with A R. ¢
R:::’ = Rf: +R, (3.53) FIGURE 3.17 A l'ulllhitlulh_m of three resistors R,,
R, and R,. R, R, are in parallel with an
If the voltage between A and C is V. the equivalent resistance N, . R, and |/ are In
current /s given b}r series with an equivalent resistance K
14 v
Im R -
. R+ RaRy /(R + Ry
___VR+R) -
RR, +RR, +RR, o
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Example 3.5 A network of resistors is connected to a 16 V battery
with internal resistance of 1€L as shown in Fig. 3.19: (a) Compute
the equivalent resistance of the network. (b) Obtain the current in
each resistor. (c) Obtain the voltage drops V. V. and V.
401 120}
A B N c D
4141 B11
3
16V 10
I
FIGURE 3.19
Solution
(a] The network is a simple series and parallel combination of
resistors. First the two 44 resistors in parallel are equivalent to a
resistor = [(4 x 4)/(4 + 4)|Q =2 Q
In the same way, the 12 Q and 6 Q resistors in parallel are
equivalent to a resistor of
(12 x 6)/(12 + 6)| Q=4 Q
The equivalent resistance R of the network is obtained by
combining these resistors (2 © and 4 Q) with 1 Q in series,
that is,
R=20+4Q+1Q=70Q
(b) The total current I in the circuit is
£ 16V
= = =2 A
R+r (7+1)Q
Consider the resistors between A and B. If I, is the current in one
of the 4 Q resistors and L, the current in the other,
L xa=1,x4
that is, I, = I,, which is otherwise obvious from the symmetry of
the two arms. Butll+Iz=J’=2A.Thus,
L=I,=1A
that is, current in each 4 Qresistor is 1 A. Current in 1 Q resistor
between B and C would be 2 A.
Now, consider the resistances between C and D. If I, is the current
in the 12 Q resistor, and I, in the 6  resistor,
LX12=1,%6ie, I, =21
But, L+, =1I=2A
2 4
Thus, I, = 3|A L= 3 A
that is, the current in the 12 Qresistor is (2/3) A, while the current
in the 6 Q resistor is (4/3) A.
(c) The voltage drop across AB is
Vip=1,x4=1A%x40=4V,
This can also be obtained by multiplying the total current between
112 A and B by the equivalent resistance between A and B, that is,
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Vig=2A%x2Q=4V

The voltage drop across BC is

Vic=2AX1Q=2V

Finally, the voltage drop across CD is
2

Vep=120x =120 X% (E]A-SV.

This can alternately be obtained by multiplying total current
between € and D by the equivalent resistance between C and D,
that is,

Vo, =2Ax4Q=8V

Note that the total voltage drop across ADis 4 V+2V+8V=14V.
Thus, the terminal voltage of the battery is 14 V, while its emf is 16 V.
The loss of the voltage (= 2 V) is accounted for by the internal resistance
12 of the battery [2A X 1 Q=2 V].
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