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Series Resistors and Voltage Division

The need to combine resistors in series or in parallel occurs so frequently that it
warrants special attention. The process of combining the resistors is facilitated by
combining two of them at a time. With this in mind, consider the single-loop circuit of

Fig. 1. The two resistors
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Figure 1. A single-loop circuit with two resistors in series
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are in series. since the same current 7 flows in both of them. Applying
Ohm’s law to each of the resistors. we obtain

v = .'I'Rl Uy = IR: (2.24}

If we apply KVL to the loop (moving in the clockwise direction). we
have

—v+ v +v,=0 (2.25)
Combining Eqs. (2.24) and (2.25), we get
v=uv,+ v, =iR; +Ry) (2.26)
or
_ v
=T (2.27)
Notice that Eq. (2.26) can be written as
v = iReq (2.28)

implying that the two resistors can be replaced by an equivalent resis-
tor R.,: that is,

Req =Ry + R (2.29)
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Figure 2. Equivalent circuit of the Fig. 1. circuit.

The equivalent resistance of any number of resistors connected in
series is the sum of the individual resistances.

For N resistors in series then.

N
Ry=Ri +Ry+ "+ Ry= >R, (2.30)

n=1

Parallel Resistors and Current Division

Consider the circuit in Fig. 3, where two resistors are connected in parallel and

therefore have the same voltage across them. From Ohm’s law,
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Figure .3. Two resistors in parallel
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v = .F:1R1 = I R>

or
_ v _ v >33
i1 =—. Ih =— .
LT R 2T R (2.33)
Applying KCL at node a gives the total current i as
1=1 T 1 (2.34)
Substituting Eq. (2.33) into Eq. (2.34), we get
] v v 1 1 v
i=—+—=v|l—+——|=— (2.35)
R, R, R, R, R.q

where R.q is the equivalent resistance of the resistors in parallel:

1 1 1 2.36)
Rq Ri Ry )
or
1 R +R
Req R'lRE
or
RiR>
Reg=———— (2.37)
Ry + R,

The equivalent resistance of two parallel resistors is equal to the prod-
uct of their resistances divided by their sum.



Class (first)

Lecturer (Ayat Ayad Hussein)

Subject) DC Electrical Circuits UOMU020701)

Al-Mustagbal University / College of Engineering & Technology
(Department of Communications technology Engineering)

1st term — Lecture No.4 (Series and Parallel Resistors)

(2.38)

Note that R, is always smaller than the resistance of the smallest resis-
tor in the parallel combination. If R; = R, = -+ = Ry = R, then

R
Req:E

Find R4 for the circuit shown in Fig. 2.34.

Solution:
To get Req. We combine resistors in series and in parallel. The 6-{) and
3-() resistors are in parallel. so their equivalent resistance is

6 X3
30 =
6+ 3

6| =20

(The symbol || is used to indicate a parallel combination.) Also. the 1-()
and 5-() resistors are in series: hence their equivalent resistance is

10+50=60

Thus the circuit in Fig. 2.34 is reduced to that in Fig. 2.35(a). In
Fig. 2.35(a). we notice that the two 2-{) resistors are in series. so the
equivalent resistance is

20+20=40

(2.39)

Example 2.9
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Figure 2.34
For Example 2.9.
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40 This 4-() resistor is now in parallel with the 6-{) resistor in Fig. 2.35(a):
o—wWw | their equivalent resistance is
20
Req T 2 10)60=22%_540
. i 269 ” 4+6
g < 20
A [ The circuit in Fig. 2.35(a) is now replaced with that in Fig. 2.35(b). In
@ Fig. 2.35(b), the three resistors are in series. Hence, the equivalent
’ resistance for the circuit is
40 _ _
5 AAAA, Ry =40 +240+80=1440
R ]
eq <
Py < 240
802
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Figure 2.35

Equivalent circuits for Example 2.9.

Practice Problem 2.9 By combining the resistors in Fig. 2.36. find Re,.
Answer: 6 ().
20 30 40
O—AW A A \.-"u,*‘q"‘y—‘
Req = = =
—= 26Q 24Q =50
10 30 T
AW AN
Figure 2.36

For Practice Prob. 2 9.
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Calculate the equivalent resistance R in the circuit in Fig. 2.37.
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Figure 2.37
For Example 2.10.

Solution:
The 3-() and 6-() resistors are in parallel because they are connected

to the same two nodes ¢ and b. Their combined resistance is
3 X6

3060 = =20 (2.10.1)
3+6
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Similarly, the 12-{) and 4-{) resistors are in parallel since they are
connected to the same two nodes d and b. Hence

12 X4

120/40 = =
12+ 4

30 (2.10.2)

Also the 1-{) and 5-() resistors are in series: hence, their equivalent
resistance is
10+50=610Q (2.10.3)

With these three combinations, we can replace the circuit in Fig. 2.37 with
that in Fig. 2.38(a). In Fig. 2.38(a). 3-(} in parallel with 6-) gives 2-().
as calculated in Eq. (2.10.1). This 2-{) equivalent resistance is now in series
with the 1-() resistance to give a combined resistance of 1 {) + 2 ) =3 ().
Thus., we replace the circuit in Fig. 2.38(a) with that in Fig. 2.38(b). In
Fig. 2.38(b). we combine the 2-() and 3-() resistors in parallel to get
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This 1.2-0) resistor is in series with the 10-{) resistor, so that

Ry,=10+12=1120Q
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Figure 2.38
Equivalent circuits for Example 2.10.
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