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Series and parallel resistance

Introduction

Chapter 1 introduced basic concepts such as current, voltage, and power in an electric circuit.
To actually determine the values of these variables in a given circuit requires that we understand
some fundamental laws that govern electric circuits. These laws, known as Ohm’s law and
Kirchhoff’s laws, form the foundation upon which electric circuit analysis is built. In this chapter,
in addition to these laws, we shall discuss some techniques commonly applied in circuit design
and analysis. These techniques include combining resistors in series or parallel, voltage division,
current division, and delta-to-wye and wye-to-delta transformations.

2.1 Ohm’s Law

Georg Simon Ohm (1787-1854), a German physicist, is credited with finding the relationship
between current and voltage for a resistor. This relationship is known as Ohm’s law. Ohm’s law
states that the voltage v across a resistor is directly proportional to the current i flowing through
the resistor.

That 1s,

Ohm defined the constant of proportionality for a resistor to be the resistance, R. (The resistance
Is a material property which can change if the internal or external conditions of the element are
altered, e.g., if there are changes in the temperature.) Thus, Eq. (2.1) becomes

v=1iR 2.2

Ohm defined the constant of proportionality for a resistor to be the resistance, R. (The resistance
is @ material property which can change if the internal or external conditions of the element are
altered, e.g., if there are changes in the temperature.) Thus, Eg. (2.2) becomes which is the
mathematical form of Ohm’s law. R in Eq. (2.3) is measured in the unit of ohms, designated .
Thus, The resistance R of an element denotes its ability to resist the flow of electric current; it is
measured in ohms ( Q).

A short circuit is a circuit element with resistance approaching zero.
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An open circuit is a circuit element with resistance approaching infinity.
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Figure 2.1
(@) Short circuit (R=0) , (b) Open circuit (R = ).

A useful quantity in circuit analysis is the reciprocal of resistance R, known as conductance and
denoted by G:

I
GC=277% (2.3)

Conductance is the ability of an element to conduct electric curmrent;
it is measured in mhos (1J ) or siemens (5).
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Gv 2.4)

The power dissipated by a resistor can be expressed in terms of R.

, . L
P == i“R = E watts (25].

The power dissipated by a resistor may also be expressed in terms of
G as

p= vl = t':f...; = :i_ watts (zﬁ}

r

The Power delivered from the source is

P =EI (watts) (2.7)

with E the battery terminal voltage and | the current through the source.

EXAMPLE 2.1 : Determine the current through a 5-kQ resistor when the power dissipated by
the element is 20 mW.

Solution:
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= (AXOCW k10 5=2x102%A
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2.2 Series Circuits

A circuit consists of any number of elements joined at terminal points, providing at least one
closed path through which charge can flow. The circuit of Fig. 2.2(a) has three elements joined at
three terminal points (a, b, and c) to provide a closed path for the current I.
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Two elements are in series if

1. They have only one terminal in common (i.e., one lead of one is connected to only one lead
of the other).

2. The common point between the two elements is not connected to another current-carrying
element.
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(a) series circuit (b) R1 and R2 not in series
Figure 2.2

In general, to find the total resistance of N resistors in series, the following equation is applied:

RT = Rl + .R.: = F Rs AP 95 =F R_:h_r {Ghnl"i, fl) [2.8]‘

The current drawn from the source can be determined using Ohm’s law, as follows:
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(amperes. A)

T.-
(2.9) Ry +
E—== gﬂr =R +R
3
= Circuit equivalent

The fact that the current is the same through each element of Fig. 2.2 (a) permits a direct
calculation of the voltage across each resistor using Ohm’s law; that is,

V, = IR, V, = IR,. V; = IR;. ..

. Vv = IRy

(volts, V) (2.10)

EXAMPLE 2.2
+ 7 -
(1 Ri=20
E=m==20V Rzglﬂ 14
_ T
R3=5ﬂ. I
M
- -V +

a. Find the total resistance for the series circuit

b. Calculate the source current I..

¢. Determine the voltages V. F>. and 7.

d. Calculate the power dissipated by R;. R;. and R;.

e. Determine the power delivered by the source, and compare it to the
sum of the power levels of part (d).

Solutions:
a Rr=R +Rh+R;=20+10+50=80Q

E 20V

b I, =—= =25A
* Rr 8Q

c. Vi =1IR, =(25A)(2Q0) =5V
V,=IR, = (25A)(1 Q) =25V
Vi=1IR; = (25A)50) =125V

d Pi=VI=(5V)25A) =125W
P, =I3R, = (25A)P°(1 Q) =625 W
Py =ViRy = (125V)/5 0 = 3125 W

e Pyy=EI=(20V)(25A)=50W
Py, =P, + P, + P,
50W=125W + 6.25W + 31.25W
50 W = 50W (checks)
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2.3 Parallel Circuits

Two network configurations, series and parallel, form the framework for some of the most
complex network structures. A clear understanding of each will pay enormous dividends as more
complex methods and networks are examined. We will now examine the parallel circuit and all
the methods and laws associated with this important configuration.

Two elements, branches, or networks are in parallel if they have two points in common.

Figure 2.3 Parallel elements.

—
Gr §G-_ § G, § Gy ?Gﬁ.
|
|

Figure 2.4 Determining the total conductance of parallel conductances.

For parallel elements, the total conductance is the sum of the individual conductances.

Gr=G+G + G +--+ Gy (2.11)
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gttt (2.12)

EXAMPLE 2.3 Determine the total conductance and

resistance for the parallel network of Fig. 2.5.
2
T
solution ng 30
—
Rr
L
Gr=G +&—L+L—G3%3S+G16"S—DES
=TT e T TR
and Rr = L_ 1 =21
Gr 058

the total resistance of two parallel resistors is the product of the two divided by their sum.

R\R;

= ——— 2.13
R, + R, @-13)

T
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EXAMPLE 2.4 Calculate the total resistance of the parallel network of Fig. below ??

o

—
Rr

ngﬁn Rgggn R3§6£1 R4§?2£1 R5§6£1

Lo

Solution: The network is redrawn in Fig. below :

—-
Ry ngﬁﬂ Rggﬁﬂ R;gﬁﬂ R3§9I1 R4§?2I1

e

%
Al A

R'r R";
N 3
y RyRy, (9 0)(72 £)) _ 648 () —30
T " Ry+R, 90+720 81
and Rr =R} || R:
1 In parallel with
RtR; 20810 16 Q)
_ Ry  2YHEQ) — 160

Rr+R% 20+8Q0 10
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