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Series Circuits

Two types of current are readily available to the consumer today. One is direct current (dc), in which ideally
the flow of charge (current) does not change in magnitude (or direction) with time. The other is sinusoidal
alternating current (ac), in which the flow of charge is continually changing in magnitude (and direction)
with time.

The battery of Fig. below, by virtue of the potential difference between its terminals, has the ability to cause
(or “pressure”) charge to flow through the simple circuit. The positive terminal attracts the electrons through
the wire at the same rate at which electrons are supplied by the negative terminal. As long as the battery is
connected in the circuit and maintains its terminal characteristics, the current (dc) through the circuit will not

change in magnitude or direction.
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Introducing the basic components of an electric circuit.

The SERIES 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. 5.4(a) has three elements joined at three
terminal points (a, b, and ¢) to provide a closed path for the current L

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.

R
! b
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In series circuits
The total resistance of a series circuit 1s the sum of the resistance levels.

The current 1s the same through each element.
R =R{+R, + ... + Ry
Iy=1=1,=-.... = Iy
using Ohm’s law; that 1s,
Vi =1IR;,V, =1IR,,V3 =IR;5,.....Vy = IRy
The power delivered to each resistor can be calculated as

R,

The total power delivered to a resistive circuit is equal to the total power dissipated by the resistive
elements.

EXAMPLE 1 (1 R =20
a. Find the total resistance for the series circuit.
b. Calculate the source current fs.
¢. Determine the voltages V1, 2, and V3. E___ 20V, 7 §
d. Calculate the power dissipated by R1, R2, and R3. T Ry -

-+

1Q

¢. Determine the power delivered by the source,

and compare it to the sum of the power levels of part (d). M
-+

S A
EXAMPLE 2 M KM
Determine Ry, 1, and V> for the following circuit [ I R -7Q R,=40Q

F==_50V Ry § 70
+ — >
Ry
. K 1)
= 7Q

VOLTAGE SOURCES IN SERIES

Voltage sources can be connected in series, , to increase or decrease the total voltage applied to a system.

; B E, K [Er
“—IF L= - T
1 I - uy |
4V 9V 3V 8V
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KIRCHHOFF’S VOLTAGE LAW

Kirchhoff’s voltage law (KVL) states that the algebraic sum of the potential rises and drops around a

closed loop (or path) is zero.
A closed loop is any continuous path that leaves a point in one direction and returns to that same point from

another direction without leaving the circuit. g
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Kirchhoff’s voltage law can also be stated in the following form:

EO Vrises — EO Vdrops

EXAMPLE 4
Determine the unknown voltages for the networks of following Figures
+V, - +42V - +12V-  +6V -
R, R, R, R,

E, ==/ 16V E, =09V E===32V Vs R3§ 14V

(a) (b)
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EXAMPLE 5
Determine / and the voltage across the 7-_ resistor for the network of the Figure shown below.

40 | 70
- W
12.5V

50V =5

4 Q)

M

VOLTAGE DIVIDER RULE

In a series circuit,
the voltage across the resistive elements will divide as the magnitude of the resistance levels.

RT:R1+R2

E
- I
I T | N
Applying Ohm’s law: R
V.=IR,. =L R, =& — R1§V1
1 1= 5 M Ry -
_ _E p _pkRe —_
VZ—IRZ—RTRZ—ERT E M
In general R, § V.
_ Ry - )
e =E- me -
EXAMPLE 6

Using the voltage divider rule, determine the voltages ¥, and V3 for the series circuit shown below

5 ot
R, =2kQ ¥,
o
.+..
E= 45V R, Z5kQ
+
R, Z 8kQ 7,
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Parallel Circuits

PARALLEL ELEMENTS

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

In parallel circuits
The voltage across parallel elements is the same.
Using this fact will result in

E = V1 — VZ T
(f_’ lfl

but

1 1} 1

e o, E=E v pZ o0y,
Rt R1 Ry

E E E

—=—4— = i
Rt Ri Ry —

E Vi Vs -

— + —

Rt Ri Ry
EXAMPLE 1

Determine the total conductance and resistance for the parallel network of Fig. shown below
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EXAMPLE 2
Determine the total conductance and resistance for the parallel network of Fig. shown below

EXAMPLE 3
Determine the total conductance and resistance for the parallel network of Fig. shown below
O
—-
Ry
RZ6O BZTIO KZT6O RINORZT6O
O
EXAMPLE 4 7 ot o+
For the following parallel network: F. l ! l -
E===27V Rl§9mq R§189V,
a. Calculate Ry Ry _ _
b. Determine 1. ——

¢. Calculate /; and 5>, and demonstrate that Is = I, + .

d. Determine the power to each resistive load.

e. Determine the power delivered by the source, and compare it to the total power dissipated by the resistive
elements.

EXAMPLE 5

Determine the currents /3 and /4

EXAMPLE 6
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Determine /1, I3, [s, and /s for the network shown below

EXAMPLE 7

Determine the currents /3 and s of Fig. shown below through applications of Kirchhoff’s current law.

L=3A
2, >
ANV ————

L=1A

A AW
—

EXAMPLE 8

Find the magnitude and direction of the currents I3, 1, Is, and 7 for the network shown below. Even though the

elements are not in series or parallel, Kirchhoff’s current law can be applied to determine all the unknown currents.

IT211+12+”.+1N

E=V,=V, =V, o ml

E I;Ry IR, INRy +
IT = — == = l !_’ [W
Ry Rt Rt Rt : - :
_ IxRy _
2
— Rx __ Rp _
L =Ir === I
o X
R - =
For the particular case of two parallel resistors,
1 1 1

Ry _ Ry  _ Ry _ Ry
Il_ITZ_ITii_ITRﬁRZ— ITR R
R R1 Ry RiR; 11Rz
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1 1 1
L=hX=h =L =l
2 —IrT1T — Ti+i_TR1+R2 - TR+R
Ry Ry Ry RiR3 S

EXAMPLE 9

Determine the current /2 for the network shown below using the current divider rule.

I,= 6A
=6 j .
RO RZEKO

EXAMPLE 10
Determine the current /1 for the network shown below using the current divider rule.

o j]=42mA

e—
Ry I

|
,S240 Ry
Réen R_§ 40 R_,§4sn

Series-Parallel Networks

series-parallel networks are networks that contain both series and parallel circuit configurations.

Example 1
Find the indicated currents of the figure shown below o L R 4 »
o— AAA
ZH lfa l](‘
B e
>
f‘l = RZ050
>
E=s= 10V RZ410RZ40
RSEELS a
= c
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Example 2
Find the indicated currents of the figure shown below

b
> =
<t

M
=5
4

> 5o

>
=
o3
Nl
-
5
==
=

n<

E==="168V

L
RZ30

= 4
K260 B30

1l
d

Example 4

Find the indicated currents and voltages for the network shown below

>
RZ80 RZRO T

EXAMPLE 3

Find the current /1 and the voltage 72 for the network shown below
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