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Ueeneeel 14a topic 10

SERIES-PARALLEL CIRCUITS

PURPOSE:

This section introduces the series-parallel circuit and aims to develop systematic methods of

applying Ohm's law for the determination of voltages, currents and resistances associated
with series-parallel circuits.

TO ACHIEVE THE PURPOSE OF THIS SECTION:

At the end of this section the student will be able to:
e Reduce a resistive series-parallel circuit to a single equivalent resistance.

® Apply Ohm's law to series-parallel circuits to calculate the currents, voltages and
resistances.

¢ Connect components to form a given series-parallel circuit.

® (alculate the total power consumed by a series-parallel circuit, and the power
dissipated by each resistor within a series-parallel combination.

REFERENCES:

Electrical Principles for the Electrical Trades. 4th Edition. Jenneson J.R.
Pages 8§7-91.

GOVERNMENT

oAl TAFE:

267



Greg Moore

Greg Moore
Ueeneee114a topic 10

Greg Moore

Greg Moore


THE SERIES-PARALLEL CIRCUIT

In general, all electrical/electronic equipment is composed of a number of components that
are interconnected to form a combination of series and paralle! circuits. The most important
point to learn is how to distinguish between the components that are connected in series and
those components that are connected in parallel.

Figure 1 shows three examples of series-parallel circuits.

? O+Vee
220k 10k 12v
Q1
22k ik
o-
Series-parallel connected resistors Transistor amplifier
+10L R

il Lt 1
Rl

Basic relay control circuit

Figure 1

When analysing series-parallel circuits, always remember that current flow determines
whether a component is cormected in series or parallel. Begin at the positive terminal of the
supply and apply these two basic rules:

e if the total current has only one path to follow through a component, then that
component is connected in series.

e if the total current has two or more paths to flow through two or more components,
then those components are connected in parallel. ‘
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2. REDUCING A SERIES-PARALLEL CIRCUIT

Irrespective of how complex or involved the series-parallel circuit, there is a simple three
step method to simplify the circuit to a single equivalent resistance, that is, to reduce or
stmplify the circuit.

Once the series-parallel relationships have been determined, the three step method may be
applied. The three step method is:

° determine the equivalent resistances of all series connected resistors.
¢ determine the equivalent resistances of all parallel connected resistors.
® determine the equivalent resistances of the remaining resistances.

Example: 1
Determine the equivalent resistance for the circuit of figure 2.
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Example: 2
Determine the equivalent resistance for the circuit of figure 3.

+O—4
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3. OHM'S LAW APPLIED TO THE SERIES-PARALLEL CIRCUIT

As is the case with series and parallel circuits, Ohm's law may be applied to all or any part of
a series-parallel circuit.

I= % amperes R= IL ohms V=1 xR volts
Example: 3
For the circuit of figure 4 determine the: +0 B
(a) circuit equivalent resistance 33Q
(b) total circuit current V=20V

(c) voltage across R,
(d) curmrent through R,
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4. POWER IN THE SERIES-PARALLEL CIRCUIT

Each component in a series-parallel circuit consumes power and the amount of power
consumed by each component depends on the resistance of the component.

As previously discussed, there are three equations which can be used to calculate power:

P=V] watts P=I1%R watts P='%2 watts

The total power taken from the supply equals the sum of the powers taken by the individual
components.

Pr=Pi+P,+P3; watts

In addition to adding the individual component powers, the total power consumed by a
series-parallel circuit can be calculated using the three power equations as follows:

o Pr=Vqlp watts
o Pr=IR EO watts
. pool

Pr=— watts
T REQ

+c [

Example: 4
For the circuit of figure 5, calculate the: R2
(a) circuit equivalent resistance.
(b) total circuit current. V=30V
- (c) voltage drop across each resistor. 600 400
(d) power taken by each resistor.

(e) total power consumed by the circuit. O

Figure 5
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Example: 5

For the circuit of figure 6, calculate the:
(a) circuit equivalent resistance.
(b) total circuit current.
(c) voltage drop across each resistor.
(d) current through each resistor.

(e) power taken by each resistor.

(f) total power consumed by the circuit.

Rl
+0O —3
20
R3
65}
el
V=30V 165
T R4 RS
200 2002
e
Figure 6
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s Example: 6

For the circuit of figure 7, determine the - +0
(a) voltage V,
(b) voltage V;
(c) voltage V,,

R1

1000Q2

SOOQ:; Va Vi ::
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Figure 7

10002

R4
50082
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SERIES - PARALLEL CIRCUITS

Please note the following requirements in relation to tutorial work -

All tutorial work is to be completed on ruled A4 pad paper, with muiltiple pages stapled
together. Write on one side only of the answer sheets.

All work is to be completed in ink.

In the case of multiple choice type questions, the question number and answer letter are to
be written on the answer sheet.

All relevant equations and working are to be shown in the case of calculation type
questions.

All diagrams are to be drawn using appropriate drawing instruments. Drawings are not to
be freehand.

Section A

In the following statements one of the suggested answers is best. Place the identifying letter on
your answer sheet.

1.

The voltages in the parallel section of a series-parallel circuit:
(a) are affected by the circuit equivalent resistance

(b) are difficult to determine

(c) are the same across the parallel components

(d) decrease through the circuit from component to component

If one resistor in the parallel section of a series-parallel circuit goes open circuit, the circuit
power dissipation will:

(a) remain constant
(b) decrease
(c) increase
(d) decrease to zero

The power dissipation of any circuit:
(a) equal to the sum of the power dissipation of each resistor
(b) equal to the product of the power dissipation of each resistor
(c) equal to the supply voltage squared times the circuit equivalent resistance
(d) depends on the circuit arrangement

In the circuit of figure 1, the supply current is equal to the: +o &
(a) value of branch currents
(b) product of the branch currents
(c) sum of the currents in each resistor
(d) sum of the branch currents Figure 1

R»
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10.

If the resistor R, in the circuit of figure 1 were to open circuit, the circuit current would:
(a) rernain unchanged

(b) decrease
(c) increase
(d) become zero

If the resistor R, in the circuit of figure 1 were to short circuit, the circuit current would:
(a) decrease

(b) become zero

{c) increase

(d) remain unchanged

If the resistor R, in the circuit of figure 1 were to open circuit, the circuit power dissipation
would:

(a) become zero ()
(b) remain unchanged

(c) decrease

(d) increase

If the resistor R1 in the circuit of figure 1 were to short circuit, the circuit power dissipation
would:

(a) become zero

(b) remain unchanged
(c) decrease

(d) increase

If an extra resistor was added in parallel with resistors R, and R, in the circuit of figure 1, the
equivalent circuit resistance would:

(a) increase
(b) decrease to zero e
(c) decrease to a lower value

(d) increase to a much higher vaiue

If the resistance of the resistor R, in the circuit of figure 1 was to be increased, the equivalent
resistance of the circuit would:

(a) increase

(b) decrease to zero

(c) decrease to a lower value
(d) increase fo an infinite value
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Section B:

Blank spaces in the following statements represent omissions. Write the appropriate information.

Questions 1 to 17 relate to figure 2.

@ ® ©

] N ] X
L

DC
Power @ @
Supply R, Rs
I 1862 I 240

L

Figure 2

Using the negative terminal of the power supply as a reference, compare as either 'greater than',
less than' or 'equal to' the voltages at the following points.

(a) the voltage at point A would be (1) the voltage at point C
(b) the voltage at point D would be (2) the voltage at point B
(¢) the voltage at point D would be (3) the voltage at point A

(d) the voltage at point B would be (4) the voltage at point C.

Compare as either 'greater than', 'less than' or 'equal to' the currents at the following points.
(a) the current through ammeter A, would be ____ (5)____ the current through ammeter A,
(b) the current through ammeter A, would be ____(6)_____the current through ammeter A,
(c) the current through ammeter A, would be ____(7)____the current through ammeter A
(d) the current through ammeter A, would be____ (8)_____the current at point D
(e) the current at point D would be (9)_____the current through ammeter A,
(f) the current in ammeter A2 wouldbe___ (10)____ the current at point D.

The power dissipated by resistor R, would be (11) than the power dissipated by R,.

If the value of the resistor R, was increased, the equivalent circuit resistance would

(12)
With the switch 1n the open position, the voltage across the switch would equal __ (13)___ .
The power dissipated by resistor R, would be (14) than the power dissipated by
resistor R,.
If resistor R, became open circuit, the equivalent resistance of the circuit would be (15)___.
If resistor R, became short circuit, the circuit current would __ (16)_____ and the power

dissipation would (a7 .

283


Greg Moore

Greg Moore


SECTIONC

The following problems are to be solved with the aid of a calculator. Answers are to be correct to
two (2) decimal places. All equations and working are to be shown.

1. Determine the equivalent resistance for the circuit shown in figure 2.  (20.29Q)

2. For the circuit of figure 3, determine the -~ Ry
R +Or m—
(a) equivalent circuit resistance (209.19Q2) 1200
(b) circuit current  (0.478A) 100V Ra R3

150 112200

(c) voltage drop across resistor R,  (57.36V) o

(d) voltage drop across R, and R, (42.63V) _
(e) currents in resistors R2 and R3  (0.284A, 0.193A) Figure 3
(f) total power dissipated (47.8W)

3. For the circuit of figure 4, determine the - .
(a) equivalent resistance (8.94Q) ‘_ZTTQJ
(b) current in each branch (19.17A, 6.57A) 230V Ili ZIQ 11{53,9
(c) supply current  (25.72A)

(d) power dissipated by each component (4408W, _
863.3W, 647.4TW) Figure 4

(e) total power dissipation (5915.6W)

+C

"y &

4. A circuit is made up of two resistors in parallel and has an equivalent resistance of 15.23Q. If
R, has a resistance of 25Q determine the resistance of R,. (39W)

5. For the instaliation shown in figure 5, determine the-
(a) resistance of each branch  (12.28€2, 24.34Q, 56.83£2)
(b) equivalent resistance (7.579Q)
(c) circuit current  (32.32A)
(d) voltage drop across the consumers mains  (1.74V)
(e) voltage drop across each final sub-circuit  (243.26V)
(f) current in each final sub-circuit (19.82A, 9.99A, 2.51A)
(g) power dissipated in each load (4713.99W, 2395.2W, 604.8W)
(h) total power dissipated (7918.4W)

consumers mains Final sub-circuit [ Final sub-circuit 2
25 metres Wmx2.5mar T EREEL Final sub-circuit 3
P / i 22mx bmm®
AC * ?
26.88mQ 137.6mQ 172m$ 412.8m$
245V 120 24Q H 962
N 137.6mQ 172m$2 412.8m$
C : 0
26.88mQ
Figure 5
EET T TR TRy
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