: Electrical Circuits |

WEEKS

T Chap ter 6 \

~Parallel C| rcu its


Mobile User


Textbook

EDITION

Introductory Circuit Analysis

bert L. Boylestac

Textbook:

Robert L. Boylestad “ Introductory Circuit Analysis “ Twelfth Edition Pearson
[ISBN 13:-978-1-292-09895-1]



6: DC Parallel Circuits


Mobile User


6.2
6.3
6.4
6.5
6.6
6.7
6.8

Topics to be covered in this chapter

Parallel Resistors

Parallel Circuits

Power Distribution in a Parallel Circuits
Kirchhoff’s Current Law

Current Divider Rule

Voltage sources in Parallel

Open and Short Circuits
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6.2 Parallel Resistors

The term parallel is used so often to describe a physical arrangement between two
elements that most individuals are aware of its general characteristics.
In general,

two elements, branches, or circuits are in

parallel if they have two points in common.
(\N (ﬁf\ T -

For instance, in Fig. 6.1(a), the two resistors are in parallel because they are connected
at points a and b.

Q WN\\A

Fig. 6.1 (a): Parallel resistors
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Both ends were not connected as shown, the resistors would not be in parallel.

In Fig. 6.1(b), resistors R:and R.are in parallel because they again have points a and b in
common. R.is not in parallel with R:because they are connected at only one point (b).
Further, R.and R:are not in series because a third connection appears at point b.

R,

VW

\ o\
@u(‘f‘\é ) —

Fig. 6.1 (b): R1 and R2 are in parallel
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The same can be said for resistors R.and R:. In Fig. 6.1(c), resistors R.and R:are in series
because they have only one point in common that is not connected elsewhere in the
network. Resistors R.and R:are not in parallel because they have only point a in
common. In addition, they are not in series because of the third connection to point a.
The same can be said for resistors R.and R:. In a broader context, it can be said that the
series combination of resistors R.and R:is in parallel with resistor R:

Fig. 6.1 (c): R3is in parallel with R3 is in parallel with the series combination of R1
and R2. the series combination of R1 and R2.
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On schematics, the parallel combination can appear in a number of ways, as shown
in Fig. 6.2. In each case, the three resistors are in parallel. They all have points a and
b in common.

<
S :I ua o
REhZ k2 nE RS RS
N | Sl
b t B
(a) (b)
FIG. 6.2

Schematic representations of three parallel resistors.
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].. 3 <~)§
For resistors in parallel as show Fig. 6.3, the total resistance is determined from the
following equation:

— l l+---+l (6.1)
RI 2 3 RN .

— R )

OR

FIG. 6.3
Parallel combination of resistors.
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Example 6.1 : Find the total resistance of the configuration in Fig. 6.6.

Solution:
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Example 6.2 : What is the effect of adding another resistor of 100 in parallel with
the parallel resistors as shown in Fig. 6.87

———

\ —~ D

FIG. 6.8
Adding a parallel 100 () resistor to the network in Fig. 6.4.

Solution:

Ry — ' _ : oo\ = AL
™70 1 1 1 1 ‘ S\
+— + - -
RR R R 3Q 60 1000
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Example 6.3 : Find the total resistance for the configuration in Fig. 6.10.

< ‘g

. R,§29 Rzgza R3§29 R4§20
Ry

FIG. 6.10 FIG. 6.11
Parallel configuration for Example 6.6. Network in Fig. 6.0 redrawn.

Solution: The total resistance of N parallel resistors of equal value is the
resistance of one resistor divided by the number (N) of parallel
resistors.

RTZ

2=

R 20
222 050
N 4 >

RT:
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@al Case: Two Parallel Resistor

The total resistance of two el resistors is simply the product of their values
divided by their sum. -

R; Rik, 7 (6.5)
R, + R, |— )

Example 6.4 : Find the total resistance for the configuration in Fig. 6.4.

.

Solution:

R\R 30)(6Q 18
Rr =% 1+2R 229156(;: 90@ 7
1 2 -
1 1
RTzﬁz | TT> Rl 3Q R2 6 Q)

1
R R O30 60 '
— ° 36 19
- T
FIG. 6.4 216-
s 722
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Example 6.5 : Determine the value of R, in Fig. 6.15 to establish a total resistance of 9k().

Solution:
R, § 12kQ éRz
o T -
and

Substituting values gives

FIG. 6.15

OkQ)(12kQ) 108
R, = o) ) 1980 — 36k0

pais> DN e 04
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[ 8 < -
Example 6.6 : Determine the value of R, , R,, and R;in Fig. 6.16 to establish a total
resistance of 16k(). Consider R, = 2R, andR; = 2R,

o
Solution:
Gim) 20 30 2
1 | 1 1
Rr R R R o
However, R, = 2R, and Ry = 2R, = 2(2R,) = 4R, FIG. 6.16
o that : : + : + :
so tha — = — + — + —
16k} R, 2R, 4R,
e 6kQ R 2\R/)  4\R
1 I
— = 1.75| —
o 16 kQ (R|>
resulting in R, = 1.75(16 k{)) = 28 k)
so that R, = 2R, = 2(28 k{)) = 56 kQ

and Ry = 2R, = 2(56kQ) = 112kQ
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6.3 Parallel Circuits

A parallel circuit can now be established by connecting a supply across a set of parallel
resistors as shown in Fig. 6.18. The positive terminal of the supply is directly connected
to the top of each resistor, while the negative terminal is connected to the bottom of
each resistor. Therefore, it should be quite clear that the applied voltage is the same
across each resistor.

FIG. 6.18 S g s
/ Parallel nerwork.
Xem £
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Properties of DC Parallel Circuits

a. The voltage is always the same across parallel elements.

?mzszIE (6.6)

b. The source current Is can then be determined using Ohm’s law:

E
I =— (6.7)
Ry

Since the voltage is the same across parallel elements, the current through each
resistor can also be determined using Ohm’s law. That is,

/f\ /\

Vv, ( E Vv, [E
L=—4+= Jad L=2-= 6.8
'R {R1) . T R Ry (©-9)

c. For single-source parallel networks, the source current (l.) is always equal to the
sum of the individual branch currents.

\ IS = 11 +12\z (609)

—
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Example 6.7 : For the parallel network in Fig. 6.22:

a. Find the total resistance.
b. Calculate the source current.

(e

c. Determine the current through each parallel branch.

d. Show that Eq. (6.9) is satisfied.

=
Solution:

a. Using Eq. (6.5) gives
RiR, — (OM)I8Q) 162

Ry = = — — = 0=6Q
"R +R 90 +180 27
b. Applying Ohm’s law gives
E 27V
[=—=—-=45A
YR 60
c. Applying Ohm’s law gives
Vi E 27V
"R, R 90
Vy E 21V
L=—=—=—-=15A
TR OR 180

d. Substituting values from parts (b) and (c) gives

L=45A=1+L=3A+15A=45A

(checks

lll,. + l]z +
f
d\
R,§ oav, | ,= 180y,
\ ~—
R, _ _
FIG. 6.22

Parallel network for Example 6.12.

15=11+12|
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Example 6.7: For the parallel network in Fig. 6.23.
a. Find the total resistance.

b. Calculate the source current. AL IS 'Z,;ZC\ A
c. Determine the current through each branch. ) E > 5
Solution: L Ry
a. Applying Eq. (6.3) gives >
R, I llz 11.3
1 1
S R R R 1 1 z - (
1,11 E=uv rRZ{00) nT200 12kQ
+—+ + + S— 1 2
R, R R 100 2200 12kQ .- A —
| ] @ e — O
T00 X 107 +4.545 X 1070+ 0833 X 107 10538 X 107 \2w0
RT = 9.49 Q -
b. Using Ohm’s law gives FIG. 6.23
E_ v Qe =
[[=—= = 2.53A A I WP
Ry 9490 —_
! A e 220 [ o
c. Applying Ohm’s law gives

)

LV UV _rx o M4 L ¢
= R R/ 100 )

! % 9 =¥ _oa1a = \3200

27 R D 220 ()  o— "7\';0.\\
s (E ) 24V

L=—=— = 0.02A

3R B/ 12KO0 e
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Tt T Certes Mo
W/‘l\/u{}c ,\‘,)% = M)L;D/:—('\

C —

— 7
7 NI = @W\JUC‘ AN\
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6.4 Power Distribution in a Parallel Circuit
— \_/

For any network composed of resistive elements, the power applied by the source will
equal that dissipated by the resistive elements.

7
PE — PRl + PR2 + PR3 (6.10)

For the parallel circuit in Fig. 6.28:

N
«ﬂe‘&\o
QO
I I I

I |2 l 3

+ + +

v, §R, V, §R2 Vs §R3

r—._-'""" o — R —

FIG. 6.28
Power flow in a dc parallel network.
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The power delivered by the supply can be determined using
e E———

P; = EI (watts, W) (6.11)

r

The power dissipated by the resistive elements can be determined by any
of the following forms (shown for resistor R1 only):

c— l\}
V3 N D
P, = Vi, Z@:Ce_] (watts, W) (6.12) E AN~ L
1

In the equationé = V?/R, jhe voltage across each resistor in a parallel circuit will be
the same The only factor that changes is the resistance in the denominator of the
equation.

The result is that in a parallel resistive network, the larger the resistor, the less is the
power absorbed.
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Example 6.8 : For the parallel network in Fig. 6.29 (all standard values):
a. Determine the total resistance Rr.

b. Find the source current and the curren

c. Calculate the power delivered by the §

hrough each resistor.

———
d. Determine the power absorbed by each parall@

e. Verify Eq. (6.

10).

(=
I Pr, /PRz Pr,
e I I, I,
Rr, ll / s / | l
L
\ —_— 28V R, 1.6 k() R, & 20 k() Ry & 56 k()
T T = -

\

FIG. 6.29 ,_\_q_g.

\
\, 6

Y

A
o

.

<b

X

= uw e

-

~
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W)Yo *}? —:W&

/ -~
PN WP e
g_> y tmer

A
T \Aqu\A/

A> 9@\ - EZ/)Q\ ~ Z%Z/[éeu ~

B, o 2R = Z?fﬁam:(
PRe = FY Re = 2% €6om0 =



Mobile User


Solution:

1 1
T 1 1 1
e - +
R, R, Ry 16kQ 20kQ  56kQ
1 1

T 625 X 105 +50 X 106+ 17.867 X 10°®  692.867 X 107
and Ry = 1.44 k()

d.
E 28V
[ == = — 19.44 mA
ST Ry 144KQ m
Vi E 28V
I = L— = — — 175 mA
"R, R 16KQ >
v, E 28V
I2:R2:R2:20kQ:1'4mA e. PE:PR|+PR2+PR3
v, E 28V ) 5432 mW = 490 mW + 302 mW + 14 mW = 5432 mW
L=—=— = — 0.5mA

R, R, 56kQ

c. P;=El = (28V)(19.4mA) = 5432 mW



P, = EI, = (28 V)(19.4 mA) = 543.2mW

P, = VI, = EI, = (28 V)(17.5 mA) = 490 mW
P, = I3R, = (1.4 mA)* (20kQ) = 39.2 mW

Vi E? (28V)
R, Ry, 56kQ

A review of the results clearly substantiates the fact that the larger the resistor, the
less is the power absorbed.

= 14 mW

PE — PRl + PR;; + PR

543.2 mW = 400 mW + 392 mW + 14 mW = 543.2 mW (chech

 ~— —
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6.5 Kirchhoff@urrent La@

= Kirchhoff’s current law (KCL): The algebraic sum of the currents entering and leaving
a junction (or region) of a network is zero.

SI= 3, L,,\- (6.13)

= Jirepresenting the current entering, or “in,”
and l.representing the current leaving, or

“out.” 7
= |In Fig. 6.30, for example, the shaded area can g / \P
enclose an entire system or a complex network, W 2 /4 Z)r [
or it can simply provide a connection point \ o
(junction) for the displayed currents. In each I =\4‘A System, 2%\ m\ I
case, the current entering — flgt cﬁ‘ I;=10A ?

must equal that leaving, as required by Eq. (6.13): @ junction N

21 = 2, @ ITI4=8A
——

‘\
[]+14:12+[3 5(’“ -
4A+8A=2A+10A N -

“— s 17 A = 12 A (checks) FIG. 6.30
&,L—Q) (]‘ ( Q)__Q] Aj f Ld‘ 9_3"!? Introducing Kirchhoff’s current law.
(}éﬂ*\” (e o e,o/fpl) /IM}{ Lo fd =
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Example 6.7 : Determine currents /s and /4 in Fig. 6.32 using Kirchhoff’s current law.

éif.,r:. éﬁw‘)“

Solution:

At node a

2= 2,

I] + 12 — 13
At node b, using the result just obtained,

Zli - 210

13 + 15 — 14
5A+ 1A= ]4
Note that in Fig. 6.32, the width of the blue-shaded regions matches
the magnitude of the current in that region.

(—-\ )
5'.:,_):1%

FIG. 6.32
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Example 6.8 : Determine currents /1, I3, Ia, and Is for the network in Fig. 6.33.

Solution:
At node a 't
2= 2,
=1 +1
SA=1 +4A
and I =5A—-4A=1A
At node ¢
21 = 2,
L =1
and I,=1=4A

I|:13
]3=]]=1A

At node d
EI,':EIO
L+ 1, =I5
A +4A=1I=5A
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a. Determine the source current Is.

b. Eind the source voltage E.
c. Determine R3. /

d. Calculate RT.

Solution: =
——
da. 2]’ — 2]0 =
IS — Il + 12 + 13 e

I,=8mA + I0mA + 2mA = 20 mA

b. Apply Ohm’s law gives
E — VI - I]Rl - (8 IHA)(:.). I\Q) - 16V

c. Apply Ohm’s law in a different form

v, E 16V
R3 = ——= — =
13 [3 2 mA W

d. Apply Ohm’s law again gives

E 16V
RT - — —
I, | 20 mA

1 =
_ ~ )6 _=\,6kn
Vo= Lafe-=V
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( 6.6 Current Divider Rule ﬁ>

= For two parallel elements of equal value, the current will divide equally.

= For parallel elements with different values, the smaller the resistance, the greater
is the share of input current.

= For parallel elements of different values, the current will split with a ratio equal
to the inverse of their resistance values.

(6.14)

The current through any branch of a parallel resistive network is equal to the total
resistance of the parallel network divided by the resistance of the resistor of
interest and multiplied by the total current entering the parallel configuration.

Ix — _IT (6'15)

?Mm\\t\@ @wrmjf Artwder
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For two parallel resistors, the current through one is equal to the resistance of
the other times the total entering current divided by the sum of the two
resistances.

FIG. 6.42
Deriving the current divider rule for the special
case of only two parallel resistors.

I = (ME) (6.16a)

= (@)I (6.16b)
T .
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Example 6.10 :

a. Determine the current /.for the network of Fig. 6.39 using the ratio rule.
b. Determine the current I:for the network of Fig. 6.39 using the ratio rule.
c. Determine the current /.using Kirchhoff’s current law.

f? — \QZ )X‘Z
’TCE; (/;ﬁgiir ﬁfﬁpmk

e

I 1@ Q=2@Al @l

XZF: §§2_£2 RZEO,  mITIC RTIO
. —

r———
e

@)

FIG. 6.39
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Solution: Single node

¥
a. Applying the ratio rule: I Ill (12=241A lsl
L R
LR RZ6O R3O0 R3§19
L 30 —t— T
2mA 60 -
1 FIG. 6.39
2
b. Applying the ratio rule: c. Applying Kirchhoff’s current law:
I R
, ; 129 L=I1+15L+L
m
= = - -
I 30 I mA + 2mA + 6 mA
= 9mA

L, = 3(2mA) = 6 mA
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Example 6.11 : For the parallel network in Fig. 6.41, determine curren@sing Eq.
(6.15).

Solution:
Ir=12mA - \ 12 mA
I e e\ N\ 2
l 10 kO
R:
T 1 1 R;

T IY E T Ju
[kQ  10kQ  22kQ 6/@%}{,

1
I X 1073 + 100 X 10 + 4546 x 10°°

1.145 x 107?
I — &I With the smallest parallel resistor receives the
'R majority of the current.

0

8 O
( ~ (12 mA) = (0.873)(12 mA) = 10.48 mA f()
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Example 6.11 : Determine current /2 for the network in Fig. 6.43 using the current
divider rule.

- [
Solution: g W

27 \R, + R)T 4
4kQ) =04
= = (0.333 = —_
<4 kQ + 8kQ )6 A (6A) =24 FIG. 6.43
Eq. (6.15) gives
L = 21, L= X« 5
R, U+
(4 kQ)(B kQ)
R, = 4kQ|8kQ = = 2.667 kQ ~
4kQ + 8kQ - V ZAf

B (2.667 kQ
= (2L

S kO )6A— (0.333)(6 A) = 2A
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Voltage sou

The primary reason for placing two or more batteries or supplies in parallel

is to increase the current rating above that of a single supply. For example, in Fig.
6.46, two ideal batteries of 12 V have been placed in parallel. The total source
current using Kirchhoff’s current law is now the sum of the rated currents of each

supply. The resulting power available will be twice that of a single supply if the
rated supply current of each is the same. ale \ [ ! 'j& » \'
That is, aj\@ (2} A

with I.=L=1
then Pr= E(l:+ I2) = E(I + 1) = E(21) = 2(El) = 2Py nf }9(/\ WA @
— , — O o) /\5\/\1/\99’0
1 T I, (1.=1,+1, _
Q" al ,
E

=12V E;=="12V -

1 =12V M
= = ==
O/" q i Y r \ e !I

— Flctgusqf.w u \,\M) '
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6.8 Open and Short Circuits

= An open circuit can have a potential
difference (voltage) across its
terminals, but the gerent is alwiys

= An open circuit is two isolated
terminals not connected by an
element of any kind, as shown in Fig.
6.48(a). Since a path for conduction
does not exist, the current associated
with an open circuit must always be
zero. The voltage across the open
circuit, however, can be any value, as (‘1}
determined by the system it is
connected to .
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Open Circuit

= |In Fig. 6.48(b), an open circuit exists between terminals a and b.

= The voltage across the open-circuit terminals is the supply voltage, but the
current is zero due to the absence of a complete circuit.

I=0A
 ——— ? a
+
— Vopen circuit = E volts
Xb
(b)

FIG. 6.48
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N

o0 G
Short Circuit D —

C—

= A sshort circuit can carry a current of a level -
determined by the external circuit, but the
potential difference goltage) across its

terminals is always zero volts.
[o———

hort circuit

 Ashort circuit is a very low resistance, direct
connection between two terminals of a
network, as shown in Fig. 6.50. System

* The current through the short circuit can be
any value, as determined by the system it is
connected to, but the voltage across the short
circuit is always zero volts because the FIG. 6.50
resistance of the short circuit is assumed to be Defining a short circuit.
essentially zeroohmsand V=/R=/(0)=0V.
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C—Iome work j

Problem 1 : For the parallel network in Fig. 6.82:

a. Find the total resistance.

b. What is the voltage across each branch?

c. Determine the source current and the current through each branch.
d. Verify that the source current equals the sum of the branch currents.

1‘\'
/‘>
E—

L |
+

\EEQQZI 30 R, SS90 R, S36Q

FIG. 6.82
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Problem 2: Given th%ﬁ)rmation provided in Fig. 6.86, find the unknown quantities:
E, R1, and Is.

FIG. 6.86 —

R
Lnte%218% T )
ir: ‘7/%“[@/% A
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£2: 7\)\*,)((@[% _ \/QA
M4-2o

K‘?: #ZCb KQG(—E“ QA
U420

g;: '\)q:%\)z - Ve = o U a 367

Nl

Q= Yo 2

\ /&
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Q/

Problem 3: \Eight holiday Iigh:arjconnected in parallel as shown in Fig. 6.90.

a. If the setis connected to a(120 Y source, what is the current through each bulb i

each bulb has an internal resistance o(i‘.8\k?)
b. Determine the total resistance of the network.
c. Find the current drain from the supply.
d. Whatis the power delivered to each bulb?
e. Using the results of part (d), what is the power delivered by the source?
f. If one bulb burns out (that is, the filament opens up), what is the effect on the
remaining bulbs? What is the effect on the source current? Why?
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and

Problem 4 : Using the information provided in Fig. 6.97, find the branch resistor@
dbhe total resistance R7, and the voltage source E.

\ 6)@6‘0\\\ &\
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Problem 5 : Determine the currents for the configurations in Fig. 6.100.

— I

20 mA

/ I, 18 mA
—_—
C>////”'EEZW?>%EESRQ

A ¢

6‘ F’@ — B
‘ J;L, AW \\f\\

12 Q) j_’
\ FIG. 6.100

,\—\ Problem 30.
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L2 2
7 &-HO

v = IH
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