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PARALLEL DC CIRCUITS /\

Two elements, branches, or networks are in

parallel if they have two points in common. | 2

p— " TN
] 2 B ] 2 B 1NolE
- - o
: . _--—\./
b
(a) (b) (c)

Different ways in which three parallel elements may appear.
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TOTAL CONDUCTANCE AND RESISTANCE

Recall that for series resistors, the total resistance is the sum of the resistor values.
For parallel elements, the total conductance is the sum of the individual conductances.

+
Grz Gl + GE + G_"I. + -+ Glﬂl,' RT Rl R, R_‘J, R-..r

_d— —
Lhy §“| g;.‘: gfh ?ra‘ R § R § R, § R

EXAMPLE 3.1 Determine the total conductance and resistance for the parallel network of Fig.

shown.
Gi=Gi ¥ G = 03335 4 0 16T =08 B 5
el SRRSO e ' i
| R,§3- R,
and Rr= . = 2 £} -
g = = = —
I~ Gr 0558 R,
O
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EXAMPLE 3.2 Determine the total resistance for the network of Fig. shown.

O O
i s R

R. r

I

R =2 R_§4 =2k = R,éz- R_§4_ R1§i
O e,

I I I |
- — +

=058+025584+025

= + +
200 40 51

1
R‘ —
T 09558

= 1.053 ()

The total resistance of parallel resistors is always less than the value
of the smallest resistor.
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For equal resistors in parallel, the equation
resistors in parallel,

For two parallel resistors, we write

R\R
and Ry = =<
R + R

becomes significantly easier to apply. For N equal

R
and Ry = —
™™ N
and Gr = NG
1 _ + 1
Rt R R

Lo (Bl Ryl B R
Ry (szﬂl (Rl R, RR: RR;

R, + Ry
R\R;

In words, the total resistance of two parallel resistors is the product of
the two divided by their sum.
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For three parallel resistors,

Rr = R.R, R;

- RT =
R R R R\R, + RiR; + RyR;

O o
R, —
ngon R §«m R1§b(l R4§7212 R<§6(2 Ry R,§6!! Rxéon R<§on R§9n R4§72!l
o} o - & J \ ;
R, R
R}=£=ﬂ=2ﬂ Rr=R7|| Ry
N 3 T— In parallel with
 RRy OM)(T72()) 64802 20 _ RRy 2B 160 16 O
""Ry+R, 90Q+720 8l Rr+Ry 20+8Q 10
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EXAMPLE 3.4 Determine the values =

of R1, R2, and R3 in Fig. shown if R, By A
= 2Riand R3 = 2R, and the total P
resistance is 16 kQ. 16k R
since Ry = 2R, = 2(2R)) = 4R,
o
and D + L
16k} R, 2
Ry = 16kQ) g"” §R3 §R‘ |
—— = 1.75| —
6k (
© with R, = 1.75(16 k2) = 28 k)
PARALLEL ELEMENTS |
] W=k
" 1”' 1;3 Vi E
) . I = RI == E
ET — v gﬁ'l vzg R ! ! Ry
;
- - V, E
I:! — ——
R Ry

- b
MSc. ZAHRAA HAZIM



EXAMPLE 3.5 Given the information provided in Fig. shown:

a. Determine R;. I (—v
b. Calculate E. Ry = 40 l/, = 4A lll
c. Find .. +
d. Find 5. ET=" R, <100 ngzou A§
e. Determine Ps.
A SRS B B
Rr R, R, R;
l 1 1 1 b. E=V,=LR =@AA)10Q)=40V
40 10Q 200 R E 40V
c. [=—=——=10A
| Ry 4 ()
0255=018 +0058 + —
Rs wp WL B MOV _ oo
n.255=u.|55+ﬂi "2 R R 208
3 ; -
1 _o1g e. P,=13R, = (2A) 20 Q) =80 W
R, '
0.18
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POWER DISTRIBUTION IN A PARALLEL CIRCUIT

for any network composed of °°
resistive elements, the power
applied by the battery will equal

that dissipated by the resistive
elements.

The power delivered by the source

P, = EI, (watts, W)

as 1s the equation for the power to each resistor (shown for R, only):

P, =V, =IiR, = (watts, W)

2
_
R,
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EXAMPLE 3.7 For the parallel

network shown: _‘L /}R' /PRE A
a. Determine the total resistance RT. |

b.Find the source current and the E’ "'l / ‘;fl / "-“*l

current through each resistor. +]

c.Calculate the power delivered by £ =28V Ry §1.5 K R § 20 ki Ry § 96 kil
the source. P,.r-/

d. Determine the power absorbed

by each parallel resistor.

a. It should now be apparent from previous examples that the total
resistance is less than 1.6 kQ.

1 1
Rr=- L] T L
R, R, R, 16kQ 20kQ  56kQ
) l ) 1
625X 106450 X 1075+ 17.867 X 10 692.867 X 10~

and Ry = 1.44 kQ)

-
3
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b. Applying Ohm’s law:

E 28V
I e — — 19.44mA
"T R, 144KQ i
V, E 28V
e T — 17.5mA
'R, TR 16kQ =
Vv, E 28V
e R SRR SRR
"R, R, 20KQ -
Vi E 28V
e .. . — 0.5mA
"R, R, 56kQ -
c. Py = EI, = (28 V) (19.4 mA) = 543.2 mW

d. Applying each form of the power equation:

P,=ViI, =EI, = (28V)(17.5 mA) = 490 mW

A review of the results clearly shows the fact that the larger the resistor, the less the power
absorbed.
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KIRCHHOFF’S CURRENT LAW

Kirchhoff’s voltage law provides an important relationship among voltage levels around any

closed loop of a network.
We now consider Kirchhoff’s current law (KCL), which provides an equally important

relationship among current levels at any junction.

Kirchhoff’s current law (KCL) states that the algebraic sum of the currents entering and leaving
an area, system, or junction is zero.

In other words,
the sum of the currents entering an area, system, or junction must equal the sum of the

currents leaving the area, system, or junction.

SI =3I, /

I, :. System,
L complex .
E"rl'- o Z‘f & network, 1’\:0A
rd:
L +1,=1+1, A -

JA+8A=2A+10A "
12A =12A (checks) I,=8A

MSc. ZAHRAA HAZIM
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EXAMPLE 3.6 Determine /4, I3, 14, and I5 for the network of Fig. shown.

At node a:
2l = 21, .
I=1,+1, 548
SA=1+4A
L=5A—-—4A=1A
At node b:
21 =21,
I| =I3 At nﬂdﬂ d.'
13:I|:1A.
- ) A
[ node c. !34_!4:!5
> =31, lA+4A=I[L=5A
lrz:f:l
I,=1,=4A
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EXAMPLE 3.7 Find the magnitude and direction of the currents /3, I, I, and I, for the network of
Fig. shown. Even though the elements are not in series or parallel, Kirchhoff’s current law can be

applied to determine all the unknown currents.

Considering the overall system, we know that the current

entering must equal that leaving. Therefore,

f;l=.|rj =10A

Applying Kirchhoff’s current law at node g,
L+ L=1
10A+L=12A
L=12A—-10A=2A

At node b, since 12 A are entering and 8 A are leaving, |,
must be leaving. Therefore,

At node ¢, | 3 is leaving at 2 A and /4 is entering at 4 A,
requiring that / 6be leaving. Applying Kirchhoff’s current
law at node c,

MSc. ZAHRAA HAZIM

LH=1Ii+ Is
12A=1,+8A
I,=12A —8A =4A
=1L+ I
AA=2A+ I

Io=4A—2A=2A
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CURRENT DIVIDER RULE 10 L)

-The majority of the current will pass through the > Wy o
) : /,

smallest resistor of 10 Q , and the least current will

pass through the 1 kQ resistor. I=9A r/ 100 O

-In fact, the current through the 100 Q resistor will _ » 1 > W\' o

also exceed that through the 1 k Q resistor.

-By recognizing that the resistance of the 100 Q is 10

times that of the 10 Q resistor. The result is a current I; 1k0

through the 10 Q resistor that is 10 times that of the AN —

100 Q resistor.
-Similarly, the current through the 100 Q resistor is 10
times that through the 1 kQ resistor.

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

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

For parallel elements of different values, the current will split with a
ratio equal to the inverse of their resistor values.
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Single node

EXAMPLE 3.8

a. Determine currents l;and |5 for the /
network in Fig. -

b. Find the source current Is : fll L=2 '“*‘:"l fﬁl

R360  RZTIO RTIO

a. Since R, is twice R,, the current /; must be one-half />, and

_ 5L 2mA
===

— —

= 1 mA

I

Since R, is three times R;, the current /5 must be three times /5, and

I; = 3, = 3(2 mA) = 6 mA

b. Applying Kirchhoff’s current law:

21, = 2,
1_¢:1|+12+13
I = 1mA+2mA +6mA =9mA
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~Ir

o l B j'fr
i l.-‘, lfl 5 iy "
= V§Rl ng §R3 § f}gﬁ, v § Ry

_ T o

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

entering the parallel configuration.

vV

The current I+ can then be determined using Ohm’s law: IT -
Ry
Since the voltage V is the same across parallel elements, the following is true:

V=ILR, = LR, =LRy=---=1R,.| Solvingforlx, the final result is the current
divider rule:

IT = i RT
R; I, = E!T
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EXAMPLE 3.9 For the parallel network shown, determine current /1.

1 I =12 mA R, 12 mA

— + — 4+ _
1 k£) 10 k) 22 k()
1
| X 1072 4+ 100 X 107% + 45.46 x 10°°

1

= — = 873.01 Q)
[.145 X 10~
Ry
I, =—1
ISR
(873.01 ) .
T, (12 mA) = (0.873)(12 mA) = 10.48 mA
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Special Case: Two Parallel Resistors It

—

__RR, L1 ln
I R[ + Rj R—h R]§ ng
T
( R.R; ) ‘
I = &I B Rl + Rj T
1 R| T R] T

)] [
' \R +R/ 2 \R, +R,)T

For two parallel resistors, the current through one is equal to the other
resistor times the total entering current divided by the sum of the two
resistors.
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