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Series and parallel resistance

2.4 PARALLEL CIRCUITS

The network of Fig. 6.21 is the simplest of parallel
circuits. All the elements have terminals a and b in a

common. The total resistance is determined by RT = I L
R1R2/(R1 + R2), and the source current by Is = E/RT. ; l

Throughout the text, the subscript s will be used to +
denote a property of the source. Since the terminalsof  E
the battery are connected directly across the resistors -
R1 and R2, the following should be obvious:

==
l
@

lf:

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

Vi=V,=E
Vi E

and L =—=—
Ry, R

, vV, E
with LH=—=—
° R R,

If we take the equation for the total resistance and multiply both
sides by the applied voltage. we obtain

A\ (L, L
{_ Rt ] ( Ry R5

E E E
and — = + —

Rr R, R,



Series and parallel resistance

Substituting the Ohm’s law relationships appearing above. we find that
the source current
I_F = Il + J-.rz

permitting the following conclusion:

For single-source parallel networks, the source current (I;) is equal
fo the sum of the individual branch currents.

The power dissipated by the resistors and delivered by the source
can be determined from

2 71
Py="I =k =
R,
,
2 V3
Py =W =1R=
Ry
,
2 E”
P.=FEIl =I.Rr=
Rr
Example:
e +
a. Calculate Rr. I l}_’l
b. Determine I,
¢. Calculate I; and [, and demonstrate that [, = I; + I,
d. Determine the power to each resistive load. E =7V ng 907, R,
e. Determine the power delivered by the source, and compare 1t to the B
total power disstpated by the resistive elements.
e
Ry —

Solutions:

4 Ro— RiRy _ (9)(1s ) _ 1620
T R +R, O 90+180Q 27

_E _ 21V _
Rr 611

=6 2

b I

4

tn
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Series and parallel resistance

v, E 21V
c. IL=—t=—= SN
Ri R 90
v, E 27V i
L=—=—"= = 1.5.
* R, R, 180
L=IL+1L

45A=3A+15A
45A=45A (checks)
d P,=VJI,=EL=02TV)3A)=81W
Py = T, = EL = (27 V)(1.5A) = 405 W
e. P.=EL =(27V)45A)=1215W
=P, +P,=81W+405W =121.5W

2.5 Series-Parallel Networks

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

EXAMPLE 2.6 Find the indicated currents and voltages for the network of Fig below ??

R
Wy
6 0
T R: T.
Wy I
6 (1
R
Rr 3 lI,f
- Wy +
E—==2V 24} Ry §sn Rs gu 0

Solution:



Series and parallel resistance

R a1l A
Rp=—=2""_30 —
BTN 2 B .
. (OO _s0_ ., - T
Ry = Ry 30 +20 : 1.2 ) E===Ry B

BO)120) 960 L]

= s = = =481} 5

B=Rs=g0+r20 20 i

R_r= R]_ 2013 _R4|5 =12 {1 + 438 {1 =a !-!
E 24V

L=— = —4A
Rr 6 {1

with Vi =LRypp = (4A)120) =48V
Vs=LRys = (4A)4.80) =192V

Applying Ohm’s law,
Vs _ 192V _

Iy = = 14 A
*T R, g 0

v, 8 7
=2t A8V gy
" Ry R, 60

¥

2.6 Y-D (T-p) AND D-Y (p-T) CONVERSIONS

Circuit configurations are often encountered in which the resistors do not appear to be in
series or parallel.

O R Ry fg\ Re
M NI 7\ o——AM A AV
~_ / \ R, R,
)5(4"’-3 R_:% Ry Rg Ry
R s
3 /( \\
:_‘J/ AV Y
E¢

(@) (b)

The Y (T) and D (p) configurations.



Series and parallel resistance

Under these conditions, it may be necessary to convert the circuit from one form to another to
solve for any unknown quantities if mesh or nodal analysis is not applied. versa. Two circuit
configurations that often account for these difficulties are the wye and delta configurations. They
are also referred to as the tee (T) and pi (n), respectively,. Note that the pi is actually an inverted
delta. The purpose of this section is to develop the equations for converting from D to Y, or vice

Introducing the concept of D-Y or Y-D conversions.

1. To obtain the relationships necessary to convertfromaDtoayY

resulting in the following expression for R3 in terms of Ry. Rp. and R¢:

R,R
Ry = 475 2.14)
Ry + Rg + Re

Following the same procedure for Ry and R,. we have

RsRc
Rl = =
R,R
and Rj = A7C (2 ].ﬁ-}
Ry + Rg + Re ’

2. To obtain the relationships necessary to convert fromayY toa D




Series and parallel resistance

RyR> + RiR3 + B3R
and Ro=—"2"—13 7273 2.17)
R,
We follow the same procedure for Rz and R
R, — RiRy + RyR3 + R1 Ry
4= R, (2.18)
RiRy + RyR3 + R1 Ry
and Ry = .
R, (2.19)

3. IfR1=R2=R30rRA=RB =RC

or Rﬁ = 5RY

EXAMPLE 2.7 Convert the D of Fig. below toa Y ??
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Solution:
o RgRe B o)10Q) 2000
' Ry+Rg+Rc 300+200+100 60
R.Rc (30 Q)(10€Q)  3000Q
R, = = = =50
R, + Rg + Re 60 Q 60
R.R 200)300Q) 6000
R, — Rp _ QomEoy) _ 100
R4+ Rg + R¢ 60 ) 60

EXAMPLE 2.8 Find the total resistor of figure below ??

s |1

350




Series and parallel resistance

Solution:
Two resistors of the A were equal;
therefore, two resistors of the Y will
be equal.
RgR 306 () 18 ()
R, +Rg+R- 30+3Q0+6Q 12
R4R 3060 18 ()
Ry = sRe GO —150¢——
R,+ Rz + Re 120 12
R.R 3030 0 ()
Ry = ZL0 B CLLICLL = 0.75 Q
Ry + Rg + Re 12 () 12

A0 +150)20+150
Rr=0.750+ (4(::1 +150) j+( 20 +15 1}1}
(5.50)(3.5Q)
550+350

= 0750 +2.139 Q
Ry =2.880 Q

=0.75Q +




