Series-Parallel Networks

7.1 SERIES-PARALLEL NETWORKS

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

Only single-source dc network will be considered

General Approach:

1- Study the problem in total and make a mental sketch of the approach
you plan to use.

2- Examine each region independently = simplify the network

3- Redraw the circuit as often as possible with the reduced branches and
undisturbed unknown.

4- When you have a solution, check that it is reasonable.



Reduce and Return Approach

Usually, the analysis is one that works back to the source, determines the source
current, and then finds its way to the desired unknown.
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The networks drawn during the reduction phase are often used for the return path.



Block Diagram Approach

block diagram approach =
1. combinations of elements can be In
series or parallel
2. show basic structures that involve
similar analysis techniques.

e blocks B and C are in parallel

e voltage source E is in series with block A

e parallel combination of B and C in series
with A and the voltage source E

FIG. 7.2
Introducing the block diagram approach.

Notation:
e Ry and R; in series: Ri, =Ry + R,
e R, and R, in parallel: Ry, =R IR, = R1'R;

R{+R,



EXAMPLE 7.1 If each block of Fig. 7.2 were a single resistive ele-
ment, the network of Fig. 7.3 might result.
The parallel combination of Rp and R, results in

12 k)(6 k()
Rgic = Rz || Rc = (17}{!_11561«;!%

= 4kQ

The equivalent resistance Rp 1s then in series with R,. and the total
resistance “seen” by the source is

Rr= Ry + Rp|c
=2k + 4k =6k

The result is an equivalent network, as shown in Fig. 7.4, penmitting
the determination of the source current I..
E 54V

L=——=
Rr 6 k()

=0 mA

and. since the source and R, are in series.
I, =1, =9mA

We can then use the equivalent network of Fig. 7.5 to determine Iy
and I using the current divider rule:

Iy = Sk __ 6 T, =L(9 mA) = 3 mA
6 k) + 12 k) 1877 3 )

I, = 12K _ ur=i{9nm)=ﬁm
12k + 6 k() 187 3

or, applying Kirchhoff’s current law.
Ir=1 —Izg=9mA — 3mA = 6 mA

Note that in this solution, we worked back to the source to obtain the
source current or total current supplied by the source. The remaining
unknowns were then determined by working back through the network
to find the other unknowns.
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Determining Ig and I for the network of
Fig. 7.3.



EXAMPLE 7.2 It is also possible that the blocks 4. B. and C of Fig.
7.2 contain the elements and configurations of Fig. 7.6. Working with

{o

each region:
A: RA =410

R _24_so
N 7

B: Rg=R:||R:=Ry3=

: RC:R4+R52R4:5:0.5Q+]..SQ:EQ
Blocks B and C are still in parallel. and
R 20

Rge ==, — 1
with
Rr =R, t+ Rp|c {Note the similarity between this equation
=404+10=50Q and that obtained for Example 7.1.)
E 10V
and I =—= =2A
Ry 50

We can find the currents I,. Ip. and I using the reduction of the net-
work of Fig. 7.6 (recall Step 3) as found in Fig. 7.7. Note that L. I, and
I~ are the same in Figs. 7.6 and 7.7 and therefore also appear in Fig.
7.7. In other words, the currents I, Iz, and I~ of Fig. 7.7 will have the
same magnitude as the same currents of Fig. 7.6.

I;=1I,=2A
I I, Y
and IB:IC:%ZT:: -:%ZIA

Returning to the network of Fig. 7.6. we have

The voltages ¥y, V3, and V¢ from either figure are
V,=LR,=(2A)40) =8V
Ve=IgRp=(1lA)20) =2V
VC = VB =2V

Applying Kirchhoff’s voltage law for the loop indicated in Fig. 7.7
we obtain
EGV:E_V_{_VB:O
E=V;+ V=8V +2V
or 10V =10V (checks)
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Reduced equivalent of Fig. 7.6.



EXAMPLE 7.3 Another possible variation of Fig. 7.2 appears in Fig.

7.8.

a9 M6 Q) 54 ()
RA:R”D:;QE!SI%: 5 =36()
{6&){3&)

600 +30

RB=R3+R4||5=4Q+ =40+20=60

RC=3Q

The network of Fig. 7.8 can then be redrawn in reduced form. as shown
in Fig. 7.9. Note the similarities between this circuit and the circuits of

Figs. 7.3 and 7.7.

RI:RA+RB”C:3.6Q+£_HQ£_HQ

60+ 30
=3604+20=561
L= E _ 168V _
RT :‘GQ
I,=1=3A

Applying the current divider rule yields

Ry _ 3M)(3A) _ 9A
Rc+Rz 30+60Q 9

By Kirchhoff's current law,
Ir=I;,—Izh=3A-1A=2A
By Ohm’s law,
Vy=ILR;=(3A)3.6()=108V
VB = IBRB = VC = ICRC = (.3 A)(..}l Q} =6V

Returning to the original network (Fig. 7.8) and applying the current

divider rule,

Rly, _ (6)(3A) _ 18A
R+R 60+90 15

By Kirchhoff’s current law,

L= =12A

L=I,—I;=3A—12A=18A

Ry=4n
-
E—==168V Rs230

Ri=60 R;=30

FIG. 7.8
Example 7.3.

FIG. 7.9
Reduced equivalent of Fig. 7.8.



7.2 DESCRIPTIVE EXAMPLES

EXAMPLE 7.4 Find the current [, and the voltage ¥, for the network
of Fig. 7.10.

_l’_
Solution: Tn this case, particular unknowns are requested instead of E—==12V

a complete solution. It would, therefore, be a waste of time to find all
the currents and voltages of the network. The method employed should
concentrate on obtaining only the unknowns requested. With the block

diagram approach. the network has the basic structure of Fig. 7.11.
clearly indicating that the three branches are in parallel and the voltage

across 4 and B 1s the supply voltage. The current 7, 1s now immediately
obvious as simply the supply voltage divided by the resultant resistance
for B. If desired. block 4 could be broken down further. as shown in

capable of being determined using the voltage divider rule once the
resistance of C and D is reduced to a single value. This 1s an example

of how a mental sketch of the approach might be made before applying

Fig. 7.12, to identify C and D as series elements, with the voltage 7, E "'_
| ! . =
laws, rules, and so on. to avoid dead ends and growing frustration. =

Applying Ohm’s law,

,_E _E _ 12V _
*" Rs R, 8 () -

Combining the resistors R, and R; of Fig. 7.10 will result in

3O0)6Q) _ 180 _
30+6Q 9

and, applying the voltage divider rule.

RpE  _ 2)(12V) _ 24V
Ry + R 20 +40 6

=4V ———

)

o]




EXAMPLE 7.5 Find the indicated currents and voltages for the net-
work of Fig. 7.13.

Solution: Again, only specific unknowns are requested. When the
network 1s redrawn, it will be particularly important to note which
unknowns are preserved and which will have to be determined using the
original configuration. The block diagram of the network may appear as
shown in Fig. 7.14. clearly revealing that 4 and B are in series. Note in
this form the number of unknowns that have been preserved. The volt-
age V; will be the same across the three parallel branches of Fig. 7.13.
and Vs will be the same across R, and Rs. The unknown currents I, and
I, are lost since they represent the currents through only one of the par-
allel branches. However, once V; and Vs are known. the required cur-
rents can be found using Ohm’s law.
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R 6 ()

BM20) 60 :
R,=R = = =120
B)(1240) 96 _
Rg = Rys = ~—— = = =4R8() E==—=R
TR0+ 1200 20 d
The reduced form of Fig. 7.13 will then appear as shown in Fig. 7.15, and L
E 24V v
R, 6 () Rijays
. : : Wy
Wlﬂl V] = IS.R1||2||3 = (4 A){]. 2 &1) =48V 120

Vs=ILRys = (4A)4.80) =192V

Applying Ohm’s law,

Vs 2V
I, = — 92V _54a
R, 80
V"- V £ 7
L=—=—"= 22V _osa
R, R, 6 Q)

i




EXAMPLE 7.6
a. Find the voltages V. V3. and V; for the network of Fig. 7.16.
b. Calculate the source current /..

Solutions: This is one of those situations where it might be best to
redraw the network before beginning the analysis. Since combining
both sources will not affect the unknowns, the network is redrawn as
shown in Fig. 7.17, establishing a parallel network with the total source
voltage across each parallel branch. The net source voltage is the dif-
ference between the two with the polarity of the larger.
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Example 7.6 Network of Fig. 7.16 redrawn.



a. Note the similarities with Fig. 7.12, permitting the use of the voltage

divider rule to determine 7; and ¥3: [T N l I N l I
v, = RE _ (50)U2V) _ 60V _ ..y ViR, § 50 V3R, § 6 2
R, + R, 500+30Q 8 + - r"q‘}_
R.E : VY 2V E==12V oa_ N ob
Vs = 2 _60A2V) _ RV _ 4y - 7, —<
R; + Ry 6L+ 21 8
o . . S . R, § 30 Ry § 20
The open-circuit voltage V,; 1s determined by applying Kirchhoff’s -
voltage law around the indicated loop of Fig. 7.17 in the clockwise
direction starting at terminal a.
FIG. 7.17

HV = V3 + V=0

! ’ ab Nenwork of Fig. 7.16 redrawn.
and Vap, = V33—V =9V —-75V=15V

b. By Ohm’s law.

" 15V

I = = = 15A
'R, 50

Vs 9V
I = = =15A
R, 60

Applving Kirchhoff’s current law,
IL=L+L=15A+15A=3A



EXAMPLE 7.7 For the network of Fig. 7.18. determine the voltages 7,
and 7, and the current I.

Solution: Tt would indeed be difficult to analyze the network in the
form of Fig. 7.18 with the symbolic notation for the sources and the ref-
erence or ground connection in the upper left-hand corner of the dia-
gram. However, when the network is redrawn as shown in Fig. 7.19, the
unknowns and the relationship between branches become significantly
clearer. Note the common connection of the grounds and the replacing
of the terminal notation by actual supplies.
[t 1s now obvious that

VQ_ — _El - _6 "‘T

The minus sign simply indicates that the chosen polarity for 7, in Fig.
7.18 1s opposite to that of the actual voltage. Applying Kirchhoff’s volt-
age law to the loop indicated. we obtain

_E1+V1_E2:0

— E,0 +18V
o a
R2 50 ngéﬂ Vl
74 C E, = -6V +
M ) i Ry 74
R; + R4§csﬂ v,
- ' I,




and Vi=E, +E, =18V+6V =24V
Applying Kirchhoft’s current law to node a yields
I = I] + Iz_ + Ij
V
- E, n E,
R, R, R, + R;
24_\-" N 6}’ " 6‘{
6 () 6 () 12 ()
=4A+1A+05A
I=55A




EXAMPLE 7.8 For the transistor configuration of Fig. 7.20. in which
Vs and Vg have been provided:

a.
b.
C.

d.

Determine the voltage 'z and the current /.

Calculate V.

Determine Ve using the fact that the approximation /- = Iz is often
applied to transistor networks.

Calculate Vg using the information obtained in parts (a) through (c).

Solutions:

a.

From Fig. 7.20, we find
Vz == VB =2V
Writing Kirchhoff’s voltage law around the lower loop yields

Vo— Vg — V=10

or Ve=V,—Vgg =2V —-07V =13V
V, 3V

and Ir = e _ 13V _ 1.3 mA
Ry 1000 €

Applyving Kirchhoff’s voltage law to the input side (left-hand region
of the network) will result in

V2+V1_VCC:O

FIG. 7.20
Example 7.8.



o

aﬂ.d Vl - VCC - Vz
but V, = Vg
and Vi=Vee— Vo =22V —2V =20V

Redrawing the section of the network of immediate interest will
result in Fig. 7.21. where Kirchhoff’s voltage law yields

VC+ VRC_ VCC:[]

aﬂd VC - VCC - VRC — VCC - ICRC
bll’[ IC - IE
and Vo= Vee — IeRe = 22V — (1.3 mA)(10 kQ)
=9V
Then Vee = Vg — Ve
=2V -9V
= -7V
Vee = Ve — Vg
=9V - 13V

=77V

'|I_0|r$‘ I

FIG. 7.21
Determining V. for the network of Fig. 7.20.



EXAMPLE 7.9 Calculate the indicated currents and voltage of Fig.

7.22.
R; .
e
4kQ TI
Rggsm R4§24kﬂ E ==/ 721
Ry Rs I. b
AN A ——=o"
12kQ 12 kO =
FIG. 7.22

Example 7.9.
Solution: Redrawing the network after combining series elements

yields Fig. 7.23. and

I5 I
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R1_z__3§'4m R, §:4 k() 1‘; Rﬁ§ 12kQ
5
Eam 72V
Ry R39§
Rﬁ§ 12 kO 2 010 0 k()
I5 Is




E 2V 72V
I; = = : — = — =3 mA
Rasays + Rs 12 k€) + 12 k() 24 k()

with
b RueaE  _ (4SKO)T2V) _ 324V _ o oo
" RyggtRs 45k + 12kQ 16.5 '
v
I = 7 _ 19.6‘&_  435mA

R?l{g,g) 45 kgl

and I.=I; +I;=3mA + 435 mA = 7.35 mA



Since the potential difference between points @ and b of Fig. 7.22 is
fixed at E volts, the circuit to the right or left is unaffected if the net-
work is reconstructed as shown in Fig. 7.24.

Ry
M
1 k0 I5
R3§8kﬂ R4§24kﬂ E===—T72V
r, R 1]
My AW
12 kO 12 kO

We can find each quantity required. except I,. by analyzing each cir-
cuit independently. To find 7;, we must find the source current for each
circuit and add it as in the above solution: that 1s. I, = I5 + I.



EXAMPLE 7.10 This example demonstrates the power of Kirchhoff’s
voltage law by determining the voltages V. V5, and V3 for the network
of Fig. 7.25. For path 1 of Fig. 7.26,

El - Vl - E3 =0
and Vi=E, —E;3=20V—-8V =12V
For path 2.

Ez - Vl - V2 =0
and Vy=E,—V;=5V—-12V=-7V
indicating that 7, has a magnitude of 7 V but a polarity opposite to that
appearing in Fig. 7.25. For path 3,

V3 —+ Vz - E3 — O
and V;=E;—V,=8V—(—7V)=8V+7V=15V

Note that the polarity of 7, was maintained as originally assumed.
requiring that —7 V be substituted for V5.




7.3 LADDER NETWORKS

The figure shows a three-section ladder LR Rs R, _Is
network, Tt A W
SR -

Ladder network = repetitive structure. -

Two approaches are used to solve networks =
of this type. FIG. 7.27

Ladder network.



Method 1:

Calculate the total resistance and the resulting source current and work back until
the desired unknown:

I

5 Rl R3 RS Ilfr
Wy Wy Wy l
50 4 1
SR :

E==="240V Rzgﬁﬂ R4§ﬁn Rﬁgzn Vs

R,
-~ Wy Wy - = AW
50} 40 50
= .2 5 nFencaF-
Ry Rz§69 R4§69 (=10 +20) R; R<60Q 600 (=40 +2()
o o
K3ﬂ)(5ﬂ)=jﬂ @=;Q
30 +60 2 ‘

FIG. 7.28
Working back to the source to determine Ry for the network of Fig. 7.27



Combining parallel and series elements:
Rr=50+30=80Q

_E _ 240V _
[ =—=""" =
Rr g ()

0OA

Lad

Working our way back to Ig.

I,=1I and L=—= =15A

Finally:

6 O 6
_ = % 5Aa)=10A
ST 0130 oA

Ve =IsRs = (10A)2Q) =20V

‘r_': Rl
AW
5 ()
— S0
FIG. 7.29

Calculating Ry and 1.

Ry L I

W1 |

I; Ry I Rs3

FIG. 7.31
Calculating Is.



Method 2

Assign a letter symbol to the last branch current and work back through the network
to the source, maintaining this assigned current or other current of interest. The

desired current can then be found directly.

+ N — + V3 — + Vs -
I R, I e Rs
‘ —Wy —Wv -
510 Igi I3 40 I4l I-q 10 l‘fﬂl
i _|_ 4
HTJ-*HJV If’jﬂjgﬁﬂ R4§6H Vy Rﬁglﬂ Vs
FIG. 7.32

An alternative approach for ladder networks.



The assigned notation for the current through the final branch is Z:

4+ V] — —+ V3 — + VS —
MW———W W
5.0 fgl L 4Q 141 I 10 ifﬁ
T +

3207,

=

Fiies Vy _ Vs .. Va

° Rs+Rs 10+20 30
or V,= (3 Q)

V. 307

so that I = R—: = ® = 0.5]5
and 13 = 14 + 16 — 0516 + 16 = 1516
AISO. V2 — V3 + V4 —

(6 W) + (3 0)s = (9 O0)I,

V, 9 O)I,

so that I, =—= =( )6=1..6

R, 6 )

il BeL B =184 1S5 =40
with Vl = IlRl = ISRI = (5 ‘()’)IS

sothat E=V;+ Vo= + (9 O),
= (5O)(3I) + (9 V)Is = (24 )]s

E 240V
: fis = — 10A
e ST 240 24Q

with Vs =IRs = (10A)2 Q) =20V

as was obtained using method 1.



