Series- Parallel Circuits:

For the circuit shown,

Ry =R, =40

R = Ry//Ry = 2 = 2 = 50
N 2

Rc = R4+ Rs = 0.5+ 1.5 = 20

RB//RC=—N—;=1Q

From Figure 2:
RT :RA+RB//RC =4+1 = SQ

L _E_10_
: T_RT_ ==
Also, From Figure 2:

IB—Ic—i—E—lA

From Figure 1:

Ipys = Ips =1, = 1A

From Figure 1:

Vi =1 Ry = (2)(4) =8V

Vg =IgRg = (1)(2) =2V

Ve =IcRe = (1D)(2) =2V
For check by KVL

ZV=0 S E—V,—V, =0
10V=8+2

R1

Figure (3)
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Wve (Y) - Delta (A) Transformation

There are some cases often arises in the circuit analysis when the resistors

are neither in parallel nor in series. For example, consider the circuit shown:

AMA
R1
R» % : %Rs
- : :
AA
R5 % §R6
In this circuit, Ry, R, Rs ........ Rg are neither in series nor in parallel.
Wye (Y or Star or T) connection:
Ry R,
1@ o3
1
—— > R S
Equivalent
2® o/
Y or Star circuit connection T- Connection
Y and T connection
Delta ( A or []) connection: Re
Re 3 AMA
r ‘SMSR... l® ®3
R Ra > %3 %3

> 4 Equivalent

2@ o/

[] or Delta circuit connection

['T- Connection

Delta circuit connection and its equivalent [ [connection
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Delta (A) — Star (YY) Transformation:

- We have A and want to get its equivalent Y circuit.
- Consider the A circuit shown; to be transformed into its equivalent Y shown

below:

O
A -
A-Y Transformation
Ry, (R;+ Re)
Riz =R //(Ra+Re) = g=—p—
a C
R, (R, +Ry)
Ris =Re//((RatRy) = p—p—p
a C
R, (Ry + R.)
Rzs =Ra//(Ry+R) = p— 5 —¢
a C
RIZ_R1+R3
R;3= R; +R,
R23_R2+R3
Rb(Ra'l'Rc)
~ R Ry=—mM— ... ... 1
1+ Rs R, + Ry + R, D
Rc(Ra+Rb)
R,+R,=—2 22 . 2
1+ R R, + Ry, + R, (2)
R, (Ry, + R
R, +R; = aRptRe) 3)

-1
- M

<

3 1
ff—\::> =)

R, + Ry + R,



Subtraction Eq. (3) from Eqg. (1) and adding the resulting equation to Eq. (1) result

n: o _ _ Ro xR
17 R, + R, + R,
o R. X R,
27 R, +R,+ R,
R. — RaXRb
37 R, + R, + R,

In general: Each resistor in the required Y network is equal the product of two

adjacent resistors of A resistors divided by the sum of all A resistors.

Wye (Y) — Delta (A) Transformation:

- We have Y and want to get its equivalent A circuit.
- Consider the Y circuit shown; to be transformed into its equivalent A shown

below:
_ RyR; +RyR; +RyR; ‘{/
a R1
R,R, + R;R; + R,R;
Rb ==
R3
R,R, + R;R; + R,R,
R, =
R,

In general: Each resistor in the required A network is the sum of all possible

products of Y resistors taken two at a time, divided by the opposite Y resistor.
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Note:

or

Example: Find the equiva!ient resistance Ry, for the circuit shown and use it to find

R; =R; =R3 =Ry

and R, =R, =R, =R,

- Under Balanced consideration, the conversion equations becomes:

Ra
Ry = —
Y73
RA == 3RY

the current I.

12v ———

b
®

12.5Q

15Q

2

5Q

% 10Q

%209

' %309

Solution:

We can’t use the relations of series connected or parallel connected resistors to find

I:eab.

Therefore, we try to use A- Y transformations or Y- A to Find Ry,

If we transform the Y consisting of;

R, = 100
R, = 200
R3 - SQ

~ The equivalent A circuit contains:
_ RyR; +RiR3 +R3R;

R
a R1

a

12v———

12.50 g

15Q %

[ lon

%309




10X204+20x5+5x10 _ 350

10 10
= 350
Similarly;
R;R, + R;R; + R,R; 350
= = = 17.50
b R, 20
R,R, + R,R: + R,R; 350
and R, = —2 13 23 - = 700
R, 5
125 175_12.5x17.5_73Q
/1 1254175
15 35—-1SX35-—105Q
/1 15435
70 30-—70><30-219
/1 70430
~R., =(7.3+10.5 21——17'8><21
“Rap = (7. 5)// T 178+ 21
Ry = 9.6320
L] = E_E _ = 1.246A
" Ry Ruy 9632
a
L
Rab 9.632Q
—> '
b
@

2.5/ 17.5
/" =12.5xf7.5.?_3_ﬂ
P N ’?-S_XILS
12,50
Rab
" 700 P
Isn
b e
N e
- = 70 X320
15//38 70ff 30
r ISX3S ‘e 0 +30
1§ +3S - AL
d
o
T
730 |
Rap I | :
—> | L §219
I
| ‘ I
| 10.59% :
b L.
°
a
o
|'_—_ ______ [~ —— ==
I
I
Rap 1780 S ‘
—> | ;219

| Moy
r————
|
|
|
|
|
|
|
I
|
|
|



Example: For the circuit shown, MA
R
1) Calculate Req. *
4kQ 4kQ
2) Find the current | ae MA AN b
T Rz R3
IT
E—=— R1 §4k,Q
- [400v :

®

Solution: C

There is no series or parallel circuit elements to be simplified.
& kan
—NAN
[t

a AN b
Convert the Y labeled (abc) to A. & ;ik.n. AR, L
i a cirewfe
R;R, + R;R; + R,R; s VT mu-.r
a =

Rl b Q

Since R; = R, = R; =4kQ
~ R, =3R; =3(4kQ) = 12kQ
and R, = R, = R, = 12kQ

Ry = 12kQ // 12kQ // 6kQ = 3kQ

L Ty
T= Ry 3 x103 >0

- 1400V

§12k£2

: %121(,(2 : §6k9




Sources Transformation

Introduction

It is often necessary or convenient to have a voltage source rather than a

current source or a current source rather a voltage source.

In the circuit shown, we have a voltage source connected to load resistance RL:

E E

We have IL = —=
RT RS+RL

o —1

Multiplying the numerator by RS/R =1 , we have |
S

(RS/RS) B (E/Rs)

[ = =

L R, + R, Ry + R,
: E _

Since / R, I

R, X
I, = ———
R+ R,

—
=

RS% | | gRL

_ ¢

Practical voltage source

This is current divider equation, which can be represented by the circuit below,

which is the equivalent circuit of the voltage source.

R

d

Practical current source

VW ——



In general, a voltage source with voltage E and series resistance Rg can be replaced by

a current source with a current | and parallel resistor Rg as shown:

|
|
|

|
.

<)

Example: Convert the voltage source in the circuit shown into a current source,

and calculate the current through the load (RL) for each source.

E

1

I, = —
L™ Ry+R,

2+4

IXRs (3@ _

I, = = =
L™ R+R, 2+4

A

1A

— e E— —

I Rs %29 I

6V

B
R §4g

40



Example: Convert the current source in the circuit shown into a voltage source,

and calculate the current through the load (RL) for each source.

—

%31(9

9mA C) Rs
v/ |
|9mA

RL

J

Current source

For the current source circuit:

EE—

% 6kQ

Rs gskﬂ

E=IRg=27_=

+

RL

—

\oltage source

=3x%x107% =3mA

=3x1073 =3mA

L IR _ (9 x 1073)(3 x 103)
L™ Ry+R,  (3+6)x103
For the voltage source circuit:

[ E _ E _ 27

L7 Ry Ry+R, (3+6)x103
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H.W:

Q.) Convert the current source in the circuit shown into a voltage source, and
calculate the current through 6€ resistance.

: 100V
Ri §4Q -
R; $60Q 7
C 10A
= 10V
_|_
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