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Circult Reduction Before we start...
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Circuit Reduction-Series Circuits

One of the methods used to reduce circuit complexity is circuit reduction. The
circuit to be reduced may contain sources or circuit elements.

1- In a series circuits common quantity is current.
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Example-2.10: Find the current I in the following circuit.
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Solution:

Equivalent voltage source: Eeq =100V =40V =060V
Equivalent Resistor: Req =150 +40Q2 +5C2 = 60 €2 (in series)
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Circult Reduction-Parallel Circuits

Another connection is a parallel connection. Parallel connections of circuit
elements and sources are shown below.
2- Common quantity in parallel circuit is voltage.
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Example-2.11: Find the voltage between the ends of the parallel circuit below.

V=7
158 (D) 100 (Dsa 240 26.670




Solution:

Equivalent current: | oy = 15A-5A=10A
Eaui . 1 1 1
quivalentresistor G =—4+Z-4+_— —0.5mho > R =20
“ 10 4 6.67
" V=2 V=

6.67 Q

0.5 mho
(DisA %109 O3 ‘§ DA 2,

Woltage: V =1_R _=(10A)(2Q) =20V

€q- €q
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Example-2.12: In the following circuit find the equivalent resistor (R).

10 10 2Q)

.
(O 120 4Q 10Q 80
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Solution: When applying the circuit reduction method, starting from the point of
the the resistors are connected farthest away from the source and going
to the source.

X 10 ¢ €10 C a 20
—— MW —
.
Oce 120 40 10Q 80
Yy h f d b

Between a-b (2Q2 and 8Q resistors are in series).

R,=20Q+8Q=100
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12
Between e-f (5Q and 1Q) resistors are in series): R, =5Q+1Q =60



Between g-h (12Q, 4Q and 5Q
resistors are in parallel).

°Q t_t 1,1 _1 _Rr-20
R, 6Q 4Q 120 20

‘ gh

+

O O: 30

y

Between x-y (2Q and 1Q R =20+10=30
resistors are in series). v - 13




Example-2.13: Find the resistor (R,;).

3 3Q A 21
——\WW <>
| 1 |3 N
+
E O R — =40 100
<_?mesh
b
Solution: KCL at point A we can find current I, l,=1+21 =3l

KVL for the mesh at left:

E

Resistor: R= n =15Q

E =3I +4(31) =15
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3- There are certain circuit configuration that cannot be solved only by serial and
parallel connections. These transformations can often be resolved by using Y-A
conversion. For example, the circuit below is neither fully serial nor fully parallel.

If this resistor were not there
It can be easy converted serial
and parallel configuration!

This conversion allows the three Y-connected resistors to be connected to the A-
shaped and vice versa.

AR

A-Configuration Y-Configuration
(IT-Configuration) (T-Configuration)



Y-A (T-IT) Conversions

This conversion allows Y-connected three resistors to be converted to the A-
connected three resistors.

A- or I'l- Configuration Y- or T- Configuration

n _RR+RR+RR,
’ R,

R — R1R2+R2R3+R3R1
b R2

R — R1R2+R2R3+R3R1 16

C R3



Example-2.14: Find the equivalent resistor between the b-d terminals

17



Solutions:  If the A-resistors connected to the point a-b-c in the circuit is
converted to Y-resistors by the A -> Y conversion, the new resistors
(R;, R, and Ry)

b o

R,=4 Q, R, =8 Q, R=4 O

R = — TR Ro BAMY _

R,+R, +R, AQ+4Q+80

o PR L (4o@)

R, +R, +R; 2 40+40Q+8Q

R_ RaRb

> R +R +R R, = (4)(80) _ 18

4Q+40+80




After the conversion, the new circuit can be simplified with serial and parallel
connections.

50

10€2
C

R, =1Q+5Q=6Q

R, =20+10Q=120

_69@2)_,,
6Q+120

Ry =2Q+4Q=6Q 19



Homevork : (a) Find the equivalent resistor between the b-d terminals by
convertint the A -shape the acd resistors to Y-converion.
(b) Convert the Y-resistor connected to the points bcd to A-shape.

d
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Example-2.15: Using the circuit reduction method, find the voltage V in the
following circuit.

40
MW
. 40 . 80 C
—Y MW ———
(D48A Z 30 20 , 3120

V =7
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Solution: Converting resistors A-connected to a, b and ¢ to Y-shape. Then
converting current sourse 48A and 3Q to voltage source

40)
MW
. 40) ) 80) 3
7 WW W i
(D48A = 30 20) \ = 2120
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% 120

20)
36A (D 40 =40 V:; 120
W W <
20 20
Qv v =y F120 —> 18AD 40 V=7
—— W —
30
.
—> QO sav
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Superposition Principle
If there are more than one sources in a circuit, the voltage and current can be
considered as a sum of contribution of each sources.

This principle arises from the fact that the current through any resistor is directly
proportional to the voltage.

F(x)+T(X)=T(X+X)

If there are several sources in the circuit, the each source is disabled while taking
Into account the effect of other source.

O VER = QA

I +1,=I 26



Superposition Principle

— W
R, M

+ +

O VER =, DA

I +1, =1

\oltage Source —  Short Circuit Current Source — Open Circuit
o - | oRl
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Example-2.16: Find the currents I, I, and I, using the superposition principle in
the following circuit (This problem was solved by direct
Implementation of the basic laws in Example-2.1).

200
Il V1 1 2 l 3
+ + +
E=140v () V,26Q v, 252 (] I=18A

28




Solution: At first, the currents will be found by assuming that the 140V source
has no effect (assuming zero); secondly, the currents as if the current
source of 18A has no effect (assuming open circuit). Then we fill find
the algebraic sum of the currents

1- Suppose the 140V voltage source has no effect (assuming zero-short circuit).
Find the desired currents using the node voltage method.

20Q
——VWW : :
I, - | s
E=0V V',Z 60 50 d) I=18A
V, =43.2V
(1 1 1 || =-43.2V /20Q =-2.16A
2 (2_0+6+5j 18A 11 =432V /6Q=7.20A

|1 =432V /5Q=864A




2- Let us find the currents as if the current source has no effect (open circuit). To
find the currents, mesh currents method can be applied | and 1.

200
—— MWW,/ — ——
TR 2 H' lI:O
+ +
e=120v O C\ V, £ 60 C\ 502
- I| I|| I
| =6.16A I, =3.36A
261, —61, =140 — I’=1, =6.16A
61, +111, =0 7=1,—1, =2.80A

|3”: III 2336A 30



The net currents will be the sum of the currents found above.

l,=1+1'=-2.16+6.16 =4.00A
|, =1+1,=7.20+2.80=10.00A
l,=1,+1;=8.64+3.36=12.00A

It is the same as the currents previously found in Example-2.1 obtained by
the application of the basic laws.

31



Thevenin’s Theorem

Thevenin's Theorem is basically permits a simple representation of the circuit
when viewed from any pair of output terminals of a complex circuit. As a result of
this a load connected to the output of the circuit it allows to determine the effect of
the circuit on the load or effect of the load on the circuit itself.

Thevenin's Theorem: Any linear two-terminal circuit consisting of resistors and
sources can be represented by a voltage source and a series resistor.

32



Thevenin’s Theorem

d

2Q) 10

\V 50 R (Variable resistor:1Q-50Q-10MQ)

b

Let us find the current that will pass through the ab branch for different values of R
resistor. For this we will have to re-analyze the entire circuit for each resistor.
Instead, we simply avoid the analysis of the circuit to the left of point ab (if we can
express it with a voltage source and a resistor) each time.

VWWW\ a

R :
+ Thevenin | . = EThevenin

EThevenin C) R RThevenin +

33




Consider the resistance between points A and B in the circuit below:

)
56 Vv (

>ET}C

100
MW %
L 10
W
50) 42
B

34



Thevenin Theory

How to find Thevenin s Circuit

1- The circuit element between the selected two terminals
IS removed,

2- Voltage between these two terminals is found,
3- Equivalent resistance of the circuit Is calculated

(setting Current sources open circuit, voltage sources
short circuit).

35



Example: Find the current through the branch ab for the 2Q, 20Q2 and 500Q2 of
the R resistor in the circuit below. Find the equivalent circuit of

Thevenin
3Q 3
— MWW
+
sv () 60 R
b

36



Solution: The remainder of the circuit when looked from the points ab can be
represented by a voltage source and a resistor, ie an equivalent
Thevenin circuit.

30 )

sv (O 602 R

37
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Ee=? VVWW
+
av () 60
20)
— MWW
" V.  16/3V
16/3\_/() |, = o

R

b

£, =| 2o |(60) =2V
* 130+6Q 3
o _16/3
P20+
16/3V
R=2Q)  la=50-5-=133A
B _16/3V
R=20Q Iab_2g2+ —0.24A
16/3V
R=5000) lu =55 cc— =001A
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Example:

Find the Thevenin equivalent circuit when viewed from

a) ab terminals
b) ac terminals.

gv (

2Q)

10

o0

10

40




Solution: a) Thevenin equivalent circuit viewed from ab
terminals

20, 10
— W

g\/ C) 10

eq .

T
I
D

Th



Equivalent Resistance

Ry =7
20, 10
sv(D 10
b <
- (12+10).(2Q2)

10

(10 +10) + 20



Equivalent \Voltage Source

E. =7
Th 20 )

— W

sv O

10

I :ﬂ:ZA
40

E. =(2Q)( 2A) =4V

—

10

4V




Thevenin equivalent circuit when viewed from ab terminals :

R, =1Q

€q a

4\




b) Thevenin equivalent circuit viewed from ac terminals

20, C
.
sv (D 50 10
Reg =7
e 502).(202
Reg :( )( )+1£2=24Q
5Q + 202
| =ﬂ:1.l4A
Q)

E. =(5Q)(1.14A) 5.7V~ |E; =57V




Thevenin equivalent circuit when viewed from ac terminals:

Req = 2.4Q0) .
VWW——

5.7v+()




Example-2.17: Find the resistance R that can absorb the highest power from the
circuit below and calculate the power.

200
—— VWV
I, 7 V. } s
+ ! a
E=140v () R 50 1) 1=18A

a7




Solution: To find power, current and resistance R must be known. Since power is
the product of current and voltage (P=I.V), multiplication of current and
voltage (or resistance) is more important than their individual values.
Therefore, there must be an I(R) relation that gives | as a function of R.

Since it is desired to find the resistor R, the resistor R is taken out and the Thevenin
equivalent circuit of the rest of the circuit is formed.

E=140v O V, 52 (D) I1=18A

48



To find V, voltage, the 140V voltage source can be converted into a current source
with a 20Q) resistor (Node Voltage Method).

VO — |_RO:> | = VO — 140V — 7 A  Source conversion

20Q)

0

A

()

) 200 \;OOZ 50 (1) 18A

If the Kirchhoff’s Current Law (KCL) equation is used for the above circuit, the V,
voltage can be found:

1 1
V.. + :7A+18Aﬁ> V. =100V
0 (ZOQ SQj 0

49



To find the equivalent resistance R, the sources are eliminated (voltage supply
short circuit; current supply open circuit).

(The same result is obtained when both circuits are made for a voltage or current
source). In case of voltage supply

20Q)
o |
+ l a | a
Vo 50 2002 50
S I " b
R (202).(5Q) _
2002 +5Q

50



The Thevenin equivalent circuit viewed from the terminals a-b can be

represented by a voltage source of a100V and a resistance of 4Q.

40
]

.

e=100v () RO

b

Using the KVL current passing through resistor R:

100V
4+R

100V —41 —RI =0=1 =

Power (P) on the resistor R:
~ 10000R

(4+RY

P=I%R

51



40 a

.
e=100v () RQ

b

If the maximum resistance value is found from the expression giving
the change of power according to the resistance:

2 —
dP _ 10000(4+ R)* ~ 200004+ R)R _ . —

= R =4Q
drR (4+R)*

100
=7 =125A ) PR, =(125A) (40)=625W

52



Resistance Match (Impedance Matching)

4 Q) a

.
E=100v (

This example is equivalent to Example-2.1. In example-2.1, instead of a 6Q resistor, this
example has a R resistor.

This example shows how to find the current and voltage of a circuit according to a
single circuit element with the help of Thevenin's theorem. Also note that for
maximum_power_transmission the load resistance (R) is equal to the equivalent
resistance of the source when viewed from the terminals of R,

Equivalent source resistor is called output resistor, and the method of equalizing the

output resistor to the load resistor is known as resistance matching (most commgglv
iImpedance matching).




Example-2.18: Find the Thevenin equivalent circuit as seen from the a-b
terminals in the circuit below.

.
sov () <‘>5I1 50 V,

54




Solution: There iIs a dependent source in the circuit. Therefore, it should be
examined separately from the circuit where only independent resources
exist. For this reason first, the short-circuit voltage V, and the open-
circuit current | _; then there will be equivalent resistance.

100 R
— W——1— ° 3
Il |2 +
;
sov O D5l S vV,
o b
Outher loop
KCL at the junction A: l, =1, +3l,=6l,
KVL through outher loop: +80V _:]_0|1_5|2 =20
) 101, +51, =101, +5(61,) =80V ) 1,=2A; 1,=12A

) V, =5Q.1, =5Q.(12A) = 60V >




Finding Thevenin resistor R,;:

The circuit is redrawn as shown below. As a result of the short circuit, the output
voltage and consequently the current at the 5Q resistor are zero. KVL and KCL

equations :
101, =80V = |, =8A
| =1,+5I, =48A

Since there is a dependent current source in the
circuit, 1, ve E, are found between ab to find the
equivalent resistance: so their ratio (E, / 1,) is R,. If
there were not the dependent source, the normal way
to find R, would be to eliminate the effect of power
supplies (current source is open circuit, voltage
source is short circuit).

O

d

o

56

10Q
A
WW—=—1
l;
+
sov O P55
R, resistor: v 50V
R =—2=—"""2=125Q
|, 48A




.
60V (

1.25Q

Thevenin equivalent

48A

‘) 0.80 mho

Norton equivalent
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Example-2.19: The following circuit is the circuit of an unbalanced bridge used
to measure resistance. Find the current through the ammeter A.
The internal resistance of the ammeter is 9Q.

100V

58




Solution: The solution of this problem can be greatly simplified by using the
Thevenin equivalent circuit of the circuit. The first step is to take out the
ammeter and find the open circuit voltage V..

V
‘/a\ Il VO :Va _Vb

V, =(20Q) 1, - (100) 1,

100V I 100V

|, = =2A | = =1A
200+ 300 10Q + 900

59

V. =201, —101, = (20Q)(2A) — (10Q)(1A) = 30V



10Q b 9042

—WW——MW ?
100 900) l;
v, I v,
M
U O -
100V ey
= 100V _oA | = 100V _1A
2002+ 3002 1002 +900

V. =201, —101, = (20Q)(2A) — (10Q)(LA) = 30V

60



Equivalent R, resistor:




200 =

10Q =

_ (200)(309) , (109)(909) _

T 200+30Q  10Q+90Q

62



The equivalent circuit of the Thevenin will consist of a 30V voltage source and a
21Q) series connected resistor. If the ammeter is placed, current will flow through it
(considering the internal resistance of the 9Q2 ammeter)

30V

| = =1A
2100 +9Q)

30VT<> @ 90

Thevenin equivalent circuit 63



