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Non ideal sources

|Ideal sources: voltage source and current source:

There is no source resistances and there is no loading effect.
Non ideal voltage source with loading effect:

v decreases with
(As R, decreases, i increases and v decreases linearly (to  i)).
Intercepts are (t) andi (t), Slope iRy,

V(t)___“ V=Vy.- Rhl




Source Transformations

Source transformation
¢ The conversion of a nonideal voltage source to a nonideal current source. Or

vice versa.
Rs a a
QO
) o, <:> (D k& Ry
O Q
b b

¢ Replacing the nonideal voltage (or current) source by the the other nonideal
current (or voltage) souraould not change the voltage or current of any
element in circuit B (Then the two sources are equivalent.)

Ry a a
AM—o— o
s Circuits | € Mis SR |Circuits
o— O—
b b
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Source Transformations (¢

e :
Source transformation = o Seu® o 1
s\ — v ls p v
. For two extreme cases, b b
(a) (b)
¢ For short circuit condition (R=0)
. V .. - . V.
@i=—= bi=i; Y i,== _ av. o
R, R Vv, =i Ry :iq—ing
¢ For open circuit condition (R&) G s~
. . . \ R =
@v=v, (b)v=iR Y v =iR » =R
¢ For both circuits to be equivalent
Vs = isRs’ Rp = Rs
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Source Transformations (¢

2
+L() Q

+0

Source transformation i -

v C) § R i CD Ry

-
[

gR

. In general,

o0 |
o |

(a) (b)
¢ For the circuit of figure 5-2a we use KVL to obtain

V., =IR +V

¢ Dividing by R, gives

\Y/ . Vv
_S:|+_

R R

¢ If we use KCL for the circuit of figure 5.2b, we have
Y/
I =i+—

Rp

¢ Thus, the two circuits are equivalent whgrvyR, and R=R,
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Source Transformations

A Method for Source transformations

Method
(a) R
—ANN—>oa : :
Set ig= s t oa
RS
or =p ® §Rp
Seii.R. =R
Ob R 5 & Ob
Thévenin Norton
b
(D) R,
oa —AANN—oCa
Set vs =is Ry
<1 A Ry :> Ci) Vs
Set Re.=R
ob S ob
Norton Thévenin
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Example) Source Transformations

A Find the source transformation for the circuits shown in figure a, b.

14 0 R,
—\VW—o — A
(ﬁ 28y =D i (D R, ZACD 120 = (;) s
) 9
(a) (b)
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Solution

14 Q
—VW—o Current source
(t 28 V =P i (D Ry
|3 = Vs _ 28 _ 2A
| S _____
(a) R 14
Voltage source
2A 120 =

v, =i;R, =2(12) = 24V

(b)
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Example) Source Transformations

A circuit is shown in figure. Find the current i by reducing the circuit to the
right of terminals & to its simplest form using source transformations.

i 5 30 Q

Lo xnR

<i>5v 20 Q 3V i)

Q

o O




Solution

i 5Q a //, \\\\\
= AA———AA—
Hsv 2002t 3v();
b
e 59
@) sv 20002 3002} (Ho1a
(a)™
N O L Lol P
LA 5 ,
Cﬁ 5V 12 Q 0.1 A D i
(b)
5 - 120
ANN—o AN
@ sv 12v ()
b

(c)

Current source
=Y =3 _01a
RIO 30

Combining two parallel resistances

R, = 20W// 30W=12W

Voltage source

v, =i.R, =0.1(12) =1.2V

S

Current /
=512V _ oo
(5+12)W




Example 5.2 -1 Source Transformations

First, determine the values @fand R that cause the part of the circuit
connected to the 2 kohm resistor in Figure a. Next, determine the values ¢

vaand \b.

6 kQ 5

—A\W

Ct) 12V 2kQ < Va C"‘)ip R, 2kQ < Vb

QO o

QO T
I
o

(a) (D)
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Solution

Source transformation

| =2 -0002A=2mA R, =6KW
6000

\Voltage division

v = 2000
® 2000+ 6000

(12) =3V

\Voltage across the parallel resistors

' _ 2000+ R _ 200q(6000
>~ 2000+ R 2000+ 6000

(0.002) =15000.002) = 3V

A As expected, the source transformation did not change the value of the voltage
across the 2kohm resistor



Superposition

A Linear element satisfies superposition when it satisfies fallowing
response and excitation relationship.

L, —>V)
;r':_ —>V,

fl + r'2 —>V, +,

where, the arrows imply the excitation and the resulting response.

a—if;rh Department of Electrical and Computer Engineering, SNU
Wy Prof. SungJune Kim



Superposition (cont o0d)

Superposition principle: For a linear circuit consisting of linear elements
and independent sources, we can determine the total response by finding
the response to each independent source with all other independent
source set to zero and then summing these individual responses

Source deactivation

¢ Independent voltage source: short circuit

¢ Independent current source: open circuit

¢ Dependent source must remain active during the superposition process

Power and Superposition

¢ For dc circuit analysis, the principle of superposition dogspply to power
calculation.
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Example 5.3 -1 Superposition

The circuit shown in Figure a has one outputand three inputs,ayiz,

and \8. (As expected, the inputs are voltages of independent voltage
sources and the currents of independent current sources.) Express the
output as a linear combination of the inputs.

U3
On O 102w
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Solution

A Apply KCL to the supernode to get

Vi- (V3+Vo)+i :V_o
40 > 10

V- (v, +Vv,)+40,=4v. Y v, +40,- v, =5V,

0]

Vo :%(V1+40-2 ) V3)



Example 5.3 -2 Superposition

A Find the current i for the circuit of Figure 563.

i 30 2Q
A%
(’; 24V #}M 3i
(a)
30 20 2 .30 , 29
AM—AMN—
+
(Dasv 3i1<i> A (Dus 3
[ -
(b) (c)
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Solution

A Independent voltage source acting alone (Fig26)3 AMWA—1— W\
Apply KVL to the loop (D2 #)M <:>3,.

- 24+(3+2)i,+3i,=0 Y i,=3A

A Independent current source acting alone (Fig26)3
(a) Controlling current of the dependent source A 30 29

Vv NV
: \Y/ - .
i, =- Ea Y v,=-3, (2 3i1<>

(b) Apply KCL at node a

(b)

T A I N 239, 20

2 2 4 MN—— VW

.. o 7A Vs 3ip

A The current, i, is equal to the sum of the currents, i1, i2 _

1
=i, +i, —3-Z—§A -
4 4 ()
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Thé&v eni ndos t heorem

Any circuit with sources (dependent and/or independent) and resistors

can be replaced by an equivalent circuit containing a single source and a
single resistor.

Thevenindos theorem I mplies that v
networks with simple networks for purposes of analysis.

a Ry g
o — A —o
Circuit A Circuit B Cj) Doe Circuit B
- - O
b b
(a) (D)

(a) A circuit partitioned with two parts: circuit A and circuit B
(b) Replacing circuit A by its Thevenin equivalent circuit
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Théveni nos theorem(1)

a R a
e
Circuit A Circuit B Vo Circuit B
e O
b b
(a) (D)
nGi ven any | inear <circuit, rearrange it

by two wires. Define a voltage voc as the op@uouit voltage which appears across
to the terminals of A when B is disconnected. Then all currents and voltages in B
will remain unchanged if all independent voltage and current sources in A are
Akill edo or Azeroed outo and an indep

proper polarity, i n series with the d



‘FindtheThéveni nos Equi val ent
. Independent Source

A If the circuit contains resistors and independent sources,
¢ V,.:Open circuit
¢ R :independent voltage source- short

independent current source- open ( , deactivate
a a
—O + —O
Circuit A Uoc Circuit A <—|
Ry
= —O
b b
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Example 5.4 -1 Thé venin Equivalent Circuit

A UsingT®®veni ndos theorem, find the
circuit of Figure 5.45.

50 Q =
—N\N\—s O

125V <i> 2 A CV 200 Q
& O
b
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Solution

125- v, _ 54 Voc
50 200
V. =20V
50Q a
NN 0
i
125 V i> 2A 200 Q Voc
°
= b
(a)
50 Q &
AVAYAY 0
200 Q
O
b
(c)

125 .
E:2+O+|SC
i__=05A
+ 125V - OAl
) 2A 200 Q lisc
b
(D)
400
—AA\—0
20V ’:)
90
b
(d)
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Example) Theé venin Equivalent Circuit

Find the Tlgévenin equivalent circuit for the circuit shown in Figure-3.4

10 © C 4 Q)
—\VW\—0 NMN—o a
() 1ov 200 ()2A
$ O b
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Solution

10 Q C 4 Q
—  AAMA— AM— a
1. All the source deactivated (Fig. 53} () 1ov 40 Q 2 A
R =12W b
2. Opencircuit voltage at terminalsla. (Fig 5.47) 10 O 40
N\ l NMNWN—oa
Ve-10 Ve L5 _g T 40 Q
10 40 7 I <—|Rt
v, =-8V T °b
. . . .. 129
3. Therefore, the Thevenin equivalent circuit is a¢ AMN—o a
shown in Figure 549
oy
ib
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Example 5.4 -3 Thé venin Equivalent Circuit

UsingTlPveni nds t heor e ri3. Datamine the qurreht |

as a function of R.

5Q 4 Q) i

3
()l

50V 20 Q R

Q
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‘ Solution

50 40 50 40
—A\\N ANN—© AVAVAY, ANN—O
(ﬁ) 50 V 20 Q 20 © ._I

o o R
(a) (b)
R =80 80
A AAY 0 AN o
(*) boe = 40 V a0v(®) §R
O O
(c) (d)
| = 40 A
R+8
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FindtheThev eni nds Equi val ent

. Independent and dependent sources

If the circuit contains resistors and two kinds of sources,

Find Voc and Isc, then Rt= Voc/lsc

¢ Connect an open circuit between terminals a and b . Find Voc=Vab, the
voltage across the open circuit.

¢ Connect a short circuit between terminals a and b Find Isc, the current
directed from a to b in the short circuit.
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Example) Thévenin Equivalent Circuits and Dependent Source

Find the Tkevenin equivalent circuit for the circuit shown in Figure-8.4

2i

6 Q C 10 Q a
M A
(Haov 60
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Solution

Open circuit voltage )&=V, |
KVL around the mesh of Fig 5.1 - o

¢ 1l0Q a
- 20+6i- 21 +6i=0 YWy <> T W
i = 2A (H2ov 6 Q
v, =6i =12V 3
b
Short circuit current
for the circuit of Fig 5.412 _
Using two mesh currents 60 /2‘\ 100,
- 20+6i,- 2i +(6i,- i,) =0 VWV \V4 I VW
60 - 1,) +10, =0 (2ov q 60 is Jisc
Therefore b
I, =1 ,=120/136A
R=Yee=_12  _136w
.. 120/136




Exam ple 5.4 -2 Thévenin Equivalent Circuits and Dependent Source

A Determine the Tévenin equivalent circuit for the circuit shown below

12V

45i, 10 O 40 O

o O
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Solution

1. Open circuit voltage

v 0=-12+v - 10(3.5,)

1 — 0C
| = —

40 v, =96V

2. Short circuit current

3. Théveninresistance

Department of Electrical and Computer Engineering, SNU
Prof. SungJune Kim




