Chapter 5

Handy Circuit Analysis
Techniques

5.1 Linearity and Superposition

5.2 Source Transformation

5.3 Thévenin and Norton Equivalent Circuits
5.4 Maximum Power Transfer

5.5 Delta—Wye Conversion

5.6 Selecting an Approach: A Summary of Various Technigues
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5.1 Linearity and Superposition

e Linear Elements and Linear Circuits

linear element: a passive element that has a linear voltage-current relationship

linear dependent source: a dependent source whose output is proportional
only to the first power of a specified variable in the circuit (or to the sum of

such quant|t|e5) USZO.5i1+3v2 VS. US:O.Sizl

linear circuit: a circuit composed entirely of independent sources, linear

dependent sources, and linear elements.

- Superposition Theorem

In any linear resistive network, the voltage across
or the current through any resistor or source may
be calculated by adding algebraically all the
individual voltages or currents caused by the
separate independent sources acting alone, with
all other independent sources “turned off” or
“zeroed out”.
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5.1 Linearity and Superposition

_ " V1=V

S AA—g Node 1: ig == +

= 0.7v, — 0.2v,

V=V

E.GCD , Q§ | “§ I.bCD Node 2: i, = ”—12 + 2 = —0.2v; + 1.2,

=> v1=1.5ia+0.25ib , v2=0.25ia+0.875ib

Node 1: i, = % + % = 0.7v, — 0.2v,

Vy _ V1=V

=> v1a=1.5ia , v2a=0.25ia

Y AAA— Node 1: t==2"2 - 0.7v; —0.2v, =0
5 Dé 1 Q§ “'f’CD Node 2: iy, = 2 + 27 = —0.2v; + 1.2v,
: . => Ulb:O.ZSib , U2b=0.875ib

Superposition : vV{=V14+V1p , V2=Vy4 + VUyp
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5.1 Linearity and Superposition

e e e e

Example 5.1 Use superposition to determine the branch current /,

60
MN—1—
Vi L, 3 3
yS::w(*) 90 (T i,=2A (b) iy =6—-|—9_EA
@ 6 . 6. 12
Zetiszo Setvs:o\ (C) lxzmlSZEZZEA
60 60Q
AMA—1— AN ——¢ (by current division)
N v 3 12
(v 90 003 2a(}) = bt =gprE=14
(b) (c)
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5 1 Linearity and Superposition

Example 5.2 Determine the maximum positive current to which the source 7, can be set.

’ 6 6
100 Q 000 () iLgoq = ibag = = —mA
AN & AN 100+ 64 164
TW 100 64
64 0 o
Oov W t@® Oy «oZler @ tun=qr gk
100
. ipa0 = T 77
i (b) 100 + 64
. _ 64
S }\(}Q/{} ) (@) tioon =~ g7 T {gale  positive I,
6 100
yliia lgs0 = + I
w03 (D) 164 " 164
] = © +641<50><10_3
© 11000 = T 764 " 164
164
P=i2R—>i2=£ = I, < (86.59 X 10~ 3)<64>=222mA
6 100
_ Prax  |1/4 iesqg = — +—1, < 62.5% 1073
> Imax(1000) = = |-—==50mA 164 ' 164~
R 100 64
= I, < (25.91 % 10~ 3)<1 >=42.5mA
= lmax(64ﬂ) = R = E = 62.5mA

Iy max = 42.5mA
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5.1 Linearity and Superposition

Wy Wy () — 10 + 2}, + iy + 2i}, = 0
Iy
+ 3 .
10V<_> v(4)3A 2i. il =24

(a) O _ vl/ Zill _ vl’
(€) ——+3+ "T =0
20 10 20 10
—NWW— WY
= S 434200 4200 =
10V D 2i 2i"
Sil=—06A4 | v =-2i
(b) (c)

My =i +il=2-06=144
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5.2 Source Transformations

ideal 12 V voltage source

—0
12V CD independent of the current flowing through them
——0
1Q 1 mQ 0Q
—VW—o ATV AN
— _ _
12V CD l 2V D i 12V C) ‘| What happens?
— I— —0
12 . 12 _ [ =00 ?
i:Tzle l—10_3—12,000A
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5.2 Source Transformations

practical 12 V' voltage source 0.01 Q I
—
&
+
0.01 v
AN 12V L SR
12V CD .
—12+0.011, +V, =0 P Ideal source
Z 10
-V, = —0.011, +12 e
o 8
SV, =—-001—2—+12 £ 6 Practical
R;+0.01 - ne source
]
LIS
0 I I R

0 200 400 600 800 1000 1200
Load current [; (A)
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5.2 Source Transformations

R; = oo (open circuit)

. |:> ip=0

internal resistance

43 Voc = Vs  open circuit voltage
™\

v C_D vy § R, R; = 0 (short circuit)
— :> V), = 0
&

+ e

: _ Vs . .
. . lLsc = 5. short circuit current
— Vs + lLRS + UL(= l RL) =0 S
. 'iL
=V, = Vs — [LRs A
g, =20 ILse = R Ideal
Rs vs/R source

Practical
source
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5.2 Source Transformations

Practical Current Sources

I..s CT) Rp v §RL
R; = oo (open circuit)

|:>iL=O

i
Vioc = IsRp open circuit voltage

Ideal source

R; = 0 (short circuit)

|:>17L=0

Isc = Is short circuit current

Practical
source

10
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5.2 Source Transformations

- Equivalent Practical Sources

20
0 —MVW\—o
§29 =6VC>
’ 6 = 34 X 2Q)
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5.2 Source Transformations

- Equivalent Practical Sources

4
=—— 6=4V
LT o4
© _14
W=
Pr, =4 W
Py =Vsip =6X1=6W
pr,=2x12=2W Equivalent
at load
L b= (3x4) =4V
—— [> LT 24
2
ii=——3=14
(D "3 v Swe4a | “TZid
=34 =2 B PR, =
& <

Dig =V ls =4X3=12W
pRp=(3—1)><22=8W
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5.2 Source Transformations

47kQ  3kQ 5kQ 47kQ 3kQ
e AAA—AANA AAA —AAA—AAA
) "y o = o C) —45+ (Sk+ 4.7k +3k)[+3 =0
omA (4 5k *)av *) 45V b & 42
- - = I = = 3.307 mA
/ R i e

Example 5.5 Calculate the current through the 2 Q resistor

170 —7.5+4+ 3.5 = 51V, + 261
+214+9=0

(G =2I)

= 31.5] — 51(2) = —1.5

[ 1.5
102 - 31.5

15V

= 21.28 mA

(b) @




5.2 Source Transformations

-

1 1
1 1
1 I 1 .
{100 | g’\V i source transformation: OK!
' VWA ) T . current source and resistor are in parallel
L i
1
4ACD 200 | ! 300! <‘> 0.4i,
L i
' 1 . . .
l" | i ; source transformation: invalid!
_______________ e C : voltage source and resistor are NOT in series
70 r i 70
WA —— — AM—
1 1
stf) 24 i 1A 30!(*)3\[ 5V(+> 20 1A 30 C*)sv
| |
! :
L 4 ; ©r @ i L
P | (b)
7Q rTTT i
A ; 5
P S50
SVCD 2Q§ i i C)z.v
i 3v!
! I
! I
b
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5.2 Source Transformations

« Unusual Cases

Current source and resistor are in series

Regardless of R; value, may omit R,

VR2 = IR,

Voltage source and resistor are in parallel

or the power dissipated by R,

v (¢ i
:V-r C_> ;:Rl § Ry R, does not alter the voltage across, the current through,
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5.3 Thévenin and Norton Equivalent Circuits

— — ——— — — — —

I

I Rrpy I [=5 " & T T T S |

 —MWA— ,

—_ | : — | I R R

Complex WL | R | ( R | TH N
network Ry, | C— Y : § L I I NI & Vo, =1 Ry

I I

| | | I

S e——— R [P e e )

Thévenin equivalent network Norton equivalent network

Voltage, current, and
power at the load is
maintained !!!

Network A Network A Network A




5.3 Thevenln and Norton Equwalent C|rCU|ts

« Thévenin's Theorem

1. Given any linear circuit, rearrange it in the form of two networks, A and B,
connected by two wires. A is the network to be simplified; B will be left
untouched.

2. Disconnect network B. Define a voltage lcas the voltage now appearing
across the terminals of network A.

3. Turn off or “zero out” every independent source in the network A to form
an inactive network. Leave dependent sources unchanged.

4. Connect an independent voltage source with value Vocin series with the
inactive network. Do now complete the circuit; leave the two terminals
disconnected (open).

5. Connect network B to the terminals of the new network A. All currents
and voltages in B will remain unchanged.

6. The only restriction that we must impose on A or B is that all dependent
sources in A have their control variables in A, and similarly for B

7. The inactive network A can be represented by a single equivalent
resistance R;,, which we will call the 7Thévenin equivalent resistance.
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5.3 Thevenln and Norton Equwalent C|rCU|ts

o Norton S Theorem

1. Given any linear circuit, rearrange it in the form of two networks, A and B,
connected by two wires. Network A is the network to be simplified; B will
be left untouched. As before, if either network contains a dependent
source, /ts controlling variable must be in the same network

2. Disconnect network B and short the terminals of A. Define a current /cas
the current now flowing through the shorted terminals of network A.

3. Turn off or “zero out” every independent source in the network A to form
an inactive network. Leave dependent sources unchanged.

4. Connect an independent voltage source with value icin parallel with the
inactive network. Do now complete the circuit; leave the two terminals
disconnected.

5. Connect network B to the terminals of the new network A. All currents
and voltages in B will remain unchanged.

Voc = Rrylsc
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5.3 Thévenin and Norton Equivalent C|rCU|ts

Example 5.8 Find the Thévenin and Norton equivalent circuits, faced by the 1 kQ resistor.

Zero-out the independent
sources in network A.

RTH=3+2=SQ

| 2 k0 3k 3 K0
i H : MN——o
v () Sk 2210 Ry
! . L | o~
e ——————— [ I !

Network A etwork B

2 k() 3 k()

AN ——AAN— Voc = Vocjav + Vocjzma

3 VOC|4V =4V
4V<_> 2 mA T) VOC|2mA = (2 X 10_3)(2 X 103) = 4 V
= Voc =Vocjav +Vocjgma =4 +4 =8V
& 9]
—ANW— Source 7
5 k() transform

SVC) 11<Q§

|:> CDl.émA §5kﬂ glkﬂ

Thévenin equivalent network ~ Norton equivalent network

2 k) 3 k()
AAY MV
4V 2 mA l[sc

I = ISC|4V + ISC|2mA
=2 —2—— A

243 2+3
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5.3 Thévenin and Norton Equivalent Circuits

. When Dependent sources are present

- Controlling variable and its associated element(s) should be in the same network.

Example 5.9 Determine the Thévenin equivalent circuits

2 k() 3 k() 2 kL) 3k
? WV WV— —AM—o
8V 10 k()
; x J, +
a <> (\ w0 4 | wm & =sv(?)
0 - = .
442 103 _ 0 Useless form of Thévenin circuit
J— x —
* 4000
_’Vx—voc—VTH—8V
indi Voe = Rryl
- Finding Ry oc TH'sc
2 k() 3k 2 kO 3kO)
NN MN— | v, =1V NN f\/\/\,—9
ll 1 2 ) lsc
. [ = X = 0.1mA X
4000 w (D)W 4000 73 +2 4 3000 |
- Rry = T = 10 kQ) i

3| 20|2-1 2013123%t7| 0|2 A 20



5.3 Thévenin and Norton Equivalent C|rCU|ts

Example 5 10 Determine the Thevenln equivalent circuits (No independent source)

1.5i <J_’

0
—> Ry = 0 : Too much answer

Vtest Vtest — 1.5i

1=
2 3
- 6 = 3vtest + thest - 15 X (—1) X 2
3

= Vtest — g |4

_ Utest
Ry = —— = 0.6
TH = 14
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5.3 Thévenin and Norton Equivalent Circuits

- Digital Multimeter: Voltage

1 kQ
4.500 VDC
s DMM
e V(—) 1k V/QQ  COM
C ]
E 4 J— AR
= 1 kQ !
1A @ CoM 5 vamA i i ca
~ f E9V C) §lkﬂ i V§RDMM
} ! L
I o
—NN— .
Rpy = 1[|1 = 500 Q 0.5k + V=0 Ve
1 4.5\ + Vv R Rry + Rpym
Voo =779 =45V 7\ ST 10XA0° o ho0sy
500 +10x 106 T 7




5.3 Thévenin and Norton E

- Digital Multimeter: Current

1 kQ)
NN
I 4.500 mA
—9 + 10001 + Rppa! + 10001 = 0 I
B 9 Y l DMM
-] = 1 k)
2000 + Rpuur A COM
0 ?
Royy =01Q - [ =44998mA
Less than 4.5 mA (ideal value) Ideal DMM

Rpym = 0 for current measurment
Rpym = oo for voltage measurmetn

Digital Multimeter: Resistance

DMM actually measure R||Rpyum

V= (R”RDMM)IN

Rpym = 10 MQ Rpmum = 10 MQ
R = 10Q. R =10 MQ)
— Rpuum||R = 9.99990Q = Rpym||R =5 MQ

Iy
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5.4 Maximum Power Transfer

L

- An independent voltage source in series with a resistance R,, or an independent current
source in parallel with a resistance R,, delivers maximum power to a load resistance R,

such that R, = R

S

: 1 i
i R, | &
i o
i i+
! !
1 1
1 1
i”s EUL Ry
i i
1 1
| P
1 1~
1 L4
- i
Rry = R;
Vry = vg

Us

Y= R IR,
st Minimum power transfer
R UZ R, =0- =0
) LYs ::) L pL ’
= R =
Pr =15 (Rg + R.)? Ry =00->p, =0

dp, (Rs+R.)?v¢ —2vZR, (Rs +R,) 0

dR, (Rs + R.)*
= ZRL(RS + RL) == (RS + RL)Z

= R; = R, Condition for maximum power transfer

Rsv§ vé _ Vi

“(R.+R.)?Z 4R, 4Rpy

pL
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5.4 Maximum Power Transfer

300

MWV

2.5 sin 440t mV {,) 17 kQ

300 Q

17 k)

0.03z,

1 kQ)

300 Q
—AAW

2.5 sin 4401 mV ;) 17 kQ

0.032,

RTH - 1k.Q.

Voe = 1k X (—0.03v,) = —30v,

175

T = 03+—17”5 (2.55in440t) mV

= UV, = —69.6sin 440t mV
Voc

Pmax = m
= 1.211sin? 440t uW
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5.5 Delta-Wye Conversion

A network Y network
a o—p—AA\N—1+
RB
RA RC
C O
RB Rl Rz
. © AAAY ° L0 NN —AN o,

Vac ! Vbc 1 I1l

O PTE T ) SE Ae I
_ 3 same in both

B networks

Vae = Ra(iy — 13)
Ry(iz —i1) + Rpiz + Rc(iz —i3) =0
—Upe = Re(i3 — iz)

RiR, + R,R3 + R3R; R, = — ~aRs

RA = RZ RA + RB + RC
RiR, + RyRs + R3R; R, = — ~BRe

RB = R3 RA + RB + RC
RiR, + RyRs + R3R, Ry = ——cka

RC = Rl RA + RB + RC
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5.5 Delta-Wye Conver5|on

Example 5 12 Find the Thevenln equivalent circuits (using A-Y conversion)

| g __1x3 3
: 17 1+3+4 8
; o 3X4 12
i 27113+4 8
: 4 %1 4
L R3— — _

1+3+4 8

159
S0 <=

O

*|3
L :D

Homework : 5%t Exercises 59| Hi%= &X| (708 EX|71X])

- Dueday: 5% ¢ ELt10 gL

ot

S QAT FHIIA| A,
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EotR 5.

All figures at this slide file are provided from The McGraw-hill company.

3|20|2-] 2013428t7| 0| 2A]



