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PHASE OF SINUSOIDS

 The term lead and lag are used to indicate the relationship between two
sinusoidal wave forms of the same frequency plotted on the same set
of axes.

V1 =Vmsin wt
V2 =Vmsin(wt + 0)
s~ V2leadsV1by@orV1lagsV2by0

» Consider the siusoidal voltage having phase ¢, V(1) = [’m Sill((-’r.lf + ¢;)

-V o
vy =V, sin wt

Vo F / \/

vy =V, sin(wt + ¢)

* v, LEADS v, by phase ¢.

*y, LAGS v, by phase ¢.

v, and v, are out of phase.




Trigonometric identities :

sin(A + B) = sinAcosB + cosAsin B
cos(A+ B) = cosAcosB +sinAsinB
sin(wt + 180°) = —sin wt

cos(wt + 180°) = — cos wt

sin(wt + 90°) = + cos wt

cos(wt + 90) = + sinwt

A cos wt + Bsin wt = C cos(wt — 0)
where

C=+A2+B2 And 6 =tan™!

| S
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Phase and Phase Angle
* We usually use cosine function to model a sinusoidal signal.
In case there is a sine function, we can use the following conversion:

sin(z) = cos(z - 90)
For example:
v, (t)=10sin(200t + 30°)

v, (t)=10cos(200t +30° —90°)
=10cos(200t — 60°)

and thus we can say that the phase angle of v_(t) s -60°
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Examples :

1) let
Vi(t) = 10sin(5t —30°) , V2(t) = 15sin(5¢t + 10°)

=~ V2(t) leads V1(t)by 40°

2) let
i1(t) = 2sin(377t + 45°)
i2(t) = 0.5cos(377t + 10°)

cos a = sin(a + 90°)
0.5cos(377t + 10°) = 0.5sin(377t 4+ 100°)

~i2(t)leads i1(t)by 55°
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The sinusoidal response : -

o
find i(t) for t>0 0
given Vst C) 0 | ]

Vs(t) = Vm cos wt volt. e

Solution

KVL:

Vs(t) = Ri(t) + Ldi—(t)

at di(t) first order non homogenous

Vmcoswt = Ri(t) + L T dif ferential equation.

~i(t) =in(t) +if (t)
t
i(t) =Ae T+if(t)

if(t) =11coswt + I2sin wt P
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To find I1 and 12 :

di(t)
dt

Vm cos wt = R[I1 cos wt + [2 sin wt] + Lw|—11 sin wt + [2 cos wt]

Vm coswt = Ri(t) + L

collect the sine and cosine terms

0 =|—LwlIl + RI2]sinwt + [LwI2 + RI1 — Vm] cos wt
—wlLI1 4+ RI2 =0
wLI2 +RI1—-Vm =0

. RVm
 R% + w?l?
wlLVm
12 11

" R? + w?l?
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RVm wlVm

if(t) = FOEWTE: cos wt +R2 TR
if(t) =11coswt+ I2sinwt

if(t) = C cos(wt — )
if(t) = C coswtcos® + C sin wt sin®

& 11 =Ccos0
[2 =Csin®
12
— =tan®

11

Sin wt

12
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12 wlL
@=tan ' —=tan ' — - - (1) I1=Ccos®
I1 R [2 =Csin®
[2
112 + 12?2 = C?%cos20 + C%sin?@ Hztan(Z)
2 2 _ 2
[1+12c = C L RVMm
¢ =112 + 122 R+l
19— wlLVm
B Vm ,  R2 4+ w?2I?
_\/R2+a)2L2 > @)
70 Vm ( ¢ tan-1 a)L)
= cos| wt —tan™t —
7 VR? + w?L? R )




ENEE2301 — Network Analysis 1

_ _t Vm _,wL
s i(t) =Ae T+ coS (a)t — tan —)
VR2 + w22 R
m wL
i(0t) =4+ CoS (— tan~?! —) =0
VR? + w?L? R
Vm _,wL
LA =— COS (— tan —)
VR2 + w22 R

i(t) =in(t) +if(t)

i(t) = transient component + steady — state component

the steady state solution is a sinusoidal function with the
same frequency as the source signal.

14
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R-L Circuit
If Vs(t) = V,,, COs(at + @)
)< R

f=00 Y

(1)

Copyright © 2008 Pearson Prentice Hall, Inc.

L%+ Ri=V_ cos(wt + @)

i = Vi cos(¢g—@)e V" 4 Vi —cos(at + ¢ —0)

VR? + w?Ll? JR? + 0L
Hztan‘lw—l‘
R

Transient Steady-state
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Complex Numbers:

a complex number may be written in three forms :

1) rectangular form: 7 =X +jy

j= V-1 ,
X =RE{Z} ,
Y = Im{Z}
2) Exponential form: 7 = |7|e/?

|Z| = magnitude ,0 = angle

3) Polar form 7 = 17|26

16
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Euler’slaw: e/? = cos8 + jsin6
1 - Conversion from polar to rectangular form
= |Z|e’?
= |Z| cos 8 + j|Z| sin @
Z=X+]jY
X =|Z|cosb
Y =|Z|sin@

2 - Conversion from rectangular to polar form

X?+Y? =|Z|?cos?0 + |Z|?sin?0
X2 +Y? =|Z|?[cos?8 + sin?0]

X?+Y?=|Z|?

2 Z] = X2+ Y2

Y |Z|sin@ can 6 9 — tan-1 Y
—_ = = == .. = —
X |Z|cosB an an X

19
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Mathematical operation of complex numbers:
1) Addition: 71472 =(X1+X2)+j(Y1+Y2)
2) Subtraction: 71 —72 = (X1 -X2)+j(Y1-Y2)

3) Multiplication: 71 72 = |71||22|261 + 62

4) Division: Z1 1Z1]
72 |22

201 — 062

5) Complex Conjugate:
If Z=X+)Y=|Z|2+ 6

Z*=X—jY OR Z*=|Z|2-6

20
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Example 21 =4+j3=54£36.9°
72 = 3 + j4 =5/53.1°

Z1+2722=7+j7
71-72=1-j1

Z172 =54£36.9°.5453.1° = 25290°

Z1 5£369° )
OR 72 " 5s5310 147162
7172 = (4 +j3)(3 + j4)
=124 j16 +j9 — 12
7172 = j25
Z1 4+j3 3—j4 12-j16+j9+12 24—7
72 3+j4°3—j4 25 - 25
Z1 24 7

72 25 13
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THE GRAPHICAL REPRESENTATION

T 71 =4+ 3 .
71 = 5236.9° \

4 - -3

z4

3 74 = 4 — j3
\\ 74 = 57 — 36.9°
- i

Z3

72 = —4 + 3 73 = —4 —j3
72 = 5,143.1° 73 = 542169 2
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The phasor concept

input output

electrical circuit

Vm cos(wt + 0) >Im cos(wt + @)
Vm sin(wt + 0) >Im sin(wt + )
jVmsin(wt + 0) >j Im sin(wt + @)

Vmcos(wt + 0) + jVmsin(wt + 8) ———Imcos(wt + @) + j Imsin(wt + @)

Vmej(a)t+9) sIm ej(a)t+®)

23
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e Instead of applying a real forcing function to obtain the desired
real response , we apply a complex forcing function whose real
part is the given real forcing function.

e we obtain a complex response whose real part is the desired real
response.

24
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Sinusoidal and Complex forcing function:

Vs(t) = Vmcos wt o \
s~ 1(t) = Imcos(wt + @)
The steady — state response ©
Vs(t) » VmeJot v :
i(t) > Im e/ (@t+D)
di(t
KVL: Vs(t) =Ri(t)+ L d(t)
Vm eJ®t = RIm e/(@t+0) 4 j], Im el (@t+9)
a complex algebraic equation . io Vm
to find Im and @ ;devide by e/®*t ~m e’ = R+ jwl
— Jjo 4 ; jo . V'm
Vm =RIme’" + jwLIme Im el® = —
Vm = Im e/®(R + jwL) VRZ + w2[2e/ " R
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Imel® = vm =J tan_lw?L
VR? + w212
; V'm
S I =
VR? + w?I?2
wl
@ =—tan" ! —

R
i(t) = Imcos(wt + Q)

Vm

i(t) = N ERRIE cos(wt + @) \

The steady — state response
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Phasors:

Given the sinusoids  i(t) = Im cos(wt + @i)

V(t) = Vmcos(wt + 6v).

we can obtain the phasor forms as:

i(t) = Imcos(wt + Qi)
thenI = Im £Qi

V(t) = Vmcos(wt + 6v)
thenV =Vm 40v.

27
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V(t) = —4sin(30t 4+ 50°) V.

cos(wt + 90) = +sin wt

V(t) = 4cos(30t + 140) V.

—_—

~V =4,£140°V.

28
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Phasor relationships for circuit elements:

1) Resistor : l i(t)
V(t) = Ri(t) *
Vm ej(wt+9v) — RIm ej(a)t+®i) R
Vm e/% = RIme/? V(t)
Vm 20v = RIm£Qi
V = RI
I'm = RIm
v = Qi

m voltage and current of aresistor are in phase

29
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2) Inductor: " lIL{t]
di(t)
V(t) =L
dt VL(t) L

Vm ej(a)t+9v) — Li (Im ej(a)t+®i))
dt

Vm ej(a)t+9v) — ]a)LIm ej(a)t+®i) i
Vme/® = jwL Im e/?
Vms0v = jwL Im £Qi
V=Ll

Vms6v = wlL £90°.Im~£Qi
Vms0v = wlL Im Qi + 90°

s~ Vm = wlim
Ov = @i + 90° 20
mThe voltage leads the current by 90°.
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3. Capacitor

dV (t) ‘ _l v

dt
Im ej(a)t+(25i) — Ci (Vm ej(a)t+9v))
dt

Im ej(a)t+®i) — ]a)CVm ej(a)t+9v)
Imel? = jwCVm el
Ims@i = jwC VmsOv

[ =jwCV
ImsQi = wC290°.Vms6Ov
Ims@i = wC Vms£Ov + 90°

Im = wCVm
Qi = 6v + 90°

mThe current leads the voltage by 90°

i(t)=C

Il
-
O




ENEE2301 - Network Analysis 1
Phasor Relationships for circuit elements

IR + 1L | IC
+ +
— 1
. — . Ve =
VR R VL Jwl jwC
— . L B o 1
= b 3 "
VR R IR VL :](‘)L*IL VCZ-_IC
jwC

32
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Impedance and Admittance: I
. N _ V. - B
Z(jw) = = Impedance in Q Vo

Or
V=Z(jjw).I
o | -
Yjw) = =X Admittance in Siemens

Or

AC circuit

33
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Element

R

Impedance

Z(jw) =R
1
Z(jjw) = —

jwC

Z(jw) = jwL

Admittance
(o) = ~

“ TR
Y(jw) =jwC

34
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Impedance : Z(jo)

Z(jw) = V. Vmsov
G ] Imcs0i

Z(jw) = ‘%491; — 0i

Z(jw) = |Z|4£6z

The unit of impedance is ohm

AC circuit

Impedance is not a phasor but a complex number that can be

written in polar or Cartesian forms.

Z=R+jX
R = Real part
X = Reactive part.

35
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Z =|Z|40z
Or
Z=R+jX

|Z| = VR? + X? magnitude
1 X

0z = tan™ - phase
Where,
X =|Z|sin0Oz

R =|Z]|cos Oz

36
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Application of KVL for Phasors

I Z1 Z2 Zn
_‘ * Vn
Vs
KVL:

Vs(t) =V1(t) + V2(t) + ---Vn(t)

Vs=V1+V2+--Vn
Zeq=Z1+722+2723+--Zn

Vi = o 7s
"TY2+723+ 20 °

37
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Application of KCL for phasors

KCL:
|t |12 Tim Is=11+12+ -
E(‘) Z1 22 Zn
Current Divider :
=" .5
i |§n T Z1+z2
E(‘) Z1 22 ﬁ B Zl T
- T “71+22
38
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Find Zeg 1 A 2
. ——A\\W
Z = —
C(]a)) ]a)C Zeq BN
Z(jw) = jowl
w = 10rad/sec
1
Z1 =20+ = 20— 50

j(10)(2)(1073)
72 =50+ j(10)(2) = 50 + ;20

73 = (50 + j20) || (j

1
(10)(4)(10‘3)>

73 = (50 + j20) | | — j25

(50 + j20)(—j25)
3 = = 12.38 — j23.76
50 + 20 — j25 J

Zeq =71+ 73 =32.38—j73.76 Q

39
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0.5H

Calculate Vo(t) Y Y Y ,
MAN—TT -
@ R
Z;(jw) = jwL = j5Q o
Ze(jw) = —j == = ~j20 —r
Vs = 10275° volt _m_
To=— 2 q0.75¢ T
—j2 + (10] | j5) .

Vo = 7.0712 — 60° volt

~Vo(t) = 7.071 cos(10t — 60°) volt 0
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lo(t)

Calculate lo(t) g
is(t) = 0.05 cos 2000t A w |
1 500 Q
Zo(jw) = —j— = —j500 Q
c(jw) ]a)C J B
7, (jw) = jwL = j1000 £ Is = 0.0520° 4
_ —j500
Io = . (0.0520° B
0 = 7500 4 500 + 71000 . ) o
Io = 0.035352 — 135° 4 6, == 4s000

~ 1o(t) = 0.03535cos(2000t — 135°) A

41
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Delta — Wye & Wye to Delta transformation

o Z1272
. _ 2aZb+ Zalc + Zbic aQ ““T 1122+ 123 b
B AC
Z1
P 9
a b
Za Zb
' 7 2173
3 1472+ 73
73 :ZaZEJ+ZaZc+ZEJZc
7 _ ZaZb+ ZaZc + ZbZc Za
- Zb Gam—

L. 1322
¢ ‘T n+nm

42
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Series RL circuit R=200
Vs(t) = 60cos(200m t) volt I\/\/\/

find i(t) Vs(t) It L=20mH

Vs =VR+VL

60£0°= 20] + j12571
i 6020° B 6020° 200

2041257 23.6£32.1° W\I

- Vs = 6020° volt
21=254,-321°4

—- F _I"'

VR =201=5082—321volt Vs (—) J12.57Q

VL =j12571=3192+57.9°volt

VL leads VR by 90°

IL lags Vs by 32.1° Zeq =20+ j12570Q inductive
=23.6£32.1°Q inductive
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Phasor Diagram

44
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Series RC circuit
Vs(t)=100cos 6007 t volt

_4—

Vs(t)
ZC(jw) = —;R = —j53.10

Vs =10040° volt
KVL:
Vs =471—j53.11

;_ Vs 10020°
47 —j53.1 47 —j53.1

R 100£0° .
I = ot ) [ — 1.41 2485

[ leads Vs by 48.5°

R=47Q

i(t)

— C=10pF

= _53.1 O

45
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—~ capacitive circutt

Z(jw)=47-j5310 capacitive
Z(jw)=T7092-485° 0 capacitive
VR =471 =663 £48.5° volt

VC=—J53.11=T492-415°

VC lags fby 90°.

46
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Series RLC circuit

Vs(t)=T75cos400mt volt

KVL: Vs =VR+VL+VC

—

Vs = 331+ j62.8 — j79.6]

Vs 75408
33—j16.8 372-27°

1
I

[=203227°4

I leads Vs by 27°

S capacitive circult

Vs(t)

R=33Q
L=50mH

i(t)

— C=10p F

—— 79.60

47
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' capacitive circuit

1
Zeq =R +jwlL—j—
eq JwL—j—=

Zeq =33+]628—j79.6

Zeq =33—j1680  capacitive
Zeq =374-271Q capacitive
VR = RI = 67£27° volt

VL = jwL]I =127 £117° volt

—_—

1 -
VC=—j —I=1624£—63 volt
ij Vo

.y .1
lfjWL—jR=U

Resonant frequency

SR
[

Zeq =R Resistive

48
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Find 11, 12, and Vo

M=—2" .T¢—13578,18.435°4
—j4+ 2
s
2 = — .Ts = 1.789 ~108.435° A
—j4+ 2

—

Vo=2T1=7.156 £18.435° polt

A
4.45°A

20

oY
+

||
|
s

1
18.34°

49
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Calculate all voltages and currents

Zeq =4+ (j6|1(8—j4)) ()
\E -

+

. 40 -
12

j6Q

-+

—L— jao

Zeq = 9.604 £30.964° O 24,60°
Volt
1= Vs | 244600 _ 2.498 £29.036° A
-~ Zeq 9.604s30.964° '

— j6 _
J3=————-11=1.822105°4

j6+8—j4
. 8—j4 _
[2=———-11=2712-1158°4

jo+8— j4

V1=j612=16.26278.42°volt

—_—

V2 =—j413 =7.28 £15° volt

50
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20

* %
if Vo=8245°volt,  find Vs NN/
. 12
I3 = vo =4,45% A
2 > C-) Vi j20

V1=(2-j2)I3 =11.314 20°

20

V¢

7
[2 =~ = 5.657 £ = 90° 4

I1=12+13 =(2.828—j2.829)4

Vs =211+ V1

Vs = 178887 — 18.439° volt

51
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Steps to analyze Ac circuits

» Transform the circuit to the phasor or frequency domain.

» Solve the problem using circuit techniques (Nodal analysis
Mesh analysis , Superposition, ... etc).

» Transform the resulting phasor to the time domain.

solve frequenc

time to variablesin quency
frequency frequency rotime
domain

domain

52
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Nodal Analysis 10 N N
T . Vi V2 -10 | V3
find Io using Nodal analysis -—/\/\/\r I .
-3 "
@
- n 10
V1=12,£0° constrainequation C).sz_oﬂ volt y 2,0° AVO

j10
KCL at Node 2:

V2—-T11 I—’Z V2—-V3

+ =0
1 ;1 —;1 ==
V1+V2—jV3=0 \ Reference node  For node 2

Self admittance = Y22 = (1+ _1—1+ ﬁ) =1
Mutual admittance Y23 = - % = -]
Mutual admittance Y21 = - 1

KCL at node 3:

1 — ‘ .
—2/0°= _i[,?2_|_(i_|_1)[,5'3 — —2£U°=——,L’2+Ul+l)lﬁ3 53
—j1 —j1 -1



ENEE2301 — Network Analysis 1

solving for V3 ;

ﬁ_(8+ _ZE)V
BAGRENG

—_—

'T—FE—(8+'26)A
B T CR-

54
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Mesh analysis : o
find Io using Mesh analysis Y |
6-T7-T3 g | 7 I | ()
’ 12.20° volt () 10 y

I3=240°4 Constrain equation T no

-

220°

lo

KVL for mesh 1:

12 < 0° = (1 + DI, —jil, For mesh 1
KVL for mesh 2: - I
- - Self impedance Z11 = + (1+j1)
0=—j171+ (1 +j1— 1213 : -
10+ QA+ 1=j1) Mutual impedance 212 = - j1

0=—j111+12—-13
Mutual impedance Z13=-0

solving fﬂ’r.’_f and 13

ﬁ_(18+,26)ﬂ
“\5 "5

I3=220°4 *T—(8+‘26)A
A G-

55
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Source Transformation

find Io using source transformation

10

10

10|

o
(_) 12.0° volt

j10

o D

A
1220° A

10

j10

10

2£0° A

1
21 =111GD = (5 +J5

2 2

1)1}

56

2:0° A
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Z1

-j1n| |

Zl=1||(jl]=(%+j%)ﬂ

+
Vi C_> 6(1+1)

volt

V1=1220°.Z1=6(1+j1) volt

220° A

P [

10

N [ 72 10
It
-

—_—

ﬁ_ﬁ_12(1+jlj
72 1-j1

, 1 .1
ZZ=—;1+ZI=(——;—)H

I, =11 —220°
T_(10+j4)A
T N1-j1

2 2

= 22 T_(8+.26)g7
T22v1 TGS
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Superposition

find To using super position

To =Tol +Io2 ve

1) Eetﬂﬂff,andﬁﬂn.

10 | |

AAY

i1Q 10
Y 2.0° A

ANA, o)
||

2 -
ﬁ 2£()° -
01 =-220° ——
Z1+1
Z1 = —j1+ (1] j1) = —j1+ 21—
= R T
ol ———% 4
I

58
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2) Ietﬁaff,andﬁan.

Io 1220°
> Zeq

102 41Q \

10
10

12.20° volt
o2

Zeq=1+(G1]|(A—j1))=2+j10

o 1220°
Hs=5

i
lo2 =1Is j—l-l-l—jl

12

o2 =TIs jl=—"" A
0e=BIE T R

T—(§+‘§)A
°=5"7s 59
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Power of super position :

Vs1(t) = 100cos 10t volt
Vs2(t) = 50cos(20t — 10°) volt .
Vsi(t) C_)

note thatwl = 10 Tadfsgc

andw2 =20 7ad/ .

10Q

—M

it)

®
=7/ vs2(t)

' super position is the only method of analysis.

i(t)=1i1(t)+i2(r).

1) let Vs2(t)off ,and Vs1(t)on.

+
100.20°
volt —

— 100£0°

[1=—"" =7072—45°4
10 + j10

j10Q

~11(t) = 7.07 cos(10t — 45%) A.

60
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2) let Vs1(t)off,and Vs2(t)on.

100 JZOQ
—_ =502-10°_50£170° 4/\/\/\/
104,20  10+,20 .
_ 2 +
2 = 2.2410657° A
3 502-10°

volt

S i2(t) = 2.24cos(20t + 106.57°) A.
() = 11(e) +12(¢)

i(£) = 7.07 cos(10t — 45°) + 2.24cos(20t + 106.57°) A

61



Superposition (dc+ac) sources

440

2H 14}
+1‘_
10 cos 2tV 2sm S5t A — 0.1F 5V

Find Vo(t) using the superposition theorem

The steady state Vo(t)
Solution:

% The circuit operates at three different frequencies
Vo(t) = Vol(t) + Vo2(t) + Vo3(t)
1. To find Vo1(t) (due to dc source)

1Q 40

Inductor becomes short
YWY Capacitor becomes open
Vol ‘ - -
The sinusoidal sources are

5V
off 6

[ Vol(t) = - 1V




Superposmon (dc+ac) sources

44

+ + sin St A — 0.1F + 5V

2. To find Vo2(t) .
1411 111 4 )

VOT
10,/0° V —j5Q =——

10 cos 2t map 10,/0°, w = 2rad/s

HEY jol = j4Q

0.1Fmp ! _ _isq

JoC

\Vo2(t) = 2.498 cos (2t — 30.79) V
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Superposnlon (dc+ac) sources

A? C% sin St A — 0.1F % 5V

3. To find Vo3(t)

L 10
| Vo3 ]
jlﬁﬂ%:ii G) 2/ 0°A == 2Q 2549
| |
2 s1n 5t - 2/ 0, w = 5 rad/s

>H mp joL =109
0.1F mip
j()('
Vo3(t) =2.33sin(5t+10) V

—j2

\Vo(t) = -1+ 2.498 cos(2t-30.79)+2.33 sin(5t+10)
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ENEE2301 — Network Analysis 1

Thevenin’s and Norton’s theorems

find Io using thevenin's theorem _/\/\17\/ 10 I I
¥
- 10 12
1240° volt y 220° A

>
lo
To — Vrn
o=
Zm +10
sAYAYAY =1
7th to find Vo ‘Y _ 1

+ i T8
@ D
12.20° volt L~ 2.,0°

Vth Vew = —(—jDI2+ j1 (11— T2)
- I2 =2£0° Cnstrain equation

KVL for mesh 1:
1220°= (1+ 111 —j112

T (12+j2)A T (—2+j12) It
e = 'e =|\—]"—\| 10
1+ j1 TH 1+j1
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ENEE2301 — Network Analysis 1

to find Zzy, set all the independent source to zero.

10 10

AN i: ]

10

Zry = —J1+(1]J1)

_ Ve 8 .26
Io = I =(—+'—)A
Zom +10 > =57/ 66



ENEE2301 — Network Analysis 1

Norton’s Theorem :

v ia | |

10
> inQ ()
Vs 12.20° volt Y 220°A

— >
find Io using Norton's theorem lo

(o)

y 3
i: Zn Q

o
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ENEE2301 — Network Analysis 1

1) tofindlI,

Iy=12-13

JR—

I3 =2£0° A costrain equation
KVL for mesh 1:

1220°= (14 11— 112
KVL for mesh 2:

0=—j111+ (j1—j1)I2

—

S 12=12290° 4

—_— e— —

I,=12—-13=-2+j124

v it |
|| ,
—_— —_— —>
—IT |—2> 13
i1 Y
1220° volt In
) 0= 171 o) =0
2) 1
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ENEE2301 — Network Analysis 1

Zn

Q

o}

10
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ENEE2301 — Network Analysis 1

find Vo using Thevenin's theorem

10==

Zth

o)
)

Vth

o]
[T}

70

12.20° volt
4,0° A
—\W\ A AV .
- x
() s 10
21Ix j1ﬂ Vo
T o) -y
0="—"""7"
10+2Z,, ™



1) to find Vyg
Vew = —10Ix+j10 (2x) L 1220 voh ®
4.0° A
—_ 10 10
v = 4074 —\W AN—
. ‘ —x
Yo Ve = (—4 4+ j8)volt. A |
027; j10 Vth
2) to find Zpy I
Lty = s

1~ .
Zry = =| all independent sources are set to zero.
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ENEE2301 — Network Analysis 1

to find I,

Iy = Ix — 420°

v AA A Lvi AA A
T ﬁ —3~ = _."‘l_;
ST Y

Nodal analysis

V1—V3=1220° constrain equation
KCL at node 2:
2Tx = (1 +$)V_2“+11 V1i—1V3
KCL at super node (1,3)

1 1
420° = (—1) V1+(1+1+,—1)V3—(1 +—

—J J J

- - 4
Solving for V3 ‘ V3= (11—1)
—J

S|

C) 1220° volt

10

L )VZ
1

L — (8+j4);1
S 1+

—_—

4,.0° A

VTH
S g = —
TH lrr-;
ZTH = (1 _fljﬁ
—  —4+j8
Vo =4,143.13%volt 72
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ENEE2301 — Network Analysis 1

Vr
ZTH =‘,:
T

V,=—-1Ix+/1Ix
Vr= (-1 +jDIx

Ve =—(-1+jDI;
A
L1y =I:T= (1-,1)0

T

0=

all independent sources are set to zero.

10

1Q

i10

P X
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