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11-1 AC CIRCUIT ANALYSIS STARTUP

Giving V = 10 cos(2000t),R = 5Q,C = 2 x 10~* F, find out the current and voltages.

Let’s try to solve this problem in time-domain only + Vs R
| | ) AN
Recall how we conducted the transient analysis, \/ Vo +
- R
V, + Vg =V, l'
c R s dVC(t) IC
qy, D V.()+RCZES =) ]
[ =C—
dt First-order differential equation v

This one is actually more complicated than our previous case presented in Lec 7 because V,(t) is a time-variant
function rather than a constant.
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11-1 AC CIRCUIT ANALYSIS STARTUP

Vv
Giving V, = 10 cos(2000t),R = 5 Q, C = 2 x 10~* F, find out the current +f-s\— R
and voltages. L), AMN—
Using the transformation method (phasor) | — Vet
1. Convert the circuit from time-domain to frequency-domain C
Identify the angular frequency w = 2000. I I
Find the phasor for the sources: 1, =10-0° tove T
Find the complex impedance: ‘
Zp=R=75 L Vs _ ya
S S 1 s Q) —
¢~ Jwc” J2000x2x104 " "/~ — Vg +
2. Redraw the circuit and analysis it as if it is a DC resistive circuit. ! 7
C
ZT:ZR+ZC:5_]2.5 I |
+ Ve —
v, 1000 _ ¢
=—= - Need to convert it to
Zr  5—j2.5 polar form as well
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11-1 AC CIRCUIT ANALYSIS STARTUP

Giving V = 10 cos(2000t),R = 5Q,C = 2 x 10~* F, find out the current and voltages.
2. Redraw the circuit and analysis it as if it is a DC resistive circuit.

V

Zr =Zp+Zc=5—j2.5 +/5\— Zg

convert it to polar form QJ/ V:|-I-_
— VR

|Z| = /52 + 2.52 = V25 + 6.25 = V31.25 = 5.59 ll

_ Zc
=(Z;) = arctan—— = —26.6° Check whether the phase is correct }
5 in complex plane + Ve —

TFA » ltiscorrect! 7. =5—j25 =559 —26.6°

I_VS _10=0° 10
~ Zr 5.59--26.6° 559

Ve = 1Zp = 1.79226.6° X 5 = 8.95-26.6°

~(0°% +26.6%) = 1.7926.6°

Ve =1Z; = 1.79226.6° X (—j2.5) = 1.79-26.6° X 2.5 —90° = 4.48_ — 63.40
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11-1 AC CIRCUIT ANALYSIS STARTUP

Giving V = 10 cos(2000t),R = 5Q,C = 2 x 10~* F, find out the current and voltages.

3. Convert the phasor to waveform, convert the circuit from

frequency-domain to time-domain. b U 7
) —
I =1.79-26.6° I = 1.79¢0s(2000t+26.6°) Y Ve +
Vg = 8.95-26.6° HEEEE) V, = 8.95c0s(2000t + 26.6°) l' .
C
Ve = 4.48- — 63.4° Ve = 4.48c0s(2000t — 63.49) —
+ Ve —
Once could also use voltage division principle to find out VR and VVC directly.
Zp Zg ‘ 5 50-0°
V = V = V p—— = = 0 = = O. =26. 0
R S e+Ze 7y 1020 X o 26,60~ 5.50- 2660 _ 00>=266
7 7 B 0 —j2.5 25— 900
Ve - - ) = 100" X oo e = S50 —6.60 = 448< —634°

=V =V
SZp+Zc S Zp

Zr =5—j2.5=5.59- —26.6°
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11-2 NODE VOLTAGE ANALYSIS (COMPLEX VERSION)

40 mF

Vl v?,
L 2 L 2

cos(SI)AGD gsg — - %1}1 §IOQ GDO.Ssin(Sr)A

20 mF

L g L L L 4
1. Convert the circuit from time-domain to frequency-domain
Identify the angular frequency w = 5.  Find the phasor for the sources: Find the complex impedance:
2. Redraw the circuit and analyse it as if it is a DC resistive circuit.
75 Q
v, \B
. L
1 JjloQ
1EAGD §SQ I = /52 §IOQ GDO.S-%OA
-710Q ~
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11-2 NODE VOLTAGE ANALYSIS (COMPLEX VERSION)

]5 Q
2. Redraw the circuit and analysis it as Iy E - g V. I
e e .- . ) Vl 2 °
if it is a DC resistive circuit. — & — o
Use node voltage analysis to izl i4l i6"1OQ _\l b 110
solve this circuit 1/0° AGD §SQ — / :g Jj5Q §IOQ GD 0.5/.90° A
-710Q ~
We have 2 nodes, therefore we need 2 equations. . o .
Reference node V=0
Apply KCL at the left node: Current_In = Current_Out
V. V. V=V, V-V . .
=iy tis=iy+ig+is+i; mp 1.00=—4—L 42 2,71 2 mmh (0.2+,02)V; —j0.1V, =1
5 —j10 —Jj5 j10

Apply KVL at the right node:

Vv, V-V, V-V, V . . .
ig =ig+iyg=1is+ig—i; ™ 05.-90°+—-=— 241 2__2 mmp—j0.1V; + (0.1 —j0.1)V; =j0.5
10 —Jj5 j10 j5

Use Cramers Rule (the matrix method) to solve the
equation set:
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11-2 NODE VOLTAGE ANALYSIS (COMPLEX VERSION)

(0.2 + jO.2)V, — jO.1V, = 1
—j0.1V, + (0.1 — jO.1)V, = jO.5

Use Cramer s Rule (the matrix method) to solve the equation set:

1 — 0.1 J
__ljos (oa-joaf 0.1-j0.1-0.05 _005-j01_
'T02+,502)  —j01 | 002-002+ 00240024001 o005 7
-j0.1  (0.1-,0.1
‘(0.2+ j02) 1 ‘
— 0.1 0.5 - : -
V, = J J _ O.1+]O.l+‘]0.1=_2+j4V
0.05 0.05
Convert to polar form Convert to time-domain
V, =/5/-63.4°V ()—\/ECOS(SI—634°)V
V, =245/116.6° V )=25cos(5: +116.6°)

C—



-
ZUTS

UNIVERSITY OF TECHNOLOGY SYDNEY

48510 LEC 11 - RCUIT ANALYSIS

Topic 11-3: Mesh Current Analysis (complex
version)

DR CAN DING

Lecturer
can.ding@uts.edu.au

J‘ ; UTS CRICOS PROVIDER CODE: 00099F ' uts.edu.au




11-3 MESH CURRENT ANALYSIS (COMPLEX VERSION)

1. Convert the circuit from time-domain to frequency-domain

500
300 4, HE
Identify the angular frequency w = 103. |
Find the phasor for the sources: ; T
. . _ locos(lo’t)V@ 4 mH §2Q
Find the complex impedance:
2. Redraw the circuit and analyse it as if it is a DC resistive circuit.

Use mesh current analysis to solve this circuit

We have 2 meshes, therefore we need 2 equations.
Apply KVL around the left mesh:

10400 - 311 —]4(11 - 12) =0
Apply KVL around the right mesh: 10/0° V(
—jAly — 1) — (=j2I3) = 21, = 0

Simplify the two equations we have

1010 10

(3+j4)1 —j4I =10 Use matrix Ty===-20°A i(1)=Zoos10°1) A
a1+ (24 2), =0 methOd 10 1043 — 0 ..

J 72 = 12=7(1+j)=_7 450 A i(t)= : cos(1077+45°) A

VUIS:

uts.edu.au
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11-4 SUPERPOSITION PRINCIPLE (COMPLEX VERSION)
| - it - v, F10Q v,

d
We don t need to make the conversion as this circuit
is already in frequency domain.

2—locav—the—cHeui—ane analysis it as if it is a DC 1@1& 4-j2 Q) 2+j4 Q 0.5/-90° A
resistive circuit.
Use superposition to solve this circuit

Only activating the left source:
Total voltage = current * total impedance

v, J10Q v,
—1 v 1 004= 7201042+ 74)
i 4—j2—j10+2+ j4
—4— 728
1@1&69 4-j2 Q 244 Q Open = 6_j8 =2-j2

Reference point V=0

VUTS-




11-4 SUPERPOSITION PRINCIPLE (COMPLEX VERSION)

Only activating the right source: V, J10Q vy,
—_
Use current division principle Z,
Zl Z3
— Z3 Open I 4-j2 Q) 2+j4 Q 0.5/-90° A
1 —°'T
Zs+7Z1+ 27, T T
£} i
P 2t
IR = Tha =y T 1 7, Reference point V=0
V. =(-0.52-90° Sl S Yy s ¥ L
4—j2—j10+2+ j4 6— /8
Previously we obtained
Vu: = 2_j2
Sum V,, and V5 In similar way, we can get
V=2-j2-1=1-;2V Vo, =-2+j4

VLUTS-
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11-5 THEVENIN’S AND NORTON’S THEOREM (COMPLEX VERSION)

1. Convert the circuit from time-domain to frequency-domain Y J10QQ v
—_— 1 2
2. Redraw the circuit and analyse it as if it is a DC resistive * = ¢
circuit. 2
e . Z1 ZB
Finding V4, 1@ A l[] 4-j2 Q l[] 2+j4 Q Voc
Vin = Voc = V2 =0
Total voltage V; = current * total impedance . o

Z0(Z, +Z5) (4= j2)(—j10+2+j4) Reference node V=0

= =22
7+ (Zy+2;) 4—j2—j10+2+j4 J

V., =1,Z, =1-0°

According to voltage division principle
2 +j4
—j10 + 2 + j4

Z3
V, =V, =(2—-7j2
2 tZZ+Z3 ( ])

=J2="Vy
=2.90°
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11-5 THEVENIN’S AND NORTON’S THEOREM (COMPLEX VERSION)

1. Convert the circuit from time-domain to frequency-domain Y -710Q \A
1
2. Redraw the circuit and analyse it as if it is a DC resistive i *
circuit. Z,
Z3
Finding V,, Vi, = j2 = 2290° 4-j2 Q l[] 2+j4 Q
Finding Z,
. o @
_ Z3(Zy + Zy) _ (2+j4)(4—j2—j10) — 444 Reference node V=0
C T Za+(Zy+2Z,) 4A—j2—j10+2+j4
=4+/2-45°
Finding I,
[ = Vth _ ]2 Zt:4\/EA4SO Norton
nT oz, 4+j4 —
‘ vz Z,=4/2 2450
I,=— =45
= 0.25 + 0.25] @ 4 H
=ﬂ4450 Thevenin T Vip = 2290°

4
PUTS.
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11-6 MAXIMUM POWER TRANSFER (COMPLEX VERSION) R,

In pure resistive circuit, maximum Power Transfer occurs when the resistive value of the
load is equal in value to that of the voltage source's internal resistance (R, =R,) allowing -
maximum power to be supplied. Vi C) Ry

2
The maximum power received by the load is P,= 4%’ which is half of the total power
t

generated by the source.

In comple circuit, how to adjust a load impedance Z, to extract the maximum average pow\e/r from a two-terminal

circuit? (Note Z, is the inner impedance or Thevenin equivalent impedance. ) N Z,

1) If the load can take on any complex value, maximum power transfer is attained R +jX

for a load impedance equal to the complex conjugate of the Thévenin impedance. 7,

Zioad = Z¢ y ijIX
2) If the load is required to be a pure resistance, maximum power transfer is /s\ Z
: : : fvenin i s  ——
attained for a load resistance equal to the magnitude of the Thévenin impedance. o/ R+ X
Zioaa = |Z¢| = VR* + X* 2 [REix?

| S|
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11-6 MAXIMUM POWER TRANSFER (COMPLEX VERSION)

In comple circuit, how to adjust a load impedance Z, to extract the maximum average power from a two-terminal
circuit? (Note Z, is the inner impedance or Thevenin equivalent impedance. )

1) If the load can take on any complex value, maximum power transfer is attained R+ jX
for a load impedance equal to the complex conjugate of the Thévenin impedance. /VS\ Z
* v, I
Zioad = Zt ~
2) If the load is required to be a pure resistance, maximum power transfer is Z.
attained for a load resistance equal to the magnitude of the Thevenin impedance. ]

Zipad = |Zt| = \/Rz + X?

Note that the power should be a pure real number. Only resistance can receive power. Reactance (capacitance and
inductance) does not take power. The average AC power on capacitors and inductors are always 0. With the AC source,
the capacitors and inductors keep charging and discharging, thus the energy comes and goes away but no real energy is
consumed.

The maximum power delivered on the load is only determined by the effective RMS current and the resistance of the

impedance: _ _ _
R, if load is a complex impedance

Prnax = IfmsRicaa  Where Ripqq _|:|Zt| if load is a pure resistive load
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