AC analysis - many examples
The basic method for AC analysis:

1. Represent the AC sources as complex numbers:

V. _coswt — Vel = [Vmej()o] e/ - V. e (Phasor)

2. Convert resistors, capacitors, and inductors into their respective
impedances: resistor = Zr = R; capacitor — Zc =1/ (jwC);
inductor = Zr = jwL.

3. Re-draw the circuit using the complex sources and impedances.
(optional)

4. Use your favorite method to find expressions for the complex

currents and voltages (phasors) in terms of the sources and
impedances

5. Do whatever complex math is needed. (This is the longest part!)

6. Express the answer in magnitude/phase form (usually).

7. Re-express the voltage and currents as sinusoids. (Often un-

necessary.)
EE 201 AC analysis examples 1 — 1



R 1.5 k€2

Example 1 - equivalent impedance AAA,
Find the AC current in the circuit at i(7)

right. V cos(wt) (t) C —

Vi s Vo= 6660t 0.1 gk

To find the current, find the equivalent impedance seen by the source.
First, transform to the complex version of the circuit.

: e Z
V., coswt - Vel = |V, e/V] e/ £
|
R—>Z,=R N VmejOOCfD Zc
i :
SR B
joC wC
The two impedances are in series, so the equivalent impedance is
1
Z- Rt
i JoC
\Y
=
Zrc
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VS Vme‘]

BRI 51 a8
RC R+ja)C

vV

m

== —
R_‘]a)_C

- 5V
- 1500Q — j1500Q

5V

T Q1219 exp (—j45°)
= (2.36 mA) ™

i (1) = (236 mA) */(@r +45)

i (1) = (2.36 mA) cos (wr + 45°)

EE 201

AC analysis examples 1 — 3



Example 2 - equivalent impedance

+

F{nd ’Fhe V(?Itage in the Pesaaanse CAD RSv, (3L
circuit at right. I 750 € 15 mH

I, =6.67 mA; w = 5x104rad/s 5

To find the voltage, find the equivalent impedance seen by the source.
First, transform to the complex version of the circuit.

I,coswr — Le/ = 1,6/ e/ I |

7 A Y
R—>Z,=R I = 1,e"” () Ze [V | 4
L— ZL =]0)L l

The equivalent impedance is the resistor and inductor in parallel.

Lo B) o) g R
s R R
R L +]6() 1+]a)_L I—JE
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B 5V
 (1.414Q) exp (—j45°)

= (3.54 V) aracl

e (O (354N oltor A7) in

vee (1) = (3.54 V) cos (wr + 45°) ZVRL
re
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Example 3 - equivalent impedance

For the circuit shown, find 255k I HeL
the equivalent impedance for 1 kKO |
w = 104 rad/s, w = 105 rad/s, ly SHEERY R, L2 10 mH
and w = 10° rad/s. i 1 kQ2
o,
Transform the components to their o Z,
complex form. We can combine the R-C oo ::
series combination to a single e 2
impedance. Do the same for the R-L e
parallel combo. Then Z., = Z> + Z>.
1 ey |
2 i E e
jw wC
j
1 1 R R
Z2 = » ~+ ]a)L] == 2R2 — ?Rz
2 et oL e e
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The detailed calculations for w = 104 rad/s are shown below — the
calculations for other frequencies are similar. Results are tablulated on
the next page.

1
=R~
1 1 ]a)C
: 1 : —j84.3°
= 1kQ — = 1kQ —j10kQ = (10.05kQ) e775*
(10%rad/s) (10-8F)
R2
Zz —_ R,
h—i—
: 1 kQ - HO e
ine =7 Luil — =410 10.05¢~%43
(10*rad/s)(0.01 H)

Z, = (99.5Q) /57 =9.88Q + j99 O

2y =721+ 7Z,= (10002 +9.882) +j(—10,0002 + 99 Q) = 1010 — ;9901

= 1010Q — j9901 Q

= (9952 Q) e 7342
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Example 3 - complete results. Note how the various components change
relevance as frequency changes.

EE 201

w = 104 rad/s w = 105 rad/s w = 106 rad/s

Re(Z1) 1000 €2 1000 €2 1000 €2
Im(Z1) —710,000 €2 —71000 €2 —7100 €2

VAL 10,050 €2 1414.2 Q2 1005 €2

0z -84 .3° —45° RN
Re(Z») 9.88 2 500 €2 990 Q2
Im(Z>) +799 Q 7500 € +799 Q2

Y4) 99.5 Q2 707.1 Q2 995 Q2

0z +84.3° 45° +5.7°
Re(Zeg) 1010 €2 1500 €2 1990 €2
Im(Z.q) —79901 Q2 —7500 €2 —j1 Q2

1 Zegl 9952 Q2 1581 €2 1990 Q2

0zeq —84.2° —18.4° 0°
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Example 4 - dividers

There were several simple divider examples in the previous set of notes.
Let’s try one slightly harder voltage divider example.

C;1|30nF K,
|

BYATVAY o
1 kG2
R ; +
V cos(wt) C"_') 3 kO €, —— vt
Vm = 5 V 15 nF T
w = 66.67 krad/s

Transform the circuit to its complex equivalent. We will employ voltage
dividers twice — first to find vgs and then to find vco.

Ze I Ly
+ +
+
Vs C_) Zpi | Vpg Zey | Ver
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ZC1 O I ZR2

+ —
16 Zo v 7 [2

<

&
<

R1 C2 C2

L= ZRIH (ZR2 2 Zcz)

1 1
Z. 7 =Rk kO
e 7 (66.66 krad/s) (15 nF)

Zor + Zoy = 1kQ — j1kQ = (1414 Q) 7+

Lp1Zey (3000 Q) [(1414 Q) e+ - (30009) (1414 Q) e+

/ = = s
iamRas/Anapt Zo, 3000 € + 1000 €2 — ;1000 £2 4000 € — j1000 €2

(3000 Q) [(1414 Q) e+
- (4123 Q) e~/14.0

= (1029 Q) e 1" = 882.Q — /530 Q
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i Zeq V
VR1 = S

Lo+ 21

1 : 1
JoC; EEEEEL (66.66 rad/s) (30 nF)

Loy = = —j500 Q

ik (1029 Q) ¢ 31 (5V)
8820 —j530Q —j500Q

(1029 Q) e 731

= (1356 9) eor V)
= (379 Vet 1~ im
Yoo = g VR1
Ley + Lry S
= Sty (3.79V) e184 Ve 4

~ —j1000Q + 1000 Q

~ (1000Q) e
(1414 Q) e~/45
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Example 5 - source transformation

Find the amplitude and phase angle of the v;» sinusoid in the circuit below.

A current divider would certainly work, but let’s try a source transformation
and a voltage divider. (There will be fewer inverses.)

R
VV\
4 kQ2 £
I cos(wt) (‘) L,250 mH L,J v, (1)
w = 10°rad/s
Transform the circuit to its complex equivalent.
Z Z; =jwL; = j5000 Q
| :
I = ]meJOCAD ZL] ZL2 Ve
= Z; > = joL, = j3000 Q
®
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Transform the current source to a voltage source, using the impedance Z;;.
Source transformation in the complex realm works exactly the same as our
earlier using just resistors. But mind the phase!

Z

L1

Z

R

VST T ISZLl

= (2mA) (j5000 Q) Ve, <+> 7 v

=j10V = (10V) ™

<

Using a voltage divider:

N = 212 vV
e ARRtty A

73000 Q ,
= — , (]10 V)
73000 Q + 75000 Q + 4000 Q

j3000 © ,
= . (j10V)
4000  + 78000 Q

=30V (BoV) e’
 (8.94) /B4 (8.94) ei634
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Example 6 - source transformation

Find the AC voltage across the resistor/capacitor parallel combination in
in the circuit below. Use the source transformation method.

R, L
L — ANAA—YYN <
w = 33.33 krad/s 5009 15 mH :
V cos(wr) i) R, v ——q ‘) I cos(wt —45°)
V. =10V i = ) nk I, =14.14 mA

Transform to the complex form of the circuit. We will treat the R;-L
series combination as a single impedance and the R»>-C parallel
combination as a single impedance.

Vo=V e =V Ig =1 e 7% Z, I
+
Z; =R, + joL + A
| =~ o N, C_) Z, v ( I
fEssieseneslen: R, 1 =
= |—+jolC| = .
R2 1 +]G)R2C
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Impedance values.

Zl == Rl +]a)L =5 SOOQ _|_]5()OQ i (7071 Q) ej45°

| =
—— 1 jwC

=
2 R2

. R 15000
R C ] Tl

= (1060.7Q) e 7*" = 750Q — j750 Q

Put everything in parallel by I + I
transforming the combination b C‘) Zoriv g C‘) T
of Vs and Z;. l £ l

Vi 10V

| BENMaN A A = (14.14 mA) e 7+
S G0 Qe ( )

va= (Isp+15) - 22
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EseE 1 1
Z\Z, = | —+— — — 4
2= |z+=Z (707.1Q) 5~ (1060.7Q) =45
- = [(1.414mS) e + (0.9428 mS) /]
A
= [1mS — j1 m$ + 0.6667 mS +j0.6667 mS| '
VS

: = [1.667mS —j0.333mS] ' Yikes! (Parallel
1 combinations are
b = {(L70mS)e{17|- some of the most

e tedious complex
= (588.3 Q) g1 calculations.)

Plugging in:
v, = [(14.14mA) e 7 + (14.14mA) e 7] - (588.3 Q) 113

= [(28.28 mA) e 7*| - (588.3 Q) ¢!

= (16.6 V) el
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