Example AC Circuit Analysis

a. Findthe current and voltage value through each
componentin the circuit

Step 1: Work out Reactance

L2
47TmH

o Xp, =300
L XRZ =220
o X;1=2nfL=2m*80%0.04=20.1062

e X, =2mfL =21 80 x0.047 = 23.6248
1 1

o Xp=— = = 795.7747
2nfC 21m+*80%0.0000025

o Xpp=——= ! = 198.9437
2nfC 2m+*80%0.000010

o Xpz=——= ! = 320.8769
2nfC 21m+*80%0.0000062

Step 2: Combine C3 and L2 in parallel making an equivalent
component (L2||C3)
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Xz T X — X!
1 1 1

1 ' 7 0.04232i-0.003116i  0.3920i
23.62481 320.87691

= 25.5067Q,90°

Then convert back to cartesian to make it easier to work with

(0 + 25.5067i)

Step 3: Combine R2 and C2 in series making an equivalent
component (R2+C2)

(220 — 198.94371i)

Turn into polar

|Zeoe| = VRZ + X2 = /2202 + (—198.9437i)? = 296.6119

0 = tan~! (%‘) — tan~! (%) = — 42.1227°

296.6119Qs — 42.1227°
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Step 4: Combine R2 + C2 and L1 in parallel making an SR
equivalent component (L1||(R2+C2)) —@—
= -

T 1
.
(220—198.9437i) ' (0+20.10621i)

First we work out the admittance of the (R2+C2) m:;[’l]

1 (a—bi) _ 220+198.9437i

(a+bi)  a2+b%  2202+198.94372 @
220+198.9437i

= 0.002501 + 0.002261i
87978.5958

SeZ

Note that the top of the second fraction (highlighted in bold) is —bi flipping the sign of
the imaginary component

Next we work out the admittance of L1

1 1

— = = —0.04974i
Zeq 20.1062

Then we add the two admittances
qu = (0.002501 + 0.002261i) + (0 — 0.04974i) = (0.002501 — 0.04748i)

Then we convert back to impedance

7 = 1
€4 " (0.002501—0.04748i)

1 (a—bi) _ (0.002501+0.04748i) .
@D e 502261 = (1.1061 + 20.9996i)

Finally lets convert to polar

|Zpoe] = VRZ + X2 = 1.10612 + 20.9996i2 = 21.0287

0 = tan~! (5) — tan~! (m) — 86.9849

R 1.1061

21.0287Q,86.9849°



Step 5: Combine all components in series making an equivalent component

Resistance Reactance \
R1 300 0
C1 0 -795.7747
L1[|(R2+C2) 1.1061 20.9996
L2||C3 0 25.5067
Total 301.1061 -749.2684i

Then convert it into polar

| Zeoe] = VRZ + X2 = /301.10612 + (—749.2684i)? = 807.5073

0 = tan~! (%‘) — tan~! (%) — —68.1064°

807.5073Qs — 68.1064°

Step 6: Work out the source current from the AC source

V=1Z-1=Y=—22°__0.1486 = 148mA
Z 807.5073

Step 7: Based on current and impedance values work out the voltage drop through
the main series components

Value | R1 C1 L1[|(R2+C2) L2[|C3

Vv

| 0.14864 0.14864 0.14864 0.14864

Z 30020° 795.77472 — 90° | 21.0287286.9849° | 25.50670.,90°
R1: V = 1Z = 0.1486 = 300 = 44.58
C1: V =1Z = 0.1486 * 795.7747 = 118.2521

L1]|(R2+C2): V =1Z = 0.1486 = 21.0287 = 3.1249

L2[|C3: V = 1Z = 0.1486 * 25.5067 = 3.7903

Value | R1 C1 L1[|(R2+C2) L2[|C3

Vv 44.58 118.2521 3.1249 3.7903

| 0.14864 0.14864 0.14864 0.14864

Z 30020° 795.77472 — 90° | 21.0287286.9849° | 25.50670.,90°




Lets check our values against the simulation

120V 5:::
Though we’re off by a small amount its most likely due )
to rounding withing circuit wizard we are within 5%. @
Step 8: Work out the current through each branch é?

of L1||(R2+C2)

Using the current divider equation for each branch @:}

-

ZR2+C2

* [
tot
Z11+ZR2+C2

I, =

Z11

_ %]
tot
Z11+ZR2+C2

Ipz4c2 =
We need to work out the denominator using complex addition
Zii+ Zpoico = (04 20.1062i ) + (220 — 198.9437i) = (220 — 178.83751i)

Then convert this into polar

|Ztot] = VRZ + X2 = \/2202 + (—178.8375i)% = 283.5187

0 = tan~? (%) = tan~! (%803751) — —39.1076°

283.5187Qs — 39.1076°

Then just apply this value and values we already have into the equation

_ 2966119 0.1486 = 0.1555 = 155mA
283.5187

20.1062

Inzcz = 5o 0.1486 = 0.01054 = 10.54mA

L1

Step 9: Work out the voltage through all components of L1||(R2+C2)
V4 =1Z =20.1062 * 0.1555 = 3.1265

Vg, = 220 % 0.01054 = 2.3188

Ve, = 198.9437 x 0.01054 = 2.0968

g



Step 10: Work out the current through each branch of L2||C3

Using the current divider equation for each branch

Zcs
I, =—= %]
L2 Z12+Zc3 tot
Z12
I = —=2— %]
C3 Z12+Zc3 tot

We need to work out the denominator using complex addition
Ziy+ Zes = (0+23.6248i ) + (0 — 320.8769i) = (0 — 297.2521)
Then convertinto polar

297.25214 —-90

Then just apply this value and values we already have into the equation

320.8769

12 = ———*0.1486 = 0.16044 = 160.4mA
297.2521

23.6248

3 =———*0.1486 = 0.01184 = 11.8mA
297.2521

Step 11: Work out the voltage through all components of L2||C3
Vi, =1Z =23.6248 * 0.1604 = 3.7894
Vez = 320.8769 x0.0118 = 3.7863
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