ECE 111 - Homework #13

ECE 311 Circuits II - Phasors

Phasor Voltages

1) Express V and I as phasors (i.e. as complex numbers)
From this, determine the impedance, Z = V/I
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Polar form is easier with waveforms

The magnitude is the peak voltage

The phase is the delay of the peak
Current (red):

Peak = 7.0mA

Delay to peak= 10ms

Period = 21ms

¢=—(%)3600=—171.40 I=7.0Z-171.4° mA

Voltage (blue)
Peak = 6mA
Delay to peak = 2.2ms
Period = 21ms (same as voltage)

o= _(m) 3600 = —37.70 V=60/-37.7° Volts

21ms



« Impedance

%
Z=7

_ [ 60,377V
ZZ" 0
7.0£-171.4%mA

Z=8572/+133.7°

or in Matlab
>> V = 6*exp(-j*37.7*pi/180)

vV = 4.7473 - 3.66921

>> I = 7e-3 * exp(-Jj*171.4*pi/180)
I = -0.0069 - 0.00101

>> 7z =V /I

Z = -5.9218e+002 +6.1969%9e+002i



Phasor Impedances

2) Determine the impedance, Zab
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In Matlab
>> z1 =1/ ( 1/700 + 1/6001)
z1l = 2.9647e+002 +3.4588e+0021i
>> 72 = 71 - 5001
722 = 2.9647e+002 -1.5412e+0021
>> 723 =1/ (1/22 + 1/800)
723 = 2.2762e+002 -8.0453e+0011
>> 74 = 73 + 4001
74 = 2.2762e+002 +3.1955e+0021i
> 75 =1/ (1/z24 + 1/(200-3001))
25 = 3.2948e+002 -2.5294e+0011i RPN SUEVTFG
>> Zab = 7z5 + 100
Zab = 4.2948e+002 -2.5294e+0011i
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3) Determine the impedance, Zab

a 10 +j50 10 +j50 10 +j50
-j200 -j200 -j200
b
G
In Matlab

>> 71 = 10 + 501 - 2001

z1l = 1.0000e+001 -1.5000e+0021i

>> 72 =1/ (1/21 + 1/(-2001))

722 = 3.2626 —-85.80751

>> 723 = Z2 + 10 + 501

Zz3 = 13.2626 -35.80751
>> 724 =1 / (1/23 + 1/(-2001))
724 = 9.5105 -30.90501
>> Zab = Z4 + 10 + 501
Zab = 19.5105 +19.09501
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Voltage Nodes with Phasors

VO 10 10mH Vi

Vo

] 100uF

-j infinity

10

10mH

+0

V2

| 100uF

-j infinity

4) Assume VO = 10.

a) Determine the impedances of each element at O rad/sec

L — joL=j0

L——joo

Cejmc—

b) Write the votlage node equations

Vo =10

(152) +(752) =0
(552 + (552 =0
(752) + () =0

¢) Solve for V1, V2, and V3.

Group terms
Vo=10
-0.1Vy+0.2V, -0.1V, =0
—0.1V;+0.2V,-0.1V3 =0
-0.1V,+0.11V5=0

100



Place in matrix form

1 0 0O O Vo 10
-0.1 0.2 0.1 O Vil | O
0 -0.1 0.2 0.1 Va 0
0 0 01011 ][ Vs ] | 0 ]
Solve using Matlab
> B = [1,0,0,0;,-0.1,0.2,-0.1,0;0,-0.1,0.2,-0.1;0,0,-0.1,0.11]
1.0000 0 0 0
-0.1000 0.2000 -0.1000 0
0 -0.1000 0.2000 -0.1000
0 0 -0.1000 0.1100

>> A = [10;0;0;0]

>> V = inv (B) *A

VO 10.0000
V1 9.2308
V2 8.4615
V3 7.6923



5) Check your results in CircuitLab
+ The results match

V(V0) 1000V ~ | ©
V(V1) 9231V | ©
V(V2) 8462V | ©
V(V3) o2V | ©
4 Add Expression
EExport Resuilts...
Run DC Solver
» DC Sweep
R1 L1 R2 L2 R3
100 10 mH vVi| 10Q 10 mH v2| 10Q
11X VW—TTT VWA
+ \vo —l C1 —_— 2
— /J10V T 1 100 uF T T 100uF




6) Assume V= 10sin(40¢) 10V, 40 rad/sec sine wave (6.36Hz)

VO 10 10mH V2

Vo
10

a) Determine the impedances of each element at 40 rad/sec

V=0-,10

L — joL
=j-40-0.01
=j0.4

1
Cejmc
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" j-40-100e—6

=—j250

b) Write the votlage node equations

Vo =10
Vi-Vo Vi

(10+j0.4) + (—jZSO) +

Vo-Vi Vs

(10+j0.4) + (—jZSO)

V3
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0

+

0
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¢) Solve for V1, V2, and V3 as complex numbers

Group terms and simplify

‘Q)Z'jilo

1 1 1 1 1
_(10+j0.4) Vo+ ((10+j0.4) + (ﬁ) + (10+j0.4)) Vi— (10+j0.4) Va=0

Place in matrix form

Vo
Vi
Va
V3

1 0 0 0
—1 2 1 -1
(10&04) ((10&04) +-(fﬂ50)) (10ﬁ04) 0
—1 2 1 —1
0 (10+j0.4) (( 10+j0.4) + (—jZSO) ) (10+j0.4)
—1 1 1
0 0 ) () +(E)
Solve using Matlab
al = [l,ololol;
a2 = [-1/(1040.473),2/(10+0.43)+1/(-2503),-1/(10+0.473),0]1;
a3 = [0, -1/(10+0.473),2/(1040.473)+1/(-25073),-1/(1040.473)1;
a4 = [0,0,-1/(10+40.43),1/(10+40.43)+1/(-2503)1;
A = [al;aZ2;a3;a4]
>> B = [-101i;0;0;0];
V = inv (A) *B
VO 0 -10.00001
vl -1.1737 - 9.8279i
V2 -1.9524 - 9.68711i
V3 -2.3405 - 9.60881i
meaning
VO = 10 sin (40t)
Vl -1.1737 cos(40t) + 9.8279 sin (40t)
V2 -1.9524 cos(40t) + 9.68761 sin(40t)
V3 -2.3405 cos(40t) + 9.6088 sin (40t)

In polar form, the magnitude is

>> abs (V)

vO 10.0000
V1 9.8978
V2 9.8819
V3 9.8898



The phase shift in degrees is
>> angle (V) *180/pi

-90.0000
-96.8103
-101.3952
-103.6894



7) Check your results in CircuitLab using a transient simulation for 500ms (time step = Sus).

Use a sinusoidal source for VO
«  Amplitude = 10 Volts
« Frequency = 6.3662Hz

o =2nf
40
=% =63622 Hy
« Delay = 0 degrees (CircuitLab uses sine waves rather than cosine waves)

Run a time-domain simulation for a couple cycles

R2 L2 R3 L3
s ) - 100 10 mH 100 10 mH
000 000

Stop Time: 400m s
Time Step: 400u s L c1 e | R4

[ 100 yF T 100 yF # 100
Skip Initial: No v

Sweep Parameter: (]

Outputs:

V(V0)
V(V1)
V(V2)
V(V3)

0000

This shows the waveforms
« Amplitudes match calculations
« Phase shift (delays) match calculations
« AC circuit analysis is just like DC analysis, only you're using complex numbers
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