ECE 211: Homework #6

Capacitors, Inductors, Complex Numbers, Phasors

Capacitors

1) Find the differential equations which describes the following circuit

DC

DC Sweep R1 R3
: V0 10 kQ V1 10 kQ
Start Time: 0 s W W
Stop Time: 100m s
Time Step: 100u 5
Skip Initial: NO v +
it - Vo R2 fe——— C1 R4
Sweep Parameter. [ - 0s 30 kQ 1 I\.IF 30 kQ
Outputs:
V(V0)
V(V1)
V(V2)
Add Expression : ;
[E Advanced Graphing..
Run Time-Domain Simulation
Problem 1-4

First capacitor
VoV 0-V VoV
I =CV= ( 20k1> +( 3Ok1) +( 210k1)
Second capacitor
ViV 0-V.
L=CVy= ( 110k2> + ( 3Ok2)
Simplifying
V) =100V, —233.33V, + 100V,
V5 =100V, —133.33V,




2) Using Matlab and numerical integration, determine the voltages for 0 < t < 100ms
» Set the simulation step size to 100us (1000x smaller than the simulation time)

Matlab Code

vl = 0;

V2 = 0;

t = 0;

dt = 100e-6;
vo = 3;

Data = [];

while(t < 100e-3)
dvl = 100*V0 - 233.33*V1 + 100*V2;
dv2 = 100*V1l - 133.33*V2;

V1
V2

V1 + dvlx*dt;
V2 + dv2*dt;

t =t + dt;

Data = [Data ; V1, V2];
end
t = [l:length(Data)]' * dt;
plot (£t*1000,Data);
xlabel ('"Time (ms)');

ylabel ('Volts')
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3) Using CircuitLab, determine the voltages for 0 < t < 100ms

» DC

+ DC Sweep

Start Time: 0 s

Stop Time: 100m s
Time Step: 100u s

Skip Iniial:. N0 v

Sweep Parameater: [
OQutputs:

V(V0)

V(V1)

v(v2)

~ s,
)

4 Add Expression

B Advanced Graphing...
Run Time-Domain Simulation
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Lab (part 2)
4) Build this circuit with your lab kit

Apply a 3V square wave to VO

- Use your FNRSI meter as a signal generator
» Output a 3V square wave with frequency of SHz

Measure the voltage at V1 and V2

- Use your FNRSI meter as an oscilloscope
+ Include a photo of your FNRSI meter's display in your homework set

Note whether the signal at V2 matches your results from problems 5-7

«  Waveforms are fairly similar
- Similar steady-state value
- V1 =2.00V (measured)
- V2 =1.50V (measured)
- Similar rise time (about 60ms)
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Inductors

5) Find the differential equation which describes the following circuit

0.2H VA 20

Vo 10 0.1H V2
v () @ 33% @ 33%

Problem 5-7

Current loop equation for Ia
~10+101,+0.2I, +33(1,—1,) =0
Current loop equation for Ib

33(1, —1,) + 201, +0.11, + 331, =0

Group terms
0.2I, + 431, -331, =10
0.17, — 331, + 861, =0

Solve for the derivatives
Ié =-2151,+ 1651, + 50
I, = 3301, — 8601,



6) Using Matlab and numerical integration, determine the currents {la, Ib} for 0 <t < 100ms

Waolts
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Matlab Code

Ia = 0;

Ib = 0;

t = 0;

dt = 100e-6;
Data = [];

while(t < 100e-3)
dIa -215*TIa + 165*Ib + 50;
dIb = 330*Ia - 660*Ib;

Ia Ia + dIax*dt;
Ib = Ib + dIb*dt;

Vi1 33*(Ia - Ib);
V2 = 33*Ib;

t =t + dt;

Data = [Data ; Ia, Ib, V1, V2];
end
t = [l:length(Data)]' * dt;
plot (£t*1000,Data(:,1:2)*1000);
xlabel ('Time (ms) ')
ylabel ("mA")
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7) Using CircuitLab, determine the currents {la, Ib} for 0 <t < 100ms

Yolts

+ DC Sweep

Start Time: 0 =
Stop Time: 100m s
Time Step: 100u =

L1

Skip Initial: No v @gz

Sweep Parameter: [

2

R2
33Q

L2

R3
200 mH 20Q 100 mH
m\—Z\/VV‘—‘ N

2

Outputs:

V(V0) B
V(V1) B G
v(v) 1o

+ Add Expression

12,00V

R4
33Q

o
i
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Time

This matches up with Matlab

Settling time is about 30ms for both
V1 ends up at 6.70V for both
V2 ends up at 4.17V for both
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Complex Numbers

8) Findy
_ [ @+3)(6-5)
Y= ( (8+2)) )
Using Matlab

>> Y = (2+433J)*(6-53) / (8+23])
Y =

3.4118 + 0.14711

Using the Free42 app

2 ’ﬁ““.nl\l
enter

3
complex
6

enter
-5
Somplex . p -
8 e || L0G | [LN | [xEQ
enter
2 ‘ ‘ ‘
complex STO | R¥  [SIN © |cOS  [TAN
/

COMPLEX % ASIN ACOS ATAN

ALPHA LAST X MODES DisP CLEAR

ENTER & [xxy [#- |E |

BST SOLVER J fix) MATRIX STAT

A 7 R 8 Rl9 -

85T BASE CONVERT FLAGS PROB

VR[4 Bl5 Rl 6 X

ASSIGN CUSTOM PGM.FCN PRINT
‘ , ‘ , -
[ | 1 2 3
OFF TOP.FCN SHOW PRGM CATALOG

oal - | +




9) Find the partial fraction expansion

100+2)(e+3)(x=3)) | _ ca b c d
(x(x+1)(x+2+j)(x+2—j)) - (x) + (x+l) + <x+2+j) + <x+2—j)

Using Matlab and the cover-up method

B ( 10(c+2) (v+3)(x-3)) )
T\ D e 24) (e+2—) 30

>> x = 0;
>> a = 10*(x+2) * (x+373) *(x=373) / ( (x+1)* (x+2+7) * (x+2-7) )
a = 36

b= (10(x+2)(x+3j)(x—3j))
- X245 (x2—))

—-1
>> x = -1;
>> b = 10* (x+2) * (x+373) * (x=37) / ( (x)* (x+2+]) * (x+2-7) )
b = -50
o (10(x+2)(x+3j)(x—3j))
x(x+1) (xA42—)) NN
>> x = -2-3;
>> ¢ = 10% (x+2) * (x+373) * (x=373) / ( (x)* (x+1)* (x+2-73) )

c = 12.0000 -16.00001

J= (10(x+2)(x+3j)(x—3j))

X(+1)(x+24)) Y24
>> x = -2+7;
>> d = 10* (x4+2) * (x+373) * (x=37) / ( (x)*(x+1)* (x+2+7) )

d= 12.0000 +16.00001

( 100+2)(v+37)(x=3)) ) _ (E) N (ﬁ) N (12—16j) N (12+16j)
X1 (x4247) (x4+2—) X x+1 X+24j x+2—j




Phasors

10) Express x(t) and y(t) in phasor form

If x(t) is voltage and y(t) is current in mA, what is the phasor impedance?

Volts
10
8 y(t)
6 F x(t)
4t
2|
of
)
af
6f
Y
10t :
-1 0 1 2 3 4
Time (ms)

The period is about 4ms

—2n _
0=2=1570.8

The peak is 5.8V (approx)
The peak is delayed by 1.8 seconds

0, = —(%) 360° = —162°

X=584-162V

The peak is 8.5mA
The peak is delayed by 0.7ms

0, = —(M) 360° = —63°

4ms

Y=8.5£-63"mA
Impedance

Z= (!) = (—5~84'162°V) = 682.3.£ —99°

I 8.5/-63%mA



11) Find the impedance Zab

50 +j30
AT
a jfT 40 25 +j60 b
G | NNT—ANNN— T T o
75
A
Prblem 11

Using Matlab
>> 71 =1 / (1/(25+603) + 1/75)

Zz1 = 33.6397 +24.81621
>> 72 = 71 + (40 - 207)
Z2 = 73.6397 + 4.81621
>> 73 =1 / (1/22 + 1/(50+307))

Z3 = 31.6793 +10.89491

M ilm

Using the Free42 cell phone app

25
enter
60
complex
1/x et GT0
75 ‘
LOG LN XEQ

1/x ‘
+ COMPLEX % ASIN  ACOS  ATAN
L/x sT0  [RCL | [SIN = [cos | [TAN
40 ALPHA LAST X MODES DISP  CLEAR
enter ENTER @ Ixy [+~ |E |«
-20
complex BST SOLVER  Sfix)  MATRX STAT
+ ( ( .

A 7 8 9 N =
1/x sST BASE  CONVERT  FLAGS
50 ( . 0 ‘ -
enter |V 4 5 6 X
30 ASSIGN  CUSTOM  PGMFCN  PRINT
complex \ ( ( (s
1/x [ | 1 2 3
+ OFF TOPFCN  SHOW PRGM  CATALOG
1/x -

o Nl - | +




12) Find the impedance Zab

50

30 40 +/60
— VW AN~
100 130 _
G
Problem 12
Using Matlab

>> 71 =1/ (1/130 + 1/(-14073))
z1 = 69.8082 —-64.8219i
>> 722 = Z1 + (40 + 607)
722 = 1.0981e+002 -4.8219e+0001
>> 723 =1/ (1/100 + 1/1203 + 1/72)
Zz3 = 44.6688 +18.56601
>> Zab = Z3 + (30 - 5073) 1024 @ ® P
Zab = 74.6688 -31.43401i

Using the Free42 app on your cell phone

130
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0
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+
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0
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