ECE 3600 Phasor Examples 1|:|uu|[n Q;E)alsp

rev 1/15/23

Ex. 1 Find Vg, V , and V. in polar phasor form. f:=2-kHz £l
. 00
V(i) R =500Q = 2-Ttf w=12566"24
6-v-&° sec
£ okHz A 7
- @ = L=80mH Z  =jwl Z | =1.005}kQ
400
C :=0.4YF zczzi Z ¢ =-0.199jkQ
j-wC
J 1 200
Zo ~R+jwL+—  Z_,,=500+806.366]'Q
€q ; €q
J-wC Zp Fe
2 2 r{ 806 200 4uu) s00
50C" + 806~ =948.491atan —— | =58.187deg Zy, = 94810/ 582° 7
1500 C
i.0 =200
. ., _6Vé LBV _ _
find the current: | := magnitude: =6.326mA angle: 0-deg- 58.2deg=-58.2'deg
z eq 948.5Q
| = 6.326mA/-58.2¢0
find the magnitude find the angle
VRi=I'R 6.326mMA-500Q =3.163V -58.2deg+ 0-deg=-58.2'deg Vg = 3.163V/-582°
Vi =z 6.326mMA-1005Q =6.358V -58.2deg+ 90-deg=31.8'deg V| =6.358V/31.&°
Vei=l-Ze 6.326mA-(-199)-Q =-1.259V  -58.2deg+ (90)-deg=31.8-deg Ve =-1.259V/ 31.8°
OR:  6.326mA-(199)-Q =1.259V -58.2deg+ (- 90)-deg=-148.2:deg V= 1.259V/-148.2°

OR, you can also find these voltages directly, using a voltage divider. I.E. to find V. directly:

1
Ve = JwC 6V = : . 1 : 6V = 1 , 6V
R+j-wL+i R(jwC)+jwL(jwC)+1 R(j-wC)- w-L-C+1
j-wC

_ 1 ( 2 > _ . _ .

= ; -6-V \1- w-L-C) =-4.053 j*wR-C =2.513j
<17 w-L-C> +jwRC

_ 6-V (-4.053-2.513] ) _ 6-V:(-4.053- 2.513j )
-4.053+ 2.513] (-4.053- 2.513j ) (- 4_05::92Jr 2512

6-V-(-4.053- 2.513j ) =—24.318- 15.078j 'V
Im Im

(-4.053%+ 2.515 =22.742 L volts ,Jvolts
= < 222473:; 152"2";212 >-v = 1.069 0.663] 'V 2l N
magnitude: +/1.06¢ + 0.66% =1.258 dl
angle: atar(o'gzj =31.8Ldeg -1+ Lircsoff'SEVoltage Law
but this is actually in the third quadrant, —d
so modify your calculator's results:
31.81deg- 180deg=148.19 deg =T
= 1.258V/-148.20 T
=T mA
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Ex. 2 a) Find Zo  F=25kHz  w=2-mf W= 15708-;3 jwL ; =31.416{Q R - 2000

L jrwLl 4+ 1
1 1 1 1 Ci=1uF ——

rjwC L 5 :=8mH

Zeq: j-wL 1+

+ - @ @O0
R+jwly 1 R+j-wL o
j-wC =15.708} mS jrwl 5 =125.664iQ

O

Z g =ioL g+ 31.416j -Q + .

= ijwC 1 15.708] -mS
R+jwly (200+ 125.664))-Q

= 31.416] -Q+ ! = 31.416] -Q+ (18.487- 69.391] )-Q =18.487- 37.975] 'Q

(3.585- 2.252] + 15.708] )-mS
\z =42.238Q arg(z eq> =-64.043 deg

&

. V. _

b) Vi, =12Vv-d2%%9  Findy Vv | =0 12v
in L1 Ve L1

Z g 42.24Q

=284.1'mA 20-deg- (- 64.04-deg=384.04deg

|| 1 =284.1mA/84.00 = 284.1mAd %% | | =20.485+282.569] ' mA

Vo1 1(18.486- 69.384] )-Q 284.1mA-J 18.48€ + 69.384.Q =20.4V  84.04degt atar( - 6938‘) =8.959deg

18.486

1
To find V- 1 V= 20.4V/ 8.9¢0

—+jwC
R+j-wLo 1 ,
Ve = V.o o= Vin V ¢ =20.153+3.178) 'V
jrwbl 1+ jrwl -
+j-wC

directly:

You could then use another voltage divider to find Vz or V, ,.

V .J-8.96deg
OFindl, 1 ,- = = 204Ve€ = 204V 506.32.140 = 86.4mA[-23.1¢

Rtjwloy 236.202Q.d 32-142deg 236.202Q
1

Or, directly by R+jwl, 1
Current divider: || 5= Ty = - : ‘1| 1 =79.404- 34.001j ‘mA
j-wC+ J-wC-<R+J-wL2>+1

\%

d) How about1.? | = = VgijwC = 20.4V/8.9¢0 15.708m¢g 9Cc = 320mA/98.9¢

1
() Or, directly by

Jwe Current divider: | - = ] wC

T
jrwC+ .
This current is greater than the input current. What's going on? Rrjwls

The angle between |~ & |, , is big enough that they somewhat cancel each other out, partial resonance.
Check Kirchoff's Current Law: | o+ 1| » =29.485+282.569] 'mA = || 1 =29.485+282.569) 'mA

ECE 3600 Phasor Examples p2



ECE 3600 Phasor Examples p3
Ex. 3 a)Find Z,.

| =25mA¢d 10

L ~j-20-deg
Vin =10V-e
7Vin

‘T

10V
25mA

[-20 - 1(0 = 40(Q /-3C°

Z 1 =346.41- 200] 'Q

Z,=27-R-Z, = (346.41- 200] )-Q- 50Q- (80- 60j)-Q =

b) Circle 1: i) The source current leads the source voltage

ii) The source voltage leads the source current

V,, =10V/-20°

i(t) = 25-mA-cos<377-rac-t+ 10.de

sec
1
21 Z 1 :=(80-60j)-Q
@ R =50Q
22 Z,=?
L 7

216.41- 140 *Q

<--- answer, because 1C° > -2(°,

g)

Ex. 4 a) The impedance Z, (above) is made of two components in series. What are they and what are their values?

w -377.2d

sec
Must have a resistor because there is a real part.

Z,=80-60j 'Q

R =Re(Z )

Must have a capacitor because the imaginary part is negative.

-1

wC

( - 60" = _
Im(Z 1) =60'Q =

(o

R =80'Q

C =44.21 pF—

O

b) The impedance Z, is made of two components in parallel. What are they and what are their values?

Z,=80-60j 'Q
Must have a resistor because there is a real part.

Must have a capacitor because the imaginary part is negative.

s = 1 1 1 [80+60j |\ _ 80+60j _ 80+60j 1
1 = = — R = 1
LR Z;  (80-60j )-Q |80+ 60] 80° + 607 10,000 Q
R 807 + 60 = 10000
1 —g+6j ‘ms = 0008+ 0006f L = 1ijwc
Z, Q R
1 - o008t R-_ 1 R=1250
R Q 0.008%
o)
0.006-%
_ 1 ‘ _
wC = 0.0065 C = - C=15.915pF __| R 1250
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Ex. 5 a) Find V,, in polar form. ® =1000 sec LI R J? 2= 100LC°mA
L ‘7 . R:=50Q
| 7 =100 mA Z =(40+ 60j)-Q ®\/’i > | 2 = (40+ 60))-0

=56.31deg  V,, = 7.21V/-56.%°

Vin =122 Vi =4+6] 'V ‘
4% 6%=7.211 atar ©
\4
Vv

b) Find |1 in polar form. | g = in _ (4+6])V ﬂ+M:80+120j ‘mA

R 50Q 50Q 50Q

I+ =1 r+1Zz = (80+120j )-mA+ 100mA =180 +120j ‘mA

I7| =216.3mA  argl ) =33.69deg It =216.3mA/ 33.7°
c) Circle 1: i) I leads V,, i) Vi, leads I+ answer ii), 56.2°>33.7°
Ex. 6 You need to design a circuit in which the the "output" voltage O
leads the input voltage (v¢(t)) by 3C° of phase. R =120Q
a) What should go in the box: R, L, C?
) 9 v(t) | o t
Z bOX Vv * Vo( )
V .= —— /. o
" RiZpg f = 1-kHz
Z W= 2-Tef
angle of _ Tbox is 30°. ad o
R+ Zpox w=6.28310° [
sec
This can only happen if the angle of Z,, is positive, so Z,, is a inductor
b) Find its value. V= V= &-V S angle: et is 90— atar(wl‘> =3C° so atar{wl') = 60°.
R+j-wL R+j-wL R | R
oL - tar(60-deg) =1.732 L -R1.732 L =33.1'mH
R w
Ex. 7 You need to design a circuit in which the the "output" voltage o
lags the input voltage (v¢(t)) by 4C° of phase. R =1800
a) What should go in the box: R, L, C?
vg(t) |
_ Z hox 7 v (1)
Vo= Vs f:=1-kH °
R+Zpox o
Z W= 2-Tef
angle of _“box is -40°, o
R+Zpox
This can only happen if the angle of Z,, is negative, so Z,, is a capacitor
b) Find its value. 1 1 / 1
V= &-V angle: et is -90- ata wC| - -90- atar/—i S0 atar{—i =-5C°
0 1S TR | wCR | @CR
Rt~ Rt~
jrwC jrwC
E S tar(- 50-deg) =-1.192 C ::# C=0.742uF
wC-R wR-1.192
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Ex. 8 The magnitudes of I, and |, are 3A and 2A. They
lag the supply voltage by 20° and 30¢. respectively.

a) Find the values of R;, R,, X; and X,.

Vgi-120V
7, -V 7 -37588+13.681j 0 60-Hz
3.A_e71-20-deg
R1-Re(Z4) R, =37.588Q
Xq=Im(Zq) X 1=13.681Q
5. 120V
2 oA l30deg  Zp=51.962+30] ‘0 Ro ::Re<Z 2) R,=51.962Q X, ::Im<Z 2) X 5=30Q
b) Add C to the circuit such that I, leads I, by 90°. Find the value of C.
w = 2-T:60Hz
l1c = _120\/ - needs to be at an angle of + 50°
R1+]'X 1+J'XC
X1+ X
So: atan/g = -50deg
R1
X+ X
R o tar(- 50-deg)
R1 1 1
X ci=Rqtar(-50deg - X1 X =-58476Q = — Ci=—>~ C=454pF
wC wX ¢

¢) Change C so that the magnitudes of |, and |, are the same. Find the new C.

120V
R1+j-X 1+j'XC

"10‘ = needstobe 2A  So: [Rq+jXq+jXg = 60Q

2 2_
JRl (X1t Xc)= 60Q

( _ 2 o2 ,
(X1+Xc) = ,/(60Q)" - R{"=46.7670Q

-~ 2 2 _ _ 1
Xci=,/(60Q) - R1"- X4 X c=33.086Q = NOT POSSIBLE

So: X+ Xc| = -46.767Q

-1 C::i

. — 2 2 - O =
And: X 1= [(60Q) - R{"- X1 X c =760.448Q= 0 X
C

C=43.9pF

You'll use a very similar method to find start- and run- capacitors for single-phase induction motors.

Ex. 9 a) In the circuit below R, is the load resistor. Find and draw the Thevenin equivalent of the rest of the circuit.

Ry =40Q
N T
X5 =50

|
||
Xq1=-3Q

Vg =120V % X 240 { <RL3:30'Q
1 Qo 3 <R3 -18Q <
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N T —o
. N "X 5 =5j"Q 1
iXq=90 ? Y
{ \% =V j-X3 "3 \% =104.645V
% X 3 =24j"Q {R - 180 Th VS . / 1 ‘ Th‘ = .
3 R+ X1+ 1 1 arg(VTh> =16.899deg
—~ to
\J X3 R3
o .
V 1h =100.126+30.418) -V
R1=4'Q
~A—| o
X 1=-3Q JAp=ore
| | < Zp - 1 FiXy  [Z7h| =539620
#3728 Cry=180 R Z 1) =40.587d
: , — ar =40.587deg
Ry+iXq1 X3 Rg3 q Th>
o ZTn=4.098+3511'Q
i ZTh
b) Use the Thevenin
equivalent to find the v
cunent through the load (M v R =300 - =2.997+0.584) A
resistor and the voltage Ztht RL
across the load resistor.
I RL| =3.053A arg| g ) =11.02deg
c) Find a replacement for R_inorderto R = ‘Z Th‘ ‘V RL‘ =91.584V ariV RL> =11.02deg
maximize the power delivered to R, . R, =5.396Q
d) Find the new current and voltage for the load resistor.
| ‘:&
RLZi,+R,  'RL=1032°0612)'A  |Ig | =10338A  arglp | ="3.395deg
Ve “IRLRL VR =55.687-3303] 'V |V | =55.785V  argV g | =-3.395deg

You'll use a Thevenin equivalent circuit to analyze induction motors.

Ex. 10 The circuit shown has two sources. The current source is DC and the voltage source is 60Hz.

Using superposition, find the nodal

voltage va(t). Be sure to redraw the valt) L :=30mH
circuit twice as part of your solution.
=" = .
Val) =7 Rq:=60Q R, -200
W =2-T:60-Hz | g:=200mA £ C =90F R35:=30Q
DC S
10-V-cos(wt)

1
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Eliminate voltage source

i A
Rog - ! R oq=10'Q T
91 1 1 eq”
R, =60Q
—t—+— 1
Vals “IsReq | g=200'mA
Vals=2'V |
-+
Eliminate current source /“mﬂ\
Let's use nodal analysis , _ .
node A ‘ R, =60'Q oL =11.310 R,=20'Q
IL = |1 + IC 5 VS:10'V R3:30'§2§
Vie-V \ —_—
B A A . -
— 0 = _Z.vajec ] _
jrwl Rq =-29.473j;'Q
jrwC
(VA A :
Vg-Vao = R—+VA-J-0> (jrwrL) y -
1 . . -
jrwl =11.317Q A
Na ekl
Vg = — +VpAJwCl-jwL+Vp
R L
\R1 | |
j-wC =33.929fmS 14? R, Jy C
node B
= + - 1
2 = L 3 T jwc
Vs Ve _ VB VA VB ‘
Ry jroL R I
Vg Va 1 1 1 = 466961 ]
— 2 S = Vg |+ —+ | = Vg(83.333- 88419 )mS = Vpg-121.5mSe
R ‘L jjwoL R R
2 J 3 2
\ \Y \Y
Vg = S A = /—A+VA-j-(oC JrwLl+V p
1 1 [1 1 1 \R1
Rol——+ =+ | jowL'— ¢ =+ =
\job Rz Rp \job Rz Rp Equate to node A equation:
\ \Y \
S A . A
1 1 1 = /R+VA-J-wC Jwb+V - / 1 n
Ryl-= 4+ =+ = 1 1+jwl =+ 1oLl o 1) 2140049
\jwb Rz Ry \R3 R2 Rz Ry
B [1 . . 1
= Val g rlecirebids 11 [ joC) oL =-0.384+0.188
1 1+jobl | —+ R
Ry Ry
\Y
V= S 1 V 5 =4.796 35) 'V
R / ! + ! + 1 ! +jwC|jwL+1 1 938 36.12:d
2 TS T 5 Eh - V Al =5. V argV 5) =-36.12:deg
ok Rz Raj Ry LijeLl 1 va 9Vl
\R3 R Vays = 5.938V-cog(377t- 36.1deg)
R ,1215mSe #0099 (0384, 0.188) ) 1 T
1+ 0.942]

Add the results v 5 (t) = 2-V + 5.938V-cos(377t - 36.1-deg)
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Ex. 11 The circuit shown has two sources. The

frequency of the current source is the R 1,;}/9\3 | | C -624F
third harmonic of the voltage source. | |
Using superposition, find the voltage R. -200 L :=40mH
across R4. Be sure to redraw the circuit 3 +
twice as part of your solution. ?R 2 =50Q v R4(t)§
=7 = 3
f =60Hz S
w:=2-Tef 80-mA-cos(3-wt)
Eliminate current source 1
i Z~ = =-42.784j'Q
Rq=100Q C||j-(oC 1
AN é 1 1
L C =62'pyF L =40'mH B \j-wL Ry
Vg =10V + | VRavs Vs 1 1
{ Rq+- +
VRaVs jwc [ 11

\j-wL Ry
V R4.Vs :728754'3138] 'V
VRavs =4.256V argV pgyg) =132.5deg

Z| = jwl =15.08}Q

VRa.vet) =4.256V-cos(wt + 132.5deg)
Eliminate voltage source

R1210'Q

|T wC
VANV |
C =62 é L =40'mH R4:4O'Q

v 1
§ | g'=80mMA R4IS§ VRais=ls . . .
| 1 "R,
Ry L I30L Ry
\ j-3-wC

Z| = 3wl =45239Q  VRgys=1.165-0.501j 'V
VRald =1268V  argV pg|g =23.25deg
VR4 1«(t) = 1.268V-cos(3-wt - 23.25deg)

=-14.261j-Q

Add the results V R4(t) :=4.256V-cog(wt + 132.5deg) + 1.268V-cos(3-wt - 23.25deg) t:=0,.2..30

VR4D L
sl vV Ra(t) 3rd harmonics like this are
caused by iron cores used in

transformers and motors.

Nodal anaysis is used in
0 \/’ \/10 . /\w \55//\\;,0t power flow calculations

(ms) - .
A variation of superposition
is used to analyze faults on
transmission lines.

Vrait)
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