ECE 2210/ 00 Phasor Examples
Ex1. Find Vg, V|, and V in polar phasor form. f:=2-kHz

R 1=500-Q w = 2-ef
V(jw) Vs _
VL @ ) L=8omH  Z| =jwl
f = 2:kHz - 1
Ci=04uF  Zgo=———
jrwC

Z oy “R+jwL+
\/500% + 8067 = 948.491 atan| 228 = 58187 +deg
500
"
find the current: | = 6V-¢ magnitude: e-v
Z eq 948.5:Q

find the magnitude

Vg i=IR 6.326-mA-500-Q =3.163°V

vV =1z 6.326-mA-1005-Q =6.358+V - 58.2-deg + 90-deg = 31.8+dey

Ve-lZg 6.326-mA-(- 199)-Q =-1.259+V  -58.2:deg + (90)-deg = 31.8+deg
OR:  6.326:mA-(199)-Q =1.259-V - 58.2.deg + (- 90)-deg =—148.2 ~deg

w=1257-10" -

Z | =1.005) *kQ

Z ¢ =-0.199 *kQ

=6.326°mA

rad
Sec

=500 +806.366] *Q

z
& —400-+

Z o = 948.5Q / 58.2°

angle: 0-deg- 58.2-deg =—58.2 *deg

| = 6.326mA /-58.20

find the angle
-58.2.deg + 0-deg =—58.2*deg

Vg = 3.163V /-58.2°
V| =6.358V /31.8°

V¢ =-1.250V / 31.8°
V¢ = 1.250V /-148.2°

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

_1
\Vi C = JwC .6V - _ _ 1 _ .
R+ jorL+ R(j-wC)+jwL(jjwC)+ 1
j-w-C

- 1 6V

(1- ?LC) +j-wRC
6V (‘4.053- 2513 )

(1- >LC) =-4053

6-V =

_ 6:V-(-4.053- 2513 )

! 6V

R-(j-wC) - w>L-C+ 1

j-wR-C =2513]

40531 2513 ( 4.053 2513 )
6:V-(-4.053 2513 ) = 24.318 - 15.078] *V
(- 4.053)%  2.513% = 22.742

24318 15.078]
22742 22.742

)-V =-1.069 - 0.663] -V

A/ 1.069%+ 0.663° = 1.258

-0.663
-1.069

but this is actually in the third quadrant,
so modify your calculator's results:

31.81-deg -~ 180-deg =—148.19 *deg
= 1.258V /-148.20

magnitude:

angle: atan( ) =31.81-deg
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(- 4.053)%+ 2.513°
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Lq:=2-mH
; — ‘, 4 rad
Ex2. a)FindZ,. f=25kHz w=2mf =1571-10" ~— o— 00—
Sec
jwl 4 =31.416]*Q
R =200-Q
A = j-wblq+ 1
eq = "Wt 1 C =1pF
+ -
(1 ) Rejwls L, =8-mH
jwl o =125.664jQ
But it's easier to split the problem up 5
Left branch Right branch
z|::i Z | =-63.662Q Z,=jwly,+R  Z, =200+125664] *Q
jrwC
! = j-.wC=0.01571i A 1 ~ -
1 TeRTE o - =3585-10 ° - 2.252:10 ]
— 200 + 125.664-]
j-w-C
. L 1 _ . -3 23 _ -3 —2. 1
denominator: j-wC+—— = 0.01571) + (3.585-10 - 2.252.10 "] ) =3.585°10 ~ +1.346°10 “i —
R‘%j'OOL.Z Q

rectangular division:
1 (3585103~ 1.346.10% )
-3 =2 . -3 L2 .
(3585.10 3+ 1.346.10%] ) (3.585.10 3~ 1.346.10 %} )

358510 % 1.346:10 2]

=18.479 - 69.381j Q

1.9410°4

(358510°%)"+ (1.346.102)° =1.94-10 *

add: j-wlq=31416/-Q 31.416-j + (18.479- 69.381-] ) =18.479 — 37.965] Q
convert to polar (if needed): -31.97 =-64.048 -d Z.,=42.23Q /-64.05°
P ©/18.48% + 37.97° = 42.228 lsag | roReree eq = 42.23Q [04.05
Another Way
Sometimes you might simplify a little before putting in numbers.
. 1 . 1 RiwlL
AR A I = jrwlq+ . rrwlka
eq 11 1 1 Fet 1 . = joly+— :
: + — = +jwC 1+J-oo-C-<R+J-oo-L2>
R+jwloy 1 R+jwlo
jwC R+jwlo

N
|

o = 3L416] 0 (200+ 125.664-))-Q [-0.974- 3.142
0974+ 3142 | 0974 3.142

31416 -Q

= 31.416]

j-Q)L 1%* >
1-w-CLy+jwCR

-Q

, (2004 125,664))-(-0.974 - 3142] )
0.974° + 3.142°

, ((200-(-0974) - 125.664-(-3.142)) + (125.664-(10.974) - 200-3142)j)-Q

0.974° + 3.142

N (200.036288 — 750.796736-j)-Q
10.82084

31416 -Q

\18.49% 1 37.97° = 42.233 aIan( 37'97) =-64.036 *deg

18.49
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= 31.416-j -Q+ 18.486-Q— 69.384:j-Q =18.486 — 37.968] -Q

Zeq =42.23Q /-64.04°

a little roundoff difference



12.v
42.23-Q

Vin

Zeq

. j20deg - _ .
b)Vin"lz'V'eJ Find 1, 1, V¢ L 1= =284.16°mA

284-mA-J 18.479% 1 69.381%Q =20.391-V

84.04-deg + atan - 69.381) _ 8.954-deg
18.479

V =1 1(18.479 - 69.381 )-Q

20.391-V -cos(8.954-deg) = 20.143+V
20.391-V-sin(8.954-deg) =3.174-V

convert to rectangular (if needed):

Another Way

20-deg — (- 64.04)-deg = 84.04+deg

|| 1 =284mA [84.04°

V c =204V /8.95°

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

Ve = 201413174 V

To find Ve 1
directly:
V= Vin -->math --> V - =20.153 +3.178] *V Same but for a little
jrorl g+ 1 roundoff difference
o) Letsfindl , Z,6 =200+125664) *Q 4 2007} 125.664% = 236,202 azan< 12;2“) = 32,142 deg
v \/j-8.95-deg _
| L2~ C = 204V-¢ _ = 204V [8.95-32.1420 =86.4mA /-23.19
zZ, 236.202.0.¢ 3214208y 236.202.Q
Another Way 1
Directly by - Rijwly | 1 | B L1
Current divider: ~ L2~ LT : LT .
jocr jwC(Rjwly)+1 1- W-CLy+j-wCR
R+j-wlo
real part is negative
. /
: 2 .C.
denominator: J <17 w-CL 2> + (xC-R)* =3.289 atan & + 180-deg = 107.224 *deg
1-w-CL 2
, _j-8404-deg _
| L2 = 284 mA ¢ = 284-mA [84.04 - 107.2240 =86.4mA /-23.18°
3,089, (107224 deg 3.289
\
d) Howabout1:? | = =V C-j-oo-C =204V [8.950 0.015708/90c — = 320mA / 98.95°
<J"00'C)
Another Way  Could also be found directly by current divider: | - = wC 11 =320mA/98.95°
J(L)C+ -
R+j-wloy

Something Weird

I is greater than the input current (1, ; ) . What's going on?

The angle between I & | , is big enough that they somewhat cancel each other out (partially resonate).

?
Check Kirchoff's Current Law:
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| o+ 1| p=29.485 +282.569] *mA
yes

= 1| 1 =29.485 +282.569] *mA
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Ex 3. a)Find Z,,. i(t) = 25-mA-cos<

—=

| '=25mA.d 1099 21 Z 1 =(120- 60))-Q

_ Vv, =10V /-20°
j-20-deg

V in =10-V-e @
v "y R =50-Q

/-20 - 10° = 400Q /-30°

377.78¢ 1o-deg)
Sec

7o - " _
LI 25.mA

75|2,=7
Z 1 =346.41 - 200] *Q

Z5=Z1-R-Zq = (346.41- 200 )-Q- 50Q— (120 60})-Q =176.41 - 140} *Q

b) Circle 1: i) The source current leads the source voltage <--- answer, because 10° > -20°,

ii) The source voltage leads the source current

Ex4. a)Find V;, in polar form.
— =

| 7 :=100-mA Z =(80- 60j)-Q oo:zlooo-g 'T LI R Jylzzlool_oomA

— —a_ A R =50-Q
Vin=lz2 Vin=8-6 *V @M 7 | Z:=(80-60j)-Q
)82+ 62=10 aIan<:> =-36.87 *deg |

V,, =10V /-36.9°

b) Find I in polar form. 1 BRI 1oV [-36.90 = ﬂ-cos(—36.9-deg)+j-ﬂ-sin(—36.9-deg) =160 —120i *mA
50-Q 50-Q

I+ =1r+17 = (160- 120 )-mA+ 100-mA =260 - 120 *mA

-120) _ . _ 5 20
/2602+ 1202 = 286.356 aIan( 260) =-24.78deg |+ =286mA [-24.8
c) Circle 1: i) The source current leads the source voltage answer i), -24.8°>-36.9°

ii) The source voltage leads the source current

d) The impedance Z (above) is made of two components in series. What are they and what are their values?
Z =80-60j *Q
Must have a resistor because there is a real part.
R:=Re(Z) R =80°Q

Must have a capacitor because the imaginary part is negative.

Im(Z) =-60°Q = -1 C::i C =16.667 *uF .
wC w-lm(2) _
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Ex 5. The impedance Z =80~ 60j *Q is made of two components in parallel. What are they and what are their values?
Must have a resistor because there is a real part.

Must have an capacitor because the imaginary part is negative.

.- 1 1_ 1 |80+ 60/ ) _ 80+60j _ 80+60j 1
1 ec Z (80~ 60j )-Q |80+ 60] 80° + 60° 10,000 ©
R
! _0oos+0006i -0t = lijwcC
z R
1 = .008-i R ::; R =125-Q
R Q 0080
1 006-Q "
wC = .006— C - C=6uyF R =125-Q
Q w
Positive imaginary parts would require inductors
: |
Ex6. a)Find I, voltage
o = 20000 Z9 | Yz (8- 5DV
Sec
Vi —00.y.d30de R:=250-Q |
| 5:=20-mA.¢ 209
Vin 20V j.30.deg i-30-deg
I = = ¢ = 80-mA-¢ I
R 250-Q )
polar division
[
b) Circle 1. i) V,,leads I, i) Vi,lagsl,
Why? Show numbers: 30 >_ 20 <
¢) Find Z,, in polar form
Convert V,, to rectangular coordinates
20-V-c0s(30-deg) =17.321-V 20-V-sin(30-deg) =10V pol to rect
Vi, =17.321 +10] *V
V 72 =V in— V Z1 V 72 =9.321 +15] v subtract
rect to pol 93212152~ ‘V 22‘ =17.66-V
15
an|—— = ag(V =58.145-d
(9.321) 9V z2) eg
\ :
dv Z, =22 17.68°V _ 883-Q [ 58.145.deg - 20-deg = 38.145deg Z,=883/38.15°Q
5 20-mA

Z 5 =694.436 +545.379] *Q ECE 2210/00 Phasor Examples p5



Ex 7. You need to design a circuit in which the "output” ECE 2210/00 Phasor Examples p6
voltage leads the input voltage (v(t)) by 40° of phase. R :=400:Q

a) What should go in the box: R, L, C?

V= Z hox kY
0 7R+Zbox S v g(t) @ J? e vt

f.=1-kHz

Z hox
- - i (o]
angle of is 40°, —ouef

R+Z box

This can only happen if the angle of Z,  is positive, © =6.283-10° rad
sec

S0 Zy,, is @ inductor

b) Finditsvalue. Vo= Vo= @t v ange SN s 0o axan(‘*"L) = 40°.
R+j-wlL R+j-wlL R
So atan (*)L) =50° %L = tan(50-deg) =1.192 L = R'1'192:75_9-m|-|
w

c) Repeat if the "output” voltage should lag the input voltage (v<(t)) by 20° of phase.

Z
angle of _ “hox is -20°. This can only happen if the angle of Z, , is negative,
R+ Z pox S0 Z,, is & capacitor
1 1 1
Vo= 19C v angle I 2C s 00 aan-®C| = 90- a1
1 1 R wC-R

R+ R+

1 1 1
atan-———| =-70°. = = tan(- 70-deg) =-2.747 C= = =0.145uF

wC-R wCR wR-2.747

Ex 8. Find Vg in the circuit shown. Express it
as a magnitude and phase angle (polar). —

_ i-18-deg
Vgi=6-V-é % |
Ve ﬂ Z,=80Q.g)%0%

z
2 . .
Var——"--V Simple voltage divider _
©'z,.z,'S 2] vge2
| :
\z 2\ -cos(- 60-deg) =40+Q \z 2\ -sin(- 60-deg) =—69.282+Q Z ,=40-69.282 -Q

Z1+2Z,5 = 25Q+35-Q+ 40-Q - 69.282/-Q =65~ 34.282] *Q = 73.486.Q-¢) 7784

Z - 1-60-deg .
2 -Q- .18.
80-Q-e <6-V-é18deg> _ 80Q BV (80— (2781 +18)dey | ooy )14 2deg

V V =

O e - .
~j-27.81-deg
Z1+Z2 73.486-Q-¢ 234860
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