ECE 215

Practice Problems
1. Convert and plot all of these values on the complex plane
a. Convert to rectangular:
i. 102£-10°
10*cos(-10°) + j10*sin(-10°) =9.85 —j1.74

ii. 52£160°
5*cos(160°) + j5*sin(160°) = -4.7 +j1.71

iii. 72450°
7*cos(50°) + j7*sin(50°) = 4.5 +j5.36

b. Convert to phasor
i. -10+j6
A=vV10Z + 62 = 11.66; 6 = tan? (L) = 149°

~10
Answer: 11.662149°

i. 5-j6
A=V52+ 62 =781; § = tan~? (‘?6) — —50.20
Answer: 7.812-50.2°

i, -17-j4
A=V172 + 42 = 17.5; 6 = tan™ ! (;—;‘) = 19320
Answer: 17.52193.2°
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2.

Perform the requested mathematical operation:

1. (10+j5)+(-4-j16)
6-j11

2. (10+j5)*(-4-j16)
40-j180

12215°
32279
4,-12°

4. 122150° + 6227°
102120°

5. 52579 x6236°
30.,93°
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3. Perform the following computations, preferably by hand. (Use your calculator to check your
answers.)

a. (j6)(j3) = >*18 =-18

b. j5+5+j8+7=(7+5)+j(5+8)=12+j13

d. (8+j6)(j8 +2) =64+ 16+ 248 +j12 = -32 +j76

1 1 8+j7+8+j5 16+j12 _ (16+j12)(29-j96) _ (1616—j1188)
& 8+j5  8+j7  (8+j7)*(8+j5)  64+j40+j56+(—35)  (29+j96)(29—j96)  (10057)
0.1607 —0.118
4. Convert your answers from Problem 3 above to phasor notation
a. (j6)(j3) =j?*18 =-18 = 1820°
b. j5+5+j8+7=(7+5)+j(5+8)=12+j13
A=VIZZ+132=17.7; 6 = tan"" (1) = 47.3°
Answer: 17.7247.3°
c. L2o6=620
j3
d. (8+j6)(j8 +2)=j64+16 +[248 + 12 =-32 + 76
A=V32Z +767 = 82.46; 0 = tan~* (Z>) = 67.17°
Answer: 82.46,67.17°
1 1 8+j7+8+j5 16412 _ (16+j12)(29-j96) _ (1616—j1188) _
8+j5 = 8+j7  (8+j7)*(8+j5)  64+j40+j56+(—35)  (29+j96)(29—j96)  (10057)

0.1607 —0.118

A=v016072 + 0.1182 = 0.1994; 6 = tan~? (ﬂ) — —36.29°
Answer: 0.1994,-36.29°

0.1607

Page 3 0of 9



ECE 215

5. Convert the following from phasor notation to rectangular coordinates:
a. 6£30°=6cos(30° + j6sin(30%) =5.196 + j3

b. 2£90°= 2cos(90°) + j2sin(90°) = j2
c. 18245°=18cos(45°) +j18sin(45°) = 12.73 +j12.73
d. 7£54°=7cos(54) + j7sin(54°) = 4.11 + j5.66

6. Perform the following calculations:
a. (6430°)(2£90°) = (6%2)2£(30° +90°) =122120°

0
b, 22290 =2 ,(90° — 30°) = 0.333260°
6430 6

c. 6£30°+24£90°=5.196 +j3 +j2 =5.196 +j5
A=v51962 + 52 = 7.21; = tan~? (L) = 43,90

5.196
Answer: 7.21243.9°

d. 2£90°-6,30°=j2 — (5.196 +j3) = -5.196 — j1
A=v51962 + 12 = 5.29; = tan-l( 1 ) =190.9°

-5.196
Answer: 5.292190.9° — NOTE: The negative signs must be observed with regards to the angle.

The double negative states that the angle lies in the Third Quadrant, however, you calculator
will give you an answer in the First Quadrant. You must make sure to add 180° to get the
correct angle.

6230°

S = 24(30° — 90°) = 2£-60°
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7. Convert the following values into impedances:
a. C=10puF, f=200 Hz
Z, = —J
¢ 2m*200Hz = (10 = 1076F)

= —j79.60

b. L=20mH,f=20Hz
Z. = jwl = j*2r*20Hz*0.020H = j2.51Q

c. R=15Q,f=100Hz
Zz =R =150

8. Ina given circuit, if vs(t) = 100cos(360°1kt)V, determine the impedances of the following

components:
a. R=100Q
Zr =R =100Q

b. C=66uF
=]

7, = = —j2.41Q
¢~ 21« 1000Hz * (66  10-6F)

c. L=10mH
Z, = jwlL =j*2n*1000Hz*0.010H = j62.8Q
9. Ina given circuit, if vs(t) = 100cos(360°500t)V, determine the impedances of the following

components:
a. R=150Q
Zr =R =1500Q
b. C=270uF
-] .
7, = = —j1.18Q
€= 2« 500Hz * (270 « 10-6F)
c. L=144mH

Zi = jwl = j*2n*500Hz*0.144H = j452Q
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10. Convert the voltage source values to phasor RMS values
a. vs(t) =5cos(360° %100 «t)V

The voltage source transforms to an RMS phasor by:

¥, = %400 = 3.54Vpy520°

b. vs(t) =377 cos(360° * 60k = t + 30°) V

The voltage source transforms to an RMS phasor by:

~ 377

V.= "= £30° = 266.54Vpys230°

c. vs(t) =169.73 cos(360° * 400 * t — 45°) V

The voltage source transforms to an RMS phasor by:

~ 169.73

Vs \/—

£—450 = 120Vpys2—45°

11. For the circuit below, determine the equivalent impedance. Then write a voltage divider

equation to determine the voltage drop over the inductor.

Z = j8Q Zc=-j11Q

&

+10200 -

Zeq=Z+Z +Zc=4+j8+-j11=(4-j3)Q=52-36.9°

Zy

V, =—=
L™ Zeq

Vin = 122 (1020°) = 162126.9°
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12. The circuit below is operating at 400 Hz. Determine the equivalent impedance. What is the
voltage and current drop over each component when Vg = 150V2£0°, R = 1kQ, L = 30 mH,

and C = 20 uF ? Also, find Is without using Z,,

I
—
lR1 Iy lC‘
+ + +
VS @ VR § R VL L VC —_— C
Zgr=1kQ Z, = jwL = j*2*n*400Hz*0.03H =j75.4Q Zc = 27'[*400HZ_*jZOx10‘6F -

1 1 1 \*'
Z,, = ( ) = 729.8mQ — j27Q = 270 — 88°
ea = 7000 ¥ 7752 T 199 kT

Vs =Vg =V, =V =150vV20°

__ Vg _ 150v20°

I _ vV, 150v20°
R ™ 74 10000

= = 1.9942 — 90°

— 0
= 150mAZ0 ===

Ve 150120°

== =7544,90°
€77z, —j19.9Q

By KCL, Is = I + I, + I = 150mA£0° + 1.9942 — 90° + 7.544£90° = 5.554,88.5°

—j19.90
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13. For the circuit below, determine the equivalent impedance, given the input frequency is 2kHz,
L=27mH, C=150nF, and R = 5kQ

B
in L %

out

AW
P

Zz=R=5kQ  Z =jwl = j*2*1*2000Hz*0.027H = }339.3Q Z, = Zn*ZOOOH;SOxlO_()F = —j530.5Q

1 _1
=229 —j193Q = 1940, — 83.2°
50000 +j339.3Q> J

Zoq = —j530.50 + (

14. For the circuit below, determine the equivalent impedance, given the input frequency is 60Hz, R
=200, C=15nF, and L = 2mH. (Assume the voltage source is AC despite the DC source symbol.)

R
— c__ L
V
Zx=20Q Z, = jwl = [*2*1*60Hz*0.002H = 754.0mQ  Z, = S = _j176.8kQ
2n*x60Hz*15x107°F
1 _1
Zos =20 + ( + ) =20 + j0.754Q = 20.00£2.16°
eq —j176800 © j0.7540 J
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15. For the circuit below, find vo(t) and i(t)

52
AVAVAY
i(t) 1 +
v = 10c0s (360° « 4 « t) @ vo(F—= 0.1F
B B —j . Cem

Zg=5Q Ze = SAHaoir = j398mQ Zeq=5Q-j398mQ

_ 10 ) )

V; = EVRM‘S‘AO = 707VRMSLO

V=25V = 5"']9(;339988 (7.07Vaps20°) = (0.07932 — 85.4°)(7.07Vips20°) = 561mV 2—85.4°

eq —JU.

v, (t) = (561) * (\/i) cos(360° x 4 x t — 85.4°) mV = 793cos(360° * 4 * t — 85.4°)mV

Vs _ 7.07VRms£0° _ 7.07VRpms£0°

Is = =
ST Zeq 5-/0.398 5.016Q£-4.55°

is(t) = (1.41)(V2)cos(360° 4 * t + 4.55°)A = 1.99c0s(360° * 4 x t + 4.55°)A

16. For the circuit below, find V, and the current flowing through the capacitor

6092
A
_+_
vg = 20/—15°V Cf\) Ze = —j250 = Zi = j209) % 7
Zs = 60Q Z; = —j250 Z.= 200

-1
4 .i) = 60Q + j100Q = 116.60.259.04°

Zoq = Zp + Zc, = 60 + (_,-25 P

v, = %vsz(jloo)/(m +j100)*20V2-15" = (0.857231°)20V2-15 = 17.1V 216°
eq

[.o=Y% _171ve16"  _174V416° _ ggama,106°
C = 7.5 s = 2502-90°
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