8147-3,5=304;.3 (it these vakies wi b mpsatodly uset i thy
xarcme 50 It erary help 10 save thesa c folowing Guastites i hoth Cartessn form and
pokar form;

Hoke: In this probiem, you may cndy submit numarical mowers. (L. I 4 is 0 oMot arcwe, 4 wil be arked a5 COmect B 2
be marked as incomest )
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Letzi =1+5-1.2,2 =10+ j- 6.2, z = 10.3¢/-12)" and z,

= 14.1" (Hint: these values will be repeatedy used in this
exercise so it may help to save these as variables in your calculator). Compute the following quantities in the form indicated (Cartesian
or polar):

Note: In this problem, you may only submit numerical answers. (i.e. If 4 is the correct answer, 4 will be marked as correct, but 2+2 will
be marked as Incorrect.)

a. (V/3£30°)z, — :' eitdr —
4

j=

[Note: For each of the exercises (a) to (d), you are primarily galning practice using the calculator.)

Note: In this problem, you may only submit numerical answers. {i.e. If 4 is the comect answer, 4 will be marked as correct, but 242
be marked as incorrect,)

sej{—lm‘

i °
el Lxkt=(9 ‘8&" (@D) g,be ({e-,e;’u
ez2:=  ---

o o+j
At i t+2=0
c. %+1;;'3 —2z=0
z3=0.2(12— z;)
o=

2




For any palr of numbers (A, B) (A € Rand B & R), one can find another pair of numbers (¢
—180° < @ < 180°), such that Acos(wt) + Bsin(wt) = Ceos(wt + ). Find the relationship
(i.e., find the functions A(C, 6),B(C, 6),C(A, B), and 6( A, B) and uss this to fill in the blanks in

Note: In this problem, you may only submit numerical answers. (L.e. If 4 bﬂnwm
be marked as incorrect.)

a. 8.9 cos(wt) + 0.8 sin(wt) = | E oosfut+ _{)

b. 12.4 cos(wt + 44°) = M jconltyt [ et

PIERCEE

Za/c,.

Use triangle congruence theorems to solve the following problems;
Note: In this problem, you may only submit numerical answaers, (i.. If 4 is the correct answer, 4 will ba marked as correct, but 242
be marked as incorrect.)

a, Given z; = 7.920°, |z = 6, angle(z, -+ z) =

~41°, determine the two possible values for ). (Hint: This ts an SSA problem.)
n= ® o+ B or

7= W+ B

b. Given z; = 3.120°, [z2| = 8.6, |23] = 8.5, and z3 = 2, -+ 2, determine the two possible values for z;. (Hint: This Is an 85§
probiem.)

Zy =

Zy =




For each expression, find the positive real value of w that would cause R, to be purely real, as well as the resulting R,,. Note that //

is the binary operator that finds the equivalent resistance of two resistors In parallel (le., a//b= (‘:—bb)).
a

[Hint: For (a), try setting the imaginary coordinate to be zero. For (b), try equating the numerator and denominator angles].

Note: In this problem, you may only submit numerical answers. (i.e. If 4 s the correct answer, 4 will be marked as correct, but 2+2 wilt
be marked as incorrect.)

a Ry = + (5+158.876w)//8.7

_ 1
7-18.9w

# andR,=

?1_1@ )//(j - 158.876)

& | and R, =

\



= y 3
= 18 millinenrys. If the steady state voltage Vo across the two reactive elemenels In series Is Zero, whal is the frequency of the source
In the circult shown C =10 millitarads and L

In rad/s?

> = -)
you the correct answer, 4 will be marked as correct, but 2+2 will be marked as incorrect
Note: u\l}us problem, may on bmit numerical answers. (i.e. Irais a B
3 ly sul

2Q

50 cosawr V

The voltage in the inductor is known from an osciliogram as v(t) = Tcos(25t -+ 40°) volts. If the complex power in any element is the product of the voltage phasor by the

conjugate of the current phasor DIVIDED BY TWO, What is the real part of the power delivered by the voltage source on the left of the circuit, if L = 330 milihenrys and C = 2
millifarads, R1 = 65 ohms and R2 = 80 ohms.

Note: In this problem, you may only submit numerical answers. (.. If 4 Is the correct answer, 4 will be marked as correct, but 2+2 will be marked as incorrect.)

VI =%cos (254 E40°) 5 T3 Yoo

cphe power > Vo I




The current source on the left is i, (t) = 4 cos(377t + 45°
and Is called the “reactance”

) volts. We know the impedance of every element in the network. N.B. The X is a real number
in ohms. So, jX is the Impedance, X is the reactance, a real number, in ohms. The reactance of the inductor is wl and the
reactance of the capacitor is a negative real number —1 /(wC) ohms. Find the value of v,(t)

involtsatt=0,att=4ms, and at t = 12 ms. If the complex
power in any element is the product of the voltage phasor by the conjugate of the current phasor DIVIDED BY TWO, compute also the real part of the
complex power delivered by the source on the left.

R1:39,R2=6Q.X1=9“.X2=49.X1=—39,X‘=~30.

Note: In this problem, you may only submit numerical answers. (Le. If 4 is the correct answer, 4 will be marked as correct, but 2+2 will be marked as
incorrect.)

az5°A (})

V.,(O)- # | volts
V,(0.004) = | L vorts

V,(0.012) = | | ®| | volts




We have insisted on the fact that phasor analysis is predicated on all the sources having the same frequency. If they don'’t, we can use superposition.
Solve the circuit for all the sources with the s

ame frequency wy, then for all the sources with frequency w, etc., and then we superimpose the responses.
Here is your opportunity. Use superposition to find the voltage v,(t) at t = 0, and at t = 0.8 seconds. R; = 20 ohms. v, (t) = 42sin(2t) volts,
is(t) = 12cos(6t + 10°) amps.

Note: In this problem, you may only submit numerical answers. (i.e. If 4 is the correct answer, 4 will be marked as correct, but 2+2 will be marked as
incorrect.)

5SH




Find the absolute value of the current in each inductor att=0, and the abso lute value of the voltage in the capacitor at t = 0.
ll Note: in this problem, you may only submit numerical answers. (l.e:1f 4 Is the correct answer, 4 will be marked as correct, but 2+2 will be marked as incorrect.)

- v,(0) =10c08(1001~ 45 Ju(—1) V

1,(t) =3c0s(1007 307 )u(~1) A
R=50Q L =2H

' R=n0 r-na "0
R,=100Q L,=2H
C =50 uF

R

)= _pgas | & | amps
12(0)| = | ;asbt | 5 | amps

|Ve(0)| = f‘ 3”"‘,,“,01- L volts




Let R = 4700,C = L7uF and L = 45mH. Determine the impedance, Z7 seen at terminals a — b, for the different operating frequencies:

a R o J— ;le

2= (s \

S|
Ze ;l?—!‘o" A2 D)

(Zl.//zc) « R

Incorrect.) Y
a.w = lkrad/s : Zy =
b.w = 10krad/s : Zr =

c.f=1kHz:Zp =

1
LtR=70,C = SF' L=9H and a = 4V/A. Determine the requested quantities seen at terminals @ — b for an operating

The overall impedance of this circuit seen at the port on the left can be represented either as a resistor Rs in series with a thb]{
resistor Rp In parallel with a (different) reactor Xp.

},aC R

— Ic

Note: In this problem, yo; may only submit numerical answers. (i.e. If 4 is the correct answer, 4 will ba marked as correct, but 2+2 will b
Incorrect.) *

. & Impedance: Zr =|
l‘b.mwﬂﬁ




Let Ry =90, R, =40, C, = C2=1F, L, = 2H and Ly = 6H. Determine the impedance that would be seen at the requested te
an operating frequency of 1rad/s:

1.12842 1.73077 3.65385 1.73077+3.65385i




~\ o= 21 rz -3k

2L, = \l (27 - 501w ) (23 x10-3)

20 A, I 2% x1073)

-3
23 = gL )Qs xw™7)

[
2 =74 C ») (s50x107'?)
.

2,50 YCssox10™)
(&N

2= -] Lo TCSOD’“'"—‘I)

Note: In this gkoblem, you may only submit numerical answers. (i.e. If 4 is the correct answer, 4 will be marked as correct, but 242 Mll
Incorrect.)

a.a—b:Zp= 7°kQ

b.a—c:Zr=

c.a—e:Zp =

db—d:Zp=

| P
e.c—~d:Zp=




0 ihe dlrcut shown, Ry = 6k, Ry = 9k, Ry = 10k0, R, = 4k, C, = 450nF. C; = 200nF, Cy = T50nF, C; = 200nF,
Determine i,(t) under different values of v(t):

Note: In this problem, you may only submit numerical answers. (i.e. If 4 is the correct

incorrect.) | ¥
= 12¢c08(3TTE)V : iy(t) = \_.Jcoo(smﬂ_

os(3TTL+ 1000V 1 ig(t) = | B cos(8T7+




In the circuit shown, Ry = 0kQ). Ry = 8k2, Ry =
€quivalent seen by resistor Ry (assume the lower n

9KQ, Ry = 6kQ, €y = 400nF, Cy = 250nF and I — 35 G

iven that vt) = 2 cos(500¢)V and ift) = Bsin(500¢)m A, defermine the Thevenin
0de as the reference) and use this to determine the signal ugt)

Il be marked as Incorrect.)
only submit numerical answers. (Le. If 4 is the correct answer, 4 will be marked as comect, but 2+2 will be
Note: In this probiem, you may

a. Zmn=




For the circuit shown, th
€ voltage and current sources have respective phasors V; = 4£70°V and I, — 8/85°A. Compute the phasor I fiowing through the capacitor as well as the complex power

(S¢) received by the capacitor. Com
3 pute aiso the complex
s . plex power (Sus) Supplied by the dependent source, Note: All phasors In this questionas Is common In the Electric Power Industry, are RMSAEEE

Note: In this problem, you may only submit numerical answers, (Le. If 4 is the correct answer, 4 will be marked as correct, but 2+2 will be marked as incorrect.)

[ & |°4

ado—| a4

b.S. = 3 — VE ‘°VA




Consider the RLC series circuit shown with = 17cos(wt)V, R = 20, L = 13mH and C = 5pF. Determine the resonant frequency by wr = (L - C’)“‘/’A Compute the complex power recenved by
each circuit component (the subscripts *R”, and "S" respectively refer to the resistor, Inductor, capacitor, and source) under the following source frequencies:
vt _

Feos wt) > 1F o
| TCos ﬁ&o

| VCI)+

Note: Use “" when submitting complex and Imaginary numbers (e.q. submit 44j3 for a compiex number with real component 4 and imaginary component 3)
aw=01w, .

Sp= m VA

SL= m VA

Sc = m VA

Sg = @ VA

b.w=w, ]

Sp= m VA

8L= @ VA
= @ VA

85 =




Let vs(t) = 1cos(377t)V, Ry = 9082, Ry = 4Q, R3 = 10082, C = 50uF and C2 = 6puF. Determine the
complex load Zy, to maximize the average power it receives and compute the resulting values for the load: When
writing the power ;s’; function of time, write the phase as an angle between -180 and 180 degrees.

v

- Cp | Bon
Z" < 21H

Note: Use “J" when submitting complex and imaginary numbers (e.g. submit 4+j3 for a complex number with real
component 4 and imaginary component 3)

a. Impedance, Z; = # o0
b. Apparent power received, S =

c. Average power received, P =

d. Reactive power received, Q =

e. Complex power received, S =

f. Instantaneous power received p(t) = B cos(Th4t+




Lot v,(t) = 8cos(2t)V, R; = 8Q, R, = X0, C = 100mF and C; = 650mF.

Note: In this problem, you may only submit numerical answers. (i.e. If 4 is the correct answer, 4 will be marked as correct, but 2+2 will be marked
incorrect.)
a. If Zy, is a purely resistive load chosen to maximize the average power it recelves, the resistor value isZ = wm O

and the resulting average power Is P = m W.

b. If Zy, is a complex load chosen to maximize the average power it receives, the load value is Zy, = W o+ L.A_” ‘

and the resulting average power Is P = m W




In the diagram bel ' DS ot L

plant 2 re?:e‘wes 88:\;?;?:[;}2 ‘(J)Ogalg:g?:gan:;r’. t=3 120fv30°V (rms) and measurements show that Plant 1 receives 35kW with PF 0.6 leading,
- ant 3 rece -

factor. If the source frequency is 60Hz, what m il es 50kW with PF 0.8 lagging. Compute the current phasor I, and the overall power

e assive (time domain) component value should be added in paralle! to bring the power factor to

S- P-r\»

S| + Sz t 53 % -Sfe-bj
5 \,ms Irns«

120 A 30° (LY

Note: In this problem, you may only submit numerical answers. (.. If 4 is the correct answer, 4 will be marked as correct, but 2+2 will be marked as
incorrect.)




Consider a voltage source, vy(t) = 120v/2cos(377t)V, connected across two loads in series (v, = v1 + va). If the
load voltmeter RMS readings measure 100V and 46V, respectively, with the voltage of the first load leading that of the

second (by an angle between 0 and 180 degrees), determine the phases for v} and v;. If you also know that load 1 has
PF 0.9 lagging, compute the PF of load 2.

Note: In this problem, you may only submit numerical answers. (i.e. If 4 is the correct answer, 4 will be marked as
correct, but 2+2 will be marked as incorrect.)

a.Phaseofvl(t):\r : | @ |°

b. Phase of v3(t):|

c. Load 2 PF: |




In the quitessential electric power system in the figure, a voltmeter reads the same at the source and at the load, 140 volts. At the source, an amme
reads 58 amps. The source sees a inductive circuit. The cable (feeder) has a resistance of 0.0324844 ohms and a reactance of 0.619839 ohms. (a)
is the power factor angle, in degrees, at the source; (b) What is the active power delivered by the source; (c) What is the reactive power deliverad

source; (d) What is the power factor angle at the load, in degrees; (e) What is the active power absorbed by the load; (f) What is the reactive power :
absorbed by the load.

Note: In this problem, you may only submit numerical answers. (i.e. If 4 is the correct answer, 4 will be marked as correct, but 242 will be marked as
Incorrect.)

Simple Power System

(@)f,= 3

(b) P, =

(©) Qi =




hlﬁlquﬂdhmaﬂgumnnmlmua_r!\omﬂuwmu:n\mm
146 volts, At the source, an ammeter reads 52 amps. The source sees a capacitive circust. The cabl u::«

a resiatance ofomandnc70.7mmwwmumm-!wnrm::&'mwm
‘nuiemmwuxummm«dmwunm(c)mm-mommmww: i
mu:(mwwnmpowfmmlanlhebud,hdqgmu:(a)Wlmsm--:Mpww sorbed

foad; (f) What Is the reactive power absorbed by the load.

\Noh:lnlhllpmbhm.youmayonlyabmmwwn&qH4Ismmmm4vﬂlb¢n\wmu
correct, but 242 will be marked as incorrect.)

In the figure, the foad absorbs 8.804 kVA at a power factor 0.994522 inductive. For the feeder

(cable) R = 0.28 ohms, and X = 10R. The voltage at the source is 313.564 volts. What is the
Voltage at the load, in volts?

Note: In this problem, you may only submit numerical answers. (i.e. If 4 is the correct answer,
4 will be marked as correct, but 242 will be marked as incorrect.)
Simple Power System

JX. 2% R 027

f only I(rms) changes

« If v, and pf at the load are constan




In the figure, a 247.574 volts source delivers 3.96118 kVA at a power factor 0.972502 inductive through a cable with R =

0.07 ohms and X = 6R to a load. Compute: (a) the voitage at the load:; (b) the active power of the load; (c) the reactive
power of the load and (d) the power factor angle of the load.

Note: In this problem, you may only submit numerical answers. (i.e. If 4 is the correct answer, 4 will be marked as
correct, but 2+2 will be marked as incorrect.)

Simple Power System

W Feul wtld  phenuemenich




For the balanced three phase circuit below, take V,, — 16520°V, Vi = 1652 — 120°V, V,,, = 165£120°V and Z, = 50 + ;762 Compute the

requested line voltage, line current, phase current and total complex power supplied to the load. Compute the load PF (specify leading or lagging) and
determine the value of a component that can be added in parallel to each branch of the delta load (i.e,, three identical components} to raise the PF to
. unity; to do the latter, assume the frequency of operation is 60 H z.

Three-Phase,
Y-connected
source with
abc
sequence

Note: In this problem, you may only submit numerical answers. (Le. If 4 is the corract answer, 4 will be marked as correct, but 2+2 will be marked as
Incorrect.)

V, Ven = 1652120°V and Zp = 50 + j



