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Reference formula
Part 1 - periodic signals

average vaues:

f(9)
A

1 +T . .
farg = %f f(t)dt = positive_area— negative_area

rms values:
B 1 ¢t,+T 9
frms‘ﬁL f2(t)ct

Fourier series:

1 - 27 -, . [2m
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I nstantaneous power
p(t) = V(t)i(t) = V,, cos(wt + 6)!,, cogwt + ¢)
Using thetrig |dent|ty 2coya) cos(ﬁ) cog & — f3) + cos(cr + f3) this becomes

p(t) = %[cos(e — )+ cos(2at + 6+ ¢)]

Average power
P——J.l 7 p(t) = e maxcos(@ 0)

For rms quantities
P =V, sl ims COS0 — ¢)

rms'rms

where cog(0 — ¢) is the power factor

Complex power:
P=Re{VI'} =Re{V, .26l £ - ¢} =V, |, co50 - ¢)
Note the - sign for ¢
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apparent power sS=VI" VAs (Volt-amperes)
real power P= Re{VI } Weatts
reactive power Q=1Im {VI * } VARSs (Volt-amperes reactive)

P.F. || || coso

Part 2 - Measurement of DC and Periodic Signals
Part 3 - Power

Trigonometric relationships
Complex numbers



The ability to convert complex numbers from arectangular format (at+jb) to a polar form

Ad9 isessential to describing the behavior of ac electrical networks. This conversion is
provided by Euler's identity which states that

a+jb=Va2+p2,Tan}(l)
and can be readily understood by the diagram shown below.

A where
“““““““““““““““ atjb a+jb=1a +b2sTan)(R)
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The rectangular form is at+jb; the polar (or phasor) form is c£6 where

c=la2+Dp?

Phasors

sinusoidal voltage V(t) =V, COS 0t + )
Euler’ sformula e’ = cosh + jsing

v(t) = Re{vmaxej(“‘+")} = Re{V,,&"e’}

For 60Hz power systems all voltages are at the same frequency so we ignore thee!”* term

V(t) = Re{V,, &7}, or U=V, 26

For power systems V=V, /60 where V, . = Vire

2

Complex power, power factor, power factor correction

For sinusoidal signals the power factor is defined by
pf=coso
where 0 is the phase angle of the voltage or current relative to some reference. For power

circuits, the generator (or line) voltage is usually taken as the reference since the loads are
usualy connected in parallel.

For phasors we can define complex (also called the reactive) power as.
CP=vxi* =rea power + j reactive power =P £ jQ

where
real power or P = vxixcosd



and
reactive power or Q = vxixsing

The relationship between P and Q determines the power factor as shown below.

inductive load capacitiveload
CcP P
+HQ
H LEADING
.

P

LAGGING

lagging power factor leading power factor
(inductive) (capacitive)
Relationship between voltage and current in complex loads
imaginary
1
cP

in unitsof kVA
imaginary power = CPsinf
Inunitsof KVAR

0
» redl

real power = CPcosb

in units of KW
Relationship between real and imaginary power in a complex load. Note
that the diagram is drawn for an inductive circuit. It would be reversed for
a capacitive load.



Dedtalwye conversions
Déltacircuits can be transformed into wye circuits and vice versa to simplify circuit

analysis.

f&é%ﬁc lB I\/\C/\’ l

C

With reference to the circuits shown above (Note that that A correspondsto A, B to B and
Cto Cinthetwo circuits.) the conversion formula are:

Ddtato Wye Wyeto Deta

E* i EZI;CRb + R 2 jrs*le + R1R3 + RoR3
1= =

Ro = L'i:Rb R: = E§

o RR. o R
TR ‘R

Three phase circuits
Three phase power is very complex for non-electrical engineers and usually accounts for

severa questions in the morning and afternoon sections of the exam. Do not attempt to
understand how these expressions are derived—simply use them—and you should do well
on that part of the exam. A three-phase load always has three terminalswhich | have
labeled A, B and C in the drawings below. The connections to the voltage sources are
called lines and the voltages between the terminals (lines) are called line-to-line voltages.
The current passing through each terminal is called the line current. Other voltages and
currents can be defined internal to the different loads possible, i.e. wye and delta. The line-

to-line voltages are 120° out of phase relative to each other as shown in the diagram below.

VCA
VAB
VBC



Balanced Delta-connected L oad
The deltaload connects to the three-phase voltage source through the terminals A, B and C
as described above. The deltaload is balanced when all three load impedances are identical.
The current through each load is called the phase current.

line-to-line voltages: phase currents: line currents:

Vag =|Vag| £0° Iag =|iag| 20 Ia=|1al £-6-30°
\73(; = ‘ \A/Bc‘ £-120° |ABC = ‘IABC‘ £-0-120° |AB = ‘TB‘ £-0-150°
Vea =|Vea| £+120° Tea =|Tcal £-0+120° lc=1c| z-08+90°
where 0 is defined by

Z=\Z| 28

The magnitudes of the phase and line current are related to each other for a balanced
system.

‘T ‘ - ‘lAIine
phase

Thetotal power consumed by abalanced load is
Ptotal = B‘Vlineto-line‘ ‘ IIine‘ cos6

IA A

1 ; 1

VCA Z
\AB i—g—lg ZI—eO

VBC 7

'} o ]

B

Balanced Wye-connected L oad
The wye load connects to the three-phase voltage source through terminals A, B and C as

shown above. The wye load is called balanced when al three load impedances are identical
as shown above. A unique characteristic of the wye load is that the three load impedances
are connected together at a common node labeled O. The voltage across each load
impedance, i.e. the voltage betwwen the terminal A, B or C and the common node O is

-7-



called a phase-to-phase voltage. The phase relationships between the voltages and currents
using the line-to-line voltage V ap as the reference is then given by:

line-to-line voltages: phase-to-phase voltages:
Vag =|Vag| £0° Vao=Vao| £-30°
Ve =|Vge| £-120° Vo = Vol £-150°
\7CA = ‘ \A/CA‘ £+120° \7(;0 = ‘ \A/(D‘ £+90°

In abalanced system the three load impedances are identical in magnitude and phase
resulting in the magnitudes of the different line-to-line voltages being equal.

‘VAB‘ = ‘\A/BC‘ = ‘_\A/CA‘
TAhe same | result is true for the phase-to-phase voltages.
Vaol =1Veo = Vo

The magnitude of the phase-to-phase and line-to-line voltages are related to each other for a
balanced system.

‘ \7 phase-tO-phase‘ = M

V3
Thetotal power consumed by abalanced load is
Ptotal = ‘G‘Vlineto-line‘ ‘ IIine‘ cos6
where 0 is defined by
Z=\Z| 28

Note: for awye load the line current is equal to the phase current.

Complex power, power factor, power factor correction

For sinusoidal signals the power factor is defined by
pf=cosb
where 0 is the phase angle of the voltage or current relative to some reference. For power

circuits, the generator (or line) voltage is usually taken as the reference since the loads are
usually connected in paralld.

For phasors we can define complex (also called the reactive) power as.
CP = vxi* =real power + j reactive power =P+ jQ

where
real power or P = vxixcosd

and  reactive power or Q = vxixsing

The relationship between P and Q determines the power factor as shown below.



inductive load capacitiveload
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Complex power relationships for inductive and capacitive loads

TV

.

lagging power factor leading power factor
(inductive) (capacitive)
Relationship between voltage and current in complex loads
imaginary
i
CP

in units of kVA
imaginary power = CPsin6
Inunitsof KVAR

0
> regl

real power = CPcosb

in units of KW
Relationship between real and imaginary power in a complex load. Note
that the diagram is drawn for an inductive circuit. It would be reversed for
a capacitive load.



Chapter 3

Concentrates

3. A train of rectangular pulsesis applied to an ideal low-pass filter circuit. The pulse
height is 5 volts, and the duration of each pulseis2ms. The repetition period is 10ms.

The low-passfilter has a cut-off frequency of 500 Hz. What percentage of the signal
power is available at the output of the filter?

Theided filter

> f
foZSOOHZ

+5V

I I
-5 17+ +5 9 10

|

I

I

1

< T -

Asdrawn thispulsetrainisan even function. That was my option since | prefer even
function series.

f(t)= 1aO +ian cos(z—mt)+ibnsin(27mt)
2 n=1 T n=1 T

Thelast term of thisexpression for f(t) can beignored. All b, =0 since f(t) isan even
function and sineis odd.

v(t) = % + i a, cos(z?mt)
n=1

P> t(msec)

1

=2f =2
% 10msec

avg

[(5V)(2msec)] =2V

tl +T

= j f(t)cos(—t)dt

Do theintegral from t=-0.005 to t=+0.005 seconds. For that case, the integral reduces to

-10-



0.001

10 . (7: )
="gn =n
, m \5

0.001
a, = 2—2 5005(2—7mt)dt = 4x S(O'Ol)si n( 2 ntj
0.01 0.01 0.01\ 27n 0.01
_2m_ 21
T 0.01

n

=0 D 1000 Hz
T 001

Theideal filter will pass a,, a,, a,, a,, a, and a,

Power is rms voltage sguared.

P zﬂzl (i)2+i+&2+§2+a_§+i2
“ R R|\2 2 2 2 2 2

Thefirst term is different since the rms value of the dc term is the dc term 5. For all other

\Y/
termsthe rmsvoltageisgiven by V. = 2 Computing the terms we get

N2
=2 .
% a, = 2sin 3—):101
3 5
a =19 n(fj =1.87 a, = Esin(d'—n] = 0.47
T 5 4r 5
10 . (2&n 10 . (5%
=—sd8n — |=151 =—s9an — |=0
% 2n ( 5 ) % 5r ( 5)

The output power is then

2 2 2 2 2 2
, Vi 1 (Ej ,(187)° (151 (LOL® (047)° | 451
R R 2 2 2 2 R

2
Using the definition of rms to determine the power for the input pulse waveform

2 +0.001
p =V 11 | 250t ~ L1 1 250002)=2
R RI\T R0.01 R

—-0.001

The percentage power passed by the filter isthen

451
Fu_ R _451_ g0
R, °

R
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10. The measurement system shown below is used for a balanced load of 1 kW with a
lagging power factor of 0.8. Determine the wattmeter readings.

See Section 3-16 for an explanation of the two-wattmeter method of three phase power

measurement.
la,
o— ¢  J
te | +/‘
Pa _® Van
Ib
.:_‘ ® '<_+\/b|’]'_> ) neutl‘a|
te | \
.o—+——+» Ven
+
o \
—>
® ® ®

The neutra isan artificial point used to make the two-wattmeter analysis easier.

Since it is not specified assume an ABC phase sequence. For this problem
PF = cos6 = 0.8 lagging so that 6 = +36.87°.

Ve
Va
Vb
The voltages and currents are then specified by
V,, =VZ£0° l,=1£-6=1£-36.87°
V,, =V£-120° l, =1£-60-120°= £ —-156.87°
V,, =VZ+120° l,=1£-60+120°=1£+83.13°

Recall the power triangle and write the expressions for the voltages and currents as seen by
the wattmeters.

-12-



Imaginary

S
o Q
1 » red
P
For wattmeter A:
V. =V,, -V, =VZL0°- VL +120° = V(1.732£ - 30°)
l,=1£-36.87°

ac'a

Or, in rectangular form
S. =VI(1.72+j0.207)

S, =V, | = V(17322 - 30°)(1.£ - 36.87°) = VI(1.732£ — 30°)(1£ + 36.87°) = VI (1.732.£6.87°)

For wattmeter B:

V,, =V, =V, = V£ —120° - V£ +120° = V(1.732£ — 90°)

l, = 1£—-156.87°

S. = V|, = V(1.732£ — 90°)(1.£ —156.87°) = VI(1.732£ — 90°)(1£ +156.87°) = VI (1.732.£66.87°)
Or, inrectangular form

S. = VI(0.68+ j1.59)

\

— _line=line

For abalanced l0ad P = '3V, jineline COSO and Ve = 3
N

Inthisproblem V,,, V,,, and V,, are phase voltages. V,. and V. areline-line voltages.
Then

P = v/3v3V, el ine €050 = 3V, e e COSO

Using the numbers for this problem

1000watts = 3Vl ine(0-8)

or VI=416.67 watts

Asacheck on our calculations
P, =Re{S } =172Vl =1.72(416.67) = 716.67watts

R, = Re{S, } = 0.68VI = 0.68(416.67) = 283.33
These powers add up to exactly 1000 watts so the answer |ooks good.

-13-



3. An ammeter is being designed to measure currents over the five ranges indicated in the
accompanying illustration. Theindicating meter isa 1.00 milliampere movement with an

internal resistance of 50 ohms. Thetotal resistance (R + R, + R, + R, + R;) isto be 1000
ohms. Specify theresistances R, and R through R..

1.5mA

R1
15mA

150mA

15A
15A
R4
% i

>

gRa

)

For 1.5mA
L5mA LOmA
Ra
1000Q %’
For 15mA

1.OmA

1000Q2-R1

There is 0.5 milliampere through the 1kQ resistor.
Since the voltages must be equal:

1000(0.5mA) = 1mA(R, +50Q)
or
R, = 450Q

ImA(R, + 4509 + 50Q) = (15— 1)mA(1000- R))
R +500Q = 14000 - 14R

15R, = 14000 — 500 = 13500

R =900

-14-



For 150mA
1mA(R, +900Q + 450Q + 50Q2) = (150 — 1)mA(1000 - (900Q + R,))
Loma R, +1400Q =149(100 - R,)

4500 150R, = 14900 —- 1400 = 13500

R, =90

1000Q-(900Q+R?)

For 1.5A
1mA( R, +900€Q2 + 90€Q2 + 4502 + 509) = (1500 - 1)mA(1000 - (QOOQ +90Q + Rj))

R, +1490Q = 1499(10 - Ra)

900Q2 450Q

1500R, =13500

R, =9Q

o———>
1000Q-(900Q+90Q+R3)

For 15A
1mA(R, +9Q + 90Q + 900Q + 450Q + 50Q2) = (15000 — 1)mA(1000 - (900Q + 90Q + 9Q + R, ))

1.0mA

R, +1499Q =14999(1- R,)
15000R, = 13500

R, = 0.9Q

1000Q-(900Q+90Q+90+R4)

O

Andfinaly R, =1000Q —(900Q + 90Q2 +9Q + 0.9Q) = 0.1Q

-15-



A load is connected to a voltage of 1320 voltsat 60Hz. The load dissipates 100kW with a
0.867 lagging power factor. Specify the capacitance needed to correct the power factor to:
(a) 0.895 lagging

(b) 0.95 leading

(Give the voltage and volt-ampere-reactive ratings at 60Hz for the capacitors.)

1320V, 60Hz 100kW,
PF=0.867 lagging
Determine the initia reactive power before correction.
Imaginary
S
Q
0 » red
100kW

PF = 0.867lagging = cose therefore 6 = 29.89°
From the power triangle
Q=100kWtan6 = 100tan29.89° = 100(0.5747) = +j57.47KVAR

This reactive power must be corrected as per the problem specification. The desired power
factor is PF = 0.895lagging = cos@' . Therefore, the new angle must be 6' = 26.49°. The
new reactive power for this angle comes from the new power triangle.

Imaginary

S
e’
100kW

Q

» red

Q =100kWtan6' = 100tan26.49° = 100(0.4984) = +j49.84kVAR
The difference in reactive powers must be supplied by the correction capacitor.
Q + Qcapacitor = Q

=Q -Q=+)49.84—-]57.47=-)7.63KVAR

Qcapaci tor
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Prpcior = VI *

capacitor

1320] .

—j7.63x10°% = (1320)[
C
Solving for the capacitive reactance:

X 5 = (1320° 1
—j7.63x10°  —j27(60)C

Solving for the required capacitance

7630
O30 _ 1 16x10°=11.6uf
(1320)727(60) H

We already know the power rating to be 7.6kVAR and the voltage rating to be 1320 volts.

-17-



8. The signal shown below is measured with the following voltmeters:

(& DC voltmeter,

(b) an RM S reading AC voltmeter using ad’ Arsonva meter in afull-wave bridge in the
feedback circuit of an opamp,

(c) an RMSreading AC voltmeter using ad Arsonval meter in serieswith adiode in the
feedback circuit of an opamp,

(d) atrue RM S voltmeter such as an electrodynanometer,

() an RMS reading AC voltmeter using a peak detector, and

(f) an RM S reading AC voltmeter using a peak-to-peak detector.

Determine the reading on each meter.

+5V _ _

OV'og 12 3 4 5 tmsx)

Thetrick in this problem isto know that old style meters were always calibrated with sine
waves. The meter always actually read the average value, but the scale was generated with
the appropriate correction factor. Thusthe procedure is calculate the scale for asine wave
as compared to the average value for asine wave, and the calculate the average value of the
waveform. The product of these two quantities will be the meter reading.

(a) aDC voltmeter reads the average value of awaveform

For this case the meter reading is

Imsec 22
Vit 5(5)% = %(1)2 =1.25volts

j 2msec -([ Imsec 2 0

(b) ad’ Arsonval meter reads the average value
The full wave bridge in the feedback |oop of an opamp isafancy way of telling you that it

isaprecision rectifier and you can neglect the voltage drop across the diode. The
waveform that the meter will seefor asinewaveis

>
0 1 2 3 4
The average value for thiswaveform is
Vag = jlsm ot =< j sin(at)dt = 2= Coj(m) O
ovg = 27[[ cosr + cos0] = 227r[ ~1)+1]= %



Thermsvalue of this Waveform (WhICh isthe unitsin which the meter is calibrated) is

\/'"B:\/stec-[gn nt)dt = ‘—Jsm mit)dt

v —\/j ;(1 cos(2t))dt = \/Ej—dt | joosi2nt)y 1

rms /
0 0 2 Y 2

The calibration constant for the meter isthen

1
V NV

rms

V. E 22

avg

T
The meter reading is given by multiplying the average value by the (sine wave) scaling
factor:

meter reading= x”“s

avg

V. " _(1.25)=1.39Volts

avg, waveform = 2 /
oY

(c) Thisis essentidly the same as part (b) except that we have an ideal half wave rectifier
and the sine wave calibration constant changes. Note that the ramp waveform is always
positive and will give the same reading through either rectifier circuit.

The average value for thiswave is half that of afull wave rectifier, so

1 12\ 1
Vavg = Evavg full -wave — E(;) = ;
Computi ng the rmsvoal tage for thiswaveform we get

‘1 1 1
\/ jsm _5 02(1 cog(2xt))dt = ‘—fdt——.[cos(znt ==

NI

The cali bratlon constant for the meter isthen

The meter reading is given by multiplying the average value by the (sine wave) scaling
factor:
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meter reading = \\f—msv

avg, waveform

- %(1.25) —1.96Volts

avg

(d) thetrue RMSis pretty easy. Thisiscomputed directly from the definition with no
scaling factors.

1

11 2 1 3 AE
Vtrue—rms - J‘E (ﬁtj dt = EJZBtzdt = 2_5t_ = § = 2.04Volts
\24\2 \ 29 23, Ve

(e) RMS using apeak detector isalso pretty easy. Thisisjust adifferent scaling factor
based upon the peak value of the waveform.

The meter reads the peak value for the waveform of 5 Volts.

V
The calibration for sinusoidsis V, = 22,
V2

meter reading = % = 3.54Volts

NV
(f) Thisisessentialy the same as (€) except using peak-peak values.
Vv
peak— peak \Vj
The calibration for sinusoidsis V, = — é = Pk pesk
<2 2,2
Note that the meter still reads 5 Volts as the peak-peak value.
meter reading = 25'§ =1.77Volts

N
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Concentrates

1. A voltmeter is being designed to measure voltages in the full-scale ranges of 3, 10, 30
and 100 volts DC. The meter movement to be used has an internal resistance of 50 ohms
and afull-scale current of 1 mA. Using afour-pole, single-throw switch, design the
voltmeter.

The meter circuit is easily designed using the equivalent circuit of the meter.

@100 volts
Rext

17— VWV

§ Rcoi|=509
@ ImA FS

vy

_ \4 _ 100volts _10°0
I 1mA

R,. =10°Q — 50 = 999500

100V

V _ 30volts

@30V R= T 1A - 30000Q2 and R, = 30000 — 50 = 299502

@10V R=

¥ _ 12‘$S —10000Q and R,, = 10000 50 = 99500

@3v R:\I/_ 3volts

= = 30002 and R,, = 3000 — 50 = 295002
1ImA

Y ou can design several different types of meter circuits using this data.

9995002 loov 2950 700022 20000Q2  70000€2

3V
1mMA FS v

30V

100v
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2. An AC voltmeter consists of ad’ Arsonva meter with afull-scale current of 0.125mA
and a seriesresistance of 10°Q. A full-wave bridge of silicon diodes (Vthr=0.6volts) is
used to rectify the AC voltage. The full-scale needle deflection is 50 degrees. Givethe
scale incrementsin degrees from 0 to 100 voltsin 10 volt increments for the RM S vaue of a
pure sinusoid.

Thisis somewhat of atedious problem. The crucia itemsto note are:
o full-wave bridge
e non-ideal diodeswith athreshold

e RMS meter circuit
Otherwise the problem isfairly similar to the previous meter calibration problem.

If you follow the current path through the meter circuit you see that the current flows
through two diodes and we have two diode drops to include in our calculations.

106Q

0.125mA FS RMS meter

< 4
Note that there can be no output when the AC input voltage is less than two diodes drops,
i.e., 2*0.6=1.2 volts.

0 T 21 3t 4r

A d Arsonval meter will read the average value of the voltage waveform shown below.
Note that | want to write the peak value in terms of the RM S value for convenience.
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A

sart(2Venis

12v —

wt=0

ot1

This drawing shows what is happening. | have to subtract 1.2 volts from the sine wave.
Asaresult | will only get a contribution to the average from the shaded region of the
waveform. Only aquarter cycleis shown because of symmetry. The actual average will
then be given by

T

V,, = 1[ t)dt = —

) _[ 2V, cosat - 1.2]d(at)

wt, is the point in time when the input voltage drops below the threshold of the diode
bridge and thereis no output. This can be solved for as

V2V, cosat, —1.2=0

or

1.2
wt =cos| —==—
' (@Vm]

Using this result the average voltage becomes
V. 2[wzv sinwt - 12]\ - E[w’i\/msinwtl—l.Za)tl]
T =0 7

avg

Thefull scale deflection of the resistor-meter combination is

0.125x10°x10° =125volts _ o
Assuming the meter deflection islinear we have an angular deflection sensitivity of

07 and ameter deflection of 6 = LVav
125volts 125volts **

Thisis not something | wanted to calculate by hand so | used a spreadsheet to compute it.

Vrms otl  sgt(2*Vrmstsin(otl) 1.2*wtl difference  angular deflection (degrees)

10 1.4858 14.091 1.783 7.836 3.134
20 1.5284 28.259 1834 16.823 6.729
30 1.5425 42.409 1851 25.820 10.328
40 1.5496 56.556 1859 34.821 13.928
50 1.5538 70.700 1865 43.822 17.529
60 1.5567 84.844 1.868 52.824 21.130
70 1.5587 98.988 1870 61.827 24.731
80 1.5602 113.131 1872 70.829 28.332
90 1.5614 127.274 1874  79.832 31.933
100 1.5623 141.416 1875 88.835 35.534
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4. A full wave rectifier type VTVM (vacuum tube voltmeter) is set to an RMS AC scale
with arange of 50 volts. The meter is connected to a symmetrical (zero average) triangular
waveform of 100 volts peak-to-peak. What does the meter read?

The input waveform isinput to an AC VTVM with afull wave bridge We we assume an
idedl rectifier circuit.

+50V

0
-50V

The output of the full wave rectifier will look superficialy the same but with different
voltage levels.

T
+50V “

NAVIVAVAVAVAVAE
-50V

Compute the input to the meter.

17 11
Ve = = [M()dt = = (50)T = 25Volts
T? T2

The meter is designed and calibrated for sinusoidal waveforms.

0

Voo o o_o_
\/rms ______________
0 >
Computing the calibration relationship for the meter.
Vi == [ 2V, sintdt = Vi cost] 242,
. T

The meter will read an average (actual) of 25 volts and display it as the appropriate RMS

value, i.e., 25V = g\/,ms or
T
251
V. =——=27.77volts
rms 2@
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5. Animpedance receives aline current which lags the voltage by 30°. When the voltage
across the impedance is 100 volts (RMS), the impedance dissipates 200 watts. Specify the
reactance of acapacitance to be placesin parallel with the impedance which would make the
line current be in phase with the voltage.

Thegivencircuitis

O
A

100V RMS,
dissipates 200watts
The current lags the voltage -
o voltage
current
2 2 2
From the power specification P = VE or R= VF = % =50. This gives G=0.02mhos.

At thispoint wehave | = YV =(G+ jB)V =(0.02+ jB)V. Since the phase angle is known
to be 30" we can use the relationship between voltage and current to find B.

tan30° = g or B=Gtan30° = 0.02tan30° = 0.0115. Notethat B is actually negativ e.

Theresulting circuit is

; 0.02 -j0.0115
+B
JBL @ gmhos §

Having the line current being in phase means that the reactance is zero. Thisrequires

jB.+jB =0
B. = -B_=—(-0.0115) = 0.0115
X, =—86.6€2 for the desired power factor correction
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6. A parallel combination of aresistance (10€2), capacitance (88.5uf), and inductance (66.3
mH) has 60Hz, 230 volt (RMS) applied. Obtain the:

(@ reactancesof Cand L.

(b) admittance of each circuit element.

(c) phasor diagram for the currents, using the applied voltage as the reference.

(d) admittance diagram for the circuits, including the total admittance.

(e) input current as a sine function, taking the applied voltage as areference. (Isthe circuit
inductive or capacitive?)

(f) power factor.

(g) power triangle.

Thecircuitis

230V ,60Hz 10Q y 88.5uf 66.3mH

AY

The angular frequency is @ = 27(60) = 376.99rad/sec

@
X, = jolL = j(377)(66.3x107°) = j 25
1 . 1 :
% joc (377)(88.5x10°°) .
(b) .
B, = — =-]0.04mhos
125
B. = i = +]0.0334mhos
—-130
G= 1_1_ 0.1mhos
R 10
© 230£0°
g = = 23/0°amps
10
ic = 23940 = 7.67£ + 90°amps
-]30
I = 23_040 =9.2/—-90°amps
125
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ic=7.67

g
iR=23
Y iL=9.2
(d)
Bc=0.0334
g
G=0.1
Y BL=0.04

Y, =0.1+ j0.0334 - j0.04 = 0.1- j0.0066 = 0.1002« — 3.776°

(€)

i =YV =(0.1002« — 3.776°)(230£0°) = 23.00 — j1.518 = 23.05£ — 3.776°
The circuit isinductive since the angleis negative. Recall the phasor diagram

ICc
>
Vv
i
(f)
PF = cog(-3.776°) = 0.9978
(9)

p=Vi* =(230£0°)(23.05£ — 3.776°)* = 5301.54 + 3.776° = 5289.99 + j349.14
The power triangle will ook like this

5301.5VA
349.14V Ar

5289.99 watts
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