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1) In the circuit shown below, the total effective current is 30 amperes. Determine
the power relations.

Ri 4 Xe
I
= VW1 )
[1
_;.— —
It s Rz
—
Given: R.:=5Q; R.=4 Q; -x1=-13Q; [=30L0°A

Solution:

I, = (301_0°) [(5-3)] = [(9-3)] = 18.451_-12.55° A
Il = (30L0°) [(4)+( 943 )] = 12.7L_18.45° A

P = |2 2R2+ |12R1

P= (18.45)%(4) + (12.7)%(5)

P=2165W

Q = |1 2X1
Q= (12.7)(3)
Q=483 VAR (Leading)

S=P-Q
S= 2165483
S=2210L -12.6°

Pf=P/S
P.f. = 2165/ 2210
P.f = 0.98 Leading
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2) A two circuit element is connected in a series; R=5Q and X,= 15Q has an

effective voltage across the resistor of 31.6V. Determine the power triangle

P=\lcosS
e P
Solution:
|:VR/R ZL:R+jXL
1=31.6/5 Z=5+]15
1=6.32 A Z,=15.811_71.56°
Tan ¢ =x/R=15/5
O —tan+ (3)
0 -7156°

Apparent Power = VI = I°Z = (6.32)%(15.81_71.56°)
S =631.48 L71.56° VA
S =200 +j600 VA

Reactive Power = 12X, = (6.32)%(15)
Q =600 VAR Lagging

Real Power = I°R = (6.32)%(5)
P =200 Watts
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3) A series circuit of R = 8Q and Xc=6Q has an applied phasor voltage V = 50L -
90°. Find the complete phasor information.

Given: R=8Q; Xc= 6Q; V=50L-90°
Solution:

Zc: R -j Xc

Zc=8-i6

Zc=101_-36.86°

| =V/ Zc
| = (50L_-90°) / (10L_-36.86°)
| =51 -53.13° A

S=12Z

S= (5L -53.13°)%(10L-36.86°)
S= 2501 -143.14° VA
S=-200-150 VA

P=I’R
P=(5)%(8)
P= 200 W

Q= 12X
Q= (5)*(6)
Q= 150 VAR

P.f= Cos 0

P.f= cos 36.86°
P.f= 0.8 Leading
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4)Given the series circuit of figure below, determine the power triangle.

30 B2  j20

W e—

0 cjs -90° ()

Solution:

From the figure Z= (3 +j6 —j2) Q
3+j4Q
51.53.1°

I=V/Z
I= (50L-90°) / (5L 53.1°)
I= 101 -143.1° A

S=VI
S=(50L_-90°) (10L_-143.1°)
S=500L53.1° VA

S= 300+ j400 VA

Therefore the components are:

P=300 W

Q=400 VAR Lagging
S=500 VA

P.f = cos 53.1° = 0.6 Lagging
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5) Determine the power triangles for each branch the parallel circuit and add them
to obtain the power triangle for the entire circuit.

Given: Z:=41.30° Q; Z,=5L60° Q

Solution:
For branch 1

|1: V/Zl
L= (201_60°) / (4L_30°)
1=5L30° A

81: V|1

Si= (201_60°) / (51_-30°)
S;=100L30° VA
S,=86.6 +j50 VA

Then; P,=86.6 W ; Q:= 50 VAR Lagging ; S;= 100 VA ; P.F = 0.866
For branch 2
|2= V/Zz
I,=(20L.60°) / (5L.60°)
Lb=4L0° A
Sz= V|2
S;=(20L.60°)/ (4_0°)
S,=80L.60° VA
S,=40+)69.2 VA

Then; P,= 40 W ; Q.= 69.2 VAR Lagging ; S; =80 VA; P.F=0.5
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Therefore;

Pr=Pi1+ P,
Pr=86.6 W+ 40 W
Pr=126.6 W

Qr=Q:1+ Q2
Qr=50 VAR + 69.2 VAR
Qr=119.2 VAR (Lagging)

St=Pr+ Q7
St=126.6 +j119.2
St=174.0 L43.4° VA

P.F.T = PT/ ST
PFr=126.6/174
P.F.r =0.727 Lagging
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6) An induction motor with a 2HP output has an efficiency of 85%. At this load the
power factor is 0.8 lagging. Determine the complete input power information,

Given: Po=2HP ; Eff. =85%

Solution:
P|N: Po / Eff
Pw=[(2Hp)(746 Watts / 1 Hp )] / 0.85
Pn= 1755 Watts

0

Cos =0.8
0 =cost 0.8
0 -36.9°

Cos 0 =P/S ;S =P/Cos 0

Therefore;
S=1755/0.8
S=2190 VA

cos ? =qis

Q= 2190 sin 36.9°
Q= 1315 VAR
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7) Determine the total power triangle for the parallel circuit of figure below if the
power in the 2Q resistor is 20 Watts.

Given:
P,= 20 Watts
Z,=2-j5Q =5.38L-68.2°
Z,=1+j1Q

Solution:
P= |12_Rl

P
|1: R

)
|1: 2

L= 3.16 A

V= |1 Zl
V= (3.16)(5.38)
V=17 Volts

Let V=17L0° then,
= 3.16 L68.2° A
L=(170L0°)/( V2 L45° )
=12 L-45° A

IT: |1 + |2
It=3.16 L68.2° + 12 L -45°
I-=11.1 L-29.8°A

ST:V|T

Si= (17L0°)(11.1 L-29.8°)
St=189 L29.8°A

Si= 164+ j94 VA

P.F=164/189 = 0.868 Lagging
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8) Determine the power component of a combination of the three individual loads
specified as follows: load 1: 250 VA, p.f.= 0.5 lagging; Load2: 180W, p.f.=0.8
leading; Load3: 300 VA, 100 VAR lagging. Calculate the unknown average power
and reactive power of each load.

Given:
Load 1: 250 VA, p.f=0.5leading
Load2: 180W , p.f=0.8leading
Load 3: 300 VA, 100 VAR lagging

Solution:
For Load 1,

cos ? =05

0 - cos 10.5

9 - 600
P=S Cos 0

P=(250)(0.5)
P= 125 W

Q=S sin ?
Q=(250)(sin60)
Q= 216 VAR

For Load 2,
cos 9 =08

0 - cos 10.8

0 - 36.0°
S=P/ Cos 0

S=(180) / (0.8)
S= 225 VA




Group IV June 4,2013

EE 3303 Engr.Kenneth F. Fajilan
For Load 3,
9 —sin1(Q/s)
9 = sin (100 / 300)
0 -195°
P=S Cos b
P=(300)(cos 19.5°)
P=283 W
Therefore,

Pr=Pi+ P+ Ps3
Pr=125 + 180 + 283
Pr=588 Watts

Qr=0Q1+ Q2+ Q3
Qr= 216 + (-135) + 100
Qr= 181 VAR Lagging

Since S= Pst +j QST
Therefore,
S=588 +j181
St=616 L17.1° VA
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9) A two element series circuit with an instantaneous current i = 4.24 sin (5000t +
45°). Has a power of 180 Watts and a power factor of 0.8 lagging. Find the circuit

constants.

Given:

i = 4.24 sin (5000t + 45°) A
P=180 W

Cos

Solution:

The effective value of current = (4.24) / V2 = 3.0A

P=I’R
R=(180) / (3)?

Impedance angle

=cos10.8=36.87"°

Number 2 element is an inductor, using power triangle,

(Q/P) = Tan 36.87° = [(ler)? (X.)] / 180

X, = (180 tan 36.87°) / 32
X, =15.0 Q

SinceX, =2 T fL

(0]

15 = 5000L
L=15/5000
L=3mH

=2 T f=5000
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10) Two impedances Z,=5.83 |_-59°Q and Z,= 8.95 L 63.4° are in series and pass
an effective current of a 5 amp. Determine the complete power information.

Given: Z,=5.83 L_-59°Q ; Z,=8.95.63.4°
Solution:

For series impedances; zr=z;:+ 2,
zr=(5.83 L-59°) + (8.95 L_63.4°)
zr=7.0+ j 3Q

Pr=I’R

Pr= (51(7)
Pr=175W

Qr= 12X,
Qr= (5)%3)
Qr=75VAR

ST = \/PT2+QT2

g.= V(175)+(75)
S:1=190.4 VA

Pf= PT/ ST
P.f=175/190.4
P.f = 0.918 lagging
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11) A 500 kVA transformer is at full load with an overall power factor of 0.6 lagging.
The power factor is improved by adding capacitors until the overall power factor
becomes 0.9 lagging. Determine the kVAR of capacitors required after correction of
the power factor, what percentage of full load is the transformer carrying?

Solution:

When

cos ? =p/s:s=500vA

P=500 Cos ¢

P= 500 (0.6)
P= 300 kW

0 - cost 0.6

0 -531°

Q= Vilsin 0
Q=500 sin 53.1°
Q=400 kVAR lagging

Cos o =0.9 lagging,
0 < =cost0.9
9 L - 260
S‘=300/0.9
S =333 kVA

Q‘ =333sin26°
Q' =146 kVAR

Capacitor KVAR = Q — Q' =400 — 146

Q = 254 leading
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12) A two-element series circuit with R =5 Q and X.= 15Q has an effective voltage
of 31.6 volt across the resistor. Find the complex power and the power factor.

LIRS R W

I/\E:-—\ (W) W

TR

- 316V

Given:

R=5Q
Xi=15Q
Er= 31.6V

Solution:

I=Vr/R
I=31.6/5
I=6.32A

Pr= 2R
Pr= (6.32)% (5)
Pr= 200 W

Q.= 17 X,
Q.= (6.32) (15)
Q.= 600 VARS

Complex Power = 200 +j 600

Power Factor= P/ S

o002 (enn 2
Power Factor= 200/ V(200)"+(600)
Power Factor= 0.316 lagging
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13) A circuit with impedance z=8-j6 Q has an applied phasor voltage V= 70.7 L
-90°. Obtain the power triangle.

Given:

Z=8-6 Q
V=70.7 L -90° V

Solution:
Z= 8-j6
Z=R-jXc B B
Effective Voltage = (Phase Voltage) / V2 - (70.7)/ V2
=50V
leftective = 50/10=5A
P=1°R
P=(5)%(8)
P= 200 Watts
QC: |2Xc
Qc= (5)%(6)
Qc=150 VAR

Pf.=P/S
pf=200/ V(2007+(150)

P.f.= 0.8 leading
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14) Determine the circuit impedance which has a complex power of S = 5031 L
-26.57° for an applied phasor voltage 212.1 L 0° V.

Given:
S =5031 L -26.57°
V=2121L 0°V

Solution:
Effective Voltage = (212.2) / V2 =150V

S = 4500 — 2250
P= 4500 W
Qc= 2250 VAR

P.f = 4500 / 5031
P.f = 0.894 Leading

P = Elcos 0

I= 4500 / (150)(0.894)
I= 33.55 A

P =I?R
R= 4500 / (33.55)?
R=4Q

ch |2Xc
Xc = 2250 / (33.55)?
Xc=2.0Q

Z:R-ch
7=4-]20Q
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15) Determine the impedance corresponding to apparent power 3,500 VA, power
factor of 0.76 lagging and effective current of 18.0A.

Given:
Papparent: 3,500 VA

cos 0 = 0.76 lagging

Ieffective = 180 A

Solution:

0 cos*0.76

0 —4053°

S=3500 L40.53°
S=2660.23 + j2274.46; P = 2660.23 W ; Q.= 2274.46 VAR

P=I?R
R=2660.23 / (18)?
R=8.21Q

QL: |2XL
X, =2274.46 | (18)°
XL =7.018Q

z=R +j X|_
z=8.21+)7.018
z=10.8 L40.52° Q
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16) A two branch parallel circuit has a branch impedances of z;= 2.0 - j5.0 Q , z,=
1+j1 Q. Obtain the complete power triangle for the circuit if the two ohms resistor
consumes 20 W.

Given:
2,=2.0-j5.0Q
Z,=1+1 Q
P.o = 20 Watts

Solution:
z,=2-j5=5.385L-68.2°
R1:2Q
Xc=5Q
Z,= 1+4j1 Q = 1.414_45°
= V20/2
I=3.16 A

E= E,=E» = 3.16 (5.385)
E=17.017V

,=17.017V / 2,
1,=(17.017) / (1.414)
l,=12.03 A

Total Power = P2+ Pig
=20 + 1,%(1)
=20 + (12.03)%(1)
=164.7 W

Qc= 11*(5) = (3.16)*(5) = 49.928 VAR
Q.= 1%(1) = (12.03)*(1) = 144.72 VAR

Quer= Qu— Qc = 144.72 — 49.928 = 94.79 VAR (Inductive)

pE=p/ VP *+Qu

pE=p, V(164.77+(95)
P.F.= 0.866 Leading
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17) A two branch parallel circuit with impedances z;= 41_-30° and z; = 5L_60° Q
has an effective voltage of 20V. Obtain the power triangles for the branches and
combine them to obtain the power triangle.

Given:
21: 4| -300 Q
Z>=51L.60°Q
E=20V = EZ]_:EZZ
Solution:
h=Exalz:
l,=20/4
l,.=5A

.= Ex/ 2z
,=20/5
L=4A

Z,=41 -30° =3.46 -2
P1: |12(346)
P.=(5)%(3.46)
P.=86.5W

z,=5L60°=25+j4.33
P2: |22(25)
P,=(2.5)%(2.5)

P.= 40W

Total Power = P; + P>
= 86.5+40
= 126.5W

Qc= 11*(2)
Qc= (5)*(2)
Qc= 50 VARS

Q.= 1,2(4.33)
Q.= (4)%(4.33)
Q.= 69.28 VARS
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QNET: QL' Qc
Qner=69.28 - 50
Qner= 15.28 VARS Inductive

Total Power Triangle:

S = P2+ Quel
g= V(126.5)+(19.28)

S=127.9 VA

cos © =PE=P;/S
Pf. = 126.5/127.9
Pf. = 0.988

S=127.9L.0.988°
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18) Obtain the complex power for the complete circuit below if branch 1 takes 8
kVAR.

Given:
Q.=8 kVAR
Xu=j5Q
R.=4Q
X|_2: ]ZQ

Solution:
Q.=8000 VAR (inductive)
QL: |12XL
1,2= 8000/ j5
lL=40A

E= |1X|_
E= (40)(5)
E= 200 Volts

Z,=4+(2Q
Z,= 4.471 26.56° Q

I,= 200/ 4.47
l,=44.47 A

P1:|22 (4)
P.=(44.47) (4)
P.=8,006.0 W

QL:|22 XL
Q.=(44.74)% (2)
Q.=4,003.3 VAR

Total Power = 8,006.6 W

Qner=Pr+ QL
Qner= 8,000 + 4,003.3
Oner=12,003.3 VAR
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S? = Pr+ Quet
s = V(8006.6)+(12,003.3)

S =14,428.6 VA

cos ¥ =PF=pP;/S

P.f. =8,006.6 / 14,428.6
P.f. = 0.555 Lagging

S =14,428.6 L_56.28°
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19) A two element series circuit has average power of 940W and a power factor of
0.707 leading. Determine the circuit elements if the applied voltage V = 99.0 cos
(6000t + 30°) V.

Given:
Pae= 940 W ; pf: 0.707

Solution: B
Ecreane = 99.0/ V2 =700
P= Veff X Ieff CcoS 6

ler= 940 / [(70)(0.707)]
ler=19.0 A

Ieff2 R: 940
R=940/19°
R=2.6Q

For leading power factor ,
0 - cos? (0.707)

9 — _450

z=R —jXc; Xc=2.6tan 45°
Therefore,

260=1/ “ C

C=1/[(2.60)2 ™ )(60)]

c=641 HF
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20) A two branch parallel circuit has a corresponding phasor diagram as shown
below. Find the branch impedances Z:and Z,.

Solution using V; as reference phasor
l, =4.951_-82.87° A; 1,=6.671_90° A

le V/|1

Z,=(100L0°) / (4.95_-82.87°)
Z,=20.21.82.87°
Z:=25+j20Q

R.;=2.5Q
X|_1: 20Q

ZzZV/lz

Z,=(100L0°) / (6.67 L_90°)
Z,=151_-90°Q

Z,= 0-15Q

R2.=0Q
Xc2: 15Q
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21) A two branch parallel circuit has an applied voltage and resulting currents as
given in the phasordigram shown in the figure. Find the branch impedances Z, and
Z

Given:

l,= 6.5A
,=5A
V=150V

Solution:
Using X as reference phasor

V;=150L -30°
l,=6.5 L30°
l[,.=5L-53.1°

le V/ |1

Z,= (150L-30°)/(6.5 L 30°)
Z,= 23.07L-60°
Z,=11.53-j20Q

Zzz V/ |2

Zo= (150L-30°)/(5L_-53.1°)
Z,=30L23.1°

Z,= 27.6+j11.77Q
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22. Given I;:=21L.-30° and |I+=4.471_33.4° A. Find Z,

Solution:

|2: IT' |1

= (4.4733.4°) — (2L-30°)
= 2+ j3.46
= 41_60°

|121: |222

Zo,= (I121)/ P
Zo=[(2L_-30°)(10)] / (4L 60°)
Z,=0 - j5Q
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23. Use admittances to obtain Yeq and Zesfor the four branch parallel circuit shown
in figure below. Compute I+ from the equivalent circuit.

Given:

Z,= 0+j5Q = 51.90°
Z,= 5+i8.66 = 10L 60°
Z,= 15+j0 = 15L90°
Z,= 0-j10 = 10L_-90°

Yeq= (Za)* + (z2)™ + (zo)" + (z4)*
Yeq= (5L90°)1+ (10L 60°) + (15L90°)* + (10L_-90°)*
Ye= 0.22L -58°

Zeq = qu-l
Zeq= (0.221_ -58°)*
Zeg= 4.5451 58°

|T: V/ Zeq
lr= (150 45°)/ (4.545L 58°)
l~=33L-13°
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24) Find the equivalent admittances and impedance of the three branchparallel
circuit shown below.

Given:
Z:= 10+4j5=11.18L 26.56°
Zzz SQ = 5|_00

Z3=2+j8 =8.241_76°

Solution:

Yeq= (Z0) +(Z2)* +(Z3)*

Yeq= (11.181.26.56°)*+(5L0°)" +( 8.24L76°)*
Yeq= 0.346L_-27°

Zeq: qu-l
Zeq=( 0.346_-27°)"
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25) Given: V=50L_30°; I+=27.91_57.8° A. Determine the value of Z; in the given
figure.

Solution:

Zap= (ZzX Zs)/ (Zz + Zs)
Za= (2-2)x(10) / (2-j2)+(10)
Zap=2.3251 -35.53°Q

"=V | Zas
"= (100L_90°)/ (2.325_-35.53°Q)
"= -25+j35 A

=l —I”
I'=(-10.86 + j49) — (-25+|35)
I'= 201 44.2° A

Z=V /I
Z=(100L90°)/ (20L 44.2°)
Z=545.8°Q
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26) Referring to figure below, determine the constants R and X, if the total effective
current is 29.9A, the current in the pure resistor is 8A and the current in the parallel
Reis 22.3 A.

Given:
= 29.9A
l,=22.3A
|2:8A

Solution:

Zap= (ZzX Zs)/ (Zz + Zs)
Zan= (3-j4)x(5) / (3-j4)+(5)
Zap=2.79L-26.56°Q

"=V | Zas
"= (50L30°)/ (= 2.79L -26.56°Q)
= 17.92_56.56A

=l —I”
I'=(27.9L57.8°) — (17.92_56.56)
I'=9.98L 60° A

Z=V /I
Z=(50L30°)/ (9.98L 60°)
Z=51-30°Q
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27) If V=100L90° and 1:=50.21_102.5° in the figure below, determine the value of
Zi.

Given:
Z,=2-2Q
Z3: 10Q

Solution:
For resistive circuit, the current is in phase with the voltage thus;

|2:8|_0°

1,=22.3A

cos @ =[8+(22.3)2-(29.9)2]/ (2)(8)(22.3)
D = cos’ (-0.9325)

9@ -158.82°

l,=22.3-21.18°

le V/ |1
Z:= [(8)(15L 0°)] /( 22.3L_-21.18°)
Z,=5.38.21.18°

Y1: Zl_l
Y.= (5.38121.18°)*
Y.= 0.1733 + j0.067

R=1/0.1733
R=5.8Q

X.=1/ 0,067
X1=14.9Q
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28) A voltmeter placed across the 3 ohms resistor shown, if the voltmeter reads 45
volts. What is the ammeter reading?

Solution:

lzo =4.5/3 =15A

Rue = (5x2)/(5+2) = 1.43Q

Z1= Rapt10

Z,=1.43+10

Z:=11.43Q

Zeq: (lez)/(zl+ Zz)

Zeq= (1.43)(3+j3)/(1.43)+ (3+]3)
Zeq:3.28 I_ '33250

.= (15)(3+j3)/ 11.43
loc= 3.92 +j3.92

Ammeter Reading
|am: ISQ+ |ac

lam= 15 +(3.92+4)3.92)
lam=19.4111.71°
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29. In the circuit of figure below, the effective voltage between points A & B is 25V.
Find the corresponding effective values of V and I+ (Hint: assume any convenient V'’
and determine the corresponding Vs ; Then (V/25) = (V'/Va'))

Given:

Va= 25V

Z1= 5+j3Q =5.831_30.96°
Z,=10+0=10L0°

Solution:

Let V'= 120V

1,=(120)/ (5.83130.96°)
l;=20.58L_-30.96°A

l>=(120L0°)/ 10
=12 0°A

Vag'= -11(5) + 12(6)
Vas'=[-(20.581_-30.96°A)(5)] / [(12L0°)(6)]
Vas'=55.36L-107.05° V

Then;

V= 25(120/ 55.36)
V=542V

Z+=[(10)(5.38L_30.96°)] / (15+j3)
Z:=3.81L.19.65° Q

IT: V/ZT
l+=54.2/3.81
lt=14.22 A
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30. Asingle-phase AC voltage of 240V is applied to series circuit whose
impedance is 10L60°Q. Find R,X,P,Q and the power factor.

Solution:
R = 10cos 60°
R=500Q

X =10 sin 60°
X=8.66Q

| = (240L0°) / (10L 60°)
| = 24L -60° A

P = (24)° (5)
P = 2880W

Q = (24)? (8.66)
Q = 4988 VAR

p.f = cos [tan*(Q/P)]
p.f = cos [tan?(4988/2880)]
p.f=0.5
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31. If a capacitor is connected in parallel with the circuit of the previous problem
and if this capacitor supplies 1250 VAR, find the P and Q supplied by the 240V
source, and find the resultant power factor.

Given:

P = 2880W
Q = 4988 VAR

Solution:

Q= 4988 — 1250
Q= 3738 VAR

Power factor = cos [tan™(Q/P)]
p.f = cos [tan?(3738/2880)]
p.f=0.61
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32. Find the equivalent impedance and equivalent admittance for the two branch
parallel circuit shown in fig. below. Compute the current from each equivalent

circuit.

Given:

Z,=10 +j20Q = 22.36_63.43°
Zc=15- j15Q = 21.21L -45°

Solution:
Zeq: (ZL X Zc) / (ZL + Zc)

Zoq= (22.36L63.43° x 21.21-45°) / (22.36_63.43° + 21.21 L -45°)
Zoq= (474.25 118.43°) / (25.5L 11.319°)

Zeq=18.6L7.12°

qu = Zeq-l
Yeq = (18.617.12°)"
Yeq= 0.0538L-7.12°

|1: V/ZL
I,=200L.0°/(22.36.63.43°)
L=8.94L -63.43°

L= 4-j8 A

lo=VIZc

[,= 200L0°/(21.21 L -45°)
[;=9.43145°

l,= 6.66 + j6.66A

lr=h+1

lr=(4- j8) + (6.66 + |6.66)
I+ =10.66 —j1.34
I+=10.741_-7.16°
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33. Find It in the two branch parallel circuit shown in figure below. Find the
equivalent impedance from the ratio V/I+ and compare this with Zeq = Z:Z, | Z1+2Z,

Given:
Z1= 4- j4 =5.65L_-45°
Z,=5+j8.66 =9.991_59.99°

Solution:
|1: V/Zl
[;=(100L_30° )/(5.65L -45°)
1= 17.7L75°

|2: V/Zz
l,= (100 L 30° )/(9.991_59.99°)
l,=10L-30°

|T = |1 + |2

lr=( 17.7L75°) + (10L -30°)
= 13.24 + j12.09
l-=17.9142.4°

Zeq: (ZL X Zc) / (ZL + Zc)
Zeo=[ (5.65 L -45°) x(9.991 59.99°)] /[ (5.65L -45°) +(9.99L 59.99°)]
Zeq= 5.57L -12.4°

1= V/ Zeq
I= (100L30° )/(5.57 L -12.4°)
1= 17.9142.4°A
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34. A resistor and an inductor are connected in parallel to a 120 volt 60 cycles
source. If the total current and power in the circuit are 17A and 1800 Watts ,

calculate the values of R and L.
Given:

I=17A
PT: 1800W
V=120V = Vg

Solution:

Pr=V:ltcos 0

0 = Cos™[(120 x 17)/ 1800 ]
0 = 28,0725 °

cos 0 o_ Ir/ 11
Ir= (17) cos 28.0725°
k= 15A

VR: IR R

120= (15A)R

R =8Q

sin 6 = ||_/ IT
I.=(17) sin 28.0725°
.= 8A

X=2 T fL
X.=15Q

L= ™ )®60)/15
L =0.0398 H
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35. Asingle-phase inductive load draws 10 MW at 0.6 power factor lagging. Draw
the power triangle and determine the reactive power of a capacitor to be connected
in parallel with the load to raise the power factor to 0.85

Solution:

(10/0.6) sin (cos™ 0.6) = 13.33
Cos™ (0.85) = 31.79°

10 tan 31.79° = 6.2 VAR

Qc=-(13.33-6.2)
Qc=-7.13 Mvar
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36. A resistor R are connected in parallel to an inductive resistance jX,. and the
combination is connected in parallel to a 4 ohm resistor. The total current is 30A,
the current through the parallel R and jX. is 18 A while current through the 4 ohm
resistor is 15A. Determine the unknown R and jX.

Solution:

0 =180 — cost[(I:? + 12 — I1)] /(21 1)
0 =180 — cos®[(18% + 152 — 30%)] /(2)(18) (15)
0 = 49.4584°

Vr= 4(15A)
V= 60V

Ir= 11C0OS 0

Ir= 18 cos 49.4584°
Ir=11.7A

||_: |1Sin 6
I.= 18 sin 49.4584°
Il=13.687A

R = VT/ IR
R=60V/11.7A
R=5.1282 Q

XL: VT / ||_
XL =60V /13.687A
XL =4.3837 Q
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37. A series combination of R and C is in parallel with a 20Q resistor. A 60 Hz
source resulting in a total current of 7.02A, a current through the 20Q resistor is 6A
and the current in the RC branch is 2.3A. Determine the R and C.

Solution:

0 = cost[(17? - 1Ik2 = 12)] /(21r 1)
0 = cost[(7.022 - 62 — 2.39)] /(2)(6) (2.3)
0 =731715°

Vo= (20Q)(6A)
V=120V

Z=V+l I,
Z=120V/ 2.3A

7=521739 L ¢ 0

Z=52.1739 |_73.1715° Q
Z=15.1048 + | 49.9396
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38) A load of 300kW with a power factor of 0.65 lagging has the power factor
improved to 0.90 lagging by the addition of parallel capacitors. What kVAR of
capacitors does require to improved the power factor?

Given:

P= 300kW

Pfi = 0.65 lagging
Pf= 0.90 lagging

Solution:
0 = cost 0.65
0 = 49.4584°
6 = cos?t0.90
0 =258419°

Qreq:P[tan 0 | —tan 0 f]

Queq 300KW (tan49.4584° - tan25.8419° )
Qreq= 205.4425kVAR (leading)
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39) A 20 ohm resistor is connected in series with a parallel combination of a

capacitance C and 15mH pure inductance. At angular frequency

@ =1000rad/s,

find C such that the line current is 45° out of phase with the line voltage.

Given:

R=20Q
L =15mH

@ = 1000rad/s
Cc=?

Solution:

Z=R + jX
Z7=20 + [(j15)(-}Xc)] / (15- Xc)

e ¢}

Zr=

0 =20 + [(j715)(-}Xc)] / (15- Xc) ]
Xc = 60Q

C=1/@2 ™ X
C = 1/ [(1000)(60)]
c=16.6667 H F
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40) An inductive coil consumes 500W of power at 10A and 110V and 60Hz.
Determine the resistance and the inductance of the coil.

Given:
P= 500w
| =10A

Solution:

PT: VT IT coSs 6

9 = Cos®[(110 x 10)/ 500]
0 - 62.9643°

zr=V+llt
zr=110/10
1= 11Q

Z:=11L 62.9643 °
Z:=5 +.7980

Xi=9.7980

X=2 T fL

X.=9.7980
L=9.7980/(2 ™ )(60)
L = 25. 9900H

R =5Q
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41) An inductive coil having a 30 ohm resistance and unknown reactance is
connected in parallel with 100 ohm resistor. The combination is connected across a

100V 50/ ™ Hz source. If the power delivered by the source is 400W, find the
value of the inductance.

Solution;

Pr=P.:+ P

PT: (|12 R) + (VZ/R)

400= (12 (30) + (100%100)
l1 =3.1623 A

Z=V/1,
Z =100 /3.1623
Z=31.6266 Q

72 =R? + X2
(31.6266)? = 302 + X?
XL: 10

X=2 T fL

L=10/(2 ™ )50/ ™)
L=0.1H
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42) A 250VA 0.5 lagging power factor load is connected in parallel to 180W 0.8
leading power factor load and the combination to 300VA 100 VAR inductive load.
Determine the complex power for the combination of the three loads.

Given:

Load 1: 250VA, p.f 0.5 lagging
Load2: 180W, p.f 0.8 leading
Load 3: 300VA 100 VAR

Solution:

0 1= Cos™*0.5
9 1: 600

0  ,=cCos'08
,= 36.8699°

52: Pz/ coSs 6 2

S.= 180/ cos 36.8699°
S>= 225 VA

1=sintQ/S
1= sin*100/300
1=19.4712°
S1=S1+S:+Ss
St=(250L.60°) + (2251L_-36.8699°) + (300L.19.4712°)

St=587.8427 + ) 181.5062
Sr=615. 2265 _17.1589°

Sr=615. 2265 VA
P =587.8427 W
Q = 181.5062 lagging
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43. A given load takes 40kVaat 0.5 lagging power factor while another load
connected in parallel across the same source takes 80 kVa at 0.88 lagging power
factor. Find the total reactive power.

Solution:

=40 kVa @ 0.5 lagging
=80 kVa @ 0.88 lagging
Sy = S . S,

St =4ol. 05" g5+80L oS 0gg
=40 L-60 + 80 L-28.357
=90400.42217-j72638.12866° kVa

Qr =72638.9108 VAR
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44. An inductive reactance of 10Q is connected in parallel with capacitive
reasctance of 30Q. If the combination is connected in series with 10 Q resistance,
solve for the total impedance of the circuit.

Solution:

e Ly
= 0+jx, 0—jx, +10

-1

1.1
Zr P—f§z+1};] +10

-1

e
= 10 “30° t10

15 410
_ 18.03L56.31°
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45. Two impedances

the total power?

Solution:
2y =3+j4=515313°
2> =5.18.66 = 9.99977 L -59.9993°
E
I, — Z_
1
[ 240 Lo
' = 5ls53.13°
I - 48l53.13°
Pl = Ilz R
2
P, — 48 (3)
P, —go12w
E
I, — Z_Z
I 240 Lo
2 = 9.99977 L_59.9993°
I, - 241.59.9993°
P2 et IZZ R
P, — 247 (5)
P, —o8g0w
P, _ P, , P,
p

41 =34ja,
parallel. If the combination is connected across a 240 V ac source, how much is

=9792 W

Z =5-j8.66 Q respectively are connected in
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46. A coil having a resistance of 30Q and an inductance L is connected in parallel
with a resistor having a resistance o 100Q. The combination is connected across a

100V, 60 Hz source. If the power delivered by the source is 400 W, find the value of
L.

Solution:

1 1
YT = R1+jXL + RZ
YT 3 Rl JXL L

30 1 X,

Y — , — 4 ———
"=l 30%+x,° * 100 1-] 30%x,?
P, _ E’G,
30 1
100° 0 (———+——
400W=( "<302+ X, 100/
X1 2100
X K
L=2 " L= (2nf)
10
L= (27)(60)

L=0.0265 H
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47. A parallel circuit consists of a resistor having a conductance of 4 mhos, an
inductive reactor having a susceptance of 8 mhos and a capacitive reactor having
a susceptance of 6 mhos. What is the impedance of the circuit?

Solutiuon:
Gr =40
BTL =SQ
BTC :GQ
Yr —4j8+i6
Yo =440
1
Z - -
T'= 4-j2

Zr -0.2236 L26.57°
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48. Two parallel branches have admittances of 0.3+j0.4 and 0.2-j0.5 respectively. If
the current in the first branch is 11 A, determine the total current supplied to the
combination.

Solution:
Y, =Y +Y,
Y,=0.3+j0.4+0.2— j0.5
Y,=05—j0.1
z,=2L-5313°

E=IZ
_ 2L_53.13°
E=(11)( )
L_ o
= 22L-53.13

Y,=0.5099 L—11.31°
I,=EX,

22 L_53.13°

L_ o;

1,=11.2178 L =64.44°
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49. Two impedances Z =3+j4 and 2 =R+j0 are connected in parallel.

Determine R so that the power factor of the circuit is 0.9 lagging.

Solution:

1 1
e
3+j4 R,

_ 1 1
e t+t—
R+jX, R,

_R—jX, 1
! R12+XL2 R,
[ R, 1 . X
Y,= 2 PR I 2
R1 +XL RZ R1 +XL
3 1 4
Y. =| — 4+ — [ — ] ——
" |3%+4% R, T

1 .
Y. .=0.12+——j0.16
T R J

2

0.16
Tan 25.84° = 0.12+Ri

2

R=4.75Q
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50. An inductive coil with a resistance R and inductance L is connected in parallel
with a 30 Q resistor. The combination is then connected across a 60 Hz source. If
the currents in the coil, resistor and total are 6,4 and 8 A respectively. Determine
the inductance of the coil.

Solution:
E=(30]4|
E=120V

62+42—82]

p=cos™[ 12)(6](4]

B=104.4775°
0=180—p
0=75.52°

IZE;ZZEZZOQ
Z 6

Z=20L7552°
Z=5.0008+j19.36
R=5.0008 Q
X,=19.36Q

19.36

"~ [2m)(60)
L=0.0514H
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51. Two circuits, the impedance of which are given by Z, =10 +j15and Z, =6 — 8
ohms are connected in parallel. If the total current supplied is 15A, what is the
power taken by each branch? Find also the p.f. of individual circuits and of
combination. Draw the vector diagram.

Solution:

Let 1=15cjs0°A;Z; =10+ j15 = 18 ¢js 57° O
Z,=6-j8=10cjs -53.1° Q

Getting the total impedance:
ZT: lez /(Zl+ZZ) :[(10+]15) (6—]8)]/(16+]17)
Z7r=9.67-)3.6 Q=10.3 ¢cjs -20.4° Q

Applied voltage is given by:
V =1Zr=(15¢js 0°) (10.3 ¢js -20.4° ) = 154.5 ¢js -20.4° V
L=V /Z,=(154.5cjs-20.4°)/ (18 cjs 57°)=8.58 cjs -77.4° A
l,=V/Z,=(154.5cjs -20.4° ) / (10 ¢js -53.1° ) = 15.45 cjs 32.7° A

We could also find branch currents as under:
lh=(1Z2) 1 (Z1+ Z5) and l,=(12Z1) /1 (Z1+ Z)

It is seen from the phasor diagram that I, lags behind V by ( 77.4° - 20.4° ) = 57°
and |, leads it by ( 32.7° + 20.4° ) = 53.1°

Therefore:
P: = 1:°R; = (8.58)? x 10 = 736 W; p.f. = cos 57° = 0.544 (lag)
P, = I.?R, = (15.45)? x 6 = 1432 W: p.f. = cos 53.1° = 0.6

Combined p.f.:
p.f. = cos 20.4° = 0.937 (lead)
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52. Two impedance Z, =8 + j6 Q and Z, = 3 — j4 Q are in parallel. If the total

current of the combination is 25 A, find the current taken and power consumed by
each impedance.

Solution:

Let:

Z,=(8+j6)=10cjs 36.87° Q

Z,=(3-j4 )=5¢js-53.1°Q

Zr= Z1Z,1(Z1+2:)=[(8+6)(3—j4)]/ (11 +j2)

Zr=(50cjs -16.23°)/( 11.18 ¢js 10.3° ) = 4.47 ¢js -26.53° Q

Iy = 25 A

V = I1Zr = (25 ¢js 0° ) ( 4.47 cjs -26.53° ) = 111.75 cjs -26.53° V
ly=V/Z = (111.75 cjs -26.53° ) / ( 10 cjs 36.87° ) = 11.175 cjs -63.4° A
l,=V/Z,=(111.75 cjs -26.53° ) / ( 5 cjs -53.1° ) = 22.35 cjs 26.57° A

The phase difference between V and I, is ( 63.4° - 26.53° ) = 36.87° with the

current lagging. Hence, cos @, = cos 36.87° = 0.8.

Power consumed in Z; = VI cos@: = [ (11.175) (111.75) (0.8) ] = 990 W
Similarly, @, = 26.57° - (-26.53°) = 53.1°

cos @, = cos 53.1° = 0.6

Power consumed in Z; = VI;cosd: = [ (111.75) (22.35) (0.6) ] = 1499W
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53. A mercury vapour lamp unit consist of a 25 pF condenser in parallel with a
series circuit containing the resistive lamp and a reactor of negligible resistance.
The whole unit takes 400 W at 240 V, 50 Hz at unity p.f.. What is the voltage across
the lamp?

Solution:
Xc=[1/(2nfC) 1=[1/(2m) (50) (25 x 10°) ] =127.3 Q
lc=V/Xc=(240/127.3)=1.885A

W =VIcos @ =VI
I=(W/V)=(400/240)=1.667 A

Since the vector sum of Ic and @, gives the total current I. it is understood
that tan @, =1c/1=1.885/1.667 = 1.13077. Hence, @: = 48.5° lag. The applied
voltage V is the vector sum of the drop across the resistive lamp which is in phase
with 1, and drop across the coil which leads I, by 90°.

Voltage across the lamp:
V =V cos @ = 240 x cos 48.5° =240 x 0.662 = 159 V
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54.  The currents in each branch of a two-branched parallel circuit are riven by
the expression i, = 7.07 sin (314t — 1t/4 ) and i, = 21.2 sin (314t + 11/3). The supply
voltage is given by the expression v = 354 sin 314t. derive a similar expression for
the supply current and calculate the ohmic value of the component, assuming two
pure components in each branch. State whether the reactive components are
inductive or capacitive.

Solution:

By inspection, we find that /i, lags the voltage by 11/4 radian or 45° and iy
leads it by 11/3 radian or 60°. Hence, branch A consists of a resistance in series
with a pure inductive reactance. Branch B consists of a resistance in series with
pure capacitive reactance.

Maximum value of current in branch Ais 7.07 A and in branch B is 21.2 A.
the resultant current can be found vectorially.
X comp = (21.2 cos 60°) + (7.07 cos 45°) = 15.6 A
Yeomp = (21.2 sin 60°) — (7.07 sin 45°) = 13.36 A
Maximum value of the resultant current is:
Ir? = (15.6)* + (13.36)?
lr=20.55A
@ =tan * (13.36 / 15.6) = tan™ (0.856) = 40.5° (leading)
Hence, the expression for the supply current is I = 20.55 sin (314t + 40.5°
Zn=354/7.07 =50 Q ; cos @a = cos 45° = 0.7071
Ra = Za cos @a = (50) (0.7071) =35.4 Q
XL = Zacos @a=(50) (0.7071) =35.4 Q
Zg =354/20.2=175Q
Rg =17.5x cos 60° =8.75 Q
Xc=17.5xsin 60° =15.16 Q

Group IV June 4,2013

EE 3303 Engr.Kenneth F. Fajilan




55. Atotal current of 10 A flows through the parallel combination of three
impedances: (2 —j5)Q, (6 +j3) Q, and (3 + j4)Q. Calculate the current flowing
through each branch. Find also the p.f. of the combination.
Solution:
Let Z;=(2-j5Q,Z,=6+)3)Q,andZ;:=(3+j4) Q

Z:7,=(2-5)(6+]3)=27—-j24 Q

Z,Z;=(6+j3)(3+j4)=6+j33Q

Z3Z,=(3+j4)(2-]5)=26-j7Q

lez + Zng + Z3Zl = (27 —124) + (6 + ]33) + (26 — ]7) =59 + J2 Q
Getting the currents:

s =1 {(Z2Z3) [ (Z1Z2) + (Z2Z3) + (Z3Z4) ]} = [(10 +j0) (6 +33) / (59 +2)] =
1.21 +j5.55A

|2 =1 {(21Z3) 1 [ (Z1Z2) + (Z2Zs) + (Z324) ]} = [(10 +j0) (26 —j7) / (39 + j2)] =
4.36 —j1.33A

v =1 {(Z221) I [ (Z1Z2) + (Z2Z3) + (Z3Z41) 1} = [(10 +jO) (27 —j24) [ (59 +j2)] =
443 -j4.22 A
For the total impedance:

Zr = {(Z1Z225) | [ (Z1Z2) + (Z2Z3) + (ZsZ2) [} = [ (2 —5) (6 +]33) ] / (39 +]2) =
3.01+j0.51Q

V = (10 cjs 0°) (3.05 ¢js 9.6°) = 30.5 ¢js 9.6°

Combination p.f.:
p.f. = cos 9.6° = 0.986 (lag)
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56. Two impedances Z; = (6 — j8) ohms and Z, = (16 + j12) ohms are connected in
parallel. If the total current of the combination is (20 + j10) A. Find the complexor
for power taken by each impedance.
Solution:
Finding out the applied voltage:
Y=Y1+Y,=[1/(6-j8)]+[1/(16+12)]=(0.06 +j0.08) + (0.04 +
j0.03) = 0.01+j0.05 = 0.1118 cjs 26°34°
| =20 +j10 = 22.36 cjs 26°34’ A
V=1/Y=(22.36 cjs 26°34") / (0.1118 cjs 26°34’)
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57. The power factor for the circuit, overall, has been substantially improved. The
main current has been decreased from 1.41 amps to 994.7 milliamps, while the
power dissipated at the load resistor remains unchanged at 119.365 watts. The
power factor

is much closer to being 1:

Solution:

P.f. =true power / apparent power
P.f. =119.365W / 119.366 VA
P.f. =0.9999887

impedance (polar) angle = 0.272
cos 0.272 = 0.9999887
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58. Calculate the current in this circuit, and also the amount of mechanical power
(in units of "horsepower") required to turn this alternator (assume 100% efficiency):
given, volts and 3.4 resistance.

Solution:
I=V/R

| =480/ 3.4
| =141.18 A
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59. A 50-microfarad is connected in series with a coil 50 ohms resistance and 150-
mh inductance. The source voltage is 100 sin (wt — 30) V. What is the maximum
power?

Solution:
X, =wL = 377(0.150) = 56.55Q
1 1

Xe= wC = 377(50x10°°) =53.05Q

/= \/R2+(XL_XC)2

7 = 1/50°+(56.55—53.05)"

Z =50.122Q
R _ 50
©.=cos 7z =cos ( 50122 )=3.998

=4

Ey 100<—30%
Im= "7 = 50122<4:% =1.995<-34
Pm = Emlmcos © = (100)(1.995) cos 4°

Pmn =199 W
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60.

Aload of 20 + j35 is connected across a 220 volts source. Determine the power
factor and the VARS.

Solution:

Z =20 +j35 = 40.31 < 60.255’
pf = cos © = cos 60.255 = 0.496

pf = 49.6 %

Q=Elsin©=

E’ 220°

7 sin®= 3g31 sin60.255

Q =1042.25 VARS

Group IV

June 4,2013
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61. The network is part of the schematic describing an industrial electronic sensing
device. What is the total impedance of the circuit at 2 kHz?

Solution:

Z, =50 + 1/j0C = 50 + 1/(211)(2x10° )(2x10°)
= 50 — j39.79

Z, = 80 + jwL = j(21m)(2x10° )(2x10°)
= 80 +j125.66

Z3 =100

1Z = 1/Zy+ 1Zo + 1/Zs
1/Z= 107 (10 12.24+ j9.745 +3.605- j5.663)
7= (25.85 + j4.082) x10?
= 26.17x10°£8.97°

Z=38.21/L-8.97°Q

Group IV June 4,2013
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62. Two electric units are connected across a source whose frequency is 50 cps. If
the voltage drop across the units are 115 and 90 volts and they are out of phase by
90°, what is the equation of the voltage across the source?

Solution:
- VE+E)
_ 1152490

E.=5 V853 = 146.031

90
©=tan'( 115 )
© =38.0470°
Em = Er \/2

- 146.031( V2 )

Ew = 206.5188 V
w = 21tf

= 211 (50)
w=314

E. = 206.52 sin (314t + 38.05) V

Group IV

June 4,2013

EE 3303

Engr.Kenneth F. Fajilan




63. An impedance draws a current of 24 A at 0.8 lagging power factor from a
source voltage of 240V, 60 Hz. What is the current when resistance is reduced by
50%7?

Solution:

R =Z (Pf) = (10) (0.8) = 8Q
X, = \/ZZ—R2

_ 108

XL: GQ
When R = 4Q
7 = \/R_XLZ

= V4-¢?

z=2 V13 g
240V
=Z= 2130

| =33.2820 A

Group IV June 4,2013
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64. A single phase load takes 60 kW at 80% pf lagging from a 220 V, 50 Hz supply.
If the supply is made 60 Hz, with the voltage remaining the same, what will be the
kW load at 60 Hz?

Solution:
At 50 Hz:
2 \2
- E~cosO :(220) («0-8J=0,6450hms
p 60000

6=cos ' 0.8=36.869°

0

R=Z cos =0.645(0.8)=0.516 ohms

X =Z sin 0 =0.645(sin36.869 ’ )=0.387 ohms

XI _ 0.387
L= 2nf 2nr(50]

=1.232mH

At 60 Hz:
x=2 T fL=2 T (60)(1.232x10%)=0.464 ohms

7= VR*+ X F=(0.516/"+(0.464] = 0.694 ohms

R _0.516
S==02=(.744
cos ¥ = 7 0.694
E’cos® _(220(0.744]
P= 7z 0.694 =06 51,887.03 W
Group IV June 4,2013

EE 3303 Engr.Kenneth F. Fajilan




65. An inductive coil takes a current of 2 A and consumes 200 W when connected
to a 220 v AC supply. A second coil when connected across the same supply takes
3 Aand 300 W. Find the total power when the two coil are connected in series to
this supply.

Solution:

Pa 200 _
Ra: ﬁ__f —500th
_ £:@:1100hms
Z= Ja 2

_ VZd—Ra’=V110’-50°=97.980 ohms

Pb 300 _

Rb: 1—132_?_33'333 ohms
E 220

Ze= b 3 =73.333 ohms

X,= VZb'—Rb’=173.333"—33.333’=65.320 ohms

)2

7= V[Ra+Rb[ + Xa+ Xb

7= V[50+33.333"+(97.980+65.320]

Z=183.333 ohms

_ E__220 _;504
k= 7zt 183.333

P=I#R=(1.20)%(50+33.333)

Pr=120 W

Group IV June 4,2013
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66. A current of 10 A and a power factor of 0.8 lagging is taken from a single phase
250 volt supply. The reactive power of the system is?

Solution:

0=cos ' 0.8=36.869°

Q=Elsin 0

Q=(250)(10)sin36.869

Q = 1500 VARS
Group IV June 4,2013
EE 3303 Engr.Kenneth F. Fajilan




67. A coil of 50-ohm resistance and of 150 mH inductance is connected in parallel
with a 50 yuF capacitor. What is the power factor of the circuit?

Solution:
X. = wL = (377) (0.15) = 56.55 Q
Xc=1/wC=1/(377) (50 x 10°®) = 53.05Q

(1/Z7)=(1/12Z.)+(1/2)=[1/(50+}56.55) ]+ (1/-53.05)
(1/Z+)=[11/(0.0125 cjs 45.744°) |

Zr=80cjs —45.744° Q

Pf = cos -45.744°

Pf=0.7

Group IV June 4,2013
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68. The impedance Z, = (6 +j8) Q, Z, = (8 —6) Q, Z3 = (10 + j0) Q measured at 50
Hz, form three branches of a parallel circuit. This circuit is fed from a 100 V, 50 Hz
supply. A purely reactive (inductive or capacitive) circuit is added as the fourth
parallel branch to the above three-branched parallel circuit so as to draw minimum
current from the source. Determine the value of L or C to be used in the fourth
branch and also find the minimum current.

Solution:

Total admittance of the three-branched parallel circuit:
Y=[1/(6+]8)]+[1/(8-j6)]+[1/(10+jO)]=0.06—j0.08 + 0.08 +
j0.06 + 0.1 = 0.24 — j0.02 Siemens

Current taken would be minimum when net susceptance is zero. Since
combined susceptance is inductive, it means that we must add capacitive
susceptance to neutralize it. Hence, we must connect a pure capacitor in parallel
with the above circuit such that its susceptance equals +j0.02 S.

I/ Xc=0.020r2mn/C=0.02; C=0.2/314 = 63.7 puF
Admittance of four parallel branches = (0.24 —j0.02) + j0.02 =0.24 S

Minimum current drawn by the circuit = 100 x 0.24 = 24 A

Group IV June 4,2013
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69.

A current of 8 A and a power factor of 0.8 lagging is taken from a single
phase 220 volt supply. The reactive power of the system is?
Solution:

6=cos ' 0.8=36.869 °

Q=E sin 0

Q= (220)(8)sin36.869
0=1055.98 VARS

Group IV June 4,2013
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70. Asingle phase load takes 55 kW at 70% pf lagging from a 240 V, 50 Hz supply.
If the supply is made 60 Hz, with the voltage remaining the same, what will be the
kW load at 60 Hz?

Solution:
At 50 Hz:
5 2
. E c059:(240) (0'7]:0.7330hm5
p 55000

6=cos '0.7=45.57°

R=zcos ¢ =0.733(0.7)=0.513 ohms

X.=zsin © =0.733(sin45.57 ° )=0.523
X1 _ 0.523
L= 2naf 2nr(50)

=1.66 mH

At 60 Hz:
Xi=2 ™ fLl=2 " (60)(1.666x10°%)=0.628 ohms

7= VR™+ X F=V(0.513/"+(0.628]'=0.81 ohms

g R_0513

=0.633
Cos = Z 081

E’cos® _(2401(0.633)
P= "7 7 o081

=45013.33W

P= 45kW




Group IV
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71. A coil of 40-ohm resistance and of 150 mH inductance is connected in parallel
with a 50 yuF capacitor. What is the power factor of the circuit?

Solution:
X. = wL = (377) (0.15) = 56.55 Q
Xc=1/wC=1/(377) (40 x 10°®) = 66.31Q

(1/Z7)=(1/2Z.)+(1/2,)=[1/(40+}56.55) ]+ (1/-66.31)
(1/Z+)=11/(0.0037 cjs 145.74°) ]

Zr=277.78 cjs —145.74 Q

Pf = cos -145.74°

Pf=10.82

Group IV June 4,2013
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72. Find the equivalent admittances and impedance of the three branch parallel
circuit shown below.

Given:
Z,;= 10+4j2 =10.19L11.371°
Z,=2Q=2L0°

Z5=5+j8 =9.431.57.99°

Solution:

Yeq= (Z1)* +(Z2)* +(Za)*

Yeq= (10.191_11.31°)*+(2L_0°)"*+(9.43_57.99°)"
Yeq= .00521_-69.12°

Zeq: qu-l
Ze=(192.18L69.12°)"

Group IV June 4,2013
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73. Given:

Z,=—j2.50hms;Z,= j4ohms;Z,=50hms; Z,= 1+ j5ohms.

If the four

impedances are connected n parallel, find the equivalent impedance in ohms.

Solution:

1
=—+
Z

-
N
N

1
Z

1 1 1 1 1
= +

Z, —j25 j4 5 1+j5

(j04—j025+024——

$0.2+j0.15+0.196 £ —78.69°
$0.2+j0.15+0.0384 — j0.1922

t

1
Z=
0.2421 £-10.038°

Z,241+j0.72Q

5.1£78.69°

ZL=O.2384 —j0.0422=0.2421 £ —10.038°

=4.13 £10.038°=4.066+j0.719Q

Group IV

June 4,2013
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74. Three impedances Za = 3 +j4 ohms, Ze = —j4 ohms and Z = 0+j3
ohms are connected in parallel. Solve for the power factor of the combination.

Solution:
i+ 1+ 11 1 .1
Z, Z, Z, Z, 3+j4 4—j4 j3

1 1
+
54£53.13° 5.656 £—45°

—j0.333

(0.2 £—53.13°+0.1768 £ 45°— j0.333
$0.12—j0.16+0.125— j0.125—j 0.333
$0.245— j0.368=0.442 £—56.34°

1

Z= =2.262 £55.34°
©0.442 £ —-56.34°

pf =cos 56.34°

pf =0.554 lagging

Group IV June 4,2013
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75. A coll of a 50-ohm resistance and of 150 mH inductance is connected in parallel
witha50 H F capacitor. What is the power factor of the circuit?

Solution:
X, =wL=377(0.15/=56.55 Q

wC  377(50x107°)

=53.05Q

C

i1, 1t 1
Z, Z, Z, 50+j56.55 —j53.05

. 1
©75.484 2 48.517°

=j0.01885

$0.0132 £—48.517°+j0.01885
$0.00874 —;0.00988+;0.01885
$0.00874+ j0.00897=0.0125 £ 45.744°

1
zZ,=
0.0125 £ 45.744°

80 £—45.744°

pf =cos (—45.744°)

pf=0.7
Group IV June
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76. Aresistor of 50 ohms and an impedance of 100+ j50 ohms are connected in
parallel across a 220 volts supply. What is the power factor of the load?

Solution:

1 1

i_tr, 1 1., 1
Z, Z, Z, 50 100+;50
1

50.02+
¢ 111.803 Z 26.565°

$0.02+0.00894 £ —26.565°
¢0.02+0.008— j 0.004
$0.028 £—j0.004

$0.0283 £8.13°

1
Z=
0.0283 £ 8.13°

$35.335 £ —8.13°
pf=c0s(—8.13°/=0.9899
pf=99

Group IV June 4,2013
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77. A 250V, 30 Hz generator supplies power to a parallel circuit consisting of a 20
hp motor whose efficiency is 90% at 0.80 lagging and a second load that draws an
apparent power of 7 kVA at unity pf. Determine the system power factor.

Solution:
p 20(746
Plz—owzﬁz 16.58 kW
n 0.9
p
1:—1:@:20.725 kVA
pf 0.8

6,=cos '0.8=36.869°

S§,=§,+S,

$20.725 £ —-36.869 °+7
(23.58— j12.434
S,=26.657 £—27.803°

pf,=cos27.803°

pf,=0.884lagging

Group IV June 4,2013

EE 3303 Engr.Kenneth F. Fajilan




78. A circuit consists of

Xo - j5 ohms, Xe - -j5 ohms and R=5 ohms all are

connected in parallel. Find the equivalent impedance.

Solution:

1
Z,=——=5Q
0.2
Group IV June 4,2013
EE 3303 Engr.Kenneth F. Fajilan




-6
79 A pure capacitance of 530.515 * 10

farad and an inductance of 530.515
x10~*

henry are connected in parallel across an AC power source. Solve for
their resultant impedance assuming that the frequency is 30 Hz.

Solution:
1 1

Xc:_J = —6
21fC - 27(30/(530.515 x10™°)

=—J10
X,=J2nrfL=72r(30)(530.515x107*|=J 10

1 1. 1
— =
Zt Zl ZZ

11
(ot ——=0
—J10 J10

1
tha

Z,=undefined

Group IV

June 4,2013
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80. Three impedances

Z

0+j8, "¢ =0-j2and

{—j0.125+j0.5+0.2
$0.2+j0.375
(0.425 £61.927°

Z,= L
‘= 0,425 261.927°

$2.353£—-61.927°Q
pf=cos|—61.927|

pf=0.47 leading

Z

wZeZs are connected in parallel. If at 60 Hz, Zq

Z, = 5 + j0 ohms. Solve for the resultant power factor.

Group IV

June 4,2013
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81. A capacitor ,an electric resistance heater, and an impedance are connected in
parallel to a 120 V, 60 Hz system. The capacitor draws 50 VAR, the heater draws
100 W and the impedance coil draws 269 VA at a pf of 0.74 lagging. Determine the
system power factor.

Solution:
S,=J50

S,=100
0,=cos '0.74=42.268°

S§,=269 £—-42.268°=199.06 —J 180.93

S,=S,+5,+S,=J50+100+199.06—J 180.93
$,=299.06— j130.93=326.46 £—23.64° VA
pf,=cos (—23.64°)

pf,=0.916lagging

Group IV June 4,2013
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82. Aresistance of 5 ohms is connected in series with a capacitor of 442.1 yF. The
combination is then connected in parallel with an inductance of 21.22 mH. Solve for
the resultant current if the circuit is connected across a 120 V, 60 Hz AC source.

Solution:

1 1
©721fC 27(60)(442.1x10°°)

=6Q

Z,=R—jX.=5-J6=7.8£-50.19°

Z,=j2nfL=j(2n|(60/(0.02122]|=8

IS S 1

1_ +—= +-
Z, Z, Z, 7.81£-50.19° ;8

$0.128 £5.19°—;0.125

$0.08195+;0.0983—j0.125
$0.08195—j0.0267
$0.08618 £18.046°

Z,= 1
*=0.08618 £ 18.046°

=11.6 £—-18.046°

E
1=—=120 _10344
Z, 1116

Group IV June 4,2013
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83. A circuit consists of

Xo = j10 ohms,

Xe = -j25 ohms and R= 15 ohms all are

connected in parallel. Find the equivalent impedance.

Solution:

1 1 1 1
— = — 4 —
zZ, 7, Z, Z,

i—j0.2+j0.2+0.2=0.06

__1 _
zZ,= 0,06 =16.67Q
Group IV June 4,2013
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84. Calculate the current in this circuit, and also the amount of mechanical power (in units

of "horsepower") required to turn this alternator (assume 100% efficiency): given, volts and
4.6 resistance.

Soloution
I=V/R

| =480/ 4.6
| =104.35A

Group IV June 4,2013
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85. The power factor for the circuit, overall, has been substantially improved. The
main current has been decreased from 1.41 amps to 994.7 milliamps, while the
power dissipated at the load resistor remains unchanged at 119.365 watts. The
power factor

is much closer to being 1:

Solution:

p.f. =true power / apparent power
p.f. =119.365W / 119.366 VA

p.f. =0.9999887

impedance (polar) angle = 0.272
cos 0.272 = 0.9999887

Group IV June 4,2013
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86. A 250V, 30 Hz generator supplies power to a parallel circuit consisting of a 20
hp motor whose efficiency is 80% at 0.70 lagging and a second load that draws an
apparent power of 7 kVA at unity pf. Determine the system power factor.

Solution:

P,. 20(746)

p == =18.65kW
' 0.8
P, 1865
=129 965 64 kVA
Y pf 07

8,=cos '0.7=45.57°

S,=8,+S,

(26.64 £—-45.57°+7
$26.64—j19.023
S5,=31.93 £-36.56°

pf ,=c0s36.56°

pf,=0.803lagging

Group IV June 4,2013
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87. An inductive reactance of 20Q is connected in parallel with capacitive reactance
of 50Q. If the combination is connected in series with 10 Q resistance, solve for the
total impedance of the circuit.

Solution:
S I N N
= 0+jXx, 0—jx, +10

-1

Z, _ [—inLw'XiC] 10
1, .14

Zr _ [—J%*‘J%] +10

Z, _ 10+j33.33

Z; _ 34.80<£73.30

Group IV June 4,2013
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88. A given load takes 50kVaat 0.8 lagging power factor while another load
connected in parallel across the same source takes 70 kVa at 0.65 lagging power

factor. Find the total apparent power.
Solution:
51 =50 kVa @ 0.8 lagging

52 =70 kVa @ 0.65 lagging

St _ S 4 S,

St —5gL. cos' gg+70L- COs 065

St =501-36.87 + 80 L-49.46
St 292-90.80j° kVa
Group IV June 4,2013
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89. Given: V=50L.30° I+=27.9L.57.8° A. Determine the value of Z;.

Solution:

Zab: (ZzX Zs)/ (Zz + Zs)
Za= (4-j4) x(20) / (4-j4) +(20)
Za=4.65L-35.54°Q

"=V | Zas
"= (100L_90°)/ (4.65L-35.54°Q)
"= -12.5+j17.5 A

=l —I”
I'=(-10.86 + j49) — (-12.5+j17.5)
I'=31.54L87.02° A

Z=V /I
Z=(100L90°)/ (31.54_87.02°)
Z=3.17L.2.98°Q

Group IV
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90. An inductive reactance of 20Q is connected in parallel with capacitive
reasctance of 50Q. If the combination is connected in series with 20 Q resistance,
solve for the total impedance of the circuit.
Solution:

L
= '0+jX, 0—jX,° 125

iy

-1

Zo - g tix) s
1.1
Zr _ [—J%"'J%] +25
Z, _ j30+25
Z, _ 25-33.333j
Group IV June 4,2013
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91. A two-element series circuit with R = 10 Q and X,= 25Q has an effective voltage
of 110 volt across the resistor. Find the complex power and the power factor.

Given:
R=10Q
XL: 25 Q
Er= 110V

Solution:

I=Vr/R
=110/ 10
=11A

Pr= IR
Pr= (11)? (10)
Pr= 1210 W

QL: 2 XL
Q.= (11) (15)
Q.= 1815 VARS

Complex Power = 1210 +j1815

Power Factor= P/ S
Power Factor= 1210/ V(1210)°+(1815)
Power Factor= 0.56 lagging

Group IV June 4,2013
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92. A two element series circuit has average power of 760W and a power factor of
0.8 leading. Determine the circuit elements if the applied voltage V = 66.0 cos
(6000t + 30°) V.

Given:
Pae= 760 W ; pf= 0.8

Solution: -
Ecreane = 66.0/ V2 = 46.67

P= Ver X lef COS 0

les= 760 / [(70)(0.8)]
ler=13.57 A

Ieff2 R= 760
R= 760/192
R=2.11Q

For leading power factor ,
0 - cos? (0.8)
0 - 36.87°

zZ=R —jXc; Xc=2.11tan 36.87°
Therefore,

211=1/ “ C

C=1/[11)2 ™ )®60)]

c=125 MF

Group IV June 4,2013
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93. Atwo branch parallel circuit has a corresponding phasor diagram as shown
below. Find the branch impedances Z; and Z.

Solution using V; as reference phasor
l, =5.2L-75.5°A; 1,=8.211_90° A

21: V/|1

Z:=(100L0°) / (5.2 L -75.5°)
Z,=20.21.82.87°

Z,=4.82 +)18.62 Q

R:=4.82Q
Xu1= 18.62Q

ZzZV/|2

Z,=(100L_0°) / (8.21L90°)
Z,=15L-90°Q

Zo= 0-12.18Q

R2: 0Q
Xe2=12.18Q

Group IV June 4,2013
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94. A two branch parallel circuit has an applied voltage and resulting currents as
given in the phasordigram shown in the figure. Find the branch impedances Z, and
Z

Given:

l1= 15A
=13 A
V=220V

Solution:
Using X as reference phasor

V=220 -30°
[,=15 L 30°
l,=13L-53.1°

le V/ |1

Z,= (220L_-30°)/(15 L 30°)
Z:=14.671_-60°
Z,=7.33-j12.70Q

Zzz V/ |2

Z,= (220L-30°)/(13L_-53.1°)
Z,=16.921_23.1°

Z,= 15.576+6.64Q

Group IV June 4,2013
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95. Aresistor of 10 ohms and an impedance of 30+ j6 ohms are connected in
parallel across a 220 volts supply. What is the power factor of the load?

Solution:

11, 1_1, 1
Z, Z, Z, 10 30+j6

1

$0.1+
0.033£—-11.31°

¢0.1+0.00894 £ —26.565°
$0.02+0.0321—j6.410x10—-3
$0.0524 £-7.014°

1
Z=
0.0524 £-7.014°

$19.05£7.014°
pf=c0s(7.014°)=0.9925
pf=99.25

Group IV June 4,2013
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96. A circuit consists of X = j10 ohms, Xe o -j10 ohms and R= 30 ohms all

are connected in parallel. Find the equivalent impedance.

Solution:

1 1 1 1
— = — 4 —
zZ, 7, Z, Z,

(j0.1—j0.1+0.03=0.03

1
Z,=——=33.33Q
©0.03

Group IV June 4,2013
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97. Given I:=41_-45° and |+= 5.21L_37.4° A. Find Z;

Solution:

|2: |T' |1

= (5.21137.4°) — (4L -45°)
l,=1.31+j6.00
,=6.12L77.67°

|121: |2Zz

Z,= (|1zl)/ P}

Z.= [(4L-45°)(5)] / (6.12_60°)
Z,=-1.76 —j2.75Q

Group IV

June
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98. A coil of a 100-ohm resistance and of 50 mH inductance is connected in
parallel with a 4.7 H F capacitor. What is the power factor of the circuit?

Solution:

X,=wL=377(0.05/=18.85Q

1 1

X =—-= =564.3659 Q
wC 377(4.7x10-6)

1 1
+

1_1 1
—_—t =
Z, Z, Z, 100+j18.85 —;j564.3659

. 1
“101.7611 £ 10.6749 °

=j0.00177

$0.01030 £—-20.3946 °

Z,= 1
‘= 0.01030 Z —20.3946°

(,97.06197 £ 20.3946°
pf =cos (20.3946°)

pf=0.94
Group IV June
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99. Three impedances

i15, %c =0-j25and
Solution:

11 1 1
=

Zt Zl Z2 Z3

1 1

1_ 1 1

Z. j15 —j25 9
{— j0.0667+0.04+0.11
$0.11—j0.02667
(0.2885 £—67.5864°

1

Z= 0.2885 £ —67.5864 °
(3.4662 £67.8564 ° Q
pf=cos(67.8564 |

pf =0.3769 leading

Z,.,2. 72

a>™c,”r are connected in parallel. If at 60 Hz, Z

a :0+

Z = 9 + j0 ohms. Solve for the resultant power factor.

Group IV

June 4,2013

EE 3303
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100. A voltmeter placed across the 3 ohms resistor shown, if the voltmeter reads

30 volts. What is the ammeter reading?
Solution:

ls.o =30/3=10A

Ree = (5x2)/(5+2) = 1.43Q

Z,= Rap+10

Z,=143+10

Z,=11.43Q

Zeq: (ZlZZ)/(Zl+ ZZ)

Zeq= (1.43)(3+)3)/(1.43)+ (3+j3)
Zeq=3.281_-33.25°

l= (15)(3+j3)/ 11.43
loc= 3.92 +j3.92

Ammeter Reading

Iam: IBQ+ Iac
lan= 10 +(3.92+j3.92)
lam= 14.461_15.73°

Group IV

June 4,2013
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101. A series combination of R and C is in parallel with a 20Q resistor. A 60 Hz
source resulting in a total current of 7.21A, a current through the 20Q resistor is 5A
and the current in the RC branch is 3.3A. Determine the R and C.

Solution:

0 = cost[(I7? - 12 = 12)] /(21r 1)
0 = cost[(7.212 - 52 — 3.39)] /(5)(7.1) (3.3)
0 -g210°

Vo= (20Q)(5A)
V=100V

Z=V+l I,
Z=100V/ 3.3A

7z=3030L ¢ o

7=30.30 L_82.10° Q
7=4.16 +j 30.01

Group IV June 4,2013
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102. A load of 300kW with a power factor of 0.7 lagging has the power factor
improved to 0.80 lagging by the addition of parallel capacitors. What kVAR of
capacitors does require to improved the power factor?

Given:

P= 300kW

Pfi = 0.70 lagging
Pf= 0.80 lagging

Solution:
6 = co0st0.70
0 =4557°
0 = co0s?*0.80
0 =36.87°

Qreq:P[tan 0 | —tan 6 f]

Qreq 300kW (tan45.57° - tan36.87° )
Qreq= 810.28kVAR (leading)

Group IV June 4,2013

EE 3303 Engr.Kenneth F. Fajilan




103. A 30 ohm resistor is connected in series with a parallel combination of a
capacitance C and 15mH pure inductance. At angular frequency ® = 1000rad/s,
find C such that the line current is 45° out of phase with the line voltage.

Given:

R=30Q
L =15mH

@ =1000rad/s
C=?

Solution:

Z=R+ jX
Z7=30 + [(j15)(-}Xc)] / (15- Xe) |

o0

yas

0 =30 + [(15)(-1Xc)] / (15- Xc) ]
Xc = 60Q

C=1/2 ™ Xc)
C = 1/ [(1000)(60)]
c=16.6667 H F

Group IV June 4,2013
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104. An inductive coil consumes 600W of power at 11A and 110V and 60Hz.
Determine the resistance and the inductance of the caoil.

Given:
P= 600W
| =11A

Solution:

Pr=V:ltcos 0

9 = Cos®[(110 x 11)/ 600]
0 -—g0.27°

zr=V+llt
zr=110/11
ZT= 10Q

Zr=10L60.27 °
Z1=32.5+).9.53

X.=9.53
X=2 T fL
X.=9.53

L=9.53/(2 ™ )(60)
L = 25. 2700mH

R =5Q

Group IV June 4,2013
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105. An inductive coil having a 20 ohm resistance and unknown reactance is
connected in parallel with 120 ohm resistor. The combination is connected across a

110V 50/ ™ Hz source. If the power delivered by the source is 400W, find the
value of the inductance.

Solution;

PT: P1+ Pz

PT: (|12 R) + (VZ/R)

400= (1% (20) + (110%/120)
I, =3.8676 A

Z=V/1,
Z=110/3.8676
Z=28.44 Q

Z? =R?+ X2
(28.44)% = 202 + X?
X,= 20.22

X=2 T fL

L=2022/(2 ™ )50/ ™)
L = 0.2022H

Group IV June 4,2013
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106. A given load takes 40kVa at 0.6 lagging power factor while another load
connected in parallel across the same source takes 80 kVa at 0.7 lagging power
factor. Find the total apparent power.

Solution:

=40 kVa @ 0.5 lagging
=80 kva @ 0.88 lagging
Sy = S, . S,

St 4oL o5 0g+80L o5 07

St 240 L-53.13 + 80 L45.57
St =80.00-)89.13° kVa
Group IV June 4,2013
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107. A parallel circuit consists of a resistor having a conductance of 5 mhos, an
inductive reactor having a susceptance of 9 mhos and a capacitive reactor having
a susceptance of 7 mhos. What is the impedance of the circuit?

Solution:;

Gr =50

BTL :gQ

BTC :7Q

Yr —5.jo4j7

Yo a2

1

Z - -

T'= 4-j2

Zr 20,2236 L26.57°

Group IV

June 4,2013
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108. Two parallel branches have admittances of 5+j2 and 3-j4 respectively. If the
current in the first branch is 12 A, determine the total current supplied to the
combination.

Solution:
Y, =Y +Y,
Y,=5+j2+3—j4
Y,=8-j2
Z,=825L-14.04°

E=I1Z .
2 —14.04°
E=(12)( 82° 047 1y

L_ o
E= 98.95 L—14.04
Y,=8.25L—14.04°
I,=EX,

98.95 L—14.04°

L_ o/
IT:(.J ][ 8.25 14.04° ¢

1,=11.2178 L =64.44°

Group IV June 4,2013
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109. An inductive coil with a resistance R and inductance L is connected in parallel
with a 30 Q resistor. The combination is then connected across a 60 Hz source. If
the currents in the coil, resistor and total are 7,4 and 5 A respectively. Determine
the inductance of the coil.

Solution:
E=(30]4|
E=120V

72+42—52]

p=cos™ [ Torom T

B=74.40°
0=180—f
#=106.60°

1=£,2=220-%q
z 5

Z =24 L74.40°
7Z=6.45+j23.12
R=6.45Q
X,=23.12Q

23.12
271)(60)

L=0.06 H

Group IV June 4,2013
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110. The power factor for the circuit, overall, has been substantially improved. The
main current has been decreased from 1.41 amps to 994.7 milliamps, while the
power dissipated at the load resistor remains unchanged at 111.782 watts. The

power factor
is much closer to being 1:

Solution:
P.f. =true power / apparent power

P.f.=111.782W /111.982 VA
P.f. =0.99821

impedance (polar) angle = 3.4286
cos 3.4286 = 0.99821

Group IV
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111. Calculate the current in this circuit, and also the amount of mechanical power
(in units of "horsepower") required to turn this alternator (assume 100% efficiency):
given, volts and 5.6 resistance.

Solution:
I=V/R

| =480/ 5.6
=85.71A

Group IV June 4,2013

EE 3303 Engr.Kenneth F. Fajilan




112. A load of 10 + j15 is connected across a 220 volts source. Determine the

power factor and the VARS.

Solution:

Z=10+j15=18.03 < 56.31°
pf = cos © = cos 56.31° = 0.55

pf =55 %
E* 220° .
Q=Elsin®= 7 sin©= 1gp3 sin56.31
Q = 2233.57 VARS
Group IV June 4,2013
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113. The network is part of the schematic describing an industrial electronic
sensing device. What is the total impedance of the circuit at 5 kHz?

Solution:

Z, =50 + 1/joC = 50 + 1/(211)(2x10° )(5x10°)
= 50 — j15.92

Z, = 80 + jowL = j(2m)(2x10° )(5x10°)
= 80 +j.06

Z3 =100

1/Z =1/Z,+ 1/Z,+ 1/Z3
1/Z= 10% (10 + j15.92+ j9.745 +3.605- |.06)
Z= (13.605 + j25.605) x10°°
=26.17x103£8.97°

Z =28.995462.02°Q

Group IV June 4,2013
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114. Two electric units are connected across a source whose frequency is 50 cps.
If the voltage drop across the units are 120 and 95 volts and they are out of phase
by 90°, what is the equation of the voltage across the source?

Solution:
- VE+E)
_ 120%+95?

E. =5 V937 -15305

95
©=tan'( 120 )
©=38.37
Em = Er \/2

- 153.05( V2 )

Ew=216.45V
w = 21tf

= 211 (50)
w=314

E. = 216.45 sin (314t + 38.37°) V
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115. An impedance draws a current of 12 A at 0.8 lagging power factor from a
source voltage of 240V, 60 Hz. What is the current when resistance is reduced by
50%7?

Solution:

e 240
Z= i = 12 =20Q

R
Pf= z
R = Z (Pf) = (20) (0.8) = 16Q
XL = \/ZZ_RZ
_ 20-16
X|_ =12Q
When R = 8Q
7 = \/R_XLZ
_ V4 -¢

z=2 7 @

e 240V
|=45.36 A
Group IV June 4,2013
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116. A current of 20 A and a power factor of 0.7 lagging is taken from a single
phase 240 volt supply. The reactive power of the system is?

Solution:

0=cos ' 0.7=45.58°

Q=Elsin 0

Q=(240)(20)sin45.58

Q =3428.29 VARS

Group IV
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117. A coil of 50-ohm resistance and of 150 mH inductance is connected in parallel
with a 60 pF capacitor. What is the power factor of the circuit?

Solution:
X. = wL = (377) (0.15) = 56.55 Q
Xc=1/wC=1/(377) (60 x 10°) = 44.21Q

(1/Z7)=(112Z.)+(1/2)=[1/(50+)56.55) ]+ (1/-44.21)
(1/Z7)=11/(0.0125 cjs 45.744°) |

Zr = 36.85cjs — 53.30° Q

Pf = cos -53.30

Pf=0.6

Group IV June 4,2013
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118. A current of 10 A and a power factor of 0.7 lagging is taken from a single
phase 110 volt supply. The reactive power of the system is?
Solution:

6=cos '0.8=45.53°

Q=E sin 0

Q= (110)(10)sin45.53
Q=784.98 VARS

Group IV June 4,2013
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119. A capacitor of 3.19 microfarad is connected in parallel with a resistance of 2,000
ohms. The combination inductance 795 mH and a resistance of 100 ohms across a supply
given by e= 400sin (3wt + 60°)

Determine he instantaneous equation for the current and its 314 rms value.

X1 = @ | =314 (795 mH) = 250 ohms

5 1 _ 1
¢ = wC 314(3.18 microfarad)

7 2,000 (—j1,000)
T =100+j250+ 3 000—;1,000 = 500-j550

For the third harmonics:

Xi =3 ®L 34314 (795 mH) = 750 ohms

2000 (—J 333.333) /7
=100 + j750 + 2000—J 333.333 =452 .695 0.105 ohms

ZT

| = 0.53814 sin (314 + 47.726) + 0.029053 sin (942t — 0.105) amperes

Group IV June 4,2013
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120. Asingle phase load on 220 V takes a 35kW at 0.60 lagging .Find the kVAR size
ofcapacitor , which maybe connected in parallel with this motor to bring the resultant power
factor to 1.0.

0 1
=  Cos (060) =53.13°
Q - P tan o, _ 35tan53.13
= 47kVAR
Group IV June 4,2013
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121. An inductive reactance of 10 ohms is connected in parallel with a capacitive
reactance of 30 ohms. If the combination is connected in series with a 10 ohms
resistance. Solve for the equivalent power factor of the combination.

SOLUTION :
7 (J10)(—J20)
' =10+ (J10+J30)
7 — j>(200) _
1 =10+ —j20 = 10+j15
Z1 = 9.999+14.99i
Pf = co0s56.31

Pf = 0.555 lagging

Group IV

June 4,2013

EE 3303

Engr.Kenneth F. Fajilan




z z,

122. Given three impedances: 2= 10+j0, T2 =3+}4, = 8-j6. Impedance

Z, Z,

and are connected in parallel and the combination is connected in

series with impedance Z ,across 120 V single phase 60 Hz source. Find the
total power drawn by the impedances.

SOLUTION :
£ =10+j0
22 = 3+j4
Z3 — 'J6
7 3+4j(8—6)
T =107 [3+j4)+(8-j6)
= 10+4+j2
120°

P= 14.142 cos (8.13 degree)

P = 1008 watts

Group IV June 4,2013
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123. Has a power of 180 Watts and a power factor of 0.8 lagging. Find the circuit
constants.

Given:
i = 3.52 sin (5000t + 45°) A
P=180 W

cos ? =08

Solution:

The effective value of current = (3.52) / V2 = 2.5A
P=I’R
R=(180) / (3)?

0

Impedance angle =cos 10.8=36.87"°

Number 2 element is an inductor, using power triangle,

(Q/ P) = Tan 36.87° = [(ler)? (X)] / 180
X, = (180 tan 36.87°) / 2.52
X =21.6Q

SinceX, =2 T fL

@ -2 T {=5000

21.6 = 5000L
L=21.6/5000
L =4.32 mH

Group IV June 4,2013
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1. 124. A 3phase feeder carries two balanced loads . The power observed by each is

M easured by two wattmeter method giving the following readings:

W,

First load : W= 96kN ; =160 kW

W,

Second load : W =90 kN ; =48 kW

What is the combined load on the feeder and the power factor ?

Solution:

PT:P1+P2 :(wl + Wz)(W1+w2)

= (96 + 160 ) + (90 + 48)

=394 Kw

Power factor of each load:

First Load: w; = 96ta KN; W, = 160 KW

Q1 n= (Wy + Wy); tan 0

= (96 + 160) (0.433)

= 110.85kVar
110.85+72.7
When both loads are lagging p.f.= cos ( arctan 394 )
= 0.906 lagging
Group IV June 4,2013
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125. A current of 10A and a power factor of 0.8 lagging is taken from a single
phase 250 V supply. The reactive power of the system is :

SOLUTION :

0= €05 0.8 =36.869 degree

Q = Elsin 0
Q = (250X10)SIN 36.869 degree
Q = 1500 VARS

Group IV

June 4,2013
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126. A total current of 10 A flows through the parallel combination of three
impedance : (2-j5)ohms, (6+j3) ohms and (3+j4) ohms. Calculate the current
flowing through each branch. Find also the power factor of the combination.

SOLUTION :
Let 21 =(245), %2 =(6+3)), 1 =(3+4)
L1222 (2-35) (6+33) = 2724, “2%3 =(6+{3)(3+]4)=6+(33
ZsZy = ejay25)= 267 L% 4 Lls 4 LiL Zggupp
Now,
I 6+j33
1 =(10+j0) x 59+ 2 =1.21+j5.55
; 26+j7
2 :(10+JO)X 59+;2 :436-J133
; 27— j24
3 =(10+0)x  59+j2 =4.43-4.22
(2—J5)(6+J33)
Z= 59+ 2 =3.01+j0.51

V = 10 X (3.007+0.5086i) = 30.07+5.08i

Combination power factor :

Cos 9.6 = 0.986 (lagging)

Group IV June 4,2013
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127. A single phase inductive load takes 70kVA at 0.60 p.f. lagging . Solve for the kVAR of
a capacitor required to improve the power factor to 1.0.

0 1
= CosS (060) =53.13

Q = St sin 0, = 70sin 45°

= 50kVAR

Group IV June 4,2013
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128. A single phase load on 220 V takes a 5kW at 0.60 lagging .Find the kVAR size
ofcapacitor , which maybe connected in parallel with this motor to bring the resultant power
factor to 1.0.

0 1
=  Cos (060) =53.13°
Q - P tan o, _ 5tan53.13
= 6.67kVAR
Group IV June 4,2013
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129. A single phase inductive load takes 50 kVA at 0.60 p.f. lagging . Solve for the kVAR of
a capacitor required to improve the power factor to 1.0.

0 1
= CosS (060) =53.13°

Q = St sin 0, = 50sin 45°

= 40kVAR

Group IV June 4,2013
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130. A 140 Kva transformer bank will serve a load expected to draw 120 KW At
0.70 lagging power factor. Solve for the size of the capacitor bank with needed to
be acted in order to prevent overloading of the transformer bank

SOLUTION:

9, = cos’ 7= 45 58degree
Qr — =P _ V140°—120°

=72.11 Kvar

QC = QL QC

= Pitan 9 . @ =120tan45.58 degree — 72.11
Q: =50.34 kVAR

Group IV June 4,2013
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131. A short, 3 phase, 3 wire transmission line has a receiving end voltage of 4160
V phase neutral and serving a balanced 3 phase load of 876, 400 volt-amperes at
0.75 p.f lagging . At the receiving endthe voltage is 4600V, phase to Neutral and
the p.fis 0.9 . solve for the size in kVAR of a capacitor needed to improve tne
receiving end pf to 0.9 lagging maintaining 4160V.

0 1
L = CcosS (075) =41.41°
0 1
r = CosS (09) = 25.84°
PL = (876) (0.75) = 657 kw
QT - QL - QC
= (657) (tan 41.41 — tan 25.84)
= 569.63 kVAR
Group IV June 4,2013
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132. A three phase, 3 wire transmission line has an impedance per wire of 3+j7
ohms, the receiving end load is 1950 KW, 0.65 pf lagging with the line voltage of
13,200 V. Determine the kVAR of the capacitor to be connected at the receiving

end to make the pf at that end to 0.8 lagging.

SOLUTION :

6, cos”' 0.65= 49.458 degree

0. = cos” 0.8=136.869 degree

Q - P tan 0 - 1950tan49.458 degree = 2279.77 KVAR
Qr = 1950TAN 36.869 degree = 1462.45 kVAR

Qc =2279.77-1462.45

Qc =817.32 KVAR

Group IV June 4,2013
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133. A 3-phase , 3 wire, short transmission line has a resistance of 3 ohms and a
reactance of 8 ohms per wire. At the receiving end, a balanced 3-phase load draws
a line current of 60 A, at 13500 V line to line, 0.90 power factor lagging. Assuming
the receiving end voltage is maintained at 13,500 V, solve the size in kVAR of
capacitors needed to raise the power factor at the receiving end to 0.95 leading.

SOLUTION :

Pe = V3 gt

Pr — V3 (13,500)(60)(0.9)

= 1262.655 kW

6 — cos” 0.9 =2584lagging
0. = cos™ (95-18.195 degree
QC = QR + QT

= 1262.655tan25.84degree+1262.655tan18.195degree
Qc = 1026.505kVAR

Group IV June 4,2013
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134. A 1600 watt 230 volt single phase drill with a 45.7 degrees lagging (0.6984)
current of 14 amps where given. Find firstly impedance triangle values from these
values and then power triangle values.

Find values for improved power factor of 18.2 degrees lagging (0.95) and capacitor
required for improved var.

<

Z= T z=230/14= 16.43Q

R=16.43*0.6984= 11.475Q

XL=+V (16.43"2-11.475"2) = 11.759Q
z95=11.475/0.95= 12.079Q
Xx=V(12.07972-11.475"2)= 3.772Q

xc= 11.759-3.772= 7.987Q

C=1/wxc = 1/2*3.14*50*7.987= 0.0003985= 398.5uF
Frequency was calculated as 50 Hz.

Group IV June 4,2013
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135. A 100 Q resistor, a 0.0200 H inductor and a 1.20 pF capacitor are connected
in parallel with a circuit made up of a 110 Q resistor in series with

a 2.40 uF capacitor. A supply of 150 V, 60 Hz is connected to the circuit.
Calculate the total current taken from the supply and its phase angle.

For Z: (the upper part of the circuit), we have:

X, = 2mrfL = 27 (60)(0.0200) = 7.540 Q
XC=127m(60)(1.20%10-6)=2210.485 Q

Zl = Rl +j(XL - Xc)

=100 + j(7.540 - 2210.485)

=100 - 2202.9j

=2205.21/£-87.400 Q

For Z, (the lower part of the circuit), we have:
XC=127m(60)(2.40%x10-6)=1105.243 Q

Z>=R> +j(XL - Xc)

=110 + j(-1105.243)

=1110.7£-84.32° Q

So the total impedance, Zr, is given by:
ZT=2717271+72
=2449326.75/£-171.720210-3308.188j
=2449326.754-171.7203314.85£-86.370
=738.94-85.350

This last line in rectangular form is Zr = 59.9 — 736.5/ Q
Now:
IT=VTZT=150£00738.9£-85.350=0.203£85.350

Group IV June 4,2013
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136. Three single phase 167 KVA, 14400/24940, Y-240/480 Volts transformers are
connected delta-delta to supply an assorted load of 400 KW at 0.80 p.f lagging . If
one transformer is taken out for repair:

a. Determine by how much kvA each of the remaining transformer will be
overloaded.

Solution:

500 KVA
a. 73

288.675—167=121.675KVA

=288.675 KVA
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137. Athree phase, 3 wire transmission line has an impedance per wire of 3+j7
ohms, the receiving end load is 215 KW, 0.65 pf lagging with the line voltage of
11,200 V. Determine the kVAR of the capacitor to be connected at the receiving
end to make the pf at that end to 0.8 lagging.

SOLUTION :

6, cos ™! 0.65= 49.458 degree

O = cos” 0.8=136.869 degree
Q = Pi tan 9 =215tan49.458 degree = 251.359 KVAR
Q; _

215tan36.869 degree = 161.245 kVAR
Qc -251.359-161.245
Qc =90.114 KVAR
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138. The input to an induction motor from al3 kV, 60 Hz line is 1000kVA,at 0.8 pf
lagging . A capacitor is placed in parallel with the motor to improve the pf. Calculate
the capacitance required raising the power factor to 0.9 leading.

SOLUTION:

0. = cos” (0.8)=36.869
Or = cos™  (0.9)=25.84

PL = 1000 (0.8) = 800 W

=987.4 VAR

X 230°
¢ = 987 .4 =53.575 ohms

1
C= 2nr(60)(53.575)

=495 HF

C~50

Group IV June 4,2013
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139. Aload of 10,000 kVA, 80 percent pf lagging is connected to a 13,200 V line.
How much capacitive reactive power is needed to correct the power factor to 0.97

lagging?
SOLUTION:

O = cos™ (.82 =34.915 degree
0. = cos” 0.9=2584 degree

Puoo Su b= (998.4)(0.82)= 818.688 kw
Qr = (818.688)(tan34.915degree-tan25.84degree)

Qr - 175 kVAR
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140. An induction motor load of 1500 kW consists of of several units in parallel,
operating at an average power factor of 0.80 lagging. In order to improve the power
factor, a portion of the induction motor loads is to be replaced by a synchronous
motor, operating at rhe same efficiency as the induction motors and at a power
factor of 0.7 leading. Find the kVA rating of the synchronous motor required
bringing the power factor of the total load 0f0.9 lagging. Assume the induction
motor load, which has to be replaced, operates the same pf as the induction motor

group.

0_L=cos-1 0.8=36.869°

SL=1500-j1500tan 36.869= 1500- j1124.96
0 _syn=cos-1 0.7=45.573

S_syn=P + jPtan 45.573= P+j1.02P
S_ind=P- jPtan 36.869=P-j0.75P

0 _new= cos-1 0.9=25.84

S_new= 1500- j1500tan 25.84= 1500-j726.42

S_new=SL+SSyn-Sind
1500-j726.42= 1500-j1124.96 +P + j1.02P- (P-j0.75P)

Equate coefficients of j:
-726.42=--1124.94 + 1.02P + 0.75P
P=225.164kW

Ssyn= P/pf=225/0.7 = 321.66
Ssyn=322 kVA
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141. A single phase induction motor is rated 5 hp, 75 percent power factor and 220
volts. What approximate size of the capacitor size of the capacitor is necessary to
raise the power factor to about 95 percent?

SOLUTION:

0 = cos™ (.75241.41 degree

0. - cos 0.95 =18.195 degree

Pr =5(0.746)=3.73 kw

Q =3.73tan41.41degree=3.289 kVAR
Qr

=3.73tan18.195degree= 1.226kVAR
Qc -3.089-1.226=2.063
Qc = 2kVAR
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142. A 3-phase , 3 wire, short transmission line has a resistance of 3 ohms and a
reactance of 8 ohms per wire. At the receiving end, a balanced 3-phase load draws
a line current of 45 A, at 11200 V line to line, 0.90 power factor lagging. Assuming
the receiving end voltage is maintained at 11,200 V, solve the size in kVAR of
capacitors needed to raise the power factor at the receiving end to 0.8 leading.

SOLUTION :

PR = \/§ Elpf

Pr = V3 (11,200)(45)(0.8)
= 698.362 KW
-1
O - cos” .90 =25.84 lagging

0.~ cos” .8=36.869 degree
QC - QR + QT

= 698.362tan25.84degree+698.362tan36.869degree
Qc = g861.957kVAR
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143. A 300 Kva transformer bank will serve a load expected to draw 122 KW At
0.80 lagging power factor. Solve for the size of the capacitor bank with needed to
be acted in order to prevent overloading of the transformer bank

SOLUTION:

9, = cos” 0.8=136.87 degree
Qr _ S*—P* _ 300°-122°

= 274.07 Kvar

QC = QL QC

= Pitan 9 . @ =122tan36.869 degree — 274.07

Q. -182.57 kVAR
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144. Three single phase 167 KVA, 14400/24940, Y-240/480 Volts transformers are
connected delta-delta to supply an assorted load of 400 KW at 0.80 p.f lagging . If
one transformer is taken out for repair:

a. If load of 120 HP ,0.746 p.f lagging and 85% efficiency is removed, find the

apparent power and power factor of the remaining load system.
a P,=400 kw

S=500 KVA

36.87°
sin ;=300 KVAR
R=500KVA{

p_Po
" eff

120 HP 0.746 KW

6

0.85
(105,318 KW

6=cos ' 0.746
0=41.755°

R=105,318 tan41.755°=94,016ind . KVAR
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145. A short, 3 phase, 3 wire transmission line has a receiving end voltage of 4160
V phase neutral and serving a balanced 3 phase load of 998, 400 volt-amperes at
0.82 p.f lagging . At the receiving endthe voltage is 4600V, phase to Neutral and
the p.fis 0.77 . solve for the size in kVAR of a capacitor needed to improve tne
receiving end pf to 0.9 lagging maintaining 4160V.

SOLUTION:

1

9. = s (0.82) =34.9150

1
= os (0.9)=25.840

i)
=

= (998.4) (0.82) = 818.688 kW

QT —QL _QC

= (818.688) (tan 34.915 — tan 25.84)

=175 kVAR
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SOLUTION:
0, - — - 0
L = o5 (0.7)=4557
0 1
' = cos (09) =25.84°
Q - Q _ Q

= 290 tan 45.57° - 290 tan 25.84

= 155. 39 kVAR

146. A plant has a load of 290kilo watt with an average power factor of 70 %. The
owner request you to correct the power factor to reduce its power consumption.
How much capacitor kVAR is required to increase the powerfactor to 90%?
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147. A 150 Kva transformer bank will serve a load expected to draw 135 KW At
0.80 lagging power factor. Solve for the size of the capacitor bank with needed to
be acted in order to prevent overloading of the transformer bank

SOLUTION:

9, = cos” 0.8=136.87 degree
Qr _ =P _ 150°-135

= 65.38 Kvar

QC = QL QC

= Pitan 9 . @ =135tan36.869 degree — 65.38
Q. = 35866 KVAR
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148. A current of 12A and a power factor of 0.6 lagging is taken from a single
phase 220 V supply. The reactive power of the system is :

SOLUTION :

0= €S 0.6 =53.13 degree

Q = Elsin °

Q =(220X12)SIN 53.13 degree

Q =2112 VARS
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149. An inductive reactance of 10 ohms is connected in parallel with a capacitive
reactance of 20 ohms. If the combination is connected in series with a 10 ohms
resistance. Solve for the equivalent power factor of the combination.

SOLUTION :
p (J10)(—J20)
' =10+ (J10+J20)
VA —jZ(ZOO)
1 =10+ —i30 = 10+j6.67
21 =10-6.67i
Pf=c0s33.70

Pf=0.83 lagging
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z z,

150. Given three impedances: 2= 10+j2,
ZZ Z3

2 = 245, = 3-j2. Impedance

and are connected in parallel and the combination is connected in

series with impedance Z ,across 120 V single phase 60 Hz source. Find the
total power drawn by the impedances.

SOLUTION:
21 = 1042
22 =245
Z3 — 'J2
10+2j(3—j2)
“r =10+ ;
0
= 10+2.62-1.08j
120

P= 1262 coOs (4.89 degree)

P = 1136.89 watts
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