Chapter 1: Mechanical and Electromagnetic Fundamentals

1-1.

1-2.

1-3.

1-4.

1-5.

A motor’s shaft is spinning at a speed of 1800 r/min. What is the shaft speed in radians per second?
Sorution The speed in radians per second is

| minj[bz’ rad

Ir

= (1800 r/min)(
60s

j =188.5rad/s

A flywheel with a moment of inertia of 4 kg-m’ is initially at rest. If a torque of 5 N-m
(counterclockwise) is suddenly applied to the flywheel, what will be the speed of the flywheel after 5 s?
Express that speed in both radians per second and revolutions per minute.

SorutioN The speed in radians per second is:
w=ot= ( t= 72(5 s)=6.25 rad/s
J

The speed in revolutions per minute is:

n=(6.25 rad/s)( Ir j( 60 > ) =59.7 r/min
27 rad/\1 min

A force of 5 N is applied to a cylinder, as shown in Figure P1-1. What are the magnitude and direction of
the torque produced on the cylinder? What is the angular acceleration o of the cylinder?

r=05m
J =5kgm?

S
I}

SN

SorutioNn The magnitude and the direction of the torque on this cylinder is:

T.,q = 1F sin 8, CCW

7,4 =(0.5m)(5kg-m?)sin40°=1.607 N-m, CCW
A motor is supplying 70 N - m of torque to its load. If the motor’s shaft is turning at 1500 r/min, what is
the mechanical power supplied to the load in watts? In horsepower?

SoruTioN The mechanical power supplied to the load is

P=1w=(70N-m)(1500 r/min)(l mmj(z” radj =11,000 W
60s Ir
Thp
P=(11,000 W) =14.7hp
746 W

A ferromagnetic core is shown in Figure P1-2. The depth of the core is 5 cm. The other dimensions of
the core are as shown in the figure. Find the value of the current that will produce a flux of 0.003 Wb.
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With this current, what is the flux density at the top of the core? What is the flux density at the right side
of the core? Assume that the relative permeability of the core is 1000.

|——100m I 20 cm IScm\‘

15cm

>

>

_______ P 500 turns 15 cm
>

>

15cm

SorutioN There are three regions in this core. The top and bottom form one region, the left side forms a
second region, and the right side forms a third region. If we assume that the mean path length of the flux
is in the center of each leg of the core, and if we ignore spreading at the corners of the core, then the path
lengths are /; =2(27.5 cm) =55 cm, /, =30 cm, and /; =30 cm. The reluctances of these regions are:

L 0.55m =58.36 kA t/Wb
"ud A (1000)47x107 H/m)0.05m)(0.15m)

-t -1 030m =47.75kA - t/Wb
ud A (1000)47x107 H/m)0.05m)0.10m)

@, = A 0.30m =95.49 kA - /Wb

Tud A (1000)4zx107 H/m)0.05m)0.05m)

The total reluctance is thus
Rior =R +R, + R, =58.36+47.75+95.49 =201.6 KA - t/Wb

and the magnetomotive force required to produce a flux of 0.003 Wb is
F=¢ R=(0.003 Wb)(201.6 kKA - t/Wb) =605 A -t
and the required current is
i g _ 605 A-t
N 500t
The flux density on the top of the core is
) 0.003 Wb

A4 (0.15m)(0.05m)

=121A

The flux density on the right side of the core is

pof_  0003Wb
A4 (0.05m)0.05m)

1-6. A ferromagnetic core with a relative permeability of 2000 is shown in Figure P1-3. The dimensions are
as shown in the diagram, and the depth of the core is 7 cm. The air gaps on the left and right sides of the
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core are 0.050 and 0.070 cm, respectively. Because of fringing effects, the effective area of the air gaps is
5 percent larger than their physical size. If there are 300 turns in the coil wrapped around the center leg of
the core and if the current in the coil is 1.0 A, what is the flux in each of the left, center, and right legs of
the core? What is the flux density in each air gap?

|7cm| 30 em |7cm| 30 em |7cm|
-
7 cm
—
—
[
30om 0.05 cm (=] 300 s 0.07 cm —»
R
——d
7 cm
.

SorutioN This core can be divided up into five regions. Let R, be the reluctance of the left-hand portion
of the core, R, be the reluctance of the left-hand air gap, R, be the reluctance of the right-hand portion

of the core, ‘R, be the reluctance of the right-hand air gap, and R be the reluctance of the center leg of
the core. Then the total reluctance of the core is

CQTOT — CDS + (Cpl + CQZ )(Cp} + Cp4)
R, +R, + Ry +R,
R = h_ ,71'11m =90.1kA - t/Wb
w.41,4,  (2000)47zx10” H/m)0.07 m)(0.07 m)
®,=— - __0.0005m =773KA-t/Wb
tyA, (47107 H/m)0.07 m)(0.07 m)(1.05)
/ 1.11m
>, A,  (2000)(47 %107 H/m)0.07 m)(0.07 m)
I 0.0007 m
* w4,  (47x107 H/m)0.07 m)(0.07 m)(1.05)
P 037m ~30.0kA- /Wb
41,4, (2000)(47x10”7 H/m)0.07 m)(0.07 m)

The total reluctance is

o e RAR)RAR) o (90.1477.3)(90.1+108.3)
TOT 5

R +R, +R, +R, "~ 90.1+77.3+90.1+108.3

=120.8kA-t/Wb

The total flux in the core is equal to the flux in the center leg:

F _ (300t)(1.0A)

= =0.00248 Wb
Ryor  120.8kA- /Wb

¢center = ¢TOT =

The fluxes in the left and right legs can be found by the “flux divider rule”, which is analogous to the
current divider rule.



(R, +R,) (90.1+108.3)

= = 0.00248 Wb)=0.00135 Wb
P R+ R, + R, +R, Pror = G0 147734901+ 108.3( )
B = (R +2,) Gror = (90.1+773) (0.00248 Wb)=0.00113 Wb
R AR, +R, +R, 90.1+77.3+90.1+108.3

The flux density in the air gaps can be determined from the equation ¢ = BA :

B, = fu _ 0.00135 Wb 0262 T

Ay (0.07cm)(0.07 cm)(1.05)

Do _ 0.00113 Wb 02207

B.. =
right Aeff (007 Cm)(007 Cm)(l 05)

A two-legged core is shown in Figure P1-4. The winding on the left leg of the core () has 600 turns,
and the winding on the right (»,) has 200 turns. The coils are wound in the directions shown in the
figure. If the dimensions are as shown, then what flux would be produced by currents i; = 0.5 A and i, =
1.00 A? Assume y,-= 1000 and constant.

|‘—15 cm I 50 cm } 15 cm%

15cm
i i
—_—
_______ > Qe o
d- =b
— S
_______ P> S
dZ ~b
—_— —
_______ 1> Qo
q= =b
———— —
50cm 0 |eme e =] > o
Qo | 600turns 200turns | " " 7P
_______ > S
- =b
—— S
———————— > S
< b
T N, FY A I—
_______ > (S,
qz =b
—_— —
———————— 1> <‘—————_—
15cm

core depth = 15 cm

SorutioN The two coils on this core are would so that their magnetomotive forces are additive, so the
total magnetomotive force on this core is

Fror = Nyiy + N,i, =(600)(0.5A)+(200t)(1.0 A)=500 A - t

The total reluctance in the core is
/ 2.60m
T o, (1000)47x107 H/m)0.15m)(0.15 m)

and the flux in the core is:

Fror . S00A-t

= =0.0054 Wb
Ryor  92.0kA-t/Wb

o=



1-8.

A core with three legs is shown in Figure P1-5. Its depth is 5 cm, and there are 200 turns on the leftmost
leg. The relative permeability of the core can be assumed to be 1500 and constant. What flux exists in
each of the three legs of the core? What is the flux density in each of the legs? Assume a 4% increase in
the effective area of the air gap due to fringing effects.

[2em | 25cm I 1Scm I 25cm I 9cm I
9cm
i
2A &——7
==
=== >
<::’ 200 turns - 0.04 cm 25cm
d Db -3
==
[ p———
 E—— -
9cm

SorutioN This core can be divided up into four regions. Let R, be the reluctance of the left-hand
portion of the core, R, be the reluctance of the center leg of the core, R, be the reluctance of the center

air gap, and R, be the reluctance of the right-hand portion of the core. Then the total reluctance of the

core is
CDTOT — Cpl + (CDZ + Cp3 )@4
R, + R, +R,
R=—h - _108m —127.3kA-UWb
11,4, (1500)(4z %107 H/m)(0.09 m)(0.05 m)
R = 034m = 24.0kA- /Wb
11,4, (1500)(47x107 H/m)0.15m)(0.05 m)
R=h - 0.0004 m —40.8 kA - /Wb
1A, (47x107 H/m)0.15m)(0.05m)(1.04)
R =l _71'08m —127.3kA- /Wb
w1, 11,4,  (1500)47x107 H/m)0.09 m)(0.05 m)
The total reluctance is
R =+ (R, +R)R, _ 3y (24.0+40.8)127.3 1702 KA /Wb
R, + R, +R, 24.0+40.8+127.3

The total flux in the core is equal to the flux in the left leg:

T (200t)2.0A)

= =0.00235 Wb
Ryor  170.2kA-UWb

Pren = Pror =

The fluxes in the center and right legs can be found by the “flux divider rule”, which is analogous to the
current divider rule.
R, 127.3

= Pror = (0.00235 Wb)=0.00156 Wb
R, + R, + R, 24.0+40.8+127.3

¢center

R, +R, _240+4038
R+ R +R, T 24.0+40.8+127.3

Deighe = (0.00235 Wb)=0.00079 Wb



The flux density in the legs can be determined from the equation ¢ = BA :

e 000235Wb o

B, . =1kt
T4 (0.09 cm)(0.05 cm)
_ Peenr 0.00156 Wb

Bcemer - = = 0208 T
4 (0.15cm)(0.05cm)
B 0.00079 Wb
B =2t — =0.176 T
"4 (0.09 cm)(0.05 cm)

1-9. A wire is shown in Figure P1-6 which is carrying 2.0 A in the presence of a magnetic field. Calculate the
magnitude and direction of the force induced on the wire.

B=035T,
—_— T to the right
—_— _—
—_— —_—
—_— _—
I=1m
————- ——-
—_— -_
—_— T i=20A —
— &3>

SoruTioN The force on this wire can be calculated from the equation
F=i(IxB)=ilB=(2 A)(1m)(0.35T)=0.7 N, into the page

1-10. The wire shown in Figure P1-7 is moving in the presence of a magnetic field. With the information given
in the figure, determine the magnitude and direction of the induced voltage in the wire.

X X X X X
X X X
X X X
X X X
X X X X X

X X X X
B =0.2 T, into the page

SorutioN The induced voltage on this wire can be calculated from the equation shown below. The
voltage on the wire is positive downward because the vector quantity v XB points downward.

¢.q =(VXB)-1=vBIl cos 45°=(6m/s)(0.2 T)(0.75 m) cos 45°=0.636 V, positive down



1-11.

1-12.

Repeat Problem 1-10 for the wire in Figure P1-8.

v=1m/s

Iy Sl G -

B=05T

0.5m

aENN

L

—— >
B=05T

SorutioNn The induced voltage on this wire can be calculated from the equation shown below. The total
voltage is zero, because the vector quantity v XB points into the page, while the wire runs in the plane of
the page.

e,y =(vXB)-1=vBI cos 90°=(1m/s)(0.5T)(0.5m)cos 90°=0V

The core shown in Figure P1-4 is made of a steel whose magnetization curve is shown in Figure P1-9.
Repeat Problem 1-7, but this time do nof assume a constant value of x,. How much flux is produced in
the core by the currents specified? What is the relative permeability of this core under these conditions?

Was the assumption in Problem 1-7 that the relative permeability was equal to 1000 a good assumption
for these conditions? Is it a good assumption in general?

|——]50m I 50 cm } 15cm-<

15cm
i 23
— -—
——————— > <———————
S i ——
——————— > <—-—-————,—
q= =b
— O —
——————— > <——————_
q= =b
— B |
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——————— > c——————_
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——————— > <——————_
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———————— > c-———————
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core depth = 15 cm



1-13.

SorutioN The magnetization curve for this core is shown below:

125 4

1.00 4

0.75 /

Flux density, T

4
0.50 7

100 193 1000
Magnetizing intensity, A-turns/m

The two coils on this core are wound so that their magnetomotive forces are additive, so the total
magnetomotive force on this core is

Fror = Nyi, + N,iy, =(600)(0.5 A)+(200)(1.0 A)=500 A - t
Therefore, the magnetizing intensity H is

_F _300A 103 ym
I~ 2.60m

From the magnetization curve,
B=0.16T

and the total flux in the core is
Gror =BA=(0.16T)0.15m)(0.15m)=0.0036 Wb

The relative permeability of the core can be found from the reluctance as follows:

R = gTOT — [
¢TOT aurlu()A
Solving for u, yields
’ = Gror | (0.0036 Wb)(2.6m) PPN

Fror Mo A (500 A-t){47x107 H/m)0.15m)(0.15m)

The assumption that £, = 1000 is not very good here. It is not very good in general.

A core with three legs is shown in Figure P1-10. Its depth is 8 cm, and there are 400 turns on the center
leg. The remaining dimensions are shown in the figure. The core is composed of a steel having the
magnetization curve shown in Figure 1-10c. Answer the following questions about this core:

(a) What current is required to produce a flux density of 0.5 T in the central leg of the core?
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(b) What current is required to produce a flux density of 1.0 T in the central leg of the core? Is it twice
the current in part (a)?

(c) What are the reluctances of the central and right legs of the core under the conditions in part (a)?
(d) What are the reluctances of the central and right legs of the core under the conditions in part (b)?

(e) What conclusion can you make about reluctances in real magnetic cores?

8 cm
PR E— X
===
[——=

¢ ==~ 77 N=400turns 16 cm
) Rpmpp—— >
) App——— >
o— = ——

8cm

8 cm I 16 cm I 8 cm } 16 cm I 80m—>‘

Depth = 8 cm

SorutioNn The magnetization curve for this core is shown below:

28

b

[T R )
-

[}

1.8

- 16 ]

€ 14

512 — ! /

1.0 1 ! !
0.8 ! ! !

0.6 1 | | LA

Flux density, T

0.4 /

0.2 /

"

0

10 200 30 40 50 100 200 300 500 1000 2000 5000
Magnetizing intensity H, A-turns/m

(a) A flux density of 0.5 T in the central core corresponds to a total flux of

Gror = BA=(0.5T)0.08 m)(0.08 m)=0.0032 Wb

By symmetry, the flux in each of the two outer legs must be @, =¢@, =0.0016 Wb, and the flux density
in the other legs must be
0.0016 Wb

=025T
(0.08 m)(0.08 m)

B, =B, =

The magnetizing intensity H required to produce a flux density of 0.25 T can be found from Figure 1-10c.
It is 50 A-t/m. Similarly, the magnetizing intensity H required to produce a flux density of 0.50 T is 70
A-t/m. Therefore, the total MMF needed is

Fror = H enier Leenter T H ouer |

center center outer ~outer



Fror =(70 A-t/m)(0.24 m)+ (50 A-t/m)(0.72 m)=52.8 A - t

and the required current is
2.8A-
j= Jor SZBAL_ 43,
N 400t
(b) A flux density of 1.0 T in the central core corresponds to a total flux of

Gror = BA=(1.0T)(0.08 m)(0.08 m)=0.0064 Wb

By symmetry, the flux in each of the two outer legs must be ¢, =@, =0.0032 Wb, and the flux density
in the other legs must be

0.0032 Wb

B =B =
"7 (0.08m)(0.08 m)

=0.50T

The magnetizing intensity H required to produce a flux density of 0.50 T can be found from Figure 1-10c.
Itis 70 A-t/m. Similarly, the magnetizing intensity H required to produce a flux density of 1.00 T is about
160 A-t/m. Therefore, the total MMF needed is

Fror = H oL ooner + H o

center ~ center outer ™ outer

Fror =(160 A-/m)(0.24 m)+(70 A- m)(0.72 m)=88.8 A -t

and the required current is

i Oror _ 88.8A-t 022 A
N 400t

(¢) The reluctance of the central leg of the core under the conditions of part (a) is:

R = Fror _(T0A-tmN024m) _ ooy,

o 0.0032 Wb

The reluctance of the right leg of the core under the conditions of part (a) is:

_ Fror _(S0A-Um)0.72m) _ ) 5y

o 0.0016 Wb

R

(d) The reluctance of the central leg of the core under the conditions of part (b) is:

- Fror _ (160 A-t/m)(0.24 m) _ 6 OKA - t/Wh
Bror 0.0064 Wb

The reluctance of the right leg of the core under the conditions of part (b) is:

_Fror _(T0A-tm)0.72m) _ sy 0

Rright
o 0.0032 Wb

(e)  The reluctances in real magnetic cores are not constant.

A two-legged magnetic core with an air gap is shown in Figure P1-11. The depth of the core is 5 cm, the
length of the air gap in the core is 0.07 cm, and the number of turns on the coil is 500. The magnetization
curve of the core material is shown in Figure P1-9. Assume a 5 percent increase in effective air-gap area
to account for fringing. How much current is required to produce an air-gap flux density of 0.5 T? What
are the flux densities of the four sides of the core at that current? What is the total flux present in the air

gap?
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10 cm
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SorutioN The magnetization curve for this core is shown below:

1.25

1.00

0.75

Flux density, T

0.50 7

0.0

100 1000
Magnetizing intensity, A-turns/m

An air-gap flux density of 0.5 T requires a total flux of
¢ =BA_, =(0.5T)(0.05m)(0.05m)(1.05)=0.00131 Wb

This flux requires a flux density in the right-hand leg of

¢ 0.00131Wb
"4 (0.05m)(0.05m)

The flux density in the other three legs of the core is

) 0.00131 Wb
B = B = B =—= = 0262 T
or = Bt = Frotom = 7010 m)(0.05 m)

The magnetizing intensity required to produce a flux density of 0.5 T in the air gap can be found from the
equation B, =, H :
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1-15.

_ B, 05T

Hag T 10~ W
M, 4rx107" H/m

=398kA-t/m

The magnetizing intensity required to produce a flux density of 0.524 T in the right-hand leg of the core
can be found from Figure P1-9 to be

H iy =410A-t/m
The magnetizing intensity required to produce a flux density of 0.262 T in the right-hand leg of the core
can be found from Figure P1-9 to be

H H.,.=H =240 A-t/m

top bottom

The total MMF required to produce the flux is
Fror =H o Ly ¥ H i i Y H oo Loy +H

ag "ag right “right top "top left

[

bottom

lleft + H bottom
Fror = (398 kA - /m)(0.0007 m)+ (410 A - t/m )(0.40 m)+3(240 A - t/m)(0.40 m)
Fror =278.6+164+288=731A-t

and the required current is

j=Jror _BLAT_y 450
N 500t

The flux densities in the four sides of the core and the total flux present in the air gap were calculated
above.

A transformer core with an effective mean path length of 10 in has a 300-turn coil wrapped around one
leg. Its cross-sectional area is 0.25 in®, and its magnetization curve is shown in Figure 1-10c. If current
of 0.25 A is flowing in the coil, what is the total flux in the core? What is the flux density?

28

b

[T R )
-

[}

1.8
- 16

€ 14

512 — ! /
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0
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SoLutioN The magnetizing intensity applied to this core is

o TN B000J02SA) o0
I, 1. (10in)(0.0254 m/in)

c

From the magnetization curve, the flux density in the core is
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B=127T

The total flux in the core is

0.0254 m

¢=BA=(1.27T)0.25 inz)(
lin

2
) =0.000205 Wb

1-16. The core shown in Figure P1-2 has the flux ¢ shown in Figure P1-12
terminals of the coil.

|—10cm } 20 cm IScm}
15cm
e
i
+ ——— N
) )
-——----
_______ P 500 turns 15 cm
) )
T —p
4
15cm

0.610

0.005

. Sketch the voltage present at the

$.Wh
<

—-0.005

-0.010

t, ms

SoLuTioN By Lenz’ Law, an increasing flux in the direction shown on the core will produce a voltage that
tends to oppose the increase. This voltage will be the same polarity as the direction shown on the core, so
it will be positive. The induced voltage in the core is given by the equation

)

€ind di

so the voltage in the windings will be
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Time N@ e
dt
0<t<?2 250V
S (SOOt)O.OIOWb
2s
2<t<5 — 333V
S (500 t) 0.020 Wb
3s
5<t<? 250V
S (SOOt)O'OIOWb
2s
7<t<8 500V
S (500 t)0.0110 Wb
S

The resulting voltage is plotted below:

Plot of Voltage vs Time

Induced Voltage (V)
o - m
== B
I

Time(s)

1-17. Figure P1-13 shows the core of a simple dc motor. The magnetization curve for the metal in this core is
given by Figure 1-10c and d. Assume that the cross-sectional area of each air gap is 18 cm” and that the
width of each air gap is 0.05 cm. The effective diameter of the rotor core is 4 cm.

~r

4cm

[ N

Depth =4 cm

l.=4cm

[

I~ 1,=0.05cm

=

4cm
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SorutioN The magnetization curve for this core is shown below:

28
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The relative permeability of this core is shown below:
7000

6000

5000 \

dimensionless
ey
(el
S
(=}

M
g
S
/

2000

1000

10 20 30 40 50 100 200 300 500 1000
Magnetizing intensity H, A-turns/m

Note: This is a design problem, and the answer presented here is not unique. Other
values could be selected for the flux density in part (a), and other numbers of turns
could be selected in part (c). These other answers are also correct if the proper steps
were followed, and if the choices were reasonable.

SOLUTION

(a) From Figure 1-10c, a reasonable maximum flux density would be about 1.2 T. Notice that the
saturation effects become significant for higher flux densities.

(b) Ata flux density of 1.2 T, the total flux in the core would be
¢ =B4=(1.2T)(0.04 m)(0.04 m)=0.00192 Wb

(¢) The total reluctance of the core is:

15



1-18.

1-19.

Rror = Ryaror TR +Rpor TR

stator air gap 1 rotor air gap 2

At a flux density of 1.2 T, the relative permeability £, of the stator is 3800, so the stator reluctance is

I _ 0.48 m
lastatorAstator (3800)(4ﬂ- X 10_7 H/m)(004 m)(004 m)

stator

=62.8kA-t/Wb

stator

At a flux density of 1.2 T, the relative permeability £ of the rotor is 3800, so the rotor reluctance is

/ 0.04 m

Cprotor = o = 7 = 52 kA . t/Wb
Uy Ao (3800)47x107 H/m)0.04 m)(0.04 m)
The reluctance of both air gap 1 and air gap 2 is
[
CDair gapl = Cpair gap2 = = = _90005 m 5 =221KkA- t/Wb
Koo Ay 47107 H/m J0.0018 m?)

Therefore, the total reluctance of the core is
Rror = Ryaor T Ruirgapt T Riotr TR

Ryor =62.84+221+52+221=510kA - t/Wb

stator rotor air gap 2

The required MMF is
Fror = R0 =(0.00192 Wh)(510 kA - t/'Wb) =979 A -t
Since F = Ni, and the current is limited to 1 A, one possible choice for the number of turns is N = 1000.

Assume that the voltage applied to a load is V =208 —30° V and the current flowing through the load
is [=5Z15°A.

(a) Calculate the complex power S consumed by this load.
(b) Is this load inductive or capacitive?
(c) Calculate the power factor of this load?

(d) Calculate the reactive power consumed or supplied by this load. Does the load consume reactive
power from the source or supply it to the source?

SOLUTION

(a) The complex power S consumed by this load is
S=VI' = (2084 —-30° V) (5415o A)* = (2084 -30° V) (54 —15° A)
S=1040£-45° VA

(b) This is a capacitive load.

(c) The power factor of this load is
PF = cos(—45°) =0.707 leading

(d) This load supplies reactive power to the source. The reactive power of the load is
QO =VIsin@=(208 V)(5 A)sin(—45°) = =735 var

Figure P1-14 shows a simple single-phase ac power system with three loads. The impedances of these
three loads are

Z,=5/30°Q  Z,=5/45°Q  Z,=5/-90°Q

Answer the following questions about this power system.
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(a) Assume that the switch shown in the figure is open, and calculate the current I, the power factor, and
the real, reactive, and apparent power being supplied by the source.

(b) Assume that the switch shown in the figure is closed, and calculate the current I, the power factor, and
the real, reactive, and apparent power being supplied by the source.

(c¢) What happened to the current flowing from the source when the switch closed? Why?
I

_> /
+ + +
+
’\l \% Zl Z2 Z}
V =120£0°V

SOLUTION

(a) With the switch open, only loads 1 and 2 are connected to the source. The current I, in Load 1 is

= 120£0° V —94/-30° A
5/30° A
The current I, in Load 2 is
I, :w=244—45° A
5/45° A

Therefore the total current from the source is

I=1,+1,=242-30°A + 24£—-45° A=47.592-37.5° A
The power factor supplied by the source is

PF=cos@= cos(—37.5°) =0.793 lagging

The real, reactive, and apparent power supplied by the source are
P=VIcos@=(120 V)(47.59 A)cos(—37.5°) =4531 W
Q=VIcos@= (120 V)(47.59 A) sin(—37.5°) =-3477 var
S=VI= (120 V)(47.59 A) =5711 VA

(b) With the switch open, all three loads are connected to the source. The current in Loads 1 and 2 is
the same as before. The current I, in Load 3 is

I = 120£0° V
5/4-90° A
Therefore the total current from the source is

I=1,+1,+1,=24/-30° A + 24/ —45° A+ 24/90° A =38.08£—7.5° A

=24,90° A

The power factor supplied by the source is
PF = cos @ = cos(—7.5°) = 0.991 lagging
The real, reactive, and apparent power supplied by the source are
P=VIcos@=(120 V)(38.08 A)cos(-7.5°) =4531 W
Q=VIlcos@= (120 V)(38.08 A)sin(—7.5°) =-596 var
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S=VI=(120 V)(38.08 A) =4570 VA

(¢) The current flowing decreased when the switch closed, because most of the reactive power being
consumed by Loads 1 and 2 is being supplied by Load 3. Since less reactive power has to be supplied by
the source, the total current flow decireases.

1-20. Demonstrate that Equation (1-50) can be derived from Equation (1-49) using simple trigonometric
identities:

p(t) =v(t) i(t) = 2VI cos wt cos (wt — 6 (1-49)
p(t) =VIcosO(1+cos2awt)+VIsin@sin 2wt (1-50)

SOLUTION

The first step is to apply the following identity from Appendix D:
1
cosacos f= E[cos(a—ﬂ) + cos(a+ﬁ)1

The result is

p(t) =v(2) i(t) = 2VI cos wt cos (@i — 6) (1-49)
p(t)=2VI {% [cos(a)t — wt+ 6) + cos(wt + ot — 49)]}

p)=VI [cos 0+ cos(2a)t - 9)]

Now we must apply the angle addition identity from Appendix D to the second term:
cos(a— ) = cos cos B+sinarsin

The result is
p(t) =VI[cos O+ cos 2wt cos O+ sin 2ot sin 6]

Collecting terms yields the final result:

p(t)=VIcos 9(1 +cos 2a)t) + VI sin @sin 2wt
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