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Motor Circuit City (50,000 points)

1.) A small DC motor is mounted on a printed circuit card. The

copper coil inside the motor consists of 10,000 turns wrapped
around a cylindrical core of radius 1.00 cm and length 2.00 cm.
(a) Find the self-inductance, L, of this motor coil. Ifyou don’t DC Motor

et an answer to (a), use L = 8.43 H in all subsequent parts. Plugdn Card
L HNA [IITITRTTTIRNHIIN]
!
(47 %107 22)(10,000)’ (7 (0.0100m)’)
B (0.0200m)
—1974H

(b) The thin motor winding wire has a resistance of 85.0 Q. (Aren’t you glad that Dr. Phil didn’t make
you calculate that as well?) Treat the motor as part of a series RL circuit. When the motor is connected to
a battery and turned on, find the time it takes for the current to get up to approximately 95% of the
maximum current.

THE SHORT WAY THE LONG WAY
L 1974H
T =—= ’ =0.02322sec
R 8500

when t =37,i(t) #95% 1,
37 =3(0.02322 sec) = 0.06966 sec

i(t) = 10(1—e’%)

. 09507, = I (1—5%)
Trr :£= 1974H:0.02322sec oo
R 85.0Q y

when t =37,i(t)~95% 1, 0950=1-¢ ’*

37 =3(0.02322 sec) = 0.06966 sec ¢ /" =1-0950 = 0.050
tn e /%) = n(0.050)
_L =-2.996

T

t=2.9967=0.06957 sec
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A similar AC motor, with the same R and L, is mounted on a
second printed circuit card. A capacitor C is mounted in series
with the motor, so that the impedance Z will be a minimum when
the AC frequency is exactly 60.0 Hz. (c) What is C? (d) What is
z?

Page 3

o J_'
AC Motor

Plug-n Card

<)
Z=\|R*+(x,-Xx.)
ForZ ,,X,-X.=0
X, =X,

ol= % s0=2rf = 27[(60.0Hz) =377.0rad / sec
@

1 1
C= =

®* L (377.0rad / sec)’ (1974H)

=3564x10°F

(d)

Z=\R*+(X, - X.)’
ForZ ., X,—-X.=0

min >

Z,. =R = R=850Q

(e) If the vector in the phasor diagram at the right represents Inay, sketch

in Vg, Vi, V¢ and show the relevant instantaneous components, with
labels.
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The All-New Star Search... Hosted by Arsenio Hall (50,000 points)

2.) ¥(a) Two wires, marked 1 and 2 as shown below, each 2.50 m

long, are separated by a distance d = 0.110 m. They carry currents -
ij=150Aand i, =27.0A. Use Ampere’s Law to find the magnitude Iq
of B, at the point where wire 2 is located directly below wire 1. Do

the integration properly if you want full credit.

[
&
— o —H

§By-d5 = ptyl peg 5 ds=rdO
B rdo=Byr(do=u,i
J.OBI r _BlrJ.O =Hol
Brdd" =BrQx-0)=p,i ;r=d
(47 x107 L2)(1504)

B _ luOl —

= -
2rd 272(0.110m)
=2727x10°T

NO
¥¢(b) An inductor has, by definition, an inductance L = 7 B . Use the definition of magnetic flux and

2
do the integral, to show that L = 'Ll(’];, 4 for an air-core solenoid of radius » and length /.
N L NI
L="t o, =[B-dd;dd=rdras B:#Of

r

r 27 2 z
@B:deA:BJO jo rdrdH:B%OH\i = B(xr?)

_NB(zr*) _N(4) pyNI _p,N*4
I I l l
L= ,u01>/ZA

L
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#(c) Consider a square in the xy-plane with sides of length a and a magnetic field, B = (nyz)l€ where C #(e) A circular wire of radius 7 is placed in a magnetic field B = (1007 /sec®)¢* f . Use the generalized

is a constant. Find the magnetic flux @, = jI§~d;1 . The lower lefi corner of the square is at the origin, form of Faraday’s law, §E~ 5 =— d;)B , to find the magnitude of the induced Electric field £ in the
t

=y=0.
o L © © ° @® wire.
_[(B.77— [ 2 @ © ©® o - _
®, = [B-dd=[Bas=| [ Cordxay B, oo B =(100T/sec®) i &
—Crxdxryzdy @OG)@@@@@@ = do
= _ B
0 0 o o e e §E’d§__ dt
xz a ya a (az ](03] a5 o] ol @ @ @
=l 2 Zl = | 2 |l=c2 ® ® @ 6 B d = - d
AN E 6 o6 6 e o Ei;Eds——EJB-dA_—E_[BdA

E[rao- _%[B [ a4 _%[B J, [pardo

Erfdo--2] B[ rar[ o]

(d) An A.C. transformer is shown below. If at some time #, that the primary current /; is decreasing and
going to the right as shown, then explain whether the induced current of the secondary, /> , goes to the
LEFT or to the RIGHT. You should sketch in the relevant magnetic field B; from the primary coil, and
the induced magnetic field B, from the secondary coil. Finally, if V; s = 117 Volts, then find V5 s -

B,

L
1 7

Vo

>
VYRR R

N L N

\4

>

¥

The B-field from I, goes up from the center
of the coil and then stays in the iron frame,
going clockwise. The B-field goes DOWN
through coil 2 and is DECREASING, so that
coil 2 must create an induced B-field that
goes DOWN and therefore, RHR has the
current I, going to the LEFT as it comes
into the top of coil 2.

= G)(l 17volts) = 234volts

Er2z= —jt{B(i)(zn)}

EQ27r)= —(ﬂrz)%[(l.OOT/ sec’) 1’]

E= —%(1.00T/ sec’)(2¢) = —(100T /sec®) ¢




