EE 201.3 (03) Midterm Examination October 22, 2002 \/

)( A magnetic circuit is shown in the accompanying figure. The ‘C’ section has a coil of 1000
h turns and is made of solid sheet steel. It is positioned against a square section made of
laminated sheet steel (stacking factor = 0.9), and is separated from the C section by Imm
air gaps as shown. The average path length of each straight section is 10cm, and all
cross-sections are 2cm X 2cm. (Note: ignore fringing effects.)
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)(Draw the “electric equivalent’ circuit.
Label the elements including the
source, NI, and the air gap(s).

131

What current is needed in the 1000
turn coil to establish a flux of 0.56
‘23"6 mWDb-in each of the ai ?
X = 9.3/ E |
(Some B-H data for Sheet Stel ¢an be found
on the charts on the last page.) '
51 Current .
(Note: Use the following table to assist with your calculations)
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ﬂ Once this flux is established, how much force would be required to separate the
‘C’ section from the laminated square? ‘
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85 What is the inductance, L, of the coil at this current and flux level?
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N/Sketch the waveform, v(t) = 5 — 10sin(1570.8t) Volts on the following graph
12]

. / Af meter for measuring current is to be

] constructed using a movable indicator of rigid
wire pivoted in the center and sliding on a
frictionless, conducting ring as shown in the
figure (Note: Top view.) There is a coil spring
attached to the indicator which opposes any
counter-clockwise rotation. This spring has a
spring constant, k= 0.75 X 10> N-m/Radian. A
permanent magnet provides a constant magnetic
field with strength, B = .75T everywhere inside
the ring. Electrical connections have been made
so that the current to be measured can be routed
through the moveable indicator via the stationary
ring. (Note: The resistances of the ring, indicator
and connections are negligible.)

X/If the terminal marked “a” in the diagram is to be the positive terminal (i.e.
current “in”), which pole of the eymanent magnet should be facing up inside the

2l ring (North or South)? &Q_M Jimm 7?)_/ /% >

"o M : o -
[L% g ,)Q If a full scale rotation of 286.5° corresponds to a current of 1A, what is the 255 L1 :Srqg
~ djamete)? of:S tl;’e ring? 45 37;/* 3 A)L; , r&&
Y= OKX0=RE /Sra &‘\'/\L
P Zod / | T & d=2r

[4] F=TAXB - (IA) X O75T = 977 §r | dz Ooln /

At s, I ecn Lhese hpeesciibeeq ) 77
 Fo- Facy ocguss e jern]
- 375k pm = 071N

] = 0&5’77 —-

Y’ What current is required for a half-scale deflection (rotation of 143.25°)?
Fop=(075 0103201 /9 510y = ) B BWss3 0 m

/.875X0 3N m = T AXB E: 5§ﬁ /
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Write the expression for a sinusoidal waveform, v(%), fo;z which the peak to peak voltage,
Vp.p =24 Volts and the period, T = 20.0 msec.
PP petiod, ‘JI ;le) /\70 f 3/"/ / ] %‘

W= 1 n @ EL) T

}( A bar and rail are arranged to spin a small fan as shown in the figure. The fan requires
15W of power to turn it at 600rpm. The cable is attached to a drum that is 10cm in
diameter. Assume that the spool of cable and the length of the rails are both long enough
so that steady state can be reached. A field of strength, B = 1T exists in the area.

CTIHT,
7

é;/OC/h:;OJ’”

At what velocity must the bar move to spin the fan at the required speed?

60O |vey = ngnouememl atross C = §rd = 03 ey
Om fvn YA

6@0 /1\2 Mo bos g.:}ll’} m/SJ‘/

What force must be applied to the cable (by the bar) to deliver the required
. power?

=YV S
Fope e =[470)

-

=N 3

How much current is required to supply the ccess force, and what is its

directi ghth bar (a=b or b=>a)? n C(/"
iec-;on ou }1?71‘_71\) or b=>a Ib S 56 j
_@X_ i_S'ﬂX T

nerated by the bar and what is its

Z.

polanty (a or aposmve)? Q 'ﬁ ¥+ ! <
2z
_5©L3 ) M/SB X
Ifth a{séshad an internal resistance of 1€2, what supply voltage, V, would be
reqmred to prov1de the necessary current?
V=K + 1.5
U= (&, Sseyﬂn)#/iﬂ) 2.
Wfé TV |
What is the overall efficiency of the system?
AT _
Po- VT = (ﬂab?}‘by@(’g&) /? ‘bl/

Pb uY 15 \J’
97-' o L7 \75/"/0
}X What is the ﬁ'equency of a sinusoidal waveform that completes 42 cycles in 360? hg

f"f’ g"‘%ﬁ:i@] z T= Z60s- EbTps. T
— 7" Hpeycl s c,(de /
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¢)&d)

JY Consider the R — L circuit in the 0
-_ accompanying figure. The switch has e R’O
been closed long enough so that steady Sw —
state conditions have been reached. + Ik
. J . § R 500mH
12V
What current is flowing through +Urs= =2V
i ?
2 the inductor? y PM =)0 )= ] Dk
= U o 2V Rihzioa R

Brn~ 0B

Rito o ST ET/’\ (v _ U
94“‘4)(9‘“0\@ hop \}0”036 clroP actoss \nducts o “'ﬁ» J/'ZB/

How much energy is stored in the inductor?

W. - -%,LI & — ~2 Yoo X (o34 /3/27L do
r, o 3
= 33 ﬂ s (B 29 [036)

What is the maxirhum valie of the resistor, R, that will ensure that the voltage
across the switch contacts will not exceed 200V when the switch is opened?

4] J00U¢ fOn, - As Bagts bgger moe ad move Curt-en Pewes

- SN 3 dhrough dhe fon resistol Whe n B— o0
mj/p{:j:, cm,ﬂ ¥Iwg+h~au3}s o —> fop"

b= [1+B ¥ R= /8?\/)/0
UL 2
=2 R+ %‘AIQ e’

B - 198
ﬁw(b U+l [ ¢ 10 & Z@o )265&"‘6-”/1‘&5"'56 DM%M ¥his H(

I
)
R=H70 esse ppdeoV So ma ) ) al]
The manufacturer notes that the switch will not be damaged by arcing as long a5~
the voltage across its open terminals does not exceed 500V for more than

500usec. If a resistor, R = 1KQ is used, will this requirement be met?
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77& T‘eq/mr@n,e/ﬂ ;\3 n}c?L by H& S
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Q;L‘(/ mex ﬂo 4@5 \)

}f Ifv() = 170sin(377¢) V,
}T what is the frequency, f? «50//'2-

- % whatis the period, T2_1 0TS - W= sy, 2y 4 4 =
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})’ Determine the a) average and b) effective (RMS) values for the waveform shown below.

'T3 Ta_ ..)—"L

M Ayereqt
w/% Sy/?z/neJrf)/ /lf’ea)Lmta) A x Area (D
Arel :‘(\@Z@ w’»@#@[/o@) Dy é@éj@ﬁ(ﬂ) 207 ); 7.._“,

vere = a = 0 \) —_ \_‘—ﬁ
Ausge > Ares, ;‘L%L\/A;7_l/?

//)Vb S

}6{ >L +
) ) nes ho gerceptT =0 .
(\DOH- A rm[gre/)ce alX Smueé SaL/dLaL-{)LLA \/&LX
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3

%Ifl(t) = 15sin(377t + 6) A,

K FiF
A) what is the value of the current at t = 16.67 msec? 7 B ,Q
L

T=3.M159 24 sssxv 79323 84694y3383X 79 50}884 177/493993 75|

(PL 050 dliaifs
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