Physics 221 Exam 3 & Solutions March 19", 2003 1

Thisis aclosed book, closed notes exam. Calculators are permitted, but no saved equations may be used.
Please let me know if a necessary equation does not appear below. Point assignments are noted throughout the
exam.

Y ou must provide your own Equation Sheet. Hand it in with your exam. It can contain no pictures beyond a
circuit component icons and a triangle for trig relations. It can contain no words beyond unit names. It can
contain no redundant equations. Any of these will result in O points on relevant exam questions.

Units
N J
B Teda = Emf Volt=—— L, M Henry CWes
Amp>m Coul
C Farad = X2 Amp = Coul i N
w Sec
R Z Xc, X, Ohm=W = Volt _J :52
Amp Coul

Useful Constants
e=1.60x10°C, e, = 8.85x10™2C? /(N>xm?) , m,=4p ~ 10" 'T xm/ Amps

1) (5 pts.) Below, the current through a circuit element is plotted as a function of time. What isthe rms
value of this current?

Current lo = 8 Amps = Amplitude of Current oscillation
+8 Amps_ e =21, = /% 8AMps =|5.65Amps

AN
0\/\/\{‘06St

-8Amps |

2) (5 pts.) What is the average power dissipated across a circuit with a 16 W impedance that is plugged
into awall socket providing emf, = 170 Volts?

(Py=11 Emf,, Emf, =1 ,RP I, = Er,
Emf Emf 2 2
(Py=2EMo prp, =2 EMo s (L7ovolts)® _oosvars
R 16W N
3) (5 pts.) A current flowing feels a force pushing it East in the presence of a Into
magnetic field pointing North. What direction is the current flowing? page
a East c. West e. Into the page (away from you) | E
b. North d. South f. Out of the page (toward you)
Out of

page
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(5 pts.) A proton is moving with a speed of 1.0 x10° m/s when it encounters a magnetic field that is
a 60.0° to the velocity. Asaresult it feelsaforce of 1.0 x 10° N. How strong is the field?

F

1.0"10°°N

F=qvBsng b B=

qvBsng 1.60” 10"*°Coul 4.0° 10° w/>6n 60°

=7,200T =7.2kT

(5 pts.) A doubly ionized (i.e. missing two electrons) particle with a mass of 6.64x10°% kg is
accelerated from rest through a potential difference of 2.45 x10° Volts. How strong a field must it

enter to have aradius of curvature of 0.01 m?

An atom ‘missing two electrons’ will have two unpaired positive charges, sog=2e.

r?B?
m=q P

2DV

g— [M2DV _ [6.64 10"?'kg*®2X2.45" 10°Volts | pp
qr? 2x.60" 10 *Coul x0.01m)?

(5 pts.) From the illustration, determine the magnitude of the magnetic force exerted on the wire 0.05

m long wire.

155‘/

| =3 Amps

B =0.60Teda

F=ILBsnq, g
F =3Amps>0.05m>0.60T >dn 155°
F=3810°N

(5pts) In the.pra@e.nce of a magnetic fjeld directed into _the - )/Q/)I(\X
page, current is passing about a coil asillustrated. What isthe B N
direction of the magnetic force exerted on this point at the <> c

X
X

X
X

bottom of the coil ? X X

X X X S
a East c. West e. Into the-page (away from you) \f}
d. South f. Out of the page (toward you)

(5 pts.) Below is apicture of two parallél, current-carrying wires of length and separation shown.
What is the magnitude of the force exerted by one on the other?

F=ILBsanq, g

(I .
B= % Right Hand rule says that the field
r
due to the right wire points out of the page at
01 m (perpendicular to) the left wire: g=90°.

| . 12 107 I A2.5A)?
F:ILﬁanlB:L—m) anlB:Sm4p xA2.5A) =
2pr ’ 2pr ‘ 2p :0.01m

) 2.5 Amps 2.5 Amps

3.75"10*N

(5 pts.) In the previous picture, what is the direction of the net magnetic field at point “P’, which is

in the plane of the two wires?
a East c. West e. Into the page (away from you
b. North d. South f. Out of the page (toward you)
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10)

11)

12)

13)

14)

A conducting bar moves along two conducting rails that are

joined by aresistor. If thereis auniform, 0.2 Teda, 0.01 Amp
magnetic field pointing straight into the page everywhere
and a0.01 Amp, clockwise-flowing, current is induced, 300 W 0.05mm

a. (5 pts) what is the magnitude of the induced emf?
emf = IR = 0.01Amp:300W =[Volts |

b. (5 pts.) isthe bar moving left or right? following the right hand rule, if the bar is moved
left (thumb), in the presence of afield pointing into the page (fingers), then the charged particles
on the bar get pushed down the page (palm), this push drives a current down the bar... clockwise
around the circuit as observed.

(5 pts.)) The Earth’s magnetic field of 4.95x10™° Tesla passes through the classroom doorway at an
angle of 50° off below horizontal. If the door is 1.50 m tall and 0.90 m wide, what is the magnitude
of the magnetic flux through it?

F = ABcosqg. , =1.5m>0.9m>4.95" 10" °T >cos50° 54.25" 10" *Weber

(5 pts.) A magnetic field is directed perpendicular to the plane of a0.15 m x 0.30 m rectangular coil
of 120 loops of wire. To induce an average Emf of magnitude 1.2V olts in the coil, the magnetic field
isincreased from 0.1 Tedato 1.5 Teda. Over what time interval must this change take place?

DF D(AB cosq,. , ) D(ABcosqs. , ) N AB; C0SQ g 5 - AB; COSQ g o

Emf =N =N b Dt=N =
Dt Dt Emf Emf
Dt =120 0.15m x0.30mxL.5T cosloz\-/ (|)£15m x0.30m>0.1T cosO 635
2Nolts

Note: the angle is measured between the magnetic field and the perpendicular to the area. Since
the field itself is perpendicular to the area, the angle is 0°.

(5 pts.) Given the direction of current Out of

flow indicated to the right, illustrate the the page Into
direction the associated magnetic field the
points both inside and outside the current page
loop.

(5 pts.) Which of the following graphs illustrates how capacitive reactance varies with frequency?

—
~—~
RS

—h

@ (© 1t (d f (e f
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15)  (5pts.) Thereactance of acapacitor at 100 Hz is 40 W. Determine the capacitance.

iID C= 1 1 3.98"10°F

¢ 2pfc 2pfX. 20 AO0HZX40W

16) (5pts) The plots below are of the voltage and current around a single component in an AC circuit.
Which isit, a capacitor or a resistor? Capacitor | W— the current and voltage across a capacitor are out of
phase asis illustrated.

10 Volts /\ /\ /\ /\
@ 4 Amps
NANNN
VIV VA
17) (5 pts.) Regardiess of which of the three the component above is, what is the value of the
impedance?
Emf, _10volts
Emf, =1 2Zb Z= 2.5W
> e I, 4Amps =25w]

18) (5 pts) If driven at 50 Hz, what resistor must be inserted into this circuit to give atotal impedance
of 100 W?

0.50H 1.3(‘)><‘10'5F R
| | VA

W

Z=R2+(X - X )P Z2=R2+(X_ - X P R2=Z2%- (X - X )’ b R=4/22- (X - X, )
L C

R:\/Zz' (XL - Xc)2
1
XC :ﬁ’ XL :Zpﬂ_

Jzz gm-— J(loovwz-a%pxsoHZwSOH- 1 0

fC 4 2p ¥650Hz ®.30" 10°F g

2

Py
u

48W

19) (5pts) What is the resonant frequency of the circuit above?

! = ! =162Hz
20+/LC  2p4/0.50H ®.3 10°°F

o —




