
Multiple Choice - 30 pts total - 3 pts each

I ) A parallel-plate capacitar initially has 320 J of stored energy and is thea
disconnected from the charging battery. If the plate spacing is now cut in half
withcut changing the amcunt of charge on the plates, what is the new value of the
stored energy?
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c) 64OJ
d) 1280J
e) none of the above

Z) Which of the following multiple capacitor combinations has the largest capacitance?
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3) A square loop lies in the x-y plane such that one side lies along the x-axis. This side

is 45 cm long and a current of 7.0 A runs in this side in the negative x-direction.
What will be the components of the magnetic force on this side of the loop due to a
magnetic field with the following

/ u))F- = F"= 0, F" = - l  1.0 N
Yl F,=Fr=0,F,= l l .oN

c) F, = Fr= 0, F, = -6.9 N
d) F" = Fr= 0,4 = 6.9 N
e) None of the above

B,= -2.2 T, By= 3.5 T and B,= 0 ?
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4) A uniformly distributed current flows in the +z direction

in a cyndrical wire as shown in the figure to the right'

Which of the foltowing graphs best describes the

magnitude of the magnetic field due to the wire at points on

the positive x-axis?
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5) A square wire loop of side s = 05 m lies in the,r-y plane and carries a current of

t = i.l A flowing in the counter-clockwise direction {as viewed from e > 0). A

constant, uniform magnetic field of magnitude B =A3 T points in the +x direction,

as shown in the figure.

B=037
/= 1.3 A
s=0.5m

The amount of work required to rotate this loop to an orientation which has the

maximal potential energy is: I l/n\ - - ;' 
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d) 0.46 J
e) Noneoftheabove W= O' aVJ

6) An RCL circuit contains an inductor with L = 5.00 mH, a capacitor with

e = 10.0 pF and a resistor with R = 30.0 Q all in series- It is driven with a

sinusoidal emf: e = 20O sin tot (V). At what frequency, f, is I* maximum?

I^, ffaY dhe-tu Xt- = Xc
a) OIIz

(b))7L2Hz
5 +.+l x ld Hz

d) 3.18 x 106H2
e) None of the above
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7) The current is increasing in a long straight wire running next to a wire loop as
shown. What would be the directions of the induced magnetic field B(ind) inside
the loop and the induced current I(ind) in the wire loop induced by the changing
current in the long wire?

c) B(ind) into the page,I(ind) counterclockwise

6D B(ind) into the page,I(ind) clockwise
-.1 None of the abve

8) Three identical resistors are connected to a battery, an inductor, and a switch as
shown in the figure below. (The values of all circuit elements are given below the
figure.) The switch has been open for a very long time, and then it is closed at time
f=0.

@t= o r.
VR= o

d r=o /  ^VL = nLU v;hl"
/  d i l \ t

Vr- 6v =Vs t
Vs=6Y, R=17 {2,

Immediately after the switch is closed, the

a)V.=Q!
b)V'=3V

a"Tr=e v
-{v '= lZY

e) None of the above

L=53 pH

voltage acrossthe inductor, Vr, is

a) B(ind) out of thEpage, I(ind) counterclockwise
b) B(ind) out of the page,I(ind) clockwise



e) Incident light of intensity Io and polarized horizontally passes through three

polarizers- The first and third have harizontal transmission axes, but the seccnd's

transmission axis is oriented 20.00 to the horizontal. In terms of I", what is the

l0)The energy per unit volume in an electromagnetic wave is

/-\
({-,L,qually divided between the electric and magnetic fields.
-b) almost entirely in the electric field.

c) indeterminate.
d) almost entirely in the magnetic field.
e) always equal to zero.
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Longer Problems - ?0 Pts tctal

l) A square wire loop carrying a current Ir = 7.50 A is placed next to a long straight wire

carrying current \z=325 A as shown in the figure below where a = d = 28.0 cm- (20 pts

total) 3g0cyn ver 2
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a) Determine the magnitude and direction of the force on the side of the square wire loop

closest to and parallel with the long wire due to the magnetic field created by the long

straight wire. (Assume the current I, travels from the bottom to the top of the page in this

side of the loop,) (5 pts)
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b) Determine the magnitude and direction of the force on the side of the square wire loop

farthest from and parallel with the long wire due to the magnetic field created by the long

straight wire. (Assume the current I, travels from the top to the bottom of the page in this

side of the loop.) (5 pts)
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c) The magnetic forces on the top and bottom sides of this loop are the same size, but |n

opposite directions. Explain why. (2 pts) illz
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d) Determine the magnitude and direction of the net force on the square wire loop due to

the magnetic field created by the long straight wire' (2 pts)

e) Determine the magnitude of the magnetic flux thru the wire loop due to the magnetic

field created,by lr.Ignore the contribution from 1, (6 pts)
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2) Two fixed conductors are connected by a resistcr R = 20.0 Q. The two fixed conductors
are separated by L = 255 cm and lie horizontally. A moving conductor of mass m slides on
them at a consEant speed u, prcduciag a cutrni of 1.75 u*ir. A magnetic field {shown by
the black dots in thefigure) with mafnirude 6.67 T points out of the page.

a) In which direction does the current flow through the
moving conductor when the bar is sliding in the
direction shown? Justifr your answer. (2 pts)
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b) Determine the speed of the moving bar. (4 pts)
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c) Determine the magnetic force (magnitude and direction) on the bar. (4 pts)
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3) An electromagnetic plane wave is propagating in empty space. The electric field at time
t = 0 over two wavelengths is sketched in the figure below. The E-field is given by

E(x, y,z,t) =iEosin(ft2 + ar) .

clr're-, d'*l :

b) If the average intensity of the wave is 4.33 Watt/m2, what is the average energy per unit
volume (energy density) <r> of the wave? (3 pts)

(w)= €" E,|s = !  = t / .?3 Lvqtt /^= =.
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a) In which direction is this wave propagating? Justify your answer. (2 pts)
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b) Write an expression for the magnetic field as a function of time. (3 pts)
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c) If the average intensity of the wave is 4-33 Watt/m2, what is the peak magnetic field of
the wave? (3 pts)
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d) If the average intensity of the wave is 4.33Watttm2, what is the root-mean-square (rms)
electric field of the wave? (3 p*)
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e) If the wave number ft of this wave is 62.8 m-r, what is the frequency/? (3 pts)
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f) If the magnitude of the peak electric field of this wave were doubled, what would the
resulting intensity be? (3 pts)
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4) An LRC circuit and its associated phasors are shown below. An AC voltage source with
angular frequency ro = 150 rads and root-mean-square voltage €-, = 120 V drives the
circuit.
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a) Find the capacitiye reactance X. (2.5 pts)

.1 / I -
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b) Find the inductive reactance Xr. (25 pts)
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c) Find the impedanceZ of the circuit. (25 pts)
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d) Find the phase constant 6 of the circuit. {2.5 pts)

= T.-  Xc 3 o o_n - ql.Lt -r:--ton + = -0,51f
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e) What is the root-mean-square current in this circuit? (2.5 pts)
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Extra Credit: (l pt) What should Dr. Johnson get for her two sons (ages lZ and 14) for their
upcoming birthdays?
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0 Draw a phasor respresenting the voltage of the AC source e in the correct location on the
phasor diagram on the previous page. (2.5 pts)

See previovs Pqqe,
l tL)

g) lf the phasor representing the voltage across the capacitor makes a 450 angle with the x-
axis in the phasor diagram shown, determine the values of the voltages u"ror* the resistor,
the capacitor and the inductor at the instant depicted in the diagram. (5 pts)
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