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1. [25 points] A small particle of magsand charge-Q is suspended to a wall
via a very light string of length.. The wall is electrically non-conducting,
with a uniform charge per unit arego (Coulin?) imbedded in it.

e Using a diagram, show all the forces that act upon the mmass
e Determine the magnitude and direction of each forcenon

e Obtain an expression for the and@leat the location(s) of stable static
equilibrium of the mass.

Answer tand = Qo/(2mge,).

2. [25 points] An air-filled cylindrical capacitor is congtted with inner ra-
diusa, outer radiud, and lengthL. Note: Assume thdt > b, and ignore
fringing fields. (Why?) A total chargeQ is placed on the outer conducting
surface, and total chargeQ on the inner conducting surface.

e Determine the magnitude and direction of the electric figlehgwvhere
between the surfaces.

e Determine the capacitance of this system.
e Determine the electrostatic potential energy stored irc#pacitor.

e Show that exactly half of the electrostatic potential egasgstored
in the regiona < r < v/ab, wherer is the distance to the axis of the
concentric cylinders.

Answer E = Q/(2reoLr), inward toward wire;
21E,L/(logb/a); Q?log(b/a) /(4TeoL).

3. [25 points] The earth’s lower atmosphere contains negatid positive ions
that are produced by radioactive elements in the soil anchimosys. In a
certain region, the atmospheric electric field is 100 Voitster, directed
vertically down. This field causes singly charged positivesi (6x 10t8
ions per cubic meter) to move downward and singly chargedthegions
(6 x 10*8 jons per cubic meter) to move upward. The electrical ragigti
is measured to be = 2.0 x 10"14Qm,



e Calculate the ion drift speedh, which is assumed to be the same for
positive and negative ions.

e Determine the magnitude and direction of the net currensited, in
Amp/?.

Answer 0.0025m/s; 5 x 10 13A/n?.

. [25 points] A straight conducting wire carrying a totah@nt 2 splits into
identical concentric semicircular arcs, each of whichiearcurrent. De-
termine the magnetic field &, the center of the semicircular arcs.

Answer O.

. [25 points] An inductoiL and a resistoR are connected in parallel. The
combination is then hooked in series with a resi®pand inductolL, an
ideal DC Voltage source providing Voltayg, and a switcls. The switch
is closed at timé& = 0.

e Determine the current everywhere in the circuit just attergwitch is
closed.

e Determine the steady-state current everywhere in theitircu

e Optional: Determine the current passing through the @st the
bottom at all times.

Answer 0,0;Vp/R 0,

. [25 points] A plane electromagnetic wave with wavelerigthmeters trav-
els in a vacuum in the positive y-direction, with an electietd E of maxi-
mum amplitude 200 Volts per meter, in the positvéirection.

e What is the frequency of the wave, in Hertz?

e What is the maximum amplitude, as well as the direction, efrttag-
netic fieldB corresponding to this wave.

e What is the time-average energy flow associated with thiseywex-
pressed in Watts per meter squared?

¢ If the wave falls on a perfectly absorbing surface of aréasjuare
meters, lying in théx — z) plane, what is the net force on this surface
that is produced by the wave?



60MHZ 6.7 x 10~'T; 50W/n?; 3x 10~ 'N/n?.
Answer

. [Extra Credit; 10 points] In a standing wave experimemt,egectrically
driven tuning fork is attached to one end of a light strin@rheter in length.
The small tuning fork is driven transversely to the direstaf the string,
with very small amplitude, at a frequency of 400 Hz. The gtig110 me-
ters long, and its total mass is 5 grams.

e Explain why, for resonant transverse oscillations, thegenode on at,
or very close to, the location of the tuning fork. What is tleaibdary
condition at the other end of the string? Why?

e What tension [in Newtons] must be applied to the other enchef t
string [by hanging weights over a pulley, or by pulling], lifet system
undergoes resonant transverse oscillations in its fundeaheode?

Answer 3200N.
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. [25 points] A chargetQ is uniformly distributed along an insulator that
forms a semi-circular arc, with radits

e Determine the magnitude and direction of the electric fi¢lithe cen-
ter of the arc.

e Determine the magnitude and direction of the electric field dis-
tancer away from the center of the arc and on its axis. Assume that
r > R, and keep only the leading non-vanishing term.

Answers away from arovkQ/(TiR?); kq/r?.

. [25 points] In a certain cyclotron an alpha particle mawescircle of radius
3.0 m. The magnitude of the magnetic field i 4, perpendicular to the
orbit of the alpha particle.

e What is the frequency of rotation of the alpha particle, inte2
e What is the kinetic energy of the alpha particle, in electvols?



Note:

¢ mass of alpha particlang = 6.2 x 10727 kg
e MC?=37x10eV
e Oy =3.2x 101 Coul

Answers 32.7MHz 7.4 x 10%V.

3. [25 points] A total amount of chargeQ is distributed uniformly through-
out the volume of a solid insulating sphere of radau#\ very thin concen-
tric spherical shell of radiub (b > a) completely surrounds the insulating
sphere. That thin shell also has a total amount of charQespread uni-
formly on its surface.

e Determine the magnitude and direction of the electric figlehgwhere
in space.

¢ With the convention that the electrostatic potertialanishes at infin-
ity, determine that electrostatic potenNakverywhere.

Answers r < a: kQr/a3,—kQr?/(2a%); a<r < b: kQ/r?,kQ/r +kQ/b;
r > b:2kQ/r?,2kQ/r.

4. [25 points] Suppose that a parallel-plate capacitor iraslar plates of ra-
dius Q2 meters, with a plate separation 0005 meters. Suppose also that
a sinusoidal voltag¥psinut is applied to the plates. The frequency of vari-
ation of the voltage i = 60 Hz andVy = 150 Volts. Neglect fringing
fields.

e Determine the (time-dependent) magnetic field everywhesielé the
capacitor, expressed in termsrothe distance to the central axis.

e What is the maximum electrical energy stored inside the dégain
Joules?

e What is the maximum magnetic energy stored inside the ceypaii
Joules?

Answers w= 377Hz 6.3 x 10 11T cosut: 2.5 x 10°6J;: 7 x 10 14].



5. [25 points] A resistor of resistané&= 50Q and an inductor of inductance
L = 0.01 Henry are placed in series with each other, and then ctethéez
a sinusoidal Voltage source withMF given byVgsinwt. The maximum
voltage of the source iy = 400 \Volts, and the oscillation frequency of the
voltage isf = 1000 Hertz. The following questions refer to “steady state
conditions, when all transient effects are gone, and theentioscillates
periodically with the same frequency as tabIF.

e Determine the maximum current passing through the resistAmps.
e Determine the average power lost through the resRtar Watts.

e Determine the maximum magnetic energy stored in the indugto
Joules.

Answer 4.98A:; 620/N; 0.12].

6. [25 points] A capacitor with capacitanCe= 2.00uF is “leaky”, in the sense
charge travels through the capacitor, so that the capdmtmomes neutral-
ized over the course of time. Suppose that the capacitovengn initial
chargeQo = 3.0uC, and the charge is reduced® = 1.0uCin 50 seconds.

e What was the initial voltage across the capacitor, in Volts?

e Determine the “effective resistance” across the platek@tapacitor,
in Ohms.

e Determine the total time elapsed (in seconds) at whicB®percent
of the charge has leaked off the plates of the capacitor.

Hint: Make anRC circuit model.
Answers 1.5V; 23MQ: 420s.

7. [Extra Credit; 10 points] A circus trapeze artist swingsaovery light, yet
very strong bar trapeze, which consists of a horizontaltetris connected
to two identical ropes that pivot at the top of the arena. Téwéog for one
(rather small amplitude) oscillation is measured to lfies@conds, when the
trapeze artist is lying across the bar, with her center ofsnaashe bar. On
the other hand, when the trapeze artist stands upon theheapetiod is
measured to be.75 seconds.



Determine the length of the ropes from pivot point to the bavell as the
distance between the center of mass of the trapeze artigharmbttom of
her feet. Express both answers in meters.

Answers 15.88m; 0.98m.
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. [25 points] A point charget-Q is located at the center of an insulating
sphere of radiuR. In addition, a total charge efQ is distributed uniformly
through the volume of the insulating sphere.

e Determine the magnitude and direction of the electric figlehgwhere
in space.

e Determine the electrostatic potential everywhere, withabnvention
that it is defined to be zero at infinity.

Answers inside (out)kQ(1/r% —r/R®),kQ(1/r +r?/(2R%) — 3/(2R); out-
side Q0

. [25 points] A small permanent magnet is pivoted abouttger of mass, so
that it is free to rotate in a horizontal plane. The magneipolé moment
of the magnet isVl = 2 x 10~*An?, and its moment of inertia about this
vertical axis of rotation i$ = 3 x 10~°kgnt. A horizontal magnetic field of
magnitudeB = 4 x 103 T is present. Ignore gravity.

e Determine the torque acting on the magnet when it lies at 4 sma
gle 8 (counterclockwise, as seen from above) to the directiorhef t
magnetic field.

e Determine the frequency of small horizontal oscillatiohthe magnet
about its equilibrium position, in Hertz.

Answers —MB0O; 0.025Hz.

. [25 points] A capacitor with capacitanCe = 2.00uF is charged to capacity
by a DC battery with of EMF of 40 \Volts.

e Determine the charge on the capacitor, in Coulombs.
e Determine the electrical energy stored in the capacitalpuries.



The fully charged capacitor is then disconnected from thieeba and then
connected across a second capacitor, with capaci@Gneed.00uF.

e Determine the final charge on each of these capacitors, itoGins.
e Determine the energy stored in each capacitor, in Joules.

e |s the total electrical energy the same as before? Explainovfwvhy
not.

Answers 8x 10°°C,1.6x103J; 2.7x 10 °C,5.3x 10 °C; 3.6 x 10°4J,1.8 x
10~4J No, resistance necessary for equililbrium.

. [25 points] Two identical batteries, which produce diraarent at an EMF
of 12 \Volts, each have an internal resistamce 1.0Q. The batteries are
placed in parallel, and then attached across an inductdr wwductance
L = 0.1H. The switches are closed simultaneousli-at0 (sec).

e Fort > 0, determine the current passing through the inductor, g m
netic energy stored in the inductor, the power provided loh dttery
(chemical energy converted into electrical energy), aedotwer dis-
sipated as heat within each battery.

e What are the steady state values of these quantities, wregbrasent
after a long time?

Answers
12(1—e A 28.8(1— e 3)2J; 1441 e )W
12A,; 28.83; 144N.

. [25 points] A plane electromagnetic wave with wavelerjthmeters trav-
els in a vacuum in the positiwedirection, with an electric fiel&E of maxi-
mum amplitude 50 Volts per meter, in the positiwdirection.

e What is the frequency of the wave, in Hertz?

e What is the maximum amplitude (in Tesla), as well as the tdwacof
the corresponding magnetic fieBifor this wave?

e What is the time-averaged energy flux associated with thiseyex-
pressed in Watts per square meter?



¢ If the wave falls on a perfectly absorbing surface of aréasgjuare
meters lying in thex — z) plane, what is the average force produced
by the wave on this surface, in Newtons?

Answers 37.5MHz 1.7 x 10~°T, 3.3W/n?; 3.3 x 10°8N.

. [25 points] Three charges of magnitude®, +2Q, and—3Q, respectively
lie at the vertices of an equilateral triangle of safe Takea = 0.1 meters,
andQ = 2 x 10~ Coulombs.

e (a) How much net energy (in Joules) would be required to askem
this configuration of charges by bringing them in from infyfit

¢ (b) Determine the magnitude and direction of the net elstaita force
on the negative charge, caused by the two positive charges?

Answers —2.52]; 29N, 11° toward+Q relative to altitude at-3Q.

. [Extra Credit; 10 points] A wire coil of 200 turns is wragpghtly around
along wire solenoid. In turn, the inner radius of the soldn®i0.05 meters,
and there are 1000 turns per meter on it. Determine the mindattance
M of this system, in Henries.

Answer 3.95x 10 3H.
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. [25 points] Masses Hung by a Vertical Spring

A particle of massn is attached to a light ideal spring of spring constant
k, which is hung at the ceiling. At equilibrium the spring isetthed by a
distanceD beyond its natural length.

When the mass m is pulled down below its equilibrium positaorml re-

leased, the mass-spring system undergoes vertical dmeidavith a period
of 1.5 seconds. When an additional mads= 4.0 kilograms is then at-
tached to the spring, the spring stretches by an additiastdriceDg at

equilibrium. The period of vertical oscillations about thew equilibrium

point is 254 seconds.

Determine the following quantities:

e The original massn, in kilograms.



e The spring constank, in Newtons/meter.
e The distance® andDg, in meters.

Answers 2.25kg; 40N /m; 0.55m; 0.98m.

. [25 points] Spherical Dielectric Capacitor

Two thin conducting metallic spherical shells, with radiandb, respec-
tively (a < b) are located concentrically. An insulating material oflelatric
constank fills the region between the two spheres. A total charg@is
placed on the outer conducting shell of this capacitor, eagr total charge
—Qis located on the inner conducting shell.

Determine the following quantitie$S( units):

e The capacitance of the syste@,

e The magnitude and direction of the net electric field evemsnghnside
the dielectric material that lies between the plates of Hpacitor.

e The difference in electrostatic potentis¥ between the shells. Which
shell is at higher potential?

e The total electrostatic potential energy stored in thisac#pr.

Answers 4tgkab/ (b — a); —kQ/(kr? inward;
kQ/kb—a/(ab); kQ?/(2x)(b—a)/(ab).
. [25 points] Hall Effect

A conducting metallic strip is 10 cm long, 1 cm wide, and 6m thick. It
moves with constant velocity v in the “long” direction of te&ip through
a uniform magnetic fiel@® = 1 milli-Tesla, directed parallel to the thin side
of the strip. A potential difference of 4 micro-\Volts is measd across the
width of the strip. Calculate the speed v of the strip, in m&tecond.

Answer 0.4m/s.

. [25 points] Inductor with Toroidal Geometry

A hollow torus of sides, with square cross section, and with inner radiis
formed wrapped witN turns of conducting wire — all in the same direction
of rotation around this toroidal inductor. A steady curréritows in the
wire.



e What is the magnetic field everywhere inside this torus, esged in
terms of the paramete(s,a,N) and the distanceto the central axis
of the torus?

e What is the inductance of this toroidal inductor?
e How much (magnetic) potential energy is stored in this @abinduc-
tor?
Answers N1/ (2mr); toN?s/(2a) log(1+s/a); 1/2L12.
. [25 points] Oscillating LC Circuit

An oscillatingLC circuit consists of a DnF capacitor and a.@mH coil.
Under steady state operating conditions, there is a maxiwveitage of
3.0V across the capacitor.

What is the maximum charge on the capacitor, in Coulombs?

What is the period of oscillation of the charge on the capacin
seconds?

What is the maximum current through the inductor, in Amp@res

What is the maximum energy stored in the magnetic field of tike c
in Joules?

Answers 1.8 x 10 °s; 2.1 x 10 3A; 9x 10°J.

. [25 points] Plane Electromagnetic Wave

A plane electromagnetic wave with wavelength feters travels in a vac-
uum in the positive y-direction, with an electric fidldof maximum ampli-
tude 30 Volts per meter, in the positive z-direction.

e What is the frequency of the wave, in Hertz?

e What is the maximum amplitude (in Tesla), as well as the twacof
the corresponding magnetic fielifor this wave?

e What is the time-averaged energy flux associated with thieyex-
pressed in Watts per square meter?

¢ If the wave falls on a perfectly absorbing surface of aréastjuare
meters lying in théx— z) plane, what is the time-averaged force pro-
duced by the wave on this surface, in Newtons?



Answers 60mHz 10°'T, x-direction; 12W /nm?; 1.6 x 10-8N.

. [Extra Credit; 10 points] Lightning Precautions

Discuss the rationale behind the following list of safetggautions dur-
ing a thunderstorm or during significant lightning actiyitssing the basic
principles of electricity:

¢ Do not stand outside under a large tree.
¢ Do not stand outside in an open field; i.e., on a golf course.

¢ Do not get into the water, or stay in the water, at an outdoamsmng
pool. (What about indoor pools?)

e Do not remain outside on a small boat offshore in open waittrere
on a lake, ariver, or the ocean. (What about surfing near theesht
a beach?)

e Itis considered safe to remain inside an automobile on tle@ opad,
but do not touch metallic objects, such as the key in theimmgwitch
or the housing for the cigarette lighter. (Is it safe to bedasan air-
plane during a lightning strike?)

e Do not get out of the car just after a nearby lightning strike.

Answers Along with water, our bodies are good conductors of eleetri
ity, compared with our surroundings. Lightning follows tpath of least
resistance to ground.
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. [25 points] The oscillations of a tuning fork at a frequgn€500 Hz setup a
transverse standing wave on a string clamped at both endswvave speed
for the spring is 200 meters/second. The standing wave lasdops, with
a maximum displacement from equilibrium afImm.

e What is the length. of the string?

e Write an equation for the displacement of the string as atfonof x,
the position along the string, along with the timeAssume that the
string is unstretched at tinte= 0.

Answers 0.8m; Asinkxsinwt; k = 15.7m%; w = 3140 /s.



2. [25 points] Two (positive) point charges of magnitugd® are placed sym-
metrically along thez-axis, at pointsz = +d. A thin insulating wire is
placed along th&-axis, passing through the origin. A bead of masand
(negative) charge-q slides freely along the wire. Neglect gravity.

o Determine the net force on the bead, when it is located attardiex
from the origin.

e Determine the frequency of small oscillations of the beadualthe
origin.

Answers
__ 2Qax 1 [2kQq
(d2+x2)3/2" 2tV mcB -
3. [25 points] The drum of a photocopying machine is a metafilinder of

length 40 cm and diameter 20 cm. For proper functioning actrétefield
of 2 x 10° N/C must be present just outside lateral surface of the drum.

e How much charge (in micro-Coulombs) must be deposited oihathe
eral surface of the drum?

e For the desktop version of the machine, the drum length isn2@rd
the drum diameter is 10 cm. How much charge (in micro-Coulmb
must be deposited on its lateral surface?

Answers 0.44uC; 0.11uC.

4. [25 points] A camera flash lamp circuit has a capacitorgcaanceC) and
resistor (resistande = 200 kiloOhms) in series connected across a 12 \Volt
DC battery. The lamp fires when the potential across the dapaeaches
8 \olts.

e What capacitance is required if the lamp is to fire 2 seconids Hfe
switch is closed?

e How much energy is stored in the capacitor just before theplén
fired?

Answers 9.1 x 10 %F; 2.9x 10°4J.



5. [25 points] An electron with a kinetic energy of 4000 etent\Volts is mov-
ing in a direction perpendicular to a uniform magnetic fiefdmagnitude
0.3 Tesla. Find the speed of the electron, and radius of itslarorbit.

Note:

e Mass of electromme = 9.1 x 1031 kg
e MC?=51x10°eV

e ge=—1.6x10"1°Coul

o 1eV=16x10"1%

Answers 3.76 x 10'm/s; 0.7mm

6. [25 points] A 24/ battery is connected with a resistor of resistaRee12Q,
It is then connected in parallel with anothenN2battery and a resistance
r = 6Q. Calculate the magnitude and direction of the current gardrby
each battery, the power provided by each battery, and thepdissipated
in each resistor.

Answers 0, 4A; 96W/; 0, 96M/.

7. [Extra Credit; 10 points] At a certain place the earth’sgmetic field is
4% 107° Tesla. A flat circular coil of wire of radius.0 meters has 150
turns of wire, and lies in a circuit with a total resistance26€. The coill
initially lies in a plane perpendicular to the direction beétmagnetic field
of the earth. Itis then “flipped” by a half-revolution aboutliameter. How
much total charge flows through the coil circuit during tHig™?

Answer 18.9uC.
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1. [25 points] A block of mass.@ kg is sitting at rest with respect to the
horizontal surface of a “shake table”. The shake table,nm, s driven back
and forth horizontally in simple harmonic motion (SHM) atraduency
of 3.0 Hertz. The coefficient of static friction between the blaoid the
horizontal surface igs = 0.4.

e How great is the critical amplitude of SHM just before thedide-
gins to slip on the horizontal surface? At what point on itgiotodoes
the block begin to slip in this critical case?



e Determine the magnitude and direction of all the forceshgotin the
block, (including the earth’s gravity) for the critical @as

Answers 1lcmmaximum displacement; = 7.84N, mg= N = 19.6N.

. [25 points] Three charges of magnitug®, +2Q, and—4Q, respectively,
lie at vertices of an equilateral triangle of sideTakea = 0.2 meters, and
Q=23x10"7 Coulombs.

e How much energy (in Joules) would be required to assemldectin-
figuration of charges by bringing them in from infinity?

e Determine the magnitude and direction of the electric fi¢litha cen-
ter of the line joining the two positive charges.

Answers —4.05x 1072J; 4.5 x 10°V /m; 37° from negative charge.

. [25 points] A point charge-Q is placed at the center of an insulating sphere
of radiusR. In addition, a net chargeQ is imbedded uniformly throughout
the volume of the insulating sphere.

e Determine magnitude and direction of the electric fielddeshe sphere.

e Determine magnitude and direction of the electric field wolgshe
sphere.

¢ With the convention that the electrostatic potential vaessat infinity,
determine the electrostatic potential everywhere — intieéesphere,
as well as outside the sphere.

Answers kQ(1/r? —r /R® out; 0;kQ(1/r +r?/(2R®) —3/(2R?); 0.

. [25 points] The current in abR circuit attached across a 10 \olt battery
reaches one-third of its steady-state value ten seconelsth# switch is
closed. The resistance of the resistor i8 ©him.

e Determine the time constant for this circuit.
e Determine the inductance of the inductor (in Henries).
e Determine the steady-state current, in Amps.



Answers 24.7s, 2.6 x 10°H; 10 %A.

. [25 points] A parallel plate capacitor with circular @atof radiusR = 0.2
meters is being discharged. A circular loop of radius 0.1 meters, cen-
tered on the central axis of the capacitor, halfway betwbenptates. A
displacement current of 2 Amp passes through that circatay.!

e Determine the rate of change of the electric field betweemplites.

e Determine the rate at which the capacitor is being disclibargethe
discharge electric current.

Answer 7.2 x 1012V /(ms); 8A.

. [25 points] A plane electromagnetic wave of frequencyMbBiZ travels in
a vacuum in the positive-direction, with its electric fielde of maximum
amplitude of 20 Volts per meter, in the positiyedirection.

e What is the wavelength of the wave, in meters?

e What is the maximum amplitude of the magnetic fiBl¢in Tesla) for
this wave? What is its direction?

e What is the time-averaged energy flow associated with thissyia
Watts per square meter?

Answers 1.5m; 6.67 x 10~ /T +y-direction; 53 x 10-3W/n?.

. [Extra Credit; 10 points] A wire coil of 150 turns is wragparound cen-

tral part of a long wire solenoid. In turn, the inner radiustiod solenoid

is 0.10m, and there are 500 turns per meter on it. Determine the mutual
inductanceM of this system, in Henries.

Answer 2.96 x 10 °H.
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. [25 points] Vibrating String

A string 80 cm long, with a mass of 3 grams, is held under a tenef
120 Newtons, with its ends held fixed. The string undergoassirerse
vibrations in its fundamental mode, with the maximum anojlé of 1 cm.



e Determine the wavelength and frequency of the vibratinmgtras
well as the speed of these transverse vibrations.

e Determine the total energy stored in the vibrating stringlaules.

e The speed of sound in the air surrounding the string is 35ers#siecond.
Determine the wavelength and frequency of the sound in therat
duced by the string.

Answers 1.6m, 112Hz 179m/s; 0.076J; 3.13m, 11Hz

. [25 points] Cylindrical Dielectric Capacitor

Two long hollow conducting cylinders of lengthare placed concentrically.
The inner cylinder has radiwgs and the outer cylinder has radibsb > a.

A dielectric material of dielectric constartfills the region between the
cylinders. A chargerQ is present on the surface of the inner conductor,
whereas a chargeQ lies on the outer conductor. Neglect fringing fields.

e Determine the electric field (magnitude and direction) ywérere be-
tween the conducting plates.

e Determine the potential difference between the condugdiatgs.
e Determine the capacitance per unit length of this system.

e Determine the electrostatic potential energy per unittlersgored in
this capacitor.

Answers field outward

Q 1 Q o 2mEok | QP
21EgLK 1’ 2TEQLK log(b/a); log(b/a)" 4mepkL2

log(b/a)

. [25 points] Configuration of Point Charges

Four point charges are placed at points inxhey plane as indicated in the
table below:
Charge Location

+Q (a,0)
+2Q (0,a)
—-30 (0,—a)

-4Q (—a0)



e Determine the magnitude and direction of the electric fielth@ point
(0,0).

e Determine the electric potential at the point (0,0).

e How much electrostatic potential energy is stored in thiffigoration
of charges?

Answers 5v/2kQ/a; 225 from x-axis; —4kQ/a; kQ?/a(3/v/2—8).

. [25 points] Defibrillator RC Circuit

A cardiac defibrillator consists of a capacitor bank of (gglént) capaci-
tanceC = 150 microFarads, which is charged to a potential/of 3000
\olts.

Determine the electrostatic potential energy stored icdpacitor, in Joules.

The capacitor is discharged through human tissue, with aivalgnt resis-
tanceR = 500,000 Ohms.

e What is the total current initially passing through the b@dyAmps)?

e How long does it take for the potential across the capactt@ome
down to a “safe”level of 10 Volts?

Answers 675J; 0.006A; 428s.

. [25 points] Mass Spectrometer

A singly-ionized Carbon 12 atom (massAMU) is accelerated through a
potential of 10000 Volts, and then put into a mass spectrometer, with a
uniform magnetic field of magnitude 2 Tesla perpendiculah#&direction

of motion of the atom.

e Determine the radius of the circular path followed by théocaratom.

e How accurately must that radius be measured to distingussbd
12 from Carbon 14 (mass 2AMU) in this spectrometer?

Note:

e gp=16x10"1°C
e 1AMU = 931IMeV/c? = 1.66x 10-?’kg



Answers 0.025m; 8 percent.

. [25 points] LC Oscillations

Consider an oscillatingC circuit with inductancd. = 40mH and capaci-
tanceC = 60uF. Initially, att = 0O, there is a current of 10 A in the inductor,
with no charge on the plates of the capacitor.

e At what time will the capacitor become fully charged for thetftime?

e How much charge is there on the plates of the capacitor whien th
occurs?

e What is the Voltage across the plates of the capacitor atithes?
e How much energy is stored in the capacitor at this time?

e What is the maximum energy stored in the inductor? When does i
occur?

Answers 2.4ms 0.015C; 200v; 2J; 27; initially.

. [Extra Credit; 10 points] Lucité” Light Pipe

Light is incident at the end of a long cylindrical pipe madé ofiLucite,
with index of refractiom = 1.50, and surrounded by air= 1. The incident
light strikes the end at its center, at an angte the axis of the cylinder. De-
termine the minimum value afthat is necessary to guarantee total internal
reflection of light along the lateral surface of the pipe.

Answer all angles are OK.



