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PHYS 221 - 003/004; TEST 1; 22 September 2003

1. [25 points] The G string of a guitar has a length @& theters, with a funda-
mental frequency of 200 Hz. We may effectively shorten tmgtie of the
string by pressing down on a fret (a small ridge on the neckefjuitar).
How far from the end of the string should the fret be, if youlwie produce
a frequency of 250 Hz?

[Assume that the string is uniform, and that the tensiondoés not change
as you press down on the fret.]

Answer 12cm

2. [25 points] A thin ring of masM and radiuR is pivoted about an axis on
its edge, perpendicular to the plane of the ring. Determivegepteriod of
small angle oscillations about this axis.

Hints:

e The moment of inertia of a thin ring of mabsand radiuk about its
center isSMIR?.

e Parallel axis theorenty = lom+ Md? , wherelem is the moment of
inertia about an axis passing through the center of masd, anthe
moment of inertia about a parallel axis a distaddeom the center of
mass.

Answer 21,/2R/g.

3. [25 points] Consider a “semi-infinite” wire, which begiatsx = 0, and lies
at positivex, with a uniform charge per unit length d@Coulombs per meter.
Compute the electric field at a point in the plane perpendrdal the wire,
at a distance below the end of the wire. Show that that electric field makes
an angle of 43 with the wire.

Answer Ex = Ey = —kA/d.

4. [25 points] A point charge-Q is placed at the center of a hollow, conducting
sphere of inner radiug, and outer radiup. Determine the electric field
everywhere and the charge on the inner and outer surfackes obhducting
sphere, which is electrically neutral and isolated. Sk#teldirection of the
field lines in every region.

Answers outwardr < a:E =kQ/r%;a<r <b:E=0;r >b:E =kQ/r?



5. [Extra Credit; 10 points] Two infinite, parallel, non-ahucting sheets carry
surface charge densitieso and —a, respectively. Determine the electric
field between the sheets, as well as outside the sheets @n &idle. Draw
a picture indicating which sheet is charged positively amictvis charged
negatively, showing the direction of the field lines.

Answers left, right, left: 0/(2¢0) everywhere.
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1. [25 points] A certain guitar string has a density of 5 grggesmeter and is
held under a tension of 100 Newtons. The fixed supports aretérrapart.
The string is oscillating in a standing wave pattern with iniernal nodes
- its third harmonic. Determine the wavelength, frequenaag] speed of the
traveling waves that produce this standing wave.

Answers 0.67m; 210Hz 140m/s.

2. [25 points] Two small particles of mass m are connected biat light
rod of lengthD, which is pivoted and free to rotate about its center in a
horizontal plane. The two particles have net charges oflegagnitudeQ,
and opposite signs, forming an electric dipole. A uniforectlic fieldE is
applied in a particular horizontal direction. Determine fferiod of small
oscillations of this dipole about its stable equilibriumsgmn, in seconds.
Ignore gravity.

TakeD = 103 metersQ = 10 % Coul,m= 1023 kg, andE = 10° Nt/Coul.
Answer. 0.014 sec.

3. [25 points] A particle of chargg: = 106 Coul is placed on a horizontal
surface. A second chargp = 2 x 10°® Coul is placed on the same hori-
zontal surface two meters East of the first charge.

e Roughly sketch the lines of force of the electric field in tlogibontal
surface.

e Determine magnitude and direction of the electric field twetens
North of the first charge.

e If a chargegs = 3 x 10°% Coul is located on the horizontal surface
2 meters North of the first charge, determine the net forcet ¢im i
Newtons) produced by the other two charges.



Answers 456N /C; 23° W of N; 0.012N.

. [25 points] Charge is uniformly imbedded throughout al@nfinite) solid
circular cylinder of radiuR meters, with the uniform charge dengit€oul/m?*
throughout the cylinder.

e Determine the charge per unit length of the cylinderin terms ofp
andR.

e Determine the magnitude and direction of the electric figlehgwvhere
inside the cylinder.

e Determine the magnitude and direction of the electric figlehgwvhere
outside the cylinder.

Answers pTiR?; pr/(2¢o); pR?/(2g0r).

. [Extra Credit; 10 points] A total charg® is distributed uniformly on a
semi-circular arc of radiuR. Determine the magnitude and direction of the
electric field at the center of that semi-circular arc.

Answer 2kQ/(TiR?).
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. [20 points] A particular string on a musical instrumentightened to a
tension of 100 Newtons (about 25 pounds). The fundamentdenobthe
string then corresponds to a frequency of vibration of 25GH4& he length
of the string between the points of attachment &fieters.

e Determine the wavelength of the fundamental mode of vibratiof
the string.

e Determine the mass per unit length of the string.
e Determine the speed of transverse vibrations of the string.

The string is then “shortened” to an effective length & theters by plac-
ing a finger gently on it (at a fret). Determine the new fregueaf the
fundamental mode of the string.

Answers 1.2m;, 1.1g/m; 300m/s; 300Hz



2. [20 points] Two sound source&,andB, produce isotropic sound waves at
a frequency of 400 Hz with the same acoustic powes 0.01 Watts. An
observer is located 5 meters from soufcas well as 6 meters from source
B.

e Determine the intensity of sound (in Watts/meter-squadleticted by
the observer when (a) only sourges turned orla and (b) only source
Bis turned on)g.

e Determine the relative intensity in these two cases (ukiramndig) in
decibels @B).

e Determine the intensity at the observer when soufcasdB are both
turned on and driven in phase.

Answers 3.1 x 10~5w/n?; 2.2 x 10~5w/n?; 1.6dB; 8.3 x 10-%w/n?,

3. [20 points] A total charge-Q is distributed uniformly along an insulating
wire of length 2.. The pointP is located directly above the center of the
wire, C, a distancé. from the center.

What is the direction of the electric field at the pdit Why?
Determine the magnitude of the electric field at the pBint
Answers away from wire;kQ/(v/2L2).
4. [20 points] An insulating bead of mass which contains a total (negative)

charge—q, slides freely along a horizontal wire. Positive chargd3 are
symmetrically placed, a distanBeabove and below the wire, respectively.

Note: Neglect gravity and friction in the wire.

e When the bead is a distangdo the right of the line joining the two
positive charges, determine the net electrostatic forahehead.

e Determine the frequency of small oscillations of the beadualthe
center line.

Answers —2kQqx/ (x% 4+ D?)%/2; 1/(2m)/2kQq/ (mD?)/

5. [20 points] An isolated, hollow, conducting sphere withér radiusa and
outer radius contains a TOTAL electrical chargeQ. IN ADDITION, a
point charget+Q is placed at the CENTER of that sphere.



e Determine the charge lying on the inner surface of the hodomduct-
ing sphere, as well as on its outer surface.

e Determine the magnitude and direction of the electric fieldhese
three regionsr <a------ a<r<b----- r>bh.

Answers outward;kQ/r?; 0; 2kQ/r2.

. [Extra Credit; 10 points] The shock wave from a supers@tiaircraft ar-

rives at a detector on the ground. The airplane is flying aft#nde of 12

kilometers above the ground, with a speed of 500 meters pendeand it
passed directly over the detector on the ground. What isrtgkedetween
the jet aircraft and the zenith line at the location of theed&dr when the
shock wave arrives?

Note: The average speed of sound over the relevant regiomecatmo-
sphere is about 300 meters per second.

Answer. 53°.
PHYS 221 - 003/004; TEST 1; 29 September 2004

. [25 points] A string of length 1 meter and mass 2 grams wkédiends,
which is held under a tension of 50 Newtons, undergoes stgmwiave os-
cillations in its fundamental mode. If the maximum total ddic energy in
the string is 001 Joules, determine the maximum amplitude of vibration of
the string, in meters.

Answer 9mm

. [25 points] A large (infinite) insulating sheet has a unifcsurface charge
0 = +2x 10-®Coul/n? imbedded into it. A particle of mass= 10 grams
and charge = +3 x 1074 Coul is attached one end to a light rod of length
L = 10 cm, the other end of which is attached to the sheet. Theiwdsp
freely about an axis parallel to the sheet. Neglect gravity.

e Determine the magnitude and direction of the electric fiekth@loca-
tion of the charge

e Determine the frequency of small oscillations of the chabeut its
equilibrium position, in Hertz.

Answers 1.1 x 10°N/C to right; 2Hz.



3. [25 points] Three charges;Q, +Q, and—Q, are placed at vertices of an
equilateral triangle of sida. Determine the magnitude and direction of the
electric field at the center of that triangle.

Answer toward negative chargek®/a?.

4. [25 points] A long, thin rod is placed along the centrakasd a conductor,
which is a long cylinder of inner radiusand outer radiub. The conduc-
tor has zero net charge, and the rod contains a charge pdengih ofA
Coulombs per meter. Determine the magnitude and direcfitmecelectric
field

e everywhere between the wire and the conductor.
e everywhere within the conductor.
e everywhere outside the conductor.

Answersr <a:E=A/(2megr);a<r <b:E=0;r >b:E=A/(2reor).

5. [Extra Credit; 10 points] A certain positive charge +Qegparated into two
parts:Q = q1 + d2, whereg; andqgy are positive. The two parts are then sep-
arated by a distanad For what value(s) of;; andqy is the force between
these two parts as large in magnitude as it can be? Expressatpeitude
and direction of the force for this case in termspandd.

Answers o = g2 = Q/2; k@?/(4d?), repulsive.
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1. [25 points] One end of a strong, light ideal spring of sgraonstank is
attached to a sled of massthat lies on a frictionless horizontal surface.
The other end of the string is attached to a stationary wdie period of
small oscillations of the system about equilibrium i® 8econds. When a
person of mass 60 kg rides in the sled, the period of osaHatis measured
to be to 40 seconds. Determine the mam®f the sled in kg, as well as the
spring constank, in Nt/m.

Answers 20kg; 200N /m.
2. [25 points] Two identical sound sources,andB, are driven in phase to

produce sound at a wavelength of 3 meters (the speed of sedtdime-
ters/second). The power produced by each source i Waitts. A listener



sits 5 meters from sourck and 10 meters from sourd@ Determine the
amplitude of the signal heard by the listener in Watfs/How many deci-
Bels does this signal correspond to?

Answers 2.4 x 10~%W /n¥; 34dB.

. [25 points] Three charges of magnitude®, Q, and ) are placed at the
vertices of an equilateral triangle of side Determine the magnitude and
direction of the electrostatic force on a chaggelaced at the center of that
triangle.

Note: the distance from the center of the triangle to a veégtax/3.
Answers 7.9kQg/a?; 19°from —Q on side of+-Q.

. [25 points] An infinite line is uniformly charged, with@x 106 Coulombs
per meter. Determine the magnitude and direction of thergdeeld at a
distance of  meters from the line, and directly above it.

Answers upward; 12 x 10°N/C.

. [Extra Credit; 10 points] One end of a string of masand lengthL is
attached to an end of a string of mass dnd lengthL. The other ends of
the strings are attached to fixed locations, and then stétitha tensioff .

Determine the lowest frequency of vibration of the systénior which the
point at which the strings are attached is a node.

Note: express in terms ofm, L, andT.
Answer 1/(2m)/T /(mL).
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. [25 points] An electric dipole of dipole momept pivoted about its center,
is free to rotate about a vertical axis. The dipole makes dlsangle 6
with an external field of fixed magnitude, which is also horizontal. The
moment of inertia of the dipole about this axid is

e Compute the magnitude and direction of the torque on thdelipo

e Determine the frequency of small oscillations of the dipaideut this
axis.

Answers —PEsirB; 1/(2m)/pE/I.



2. [25 points] An organ pipe i§p = 2.0 meters long, with open ends. In a
room in which the velocity of sound is 350 meters per secoatgrchine the
frequencyfp of the fundamental mode — the lowest frequency of vibration
of the pipe. In addition, determine the next lowest freqyenc

How long (L) must a pipe be to have the same fundamental frequégcy
if one end is open and the other end is closed? Determine ttidaveest
frequency for that case, as well.

Do the two organ pipes sound the same? Explain.
Answers 88Hz 175Hz 1m; 263Hz no.

3. [25 points] Four charges, with value€), +Q, —Q, and—Q, respectively,
are held in place at the vertices of a square of sid& chargeqq is placed
at the center of the square. Determine the magnitude andtidineof the
net electrostatic force on the charmge Note: the distance from the center
of the square to any vertexag v/2.

Answers between negative chargesy/2kQa,/d?.

4. [25 points] Two identical rings of radiuR are placed in parallel planes,
along a common horizontal central axis, a distanRer®@m one another,
center to center. Each ring is uniformly charged, the l&ig tontaining a
total charge+Q, whereas the right ring contains a total charg®. The
pointP lies on the ring axis, halfway between the rings.

e Determine the magnitude and direction of the electric fielmbpced
atP by the ring on its left.

e Determine the magnitude and direction of the electric fiembpced
atP by the ring on its right.

e Determine the total electric field at the poproduced by the rings.
Answers kg/(2v/2R?) to right; kg/(2v/2R?) to right; kg/(v/2R?) to right.

5. [Extra Credit; 10 points] There are 88 strings inside ad#ad piano, with
the notes that cover a range of more than seven octaves — ertimam a
factor of 100 in frequency. Using the physics of transveibeations of a
string between fixed ends, explain the following:

e Why are the strings shorter for high frequency (treble) sdtan for
low frequency (bass) notes?



e Why are the strings thicker for low frequency (notes) thanHigh
frequency (treble) notes? (Assume that they are all madefoilne
same material - piano wire.)

e Why is the tension in the strings greater for high frequenuosb{e)
notes than for low frequency (bass) notes?
Answers f =1/(2L),/T/u; larget; smallp; smallL.
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1. [20 points] The ends of a string®meter in length with a mass of 20 grams
are held fixed, with a tension of 120 Newtons in the string.

e Determine the wavelength and frequency of the lowest vitmmat fre-
guency (fundamendal mode) of the string.

e Determine the wavelength and frequency of the sound pratliuce
air by the vibration of the spring, if the speed of sound is 3%
ters/second.

Answers 1m; 55Hz, 6.4m; 55Hz

2. [20 points] Two sound source&,andB, produce sound waves of the same
frequency, as detected by a fixed receiver the same distaooe dach
source. However, the sound from souies one produced quarter-period
later than that of source. If the receiver gets 50 deciBels of intensity from
sourceA alone, and it receives 55 decibels from souBadone, what is the
intensity at the receiver in deciBels when both sourceswaret on?

Answer 55dB.
3. [20 points] Four positive charges are placed at the lonatin the(x,y)
plane, that are given below:
Amount of charge (x,y) coordinates

Q (d,0)
2Q (0,d)
3Q (—d,0)
4Q (0,—d)

Determine the magnitude and direction of the net electrid &éthe origin
of the coordinate systen0,0).

Answers /20kQ/d?, 45° betweerQ and X.



4. [20 points] A semicircular arc of radilgcontains a total charg®, which
is imbedded uniformly along it.

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

e Determine the magnitude and direction of the electric fi¢ld great
distance z from the center of the arc, and lying along its sgtnyn
axis. Assume that z is much larger than the arc radius R.

Answers 2kg/(TiR?) away from arckQ/r? away from arc.

5. [20 points] Two positive charges of magnitud® are placed symmetrically
at a distancel above and below an horizontal insulating wire. A particle of
massm and negative chargeq slides without friction on the wire.

e Determine the net horizontal electric force on the partialeen it is
placed a distancefrom the line joining the two chargesQ.

e Show that, if the particle is placed at rest a small distamom fthe
center of the wire (iex = 0), it executes simple harmonic motion about
x = 0. Determine the frequency of that motion.

Answers 2kQqy/ (X% +d?)%/2; 1/(2m,/2kQq/ (mdB).

6. [Extra Credit; 10 points] Two strings on a guitar each piesound. The
strings on the guitar have the same length, and are made shthe mate-
rial. The first string is stretched to a tension of 100 Newtansl it produces
sound of frequency 300 Hz in the fundamental mode. What plessen-
sions can be presentin the second string, in order that 4 peasecond are
produced when the fundamental mode of each string is exattdte same
time?

Answer 103N or 97N.



