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A large storm hit Davis and caused severe " Claiels A

=37m
harmonic waves in Putah Creek (It could yim} i / \‘
happen!). Two ducks (they mate for life!) o Jf

were in the water during the storm. The A 3995 ‘l‘—‘:{ o i 5' 5 Nt 'm{ f”’"'
duck known as Chris was located 37m from -3l

the bridge. The first graph on the right 1=5:10:00pm | ) =Y,
shows the oscillations that Chris endured St

around dinner time. Meanwhile, Chris’s Al |
mate, Pat, was located 42m from the
bridge.

— el @ 5000
During this time, Leslie was taking pictures of the waves for the Aggie. Leslie too plclurc at 5:10:00PM and
again at 5:10:15PM. The second graph on the right rcPrcscnts the wave shape slie’s first photo.
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2) Draw another to represent Leslie’s second photo. _
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3) Write the wave equation for this phenomenon. Assume that the initial phase (@) is 0. Indicate the
following values (A, y,, A, & T) on the top two graphs.
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1) Two guitar strings are fixed at both ends. One string is made of metal; the other is made of f,=f,
nylon. The metal string has length S,. The nylon string has length S, (which is shorter than

S). However, both guitar strings, when plucked, make the exact same note (same frequency
when vibrating at its fundamental frequency as shown to the right). Which string has the S S,
Jaster wave speed? (To receive credit, you must explain your answer.)
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2) Two speakers are playing slightly different frequencies; therefore, we hear beats. If you could adjust one of
the speakers (change its frequency), describe how the beats change as the two frequencies become closer.
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2.a) A red laser (A = 700.0 nm) shines on a piece of black plastic with two narrow slits in it. The light then passes
through the two slits and strikes a wall 3.0 m away. If the bright spots that appear on the wall are separated by 2.0
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b.) A fish is swimming 2.0 m below the surface of a pond. You look straight
down through the water (with an index of refraction n = 1.33) and see the
fish. At what depth does the fish appear to be swimming? Explain.
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2. The Physics 7C Whole Earth Festival Recycled Musical  String Sting iy

; ; : : S Y SR S, e
Instrument is shown at the right. The instrument is made S0 )\* T, STRT AL
from an old coffee can and a picce of used string. The g

can is a open-closed pipe of length L, and diameter L.
The string is stretched across the top. To tune the
instrument the tension in the string is adjusted so that the
frequency of the third harmonic ( f5 = 3 ffundamental) of
the string is equal to the fundamental frequency of the

pipe.

a) When the instrument is in tune, what is the
relationship between the speed of the waves in the string,
and the speed of sound in air?
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b) If you increase the tension of the string by a factor of 4, what will the instrument sound like ? WHY?
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Suppose we mold a hollow piece of plastic into the shape of a double convex lens. We fill it with air and make
it watertight. We now place this lens in water, and shine a beam of light on it. Does the lens converge or
diverge the beam of light? Explain your reasoning. Take: ;4 l‘ VerG £5 J ‘ {
Dplastic™ Nwater=1.33 ' atTeri®
nai=1.00 Srapp fra. the maT eVl

veverser e vesalis

1. Design a 10X microscope:
A. The first lens has a focal length of 42.5 cm) The object is 3 cm from the lens. Use ray tracing to show
the location and orientation of the first imagé: Fojré \ve Mlane cov '16‘/05 jng
v
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First lens >

Eyepiece

6=[ew > 50 H=T2
B. The second lens{eyepicce) will create @M is twice as largeys the first image. This lens
is located at 10 cm from the first image. ermine its focal length (is it convergent or divergent?).
Also determine the location of the final image. Show your work.

(Note: You do not need the results of part A to answer this question.)
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1) A candle stands in front of a lens. The candle flame emits light in all directions. Three light

rays are shown—note that these are not the principal rays you often drew in DL. The lens is a
type you are familiar with from DL, and is centered on the heavy black line.
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a) You stand somewhere far to the right and look through the lens, Describe what you see. Do you see
an image? If so, what type (real image or virtual image? Upright or inverted? Bigger or smaller?) If
not, why not? Be sure to explain, referencing the drawing—a ray tracing might be helpful.

The backtrice reveals a viekud| imme fhel ;s “grighy,

bebind he okect, and bigger fhaw fhe oljet.

b) Locate the focal point of the lens. You will need to use a straightedge and sketch on the picture
above. Explain your solution. You may write your explanation near your sketch, if you need more
space
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1. You can rub a balloon against your shirt, where it picks up extra electrons, and then hold
the balloon against the wall and it will stick to the wall. Explain why the balloon sticks to
wall (Remember the wall is not metal and therefore does not have “free electrons”™). Include
a balanced force diagram that includes the clectrical force and gravitational force (assume
the electrical force is twice the magnitude of the gravitational force). Draw all of the forces
to scale.
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2. A negatively charged cart moves a"ong a frictionless track from point A to point B. The care has enough
speed to make it all the way to point B. There is a non-constant electric field along the track. The field
values change at cach meter of the track and are known (<— Toward A or -> Toward B). This info is given

below. At which meter marker is the cart moving the fastest? Explain,
v
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5.Two parallel plates (solid lines) and the equipotentials v 10m
(dashed lines) are shown in the figure. The potential value — 1v-—--------—----- Al THED (AR 9m
of the two plates and each equipotential is shown on the left ~ 2V""" ""' RS R e
side; the height of each plate and each equipotential, as :;’-_-_ ___________ ::
measured from the ground, is shown on the right. SRl e e || il e A =
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a) Identify the positive plate and the negative plate, with a brief explanation.
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b) An object of mass m = 1 kg and charge q = +1 C is placed on the 2 V equipotential, and released from rest.
Draw a force diagram, showing all the forces acting on the object, when it is on the 2 V equipotential. You should
show both the magnitude, as well as the direction, of each force.
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¢) What is the speed of this object as it crosses the 8 V equipotential line? The initial speed of the object, when it
is on the 2 V equipotential, is 0 m/s.
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1) A sodium ion (12 protons, 12 neutrons, 11 electrons, Na®) travels in the direction shown. In
case i, on the left, the ion is in the presence of two unknown plus charges. In case ii, on the

right, the ion is in the presence of two neutral, current-carrying wires (current coming out of the
page, as shown).

D () @)/y i (@) X @/'
®

a) Determine the direction of the net force on the sodium ion for each case above. Show your
work so it is clear how you arrive at your final force vector. Also be certain it is clear which of
your vectors is the net force, if you draw more than one vector.
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b) Suppose we replace the sodium ion with a sodium atom (12 protons, 12 neutrons, 12 clectrons,
Na). Which of the net force arrows would change? Why? Draw new net force vectors for the
sodium atom on both images below.
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¢) Suppose we replace the sodium ion with a free electron. Further, suppose this clectron travels
directly upwards. Draw new net force vectors for the electron on both images below. Explain
how you arrived at your answer.
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4. (electric/magnetic forces) In the diagram below we find three positive charges, cach with magnitude 2 C.
They are arranged in an equilateral triangle 0.2 m on a side.

1%
®

a) Indicate on each charge the direction of the net force on that charge.

b) Calculate the magnitude of the force on each charge.
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. There are three wires carrying current. The direction of the currents for

al; alz @

wires 1 & 2 are as shown in the drawing to thesig e current in

wire 1, I, is smaller than the current in wir w Wire 12 > |Wire 2

At Point X, the magnetic field is zer @ . X s

Note: Point X is equidistant o all three wires, D . ®®

a. Determine the direction of the current in wire 3 (Is). Explain & YE
(m;{&vma J'ugl wires | k2, 1he he g‘-f;glk wgcs 3)

bwerle O -
\ Wiy 4 u X Y
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b. Determine the direction the magnetic field at point Y, Explain
Aﬂ 41“({ W] 1CC Prvlucc ,'v.w(r' E-g(u aJ r“nJ Y
d

3. Cosmic rays (atomic nuclei stripped bare of their electorns) would continuously bombard Earth’s

surface if most of them were not deflected by Earth’s magnetic field. Given that Earth is, to an
excellent approximation, a magnetic dipole, the intensity of cosmic rays bombarding Earth’s
surface is greatest at which spot? Explain your answer using the magnetic field and force model.
o L a) North pole -
Yy between equator and north pole
c | HI ' N{Ar —“se Po‘(‘j) %l COSM jé re y) are
e) even everywhere UM('J 14 “l,o_!‘;‘l 'h‘ e B 'f} e ’tL l hy, So
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4. A charged rod, a moving charge, a neutral copper rod, a current in wire 2, and
a bar magnet are arranged around a current carryi ire (wire 1) as shown.

b. Insulating rod: 7§ g WV o force
N0 Fovee Cnok movim) A A a.(Neutralcopper rod
ES 7 1 ® 14,\‘, T

K

g SQUrCe of

ire 1 is fixed in

n } ire one and each of the objects placed near it (you may
ignore the effects of the objects on eachother). For each, will it stay where it is,
mover toward away from the wire, move in some other direction, or rotate
clockwise or counter clockwise? Justify your choice.
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4. A positively charged particle is moving between the plates of a parallel plate capacitor as shown in the figure.
Current flows in the long straight wire at the right. What should the direction of the current in the wire be if the
net force on the charged particle is zero? Explain your answer clearly.
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8. A laser shines on cold helium gas. (Since the helium is cold, you can assume that electrons are in the lowest
allowed energy state.) The energy levels of helium are shown below, and the frequency of the laser is 2.4 x 1015
Hz. Explain what happens to the laser light, and why.

Energy Levels of Helium
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An clectron confined to move in a one-dimensional region of lengthaves like @Bon a

string.  That is, its wavefunction is analogous to the displacement of a vibrating string, with a amental

wavelength of 2L, the first excited state with a wavelength L, and the second excited state with a wavelength of
2L73, ete

a) Draw the wavefunction of the three

lowest states on the diagram at the right.
v —

b) For each of these three lowest states, determine the momentum, and then the kinetic energy, of the electron,
using the de Broglie relation. (Hint: do it algebraically first!)
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