Problem 1.

Prof. Armstrong’s green laser pointer emits light of wavelength 532 nanometers, and the
power is 5 milliWatis.

a) The laser beam impinges on a spot 3 mm in diameter. What is the average intensity
of the light in the spot?

b) What is the maximum electric field strength of the light?

¢) What is the energy of a single photon of this 11g111:7 Give the answer in both units of
Joules and electron-volts.

d) What is the momentum of a single photon of this light?
e) How many photons are emitted by the laser in one minute?
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Problem 2.

The component of the external magnetic field along the central axis of a 50-turn coil of
radius 5.5 c¢m increases from 0 T to 1.8 T in 4.0 s.

a) If the resistance of the coil is 2.8 Q) , what is the maghitude of the induced current in
the coil?

b) What is the direction of % rrent if the axial component of the field points towards
the viewer? Your choices are: lockwisedor counterclockwise.
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' 1 23 24 28 | 26 | 27
V { € | Mn Fe Co
PrOblem 3 - Vanadium Chiomium | Manganese Tron Cobalt
50.94 52.'00 54.94 55.85 _ 4863
: ) _ e . a1 42 44 45
T¢ is a 7 emitting nuclide Nb fo | _Ru_| Rh
that is widely used in medical diagnostic tests. ot o | iozs
It has a half-life of about 6 hours. 73 74 75 76 | 77
Ta - . Re Os Ir
Tantalom Tungslen Rhenium Osmium [fdium
' 180.9 183.8 186.2 2 192.2
a) What is the daughter nuclide (answer 108 |08 oy s o9
in the form 4X)? A relevant portion of the

periodic table is shown.

b) You have a sample with an activity of 16 microcuries (fecaﬂ: a Curie is 3.7 x 104
disintegrations per second). How many **Tc atoms are in the sample?

¢) The sample must have an activity of at least 2 microcuries to be effective in your
diagnostic scan. How long do you have before it becomes ineffective?

d) If one of the electrons that is emitted is travelling at 84% of the speed of light, what
is its wavelength? The mass of an electron is 9.11 x 107" kg, or 511 keV/c?.
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Problem 84

Two parallel metal plates are connected to a battery which supplies a 9.0 V potential
difference between the two plates. The plates are oriented horizontally, with the upper plate
having a charge of +1.8 x 107! C and the lower plate having a charge of —1.8 x 10~ C.
Each plate has an area of 2.0 cm®. The space between them is evacuated.

a) What is the capacitance of this capacitor?

b) What is the distance between the plates? ‘
c) What is the electric field (magnitude and direction) in the region between the plates?

d) A speck of dust is observed to float suspended somewhere between the plates; the
speck has a charge of —1.0 x 107** C. What is the mass of the speck?
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Problem 5.

Consider the circuit shown. B; = 300 2, R, = 600 Q,
and £ =90 V.

a) I (the current through Rs) is measured to be 30 mA.
What is the resistance of R37

b) How many electrons pass through Rz in one hour?

c) If Ry is removed from the circuit, would the
current in Hs increase or decrease?

d) Rj is made from a cylindrical piece of material
of length 10 cm and diameter 0.8 mm.
What is the resistivity of this material?
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Problem 6.

~ You have a small refrigerator in your room. The refrigerator has a coefficient of perfor-
mance of 3.0. Possibly useful data for water: specific heat = 4186 J/kg-°C, latent heat of
fusion = 334 kJ/kg, latent heat of vaporization = 2256 kJ/kg, thermal conductivity = 0.6
J/sm-°C.

a) How many kilowatt-hours of electrical power must be supplied to the refrigerator to
remove 42 kJ of heat from the inside of the fridge?

b) How many £rams of water, originally at 20°, could be frozen by removing this amount
of heat?

¢) The reffigerdtor moves heat from the cold inside to the hotter outside. Explain, in one
or two sentences, why this process does nof violate the second law of thermodynamics.

d) If the inside of the fridge is at ~10° and the outside is at 20°, calculate the rate that
heat escapes through one wall of the fridge, given that the wall is 0.5 cm thick, 20 cm wide, -
30 cm tall, and is made from Aluminum, which has a thermal conductivity of 220 J/s-m-°C.
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Problem 7.

The root-mean-square speed of molecules in a certain ideal gas is found to be 900 m/s.
There are 10** molecules of this gas in a container with a volume of 100 em®. The (absolute)
pressure of this gas is found to be 45.1 x 10° Pa.

a) What is the mass of one of the molecules?

b) If the gas is allowed to expanded adiabatically (i.e. with no heat flow in or out of the
gas) will the internal energy increase, decrease or stay the same? Explain your in answer in
a sentence or using an equation. '
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Problem 8.

Yellow light has a frequency of 5.2 x 104 Hz.
a) What is its wavelength (in air)?

b) The light is incident on two slits placéd one millimeter apart. How far from the slits
should a screen be placed such that the distance between the m=0 and m=1 bright fringes

seen on the screen is one centimeter?

¢) Now suppose that the entire experiment (with the screen at the same locé,tion) is
What would the distance between the m=0 and m=—1

performed under water (n=1.33).
bright fringes now be?
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Problem ¢.

A doctor examines a mole using a 15.0 cm focal length inagnifying glass (convex lens)
which she holds 13.5 cm from the mole.

-a) Where is the image? (indicate if it is on the object side or the opposite side of the
lens, and how far it is from the lens).

b) If the mole has a diameter of 5.00 mm, how big is the image?
c) Is the image inverted or right-side-up?
d) Is the image real or virtual?

e} She now holds the magnifying glass further from the mole, in such a way that she sees
a real, inverted image that is 5.00 mm in diameter (same size as the actual mole). What
distance is the lens from the mole now?
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