SAUTIONS to PHIS 4L Nid-Teywr Exam 2, 2026 >}>n‘nj

Instructions: Read the problems carefully and give the best answer, based on the materlal presented in class
and in the text. The multiple-choice questions are worth 10 points each.

(1) Never shine a green laser at anyone, especially not at an airplane, since the pilots can see the beam. Some
fool did this in 2002, and he was arrested on domestic terrorism charges. Suppose that a green laser shines
light with A = 5.32 x 1077 m. This light travels outward from the laser through a circular aperture that is

3.00 mm in diameter. How many weters in diameter is the beam, at a jet airliner altitude of exactly 30,000
feet? (Recall that 1 foot = 0.3048 m.) (a) 3.96 (c) 162 (d) 0.0030 (&) 0.0016
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(2) Unpolarized light is passed through three successive Polaroid filters, each with its transmission axis at
30.0° to the preceding filter. What percentage of the light gets through?

(a) 0 (b)9.375 (d) 31.64 (e) 56.25
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(3) Your body temperature is.98.6° F = 37.0° C = 310 K. Assuming that your skin is a perfect thermal
radiator (with ¢ = 1), determine the wavelength of the maximum intensity of electromagnetic radiation that

you radiate (in microns, where 1 micron =107 %m). (a} 8.0 (c) 3.0 (4) 5 7 (e} 29.4
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{4) Microscopes are inherently limited in resolution by the wavelength they use. How much smaller detail can

be resoived, with an electron microscope that uses electrons that have been accelerated through a potential
difference of 50,000 V, than with a visible-light microscope that uses red light, with A = 5.0 x 10~7 m? (Recall
that [7 = ¢V, where U/ = electric potential energy, g = electron charge and V' = the potential difference, ‘
assume non-relativistic motion, and as always, pick the closest choice to the answer.)
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(5) The longest wavelength of electromagnetic radiation that the silicon detector in an everyday,
commercial-grade digital camera can defect is 1 micron = 107% m. Find the work function of silicon, in &V.
(a) 0.34 (b) 0.58 (e) 1.17 (e) 5.92
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(6) A relativistic electron (with z“s a kinetic energy equal to twice its rest energy. Determine its
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Problems: Box your final answer. No work = No credit

{A} (i) (4 points) A satellite is in a low-Earth orbit at an altitude L = 200 km = 2.0 x 10> m above Earth’s
surface. Its camera has a gireylaraperture (which is a diameter, not a radius) of D) = 2.5 meters. This camera
can detect visible light, which has a wavelength of 550 nr {where 1 nm = 10~% m). If the camera has adaptive
optics, it can compensate for the blurring effecis of Earth'’s atmosphere. However, diffraction imposes an
absolute limit on the camera’s image resolution, or in other words, the smallest detail the camera can see.
How many meters in diameter (y) is the smallest object on Farth that this camera can resolve, or ses clearly?
[Hint: Since the satellite is many kilometers from Barth, siné =~ y/L.]

(i) (4 points) This satellite also has an infrared camera. It can detect thermal radiation (also called blackbody
radiation, or Planck radiation), from objects that are not transparent, such as rocks, cars, or buildings.
Suppose one of these objects radiates the maximum intensity of itz thermal radiation at a wavelength

Amaz = 10 microns, where 1 micron = 1.0 x 10-% m. What is the temperature of this object, in Kelvins?

(iii) (4 points) Suppose a thermal radiator of any Kelvin temperature 7" {not necessarily the radiator
mentioned in the previous problem) radiates with a total intensity I. If this thermal radiator then doubles in
Kelvin temperafture, what will its total intensity /" now be, as a function of J?7 Assume the area of this
thermal radiator is the same, at both Kelvin temperatures.

{iv) (4 points) A transparent coating on the windshield of a car has an index of refraction n = 1.25. The
purpose of the coating is to refleet light away from the windshield, te reduce unwanted stray light seen by the
driver, which is called glare. The glass under this coating has n = 1.50. The coating is 101 nm thick. What is
the wavelength (in nm) of the light that is most strongly reflectad?

(v) (4 points) Suppose an electron is moving at a speed of 0.999989 50 ¢ = 0.99989990 ¢. (That's seven
instances of the numeral “9.”) At what speed, expressed as a fraction of the speed of light in empty space c,
does a proton have the same linear momenturn as this electron? The proton mass my, = 1836 m., where m, is
the mass of the electron. The masses of the electron and the proton are listed in the Physics 4C Formula List,
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{B) A particie of mass m is trapped inside a one-dimensional box of width L. One wall of the boxisat z =0
and the other is at x = L. The particle is the second excited state {(with n = 3) and has the wavefunction

p(z) = \/:sm (3=},

{i) (4 points) At what three locations is there a maximum probability for observing the particle? At what two
locations snside the box is there a minimum probability of observing the particle? Give the values of z for all
cases. [Hint: you may solve this graphically.]

(ii) (4 points} What is the probability that this particle will be between 0 < z < -i—‘? Use the integral

[ sin®(azx) dz = £ — £™258)  Give the value and the explicit analytical solution, or in other words, the
worked integration for this problem: you get zero points if you write just, “The probability is obviously...”
or, “My calculator shows that the probability is...”

{iil) {4 points) If the particie makes & transition from n = 3 to the ground state, where n = I, what is the
energy of the photon that is emitted? Write your answer in terms of m and L.

(iv) (4 points) A photon with a wavelength of 5.0 x 10~ m is scattered straight backward from an initially
stationary electron, because of the Compton effect. What is the wavelength of the scattered photon, in meters?

(v) {4 points) Two.radio antennas are separated by a distance d = 1 km. Both antennas are h =50 m tall. See
the figure oelow} o1 tho A @ﬂﬂaw.r#fj paae.

All the radio energy. is radiated from the top of theantennas.” Both antennas mmult&neously transiit identical
signals at the same wavelength. A car is traveling on the ground on a path that is a straight line between the
two antennas. A radic in the car receives the signals. Neglect the effect of the curvature of Earth, since it is
relatively small here (with the horizon curving downward by 7.85 cm per kilometer, or 8 inches per mile).

(B) " When the car is 1 /3 of the way between the antennas, it is at the position of the maximum with m = 2. What
is the frequency of the signals?
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