Physics 4C Mid-Term Exam #2

Instructions: Read the problems carefully and give the best answer, based on
the material presented during class and in the text. The multiple choice prob-
lems are worth 10% each, and the other problems are worth 20% each.

(1) Electrons (with mass 9.11 x 1073! kg) are moving with a velocity of 30 m/s
when they pass through a single slit of width 8.5 x 1075 meters. Due to the
wave nature of the electrons, a single-slit diffraction pattern is formed. At what
angle (in degrees) are either of the first-order minima of this pattern located?
(Hints: find the wavelength of the electrons, and notice that a speed of 30 m/s
is non-relativistic.)

(a) 73.4 (b) 35.3 (c) 16.6 (d) 0.3 (e) No first-order minima are possible at this
velocity.

(2) A light source can determine the location of an electron in an atom to a
precision of 7.5x10™? meters. What is the minimum possible uncertainty in the
speed (in m/s) of the electron? [Hint: remember that electrons in atoms are
non-relativistic, with v <« ¢.]

(a) 7.0 x10727 (b) 5.7 x10710 (¢) 7.7 x103 (d) 3.4 x10° (e) 1.2x 106

(3) An electron is accelerated through a potential difference of 250 Volts. What
is the de Broglie wavelength of the electron, in meters? Recall that electric
potential energy is equal to voltage times charge (which in symbols is U = ¢V),
and assume non-relativistic motion (with v << ¢).

(a) 1.1x10717 (b) 7.8 x 107 (¢) 8.5x1072* (d) 4.0x 10719 (e) none of the above



(4) If the temperature of a thermal radiator (also known as a black body) is
doubled, then the wavelength at which the maximum intensity occurs will:
(a) double (b) quadruple (c) decrease by % (d) decrease by 1 (e) stay the same

(5) Suppose a spaceship is traveling at v = 0.75 ¢, relative to a stationary
observer. This spaceship launches a torpedo at a speed of u,’ = 0.5 c, relative
to the spaceship, and in the same direction as the motion of the spaceship.
What speed does the torpedo have, relative to the stationary observer?

(a) 3.333 ¢ (b) 1.25 ¢ (c) 0.993 ¢ (d) 0.909 ¢ (e) none of the above

(6) A beam of unpolarized light is incident on three polarizers. The first polarizer
has its polarization axis vertical. The second polarizer has its axis 20 degrees
to vertical. The third polarizer has its axis 50 degrees from vertical. What is
the ratio of the final intensity of the transmitted light to the original incident
intensity (i.e., I/Io)?

(a) 0.09 (b) 0.18 (c) 0.33 (d) 0.66 (e) none of the above



Box your final answer. No work=No credit

Problems.

(A) A particle of mass m is confined inside a one-dimensional box of width
L. One wall of the box is at « = 0 and the other is at x = L. The parti-
cle is the second excited state (n = 3) and is described by the wavefunction

Y(x) = /£ sin (32).

(i) (10 points) What is the probability for finding this particle somewhere be-
tween 0 < z < %7 Use the integral [ sin?(az) dz = £— %. Give the value
and the explicit analytical solution, or in other words, the worked integration

for this problem.

(ii) (5 points) What is the probability for finding this particle somewhere be-
tween 0 < z < L? [Hint: there is a simple way to determine this.]

(iii) (5 points) If the particle makes a transition from n = 3 to the ground state,
where n = 1, what is the energy of the photon that is emitted? Write your
answer symbolically, in terms of m and L.



(B) Lithium has a work function of 2.30 eV. Mercury has a work function of
4.50 eV.

(1) (10 points) What are the cutoff wavelengths for each metal, in meters? [Hint:
you can save time by noting that hc = 1240 eV - nm.]

(ii) (5 points) If light with a wavelength of 400 nm is used, which of the metals
will exhibit the photoelectric effect? Show your work, or no credit will be given.

(iii) (5 points) For the metal or metals here that exhibit the photoelectric effect,
what is the maximum kinetic energy, in eV, of the emitted electrons when the
400 nm light is used?



