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Print your name and section clearly above. If you do not know your section number,

write your TA® name.

Your final answer must be placed in the box provided. You must show all your work
to receive full credit. If you only provide your final answer (in the box), and do

not show your work, you will receive very few points.

Problems will be graded on reasoning and intermediate steps as well as on the final
answer. Be sure to include units, and also the direction of vectors.
You are allowed one 8! x 110sheet of notes and no other references. The exam lasts

exactly 90 minutes.

Problem 1.:
Planck® constant
h =6.626 x 10* m? kg/s Problem 2:
Planck® constant x velocity
of light hc = 1240 eV x nm Problem 3:
Bohr radius a, = 0.053 nm

Problem 4:
Melectron C2 =511,000 eV
Mg = Bohr magneton = Problem 5:
5.788382 x 10™ eV/T
h = h/2!
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1) [20 pts, 4 pts each] Multiple choice/short answers.

i) In Bohr® model of the Hydrogen atom, which of the following classical ideas is still
assumed to be valid? (circle ALL that are correct)

a. The electrons circulate about the nucleus in circular orbits.

b. Atoms radiate because of the acceleration of the electrons.

c. The force of attraction between the electrons and the nucleus is the usual
Coulomb force.

d. All orbital radii are possible.

e. None of the above.

i) According to Bohr theory, when a Hydrogen atom makes a transition froman n =5to
an n=2 state the radial distance of the electron from the nucleus changes by:
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iii) If a photon is emitted in the same transition as in ii), its energy will be:

0.21 x13.6 eV

21 x13.6 eV

0.04 x 13.6 eV
25x13.6 eV
none of the above
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iv) The n=3, ! =1 states of a Hydrogen atom all have the same energy in the absence of
a magnetic field. In a 1 T magnetic field, the energy separation between the states with
n=3 and ! =1 is:

a. 5.788382 x 10° eV
b. 1.157676 x 10* eV
c. O

d. 1.736515 x 10™* eV
e. None of the above.

v) True-false question:
Electron microscopes can have much larger magnifying power than optical microscopes
because the shorter wavelength of electrons allows better resolution of images.



2) Thin Lenses [20 pts, 4 pts each]

An object O (represented by the arrow on the left of the lens) has an height of h=1.1 cm
and is placed at a distance p = 3 cm from a converging thin lens with a focal length of

10 cm.

a) Use principal rays to locate the image graphically in the figure below.
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b) State whether the image is real or virtual and find its distance from the thin lens.
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Value Units
q =
c¢) Find the lateral magnification.
Value Units
M =
d) Find the height of the image.
Value Units
hG=

e) Where should we put the real object to obtain a real and inverted image?

Chose one of the following answers:

Dp=f1 2)p>f p<f




Interference
3) [20 pts, 5 pts each]

Two narrow slits separated by d =1.8 mm are illuminated by yellow light of wavelength
589 nm from a sodium lamp. The interference pattern is observed on a screen 4 m far
away. For this problem, ignore the diffraction effects from individual slits.

a) Calculate the spacing between the bright fringes.

Value Units

b) If the screen extends on the two sides of the central maximum of the interference
pattern by 4 cm on each side (total screen length 8 cm), how many bright fringes in
total will be visible on the screen?

Value Units

# fringes=

c) Calculate the phase difference between the 2 interfering waves at a point P on the
screen a distance y = 2mm from the center of the central fringe.

Value Units

d) If the maximum intensity on the screen is Imax = 0.05 W/m?, which is the light intensity
at point P?

Value Units




4) Diffraction of waves [a) 10 pts]

In the same situation that we considered in problem 3), let us now consider also the
diffraction effects of the slits that have a width of a = d/10 = 0.18 mm.

a) How many bright fringes are seen in the central diffraction maximum?
[Hint: remember that the single slit diffraction modulates the overall intensity of the two-
slit interference pattern.]

Value Units




Diffraction of electrons [b) and c) 5 pts each]

A beam of electrons of momentum p moves
horizontally toward a narrow horizontal square
slit of width a. After leaving the slit, the beam
spreads vertically. The half-width # of this
angular spread is illustrated in the figure, where
# is the angle of the first minimum of
diffraction.

Derive a formula for the angle #, using two
complementary approaches:
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b) Find the de Broglie wavelength of the electrons, and treat the problem as diffraction
of a wave by a single slit. Express # in terms of p, a and h.
[Hint: Consider # very small and find the first minimum in the single slit pattern.]



c) Use the uncertainty principle to determine the vertical component py of

the

momentum after the electrons pass through the slit, and again express # in terms of p,

aand h. [To get the same answer as in (b) let the quantity on the right side of the

uncertainty principle equation be h rather than h/4! and"consider that only the
y-component of the momentum varies'when electrons pass through the slit.]

5) Photoelectric Effect [20 pts, 5 pts each] The work function for cesium is 1.9 eV.

a) Calculate the cut-off wavelength for the photoelectric effect.

Value

Units

b) Calculate the maximum kinetic energy of ejected electrons when the wavelength of

the incident light is 300 nm.

Value

Units

Kmax=




¢) What is the wavelength of the ejected electrons that have the maximum kinetic
energy?

Value Units

$=

d) If the intensity of the beam of photons on the cesium surface is 1 W/m?, assuming
that the wavelength of the photons is 600 nm, calculate the number of photons that
strike an area of 1 cm? each second.

Value Units

0=




