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Two point sources (a and b) of 555 nm wavelength light are located L;=1.75 m in front of a lens with

diameter 0.400 m. The sources are separated by a distance d. The lens produces images of the sources on

a screen that is L,=1.00 m behind the lens.

(a) What is the minimum angular separation Omin between the two sources where the lens can just barely
resolve them as separate sources? (5 points)

(b) What is the minimum distance dmin between the sources where the lens can still resolve the sources a
separate? (5 points)

(¢) Sketch on the figure below the image patterns (intensity vs. y-position) of the images for the two
sources assuming that the d in the figure is dmin. Note that this may not actually be to scale! (5 points)

(d) What is the width w (distance between first minima on either side of central maximum) of the image
for source a? (5 points)

(e) If source a and b were on the moon (3.83)(108 m away from the lens), how close could they be

(separated by dmin’) and still be resolved by the lens? (5 points)

M AY v
wevap o+

_____

screen

< 2
Li=1.75m L2=1 OO m

A et et

i )ﬂ - 55'5 X /O'qu A 1 it A B
A T #15 Cpe .
R) Bmin = S o L'S 14 115210‘_”3(3 ]

. .

b) Avara = }__, BWM — (1'7C.M)(\ 3Nk 157 y.-.a) tZH“Sx(O Ly = m

Omin e

Ay

OD MI W= 2 L Buin= 7«('-a°-)l\.'sc\w‘,,.a\: éil%wmfo“

e) m(.,\ = Z—hom @m;“ (3 G2x 158 w.)( b, 34 x f‘)'('c/sw“l):{

Place vour answers here:



- A WASE W LRE &

A 5.00W beam of light with wavelength 454 nm is incident on a piece of cesium, which has a work

function of 2.14 eV. Photoelectrons are emitted from the cesium at a rate R.

(a) What is the energy E of each photon in the beam? (4 points)

(b) How many photons per second are striking the cesium? (4 points)

(c¢) If an electron gets knocked out of the cesium by a photon, what is the maximum kinetic energy Emax
that the electron can have? (4 points)

(d) What is the longest wavelength Amsx photon that could still knock an electron out of the cesium? (4
points)

What would happen to Enax and the rate of electron emission rate R if:

() the wavelength of the photons were halved (X’=227 nm) while keeping the power at 5.00W? Explain.
(4 points)

(f) the power of the beam were halved (P’=2.50 W) while keeping the wavelength at 454 nm? Explain. (4
points)

Leave answers in parts (¢) and (f) in terms of the Enax and R.
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A gas of hydrogen atoms is heated and emits radiation. Recall that a photon carries one unit (positive or

negative) of angular momentum and that total angular momentum is conserved in optical transitions

(emission or absorption of photons).

(a) What are the shortest Amin and longest Amax wavelength photons that are emitted by the hydrogen gas
in the Lyman series (transitions from excited states to the ground state n=1)? Assume that all the
excited states are populated. (6 points)

(b) What is energy E, of the photon emitted when a H atom relaxes from the first excited state (n=2)
down to the ground state (n=1)? What are the allowed value(s) for the initial and final angular
momentum ( £, and £, ) of the states that allow this photon emission? Note that the final state depends
on the initial state, so list the initial/final states in pairs, e.g., initial;/final,, initial,/final;. (6 points)

(c) What is energy E,” of the photon emitted when a H atom relaxes from the second excited state (n=3)
down to the first excited state (n=2)? What are the allowed value(s) for the initial and final angular

momentum (£,'and £,') of the states that allow this photon emission? Note that the final state

depends on the initial state, so list the initial/final states in pairs, e.g., initial;/final;, initial,/final,. (6
points)

(d) Determine the ratio N»/N; of the number of atoms with electrons in the first excited state (n=2) to the
number of atoms in the ground state (n=1) at T=6.7x1 0* K? Hint: the number of electrons N, in a
state n is proportional to the probability P, that the electron is in state n, which in turn is proportional
to the Boltzmann factor. (7 points)
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