Problem 1

A 4.0 cm wide diffraction grating with 100 grooves per cm is used to resolve two closely spaced lines (a

doublet) in a spectrum. The doublet consists of two wavelengths, 4,=630.2 nm and 3,=630.8 nm.

{(a) What resolution R is required to resolve the doublet? (4 points)

(b) Determine the first order resolution R; of the grating. Assume that the entire grating is illuminated
(3 points)

(¢) Determine the second order resolution R; of the grating. Assume that the entire grating is illuminated.
(3 points)

(d) To which order in diffraction must one go to be able to completely resolve the doublet? (3 points)

(e) Determine the angles 8, and Eﬂ'u with respect to the normal to the surface for first order diffraction
(rays from neighboring lines are separated by one wavelength in path difference) and second order
diffraction (two wavelength path difference from neighboring lines) beams for A,=630.2 nm. Hint:
keep track of the path differences of two rays going to neighboring lines before and afier the grating as
shown in closeup of figure below. (6 points)

(f) Determine the angles H.huﬂﬁmmlhrespncttuﬂwmrnmlmthﬂmﬁw for first order and second
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Place your answers here:

(a) R= (4)
(b) ;= (3)

(c) Rx= (3)




Problem 2

Consider a proton in a tin nucleus that is known to lie within a sphere whose diameter is about 1.4x10™"
m. Calculate the following:

{a) What is the uncertainty in the proton’s momentum? (5 points)

(b) What is the uncertainty in the proton’s kinetic energy? (5 points)

Consider a proton that can move completely freely (not bound to or localized by anything) that has a de
Broglie wavelength of 1 4x10™* m. Calculate the following:

(c) What is the momentum of this proton? (5 points)

(d) What is the uncertainty in this proton’s position? (5 points)

(€) What is the uncertainty in this proton’s momentum? (5 points)
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Place your answers here:
(a) Uncertainty in momentum for bound proton = (5)
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Problem 3

Consider a hydrogen atom in its ground state.

(a) What is the wavelength of tii-c_l_t:west energy photon that can be absorbed by the hydrogen atom?
Indicate the quantum numbers n and / for the initial and final states (recall that angular momentum is
conserved and that a photon carries one unit of angular momentum). Note that for hydrogen the
energy is independent of £ . (6 points)

A neutral chlorine (P) atom consists 15 protons in the nucleus surrounded by 15 electrons. Determine the

following:

{b) Make a sketch to show the pattern of the electron energy-level occupation for P at T=0 K (absolute
zero). Assume that energy increases with angular momentum, e.g., the state (n=2, #=1) has higher
energy than the state (n=2, £=0). (5 points)

(c) What are the quantum numbers n,, and ¢, for the most weakly bound electron in a P atom at T=0 K?
(5 points)

(d) Consider the lowest energy transition involving the absorption of a single photon by an electron in
the n=1 state of a P atom at T=0 K. Indicate the quantum numbers n and ¢ for the possible final state
for this transition (note that the Pauli exclusion principle as well as conservation of angular
momentum must be satisfied by this transition). (5 points)

(e) Does one expect photons to be emitted from a P atom at T=0 K? Explain (4 points)

n=" E|"_'E-L = 'I";.--E"EU _L ,_:Li . 10.2eV

ﬂ) T h=1 d":h'ﬂ" b “
b i e € 'LJ*‘“‘-ﬁ?:,h‘- ERRTPA
H\lLtﬁ,!. {*F‘L =l , é= ﬂ""'ﬁ' ﬂlhn |y\ '?.! -F‘Il .d:.-F'.'[

P P=0 ot AMlowed staty
of=0

: = g_*') most wamkly Souwl —2 l'-;.{hr;.l
‘ SR = o Prdss 'rfﬂ"-fimi

L :’R Il-L 1 = Cndug’y ¢

1 fw& ﬂ;’-': % . f'h.-: |

5

e

ﬁi) Lia] Shte ‘H'—“'B =1}, of=|
e') No , Ele ttrons *#7° -f‘u'l"ay fﬂ'uq-d'! %pr% W F"”'f A

hr:’)-kfl" -tmnrjy f"f'l.--‘-uau o velny Ay wsen .f-u

Place your answers here:
(a) k= initial state(s) = final state(s) = (6)
(b) sketch= (5)




