Physics 309 Test 2

I pledge that I have given nor received unauthorized assistance during the completion of this
work.

Name Signature

Questions (6 pts. apiece) Answer questions in complete, well-written sentences WITHIN the
spaces provided. For multiple-choice questions circle the correct answer.

1. What is the power source of the Sun?

2. In solving the Schroedinger equation for the harmonic oscillator we required one of the
coefficients in the series solution of the differential equation be equal to zero. Why?

3. The energy states for some molecule are the following: 0.0 eV, 0.4 eV, 0.8 eV, 2.0
eV, 3.0 eV, 4.0 eV, and 5.0 eV. Does this molecule behave like a harmonic oscillator?
Explain.

4. What is the areal or surface target density? How is it related to the cross-sectional
area of a particle beam?

Do not write below this line.




5. In solving the rectangular barrier problem when we studied solar fusion we required
the wave wave function and its first derivative to be equal when the potential changed
value (at © = 0 and x = 2a in the figure). Why?

Vo

2a

Problems. Write your solutions on a separate sheet and clearly show all work for full credit.

1. (15 pts.)

In solving the Schroedinger equation for the harmonic oscillator potential we
rewrote the Schroedinger equation in the form

d2¢ « 2 o
Tt (e)o=r

where & = Bz, o = 2mE/h* and B = \/mw,/h. What is the asymptotic form of
this differential equation? In other words, what does it look like for large £7 The
general asymptotic solution is

_ 2 2 2 2
¢asymp = AAasymp6 &/ + Basympeg /

but we require Bgsymp = 0 to keep the probability density finite at large £ (or
large ). Show the remaining term in ¢ggym, is a solution of the asymptotic form
of the differential equation in the limit as £ — oo.

Do not write below this line.




Problems(continued). Write your solutions on a separate sheet and clearly show all work

for full credit.

2. (25 pts.)

3. (30 pts.)

An electron beam is incident on a barrier of height Vo =8 eV. At F = 8.10 eV,
the transmission coefficient is 7' = 5.18 x 1072, What is the width a of the
barrier? The expression for T is

1
T = — E >V
1+ 1 5 7y sin (2kqa)
1
— — — E <V
1+ 5w sinh (2Ka)
where
2m(E — V¢ 2m(Vo — B
by — w _ 0162 A" and 5= % —0.162 A~

at F =8.10 eV and 1.0 A = 1 angstrom = 107'° m.

In class we found the general solution to the rectangular barrier problem shown
in the figure is the following

le — Aeiklx + Be—iklz ¢2 — Ceikg:c + De—ikzw ¢3 — Feik‘lx + Ge—iklx

where

2mE 2m(E — V)

o —
and the subscripts refer to the different regions labeled in the plot. Note the
potential is the same in regions 1 and 3. We also used a shifted coordinate
system where 2’ = x — 2a so ' would be zero at the interface between regions 2
and 3. The general solution in the x’ coordinates becomes

I Al ik ! —ikix’ I ikox! ! —ikox' 1o ik’ ! —ik1x’
¢ = Ale + B'e ¢y =C"e +D'e ¢3 = F'e +G'e

where k; and ky retain their previous meaning. Starting with ¢} and ¢} above
apply the boundary conditions and generate equations for C" and D’ in the shifted
coordinate system that depend only on F’, G’, ki, and ky. Don’t set G’ = 0.
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Physics 309 Equations and Constants
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The wave function, (7, ¢), contains all we know of a system and its square is the probability
of finding the system in the region 7 to 7'+ di. The wave function and its derivative are (1)
finite, (2) continuous, and (3) single-valued (11(a) = 12(a) and ¢ (a) = P)(a)) .
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Speed of light (c)

Boltzmann constant (kp)

Planck constant (h)

Planck constant (k)

2.9979 x 108 m/s fermi (fm) 107 m

1.381 x 107% J/K angstrom (A) 1071%m

8.62 x 107° eV /k electron-volt (eV) 1.6 x 1071 J
6.621 x 107%* J —s  MeV 100 eV’
4.1357x 107" eV —s GeV 10° eV
1.0546 x 1073 J — s  Electron charge (e) 1.6 x 1071 C
6.5821 x 10716 eV — 5 ¢? he/137

Planck constant (%ic) 197 MeV — fm Electron mass (m.)  9.11 x 1073 kg
1970 eV — A 0.511 MeV/c?
Proton mass (m,) 1.67 x 1072"kg atomic mass unit (u) 1.66 x 10727 kg
938 MeV/c? 931.5 MeV/c?
Neutron mass (m,,) 1.68 x 10727 kg
939 MeV/c?
d, df d d d d
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Hermite polynomials (H,(&))
1
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