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L. (16 pts) Rocket 4 moves with a speed of 0.75c in a northerly direction relative to an origin. Rocket B
moves to the west relative to the same origin with speed 0.4c. (a) What is the velocity of Rocket B ag
determined from Rocket 47 (b) As it moves, Rocket B emits radiation with a wavelength 100nm normal to its
line of motion, in the northerly direction. What is the wavelength of the radiation, as seen by Rocket 47

2. (10 pts) What is the ratio of the Rydberg value for the doubly ionized lithium(Z = 3), a one-electron atom
with a nucleus of charge 3e, to that of hydrogen(Z=1)? Include reduced-mass effects in you calculation. (You
must list your calculation procedures)

3. (12 pts) A subatomic particles produced in a nuclear collision is found to have a mass such that Mc? is
1.228Mev, with an uncertainty of +56Mev. Estimate the lifetime of the state. Assuming that when the
particle is produced in the collision it travels with a speed of 10°m/s, how far can it travel before it

disintegrates? Region I I 1
Va
4. (16 pts) Consider a potential of the form sh(m@aﬁmmglt (a)Write
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5. (12 pts) Consider the n = 2, [ = | *1813 teés| of @ro n. rrﬁ“g@tic field of 1 Tesla is applied in a
&
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direction that we define to be the z—dire@_i:on.. : \

(a) Find the pattern of splitting and deter'r%ge @rﬂm%sﬂﬁmg
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(b) Estimate the ratio of the splitting of Ievel%;%c‘-&ngha] _%f@y\af the states.
pi= t?é‘?’l:\j'? i =

6. (12 pts)

(a) For a single electron state in an atom, m; will never be zero. Explain.

(b) In two certain special cases, u; and J will be anti-parallel. What are these two special cases? Explain your
results.

7. (10 pts) Consider a system of N particles which has only two possible energy states, £, = 0 and E; =¢. The
particle distribution follows Boltzmann statistics.

(a) Compute the average energy <E>,

(b) Show that <E>-> 0asT — Qand <E> — e/2asT — oo,

8. (12 pts) **Br* can undergo all three types of p decay. Write down the decay equation in each case.

(Hint: h = 6.62x10 Js, m, = 9.1x10? kg, ¢ = 10x10°m/s, e = 1.6x107°C)
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PERIODIC TABLE OF THE ELEMENTS

1 2
H He
18079 A 00204
3 4 5 6 7 8 9] 10
Li Be 2| B (& N 0 F Ne
a4l 01213 1081 12011 14.0067 158094 18998403 20179
11 12 13 14 15 16 17 18
Na | Mg 3| Al Si P S Cl Ar
2290977 24305 H.M1 H.08%8 N7 208 3483 30.948
19 20 21 22 23 31 32 33 T 35 36
K Ca 3d| Sc Ti v 4! Ga | Ge | As Se Br Kr
36883 .08 449558 AT 50.9419 “.r: 7158 TAB218 7.8 T0.004 [ % ]
a 38 39 40 41 49 50 51 52 53 54
Rb Sr ad| Y Zr | Nb 5p| In Sn | Sb | Te | Xe
L] ws 82,9059 (15 29084 11482 110.80 12178 L27.80 158 p0ad 131.3
55 56 71 72 73 81 82 a3 84 85 86
Cs Ba 5d| Lu Hf | Ta 6pf TI Pb Bi Po At Rn
152 9054 137.513 174987 TR 1809479 0437 w072 o g 00 210 uul.
87 88 103 104] 105
Fr Ra 6d| Lr Rf* | Ha*
Iluu 1268284 280 M1 N2
r
57 58 59 67 68 69 70
af| La Ce Pr Ho Er Tm | Yb
| 1389033 140.12 1403877 164.8304 1473 184.9342 173.04
g3 89 90 91 99 1000 101] 102
5f] Ac Th Pa Es Fm Md No
E.E- el | B 234029 .wu_.eﬁ 247 »1 2 257 204 uu.l.

Tabulation is by chemical symbol and atomic number Z. Chemical atomic weights are given in atomic
mass units. Quantum numbers at the beginning of each row specify the valence subshell for the electron
ground-state configurations.
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