| Physics 330 Exam 3
S April 13, 2007
' * 100 points total

1) The N, molecule has a vibrational frequency of about 10" Hz and a bond length of
0.1 nm.

a) (5 pts) What type of bond is this?

b) (10 pts) What is the moment of inertia of the molecule?

¢) (10 pts) What is the rotational energy level spacing? Calculate in eV.
d) (20 pts) The number of molecules in a given rotational state N; is

Nl _ A(2 I 1) el—l(l+1)h.2/21kT

where A is some constant. At room temperature (T=300 K) what will the vibrational-
rotational absorption spectrum of N look like? Hint 1: The strength of peaks is
proportional to the occupancy of the rotational levels before photon absorption.
kT=0.026 eV at T=300K. Hint 2: Calculate N; at 1=0,4,10.  Use the approximation
1 amu =1 GeV/c’.

2) (25 pts) An alpha parhcle ‘with energy Ek scattered with 8=r/2. What was its angular
momentum about the nucleus? Give an expression in terms of Ex , 8 and Z.

3) (15 pts) A free, stationary neutron decays and you detect the resulting proton and
electron. Give an expression for the kinetic energy of the electron in terms of the
masses of the particles that you observed were involved in the decay. Will the
measured energy always agree with you calculation? Explain your answer.

C N

- 4) (10 pts) The-decay-process- ofﬂle*ﬁrst—fowdecaysnrﬂlemﬁfﬂ senemeﬂt[.’) P
What are the daughter nuclei after each step?
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