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Useful constants: ¢ =3.00x10" m/s, k, =

m, = 911x10™ i“;g s My = G274 >

1. (14%) (a) In a particular expe eriment, & particles from a radioactive source are scattered a
a gold foil and 170,000 particles are counted each minute at {}"3&: detector. If eve
the same except that the detector is moved to observe particles scattered at 90", how many
particles will be counted per minute?

{(b) What energy « particle would be needed to just reach the surface of an aluminum nucleus if
its radius 1s 4 fm?
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a 0.511-MeV photon from a positron-electron annihilation scatters at 110" from a free electron.

{a) What are the energies of the scattered photon and the recoiling electron?

(b) What 1s the direction of the recoiling electron relative to the initial direction of the 0.511-MeV
photon?

. (14%) Gamma rays emitted by radioactive nuclei also exhibit measurable Compton scattering. Suppose

3. (14%) The wave function for a free electron is given by {/(x) = 4sin(2.5x10"x) where x is in meters.
(a) Compute the electron’s momentum, energy, and de E%ﬁ“miiﬁ f'zzw.’:m}gih
(b) What is the expectation value of the electron’s momentum

4. (14%) (a) A hydrogen atom electron is in the 5/ state. Find the energy (£), the magnitude of the orbital

angular momentum ( L), and the possible values of L_of the electron,
(b) How many lines would be expected on the screen of a Stern- { ia ch experiement if we use a

beam of potassium (Z=19) atoms? What if we use a beam of calcium (Z=20) atoms? Explain.
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. (14%) (a) Given that the ionization energy of the potassium atom is 4.3 eV, find the effective charge seen
by the outer electron.
{(b) The wavelength of the K, X-ray line for an element is measured to be 0.179 nm. What is the
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element?

6. (15%) A hydrogen atom in the ground state 1s placed in a uniform magnetic field of strength B, =0.5T .

(a) Compute the energy splitting of the spin states.

(b) Which state has the higher energy?

{¢) In order to excite the atom from the lower to the higher energy state with a photon, what
frequency must the photon have?

7. (15%) Muons are unstable elementary particles that have zz charge equal to that of an electron and a mass
"’G, times that of the electron. It 1s known that ti e lifetime of muons at rest 1s 2.2us.
) Estimate the uncertainty of muon’s rest energy.

(D} If the ’uixz‘{zzm of some fast moving muons were measured to be 63.5 us, find the speed of these
muons.
(¢} Find the momentum of the fast moving muons i1 (b).




