
Chemistry 988

Spring, 2oo9 Problem Set #1
Distributed: Thurs., 22 Jan. o9 Due: Thurs., 29 Jan. o9

1. 134Cs sources are often used to calibrate photon detectors. In contrast to the
more widely available 137Cs isotope available as a fission product from uranium,
the lighter isotope has to made by a neutron capture reaction. Be sure to cite
any references that you use to answer the following questions.

(a) Give the half-life, the daughter nucleus, and the primary radiations that
are emitted by the heavier isotope, 137Cs.

(b) Give the half-life, the daughter nucleus, and the primary radiations that
are emitted by the lighter isotope, 134Cs.

(c) Aside from the half-lifes and energies, what is the most important difference
between the photons emitted by these two isotopes.

(d) A graduate student has a source prepared to calibrate a particular detector
system. Calculate the activity of a 50 mg sample of pure cesium that is
exposed to a flux of 1× 1013 thermal neutrons/cm2/s in a nuclear reactor
for 1.00 minute at the end of the irradiation. The cross section for the
(n, γ) reaction under these conditions on the target nucleus is 29 barns.
(A barn is 100 fm2.)

(e) Calculate the activity of this sample 23 years later when the professor is
ready to retire and the student has long since graduated.

2. Estimate the final pressure inside a stainless steel beam line at the NSCL that
is 10 meters long and has an inner diameter of 10 cm. This line is pumped by
a 100 l/s turbomolecular pump with a 10 cm aperture that is connected to the
beamline with an 90◦ elbow with 20 cm long arms at one end of the beam line.
Use the estimate from lecture for the off-gasing constant for the walls.






