
Statistics and Data Analysis Homework PHYSICS 4052 Spring 2008

Due February 18, 2008 in class

1. A researcher is attempting to measure a biological process using the technique of two-photon mi-
croscopy. This technique results in very small signals and she uses a technique of counting single photons
for which Poission statistics apply. With the biological process halted by cooling, she observes 130 photons
over a period of 20 minutes. She then heats the sample which should start the biological process. The pro-
cess is expected to be very fast, so she can only usefully observe for 90 seconds, during which she sees 12
photons.

a) Determine the expected number of photons during the test period, assuming the rate is the same as
during the “background” period.

b) Determine the probability that the observation is inconsistent with background (the probability of
observing the same number of photons or more).

c) The researcher’s model predicts an rate of photon emission from the biological process during the
test period by a rate of 7/minute. Determine the probability that the observation is inconsistent with the
biological process being present (the probability of observing the same number of photons or less).

d) What rate of photon production from the biological process would be predicted by the researcher’s
observations (in photons/minute) and with what error?

2. Five laboratories report the superconducting transition temperature of a new high temperature super-
conductor.

Lab Transition Temperature (K)
1 89.20±0.44
2 88.10±0.90
3 89.13±0.32
4 98.37±0.48
5 89.58±0.45

Find the best estimate of the true transition temperature and its uncertainty.
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3. A experiment is designed to measure the scattering of particles from a liquid hydrogen target. In the
experiment, a beam of particles hits the target and counts are made of the number of particle scattered at
various angles relative to the beam. Measurements are made both with a full target and an empty target (no
liquid hydrogen). The empty-target measurements were made with 1/2 the number of incident particles as
the full-target measurements and can be used to subtract the background rate when properly scaled.

cosθmin cosθmax Count (full) Count (empty)
-1.0 -0.8 184 5
-0.8 -0.6 128 4
-0.6 -0.4 99 4
-0.4 -0.2 49 1
-0.2 0.0 53 3
0.0 0.2 55 1
0.2 0.4 70 4
0.4 0.6 81 9
0.6 0.8 136 8
0.8 1.0 216 7

a) Scale the empty target data to the same number of incident particles as the full target data and use a
subtraction to determine the number interactions on the hydrogen in each angular bin. Pay careful attention
to the uncertainties on the difference!

b) Use the least-squares technique to fit the function

y(cosθ) = a1 +a2cosθ+a3
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Determinea1,a2,a3 and the error on each. Determine theχ2 of the fit.
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