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QUESTION 11

Y ou are the hedth physicit a a high-energy particle accderator facility. An open air cylindrica
ionization chamber is used in thisfacility. The chamber is bombarded by a uniform flux densty of
high-energy (minimum-ionizing) muons incident normd to the long axis of the chamber. The
radiation field is congant in time; there is no pulse structure of Sgnificance. In thisradiaion fied
the current collected from the anode of the ionization chamber has a value of 10™2 ampere.
Assume that the passage of the muons through the entire length of the chamber represents
indgnificant degradation of the muon energy and does not sgnificantly ater their direction.

GIVEN
- Radiusof ion chamber =5 cm

Length of ion chamber = 20 cm

The density of air is 1.293 g L™ a one atmosphere absolute pressure and at room

temperature.

The stopping power (dE/dx) of high energy (minimum-ionizing) muonsin air is2.0 MeV

cn? gt

The mass stopping power of the ionization chamber wallsis equd to that of the gas.

The dose equivaent per unit fluence for such muonsis4” 10™ v cnrf per muon.

For purposes of this problem, the chamber gas and walls are taken to be gpproximately

"tissue-equivadent”.

For a capacitor, the potentia difference, V, the charge, Q, and the capacitance, C, are

related by, Q = CV.

STATE ALL ASSUMPTIONS

POINTS

30 A. Cdculate the dose equivaent rate from the measured chamber current, assuming
that the anode is 100 percent efficient in collecting this current. Show all
calculations.

25 B. Lig five different conditions that could affect the accuracy of ionization chamber
measurements. Number your responses. Only thefirst five numbered
responses will be graded.

10 C. 1. How are muons created in an accelerator?
2. Wha isthe charge of amuon?
3. How doesits mass compare to that of other e ementary particles?
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Lig four criteriato be consdered when determining where an ionization
chamber should be located in order to measure the radiation field from a
misdirected particle beam that might create a temporary muon radiation field.
Number your responses. Only thefirst four numbered responses will be
graded.

Lig five hazards (other than from ionizing radiation) associated with high energy
accderaor facilities. Number your responses. Only thefirst five
number ed responses will be graded.



