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- PHY 238Y - LIFE SCIENCES I
 MID-TERM TEST #2 - JANUARY 15, 2002

"TIME: 50 MINUTES

All four questions (Q1, Q2, Q3 and Q4) have approximately equal mark value, but
may not be of equal difficulty.

Calculators may be used.

Constants and Formulae

P{x,m) = m* e™/x| Density of blood = 1.08 x 10? kg/m®
Density of water = 10* kg/m® | 1MeV= 1.6x10"J

Nav =8.0 x 102 g=8.8ms?

0°C = 273K - th 2=0.693

1Gy=1Jkg Sv = Gy x Q (or wg)

Muiood = 2.084 x 10 Pa s Q(wr) gamma rays = 1

Mwater = 1.005 x 102 Pa s Q(wr) betas = 1

1 litre = 10° m® Q(wr) aiphas = 20
e=16x10"¢C ¢=3.0 x 10° ms™!

me=8.11 x 10 kg
Mo = 4w x 10" Him (Permeability constant)

2 sin? (A/2) sin? (N56/2)
I,= . 5

{A/2) sin“ (&/2)
A flux of 10" m™s™ of 1 MeV gamma rays gives a dose rate of approx. 2.5 mr/hr

with I for 6 = 0 being N2a 2




1. Aradioactive source (4.7 x 10° Bq) is uniforrhly distributed in a 80 kg person. The

sourca gives 5.4 MeV alphas and 0.7 MeV gamma rays (i.e. sach disintegration
gives both alphas and gammas).

~ {a) Calcutate the initial dose rate and
(b) the initial doze equivalent rate
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2. A population of 1 million people Is accidentally exposed to radiation. Three hundred
thousand people, Group A, receive on average 40 rem (0.4 Sv), while 700 000,
Group B, on average receive 10 rem (0.1 Sv]; |

~ Calculate the number of deaths In each group that could reasnﬁahly be ascribed to
radiation - induced cancer,
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For the totai 1,000,000, is the fotal number of deaths ("normal” plus radiation
induced) mumﬁcantly (in a statistical sense) different from the nurmal' axpecfed
number, Give naaaun(s) for your opinion,
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" Why do you come to this
conclusion?
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3. Whan some identical colonies of cells are subject to x-rays the In Survival versus
Dose graph has a typical shoulder, with the shape being such that it seems as if 4
targets have to be hit for a cell to be "killed" and that the "sensifive volume” Is 4.4 x

108 (um)® (Vo= M2 K vy is In (um)° and L in rad™; In Survival s the natural logarithm
of the number of survivng cells).

(a) Calculate the dose necessary to "kill” 50% of the cells of a colony.
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()  Starting with 100 cells, what dose will, on average, leave only 2 cells alive? With
this dose, what is the probability that, starting with 100 cells, none survive?
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4. (a) Inan ideal {Camot) heat pump, heat is taken in at 268 K and pumped up
to 203 K. If 1300 J are taken In per second, what Is the necessary power
(J/sec) of the pump driving this heat? .

(b)  Ifthe system has in fact a Coefficient of Parformance only 23% that of a
comesponding Camot pump, what has to be the power of the driving
system for the same heat to be put outat 203K? -
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