
Practice Problem Set 2

1. Calculate the Rb-Sr date for the same sample of ancient muscovite mica given that 87Rb/86Sr= 99.4
and 87Sr/86Sr= 2.907.
Decay constant: λ = 1.42 × 10−11

(87Sr/86Sr)0 = 0.7129

2. The sedimentation rate of a tidal creek was to be determined by the 210Pb dating method. The data
in the Table below is the 210Pb activity as a function of depth in a tributary of Chesapeake Bay. If
the half-life of 210Pb is 22.3 years, what is the sedimentation rate? Note that the relatively constant
value at depth represents the 210Pb in secular equilibrium from 238U decay and must be subtracted
from the observed ”unsupported” (i.e., sedimentary) 210Pb values.

Avg.depth 210Pb Avg.depth 210Pb
cm dpm/g cm dpm/g
1 2.152 21 0.219
5 1.940 25 0.209
9 0.852 31 0.227
13 0.420 41 0.249
17 0.169 51 0.258

3. How many ion pairs are formed in air by a 5.4 MeV alpha particle?

4. How much energy is lost when an α-particle interacts with helium to form 2 × 103 ion pairs? Express
your answer in joules.

5. The mass attenuation coefficient for 1.0 MeV γ-rays in lead is about 0.12 cm2/g. Calculate the thick-
ness of lead (in cm) necessary to reduce a 1.0 Ci source to 1.0 mCi.

6. For the interaction of electrons with matter, the ratio between energy lost by radiation (such as
Bremsstrahlung) and ionization is given by (
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)
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I
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Compare the rate of energy loss by both processes for a 10 MeV electron when lead (Z = 82) is used
as the absorber.

7. What type of instruments would you consider best for counting each of the following and why?

a) detection of 10−3 mCi36Cl

b) detection of 0.1 mCi of 14C

c) detection of 10−5 mCi of 239Pu

d) detection of 10−2 mCi of 137Cs

8. A sample counted for 15 minutes gave 9,000 total counts. A 30 minute background count registered
1200 counts. Calculate the count rate of the sample, its standard deviation and its probable error.
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9. If only 30 minutes of counting time are available, calculate the desirable division of time between sam-
ple and background for minimum error if the background is approximately 30 cpm and the total rate
is 100 cpm. What will the standard deviation for the sample be, expressed as a percentage error?

10. The following counting data was collected per minute with one sample: 3308, 3277, 3411, 3080, 3580,
3207, 3436, 3328, 3363 counts. Should any of these counts be rejected if it is desired to calculate a
good average count rate?

11. Calculate the total number of counts that must be collected in each case for a count rate of 500 cpm
to give a probable error of 0.1

12. Two successive counts in a proportional counter of the same sample for the same interval gave values
of 5440 and 5600. Can the counter be considered to be operating normally? What would be the most
probable conclusion if the two counts were 5440 and 5750?

13. An unknown sample registers 5050 cpm using LSC. A known standard of 8140 dpm is added to the
sample and upon recounting, the sample registers 11240 cpm. The background is already subtracted.

a) What is the counting efficiency?

b) What is the activity (in dpm) of the unknown?

14. Six aliquots of tritiated water were counted with LSC and the times in minutes required to register
10,000 counts were: 18.2, 17.8, 18.0, 13.1, 18.5, and 18.7. The background gave 1950 counts in 15
minutes. Calculate the average count rate and its standard deviation.

15. A Grignard synthesis yielded an impure product of 10.0 g of bezoic acid. To a 100 mg sample of the
product, 5 mg of pure 14C-labeled benzoic acid was added. The pure 14C-labeled acid had a count by
LSC of 12,000 cpm per mg. The spiked sample was purified and 8 mg of pure benzoic acid recovered
with a count rate of 38,400 cpm. What was the mass of benzoic acid in the impure product?

16. A 0.10 g sample of animal tissue was taken to be analyzed for histamine. After extraction of the
histamine, it is reacted with 131I labeled pipsyl chloride reagent with a specific activity of 2× 106 cpm
per micromole. After removal of unreacted reagent, 3000 micromoles of unlabeled pipsylhistamine are
added to the mixture. After purification by recrystalization a 300 micromole (33 mg) sample was found
to contain 400 cpm. What was the amount of histamine in the sample?

17. A 10 mL sample of an unknown Ba(II) solution was titrated by addition of a 0.010 M sulfate so-
lution containing 100,000 cpm/mL; 100 microliter additions were made and a filtered aliquot of the
supernatant solution counted after each addition. No significant counts were observed until the 6th
addition when 235 cpm were obtained; subsequent 100 mL additions gave the following count rates
in the solution aliquot; 1170, 2080, 2980, 3860 cpm. What was the concentration of the barium solution?

18. A 2.0 mL sample of an aqueous solution containing 0.3 µCi per mL of 3H is injected into the blood-
stream of an animal. After allowing sufficient time for complete circulatory mixing, a 1.0 mL aliquot
of blood is removed and found to have an activity of 1480 dpm of 3H. From this, calculate the blood
volume of the animal.
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19. A solution containing 210Pb (t1/2=22 yrs) was found to have a disintegration rate of 10,000 dpm/mL.

a) Can you precipitate the radioactive lead by the addition of 10.0 M SO−2
4 given that Ksp =

[Pb+2][SO−2
4 ] - 1.1 × 10−8?

b) How much inactive Pb carrier would be necessary to precipitate 99% of the 210Pb in a 10.0 M
sulfate solution?

20. 20 mL of an aqueous solution containing 0.01 g of iodine tagged with 291I giving a count rate of 25,000
dpm is equilibrated with 10.0 mL of CCl4. Using the distribution coefficient, Kd, where

Kd =
[organic phase]

[aqueous phase]
= 20

a) Calculate the weight of iodine in each solvent at equilibrium.

b) Calculate the count rate in each solvent at equilibrium.

21. Calculate the Compton edge for the 1.27 MeV γ-ray emitted by 22Na.
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