Half-Life Measurement

TEACHER NOTES

LAB NR 4
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Radioactive decay
Exponential functions and graphs
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Science and Technology
3.1.10, 3.1.12
3.2.10,3.2.12
3.4.10, 3.4.12
3.7.10,3.7.12
3.8.10, 3.8.12

CONSIDERATIONS

1. Alert readers may notice that the Preliminary Questions are the same as those in
Experiment 27 (Capacitors) of Physics with Computers. This duplication is intentional, as
both the decay in capacitor potential in an RC circuit and radioactive decay are described
by exponential functions. You may wish to call your students’ attention to this.

2.  Students often confuse the decay constant parameter A with the half-life ty,. The decay
constant 2 is larger for more rapidly decaying elements and has dimensions of time™, while
the half-life has dimensions of time, and is smaller for more rapidly decaying elements.

The decay constant A is equal to the fit parameter C in the Natural Exponential fit of
Logger Pro. The two parameters can be related in the following manner. After one half-life
has elapsed, half of the radioactive nuclei have decayed, and so the activity is also cut in
half. From the rate equation we can relate the decay constant to the half life.
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There is sufficient information in the student guide to perform this conversion, although
some students with weak algebra skills may have difficulty with it. You may choose to
work through this step with your students.

3. The cesium-137 in the isogenerator decays to a metastable state of barium. The metastable
barium decays with a half-life of 2.552 minutes by gamma emission, making this system an
ideal one for studying in the classroom. A 30-minute experimental run covers almost
twelve half-lives, so that the observed activity drops to about 0.3% of the initial value.
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4.  The lifetime obtained depends strongly on the correct subtraction of background (in this
case, non-barium) counts. As written, the activity instructions call for a 30-minute data
collection period. If time permits, use a 45- or 60-minute period, and measure the count
rate for the final 10 or 15 minutes. A longer experiment will ensure that essentially all the
barium will have decayed. The sample data shown here yield a lifetime of 2.50 minutes,
but if the background value obtained during the last 10 minutes of a 60-minute run is used,
the lifetime changes to 2.57 minutes.

5. Many isogenerators allow some cesium to leak through into the barium extract solution.
The cesium results in a nearly constant background activity. This background count is often
much larger than the environmental background, and the analysis must take it into account.
That is why the experiment is written to run for 30 minutes. The final 5 minutes of data can
be used to determine the count rate from the combination of cosmic rays and leaked
cesium. If you have an isogenerator that does not leak significant amounts of cesium, you
may want to shorten the experiment to fifteen minutes.

6. Instep 4 of Analysis we ask the student to fit the exponential to only the first 15 minutes of
data. This is important, because the fit will sometimes be poorer if all 30 minutes of data
are used. The counts during the first 15 minutes are largely due to the barium, while the
counts in the last 15 minutes are mostly from non-barium sources. The many noisy points
in the tail of the exponential may unduly influence a fit of the entire run.

You may want to have students investigate this effect, or to try various selections of data
during the first 15 minutes (e.g., 2-13 minutes, or 5-15). The resulting value for the lifetime
will vary somewhat, giving an indication of the uncertainty of the measurement. Using our
data we get variations about 0.05 minutes around the typical value shown here.

7 Note that the calculator and computer versions of the activity use different notation for the
fitted equation. Unlike Logger Pro, the calculator program DataRad uses seconds as the x-
axis tlme unit, so that the exponentlal fit parameter must be converted from s’ Yto
min™ (s = 60 min™) to obtain a lifetime in min™.

8 If a spill does occur, the Ba-137 isotope will decay to practically zero activity within 15

minutes, presenting no waste disposal issue. If concerned about spills, however, you may
perform step 4 of the procedure for the students.
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Raw data from calculator and background subtraction step.
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Exponential fit to the first 15 minutes of data after background subtraction.

ANSWERS TO PRELAB QUESTIONS

1. Graph is a decaying exponential. The first few values are 1000, 900, 810... (with integer part
of 10% taken each time).

2. Second graph decays more quickly: 1000, 800, 640...

10% removed each visit 20% removed each visit

number remainin
number remainin
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SAMPLE DATA TABLES

(computer)
Average background counts 17
fit parameters for Y = Aexp (- C*X) +B

A 554

B 17
C 0.277
A (min™) 0.277

ty> (min) 2.50

(calculator)

fit parameters forY = Aexp (- B*X) +C

A 7129 cpm

B 0.00444 s

C 182 cpm
A (min™) 0.266
tiz (Min) 2.60

ANSWERS TO ANALYSIS QUESTIONS

1. The count rate decreases in time, falling to less than 10% of the initial value. This is
consistent with activity being proportional to the amount of remaining radioactive material,
since as material decays, less remains, so the activity must decrease.

2. The three graphs have a similar decreasing shape, although the time-axis scale of the
barium data is different from that of the candy graphs. The vertical axes have different
units (candy remaining and counts/interval). They are similar because in each case the
decay process proceeds at a rate proportional to the remaining candies or radioactive
nuclei.

3. We start with the rate equation, and then use the definition of the half-life as the time it
takes for the activity to drop to one-half the original value:

R=Re " ;att=t;, R=3R,
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4.  The experimental half-life of 2.50 min is close to the accepted value of 2.552 s.

5. After 25 minutes, 0.11% of the original barium activity remains. (€%"*#"2 = 0.0011). Most,
but not quite all of the original activity has decayed. The assumption that the counts
observed during the last five minutes of data collection are due only to non-barium is
reasonable. Possibly a better background estimate could be obtained by waiting a longer
time.

ANSWERS TO EXTENSIONS

1. A graph of In(counts/interval) vs. time should be a straight line of negative slope. The slope
is —\, or the negative of the decay constant. If the background has been subtracted, the graph
should be nearly linear. Without background subtraction, the graph will be curved.

2. Results will vary. A collection of lifetime measurements will allow the student to determine a
range of values; the extent of that range is a measure of the uncertainty of the measurement.
The range of data selected will also influence the measurement, as will the value used for the
additive parameter B in the exponential curve fit.

3. Results will depend on the background radiation level. Experiments done at high altitude will
experience larger background count rates due to reduced attenuation of cosmic rays by the
atmosphere. To measure the background rate, set up Logger Pro to count with no source
present. Note that the solution obtained from the isogenerator will contain some cesium,
raising the count rate further above background from environmental radiation.
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General Information

The Cs/Ba-137m Isotope Tesanly)
Generator is designed to

demonstrale the proper-

ties of radioactive decay.

Based on the original

Union Carbide design, it 51174 Mev (5.4%)
offers exceptional perfor- //
mance combined with /
ease of use and safe op-

eration. This product is
exempt from USNRC and
State licensing and re-
quires no special han-
dling, storage or disposal v
requirements. “'Hla {stable)

A small quantity (<10pCi)

of radicactive Cs-137 is bound on a special ion exchange
medium. The Cs-137 parent isolope beta decays with a 30.17y
hall-life to produce Ba-137m which in turn decays with a
2.55min. half-live, generating a 661.6 keV gamma ray emis-
sion. This gamma ray may be readily detected using a GM or
scintillation radiation detector.

An eluting solution is is used to selectively extract the Ba-137
isotope from the exchange medium leaving the parent Cs-137
isolope in place to regenerate more Ba-137. Equilibrium is re-
established in less than 1 hour.

Approximately 30 minutes after elution, the residual activity of
the Ba-137 solution has decayed to less than 1/1000 of its
original activity making it safe for normal disposal.

When used with the eluling solution supplied, bleed through of
the Cs-137 parent isot s less 50 Bg/mil. In order to main-
tain correct chemical stabilit is important lo use only the
correct eluting solution. Additional solution may be ordered as
part ELSN or prepared by the user as 0.9% NaClin 0.04M

HCI. When making solution, use distilled or DI waler to avoid
unwanted mineral contamination.

BO.512 MeV (94.6%)

—

"""Ba (2.6 min.)

10,662 MeV (85%)

Caution.

if you experience a higher than normal residual count from
the sample after a 20-min, decay period, discontinue using
the g tor and the f: . A high resid-
val count indicates loss of the Cs-137 parent from the ex-
change medium.

Operation

Each Isolope Generator kit contains the follow itemns:

The isolope exchange column
A syringe for the solution
Plastic siphon tube

250ml bottle of eluting solution
10 steel sample planchets
Instruction booklet

Storage case

Only qualified instructors should operate the generator. Care
should be exercised to avoid spills and contaminating work
surfaces. If a spill does occur, the Ba-137 isotope will decay to
practically zero activity within 15 min. presenting no waste dis-
posal issue,

®  Place the planchet on the sample

tray being be used. i
@ Atlach the plastic tube on the sy- F

ringe and draw the eluting solution

into the syringe. 4

*  Remove the tubing from the sy-
ringe and the stoppers from the
generalor column,

®  Insert the syringe firmly into the
hole on the top of the generator
and while holding the generator
vertically, force approximalely
seven drops of solution through
the generator onto the planchet.

®  Immediately place the sample into
the counter and begin counting for
the predetermined counting time.
After 10 min. the sample will have
decayed more than three half-
lives. .

®  After use, remove the syringe from
the column and replace the stoppers.

Tests have shown that the generator may be milked many
fimes in quick succession without total depletion of the Ba-137
isotope. After three milkings the sample activity will drop to
about 1/5 of the initial milking but still produces a salisfactory
sample for half-life measurement,
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