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Equipment

Geiger-Muller (GM) tube
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Retort stand Radioactivity counter
(set counts per 100s for background, and

to hold GM tube counts per 10s during Pa decay
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Always transport the Pa generator back to the store cupboard via the
‘Radiation bucket.

Teachers: Always sign out (and then sign in) the Pa generator
from the store cupboard.
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- Make sure you point the GM tube

' in the middle of the upper

layer of liquid in the Pa generator
(it will naturally separate

into two layers)

If you don’t point the
GM tube horizontally
you may detect
some of the

other radiation from
the Uranium or Thorium
atoms in the mixture.
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iso-butyl methyl ketone
organic solvent layer, with
dissolved beta source
Protactinium-234

GM tube /
Acidic ageous

/ solution of uranyl
nitrate

Retort stand Block




: The beta emission of
1 | Pa-234 is what we wish to
" | record, not Thorium-234!
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Counter (count in 10s,
wait 3 seconds, repeat)

Retort stand

Coax cable
with screw-on connections

GM tube

iso-butyl methyl ketone
organic solvent layer, with
dissolved beta source
Protactinium-234

/ Acidic ageous

Block

/ solution of uranyl

nitrate

Shake bottle before

use to introduce Protactinium
into solvent layer. The other
atoms in the decay chain are
not soluble in this layer.

* Shake Pa generator and start recording counts (a printed table or directly into a
spreadsheet) per 10s every ten seconds.

* The counter will display the results for three seconds before starting to count again.



Collect experimental data
Count rate (sans
background) (counts 1n of count

Data collection — it is every 13 seconds,

time/s time/min Count/10s per second) rate * ]

0 0.00 SO prepare a table in advance!

13 0.22

26 0.43

39 0.65

52 0.87

65 1.08

78 1.30

o o Work out the background level

- L after you have finished the experiment
143 2.38 i.e. what the asymptotic counts per 10s
156 2,60 .

" - is after 416s.

182 3.03

195 3.25 . .

208 547 Note the Pa generator will contribute to
221 3.68 . .
- - the background so better to use this in
L L2 situ rather than measure a background
273 4.55 without the Pa generator.

286 4.77

299 4.98

e e Alternatively measure the background
338 5.63 level before you shake the Pa generator.
351 5.85

364 6.07 /

377 6.28 /

390 6.50 /,

403 6.72 /

416 6.93 /

* 1n means Natural Logarithm. Use :27/{n button on your calculator.

(100s) =

BACKGROUND COUNT

BACKGROUND COUNT RATE



Protactinium-234 decays vilia beta emission.

isotopes in the decay chain it has a very short

measurable) half life.
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Isotope Half-1life

ng' 4.5 billion vyears
ZﬁTh 24 days

ng' 246,000 vyears

A model of count-rate

Compared to the other
(and therefore easily

is exponential decay with time

Calculate half-1ife

from the gradient of
( £, ln(count-rate)
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Find the half life from the gradient of
In A vs t graph.
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PA ACTIVITY VS TIME (INC
BACKGROUND)
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In this experiment an initial activity of about 334Bg decays by a factor of two every 73s.



In this case, estimate the half life to be about 73.0s. About 70+/-5 seconds is reasonable.

HALF LIFE OF PROTACTINIUM

17/03/2020

A
Countrate /10s |t /s |Count rate /10s - background |In(A)
160 0 152.6 5.03
221 13 2136 5.36
187 26 179.6 5.19
189 39 181.6 5.2
196 52 188.6 5.24
169 65 161.6 5.09
167 78 159.6 5.07
157 91 149.6 5.01
155 104 (147.6 4,99
120 117 (1126 472
108 130 (100.6 4.61
96 143 (88.6 4.48
82 156 |74.6 431
80 169 ([72.6 4.28
65 182 |57.6 4.05
58 195 ([50.6 3.92
55 208 |47.6 3.86
39 221 (316 3.45
42 234 |34.6 3.54
38 247 |[30.6 3.42
42 260 |34.6 3.54
30 273 (226 3.12
32 286 |24.6 3.2
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} Shake bottle before [
iso-butyl methyl ketone | usetointroduce Protactinium :
organic solvent layer, with " into solvent layer. The other !
dissolved beta source | atoms in the decay chain are not |
Protactinium-234 } soluble in this layer. :
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Counter (count in 10s, :
wait 3 seconds, repeat) Acidic ageous
— solution of uranyl

nitrate

Retort stand Block

Coax cable
with screw-on connections

Note Thorium-234 has a half life of 24 days.
Uranium-238 and Uranium-234 have long

half lives of 4.5 billion years and 246,000 years
respectively, so their activity can be assumed
to be constant!






