Science 122 - May 12-13 Nuclear Physics.notebook May 16, 2016

Nuclear Physics




Science 122 - May 12-13 Nuclear Physics.notebook May 16, 2016

Review - Atoms and Isotopes
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Hydrogen Isotopes

The isotopes of hydrogen are the only isotopes to which
physicists have given different names: fH is called "deuterium” and ‘EH is
called “tritium.” For most isotopes, physicists simply use the atomic mass
number to describe the isotope: ;He is called “helium-3" and jHe is called

"helium-4."
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Radioactive Decay
Alpha, Beta and Gamma
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http://serc.carleton.edu/quantskills/methods/quantlit/RadDecay.html
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Khan Academy

http://www.youtube.com/watch?v=3koOwozY4oc
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Radioactive Decay

Lead Elock
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T 234 4
o decay - guTh + 2He An Alpha Decay Reaction

[ decay A Beta Decay Reaction

positron decay 1,; — 1.15 B + ?e A Positron Decay Reaction
*
%Th 23 NG 2@l A Gamma Decay Reaction
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Decay Series

Science 122
Nuclear Physics

When a large nucleus decays by the emission of an alpha or beta
particle, the daughter nucleus is more stable than the parent;
however, the daughter nucleus might still be unstable. As a result,
a nucleus can tumble through numerous transmutations before it
reaches stability. Figure 20.8 shows one such decay sequence for
uranium-238. Notice that the end product is lead-82,

238

234

230

226

222

218

Atomic mass number (A)

214

210
206

start

/alpha
decay
—» beta
decay

80 82 | 84 | 86 88 90 92
Hg Pb  Po Rn Ra Th U

Atomic number (£)

TR R This series represents only one
of several possible pathways of decay for

uranium-238.

Show the transmutations in the decay series of

uranium-238.
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Half-Life

The half-life (T;/,) of a radioactive substance is the time required
for one-half of the nuclei present to disintegrate. The half-life of
a given isotope is always the same.

Half-lives vary from about 10%* s to 10°® s (=~ 10*' years).

Isotope Emits Half Life
Uranium-238 Alpha 4500 000 000 years
Thorium-234 Beta, Gamma 24.1 days
Proactinium-234 Beta, gamma 60 seconds
Uranium-234 Alpha, Gamma 245 000 years
Thorium-230 Alpha, Gamma 76 000 years
Radium-226 Alpha, Gamma 1600 years
Radon-222 Alpha 3.8 days
Polonium-218  Alpha 3 minutes
Lead-214 Beta. Gamma 27 minutes
Bismuth-214 Beta, Gamma 20 minutes
Polonium-214  Alpha 160 microseconds
Lead-219 Beta, Gamma 22 years
Bismuth-210 Beta, Gamma S days
Polonium-210  Alpha 138 days

[ead-206 Stable
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912 MHR e« Unit 8 Nuclear Physics

Imagine that you had a sample of polonium-218 (%iPo) .
It decays by alpha emission with a half-life of 3.0 min. If you
started with 160.0 ug of the pure substance, it would decay as

shown in Table 20.3.

Table 20.3 Decay of Polonium-218

Mass of Po-218
Time (min) remaining (ug)

0 160.0
3.0 80.0
6.0 40.0
9.0 20.0

12.0 10.0
15.0 5.0

May 16, 2016

remaining (Hg)
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Mass-aof pelenium-218

0 5 10 15

Time (min)

A graph of the

decay of polonium and all other
radioactive isotopes is an
exponential curve.,

The number of nuclei present at t = 0 is N = N,,.
The number of nuclei present at t =T, 1s N = 1/2(N,).
The number of nuclei present at t = 2T, 1s N = 1/4(N,).
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Activity and Decay Constants %
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