Announcements

1. Presentation signups — Thursday 4/24/03 — 5:30 PM
— Friday 4/25/03 — 4:00 PM
— Sunday 4/27/03 — 1:30 PM

2. Reminder — bring your Thinkpads to lab this week
3. Nuclear physics — next three lectures
Description of nuclei — mass deficit

Nuclear decay processes — half life — a,3,y particles

—units Ci, rad, rem

Nuclear reactions — fission and fusion
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Motivation

» General education

» World
-a:ﬁ\luclear

 Za% SDCIEIIZIUH

» Opportunities and dangers
» Nuclear power possibilities

» Astrophysics connections

THREE MILE ISLAND: 1979 In 1979 a cooling malfunction caused part of the core to melt a 2
reactor at Three Mile Island near Harrisburg PA. The reactor was destroyed. Some radioactive
gas was released a couple of days after the accident, but not enough to cause any dose above
background levels to local residents. There were no injuries or adverse health effects from the

accident.

THE CHERNOBYL DISASTER: On April 26, 1986 at 1:23 am technicians at the Chernobyl
Power Plant in the Ukraine (former Soviet Union) allowed the power in the fourth reactor to fall
to low levels as part of a controlled experiment which went wrong. The reactor overheated
causing a meltdown of the core. The people of Chernobyl were exposed to radioactivity 100
times greater than the Hiroshima bomb. It is estimated that over 15 million people have been
victimized by the disaster in some way and that it will cost over 60 Billion dollars to make
these people healthy.
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Ingredients of nucleus:
Z protons  (each with mass m, = 1.007276 u)
N neutrons (each with mass m_, = 1.0086556 u)
A=Z+N

u = (1/12)x mass of C for A=12 (1.6605402 x 10?7 kg,
931.49432 MeV/c?)

Note: in these units, m, = 0.0005486 u

Notation: /N examples: ':C, U
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Atomic Weights and Isotopic Compositions for All E|

Relative Isotopic Standard
/. Isotope Atomic Mass Composition Atomic Weight
1 H 1 1.007 825 032 1(4) 99.9885(?0)%1.00? 94(7)
D 2 2.014 101 778 0{4) 0.0115(70)
T 3 3.016 049 2675(11)
2 He 3 3.016 029 309 7(9) 0.000 137(3) 4.002 602(2)
4 4.002 603 2497(10) 99.999 863(3)
3 Li 6 6.015 122 3(5) 7.59(4) 6.941(2)
7 7.016 004 0(5) 92.41(4)
26 Fe 54 53.9396148(14) 5.845(35) 55.845(2)
56  55.934 9421(15) 91.754(36)
57  56.935 3987(15) 2.119(10)
58  57.933 2805(15) 0.282(4)
27 Co 59 58.933 2002(15) 100 58.933 200(9)
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mass of neutral atom
7 A /-) includes Z electrons

27 Co 59 58.933 2002(15) 100 58.933 200(9)

Mass of nucleus:
Mym = Zmy + (A-Z)m, + Zm, = 59.474281 u

AM = 0.5410806 u
What should we do with this mass deficit?

(A)Chalk 1t up to 1naccuracy of my calculator.
(B) Figure that NIST made a mistake.
(C) Give up on physics as a quantitative science.

(D) Find some meaning associated with AM.
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mass of neutral atom
7 A /-) includes Z electrons

27 Co 59 58933 2002(15) 100 58.933 200(9)
Mass of nucleus:
Mgy = Zm, + (A-Z)m, + Zm,= 59.474281 u
AM = 0.5410806 u=504.0135 MeV /c?

AM/A = 8.5426 MeV /c¢? /nucleon = energy associated
with nuclear “binding”

Another example:

2 He 3  3.0160293097(9) | 0.000137(3) 4.002 602(2)
4 4.002 603 2497(10) | 99.999 863(3)

AM/A(*,He) = 7.1 MeV/c?/nucleon
AM/A(?,He) = 2.6 MeV/c?/nucleon
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Binding energy per
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=» There must be a strong attraction between nuclear particles
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Not all nuclei are stable:
Some types of nuclear decay
o=4,He™ Ex: 23¥,U 224, Th+a
B="ore* Ex: "“.C—>!"N-+e

Y= photon) Ex: 12.B > 12.C*+e +y

Measure of radioactive decays:

dN
=
Solution : N(t)= Nye ™

Decay rate : —AN

dN xy
— ()| = N\
dt() oM
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Half-life:
When N(t) =2 Ny

—XTy
N(T,)=Nee > =N,
In2  0.6931472

=T, = =
EI A

j(f/%j

Note that: N(¢) =N, (;

Some units of nuclear decay:
1 Ci (Curie) = 3.7 x 101 decays/s
1 Bg (Becquerel) = 1 decay/s
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Example:
Suppose that you have a sample of 10?3 14.C nuclei

cach of which has a half-life of 5730 years. How many
Curies of radiation is this?

In2  0.6931472

=" A
A= 0.6931472 3.8x107'*decays/s
Ly
2
CZI;[ = AN =3.8x107"* x10* decays/s =10.4 Ci
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