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Chapter 9: Nuclear Physics
+ We will learn in this chapter 9:
* Radioactivity

» Half-Life
* Radioactive Decays
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Chapter 9: Nuclear Physics
(Second part)

+ We will learn in this second part of chapter 9:

* Radioactive Decays

- )

Radioactive decays

In all nuclear processes, the following quantities must be conserved:

1. Energy

2. Momentum

3. Electric charge

4. Number of nucleons
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o decay

Alpha () decay is the spontaneous emission of an alpha particle (helium nucleus)
from the nucleus.

The alpha particle is then a group of two protons and two neutrons.
A helium nucleus is very stable.

Typically occurs with heavy nuclides (A > 150) and Z above 83 are unstable, often
followed by gamma and characteristic x-ray emission.

A A-4 4 +2 4l
;X — 5 5Y + ,He™ + transition energy

B8 — ‘He + 2Th + 20y

9z 90
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Examples of a decay
A A-4 4
X— Y + He
Z Z-2 2
226 222 4
LRa RN+ JHe
222 218 4
Rn—— Po + _He
86 84 2
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B decay: converting protons and neutrons

e There are certain combinations of protons and neutrons that are more stable than
others.

* Note: proton (!,p), neutron (!¢n)

Im = p+%e (B~ emission)
p > l;n+0e (B* emission)
lpt%e > ';n (EC - electron capture)
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B decay

A beta particle is a fast moving electron which is emitted from the nucleus of
an atom undergoing radioactive decay.

Beta decay occurs when a neutron changes into a proton and an electron.

Electrons or positrons having small mass and variable energy.
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B- decay

A nuclear neutron changes into a nuclear proton.

0

4

1 1
0n—>1p+

4 b y 0, =
S X—— Y+ Jet+v

H—L—5 He+ Je+v
“Na—2— 2Ne+ Je+v
v is the anti-neutrino (no mass, no charge)
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B- decay

25Po—L— ERn+ Je+v
B8 Bpyy Sy

WL 2WPb+ Je+T
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p* decay

a nuclear proton changes into a nuclear neutron.
P> n+ e
JX—L— AV +le+v
"L 5B+ %ty

v is the neutrino (no mass, no charge)
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Electron capture (EC)

In an Electron capture a parent nucleus may capture one of its
orbital electrons and emit a neutrino. This is a process which
competes with positron emission and has the same effect on the
atomic number. Most commonly, it is a K-shell electron which
is captured, and this is referred to as K-capture.

IX+e—s Y4y

JBe+le—5 Y +v
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y decay

Gamma rays are not charged particles like alpha and beta particles.

Gamma rays are electromagnetic radiation with high frequency.

When a nucleus undergoes a transition from higher to lower energy level, they
are equivalent to light quanta and X rays, their energies much greater and the
half live for y decay are very short, the emitting alpha or beta particles to form a
new atom, the nuclei of the new atom formed may still have too much energy to
be completely stable. The y decay is internal conversion .

This excess energy is emitted as gamma rays (gamma ray photons have energies of
~1x1012)).
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y decay

Gamma radioactivity is composed of electromagnetic rays. It is
distinguished from x-rays only by the fact that it comes from the
nucleus. Most gamma rays are higher in energy than x-rays and
therefore are very penetrating.

Ay* 7 4 0
X >, X+ 0y

3rp .ty (3 0
,He —— JHe+ jy
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Video 01 of week 13:
Radioactivity

Objectives

*To understand why a nucleus may
unstable

=To understand the termi
radicactivity & radiation

=To understand the thres common
forms of nuclear radiation know as
Alpha, Beta and Gamma
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 Alpha decay ;X —% ;‘;Y + ;He

JX—L— Y+ Jet+v
¢ Beta decays 4 5 4 0
JX—— Y+ etV

Ay 4 0
¢ Gamma decay ZX —r ZX+ oV

A 0 EC A

¢ Electron capture ZX+ e—> Z_]Y+V
Je=e: electron; ‘e =¢" : positron;
3y =y : photon;

V- neutrino; v - anti-neutrino
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End of Chapter 9
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