Protons and neutrons
The mass equation
Radioactivity
The energy of a-particles
Decay times of a-particles




1.Electromagnetic
2.Gravitational
3.3trong

4.Weak




called the strong nuclear force. It is a very
strong, but short-range, force. It is essentially VMW
zero if the nucleons are more than about 10-1° 40/~
m apart. The Coulomb force is long-range;
this is why extra neutrons are needed for
stability in high-Z nucleil.
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Calculate that at 1 fm: Veoulomp = ——— =1.44Mev
Argyr




Proton has positive charge;
m, = 1.67262 x 102" kg

Neutron is electrically neutral;
m, = 1.67493 x 10-%" kg

Number of protons: atomic number, Z
Number of nucleons: atomic mass number, A

Neutron number: N=A-Z

m
u=_"=1836.15267261(85)
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1
roA (1,2 X 10710 m)(/ﬁ), Nuclear density
~10% ordinary matter

Masses scale: carbon-12 atom, 12 u
uis a unified atomic mass unit.

lu = 1.6605 X 107" kg = 931.5MeV/c*

TABLE 41-1 Masses in Kilograms, Unified Atomic Mass Units, and MeV/c?

Mass
Object kg u MeV /c?
Electron 9.1094 x 10731 0.00054858 0.51100
Proton 1.67262 x 107% 1.007276 938.27
1H atom 1.67353 X 107% 1.007825 938.78

Neutron 1.67493 x 10727 1.008665 939.57
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m H-atom <m

proton electron

m H-atom(n=1 state) <m H-atom(n=2 state)

E, (atom) = [M (nucleus)+ Zm, — M (atom )]c*

(mind the signs)
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Note:

a is point of
relative stability

Fusion




Liquid drop model

Note:

Volume term

~R3~ A

a, =15.76Mev
a, =17.81Mev
a5 = 0.7105Mev
a, = 94.80Mev

a.5 — 39Mev

————a +&

Surface correction:

on the outer surface (4nR?)
the binding is less, because
There are no particles to
contribute




Liquid drop model

_3(zey
P 54zeR

yA-a, — ag

——-—a +&

“pairing energy”
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because the have to follow the
Pauli exclusion principle

0

' “ Symmetry
. Energy”
— preference for
— O Z =N
5
beese




From observation:

The higher the binding
energy per nucleon, the
more stable the nucleus.

More massive nuclei
require extra neutrons to
overcome the Coulomb
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1. Alpha rays, which could barely penetrate a piece of paper

2. Beta rays, which could penetrate 3 mm of aluminum
3. Gamma rays, which could penetrate several centimeters of lead

We now know that alpha rays are helium nuclei, beta rays are
electrons, and gamma rays are electromagnetic radiation.
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2N — 275N’ + SHe

- strong nuclear force cannot hold a large nucleus together
- mass of the parent nucleus is greater than the sum of the
masses of the daughter nucleus and the alpha particle

- this difference is called the disintegration energy.

Who takes the kinetic energy? Momentum conservation:  m,v, =mpvp

So: V, =MpVp/m,

Daughter
nucleus

_—-
MpVp




Why Is It that these nuclel do not decay Immediately~

Although energy is released in the decay, there is still an
energy barrier:

Nuclear attraction
Coulomb repulsion

Quantum tunneling through a barrier

Heisenberg uncertainty : energy
conservation can be violated as long
as the violation does not last too
long:

Energy of «

(AE)(ar) ~ -

o




Heisenberg
(AE)(ar) ~ -
27T
The higher the barrier, the
less time the alpha particle
has to get through it, and the
less likely that is to happen.

gquantum tunneling:
guantitative




Nuclear attraction
Coulomb repulsion

Energy of «

Higher kinetic energy
means traversing a smaller
barrier

Uni-partcile decay
gives a specific energy
momentum conservation




Alpha kinatic anergy {kay)

& Thewium series
WLVENIWm Senies
OAclinium series

OHephmivm sengs

variety of half-lives in
a-decay;

and a connection to kinetic
energy.

Due to the tunneling mechanism
Note: a’s have a

characteristic energy
for each decay
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S radioactive isotope
/decay Pom decays to another

(s radioactive isotope,
26, | A2 which decays to

& another, and so on.
m ) This allows the

creation of nuclei that
> otherwise would not

exist in nature.
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The fundamental process is a neutron decaying to a proton, electron, and
neutrino:

n — p + e -+ neutrino

The need for a particle such as the neutrino was discovered through
analysis of energy and momentum conservation in beta decay — it
could not be a two-particle decay.

energy Mass ?

Endpoint
1.161 MeV




exampie IS the aecay of caroon-

BC — N + e~ + neutrino

The nucleus still has 14 nucleons, but it has one more
proton and one fewer neutron.

This decay is an example of an interaction that proceeds via
the weak nuclear force.

IN - 4. N +e + v




nucleus decays from an excited state to a lower state, just as
photons are emitted by electrons returning to a lower state.

B~ (9.0 MeV)

8-
(13.4 MeV)



