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DISCOVERY OF NEUTRONS

Chadwick smashed alpha

particles into beryllium, a rare

metallic element, and allowed

the radiation that was released to s 3 -

ﬁ'@l]j'siﬂn with beryllium atoms
would release massive neutral
ticles, which Chadwick

hit another target: paraffin wax. -
The experiment results showed a \ @
NEI.] ons u
|

Science




;Be -

James Chadwick bombarded beryllium-9 with alpha particles,
carbon-12 atoms were formed, and neutrons were emitted.

J

Drorin, Demmin, Gabel, Chemistry The Study of Matter 3rd Edition, page 784




RADIUS AND DENSITY
OF
THE NUCLEUS
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MASS — ENERGY
EQUIVALENT
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MANSS DEFECT
AND
BINDING ENERGY
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Mass 1 atom 190, =15.994915 amu
Mass 8 protons = 8.062600 amu
Mass 8 Neutrons =8 x1.008665 = 8.069320 amu

total mass =16.131.920 amu

Mass Defect (Am) =16.131920-15.994915 = 0.137005amu

Binding Energy = (.137005 x 931.5MeV

0.137005 x 931.5
BE / nucleon = % = 7.976 MeV
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Given Mass of proton 1.007825 amu
Mass of neutron 1.008665 amu
Mass of Fe = 55.934932 amu

Mass of 26 protons =26x1.007825 amu
=26.20345
Number of neutrons =56 - 26 = 30

Mass of neutron =30x1.008665 amu
=30.25995 amu

Total mass of 56 nucleacns = 56.4634 amu




Total mass of 56 nucleaons = 56.4634 amu

Mass of defect, Am =56.4634 —55.934932 = 0.528468 amu

Total binding energy = Amx931.5 MeV
=0.528468x931.5

=492.267942 MeV

BE per nucleon=% = 8.790MeV
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Nuclear Force

force

©
g:' electrostatic force
Fa nY | | "
% 1 - -
- L . distance from
©

centre
strong force




Properties of nuclear forces

Strongest in nature. Same for n-n, n-p and p-p

Charge independent

Spin-dependent

Short-range forces



NUCLEAR
FISSION AND FUSION
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Nuclear Fission

pU 400! o (U] & 5B 43 Ke +3o0' +Q

Ba
n Q = 200 MeV
n
Kr
Ba. /V Ba , Per nucleon = 0.85 MeV
" rz in
Kr
K n Ba
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Nuclear Fusion

H+ H > H+ 8" +v (nutrino)
H+ IH — He+y

"He + JHe — JHe + 2 'H

[

41'H » :'JHE } 2[15}';' F2¥ + 2v Owverall reaction
Q=26.7 MeV

Per nucleon = 6.675 MeV
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NUCEAR FISSION NUCLEAR FUSION

When excited a massive nucleus splits into two  Two light nuclei combine to form a heavy
smaller nuclei of roughly comparable mass nucleus

High temperature and pressure conditions are  High temperature and pressure conditions are

not required required
Neutrons required Protons required
Quick process This happens in several stages

Average energy available per nucleon 0.85 MeV Average energy available per nucleon 6.75 MeV

Produces highly harmful radioactive waste Fusion's products are harmless

Material for fission availability is limited Fusion material is plentiful
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NUCLEAR REACTOR
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NUCLEAR REACTOR
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Nuclear Reactor ‘

Image source: www.learnfatafat.com
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NUCLEAR FUEL

Nuclear fuel is the fuel that is used in a
nuclear reactor to sustain a nuclear chain
reaction. The most common nuclear fuels
are the radioactive metals U-235 and Pu-239
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NUCLEAR REACTOR CORE

A nuclear reactor core is the portion of a nuclear
reactor containing the nuclear fuel components
where the nuclear reactions take place and the
heat is generated.
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MODERATOR

The moderator of a nuclear reactor is a substance that
slows secondary neutrons produced during the fission.

Examples: Heavy water, Graphite, paraffin, etc,.

Coolant

Control Rods -
Shielding i
Fission ‘l 5
Chamber
elRods  woderal

Nuclear Reactor ‘
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CONTROL RODS

It is used in nuclear reactors to control the rate of
fission reactions.

These are made up of chemical elements capable of
absorbing many neutrons but should not lose their
stability such as Silver, Cadmium, Indium, and Boron.

Nuclear Reactor |
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COOLANT

Coolant in a nuclear reactor is a liquid used to remove
heat from the nuclear reactor core and transfer it to
electrical generators and the environment

Nuclear Reactor ‘
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SHIELDING

It is the protective covering wall made up of
concrete to protect from harmful radiation from
nuclear fuel.
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Carbon — Nitrogen Cycle

Carbon — Nitrogen cycle is one of the most important
nuclear reactions for the production of solar energy by fusion.

. 15 _, 15 0
]H] T hC” e -NB Y —ray A ?N t € TV

i
1 Al : 11, 15 12 4
N3 W ol e+ v(neutrino) T A T

: 4, H — ,He' +2..e? + 3y + 2u+26.70MeV
] . 13 ' 2 +l v
(H + C" = N 4+ vy -ray

The energy released during this
?N” + ,Hl — 30O 154 v process is 26.70 MeV.
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Proton-Proton Cycle
H'+ H' 5 H*+ _,e"+v +0.42 MeV
(H? + H? - ,He®+y + 5.49MeV

,He® + ,He" — ,He*+2 ,H' + energy 12.86 MeV

=

4 H' - ,He'+2,.e” +2y + 2u+ 26.70 MeV

The energy released during this process is 26.70 MeV.
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