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SUMMARY
7.1 

The Atom (2hrs)
Atoms have a small nucleus that is orbited by electrons.

Geiger and Marsden did an experiment where they aimed alpha radiation at a thin gold foil.

Most of the radiation passed through as if the foil was not there. A small amount was deflected. Rutherford postulated the planetary model of the atom from the results of the experiment.

Light given off by atoms has specific wavelengths which is evidence that the orbiting electrons have specific energy levels that they can only exist in. 

Atoms only absorb certain wavelengths from the complete spectrum, further evidence for specific energy levels.

The atomic number of an atom is the number of protons in the nucleus.

The nucleon or mass number of an atom is the total number of protons and neutrons in the nucleus.

Atoms with the same number of protons but different numbers of neutrons are called isotopes.

Different nuclei are often called nuclides.

7.2 

Radioactive Decay (3 hrs)
An atom is radioactive if its nucleus has an unstable proton to neutron ratio.

An unstable proton to neutron ratio causes an elevated energy level in the nucleus.

When a nucleus undergoes radioactive decay it lowers its energy level by giving off radiation.

The radiation given off by atoms that are naturally radioactive can be either alpha particles, beta particles or gamma rays.

Alpha particles are helium nuclei - two protons and two neutrons.

When an alpha particle is released, a new nucleus is formed with 2 less protons and 2 less neutrons.

Beta particles are electrons formed when a neutron in the nucleus changes to a proton and an electron. The electron is booted out of the nucleus.
When an electron is released, a new nucleus is formed with one more protons and one less neutron. An anti neutrino is also released during beta decay. This is a chargeless, massless particle.
Gamma rays are short bursts of very high frequency electromagnetic waves.

When a gamma ray is released, the same number of neutrons and protons are present but they have settled to a lower energy level.

Alpha particles are stopped by air molecules in a few centimeters.

Beta particles are stopped by air molecules in a few meters.

Gamma rays can travel very long distances through the air.

Radiation can knock electrons from atoms creating positive ions and free electrons.

Alpha particles are good ionizers - they can easily knock electrons from atoms during collisions.

Beta particles have medium ionizing ability.

Gamma rays are poor ionizers.
Ionising radiations affect cells by knocking electrons off atoms and splitting up molecules.

A direct affect occurs when the ions formed affect the cell’s processes.

An indirect affect occurs when the ions create substances that affect the cell’s processes.

A dosage is acute when it is high for a short time.

A dose is chronic when it is low for a long time.

Acute dosages kill people because the cell’s dividing rapidly – white blood cell’s, cells that make blood and the cell’s in the digestive tract are damaged beyond repair.

Chronic doses kill people due to them developing cancer later in life.
Radioactive decay is a random event.
A nucleus with a high n:p ratio is trying to crush itself. It gives off - particles - electrons.
A nucleus with a low a n:p ratio, is trying to burst apart. It gives off  particles.

If a nucleus is very unstable there is a high probability it will decay soon and a sample of the substance undergoes a large number of radioactive decays each second.
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If a nucleus is slightly unstable there is a low probability it will decay soon and a sample of the substance undergoes a small number of radioactive decays each second.

The time it takes for half of the radioactive nuclei to decay, is called the half life of the isotope.

The half life of an isotope is a constant. 

Very unstable isotopes have half lives of fractions of seconds.

Slightly unstable isotopes have half lives of thousands of years or longer.

7.3 

Nuclear Reactions, Fission and Fusion (4 hrs) 

The mass number of a nucleus is the total number of protons and neutrons.

The atomic number of a nucleus is the number of protons.

For the radioactive nucleus eq \o(\s\up 6(x ),\s\do 2(y))A x is the mass number and y is the atomic number.

A proton is eq \o(\s\up 6(1 ),\s\do 2(1))p a neutron is eq \o(\s\up 6(1 ),\s\do 2(0))n and an electron is eq \o(\s\up 6(0 ),\s\do 2(-1))e.
The general transformation equation is Parent nucleus decays to Daughter nucleus plus emitted particle.

If several generations of daughter nuclei are radioactive, a decay chain is formed that finishes at a stable isotope of lead.

The mass number of the parent nucleus is equal to the mass number of the daughter nucleus plus the mass number of the emitted particle. (superscripts add up) 

The atomic number of the parent nucleus is equal to the atomic number of the daughter nucleus plus the atomic number of the emitted particle. (subscripts add up) 

The mass of the parent nucleus is greater than the mass of the daughter nucleus plus the mass of the emitted particle. The mass lost is called the mass defect.

The energy released in the transformation equals the mass lost times the square of the speed of light.

1 electronVolt of energy is equal to the energy transfer when 1 electron moves through a Potential Difference of 1 Volt. 1 eV equals 1.6 times 10 to the minus 19 Joules.

Energy transfers during transformations are about 10 million eV.

1 unified mass unit is 1/12th of the mass of the carbon 12 isotope.

Binding energy is the energy that must be supplied to break apart a group of particles.

The binding energy per nucleon versus atomic number graph peaks at iron. Smaller and larger nuclei have less binding energy per nucleon than iron.


If a nucleus with an even atomic number 92 or greater and an odd mass number absorbs a neutron, it can be split into two smaller nuclei with about 3 neutrons set free. This is called nuclear fission.

The total mass of the particles after fission is less than before fission so energy is released.

If the neutrons set free are absorbed by other nuclei, then a chain reaction can occur.

If the sample is less than the critical size, it has a small mass to surface area ratio and too many neutrons lost from the sample to sustain a chain reaction. 

Detonation of a bomb is achieved by ramming together two pieces smaller than critical size.

In a nuclear reactor, for each fission only one of the free neutrons cause another fission. Control rods absorb the rest.

Fusion is the joining together of the isotopes of hydrogen called deuterium eq \o(\s\up 7(2 ),\s\do 3(1))H and tritium eq \o(\s\up 7(3 ),\s\do 3(1))H1.

Deuterium nuclei have one proton and one neutron. Tritium nuclei have one proton and two neutrons. 

To get the deuterium and the tritium nuclei to stick together, the nuclei must come very close so the nuclear force overcomes the repulsion between the protons.

The nuclei must be moving very fast if they are to get close enough to stick together and this means the temperature has to be as high as in the sun.

In the fusion reactors being developed, the super high temperature gas is held away from the walls of the container by a very strong magnetic field.

The fusion reactor reaction is eq \o(\s\up 7(2 ),\s\do 3(1))H plus  eq \o(\s\up 7(3 ),\s\do 3(1))H1  gives eq \o(\s\up 7(4 ),\s\do 3(2))He  plus eq \o(\s\up 6(1 ),\s\do 2(0))n .
Nuclear fusion is the main source of the sun's energy.

The fusion reaction in the sun is eq \o(\s\up 6(1 ),\s\do 2(1))H  +  eq \o(\s\up 7(1 ),\s\do 3(1))H  (  eq \o(\s\up 7(2 ),\s\do 3(1))H  + positron + neutrino,  eq \o(\s\up 7(1 ),\s\do 3(1))H  +   eq \o(\s\up 7(2 ),\s\do 3(1))H  ( eq \o(\s\up 7(3 ),\s\do 3(2))He  + ( ,

eq \o(\s\up 7(3 ),\s\do 3(2))He  +  eq \o(\s\up 7(3 ),\s\do 3(2))He  (  eq \o(\s\up 7(4 ),\s\do 3(2))He   +  eq \o(\s\up 6(1 ),\s\do 2(1))H  +  eq \o(\s\up 6(1 ),\s\do 2(1))H  











