PH203 Lesson 2: Nuclear Physics II: Intro to Mass Energy and Nuclear Weapons
Learning Objectives
2.1:


Calculate the mass energy associated with an object’s rest mass, m, using the equation E0= mc2




Relates an object’s mass and equivalent energy. The energy that is associated with the mass of an object is called mass energy or rest energy.

2.2:


Apply equation 37-50 to calculate any parameter of a nuclear reaction as demonstrated in Sample Problem 43-1. Interpret the sign of the Q value



Equation 37-50: 
Q = Mi c2 – Mf c2 = -∆ M c2



A positive Q value means the reaction results in a decrease of total mass energy E0. A negative Q value means the reaction results in an increase of total mass energy (and total mass M).
2.3:


List and explain the four conditions that must be satisfied in order for a fission bomb to function


1. Source of neutrons


2. Fissionable material


3. Each fission produces more neutrons than what is consumed


4. Each fission induces more than 1 subsequent fission
2.4:


Describe how a gun-type assembly and an implosion-type assembly each create a supercritical mass

Gun-type: a sphere of Uranium is divided into two parts so that neither is a critical mass on its own. One part is a hollow sphere, and the other a cylinder that would complete the sphere. When the bomb detonates, a cannon fires the cylinder into the hollow sphere, creating a supercritical mass and initiating an explosive chain reaction.


Implosion-type: a spherical shape of subcritical mass surrounded by a shell of high explosives and reflective tamper. The high explosives blow inward, increase the density, and create a supercritical mass and chain reaction.

2.5:


Describe the difference between a fission bomb and a “dirty” bomb:

The term dirty bomb is most often used to refer to a Radiological Dispersal Device (RDD), a radiological weapon which combines radioactive material with conventional explosives. Though an RDD is designed to disperse radioactive material over a large area, the conventional explosive would likely have more immediate lethal effect than the radioactive material. At levels created from most probable sources, not enough radiation would be present to cause severe illness or death. 

For this reason, a dirty bomb is not a weapon of mass destruction. Its purpose would presumably be to create psychological, not physical, harm through mass panic and terror. Additionally, decontamination of the affected area might require considerable time and expense, rendering affected areas unusable, and causing extensive economic damage. 

Fission bombs derive their power from nuclear fission, where heavy nuclei (uranium or plutonium) split into lighter elements when bombarded by neutrons (producing more neutrons which bombard other nuclei, triggering a nuclear chain reaction). These are historically called atom bombs or A-bombs, though this name is not precise due to the fact that chemical reactions release energy from atomic bonds too, and fusion is no less atomic than fission. Despite this possible confusion, the term atom bomb has still been generally accepted to refer specifically to nuclear weapons, and most commonly to pure fission devices. 

In general, fission bombs are powered by using chemical explosives to compress a sub-critical amount of either uranium-235 or plutonium into a dense, super-critical mass, which is then subjected to a source of neutrons. This begins an uncontrollable nuclear chain reaction, and produces a very large amount of energy. 
Definitions
1. Disintegration energy, Q: change in the total mass energy of the system due to the reaction. Just think of Q as energy.

1. Q = --∆ M c2
2. Chain reaction: a fission process in which each neutron that is produced potentially triggers another fission.

3. Thermonuclear fusion: is a process in which two nuclei join, forming a larger nucleus and releasing energy. Nuclear fusion is the energy source which causes stars to shine, and hydrogen bombs to explode.

4. Atomic mass unit (u): a system in which the atomic mass of neutral of 12C is defined to be exactly 12u

5. Neutron number, N: the number of neutrons in a nucleus

6. Fusion: A nuclear reaction in which nuclei combine to form more massive nuclei with the simultaneous release of energy.

7. Critical mass: The critical mass of fissile material is the amount needed for a sustained nuclear chain reaction
8. Supercritical mass: having an amount of fissile material in a geometrical form and size which allows the mean free path (some 10 cm or 4") of the fast neutrons released upon a fission event to be small enough to cause other fissions. In other words: the neutrons should not be able to escape from the material, making a divergent nuclear chain reaction possible (until the thing blows apart). As you may intuitively guess, a spherical form is most suitable for this.

9. Mass number, A: total number of neutrons and protons in a nucleus

10. Fission: a uranium nucleus, having absorbed a thermal neutron, splits, with the release of energy , into two roughly equal parts

11. Exothermic: Of or relating to a chemical reaction during which heat is released.

12. Isotope: Nuclides with the same atomic number Z but with different neutron numbers N 

13. Electron-volt (eV): A unit of energy equal to the energy acquired by an electron falling through a potential difference of one volt, approximately 1.602 × 10-19 joule.

14. Radionuclides: isotopes that are not stable and undergo decay by emitting a particle and thereby transforming to a different nuclide

15. Endothermic: Of or relating to a chemical reaction during which there is absorption of heat.

16. Nucleons: neutrons and protons considered collectively

17. Atomic number, Z: number of protons in a nucleus
