Analogies:
Nations are like people; firms are like people – each has objectives and pursues them.

The brain is like a computer.

Human interaction is like a game: prisoner’s dilemma, coordination, chicken, etc.

Voters are like balancing scales.

Policies are like points in a space; people’s preferences are equal to distance in this space.

Gas molecules are like billiard balls.  Gases in a vessel are like billiard balls on a pool table.

Atoms are like solar systems: Our solar system consists of a sun in the middle with nine smaller planets rotating around it in their orbits. The element Fluorine has a nucleus and nine smaller electrons rotating around it in their orbits.

In the first half of this century, the phycisist Niels Bohr was awarded the Nobel Prize for using the Bohr/Rutherford model to explain the hydrogen atom. This model was based on a direct analogy between atoms and the Solar System. Subsequently this model faltered for atoms more complex than hydrogen, and atomic/stellar analogies came to be regarded as "naive" or "quack" ideas.

According to the Bohr Model, electrons can only exist in particular energy levels around the nucleus. This is like a stick shift on an automobile ... it only works when it is in 1st gear, 2nd gear, etc ... and not at any in between position.

Light is a wave.

Light is a particle (like a bullet).
ADHDers are like moths:

	
	They are drawn to the brightest light.
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	Unfortunately, the brightest light is sometimes a Bug Zapper.


The nucleus of the eukaryotic cell has often been called the control center of the cell. It would perhaps be more accurate to compare the nucleus to a library from which the cell gets information necessary to produce the enzymes used by the cell to grow, reproduce, and manufacture cell products. 

Many factories have special rooms where the drawings of machinery and product components, assembly diagrams, and descriptions of operational procedures are stored for safe keeping. If we envision such a room with locked bookcases containing these drawings and other essential documents, kept under the supervision of a librarian who has the key to the locked cases, we have a good analogy for the nucleus.

POLYMERASE CHAIN REACTION (PCR)

Suppose you have a 10 foot banner of which you want to make an exact copy. You would take it to a copy machine, right? But will the entire banner fit on the copy machine? No, only a small portion will (either an 8 X 11 or 8 X 14 inch piece). You can make as many copies as you want, but the copy machine will only copy the selected region of the banner. Polymerase Chain Reaction or PCR works in the same manner. The banner represents a chromosome; it can be copied as many times as you want (called cycles), but only for a small region of the chromosome. Typically PCR does 30 cycles, which will copy the small region of the chromosome 210 times making over a billion copies. Now you have many copies of that chromosome region for procedures such as cloning into vectors, determining tissue types (for organ transplants), and criminal investigations. 

(See Scientific American April 1990 for additional background information on the PCR method) 

A DNA molecule consists of small repeating units joined together in a long, twisted "ladder". The two sides of the ladder contain sugar and phosphate units. The "rungs" are made of pairs of chemicals called bases

The cell is like a factory:
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The right and left sides of the heart function as two completely separate pumps. An interior wall called the septum separates the two sides of the heart

Tests an analogy should meet: 

1. The analogy should compare the unfamiliar to the already-familiar. The analogy of currents to the flow of water in pipes is useless unless the student already has a good grasp of hydraulics. 

2. The analogy should be simple and easy to present. If the comparison requires elaborate justification or explanation, forget it. If the analogy requires a long list of "exceptions" and qualifications, the time would be better spent on a direct and fuller physical and mathematical treatment. 

3. The analogy should be reasonably complete in all important details. The non-analogous details shouldn't require elaborate explanation. 

4. The analogy should be mathematically analogous. The two cases being related ought to obey the very same mathematical equations. 

5. The analogy should be physically analogous. The physical principles in the cases being compared ought to also be meaningfully analogous. 

6. Analogies ought never be represented as a demonstrations, arguments, or proofs. Analogies must never replace rigorous mathematical and physical development. 

7. The analogy should not be restricted to a single case or a special case. 

8. All obvious extrapolations of the analogy should be valid. The analogy should continue to give correct predictions in other cases that will occur in the course, and other cases that a thoughtful student might apply it to. 

9. There should be no hidden or unstated assumptions required to make the analogy "work."  
