Notes on Scientific Laws, Theories and Hypotheses
A very common mistake of non-scientists and, believe it or not, some scientists, is to fail to correctly distinguish between scientific laws, theories and hypotheses.  The difference is not just semantics.  Conceptually, a scientific law is something very different from a theory.   Following are some definitions, followed by some explanation and a few examples.

Scientific Law  A scientific law is an empirical (ie based on experimental evidence) statement of great generality of something which seems to always be true.

Scientific Hypothesis  A scientific hypothesis is a tentative explanation of an observation or pattern which has been observed in nature.

Scientific Theory  A scientific theory is an explanation of a natural phenomenon with a broad range of significance and application.

The chief distinction between a scientific law, on the one hand, and a theory or hypothesis on another, is that a law is a generalization.  It is NOT an explanation.  It is the result of induction.   It is an empirical (ie based on observation alone) statement of something which always appears to be true.

Hypotheses and theories, on the other hand, are an attempt to explain what has been observed.  Often scientists form theories to explain laws.

There are two important distinctions between scientific hypotheses and theories.  Remember that these two concepts are fairly similar to one another, while a law is something very different.   Theories and hypotheses are both explanations, but a theory is different, in general, in that;

1.  It has much more experimental support                     and 
2.  It is a much broader statement, with a wide variety of potential applications 
than a hypothesis.  Hypotheses are more tentative, but even more importantly, they apply to a rather specific and narrow set of circumstances, while a theory applies to a great number of problems.
The distinction is best explained by using practical examples which most of us are at least somewhat familiar with.

Laws:

1. The Law of Gravity.   This law tells us the size of the gravitational force, but it does not explain why gravity exists or even why it is as strong as it is.

2. The First and Second Laws of Thermodynamics.   The first law of thermodynamics tells us that every experiment ever done leads to the conclusion that energy is always conserved.  It is an empirical fact, but it is not an explanation.  The second law of thermodynamics is extremely successful at predicting what processes are spontaneous, but it cannot explain why entropy increase causes spontaneity.

Theories:

1.  The theory of evolution is a theory (as opposed to a hypothesis) because it has very broad applications and explanatory power.   We can explain the entire fossil record and the genetic code of all plants, animals and other forms of life using this theory.  It is the breadth of the theory more than the amount of support which makes it a theory.  In fact, the day it was published (1859 by Darwin) it was already a theory, not just a hypothesis, not because of all the support (the support was still fairly weak at the time) but because of the wide range of things it could explain.

Consider the following two predictions/explanations:

a.  Compound A will prevent the spread of bacteria B because….

b.  Compounds in the category A will have broad ability to kill microbes because….

Explanation a. is a hypothesis, while explanation b. is a theory.   Explanation a. covers a very specific example and it does not have broad implications.  Explanation b. is about a whole category of compounds and their application in a very broad range of microbes.

Sample question:    Law, theory or hypothesis?
a. In every case, male birds are either similar or more colorful than their female counterparts .
b. Zinc in the diet will lower the rate and intensity of viral outbreaks.

c. There is a strong connection between nutrition and a variety of cancers.

Answers:

a. is a law.  It is a statement of something which appears to always be true, but it is not an explanation of anything.

b. is a hypothesis.  It is a very specific prediction about the connection between one thing and one other thing.

c. is a theory.  It is a broad statement that nutrition in general can have an impact on a range of very different kinds of cancer.

