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1. Vocabulary: conservation law (MISN-0-15).

2. State the family and family group to which a given strong-stable
particle belongs (MISN-0-274).
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K1. Explain what is meant when an elementary-particle quantity is
said to be “conserved” and when it is said to be “universally con-
served.”

K2. List the names of all the quantities which may be conserved in
elementary particle interactions.

K3. For each type of elementary particle interaction, list the conserved
quantities.
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1. K.W.Ford, Classical and Modern Physics, Vol. 1, John Wiley and
Sons (1972).
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1. “Universally Conserved Quantities in Elementary Particle Inter-
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2. “Additional Properties Conserved in Electromagnetic and Strong
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CONSERVED QUANTITIES: AN OVERVIEW

by

J.Christman, U. Coast Guard Academy

1. Introduction

1a. Overview. Certain particle properties are conserved in interac-
tions and decays. The purpose of this unit is to enumerate such prop-
erties and to discuss conservation laws in a general way. Details of the
properties are discussed elsewhere.1

1b. Definition of “Conserved Quantity.” . Here is the meaning
of “conserved property” in a particle interaction or decay:

A number representing the property can be as-
signed to each particle entering the interaction
and to each particle produced by the interaction.
There exists a scheme for calculating the total
amount of the property both for particles enter-
ing and for particles leaving the interaction. If the
entering total and leaving total are the same, the
property is said to be conserved.

1c. Quantities Conserved Depend on Interaction. The list of
properties which are conserved is characteristic of the type of interaction.
Those properties which are conserved in all 4 types of interaction are
called “universally conserved quantities.” In addition, there is a property
which is conserved in strong interactions but not in the others, and there
are properties which are conserved in electromagnetic interactions but not
in weak ones.

1d. Correlation With Interaction Strength. It is interesting, but
perhaps coincidental, that if a property is conserved by one type of in-
teraction it is conserved by all stronger interactions. That is, the list
of conserved properties for the electromagnetic interaction contains all
those on the list for the weak interaction plus four others and the list
for the strong interaction includes all those for the electromagnetic in-

1“Universally Conserved Quantities in Elementary Particle Interactions” (MISN-0-
276). Also see Reference 3.
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teraction plus one other. Little experimental information exists for the
gravitational interaction.

2. Assigned Reading

Sections 4.1 through 4.7 in K.W. Ford’s Classical and Modern

Physics, Vol. 1, John Wiley and Sons, NYC (1972), on reserve for you
in the PA Library: Ask for “the readings for Unit 275.”

3. Universally Conserved Quantities

3a. List of Properties. These quantities are universally conserved in
elementary particle interactions:2

a. energy

b. linear momentum

c. angular momentum

d. electric charge

e. baryon number

f. electron-muon-tauon number.

g. lepton number

In special relativity, energy becomes the fourth component of the
(now four-dimensional) momentum vector. Conservation of this “four-
momentum” implies conservation of both energy and momentum.

3b. Intrinsic vs. Dynamic Properties. The last four properties in
Sect. 3a, items d-g, are intrinsic properties of the particle. The first three,
items a-c, depend on the dynamical situation. For example, electrons
may have different momenta, depending on the extent to which they have
been accelerated, but all electrons have the same charge, baryon number,
electron number, muon number, tauon number, and lepton number.

2Older references may have lists of conserved quantities that are obsolete and hence
differ from the up-to-date list given here.
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3c. CPT. There is another quantity, called CPT, which is believed
to be universally conserved. This quantity is the product of the quan-
tities for charge conjugation invariance (C), parity invariance (P), and
time reversal invariance (T). The meaning of C, P, and T are discussed
elsewhere.3

4. Properties Conserved by Each Interaction

4a. Weak Force: Only Universal Quantities. All of the universal
quantities listed in Sect. 3a are conserved by the weak interaction. With
the exceptions noted in Sections 3c and 4c, no other known quantities are
conserved by the weak interaction.

4b. EM and Strong Forces: Additional Constraints. In addition
to the seven universal properties, these properties are also conserved by
the electromagnetic interaction:

h. parity

i. strangeness

j. charge conjugation

k. time reversal

In addition to the above listed properties, the strong interaction also
conserves a quantity called “isospin.”

4c. Time Reversal Indicates Two Weak Forces. Effects which
stem from the violation of time reversal invariance by the weak interaction
are roughly one-thousandth as strong as the more usual effects of the weak
interaction. This has led some physicists to believe that the force which
has been traditionally called the weak interaction is, in reality, two forces,
the stronger of which is time reversal invariant and the weaker of which
is not. This super weak force, if it exists, is a fifth force of nature. Here
we do not make a distinction between these two weak forces.
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