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On the Use of Quantity
Calculus

If we measure the mass in pounds and acceleration in inches per second squared and we are still interested in the force in newtons, we can divide equation
(2) by (lb in s–2) = 0.545 kg • 0.0254 m s–2 = 0.0115 N,
obtaining

by Tomislav Cvitas
Quantity calculus is a system of algebra in which symbols are consistently used to represent physical quantities and not their numerical values expressed in certain
units. We always take the values of physical quantities
to be the products of a numerical value and a unit, and
we manipulate the symbols for physical quantities,
numerical values, and units by the ordinary rules of
algebra. A more appropriate name for “quantity calculus“ might be “algebra of quantities”, because the
principles of algebra rather than calculus are involved.
Each symbol of a physical quantity (single letter,
italic) in an equation stands for the value of the quantity which is
(quantity) = (numerical value) × (unit)

(1)

In this way the equations hold for any unit as we believe the laws of nature should. Units are a matter of
human choice, and no law in nature should depend on
them. For example,

force = mass × acceleration
or, with symbols,
F=ma

(2)

irrespective of what units we choose. Equations should
therefore be written in a form not implying certain
units. In applications with many repetitive calculations,
it is often convenient to write equations with numerical
values in certain units. Then, however, different symbols should be used. Equation (2) can for a certain purpose be written in the form
{F}N = {m}kg • {a}m s–2
or
					
F
m
a

N

=

kg

•

(3)

m s-2

where {F}N = F/N is the numerical value of the force in
newtons, etc. Eq. (3) can be derived from (2) by division of both sides by N = kg m s–2.
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F
0.0115 N

=

m
lb

•

a
in s-2

or, in a more convenient form,
F
m
a
= 86.7
•
					
N
lb
in s-2

(4)

Quantity calculus is recommended for general use in
science and technology. It has particular advantages
in facilitating the problems of converting between different units and different systems of units, as exemplified above. Another important advantage of quantity calculus is that equations between quantities are
independent of the choice of units, and must always
satisfy the rule that the dimensions must be the same
for each term on either side of the equal sign. The advantages are illustrated in several examples presented
in the IUPAC Green Book (E. R. Cohen, T. Cvitas, J. G.
Frey, B. Holmström, K. Kuchitsu, R. Marquardt, I. Mills,
F. Pavese, M. Quack, J. Stohner, H. L. Strauss, M. Takami,
and A. J. Thor. Quantities, Unit and Symbols in Physical
Chemistry (IUPAC Green Book). IUPAC and RSC Publishing, Cambridge, 3rd edition, 2nd printing, 2008,
page 131).
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