10

ExaMpLE 1.1

mass m of the cube is

CHAPTER I  Physics and Measurements

Experiments have shown that this number, known as Avogadro’s number, Ny, is
N, = 6.022 137 X 10** particles/mol

Avogadro’s number is defined so that 1 mol of carbon-12 atoms has a mass of
exactly 12 g. In general, the mass in 1 mol of any element is the element’s atomic
mass expressed in grams. For example, 1 mol of iron (atomic mass = 55.85 u) has
a mass of 55.85 g (we say its molar mass is 55.85 g/mol), and 1 mol of lead (atomic
mass = 207 u) has a mass of 207 g (its molar mass is 207 g/mol). Because there
are 6.02 x 107 particles in 1 mol of any element, the mass per atom for a given el-
ement is

molar mass

Marom = —N’\ (1.2)

For example, the mass of an iron atom is

55.85 g/mol
6.02 x 1023 atoms/mol

=928 X 1072 g/atom

Mpe =

How Many Atoms in the Cube?

A solid cube of aluminum (density 2.7 g/cm?®) has a volume  minum (27 g) contains 6.02 X 10%* atoms:
of 0.20 cm®, How many aluminum atoms are contained in the

Ny N
27¢g ©0.54 g
Solution Since density equals mass per unit volume, the 6.02 X 1023 atoms N
27¢g " 054g
m = pV= (27 g/CII]“J') (020 ClIl“}’) = 0.54 3 (0.54 g) (6.02 x 1023 atoms)
N= = 1.2 X 10%* atoms

To find the number of atoms Nin this mass of aluminum, we 27 g
can set up a proportion using the fact that one mole of alu-

1.4 _~ DIMENSIONAL ANALYSIS

The word dimension has a special meaning in physics. It usually denotes the physi-
cal nature of a quantity. Whether a distance is measured in the length unit feet or
the length unit meters, it is still a distance. We say the dimension—the physical
nature—of distance is length.

The symbols we use in this book to specify length, mass, and time are L, M,
and T, respectively. We shall often use brackets [ ] to denote the dimensions of a
physical quantity. For example, the symbol we use for speed in this book is v, and
in our notation the dimensions of speed are written [v] = L/T. As another exam-
ple, the dimensions of area, for which we use the symbol A, are [A] = L2 The di-
mensions of area, volume, speed, and acceleration are listed in Table 1.6.

In solving problems in physics, there is a useful and powerful procedure called
dimensional analysis. This procedure, which should always be used, will help mini-
mize the need for rote memorization of equations. Dimensional analysis makes
use of the fact that dimensions can be treated as algebraic quantities. That is,
quantities can be added or subtracted only if they have the same dimensions. Fur-
thermore, the terms on both sides of an equation must have the same dimensions.



