
Chapter 1, Problem 24  (Grains of sand)
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22. The volume of the water that fell is
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We write the mass-per-unit-volume (density) of the water as:
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The mass of the water that fell is therefore given by m = rV:
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23. From the information given, we can find the number of atoms per cubic meter.
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If we take the reciprocal of this value, we will get the volume of an individual atom in
cubic meters.
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(b) We set V = 4pR3/3, where R is the radius of an atom (Appendix E contains several
geometry formulas). Solving for R, we find

R V= Ê
Ë

ˆ
¯ =

¥( )Ê
ËÁ

ˆ
¯̃

= ¥
-

-3
4

3 1 18 10
4 1 41 10

1 3 29 3
1 3

10

p p
.

. .
m

m

The center-to-center distance between atoms is twice the radius, or 2.82 ¥ 10-10 m.

24. The metric prefixes (micro (m), pico, nano, …) are given for ready reference on the
inside front cover of the textbook (see also Table 1–2) and Appendix E contains a variety
of geometry formulas. The surface area A  of each grain of sand of radius
r = 50 mm = 50 ¥ 10-6 m is given by A = 4p(50 ¥ 10-6 m)2 = 3.14 ¥ 10-8 m2. A cube has
six equal faces so the indicated surface area is 6 m2. The number of spheres (the grains of
sand) N which have a total surface area of 6 m2 is given by
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We introduce the notion of density (which the students have probably seen in other
courses):

r = mV

so that the mass can be found from m = rV, where r = 2600 kg/m3. Thus, using V =

4pr3/3, the mass of each grain is
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Therefore, the total mass M is given by
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25. 2 2 1 10 1 10
3 8

3 3.3 kg
1 week

.3 kg
1 week

  g
1 kg

  mg
1 g

1 week
7 days

1 day
86, 400 s  mg/s.= Ê

ËÁ
ˆ
¯̃

¥Ê
ËÁ

ˆ
¯̃

¥Ê
ËÁ

ˆ
¯̃
Ê
Ë

ˆ
¯
Ê
Ë

ˆ
¯ = .

26. If we estimate the “typical” large domestic cat mass as 10 kg, and the “typical” atom
(in the cat) as 10 u ª 2 x 10-26 kg, then there are very roughly (10 kg)/( 2 x 10-26 kg) ª
5 x 1026 atoms.  This is close to being a factor of a thousand greater than Avogradro’s
number.  Thus there are roughly 103 moles (a kilomole) of atoms in the cat.

27. The volume of one unit is 1 cm3 = 1 x 10-6 m3, so the volume of a mole of them is
6.02 x 1023 cm3 = 6.02 x 1017 m3.  The cube root of this number gives the edge length:
8.4 x 105 m3.  This is equivalent to roughly 840 kilometers.

28. The metric prefixes (micro, pico, nano, …) are given for ready reference on the inside
front cover of the textbook (see also Table 1–2).
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The given measurement is 1.0 km (two significant figures), which implies our result
should be written as 1.0 ¥ 109 mm.
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