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CHAPTER 1

ies as dinner plates 25 cm in diameter, determine the
distance between the two plates.

The mean radius of the Farth is 6.37 X 105 m, and that
of the Moon is 1.74 X 10® cm. From these data calcu-
late (a) the ratio of the Earth’s surface area to that of
the Moon and (b) the ratio of the Earth’s volume to
that of the Moon. Recall that the surface area of a

. e 5 . 4 P
sphere is 47r? and that the volume of a sphere is 5 7r®.

WeB One cubic meter (1.00 m*) of aluminum has a mass of

40.

2.70 X 10° kg, and 1.00 m?® of iron has a mass of

7.86 X 10% kg. Find the radius of a solid aluminum
sphere that balances a solid iron sphere of radius 2.00
cm on an equal-arm balance.

Let py; represent the density of aluminum and pp,. that
of iron. Find the radius of a solid aluminum sphere that
balances a solid iron sphere of radius 1. on an equal-
arm balance.

Section 1.6 Estimates and Order-of-
Magnitude Calculations

WEB Estimate the number of Ping-Pong balls that would fit
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into an average-size room (without being crushed). In
your solution state the quantities you measure or esti-
mate and the values you take for them.

McDonald’s sells about 250 million packages of French
fries per year. If these fries were placed end to end, esti-
mate how far they would reach.

3. An automobile tire is rated to last for 50 000 miles. Esti-

mate the number of revolutions the tire will make in its
lifetime.

Approximately how many raindrops fall on a 1.0-acre
lot during a 1.0-in. rainfall?

Grass grows densely everywhere on a quarter-acre plot
of land. What is the order of magnitude of the number
of blades of grass on this plot of land? Explain your rea-
soning. (1 acre = 43 560 ft%.)

Suppose that someone offers to give you $1 billion if
you can finish counting it out using only one-dollar
bills. Should you accept this offer? Assume you can
count one bill every second, and be sure to note that
you need about 8 hours a day for sleeping and eating
and that right now you are probably at least 18 years
old.

Compute the order of magnitude of the mass of a bath-
tub half full of water and of the mass of a bathtub half
full of pennies. In your solution, list the quantities you
take as data and the value you measure or estimate for
each.

Soft drinks are commonly sold in aluminum containers.
Estimate the number of such containers thrown away or
recycled each year by U.S. consumers. Approximately
how many tons of aluminum does this represent?

To an order of magnitude, how many piano tuners are

there in New York City? The physicist Enrico Fermi was
famous for asking questions like this on oral Ph.D. qual-
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itying examinations and for his own facility in making
order-of-magnitude calculations.

Section 1.7 Significant Figures
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Determine the number of significant figures in the fol-
lowing measured values: (a) 23 cm (b) 3.589 s

(c) 4.67 X 103 m/s (d) 0.003 2 m.

The radius of a circle is measured to be 10.5 = 0.2 m.
Calculate the (a) area and (b) circumference of the cir-
cle and give the uncertainty in each value.

Carry out the following arithmetic operations: (a) the
sum of the measured values 756, 37.2, 0.83, and 2.5;

(b) the product 0.003 2 X 356.3; (c) the product

5.620 X .

The radius of a solid sphere is measured to be (6.50 =
0.20) cm, and its mass is measured to be (1.85 = 0.02)
kg. Determine the density of the sphere in kilograms
per cubic meter and the uncertainty in the density.
How many significant figures are in the following num-
bers: (a) 78.9 + 0.2, (b) 3.788 X 10, (¢) 2.46 x 1075,
and (d) 0.005 37

A farmer measures the distance around a rectangular
field. The length of the long sides of the rectangle is
found to be 38.44 m, and the length of the short sides is
found to be 19.5 m. What is the total distance around
the field?

A sidewalk is to be constructed around a swimming

pool that measures (10.0 = 0.1) m by (17.0 = 0.1) m.

If the sidewalk is to measure (1.00 = 0.01) m wide by
(9.0 = 0.1) cm thick, what volume of concrete is needed,
and what is the approximate uncertainty of this volume?

ADDITIONAL PROBLEMS

57.

58.

In a situation where data are known to three significant
digits, we write 6.379 m = 6.38 m and 6.374 m =

6.37 m. When a number ends in 5, we arbitrarily choose
to write 6.375 m = 6.38 m. We could equally well write
6.375 m = 6.37 m, “rounding down” instead of “round-
ing up,” since we would change the number 6.375 by
equal increments in both cases. Now consider an order-
of-magnitude estimate, in which we consider factors
rather than increments. We write 500 m ~ 10° m be-
cause 500 differs from 100 by a factor of 5 whereas it dif-
fers from 1000 by only a factor of 2. We write 437 m ~
10% m and 305 m ~ 102 m. What distance differs from
100 m and from 1000 m by equal factors, so that we
could equally well choose to represent its order of mag-
nitude either as ~ 102 m or as ~ 10* m?

When a droplet of oil spreads out on a smooth water
surface, the resulting “oil slick” is approximately one
molecule thick. An oil droplet of mass 9.00 X 1077 kg
and density 918 kg/m3 spreads out into a circle of ra-
dius 41.8 cm on the water surface. What is the diameter
of an oil moleculer



