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The basic function of the carburetor of an automobile
is to “atomize” the gasoline and mix it with air to pro-
mote rapid combustion. As an example, assume that
30.0 cm® of gasoline is atomized into Nspherical
droplets, each with a radius of 2.00 X 1077 m. What is
the total surface area of these Nspherical droplets?

In physics it is important to use mathematical approxi-
mations. Demonstrate for yourself that for small angles
(<20°)

tan o = sin o = a = 7’ /180°

where a is in radians and «' is in degrees. Use a calcula-
tor to find the largest angle for which tan a may be ap-
proximated by sin a if the error is to be less than 10.0%.

A high fountain of water is located at the center of a cir-
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cular pool as in Figure P1.61. Not wishing to get his feet
wet, a student walks around the pool and measures its
circumference to be 15.0 m. Next, the student stands at
the edge of the pool and uses a protractor to gauge the
angle of elevation of the top of the fountain to be 55.0°.
How high is the fountain?

Figure P1.61

Assume that an object covers an area A and has a uni-
form height k. If its cross-sectional area is uniform over
its height, then its volume is given by V = Ah. (a) Show
that V= Ah is dimensionally correct. (b) Show that the
volumes of a cylinder and of a rectangular box can be
written in the form V = A#, identitying A in each case.
(Note that A, sometimes called the “footprint” of the
object, can have any shape and that the height can be
replaced by average thickness in general.)

A useful fact is that there are about 7 X 107 s in one

year. Find the percentage error in this approximation,
where “percentage error” is defined as

| Assumed value — true value |

X 100%

True value
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Problems 21

A crystalline solid consists of atoms stacked up in a re-
peating lattice structure. Consider a crystal as shown in
Figure P1.64a. The atoms reside at the corners of cubes
of side L = 0.200 nm. One piece of evidence for the
regular arrangement of atoms comes from the flat sur-
faces along which a crystal separates, or “cleaves,” when
it is broken. Suppose this crystal cleaves along a face di-
agonal, as shown in Figure P1.64b. Calculate the spac-
ing d between two adjacent atomic planes that separate
when the crystal cleaves.

Figure P1.64

A child loves to watch as you fill a transparent plastic
bottle with shampoo. Every horizontal cross-section of
the bottle is a circle, but the diameters of the circles all
have different values, so that the bottle is much wider in
some places than in others. You pour in bright green
shampoo with constant volume flow rate 16.5 cm?®/s. At
what rate is its level in the bottle rising (a) at a point
where the diameter of the bottle is 6.30 cm and (b) ata
point where the diameter is 1.35 cm?

As a child, the educator and national leader Booker T.
Washington was given a spoonful (about 12.0 cm?) of
molasses as a treat. He pretended that the quantity in-
creased when he spread it out to cover uniformly all of
a tin plate (with a diameter of about 23.0 cm). How
thick a layer did it make?

Assume there are 100 million passenger cars in the
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United States and that the average fuel consumption is
20 mi/gal of gasoline. If the average distance traveled
by each car is 10 000 mi/yr, how much gasoline would
be saved per year if average fuel consumption could be
increased to 25 mi/gal?

One cubic centimeter of water has a mass of 1.00 X
107% kg, (a) Determine the mass of 1.00 m? of water.
(b) Assuming biological substances are 98% water, esti-



