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Chapter 14 Fluid Mechanics
you expect the vacuum above the column to be as good as
for mercury?

Figure P14.15

Mercury is poured into a U-tube as shown in Figure
P14.16a. The left arm of the tube has crosssectional area
A, of 10.0 em?, and the right arm has a crosssectional
area A, of 5.00 em? One hundred grams of water are
then poured into the right arm as shown in Figure
P14.16b. (a) Determine the length of the water column in
the right arm of the U-tube. (b) Given that the density of
mercury is 13.6 g,f’:trll“, what distance f does the mercury
rise in the left arm?
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Figure P14.16

Normal atmospheric pressure is 1.013 X 10° Pa. The
approach of a storm causes the height of a mercury
barometer to drop by 20.0 mm from the normal height.
What is the atmospheric pressure? (The density of mer-
cury is 13.59 g,f'(:rll"*.)

A tank with a flat bottom of area A and vertical sides is
filled to a depth A with water. The pressure is 1 atm at the
top surface. (a) What is the absolute pressure at the bot-
tom of the tank? (b) Suppose an object of mass M and
density less than the density of water is placed in the tank
and floats. No water overflows. What is the resulting
increase in pressure at the bottom of the tank? (¢) Evalu-
ate your results for a backyard swimming pool with depth
1.50 m and a circular base with diameter 6.00 m. Two per-
sons with combined mass 150 kg enter the pool and float
quietly there. Find the original absolute pressure and the
pressure increase at the bottom of the pool.

® The human brain and spinal cord are immersed in the
cerebrospinal fluid. The fluid is normally continuous
between the cranial and spinal cavities and exerts a pres-
sure of 100 to 200 mm of H,O above the prevailing
atmospheric pressure. In medical work, pressures are
often measured in units of millimeters of H,O because
body fluids, including the cerebrospinal fluid, typically
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have the same density as water. The pressure of the cere-
brospinal fluid can be measured by means of a spinal tap
as illustrated in Figure P14.19. A hollow wbe is inserted
into the spinal column, and the height to which the fluid
rises is observed. If the fluid rises to a height of 160 mm,
we write its gauge pressure as 160 mm H,O. (a) Express
this pressure in pascals, in atmospheres, and in millime-
ters of mercury. (b) Sometimes it is necessary to deter-
mine whether an accident victim has suffered a crushed
vertebra that is blocking flow of the cerebrospinal fluid in
the spinal column. In other cases, a physician may suspect
that a tumor or other growth is blocking the spinal col-
umn and inhibiting flow of cerebrospinal fluid. Such con-
ditions can be investigated by means of Queckensted(’s iest.
In this procedure, the veins in the patient’s neck are com-
pressed to make the blood pressure rise in the brain. The
increase in pressure in the blood vessels is transmitted to
the cerebrospinal fluid. What should be the normal effect
on the height of the fluid in the spinal tap? (c) Suppose
compressing the veins had no effect on the fluid level.
What might account for this result?

Figure P14.19

Section 14.4 Buoyant Forces and Archimedes’s Principle
20. (a) A light balloon is filled with 400 m* of helium. At 0°C,
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the balloon can lift a payload of what mass? (b) What If?
In Table 14.1, observe that the density of hydrogen is
nearly one-half the density of heliim. What load can the
balloon lift if filled with hydrogen?

A table-tennis ball has a diameter of 3.80 cm and average
density of 0.084 0 g/cm®. What force is required to hold it
completely submerged under water?

The gravitational force exerted on a solid object is 5.00 N.
When the object is suspended from a spring scale and
submerged in water, the scale reads 3.50 N (Fig. P14.22).
Find the density of the object.
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Figure P14.22 Problems 22 and 23,
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A 10.0-kg block of metal measuring 12.0 cm % 10.0 em %
10.0 ecm is suspended from a scale and immersed in water
as shown in Figure P14.22b, The 12.0-cm dimension is
vertical, and the top of the block is 5.00 cm below the sur-
face of the water. (a) What are the forces acting on the top
and on the bottom of the block? (Take P, = 101.30 kPa.)
(b) What is the reading of the spring scale? (c) Show that
the buovant force equals the difference between the
forces at the top and bottom of the block.

. ® The weight of a rectangular block of low-density mate-

rial is 15.0 N. With a thin swring, the center of the hori-
zontal bottom face of the block is tied to the bottom of a
beaker partly filled with water. When 25.0% of the block’s
volume is submerged, the tension in the string is 10.0 N,
(a) Sketch a free-body diagram for the block, showing all
forces acting on it. (b) Find the buovant force on the
block. (¢} Oil of density 800 kg,f’lnf‘ is now steadily added
to the beaker, forming a layer above the water and sur-
rounding the block, The oil exerts forces on each of the
four sidewalls of the block that the oil touches. What are
the directions of these forces? (d) What happens o the
string tension as the oil is added? Explain how the oil has
this effect on the string tension. (e) The string breaks
when its tension reaches 60.0 N. At this moment, 25.0%
ol the block’s volume is still below the waterline. What
additional fraction of the block’s volume is below the top
surface of the oil? (f) After the string breaks, the block
comes to a new equilibrium position in the beaker. It is
now in contact only with the oil. What fraction of the
block’s volume is submerged?

Preparing to anchor a buoy at the edge of a swimming
area, a worker uses a rope to lower a cubical concrete
block, 0.250 m on each edge, into ocean water. The block
moves down at a constant speed of 1.90 m/s. You can
accurately model the concrete and the water as incom-
pressible. (a) At what rate is the force the water exerts on
one face of the block increasing? (b) At what rate is the
buovant force on the block increasing?

. To an order of magnitude, how many helium-filled toy

balloons would be required to lift your Because helinm is
an irreplaceable resource, develop a theoretical answer
rather than an experimental answer. In your solution,
state what physical quantities vou take as data and the val-
ues you measure or estimate for them.

A A cube of wood having an edge dimension of 20.0 cm
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and a density of 650 kg/m* floats on water. (a) What is
the distance from the horizontal top surface of the cube
to the water level? (b) What mass of lead should be
placed on the cube so that the top of the cube will be just
level with the water?

- A spherical aluminum ball of mass 1.26 kg contains an

empty spherical cavity that is concentric with the ball. The
ball barely floats in water. Calculate (a) the outer radius
of the ball and (b) the radius of the cavity.

Determination of the density of a fluid has many impor-
tant applications. A car battery contains sulfuric acid, for
which density is a measure of concentration. For the bat-
tery to function properly, the density must be within a
range specified by the manufacturer. Similarly, the effec-
tiveness of antifreeze in vour car’s engine coolant depends
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on the density of the mixture (usually ethylene glveol and
water). When vou donate blood to a blood bank, its
screening includes determination of the density of the
blood because higher density correlates with higher
hemoglobin content. A hydrometer is an instrument used to
determine ligquid density. A simple one is sketched in Fig-
ure P14.29. The bulb of a syringe is squeezed and
released to let the atmosphere lift a sample of the liquid
of interest into a tube containing a calibrated rod of
known density. The rod, of length L and average density
pp» loats pardally immersed in the liguid of density p. A
length % of the rod protrudes above the surface of the lig-
uid. Show that the density of the liquid is

pol.
p=-

T L—h

Figure P14.29 Problems 249 and 30,

30. @ Refer to Problem 29 and Figure P14.29. A hydrometer is

to be constructed with a evlindrical floating rod. Nine fidu-
ciary marks are to be placed along the rod to indicate den-
sities having values of 0,98 g_fcm:‘, 1.00 g,”cm*, 1.02 g,"cm:‘,
1.04 g,f'(:m"‘ L. 114 g,f’r.m"*. The row of marks is 1o start
0.200 cm from the top end of the rod and end 1.80 cm
from the top end. (a) What is the required length of the
rod? (b) What must be its average density? {(¢) Should the
marks be equally spaced? Explain your answer.

How many cubic meters of helium are required to lift a
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balloon with a 400-kg payload to a height of 8 000 m?
(Take py, = 0.180 kg/m™.) Assume the balloon maintains
a constant volume and the density of air decreases with
the altitude z according to the expression p, = pe %100,
where z is in meters and p, = 1.25 kg/m” is the density of
air at sea level.

A bathysphere used for deep-sea exploration has a radius
of 1.50 m and a mass of 1.20 % 10" kg. To dive, this sub-
marine takes on mass in the form of seawater. Determine
the amount of mass the submarine must take on if it is o
descend at a constant speed of 1.20 m/s, when the resis-
tive force on it is 1 100 N in the upward direction. The
density of seawater is 1.03 % 10% kg/m®.

A plastic sphere floats in water with 50.0% of its volume
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submerged. This same sphere floats in glycerin with
40.0% of its volume submerged. Determine the densities
of the glveerin and the sphere.
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