
Physics 4C Spring 2018 Test 1

Name:

April 17, 2018

Please show your work! Answers are not complete without clear reasoning. When asked
for an expression, you must give your answer in terms of the variables given in the question
and/or fundamental constants, including g.

Answer as many questions as you can, in any order. Books, notes, and internet-connectable
devices are not allowed. Use any blank space to answer questions, but please make sure it
is clear which question your answer refers to.

g = 9.8 m/s2

atmospheric pressure P0 = 1.013 × 105 Pa

density of water ρw = 1000 kg/m3

Trigonometric Identities

sin2 θ + cos2 θ = 1

sin(2θ) = 2 sin(θ) cos(θ)

cos(2θ) = cos2 θ − sin2 θ

sin(α± β) = sinα cos β ± cosα sin β

cos(α± β) = cosα cos β ∓ sinα sin β

cosα cos β = 1
2
[cos(α− β) + cos(α + β)]

sinα sin β = 1
2
[cos(α− β) − cos(α + β)]

sinα cos β = 1
2
[sin(α + β) + sin(α− β)]

sin
(
θ + π

2

)
= cos θ

cos
(
θ + π

2

)
= − sin θ

sec θ := 1
cos θ

csc θ := 1
sin θ

cot θ := 1
tan θ
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1. The diagram shows the essential parts of a hydraulic brake system. The area of the
piston in the master cylinder is A1 and that of the piston in the brake cylinder is a
larger area A2. The coefficient of friction between shoe and wheel drum is µk. The
wheel has a radius of R, a mass m, and a moment of inertia 1

2
mR2.

 Problems 445

 70. Review. With reference to the dam studied in Example 
14.4 and shown in Figure 14.5, (a) show that the total 
torque exerted by the water behind the dam about a 
horizontal axis through O is 16 rgwH 3. (b) Show that the 
effective line of action of the total force exerted by the 
water is at a distance 13H  above O.

 71. A 1.00-kg beaker containing 2.00 kg of oil (density 5 
916.0 kg/m3) rests on a scale. A 2.00-kg block of iron 
suspended from a spring scale is completely submerged 
in the oil as shown in Figure P14.71. Determine the 
equilibrium readings of both scales.

Figure P14.71 Problems 71 and 72.

 72. A beaker of mass mb containing oil of mass mo and den-
sity ro rests on a scale. A block of iron of mass mFe sus-
pended from a spring scale is completely submerged in 
the oil as shown in Figure P14.71. Determine the equi-
librium readings of both scales.

 73. In 1983, the United States began coining the one-cent 
piece out of copper-clad zinc rather than pure cop-
per. The mass of the old copper penny is 3.083 g and 
that of the new cent is 2.517 g. The density of copper  
is 8.920 g/cm3 and that of zinc is 7.133 g/cm3. The new 
and old coins have the same volume. Calculate the  
percent of zinc (by volume) in the new cent.

 74. Review. A long, cylindrical rod of radius r is weighted 
on one end so that it floats upright in a fluid having a 
density r. It is pushed down a distance x from its equi-
librium position and released. Show that the rod will 
execute simple harmonic motion if the resistive effects 
of the fluid are negligible, and determine the period 
of the oscillations.

 75. Review. Figure P14.75 shows the essential parts of 
a hydraulic brake system. The area of the piston in 
the master cylinder is 1.8 cm2 and that of the piston 

S

S

S

to a volume of 5.00 m3 and is then connected with a 
light cord to the spring, causing the spring to stretch 
as shown in Figure P14.65b. Determine the extension 
distance L when the balloon is in equilibrium.

 66. To an order of magnitude, how many helium-filled toy 
balloons would be required to lift you? Because helium 
is an irreplaceable resource, develop a theoretical 
answer rather than an experimental answer. In your 
solution, state what physical quantities you take as data 
and the values you measure or estimate for them.

 67. A 42.0-kg boy uses a solid block of Styrofoam as a raft 
while fishing on a pond. The Styrofoam has an area 
of 1.00 m2 and is 0.050 0 m thick. While sitting on the 
surface of the raft, the boy finds that the raft just sup-
ports him so that the top of the raft is at the level of the 
pond. Determine the density of the Styrofoam.

 68. A common parameter that can be used to predict tur-
bulence in fluid flow is called the Reynolds number. The 
Reynolds number for fluid flow in a pipe is a dimen-
sionless quantity defined as

Re 5
rvd
m

  where r is the density of the fluid, v is its speed, d is the 
inner diameter of the pipe, and m is the viscosity of the 
fluid. Viscosity is a measure of the internal resistance 
of a liquid to flow and has units of Pa · s. The criteria 
for the type of flow are as follows:

  , 2 300, the flow is laminar.
  , Re , 4 000, the flow is in a transition 

region between laminar and turbulent.
  . 4 000, the flow is turbulent.

  (a) Let’s model blood of density 1.06 3 103 kg/m3 
and viscosity 3.00 3 10–3 Pa · s as a pure liquid, that 
is, ignore the fact that it contains red blood cells. Sup-
pose it is flowing in a large artery of radius 1.50 cm 
with a speed of 0.067 0 m/s. Show that the flow is lami-
nar. (b) Imagine that the artery ends in a single capil-
lary so that the radius of the artery reduces to a much 
smaller value. What is the radius of the capillary that 
would cause the flow to become turbulent? (c) Actual 
capillaries have radii of about 5–10 micrometers, much 
smaller than the value in part (b). Why doesn’t the flow 
in actual capillaries become turbulent?

 69. Evangelista Torricelli was the first person to realize 
that we live at the bottom of an ocean of air. He cor-
rectly surmised that the pressure of our atmosphere is 
attributable to the weight of the air. The density of air 
at 08C at the Earth’s surface is 1.29 kg/m3. The den-
sity decreases with increasing altitude (as the atmo-
sphere thins). On the other hand, if we assume the 
density is constant at 1.29 kg/m3 up to some altitude 
h and is zero above that altitude, then h would repre-
sent the depth of the ocean of air. (a) Use this model 
to determine the value of h that gives a pressure of 
1.00 atm at the surface of the Earth. (b) Would the 
peak of Mount Everest rise above the surface of such 
an atmosphere?
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Figure P14.75
(a) Why is the braking system designed so that the piston in the brake cylinder has

a larger area than the piston in the master cylinder attached to the break petal?
What principle is used in this design? [3 pts]

(b) Find an expression for the magnitude of the frictional torque about the axle when
a force F is exerted on the brake pedal. (Assume the radius of the wheel drum is
approximately the same as the radius of the entire wheel.) [4 pts]

(c) If the wheel is initially rotating with an angular speed ω0 and the force F exerted
on the brake pedal is constant, how long does it take for the wheel to come to a
stop? [5 pts]
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2. A beaker of mass mb containing oil of mass mo and density ρo rests on a scale. A
block of iron of mass m (shown in black in the diagram) is suspended from a spring
scale and rests on a foam block of density ρo/2 that floats on the oil. The foam block
is a rectangular prism of height d. Three-quarters of the volume of the foam block is
submerged in the oil. The hanging scale shows that the tension in the rope is 1

3
mg.

(a) Find an expression for the base area A of the foam block in terms of m, ρo, and
d. [8 pts]

(b) Find an expression for the reading on the bottom scale in terms of mb, mo, and
m. [4 pts]

 Problems 445

 70. Review. With reference to the dam studied in Example 
14.4 and shown in Figure 14.5, (a) show that the total 
torque exerted by the water behind the dam about a 
horizontal axis through O is 16 rgwH 3. (b) Show that the 
effective line of action of the total force exerted by the 
water is at a distance 13H  above O.

 71. A 1.00-kg beaker containing 2.00 kg of oil (density 5 
916.0 kg/m3) rests on a scale. A 2.00-kg block of iron 
suspended from a spring scale is completely submerged 
in the oil as shown in Figure P14.71. Determine the 
equilibrium readings of both scales.

Figure P14.71 Problems 71 and 72.
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is 8.920 g/cm3 and that of zinc is 7.133 g/cm3. The new 
and old coins have the same volume. Calculate the  
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on one end so that it floats upright in a fluid having a 
density r. It is pushed down a distance x from its equi-
librium position and released. Show that the rod will 
execute simple harmonic motion if the resistive effects 
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 75. Review. Figure P14.75 shows the essential parts of 
a hydraulic brake system. The area of the piston in 
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to a volume of 5.00 m3 and is then connected with a 
light cord to the spring, causing the spring to stretch 
as shown in Figure P14.65b. Determine the extension 
distance L when the balloon is in equilibrium.

 66. To an order of magnitude, how many helium-filled toy 
balloons would be required to lift you? Because helium 
is an irreplaceable resource, develop a theoretical 
answer rather than an experimental answer. In your 
solution, state what physical quantities you take as data 
and the values you measure or estimate for them.

 67. A 42.0-kg boy uses a solid block of Styrofoam as a raft 
while fishing on a pond. The Styrofoam has an area 
of 1.00 m2 and is 0.050 0 m thick. While sitting on the 
surface of the raft, the boy finds that the raft just sup-
ports him so that the top of the raft is at the level of the 
pond. Determine the density of the Styrofoam.

 68. A common parameter that can be used to predict tur-
bulence in fluid flow is called the Reynolds number. The 
Reynolds number for fluid flow in a pipe is a dimen-
sionless quantity defined as

Re 5
rvd
m

  where r is the density of the fluid, v is its speed, d is the 
inner diameter of the pipe, and m is the viscosity of the 
fluid. Viscosity is a measure of the internal resistance 
of a liquid to flow and has units of Pa · s. The criteria 
for the type of flow are as follows:

  , 2 300, the flow is laminar.
  , Re , 4 000, the flow is in a transition 

region between laminar and turbulent.
  . 4 000, the flow is turbulent.

  (a) Let’s model blood of density 1.06 3 103 kg/m3 
and viscosity 3.00 3 10–3 Pa · s as a pure liquid, that 
is, ignore the fact that it contains red blood cells. Sup-
pose it is flowing in a large artery of radius 1.50 cm 
with a speed of 0.067 0 m/s. Show that the flow is lami-
nar. (b) Imagine that the artery ends in a single capil-
lary so that the radius of the artery reduces to a much 
smaller value. What is the radius of the capillary that 
would cause the flow to become turbulent? (c) Actual 
capillaries have radii of about 5–10 micrometers, much 
smaller than the value in part (b). Why doesn’t the flow 
in actual capillaries become turbulent?

 69. Evangelista Torricelli was the first person to realize 
that we live at the bottom of an ocean of air. He cor-
rectly surmised that the pressure of our atmosphere is 
attributable to the weight of the air. The density of air 
at 08C at the Earth’s surface is 1.29 kg/m3. The den-
sity decreases with increasing altitude (as the atmo-
sphere thins). On the other hand, if we assume the 
density is constant at 1.29 kg/m3 up to some altitude 
h and is zero above that altitude, then h would repre-
sent the depth of the ocean of air. (a) Use this model 
to determine the value of h that gives a pressure of 
1.00 atm at the surface of the Earth. (b) Would the 
peak of Mount Everest rise above the surface of such 
an atmosphere?
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3. A hypodermic syringe contains a fluid with density ρ. The barrel of the syringe has a
cross-sectional area A, and the needle has a cross-sectional area a. In the absence of
a force on the plunger, the pressure everywhere is P0 = 1.00 atm. A force acts on the
plunger, making medicine squirt horizontally from the needle with a speed v.

 Problems 443

4.00 m 3 1.50 m. Assume the density of the air to be 
constant at 1.20 kg/m3. The air inside the building is at 
atmospheric pressure. What is the total force exerted 
by air on the windowpane? (b) What If? If a second 
skyscraper is built nearby, the airspeed can be espe-
cially high where wind passes through the narrow sepa-
ration between the buildings. Solve part (a) again with 
a wind speed of 22.4 m/s, twice as high.

 55. A hypodermic syringe contains a medicine with the 
density of water (Fig. P14.55). The barrel of the syringe 
has a cross-sectional area A 5 2.50 3 1025 m2, and the 
needle has a cross-sectional area a 5 1.00 3 1028 m2. 
In the absence of a force on the plunger, the pressure 
everywhere is 1.00 atm. A force F

S
 of magnitude 2.00 N  

acts on the plunger, making medicine squirt hori-
zontally from the needle. Determine the speed of the 
medicine as it leaves the needle’s tip.

A

a

F
S vS

Figure P14.55

Additional Problems

 56. Decades ago, it was thought that huge herbivorous 
dinosaurs such as Apatosaurus and Brachiosaurus habit-
ually walked on the bottom of lakes, extending their 
long necks up to the surface to breathe. Brachiosaurus 
had its nostrils on the top of its head. In 1977, Knut 
Schmidt-Nielsen pointed out that breathing would be 
too much work for such a creature. For a simple model, 
consider a sample consisting of 10.0 L of air at absolute 
pressure 2.00 atm, with density 2.40 kg/m3, located at 
the surface of a freshwater lake. Find the work required 
to transport it to a depth of 10.3 m, with its tempera-
ture, volume, and pressure remaining constant. This 
energy investment is greater than the energy that can 
be obtained by metabolism of food with the oxygen in 
that quantity of air.

 57. (a) Calculate the absolute pressure at an ocean depth of 
1 000 m. Assume the density of seawater is 1 030 kg/m3  
and the air above exerts a pressure of 101.3 kPa. (b) At  
this depth, what is the buoyant force on a spherical 
submarine having a diameter of 5.00 m?

 58. In about 1657, Otto von Guericke, inventor of the air 
pump, evacuated a sphere made of two brass hemi-
spheres (Fig. P14.58). Two teams of eight horses each 
could pull the hemispheres apart only on some trials 
and then “with greatest difficulty,” with the resulting  

M
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one of the droplets to determine the speed at which 
the water leaves the ground. (b) What If? Model the 
rising stream as an ideal fluid in streamline flow. 
Use Bernoulli’s equation to determine the speed of 
the water as it leaves ground level. (c) How does the 
answer from part (a) compare with the answer from 
part (b)? (d) What is the pressure (above atmospheric) 
in the heated underground chamber if its depth is  
175 m? Assume the chamber is large compared with 
the geyser’s vent.

Section 14.7 Other Applications of Fluid Dynamics

 51. An airplane is cruising at altitude 10 km. The pressure 
outside the craft is 0.287 atm; within the passenger 
compartment, the pressure is 1.00 atm and the temper-
ature is 208C. A small leak occurs in one of the window 
seals in the passenger compartment. Model the air as 
an ideal fluid to estimate the speed of the airstream 
flowing through the leak.

 52. An airplane has a mass of 1.60 3 104 kg, and each wing 
has an area of 40.0 m2. During level flight, the pressure 
on the lower wing surface is 7.00 3 104 Pa. (a) Suppose 
the lift on the airplane were due to a pressure differ-
ence alone. Determine the pressure on the upper wing 
surface. (b) More realistically, a significant part of the 
lift is due to deflection of air downward by the wing. 
Does the inclusion of this force mean that the pressure 
in part (a) is higher or lower? Explain.

 53. A siphon is used to drain water from a tank as illus-
trated in Figure P14.53. Assume steady flow without 
friction. (a) If h 5 1.00 m, find the speed of outflow at 
the end of the siphon. (b) What If? What is the limita-
tion on the height of the top of the siphon above the 
end of the siphon? Note: For the flow of the liquid to be 
continuous, its pressure must not drop below its vapor 
pressure. Assume the water is at 20.08C, at which the 
vapor pressure is 2.3 kPa.
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Figure P14.53

 54. The Bernoulli effect can have important consequences 
for the design of buildings. For example, wind can 
blow around a skyscraper at remarkably high speed, 
creating low pressure. The higher atmospheric pres-
sure in the still air inside the buildings can cause win-
dows to pop out. As originally constructed, the John 
Hancock Building in Boston popped windowpanes 
that fell many stories to the sidewalk below. (a) Sup-
pose a horizontal wind blows with a speed of 11.2 m/s 
outside a large pane of plate glass with dimensions 
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Figure P14.58

(a) Find an expression for the volume flow rate through the surface of area A shown
in the diagram. [2 pts]

(b) Find an expression for the magnitude of the force on the plunger. [6 pts]
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4. The tank in shown is filled with water of depth d. At the bottom of one sidewall is a
rectangular hatch of height h and width w that is hinged at the bottom of the hatch.
Find the magnitude of the torque exerted by the water about the hinges. [8 pts]

 Problems 439

 17. Review. Piston ! in Figure P14.17 has a diameter of 
0.250 in. Piston " has a diameter of 1.50 in. Determine 
the magnitude F of the force necessary to support the 
500-lb load in the absence of friction.

500 lb

2.0 in.
10 in.

!

"

F
S

Figure P14.17

 18. Review. A solid sphere of brass (bulk modulus of  
14.0 3 1010 N/m2) with a diameter of 3.00 m is thrown 
into the ocean. By how much does the diameter of the 
sphere decrease as it sinks to a depth of 1.00 km?

Section 14.3 Pressure Measurements

 19. Normal atmospheric pressure is 1.013 3 105 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?

 20. 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 
pressure of 100 to 200 mm of H2O above the prevail-
ing atmospheric pressure. In medical work, pressures 
are often measured in units of millimeters of H2O 
because body fluids, including the cerebrospinal fluid, 
typically have the same density as water. The pressure 
of the cerebrospinal fluid can be measured by means 
of a spinal tap as illustrated in Figure P14.20. A hollow 
tube 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 H2O. (a) Express this pressure in pascals, in 
atmospheres, and in millimeters of mercury. (b) Some 
conditions that block or inhibit the flow of cerebrospi-
nal fluid can be investigated by means of Queckenstedt’s 
test. In this procedure, the veins in the patient’s neck 
are compressed to make the blood pressure rise in the 
brain, which in turn should be transmitted to the cere-
brospinal fluid. Explain how the level of fluid in the 
spinal tap can be used as a diagnostic tool for the con-
dition of the patient’s spine.
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through a straw of length , 5 12.0 m. The walls of the 
tubular straw are very strong and do not collapse. With 
his great strength, he achieves maximum possible suc-
tion and enjoys drinking the cold water.

!

Figure P14.12

 13. For the cellar of a new house, a hole is dug in the 
ground, with vertical sides going down 2.40 m. A con-
crete foundation wall is built all the way across the 
9.60-m width of the excavation. This foundation wall 
is 0.183 m away from the front of the cellar hole. Dur-
ing a rainstorm, drainage from the street fills up the 
space in front of the concrete wall, but not the cellar 
behind the wall. The water does not soak into the clay 
soil. Find the force the water causes on the founda-
tion wall. For comparison, the weight of the water is 
given by 2.40 m 3 9.60 m 3 0.183 m 3 1 000 kg/m3 3  
9.80 m/s2 5 41.3 kN.

 14. A container is filled to a depth of 20.0 cm with water. 
On top of the water floats a 30.0-cm-thick layer of oil 
with specific gravity 0.700. What is the absolute pres-
sure at the bottom of the container?

 15. Review. The tank in Figure P14.15 is filled with water 
of depth d 5 2.00 m. At the bottom of one sidewall is a 
rectangular hatch of height h 5 1.00 m and width w 5  
2.00 m that is hinged at the top of the hatch. (a) Deter-
mine the magnitude of the force the water exerts 
on the hatch. (b)  Find the magnitude of the torque 
exerted by the water about the hinges.

d

w

h

Figure P14.15  
Problems 15 and 16.

 16. Review. The tank in Figure P14.15 is filled with water of 
depth d. At the bottom of one sidewall is a rectangular 
hatch of height h and width w that is hinged at the top 
of the hatch. (a) Determine the magnitude of the force 
the water exerts on the hatch. (b) Find the magnitude 
of the torque exerted by the water about the hinges.

S

Figure P14.20
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