
PHY2053 Health: HW7 Summer C 2016

Homework Assignment 7
Due: Monday, July 18, 2016

Problem 1: A blob of clay (ρclay = 2330 kg/m3) is to be turned into a plate on a pottery wheel. The clay
starts out shaped like a half-sphere of radius rsphere = 12 cm. The potter works for 3 minutes, spinning the
pottery wheel at a constant angular speed of ω = 12.6 rad/s, until the clay is shaped like a plate (really a
cylinder, radius rcylinder = 24 cm and height h = 2 cm). What average torque is required for the pottery
wheel to maintain its constant speed during the shaping process?

Problem 2: A 300 g rod of wood is 90 cm long and allowed to rotate about its center. A 55 g cockroach
sits on the center of the rod. When the rod-cockroach system is brought to some initial angular speed, the
cockroach decides to take a walk out along the rod, away from the center. How far must the cockroach walk
for the angular speed of the system to be reduced to two-thirds of its initial value?

Problem 3: The average giraffe has its head 2.0 m above its heart and its heart 2.0 m above its feet. In
this case, with the giraffe standing upright, the gauge pressure of the blood at its heart is about 33.3 kPa.
The density of its blood is 1.00 × 103 kg/m3.

(a) Find the blood pressure at the brain of the giraffe.

(b) Find the blood pressure at the feet of the giraffe.

(c) If the giraffe were to drink from a pond by lowering its head without splaying its legs, what would be
the increase in the blood pressure to the brain? (Such an action would probably be lethal. Yikes!)

Problem 4: A nurse wishes to inject medicine into a patient. The piston of the syringe used for the injection
is 5.00× 10−5 m2. If the patient has an average (gauge) blood pressure of 15 mm Hg, with what force must
the nurse push on the piston for the medicine to flow into the patient?

Problem 5: A right cylinder of height h and radius r floats partially submerged in a pool of incompressible
liquid. The cylinder is made of a material with constant uniform density ρcyl.

(a) If the top of the cylinder is 1/3 h above the fluid’s surface, find the density of the fluid in terms of the
density of the cylinder.

(b) Imagine now that the top of the cylinder is held at a depth d = 3.0 m below the surface of the fluid.
What is the net force exerted by the fluid on the cylinder? Write your answer in terms of the weight
of the cylinder, Wcylinder.

Problem 6: A hollow, metal shell of iron has inner radius rin = 12 cm and outer radius rout = 14 cm and
is filled with ethanol. The shell floats in an unknown fluid so that exactly half of the shell is submerged.
What is the density of the unknown fluid?

Problem 7: An old pipe system runs through a hill. On each side of the hill, the pipe has a radius of
2.50 cm, however the radius of the pipe within the hill is unknown. To determine the radius of the pipe
inside the hill, engineers introduce a dye into the water stream and measure how long the dye takes to travel
from one side of the hill to the other. The dye is introduced 30 m “upstream” of the hill and, after traveling
for 88.9 s, reaches a point 30 m “downstream” of the hill. If the flow in the pipes outside of the hill is
2.50 m/s and the total distance traveled by the dye in passing through the hill is 110 m, what is the average
radius of the pipe in the hill?
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Problem 8: A large, fresh-water reservoir behind a dam has a depth of 15 m. A horizontal drainage pipe
of 4.0 cm passes through the dam wall at a depth of 6.0 m, and is capped on the outside by a plug.

(a) Find the magnitude of the frictional force keeping the plug in place in the pipe.

(b) After the plug is removed, find the volume of water the exits through the pipe after 2 hours.

Problem 9: The average human male lumbar vertabrae measure 18 cm in length and, on average, 1.6 cm
in width. Assume that, when standing, the lumbar supports half the weight of a person and that the lumbar
vertebrae have circular cross-section (not true, but this is a physics class, not anatomy!). By how much is
the lumbar region of an 81 kg male compressed when standing, compared to when the man is lying down?

Problem 10: Jumping from large heights is dangerous for many reasons! Here we will investigate the
dangers of landing on the ground with locked knees. A 65 kg “daredevil” teenager jumps from the roof of
a two-story building (7 m in height) and lands on the ground with both feet. The teenager tries to cushion
his fall by using his feet, but locks his knees in the process (meaning that the force of impact is sent into the
femur of each leg). His descent is stopped suddenly, ∆t = 0.08 s. Assume each femur has an area of 8.0 cm2.

(a) Calculate the stress experienced by each femur in the teenager’s legs.

(b) Using the information from Figure 10.4c in your book, will the teenager’s femurs survive the fall and
sudden stop?
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