
PHYSICS 1050: Assignment #8

DUE: Tuesday March 8, 2016

Readings:

• Chapter 3 of Franklin et al.

• Chapter 4 of Franklin et al.

• Chapter 5 of Franklin et al.

Problems:

• include name or PIN;

• staple your assignment;

• show all your work;

• all answers are to have three significant figures unless stated otherwise.

1. Date night: Problem 4.1 on page 40

2. Management students move in next door
Two management students wish to push a big beer freezer weighing 200 daN up a ramp inclined at an
angle of 43.2o with the horizontal. The coefficient of kinetic friction between the freezer and the ramp
is 0.500.

(a) What minimum force must the people exert to slide the freezer up the ramp?

(b) What acceleration will the freezer have if it is released and slides down the ramp?

(c) If it slides 4.00 m down the ramp and strikes a heavy object, coming to rest in 0.500 m, what
average force does it exert on the heavy object?

3. Looking good
Some of the physics students in your building are BEPers and ’gravitationally attractive’, so you decide
to do some chin-ups. The BEPers see you doing chin-ups and get really excited. They pull out their
papers and start to do calculations. When you do chin-ups, you raise your chin just over a bar,
supporting yourself by only your arms. Typically, the body below the arms is raised by about 30.0
cm in a time of 1.00 s, starting from rest. Assume that the entire body of a 78.9 daN person is raised
this distance and that half of the 1.00 s is spent accelerating upward and the other half accelerating
downward. Assume uniform acceleration.

(a) Make a free-body diagram of the person’s body.

(b) Find the force the person’s arms must exert during the accelerating part of the chin-up.
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4. Snowboarding on rocks
Sometimes accidents happen while skiing or snowboarding such as a fractured tibia. While a fractured
tibia (the larger of the two major lower leg bones in mammals) is healing, it should be held horizontal
and kept under some tension so that the bones will heal properly to prevent a permanent limp. One
way to do this is to support the leg by using a variation of the Russell traction apparatus. Your friend
has broken their tibia, so you strap them into a Russell traction apparatus. The lower leg, including
the foot, of your friend weighs 5.15 daN, all of which must be supported by the traction apparatus.

(a) What is the mass of the object W shown in the figure?

(b) What traction force does the apparatus provide along the direction of the leg?

5. That person is hot.
Consider the hip joint. The bones are normally not in direct contact , but instead are covered with
cartilage to reduce friction. The space between them is filled with synovial fluid, which reduces the
friction further. Due to this fluid, the coefficient of kinetic friction between the bones can range
from 0.00500 to 0.0200. (The wide range of values is due to the fact that motion such as running
causes more fluid to squirt between the bones, thereby reducing friction when they strike each other.)
Approximately 65% of a perosn’s weight is above the hip - we will call this the upper weight.

(a) Show that when a person is simply standing upright, each hip supports half of the upper weight.

(b) When a person is walking, each hip now supports up to 2.5 times the upper weight, depending
on how fast the person is walking. (Recall that when you walk, your weight shifts from one leg
to the other and your body comes down fairly hard on each leg.) For a 65 kg person, what is the
maximum kinetic friction force at the hip joint if µk has a minimum value of 0.0050?

(c) As a person gets older, the aging process, as well as osteoarthritis, can alter the composition of
the synovial fluid. In the worst case, this fluid could disappear, leaving bone-on-bone contact with
a coefficient of kinetic friction of 0.30. What would be the greatest friction force for the walking
person in part (b)? The increased friction causes pain and, in addition, wears down the joint
even more.

6. I’ll be back.
Muscles are attached to bones by means of tendons. The maximum force that a muscle can exert is
directly proportional to its cross-sectional area A at the widest point. We can express this relationship

mathematically as
∥∥∥~Fmax

∥∥∥ = σA, where σ (sigma) is a proportionality constant. σ is about the same

for the muscles of all animals and has a numerical value of 3.0 × 105kg m−1s−2.

(a) What are the units of σ in newtons and meters?

(b) In one set of experiments, the average maximum force that the gastrocnemius muscle in the back
of the lower leg could exert was measured to be 755 N for healthy males in their mid-twenties.
What does this result tell us was the average cross-sectional area, in cm2, of that muscle for the
people in the study?
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