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Given the radius of the parent vessel is 0.0052, find the radius of the daughter vessels such that the shear stresses at the vessel wall is the same in each vessel. See pdf for more details.
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If a person ate a 1 kg meal then what fractional increase in power would be required for a person at a given percentile of 10.9 percent to stay afloat at the functional residual volume? See pdf for more details.
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iven the mass of the person to be 65.4 and the time of impact to be 0.00935, determine the height that the person can fall before sustaining a fracture. 
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At some point in the earths future it is possible that the moons orbit will correspond to the time it
takes the earth to rotate and the moon will be in geostationary orbit. By conserving angular momentum find how far into the future (in years) that this will occur (assuming the sun
doesn’t go supernovae before then). 
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At what point in time will the planet be too small to sustain the worlds population, assuming a diet with a percentage of meat of 15.4 percent? See pdf for more information.
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The equation of best fit for the buoyancy minus weight (assuming functional residual volume) at
a given percentile is
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Assume that the we would want to remain afloat at the functional residual volume. If a person
ate a 1 kg meal (the average person eats 2.5 kg per day in the US) then what fractional increase in
power would be required for a person at a given percentile to stay afloat at the functional residual
volume? Assume the person stays afloat by pushing down the water with their hands.

Note that swimming after eating is not a concern, and instead drinking and doing drugs is associ-
ated more with drownings. Within the 18 to 34 age group 45% of all drownings are attributed to
alcohol or drugs.
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Problem Three
You can attempt this problem now.
Under a sudden collision bones can fracture. The forces that two colliding bodies exert on one

another act for a short time giving a brief but strong push is called impulsive force. The force
starts at zero, increases to some maximum value, and then decreases to zero again.
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When a person falls from a height A, his/her velocity when hitting the ground, is

v =+/2gh

where g is the gravitational acceleration and h is the height of the fall. Therefore, the average

impact force equals
F= % \2gh

where m is the mass of the person and At is the time of impact. The duration of the collision
At is difficult to determine precisely. It depends on the type of collision. If the impact surface is
hard, the collision time is very short, a few milliseconds; if it is soft, the duration of the collision
is longer.

The force per unit area that may cause a bone fracture is 1 x 10* N/cm2. If the person falls flat
on his/her heels, the area of impact can be assumed to be 2cm?. This is the force that can cause
fracture at any given instant and not the average force, as considered above.

Take the functional form of the force to be

r=(a) - ()]

where A is a constant and At is the time of impact. Given the mass of the person and the time of
impact determine the height that the person can fall before sustaining a fracture. Note that it is
the maximum force, and not the average, that is responsible for the fracture.
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The moons gravitational influence on the earth cause the tides, which dissipates the kinetic energy
of the earth-moon system. As a consequence the earth’s rotation is slowing and the moon moves
away from the earth at a rate of 3.84 cm each year (same speed your fingernails grow at). At
some point in the earths future it is possible that the moons orbit will correspond to the time it
takes the earth to rotate — in other words a day will equal a lunar month — and the moon will be
in geostationary orbit (the moon will only be visible from one side of the earth). By conserving
angular momentum find how far into the future (in years) that this will occur (assuming the sun
doesn’t go supernovae before then). The moment of inertia of the earth is 8.008 x 103 kg m?,
the mass of the earth is 5.972 x 10% kg, the mass of the moon is 7.347 x 102 kg, and the angular
momentum of the earth and moon combined is 3.468 x 10* kgm?s~!. The distance from the earth
to the moon is currently 3.84 x 10® m, although this will increase with time. Assume a circular
orbit throughout.
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You can attempt tnws prooiem now.

A recent article in the Lancet considered a diet that would be both beneficial for humanity and
for the environment. It advocated a reduction in meat and dairy, and a major increase in plant
consumption.

In order to meet our dietary desires (and those of emerging economies) more cattle are being raised,
emitting massive quantities of planet-warming methane, and resulting in huge swathes of carbon-
absorbing forests - mostly in Brazil - being cut down every year to make room for them. Not to
mention the high freshwater needs, climate change due to these land changes, loss of biodiversity
and the large areas of ‘dead zones’ from water polution.
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Furthermore, it takes 7 kg of grain to produce 1 kg of meat. A kilogram of grain has 3500 calories,
and a kilogram of meat 1430 calories. Assume the average farmland can grow 10,000 kcal of food

per hectare per day (where kecal is the nutritional calorie, and a hectare is 10,000 m?). The total
amount of land used to produce food is currently 49,116,227 square kilometers.

At what point in time will the planet be too small to sustain the worlds population, assuming a
diet with a given percentage of meat, and also assuming our use of agricultural lands remain the
same?

The estimated population growth on our planet is given by
p(z) = 0.060458 z — 114.87

where z is the year and p(z) is in billions. Ideally we would want to ensure a human diet of about
2500 calories per day for everyone on earth. Find the year when our world will run out of food.
Note this is a gross oversimplification, but will hopefully hightlight the plight humanity faces.
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Problem One
Attempt this problem after Lecture 12 Cycle 2

The blood flow varies as a function of the radial distance from the center of the vessel

e
VT R R

where v os velocity, @ is flow rate, R is the radius of the vessel and r is the radial distance. A
parent vessel (of radius R,) branches into two daughter vessels (both of radii R4). Given the radius
of the parent vessel, find the radius of the daughter vessels such that the shear stresess at the vessel
wall is the same in each vessel.
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The shear stress is given by

dv
T=hy

where p is the viscosity, which can be assumed to be constant.

This relationship is known as “Murray’s Law”, and organisms use shear stresses to determine the
appropriate sizes of vessels for fluid transport in the circulatory system, the respiratory system,
and the branchings of xylem.
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Problem Two
You can attempt this problem after Lecture 10 Cycle 1

The old saying that you should wait at least 30 minutes after eating before you swim is based on
the idea that after a big meal, blood will be diverted away from your arms and legs, towards your
stomach’s digestive tract. And if your limbs don’t get enough blood flow to function, you're at risk
of drowning. With a reduced blood flow, there is potentially less oxygen available to the working
muscle and stomach, which is a potential cause of cramping. Interestingly, there is no evidence
for this, and the dangers of swimming after eating is widely believed to be a myth.

Buoyant Force
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However, the added mass from a large meal can slightly affect a persons buoyancy. The effect of
changing lung volume on submerged weight for the adult female population in fresh water is shown
(taken from “Buoyancy and stability characteristics of the human body and personnel flotation
devices” United States Coast Guard, 1970). Residual lung volume is the volume of air that remains
in the lungs after maximum forceful expiration, functional residual volume is the volume of air
present in the lungs at the end of passive expiration, and total lung volume is the volume of air
contained in the lungs at the end of a maximal inspiration. The graph shows the difference between
the buoyancy force of a person entirely submerged and the weight of the person as a function of
percentile.








