PH315 – Fall 2019

Instructor: Ethan Minot

Homework Week 1
Due Friday October 4th at 5pm
Instructions
A guide to writing up homework is posted on the course website:
http://physics.oregonstate.edu/~minote/COURSES/ph315/doku.php?id=wiki:homework
When uploading to Gradescope, follow the instructions to create pointers that link each
of your answers to a specific question number.
1. Piano tuners in Chicago

In a fabled story about Enrico Fermi (famous physicist), Fermi was asked how many
people work as piano tuners in Chicago. Fermi did some mental arithmetic and quickly
answered the question with surprising accuracy. He multiplied the population of Chicago
by his best guesses of 5 different rates (or the inverse of these rates). These rates
included:
•

persons per household

•

hours of work per piano tuning job

•

total hours worked by a piano tuner per year

a) Describe the two other rates that Fermi needed for his estimate
b) Try doing the calculation yourself (assume there are 2 million people in Chicago). Use
round numbers, either 1 or 2 significant figures.
Note: Fermi was fluent in thinking this way. He used these techniques every day in his
job as a physicist.
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2. Tea kettle
The specific heat capacity of water is 4.2 J/(g·K). A typical tea kettle adds heat to the
water at a rate 1000 J/s. If there is 1 kg of water in the kettle (4 cups of water), calculate
the rate that the temperature rises. Give your answer in units of Kelvin/s.
Sense-making: Put it in context - At this rate, how long would it take to heat up a kettle
for making tea? Does this seem like a realistic number?
3. Wave energy
The rate that deep-water ocean waves carry energy across an imaginary line in the
ocean (energy per time per length) is
1
𝜌𝑔ℎ & 𝑣
4
where r is the density of water, g is acceleration due to gravity, h is the height of the
wave crest compared to flat water, v is the velocity of the wave crest. If you use SI units,
the final quantity has units of J/(s·m). Note that the length is measured perpendicular to
the direction that the waves are traveling. This equation is derived on page 307 of
“Sustainable Energy” by David McKay.
A good device for harvesting wave energy can achieve an efficiency fraction
0.5 J (electrical energy)
1 J (wave energy)
Assume that typical Oregon deep-water waves have v = 15 m/s and h = 1 m. Estimate
the electrical power that Oregon could capture if we built wave farms along the entire
coast. Give your answer in J/s.
Sense-making: Make a Comparison - Divide your answer by the population of Oregon.
How does the wave energy production rate compare to the rate that people are using
energy (see the class notes from Day 2)?

2

PH315 – Fall 2019

Instructor: Ethan Minot

4. Heat loss from in a single-family home in winter

A typical house is thermally insulated with R-15 walls and an R-30 ceiling. Translating
the R-values into standard-international (SI) units for heat conductivity:

Walls:

0.4

Ceiling:

0.2

W
m& ∙ K

W
∙K

m&

Based on the units listed above, and the context (thermal insulation), you can visualize
the meaning of these rates. For example, if there is a 1 K temperature difference
between inside/outside the house, a wall area of 1 m2 will leak energy at a rate of 0.4
J/s. Doubling the temperature difference, or doubling the wall area, will double the leak
rate.
If indoor temperature is 300 K, and the outdoor temperature is 270 K, how fast does heat
energy leak out of the house (Joules/second)? For this question, please assume the
floor is perfectly insulated so that no heat leaks out of the floor.
Sense-Making: Put it in context - How many small, portable heaters are needed to heat
this house? (Assume the heaters convert electrical energy to thermal energy with an
efficiency fraction of 1 and a rate of 1 kW). Does this seem like a realistic number of
heaters?
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5. Hydrocarbon fuels and transport
Hydrocarbon fuels have an energy density of about 40 MJ/kg. This means that burning 1
kg of hydrocarbon fuel releases 40 MJ of thermal energy. (For comparison, a modern
lithium-ion battery has an energy density of about 0.7 MJ/kg). There are many forms of
hydrocarbon fuel: gasoline for cars, wood for campfires, and butter/chocolate/croissants
etc. for people.
a) In class we analyzed a car driving at 70 mph (30 m/s). There was a flow of energy
going into the kinetic energy of the air around car (20,000 J/s). An additional flow of
energy went into warming the environment. Estimate how many gallons of gas it takes
for this car to drive 300 miles.
b) Make a similar calculation sketch for a person riding a bicycle. Remember that
humans also produce waste heat as they consume hydrocarbon fuel. How many
kilograms of chocolate (or similar fuel) would a professional bicycle rider need to travel
300 miles at 20 mph?

6. Could the Sun be a ball of gasoline?
a) Electromagnetic radiation energy from the Sun arrives at the upper atmosphere of our
planet at a rate of about 1350 J/(s.m2). Use this information, together with the average
radius of the Earth’s orbit, to show that the Sun radiates energy at a rate of about 4 x
1026 J/s.
b) Imagine the Sun is powered by burning gasoline. We know from radiometric dating of
rocks on Earth (and the Moon and Mars) that our solar system is about 4 billion years
old. What mass of gasoline would be needed to power the Sun at a rate of 4 x 1026 J/s
for 4 billion years? Compare to the actual mass of the Sun
(you can google the actual mass of the Sun).

4

