
Physics 173, Physics of Sustainable Energy
Homework 1

Due: 1pm Tues Sept 3, 2024

Please upload your answers at the Canvas website as a PDF file. You can easily
convert JPEG photos to PDF using online tools. When doing so, please ensure that in
the PDF your photos are in the proper orientation.

Regular question

When you write out your response, please circle or underline the final answer to
each part of the question. This will make it clearly visible to the grader.
Remember to give justification for all your answers, and whenever the answer is a number
always show the units, e.g. “200 J”, “0.5 kg”.

1. The current price of crude oil is about $75/barrel. A barrel of crude oil is 42
gallons and weighs about 300 lbs.

(a) What is the current price of crude oil in dollars per liter?

(b) What is the density of crude oil in kg/liter?

(c) An oil refinery buys crude oil from an oil company and extracts fuels that can
be sold (gasoline, kerosene, etc). From each barrel the refinery gets about 30
gallons of fuel. What is the refinery paying to the oil company per gallon of
fuel produced?

(d) The density of medium crude oil is about 850 kg/m3. If an oil tanker carries
100 tons of crude oil, how many barrels is it carrying?

{8 points}

Multiple choice questions {2 points each}

Each question has one correct answer, unless the question specifies otherwise. You do
not have to show your working, but it may help the grader. You may look up online
any quantities that are needed but not supplied in the question or in lecture materials.
If you hand-write your answers please use capital letters.

1. Which of the following sentences uses incorrect units?
(A) A grand piano weighs about half a ton
(B) The Caspian sea has an area of over 100,000mi3

(C) An oil tanker carries about 107 liters of oil
(D) A one meter ruler is about 40 inches long

2. A “cord” is a unit of volume used in the U.S.A. for firewood. One cord is 128
cubic feet. Which of the following volumes of firewood would be one cord?
(A) a pile 10 feet long, 8 feet high, and 2 feet deep
(B) a pile 8 feet long, 8 feet high, and 8 feet deep
(C) a pile 10 feet long, 4 feet high, and 8 feet deep
(D) a pile 8 feet long, 2 feet high, and 8 feet deep



3. Human beings are mostly made of water. Which of these is the best estimate of
the volume of a typical person?
(A) 17 liters (B) 70 liters (C) 270 liters (D) 400 liters

4. The gas tank of a car is 80 cm long, 30 cm wide, and 20 cm high. When it is full,
roughly how much does the gasoline in it weigh?
(A) 24 kg (B) 12 kg (C) 48 kg (D) 36 kg

5. A 2010 Ford Mustang’s engine capacity is 244 cubic inches. What is that in liters?
(A) 2.3 liters (B) 4.0 liters (C) 4000 liters (D) 5.7 liters

6. The Antarctic ice cap weighs about 24 million gigatons. How many cubic
kilometers of ice does it contain?
(A) 24 million km3 (B) 24 billion km3 (C) 24 trillion km3 (D) 2.4×109 km3

7. The density of compressed hydrogen is 0.023 g/ml. If a hydrogen powered car
needs to be able to store about 12 kg of hydrogen, how big would its compressed
hydrogen fuel tank have to be?
(A) 80 cm by 80 cm by 80 cm (B) 1 foot by 1 foot by 1 foot
(C) about the same as a gasoline car’s fuel tank (D) 0.5m by 0.4m by 0.3m

8. The fact that energy is conserved means that
(A) the total thermal energy of a system always stays the same
(B) processes that create energy are irreversible
(C) energy is never created or destroyed
(D) when something burns, its chemical energy increases by the same amount

9. Suppose you ride your bicycle from the bottom of a hill to the top, and you stop
there. At that point, which of the following is true?
(A) your bicycle has electrical energy that was converted from its gravitational
potential energy
(B) chemical energy in food you have eaten has been converted to gravitational
potential energy of you and the bicycle
(C) thermal energy in food you have eaten has been converted to gravitational
potential energy of you and the bicycle
(D) you and the bicycle have kinetic energy that came from the chemical energy
of the food you had eaten

10. The energy stored in a battery is in the form of
(A) gravitational potential energy
(B) electrical energy
(C) kinetic energy
(D) chemical energy

11. When someone is catching a ball (e.g. what the catcher does in baseball) the main
form of energy conversion that is occurring is
(A) kinetic energy to potential energy
(B) thermal energy to kinetic energy
(C) chemical energy to kinetic energy
(D) kinetic energy to thermal energy



Physics 173, Physics of Sustainable Energy
Homework 2

Due: 1pm Tues Sept 10th, 2024

Please upload your answers at the Canvas website as a PDF file. You can easily
convert JPEG photos to PDF using online tools. When doing so, please ensure that in
the PDF your photos are in the proper orientation.

Regular question

When you write out your response, please circle or underline the final answer to
each part of the question. This will make it clearly visible to the grader.
Remember to give justification for all your answers, and whenever the answer is a number
always show the units, e.g. “200 J”, “0.5 kg”.

1. In this question we will step through the process of calculating how much it costs
to heat the water in a traditional Japanese ofuro bathtub. You can search online
if you want to see what these tubs look like.

(a) An ofuro bathtub is a vertical-sided circular tub with a diameter (distance
across the inside) of 43 inches. Suppose you fill it with water to a depth of
30 inches. What volume of water (in liters) is used to fill the tub?

(b) How much energy, in Calories, is needed to heat one liter of water from 10◦C
(cold water from a faucet) to 40◦C (typical ofuro temperature)?

(c) How much energy, in Calories, would it take to heat all the water in the
bathtub from cold to the typical ofuro temperature?

(d) How much is that in kiloWatt-hours (“kWh”)?

(e) How much (in dollars or cents) would this much energy cost, if it was obtained
by burning natural gas at a cost of 3¢ per kiloWatt-hour?

(f) Roughly how much would it cost if the heater was electrical?

(g) How does the cost of an ofuro bath compare to the cost of a 10 minute shower?
Explain why one costs more than the other.

{14 points}

Multiple choice questions {2 points each}

Each question has one correct answer, unless the question specifies otherwise. You
do not have to show your working, but it may help the grader. You may look up online
any quantities that are needed but not supplied in the question or in lecture materials.
If you hand-write your answers please use capital letters.

1. To within 20% accuracy,
(A) a Calorie is the same as a Watt-hour
(B) a British Thermal Unit is the same as a kiloWatt-hour
(C) a Watt-hour is the same as a British Thermal Unit
(D) a kiloJoule is the same as a kiloWatt-hour



2. Which of the following is a true statement about ways to store energy:
(A) batteries have a higher energy density than butter
(B) alcohol has a higher energy density than hydrogen
(C) gasoline has a higher energy density than batteries
(D) coal has about the same energy density (to within 20%) as an explosive like
TNT

3. Batteries are a popular way to store energy because
(A) they provide electrical energy which is convenient to use
(B) they provide thermal energy which is convenient to use
(C) they have a high energy density compared to food or fuel
(D) they have a low energy density compared to food or fuel

4. When someone says “the energy density of gasoline is about 10 Calories per gram”,
what they mean is
(A) when a gram of gasoline is oxidized to carbon dioxide and water, it gives out
10 Cal of energy
(B) it takes 10 Cal of energy to extract a gram of gasoline from crude oil
(C) when a gram of gasoline evaporates, it gives out 10 Cal of energy
(D) in order for a gram of gasoline to evaporate, it must absorb 10 Cal of energy

5. A cup of water cools from an unknown initial temperature to room temperature
(20C), losing 15Cal of thermal energy in the process. What was its initial
temperature?
(A) 50C (B) 60C (C) 80C (D) 90C

6. An iPad battery can store about 40 Watt-hours (Wh) of energy. How much
gasoline would store about the same amount of energy as an iPad battery?
(A) 3 kg (B) 50 g (C) 860 g (D) 3 g

7. Which of the following is a major advantage of electric cars compared to gasoline
cars?
(A) batteries have a lower energy density than gasoline
(B) electric motors are more efficient than gasoline engines
(C) electric energy cannot easily be converted to kinetic energy
(D) in terms of price per kWh, electrical energy is much cheaper than gasoline

8. The current price of gasoline in China is about $1.20 per liter. How much are
Chinese motorists paying for each kiloWatt-hour of chemical energy when they
buy gasoline?
(A) $2/kWh (B) 4 ¢/kWh (C) 40 ¢/kWh (D) 14 ¢/kWh



Physics 173, Physics of Sustainable Energy
Homework 3

Due: 1pm Tues Sept 17, 2024

Please upload your answers at the Canvas website as a PDF file. You can easily
convert JPEG photos to PDF using online tools. When doing so, please ensure that in
the PDF your photos are in the proper orientation.

Short report {20 points}
Write a short critical summary (about 300 words) of a recent published article which is
related to the topics covered so far the course, namely energy storage, different types of
car, fuels, etc. You can choose the article but first read the instructions for writing the
report which are on the course web page in the “Materials” tab.

Using AI tools such as ChatGPT: You are allowed to use an AI tool to help you
with your short report; if you do that, please provide additional information as described
in the instructions.

Piazza: If you are unsure about your choice of article or use of AI tools or have other
questions, you can post on the Piazza page,
https://piazza.com/class/lvy8oqrzxjr1ln

Multiple choice questions {2 points each}

Each question has one correct answer, unless the question specifies otherwise. You
do not have to show your working, but it may help the grader. You may look up online
any quantities that are needed but not supplied in the question or in lecture materials.
If you hand-write your answers please use capital letters.

1. A Tesla electric car has a battery that holds 80 kWh of energy, whereas the gas
tank of a conventional car holds about 500 kWh of energy. If the conventional car
has a range of 300 miles on one full tank, what do you expect is the range of the
Tesla car on a full charge?
(A) 50mi (B) 100mi (C) 200mi (D) 400mi

2. In regenerative breaking,
(A) gravitational potential energy → kinetic energy
(B) kinetic energy → gravitational potential energy
(C) kinetic energy → chemical energy
(D) chemical energy → kinetic energy

3. Roughly what volume of liquid hydrogen stores the same amount of energy as a
liter of gasoline?
(A) 4 gallons (B) 4 liters (C) 1/3 gallon (D) 1/3 liter

4. Which of the following is a significant advantage of hydrogen-powered vehicles over
gasoline-powered vehicles?
(A) hydrogen is not explosive when mixed with air
(B) we can mine naturally-available liquid hydrogen
(C) hydrogen fuel tanks will be smaller than gasoline tanks
(D) one can use a variety of energy sources to create the hydrogen

http://alford.fastmail.us.user.fm/teaching/physust/short_reports.html
http://alford.fastmail.us.user.fm/teaching/physust/short_reports.html
https://piazza.com/class/lvy8oqrzxjr1ln


5. Blue hydrogen is
(A) made from natural gas, releasing CO2 in to the atmosphere
(B) made from natural gas, producing CO2 which is stored underground
(C) extracted from natural underground deposits of hydrogen gas
(D) made from water using energy from low-carbon sources

6. The energy density of methanol is about half that of gasoline. Using your
knowledge of the efficiency of fuel cells versus gasoline engines, how many miles
would you expect a methanol-powered car could travel on a gallon of methanol?
(The density of methanol is similar to gasoline)
(A) 50 miles (B) 20 miles (C) 5 miles (D) 1 mile

7. A methanol powered car produces CO2 when it runs. Does that mean it is
contributing to global warming?
(A) No, if the methanol was produced from recently living biomass
(B) Yes, if the methanol was produced from recently living biomass
(C) Yes, if the methanol was produced from solar power
(D) No, if the methanol was produced from natural gas.

8. Which of the following is included in the marginal cost of making 1 kWh of
electrical energy from coal?
(A) Just the cost of the coal burned
(B) The cost of the coal burned and the wages of the plant workers
(C) The cost of building the plant and the cost of the coal burned
(D) The cost of building the plant and decomissioning it when it shuts down.

9. Based on the numbers given in the “Marginal cost of energy” lecture slide, how
much coal does it take to generate 1 kWh of electricity?
(A) 100 lb (B) 5 kg (C) 1 lb (D) 50 g

10. Suppose your electric bill for a whole year is $1200. Assuming your electricity
comes from burning coal, how much coal was burned to supply you with electricity
for a year?
(A) 600 kg (B) 1.5 tons (C) 5 tons (D) 16 tons


