PH315 – Winter 2017

Instructor: Ethan Minot

Homework 2
For full credit, you must show your work. I try to model this process during lecture. Write
down a combination of pictures, words and mathematics so that I can follow your
reasoning. Always state the units associated with a number. Always acknowledge the
sources of information that you quote.
1. Order of magnitude
Burning one barrel of oil per day in combustion engines generates the same mechanical
work as how many humans working for one day?
Useful facts: The energy content per unit mass of any hydrocarbon fuel is about the same.
When 100 grams of butter is turned into CO2 and H20 it releases about the same energy as
when 100 grams of crude oil is turned into CO2 and H20. The energy content of food is
written on the packaging. Unfortunately, the United States uses a weird energy unit for food.

Butter in Europe

Butter in the United States.

2. Simplified models
Using the simplified model of the energy required for road transportation, estimate the
energy needed for a bicycle rider to travel 70 miles. Express your answer in kWh.
In class we estimated that a combustion-engine car driving at 70 mph uses energy at a
rate of about 80 kW. Calculate the fuel efficiency of such a car. Express your answer in
miles per gallon.
Estimate the energy stored in the battery of an electric car that has a 210 mile range.
Express your answer in kWh. Note that electric motors can be 95% efficient.
Is it possible that someone will invent a 4-seater car that drives down highways at 70
mph and uses energy at a rate of 2 kW?
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3. Numerical integration
Graph Title: The spectral intensity of sunlight hitting a satellite that is
orbiting above the earth’s atmosphere

a) Make a table that lists the average spectral intensity near 200 nm, 400 nm, 600 nm,
800 nm etc. Use approximate numbers – don’t worry about high precision. Use this table
to estimate the intensity of sunlight (W/m2) hitting the satellite.
b) Download the raw data from the class website and perform a proper numerical
integration to find the intensity of sunlight (W/m2) hitting the satellite.
c) Use numerical integration of this data set to find the intensity of visible light that is
hitting the satellite.
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4. Numerical differentiation

The plot above shows the CO2 concentration in the atmosphere as a function of year. The
raw data is available on the class website.
a) Use numerical differentiation to calculate the ‘slope’ (generalized slope) as a function
of year. Make a plot of this generalized slope vs. year. Give your graph a title and label
your axes, including units.
b) If CO2 concentration increases by 1 ppm, how many kg of CO2 were released into the
atmosphere?
Hint: This is an order of magnitude question. You will need to know the total mass of the
atmosphere. Please estimate the total mass of the atmosphere based on the radius of the
earth and atmospheric pressure at sea level. Assume that g = 10 ms-2 throughout the
thickness of the atmosphere.
c) Redraw the graph that you produced for part a. This time, the variable on the y axis
should be kilograms of CO2 released per year.
Note: The annual increase in CO2 is due to humans burning fossil fuels. This has been verified
in two ways. First, the global usage of fossil fuels is equal to the measured increase. Second,
fossil fuels contain carbon with a unique isotopic signature. The isotopic signature in the
atmospheric carbon is changing in a way that is consistent with carbon from fossil fuels.
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