Exam 1 Distribution: 
The average score was 72.2. Here are the number of scores in the indicated ranges 
90-100 (1)
80-89 (5)
70-79 (6)

60-69 (7)

50-59 (2)  

In what follows below the correct answers are shown in bold.
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Please circle each correct multiple choice answer which counts two points each.  .
1. The most important anthropogenic greenhouse gas is:

(a) CH4

(b) CO2

(c) N2O

(d) H2O
(e) none of them
2. The El Nino event is a _______ in the temperature of the surface of the ________ ocean, which occurs approximately every 3 to 5 years and is associated with a disruption of weather patterns around the world.

(a) rise, Atlantic

(b) fall, Atlantic

(c) rise, Pacific

(d) fall, Pacific
3. Which of the following nations would likely suffer the most deaths due to climate extremes?
(a) Japan,
(b) Bangladesh

(c) the U.S.

(d) France
4. Volcanic eruptions cause a worldwide drop in global temperatures, because the dust ejected by the volcano ends up in the _______, where it stays for many _____ before settling back to Earth.
(a) stratosphere, days
(b) stratosphere, months

(c) troposphere, days
(d) troposphere, months
6. The size of the natural greenhouse effect is about_______ degrees Celsius, and without it the planet’s surface would have an average temperature around ______ degrees Celsius.
(a) 21, -6
(b) 5,+6

(c) 21, +6,
(d) 5, -6

(e) none of them
7. A certain hot object is radiating 10 watts per square meter of surface area.  How many watts per square meter would the object radiate if its absolute temperature were doubled? 

(a) 20

(b) 16

(c) 160

(d) 200

(e) none of them
Since it depends on T^4, by doubling T, it would increase 16-fold

8. Oxygen is not an atmospheric greenhouse gas because:
(a) it is transparent to visible light
(b) it does not absorb infrared radiation

(c) it is not human produced

(d) it is necessary for respiration

(e) none of them
I didn’t intend to make two answers correct here, but I believe both a and b are right.
9. The person who originally came up with the basic theory of the greenhouse effect was:
(a) Fourier

(b) Callendar

(c) Arrhenius

(d) Revelle
10. It is believed that _______ has had a runaway greenhouse effect, which ______occur on Earth.


(a) Mars, could

(b) Mars, couldn’t
(c) Venus, could

(d)Venus, couldn’t
11. Both the atmospheres of Mars and Venus consist primarily of _______, and that of _______ is much thinner and colder than Earth.
(a) CO2, Venus

(b) CO2, Mars

(c) CH4, Venus

(d) CH4 Mars

12. Increasing atmospheric CO2 would result in ______ “radiative forcing,” and an increasing temperature of the sun would result in _______ radiative forcing.
(a) negative, negative
(b) positive, negative
(d) negative, positive
(e) positive, positive
13. Which one of the following aspects of global warming can we have the most confidence in?

(a) regional patterns
(b) consequences
(c) size of the increase in temperature

(d) basic physics of the greenhouse effect

(e) none of them
14. Ultraviolet radiation has a _____ wavelength and a ______ frequency than visible light.

(a) longer, higher
(b) longer, lower
(c) shorter, higher
(d) shorter, lower

15. When an object heats up, the wavelength of the peak of its blackbody spectrum ________.

(a) remains unchanged

(b) increases
(c) decreases
(d) fluctuates

16. Suppose the sun’s rays strike the Earth’s surface making some angle A with the surface.  The heating effect is greatest when A is ______ degrees.
(a) 0

(b) 45

(c) 60

(d) 90

(e) none of them

17. Right now you are emitting approximately ______ watts in the _______ region of the electromagnetic spectrum.


(a) 10, ultraviolet
(b) 10, infrared

(c) 100, ultraviolet
(d) 100,  infrared
18. Whether or not a given gas absorbs electromagnetic radiation of a given wavelength depends on its:

(a) density
(b) pressure
(c) energy level spacing

(d) molecular weight


19. Which of the three heat transfer mechanisms can only occur in a fluid?

(a) conduction

(b) convection

(c) radiation
(d) a, b and c
(e) none of them

20. Below the tropopause the temperature of the atmosphere _______ with increasing altitude, and the pressure _______ with increasing altitude.
(a) rises, rises

(b) rises, falls

(c) falls, rises

(d) falls, falls


21. Clouds tend to _______ the Earth’s surface temperature when they are at _____ altitude
(a) raise, high

(b) raise, low

(c) lower, any

(d) lower, high

22. It has been estimated that the direct effect of doubling the atmospheric CO2 concentration would be to raise the Earth’s surface temperature by about ______ Celsius, and the actual effect (taking all feedbacks into account) would be around _______ Celsius.

(a) 1.2, 2.4

(b) 2.4, 4.8

(c) 1.2, 4.8

(d) 2.4, 8.2
23. The rise in global temperature associated with quadrupling CO2 atmospheric concentrations would be _______ twice the rise associated with doubling them.

(a) equal to 

(b) more than

(c) less than

(d) cannot be known


24. In class I shone a light on a radiometer, which was made to turn.  However, the radiometer no longer turned when the light first passed through a water tank.  This demonstration showed that:

(a) the bulb emitted some invisible wavelengths that are absorbed by water

(b) water is transparent to all wavelengths

(c) water is a poor absorber of light

(d) light contains many wavelengths

25. The second most important anthropogenic greenhouse gas is ________.
(a) water vapor

(b) CO2

(c) N02

(d) CH4

26. CO2 is different than other greenhouse gases in that it:

(a) is anthropogenic

(b) is not removed through chemical reactions
(c) dissolves in water

(d) is opaque to infrared radiation

27. Which of the following energy sources contribute to the problem of global warming?

(a) solar

(b) nuclear

(c) fossil fuels

(d) all of them

28. The deep ocean takes up atmospheric CO2 to a very limited extent, because

(a) water cannot dissolve a great deal of CO2

(b) it is too cold
(c) there is little mixing between shallow and deep layers

(d) CO2 is continually being released from the oceans into the atmosphere

(e) none of the above

29. About ______ Gigatons (billion tons) of CO2 is being emitted from human activities each year, and about ______ percent of that represents the annual increase in atmospheric CO2 at present.
(a) 70, 50
(b) 7, 50
(c) 70, 1
(d) 7, 1

(e) none of them

30. The”biological pump” acts to _______ the atmospheric CO2.
(a) equalize
(b) increase
(c) reduce
(d) ionize
(e) none of them

31. A planet twice as far from the sun as the Earth would receive ______ percent as much solar radiation on a given square meter of its surface as the Earth does.

(a) 50

(b) 25

(c) 10

(d) 1

(e) none of them

32.  Which of the following best accounts for why it is warmer in summer than winter?

(a) the sun is further away in winter

(b) the sun emits less radiation during winter

(c) the sun is higher in the sky in summer, and the days are longer

(d) all the above

(e) none of the above

33.  Averaged over a year, the amount of radiation that the warmed Earth radiates out to space ______ the amount of radiation it receives from the sun.

(a) equals
(b) exceeds
(c) is less than

(d) cannot be compared with
34.  Our sun appears yellow, because that’s where the peak of its spectrum is.  A star much cooler than our sun would appear  _____.
(a) red

(b) blue

(c) green
(d) yellow
(e) none of them

35. If global temperatures were to rise by 2 degrees Celsius, the corresponding rise in degrees Fahrenheit would be:

(a) 1

(b) 2.8

(c) 3.6

(d) 5.7

(e) none of them
36. Each of the seven parts is worth 4 points. The figure provided on the next page shows data recorded by a satellite in orbit about some imaginary planet. The satellite sensors measure the amount of infrared radiation emitted by the planet that passes through the planet's atmosphere at each wavelength.  The figure also shows five theoretical black body spectra corresponding to five labeled temperatures from -53 to +7 C, as well as the ranges of wavelength ranges where four greenhouse gases (A, B, C, D) are known to absorb infrared radiation.  The following questions can all be answered from information provided by the figure combined with your own deductions and knowledge.  In each case 2 pts will be given for the correct answer, and 2 pts for a correct explanation.
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(a) What is the approximate surface temperature of the planet?

+7 C, because the blackbody spectrum curve for that temperature matches the data over those wavelengths where there is no absorption
(b) Which of the four identified greenhouse gases A, B, C or D is most important in keeping the surface of the planet warm? 
D, because that greenhouse gas is most responsible for absorbing a greater amount than any other, based on the area of the “hole.”
(c) The amount of greenhouse warming due to gas C is approximately what percent of that of gas D?

Roughly 25 to 35%, based on the areas of each hole.
(d) Which of the 5 labeled temperatures comes closest to what temperature of the planet's surface would be in the absence of gas D in the atmosphere?
Probably -5 C, because the slice of area between that curve and the actual 7 C curve roughly matches the area inside the gas D hole, which indicates that with no hole due to gas D in order to get the same total outflowing radiation as before the temperature would have to be around -5 C
(e) For what ranges of wavelengths is the atmosphere of the planet transparent to infrared radiation?
Between 6 and 8, and also between 10 and 14 micrometers, because at those wavelengths there is no absorption
(f) Suppose it were known that the amount of gas D in the planet's atmosphere were increasing.  Show in the figure how this would change the data (the ragged curve), if the measurements were to be repeated at a later time after the atmospheric concentration of gas D had increased significantly.

One effect would be to deepen the hole for gas D.  A more subtle effect would be to slightly raise the total curve everywhere else (in order to keep the same total radiation outflow to space).
