Instructor: Dr. Daniel Short Student: /10

TEST 3 (of 3)

Show all of your work. Students should make use of the conversion factor method
throughout and express their answers in scientific notation.

1. Global warming

(a) Add the names of the 4 missing gases to the diagram below. Which of these 4 are infra-red
active?

*+ He

0.0005%

(b) There is much more water vapor in the atmosphere than carbon dioxide, why isn’'t water vapor
considered a problem when discussing the man-made enhanced greenhouse effect?

(c) Based solely on changes in radiation fluxes, are the following events expected to have an
overall cooling or warming effect on climate?

- increased desertification

- loss of polar ice caps

- emission of aerosols/particulates from industry
- urbanization (building more roads etc.)
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2. Radiative forcing

(a) Which environmental compartment is the largest active sink for carbon dioxide gas? How
many more times does this sink store carbon than the other compartments?

120 Pg Cyr

8 Pg Cyr!

Fossil Fuels
""" 4000Pg C

2000 Pg C

(b) A suggested model of the changes in radiative forcing (AF ) due to fluctuations in atmospheric
carbon dioxide gas concentrations (C) is:

AF = 6.3 In (C/Co)

(i) What is the effect of doubling the atmospheric CO, concentration from 350 ppm to 700
ppm on the outward flux of energy (W m™) from the earth?

(i) If Fp, =240 W m? calculate the new Fout Using the following equation:

AF=Fin_,:out

(c) Earth’s surface temperature has been shown to increase linearly with changes in AF. Write
down an equation relating temperature (T) to AF . Calculate the rise in temperature assuming a
constant rate of increase 0.30 K/ W m™.
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3. Fission

(a) Complete the following nuclear reactions for the fission of uranium-235.

235 90 143

1 1
U+ on— T +  ss +3 on

235 148

1 1
U+ on — g + s +3on

(b) The following questions relate to the nuclear fission reaction:
235U + 10n N 14ZBa + 91Kr +3 1On
Data:

The atomic masses of 2°U, "*?Ba, *'Kr, and 'yn are 235.044, 141.926, 91.923, and
1.008665 amu respectively.

E = Amc? where ¢ =2.99792 x 10° ms™?, 1 J =1 kg m®s™.

(i) Calculate the change in mass Am.

(ii) Calculate the amount of energy released in joules from the fission of 235.044 g
uranium-235.

(c) Calculate the maximum percentage efficiency (n) in converting heat, according to the second
law of thermodynamics. Use the equation below,

(i) At the core temperature of a nuclear reactor (300 °C) into electricity assuming that the cooling
water is at 17 °C.

(ii) Repeat the calculation for a fossil fuel plant (550 °C).

[Answer: 48 and 60 %]
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4. Nuclear Accidents
(a) The rate of radioactive decay is proportional to amount remaining after time ¢.
N = Noe™
Where N = number nuclei at time t, Ny = number of nuclei at start, A = decay constant.

Derive the expression for half-life which occurs when N = Ny/2.

[Answer: A =In2 / tq5]
(b) Thyroid cancer rates around the 30 km exclusion zone increased presumably by irradiation

from beta radiation decay of radioactive lodine-131 (t1, = 8 days). Write down the radioactive
decay equation for this radioisotope.

(c) Tablets of potassium iodide were distributed to people living around Chernobyl a week after
the nuclear accident, to protect against accumulation of the radioactive 3 isotope.

(i) What percentage of the "'l (N/N, , where N/N, = ™) released by the explosion would
have remained by that time?

(i) How long would it have taken for 99% of the releases "'l to undergo radioactive
decay?
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5. Radon

(a) Complete the following radioactive decay reactions for radon and its progeny.
22 Rn — %,Ppo+ (ti2 = 3.8 days)
25Pb — PMgBi + (t12 = 28.6 min)
MePo — P0%Pb +_ (< 1s)

Which type of ionizing radiation is the most damaging when emitted from inhaled
radionuclides? (give the chemical symbol in the form A X where A = atomic mass, Z =
atomic number.

(b) A steady-state 1-box model for radon concentration in a room yields the following conditions:

Sk + @’k = Qrn * Qrn

Ty Tv TRn
Where Sg, = source of radon, ¢°r, = outdoor air radon concentration = 0.2 pCi L™,
7, = residence time of air in the space (ventilation time), qr, = indoor radon concentration, g, =
rate of radon decay (half-life).

Solve for gr,, the indoor radon concentration.

(c) A criminal is sentenced to life imprisonment in a small cell. The cell has an average radon
source of 10 pCi L™ hr'". The air in the cell is exchanged every 4 hours.

(i) What is the concentration of radon in the cell under steady-state conditions?
(i) If the criminal is 20 years old when first incarcerated, confirm that the probability that he

will contract lung cancer by the time he is 90 years old (assuming that no other specific
risks for lung cancer exist) is 12-38 %.
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Bonus: Identify the subject area of each of the following 4 diagrams and describe what they
show.

S

ice oge

Temperature change, K

0O 20 40 &0 BO 100 120 140 1&0
Age, thousands of years before present
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Periodic Table of Elements

Represemative elements ]
Alkali  Alkaline Huslogen
meias sty =
metals.
! '
1 18
Period  Group Group

number 1A A

Transiion elements

3 o n

. Metals

Monmetals
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