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Graduate School Entrance Exam: Space Physics (lonosphere) _

50 points fotal. Pick 2 of problems #1, 2, and 3 to complete. You must complete all parts of
your two selected problems for full credit. If you complete all three problems, your score will be
computed using the two problems with the highest score.

Useful Hints:
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lonospheric current equation: J = o - (E + UxB)

1. (25 points) Shortwave (HF) radio is often used to broadcast over a very wide range through
ionospheric reflection. The following is a schedule of shortwave broadcast frequencies
towards the East Asia region from Radio Taiwan International:

Time (Taiwan Local Time) Frequency (MHz)
1100-1200 15.320
1900-2000 7.445

a) (10 points) Explain the reasoning behind the selection of frequencies.
b) (15 points) In the event of a solar flare directed at Earth, should broadcast
frequencies be adjusted up or down in order to achieve maximum range? Why?

2. (25 points) To solve this problem, use a
spherical coordinate system with axes
7,8, $, which point in the vertical,
southward, and eastward directions .
respectively, as shown in the diagram . i
to the right. R 0

'ZA.,

Assume the Earth’s magnetic field is a
pure dipole, with magnetic poles in the - ‘ r .,
same locations as the geographic p= 1y
poles. - i

a) (8 points) At the magnetic
equator, neutral winds are
blowing westward with
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magnitude ». The magnitude of the magnetic field is B, while the Hall conductivity is
or. What is the magnitude and direction of the Hall current that results? Express your
answer in terms of », B, and gy, and the spherical coordinate system. No polarization
electric field exists yet at this point.

(8 points) Another region of the equatorial ionosphere is dominated by Pederson
conductivity with magnitude gp. Assuming the same neutral wind direction as in Part a,
what is the magnitude and direction of the Pederson current that results, expressed

in the spherical coordinate system?

b)

(9 points) The Pederson current in Part b produces a polarization electric field, such
that the current goes to zero. What is the direction of the ExB drift that results for the

plasma due to this polarization electric field, expressed in the spherical coordinate
system?

3. (25 points) Answer the following questions:

a) (10 points) Explain how the atmospheric pressure and density can be determined
mathematically at different altitudes, if the temperature and composition of the
atmosphere change with altitude.

. b) (15 points) Research suggests that increased carbon dioxide (CO,) in the Earth’s
atmosphere acts to warm the lower atmosphere, while resulting in a cooling of the
middle and upper atmosphere. The concentration of CO, will increase at all altitudes.
Discuss what effects these changes in temperature and composition can potentially
have for the atmospheric drag encountered by a satellite at some fixed altitude in low
Earth orbit. Support your arguments with any applicable equations.
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4. (10 points)
Let ®,(t)= f f S(r)B(X’t) -da be the total magnetic flux passing through a surface S(¢), where B(x,?)
is the field of magnetic flux density (or simply called the magnetic field). Show that the change of

magnetic flux along the fluid trajectory is

d,() _
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where E(x,t) is the electric field, V(x,t) is the plasma flow velocity field, S(z) is the surface area
covered by the sampled plasma, and C(S) is the loop around of the surface area S§(¢) in the

counterclockwise direction.

5. (30 points)
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6. (10 points)
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