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A = a constant.

Table 1 Collision Rate Equations-Banks 1966.
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B. Understanding the Work of Helliwell

Model details
This author constructed a program to verify Helliwell’s integrated attenuation
results (Program Atten28 is in the directory home/greningp/ion/atten/). The
model has 33 points to subdivide the atmosphere. Point graduations are not
linear. The most points occur with the most changes in the collision curve,
Helliwell’s Figure 3-28. This is the double knee section of the curve. Point

densities follow in Table 2 below.
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Table 2 Point density for the integration of Helliwell’s attenuation.

Range (km) km/division
60-200 10
200-250 25
250-300 25
300-400 50
400-1400 100
1400-1500 50

Region 200-250 km is a separate sum, not to be scaled with the plasma
frequency (to be discussed later). Numerical integrations are performed using
Simpson’s Rule. This rule provides an exact solution for any quadratic variation
given three equally spaced points. A midpoint formulation is used taking 2/3 the
center point and 1/6 each end point, all multiplied by the interval between the end
points. The attenuation constant calculates the drop in voltage via Helliwell's Eq.
3-49, or Eqg. 9 of this dissertation, with units in napiers because it's the exponent
of the base e=2.718.... Helliwell’'s Eq. 3-53 calculates the integrated attenuation
in power (dB) integrated along kilometer limits. The atmosphere is divided into
lower and upper regions. The lower atmosphere is defined as 60-200 km and
further subdivided into 15 points. Note we need an odd number of evenly-
spaced points, three for the first layer and then, for each subsequent layer, two
additional evenly spaced points from the top point of the last layer, in this
midpoint formulation. In Appleton’s equations electron collisions show up as
losses. The electron collisions could be derived from the electron density (ne).

We have chosen to enter them directly from Helliwell’s collision curves, Figure 3-
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Figure 12 TEC January 1958. Year is a solar maximum. Helliwell’s
calculations are based upon a winter ionosphere of 1958. Higher TEC is in

Southern Hemisphere where January corresponds their summer.

Compare the TEC of Figure 12 to Figure 13. In January there is more TEC in the
summer of the Southern Hemisphere. See the ocean west of South America and
east of Australia. In July there is more TEC in the summer of the Northern
Hemisphere. See the area over North Africa. Six months apart the TEC has

switched hemispheres.
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TEC, Jul 1997/, 1200 hours, 660 km
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Figure 15 TEC July 1997. Year is a solar minimum with less TEC than solar
maximum of Figure 13. Highest TEC is in the Northern Hemisphere where
July corresponds to summer. Compare to Figure 14 with highest TEC in

the Southern Hemisphere where January corresponds to their summer.

Effects of solar max and solar min
The scale is denoted in the color bar at the top of the last four figures. The
color bar of the solar max, 1958, has a scale that is 80 TEC or above in Figure
12-Figure 13. The solar min, 1997 has a scale that is in the range 27-36 TEC in
Figure 14-Figure 15. The higher TEC corresponds to the solar max. These
results are reasonable and what one would expect from a seasonal variation.

We will use these to explain the seasonality of attenuation.
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Attenuation profiles
Look at some attenuation profiles for different solar max, solar min, as a function
of latitude and compare some integrated numbers of attenuation to Helliwell. We
need to choose a longitude, but what longitude do we choose?

Finding an appropriate longitude
Helliwell’s graphs are for magnetic latitude. In order to get away from the

plane of tilt of the magnetic pole rotate 90°. There are a couple of different ways
to find the location of the North Pole. The definition we have used here is
longitude =-132°. It is closer to the experimentally observed pole. Rotate 90° to
get -42°. Add 180 to get another principal value 138° longitude. Helliwell never
conveys what longitude he is assuming. However, in Figure 3-32 [Helliwell 1965,
p. 65] he asserts that there is no correction to his graphs for f ; cos 6=1100 MHz.
This quantity is the cyclotron component based upon the Earth’s field along the
wave normal. The angle 6 between the Earth’s field and the wave normal

(assumed up) is depicted in Figure 1. This quantity along the wave normal

i

. B. . . . .
IS fy cos@ = zen—m In some fashion this number should be incorporated into our

representative longitude.

Now consider latitude. Helliwell uses magnetic coordinates; for now just
consider regular coordinates. We found for latitude = 40, and longitude = 138
this corresponds to fy cos8 = 1076 MHz. This is pretty close to Helliwell’s
assumed f 5 cos 8=1100 MHz. We note Helliwell’s Figure 3-34 for f; cos =
1100 MHz, there is no latitude correction. Therefore when doing some
attenuation profiles a representative longitude should be 138° and the latitude

40° should be an inclusive point.

Relations of attenuation in the D+E vs. F1 and F2 layers
In considering some attenuation profiles we would want to look at a couple of
different years, corresponding to a solar max, min, different latitudes and

compare to Helliwell. Use our representative longitude of 138°, and latitude of



40°. Look for relations of attenuation in D+E vs. F1+ F2 layers. Helliwell defines
the demarcation between upper and lower atmosphere as 200 km. We have
chosen 180 km here because we find this point moves around within the IRI. In
graphs Figure 16-Figure 18 below we conclude four things, 1) most day
attenuation is in the lower ionosphere where e-neutral collisions are the highest
percentage (we also found this true at night), 2) the ratio (D+E region)/total
attenuation increases from 15° to 40° but then decreases at 70°, 3) the area of
attenuation in F1+F2 starts off at 500 km and then moves down to 300 km with
increasing latitude, 4) the attenuation decreases with increasing latitude. We
perform these analyses and compare to Helliwell. The section of Fi1+F2
attenuation study is included because heretofore some studies have ignored this

region of attenuation.
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Atten Profile, freq=20000., lat= 15, leng= 138, mmdd=1215, year=1958, hour=12, iri35.ps
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Figure 16 Attenuation vs. altitude winter noon 1958, latitude = 15°. Solar
maximum. Characterize attenuation in the D+E vs F1 F2, with percent D+E
to total. Previously, attenuation in the F1 F2 has been overlooked. Includes

Helliwell’s calculation of attenuation.



Atten Profile, freq=20000., lat= 40, long= 138, mmdd=1215, year=1958, hour=12, iri35.ps
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Figure 17 Attenuation vs. altitude winter noon 1958, latitude = 40°. Solar
maximum. Attenuation in all layers are lower with higher latitude of 40°,
Figure 17 vs lower latitude of 15° of Figure 16. Percent attenuation in the
(D+E)/total has increased from 73%, lower latitude 15° of Figure 16 to 76%,
higher latitude 40° of Figure 17.
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Atten Profile, freq=20000., lat= 70, long= 138, mmdd=1215, year=13958, hour=12, iri35.ps
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Figure 18 Attenuation vs. altitude winter noon 1958, latitude = 70°. Solar
maximum. Lowest attenuation in all layers with highest latitude of 70°.
Percent attenuation in the (D+E)/total has dropped back down to 70% going
from 40° latitude of Figure 17 to 70° latitude of Figure 18.

We may try another year to show the versatility of this code. Choose 1997,
which corresponds to a solar minimum. All the attenuations are lower. Most of
the attenuation is in the lower atmosphere. The area of attenuation in the F1+F2
moves down with increasing latitude. This time the ratio (D+E region)/total

attenuation increases with increased latitude. Again the attenuation decreases

with increasing latitude.
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Atten Frofile, freq=20000., lat= 15, long= 138, mmdd=1215, year=1897, hour=12, iri35.ps
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Figure 19 Attenuation vs. altitude winter noon 1997, latitude = 15°. Solar

minimum. Attenuation in all the layers is down from solar maximum of

1958 in Figure 16. Characterize attenuation in D+E vs Fi1, Fz2 with percent

(D+E)/total. Includes Helliwell’s calculation of attenuation.
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Atten Profile, freq=20000., lat= 40, long= 138, mmdd=1215, year=1997, hour=12, iri35.ps
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Figure 20 Attenuation vs. altitude, winter noon 1997, latitude = 40°. Solar
minimum. Attenuation in all layers are lower moving with the higher
latitude of 40°, Figure 20 vs the lower latitude of 15°, Figure 19. Percent
attenuation in the (D+E)/total has increased from 82%, 15° latitude of Figure
19, to 92%, 40° of Figure 20.
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Atten Profile, freq=20000., lat= 70, long= 138, mmdd=1215, year=1997, hour=12, iri35.ps
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Figure 21 Attenuation vs. altitude, winter noon 1997, latitude = 70°. Solar
minimum. Lowest attenuation in all layers at the highest latitude of 70°.
Percent attenuation in the (D+E)/total continues to increase going from

latitude 15° through 40° to 70° in year 1997.

In summary most daytime attenuation is in the D layer with all the e-neutral
collisions. However, the maximum contribution to the F layer is in the solar
maximum, where it contributes almost a third of the attenuation. The Fi+F2 layer
contribution moves down with increasing latitude. The solar minimum has less
attenuation. Patterns in the % attenuation of (D+E)/total are not as distinct. They

may increase then fall off or just increase with an increase in latitude.

Neutral gas compaosition
Neutral gasses can be ionized and form part of electron neutral collisions.

Neutral gas density comes from the MSISE code mentioned in the introduction.
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Monatomic hydrogen and helium, the lighter gasses, have the greatest

distribution in the upper atmosphere. There is a characteristic distribution height,
H= Z—Z, with m as mass in the denominator. Simply said, the lighter gasses are
more buoyed up. There is an ever so slight decrease in neutral gases at 800 km

in the higher latitude.

Meutral Compesition iri34, lat=15, long= 138, mmdd=1215, year=1358, hour=12
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Figure 22 Neutral composition winter noon 1958, latitude =15°.
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Meutral Composition iri34, lat=70, leng= 138, mmdd=1215, year=1958, hour=12
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Figure 23 Neutral composition winter noon 1958, latitude = 70°.

From the two graphs presented there are slightly less neutrals at 800 km for the
higher latitude. A mid latitude graph has been omitted, since there is not a lot of

variation. Neither would we expect to see sizable variation for neutral particles.

lon composition
Examine ion composition for the year 1958, for that is the year Helliwell
performed his work. There are more ions at lower latitudes due to increased
sunlight. The scale at the lower latitude exceeds 2*10'2, while at higher latitudes

it only goes to 10*2.
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Figure 24 lon composition winter noon 1958, latitude = 15°.
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lon Composition iriZ4, lat=70, long= 138, mmdd=1215, year=1838, hour=12
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Figure 25 lon composition winter noon 1958, latitude = 70°.

Electron temperature

Below are two electron temperature profiles for latitude 15, and latitude 70.
The shape of the curves are different with the presence of a knee at the lower
latitude. The knee has more Te associated with it. Away from the knee the
higher latitude curve has more Te. Evidently the sun in the lower latitude has
caused the presence of this feature. In Figure 24 there is a step in the electron
density, 60-250 km range. This step could be more natural in appearance. Upon
investigation, the number of electrons is equal to the sum of the individual ionized

components, as it should be. We find the IRI to be the best source available.
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