occupancy factors for O(16) and O(17):

in fact, the O(16) water molecule (whose

occupancy factor is 0.65) appears firmly
linked to the N(1) ammonium ion (bond
length, 3.095 A), whereas the O(17)
water molecule (whose occupancy fac-
tor is 0.35) appears more loosely bound
to the N(2) ammonium ion (bon

length, 3.374 A). '

" The structural formula for ammoni-
oborite is: (NH,)3B1505,(0OH)g * 4H,0,
with four such formula units per unit
cell.

The infinite chains found in larderel-
lite NH,B;0,;(0OH), - H,O (/1) can be
regarded as the polymerization product
of the trimeric polyions [By504-
(OH)¢]3—, according to the schematic
reaction:

n[BmOzo(OH) s] ha—
[Bso'l( OH)z]sn’an - nH.O

Bond lengths in the polyion are given
in Fig. 2: in ammonioborite the aver-
age B-O distance in the triangles is
1.366 A and in the tetrahedra is 1.473
A; these values correspond to those
found in larderellite (1.373 A and 1.466
A, respectively) and in 8 = NH,B;04-
(OH), * 2H,0 (12) (1.364 A and 1.479
A, respectively) and are in excellent
agreement with the values found by
several workers in other borates (I3).
As regards the B—O bonds in the
triangles, there are significant differ-
ences between those involving oxygen
atoms linked to two boron atoms in the
trigonal state (mean bond length, 1.391
A) and those involving oxygen atoms
linked to only one boron in the trigonal
state (mean bond length, 1.347 A).
Such differences can be explained in
terms of differences in w-bond order
14).
- STEFANO MERLINO
FRANCO SARTORI
Istituto di Mineralogia e Petrografia,
Via Santa Maria 53, 56100 Pisa, Italy
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Magnetoglow: A New Geophysical Resource

Abstract. Evidence has been found that the earth is immersed in a large vol-
ume of glowing helium ions. This ionic glow, at 304 angstroms, is similar to the
geocoronal hydrogen glow in that it extends to very high altitudes, but it is
unique in that it is largely confined to the closed field line portion of the mag-
netosphere. Because of its magnetic containment, this ionic radiation is called
the “magnetoglow.” Observations of the magnetoglow from inside and outside
the magnetospheric cavity promise to provide a valuable means of studying the
structural dynamics of the magnetosphere.

In August 1967, two far ultraviolet
photometers with thin-film filters were
flown aboard an Aerobee rocket into
the night sky (7). The major portion
of the signal from the indium filter pho-
tometer (770- to 1080-A passband) was
identified as solar Lyman-8 radiation
resonantly backscattered from the hy-
drogen geocorona. The aluminum fil-
ter instrument (150- to 800-A passband)
measured radiation that was absorbed
mainly between 160 and 140 km in al-
titude. This absorption characteristic is
similar to that for Het (304 A) radia-
tion (2). However, the wide bandwidth
of the aluminum filter, the large view
angle of the collimator, small light
leaks through the thin film, and high
background noise in the photomultiplier
detector rendered it impossible to iden-
tify positively the radiation as 304 A
and to exclude the possibility that some
of the signal within the detector pass-
band may have been due to 584-A
photons  resonantly scattered by the
neutral helium within the earth’s atmo-
sphere. _

On 13 October 1969, new photome-
ters, which were insensitive to visible
light, which used low-noise Channel-
tron detectors, and each of which had a
0.1-steradian field of view, were flown
into the night sky above White Sands,
New Mexico. An additional photometer
with an aluminum-carbon thin-film fil-
ter (150- to 400-A passband) flew this
time in order to isolate the 304-A from
the 584-A nightglow. The existence of
He+ (304 A) radiation was substan-
tiated by the fact that the signal from
both the aluminum and aluminum-car-
bon photometers followed each other
closely both in phase and amplitude ex-
cursions. Within the limits of experi-

mental error, subtraction of the alumi-
num-carbon signal from that of the
aluminum photometer left a noisy sig-
nal from which we could not identify
a nightglow at 584 A,

Figure 1 shows isophotes of He+
(304 A) intensity from the night sky
hemisphere centered on the zenith
above the rocket. The data are derived
from the aluminum filter photometer
as the rolling rocket scanned the sky
from above 207-km altitude. No atmo-
spheric attenuation corrections have
been made to the data in Fig. 1. No
He+ (304 A) albedo was observed
below the optical horizon.

For contrast, Fig. 2 displays the hy-
drogen Lyman-a (1216 A) night sky
radiation measured with a magnesium
fluoride filter photometer above 178 km
on the same rocket flight. Scattered
from the neutral hydrogen geocorona,
the Lyman-« radiation is most intense
in the general direction of the sun,
which at the time lay 44 deg below
the horizontal.

From the many rocket and satellite
observations of hydrogen Lyman-« ra-
diation (3), it has been concluded that
the earth’s blanket of neutral hydrogen
has an optical thickness greater than 1
—that is, on the average, each photon
is scattered more than once before it
reaches the lower atmosphere where it
is absorbed by molecular oxygen. Thus,
when viewed from inside the “thick”
hydrogen geocorona, nonuniformities in
the initially scattered Lyman-a radia-
tion pattern are diffused by the subse-
quent scattering process. Figure 2 shows
a Lyman-a intensity variaiton of less
than 2:1 over the night sky.

On the other hand, the intensity of
the He+ (304 A) radiation (Fig. 1) is
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Aerobee NC 3.136 N
White Sands, N.M.
13 Oct. 1969
2100 M.S.T.

Sun
134° zenith
293° azimuth

Aluminum photometer
(150 to 800 A)

Sun
134° zenith
293° azimuth

Altitude
207 to 217 km
(198 to 251 seconds)

S 4mi(304 A) = .0018 (C) rayleighs

Magnesium fluoride .
N__ photometer (1130 to 1500 A)

-

90

60°

Contours are in
counts/sec (C)
Altitude
179 to 217 km
(155 to 251 seconds)

I
\

Contours are in,
S kilocount/sec (KC)

Fig. 1 (left). First “picture” of the magnetoglow taken in solar 304-A ultraviolet light scattered by helium ions in the earth’s mag-
netosphere as seen when the rocket was at an altitude of between 207 and 217 km. The isophotes are plotted on the zenith-
centered upper hemisphere of the night sky. The bright spot centered in the southwest quadrant, when corrected for atmospheric
attenuation, moves to the western horizon and reflects both the position of the sun and the concentration of helium ions in the mid

and equatorial latitudes.
observed the magnetoglow.

highly nonuniform with a well-defined
maximum that is not in the solar direc-
tion. This high degree of nonuniformity
suggests a close earth origin for the
304-A photons, rather than a distant
source such as might occur from charge
exchange reactions between solar wind
Het++ and interplanetary hydro-
gen (4). It also suggests an optically
thin source—namely, the extensive low-
density cloud of helium ions in the
earth’s upper ionosphere.

SHOCK FRONT ////

MAGNETO

\\

———

SHEATH

In contrast to the thick hydrogen
geocorona, the earth’s ionized helium
blanket has an optical thickness of less
than 0.1. This He* cloud is made ob-
servable by solar 304-A photons that
are scattered by the portion of the
cloud that falls outside the earth’s shad-
ow. Once scattered earthward into the
night atmosphere, the 304-A photons
are not likely to be rediverted from
their paths toward the 150-km altitude
region where they are absorbed, there-
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Fig. 2 (right). Isophote plot of hydrogen Lyman-a (1216 A) geocorona from the same flight that

by producing ionization in the night
ionosphere. Because of the dominance
of single scattering paths, the intensity
of the scattered solar 304-A radiation
is related directly to the illuminated
columnar content of helium ions in the
earth’s magnetosphere. The solar radia-
tion resonantly scattered from the mag-
netospheric helium ions we call the
“magnetoglow.”

Satellite mass spectrometers have
found that, from altitudes of 2,000 to
25,000 km, the ionic content of the
earth’s magnetosphere consists mainly
of protons with about a 1 percent frac-
tion of helium ions (5, 6). Thus, the
singly charged helium ion, which is the
only major high-altitude ion with an
optical electron, is the tracer for ioniza-
tion in the high ionosphere. The mag-
netoglow, in turn, becomes a new geo-
physical ‘resource which lets us “see”
the magnetosphere. By scanning the
magnetoglow from low-altitude satel-
lites, an overall two-dimensional picture
of the magnetosphere is obtained. The
intensity variations observed reflect den-
sity nonuniformities in the scattering

Fig. 3. Model of the earth’s magnetic field
shown in the plane of the sun-earth line
and the geomagnetic axis (/7). The draw-
ing is approximately to scale. Shape of a
given region may change with solar activ-
ity. Most of the helium ions from which
the magnetoglow originates are confined
within the plasmasphere (the gray area).
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ions. By comparing a time sequence of
such pictures, motion of inhomogenei-
ties could be seen. A study of such mo-
tions and of variations in magnetoglow
intensity should provide new insight
into magnetospheric phenomena. The
data should be interpretable in terms
-of the state of the earth’s magnetic
field in its integrated ionization con-
tent. The situation is analogous to that
of an observer inside a comet. The ob-
server sees a glow in all directions.
Variations in the glow tell him about
the content of the matter in the line
of sight but not about its distribution
along this direction.

The perspective is altered, however,
as the altitude of the observing satellite
is increased. Comparison of pictures ob-
tained at different altitudes provides a
three-dimensional picture of the mag-
netoglow. If the observation altitude is
increased to beyond the magnetosphere
boundary, the situation .is similar to
that of an observer on earth looking at
a comet in space. By viewing the mag-
netoglow from such a position, a com-
prehensive picture of the earth’s ioniza-
tion entrapped in the magnetic field
lines (Fig. 3) and buffeted by the solar
wind might be obtained.

The relationship of the magnetoglow
intensity in rayleighs (R) to the total
column content of helium jons (N) in
an optically thin layer is given by
Brandt and Chamberlain (7) as

eﬂ

R = N(«F,) ;’w

f10°°

where («wFy) is the flux per unit fre-
quency interval at the solar 304-A
emission line center, and f is the oscil-
lator strength. If we assume that the
equivalent solar line width is 0.1 A,
that the line intensity is 4.6 X 10° pho-
tons cm—2 sec—! (8), and that f=
0.416, the above expression reduces to
N = (6.4 X 101°)R. This implies that,
for the zenith magnetoglow intensi-
ty observed, there were about 2 X
101 helium ions per square centimeter
of column illuminated by the sun. At
the time of flight, about 0.5 earth ra-
dius of the overhead atmosphere fell
within the earth shadow. Because the
measurements of Taylor et al. (5) and
Hoffman (9) suggest lower concentra-
tions of helium ions, it would be use-
ful to investigate the solar 304-A emis-
sion line profile so that the intensity of
the magnetoglow might be correlated
absolutely with the magnetospheric he-
lium ion content.

The minimum detectable level of
magnetoglow deperds on the signal-to-
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noise ratio of the detector and the back-
ground radiation falling within the in-
strument bandpass. The present de-
tectors have a broad passband and
an instrumental noise level of about
1 count per second. Thus a helium col-
umn content of 10? ions per square cen-
timeter could be “seen” in magneto-
glow. For the magnetoglow measure-
ment shown in Fig. 1, most of the in-
tensity is of plasmaspheric origin. How-
ever, it is within the capability of the ex-
isting instrument to view dense plasma
outside the plasmasphere of the kind re-
ported by Chappell et al. (10). It is
also possible that the extended earth
magnetotail possesses a sufficient helium
ion content to be visible in magnetoglow.

CHARLES Y. JOHNSON
JAMES M. Young, JuLiaN C. HoLMES
E. O. Hulburt Center for Space
Research, Naval Research Laboratory,
Washington, D. C. 20390

Sulfur Dioxide Emissions from
Their Effect on Air Quality
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Power Plants:

Abstract. A modeling study of atmospheric diffusion indicates that emission
from power plants contributed only a modest percentage of the yearly average
concentration of sulfur dioxide at ground level in the most polluted areas of

Cook County, lllinois, during 1968.

Sulfur dioxide is one of the major air
pollutants in industrial cities in the
eastern United States. Since 30 to 80
percent (I) of the sulfur dioxide emis-
sions in these cities may come from
electric power plants that burn fossil
fuels, it has been said that curbing
emissions from power plants would con-
siderably alleviate the sulfur dioxide
pollution problem. We report a model-
ing study of atmospheric diffusion which
indicates that emissions from power
plants contributed only a modest per-
centage of the yearly average concen-
tration of SO, at ground level in the
most polluted areas of Cook County,
Illinois, during 1968.

The Air Quality Display Model
(AQDM) developed by the National
Air Pollution Control Administration
(NAPCA) (2) was used to simulate the
air quality of Cook County, Illinois.
The AQDM is based on a Gaussian
diffusion equation which describes the
diffusion of a plume as it is transported
from a continuously emitting source.
The model computes the expected an-
nual average concentrations at ground
level at specified receptor points, which
result from both point and area sources,

as well as the percent of the con-
centration contributed by each contami-
nant at the receptor points ascribable
to each source. We feel that the AQDM
represents a useful first approximation
to the physical situation in areas with
level topography.

To exercise the AQDM, we first
established a grid of receptor points
which was overlaid on a map of Cook
County. With an inventory of emissions
for 1968 compiled by NAPCA, we
entered the location and strengths of
point and area sources of SO,. The
meteorological data required to execute
the AQDM were obtained from the
National Weather Records Center in
Asheville, North Carolina, and the
measured annual average concentra-
tions of SO, for 1968 which were nec-
essary to calibrate the model were taken
from data compiled by the city of
Chicago. Then the model was used to
calculate SO, concentrations for the
Cook County areas (Fig. 1). These cal-
culated concentrations provide a rea-
sonable representation of the air quality
around Cook County, partly because
the predictions of the AQDM are ad-
justed to be consistent with observed
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