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| INTERFUROMETER MEASUREMENT OF THE WIDTHS OF -
4, .0 TR
- X6300 A (OI) AND A 5198-5200 8,(1\*1) EMISSIONS IN AURCRAS
. [Following is e trensiation of an erticle by T. M. =
Milyarchik in Doklady Akademil neuk 888R (Ball.etin cf the

- Deadewy of Scieaces USERy, Voi. 130, No. 2, “Janvairy 1950,
‘Moscow, pages 303-305.1 ' ‘ S

. 'The following was presented by ecodemicien V. G. Fesenkov on
11 July 1959.) S N _ ;
_ During the winter of 19581959, interferoreter measurements
were mede of forbidden emissions from auroras: A6300 Angstrom units

(0I) end 2 5198-5200 Angstrom units (NI) at the station of the
Institute of Atmospheric Fhysics of the Academy of Sciences USSR at
Loperskeya. o L '

7. An spparztus equipped with a Fabry-Perot interferometer was
used.  Indlvidual emissicns were separated by interfersnce filters
with pass bands of 80-100 Angsirom units. Quartz specer rings with e
+thickness of 8 and 10 mm were used in photographing the red oxygen
line. The sperture ratio of the apparstus was 1:3 , the focal length
of the objective was 150 mm, snd the coefficient of reflection of the -
dielectric coatings was 95%. An irvar spacer ring with a thickness
of 3 mm was used when photographing emissions of 25200 Angstrom
units. The aperture ratio of the spparatus was 1:1.3 (focal length
of 65 mn). The coefficient of reflection was 85%. ' ' o

In order to check the edjustment of the instrument yrior to
and after photogrephy, photographs were mede of the interference rings
of a krypton gas-discharge tube. In adlition, the yellow or green ‘
krypton line was printed on the very same framé as the lines from the
enrora several times during exposure in order to determine the instru-
ment contour. When photographing emissions of the 25200 Angstrom
wnit nitrogen line, the instrumental contorr vas ‘determined by the
controu of the A5577 Angstrom-unit line, which was photographed at *
the 1limb of the interference filter centered ab A5200. Angstrom
unite. The red oxyzen line was photographed on Dn f£ilm which was
sensitized by preliminavy illuminstion while the emlssions of the

A 5200 Angstrom-unit line were photogrephed on 0- £X-D Kodak plates.

. Fhotographs of the interference rings of the A£300 Angstrom-
unit line (CI) and the yellow krypton line are presented in Figures
1 and 2. A photometric section of the 6300 Angstrom-vnit inner ring -
is given in Figure 3. ' S Lo SR
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The width of the lines under study was ccmpletely determined by
the Doppler effect, as the widening due to collisions under the con-
ditions prevailing in the urper atmosphere could be neglected. There-
fore measurements of the width of the spectral lines made it possible
to judge the temperature in the lumirescent regions. However, the
kinetic temperatures can be determined by the width of the spectral
lines only if the atoms under study maintain a Mexwell diestribution of
velocities. In certain mechanisms of excitation (fluorescence, elec-
tron impacts), the kinetic energy of the particles shows practicelly
no change. In these cases, the tempersture determined by the width
of the spectral lines coincides with the kinetic temonracnre in the
luninescent region.

If excitation occurs as a result of dissociation, disscciation
recomhbination, charge-exchange, etc., it may be accompenied by changes
in the kinetic energy of the excited etoms. In this case the tempere~ .
tures as determined by the width of the lines can &iffer noticeably
from the kinetic temperature of the medium. However, if an atom in
en excited state undergoes several collisions, then the Maxwell dis-
tribution of velocities will be restored and the reliebility of the
determination of temperatures will not depend upon the mechanism of
excitation. Therefore forbidden emissions are the most convenient for
determining the temperatures of the upper atmosphere (part:.cularly at
great altitudes).

It can be calculated that the time required for establishing
a Mavwell distribution for neutral atoms at an altitude of 150 km is
less then 1 second, at an altitude of 300 km less than 100 seconds,
and et an altitude of 600 km less than 107 seconds. It cen be seen
then that in the case of the AS5577 Angstrom-unit (0I) line tempera-
ture measurements meke sense at least up to altitudes of 150 km, for
the 26300 Angstrom-unit line (OI) up to 300 km, and for emiusions
of the  A5200 Angstrom-unit line (NI) up to 600 km.

Since electron impacts [1, 2] constitute the most probable
mechenism of excitation, the temperstures measured by the width of
these emissions apparently coincide with the kinetic temperatures at
all eltitudes of interest to us.

The fundemental shortcoming of the interferometer method for
determining temperatures of the upper atmosphere is the uncertainty
of the altitude of the luminescant leyer. The altitude of clear-cub
forms of aurcra borealis (basically the A5577 Angstrom-unit line)
can be measured by base photography, but it is very difficult to
determine the eltitude of the aurora in the case of the almost uni-
form diffuse luminescence from emissions of A6300 Angstrom units
and A 5198-5200 Angstrom units. Such simultaneous measurements have
not yet been made at the station at Loparsiksyas. Thus at present it
1s possible to obtalin only approximate evaluations of altitudes at
vhich the temperatures are measured by the interferometer. As shown
by Chamberlain [3], there are grounds for believing thet the altitude
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of limiriescence from emissions of } 6300 Angstrom units in the night -
sky is ebout 25C-300 km. Interferometer photographs of the red line - -
in suroras indicate high~altitude auroras: red patches, red rays
which are usually located et eltitudes of not less than 200 km [4]. -
It is very difficult to eveluate the eltitude of emissions of .)gSEOO :
Angstrom units in aurore borealis. If we teke into consideration the
exceedingly small probebility of trarsition (equal to 1.06 x 10-3

cnd [5], and the correlaticn of the intensity of 5200 Augsirom
units with the intensity of the red oxygen emission, we can conclude
that the altitude of A5200 Angsirom-unit luminescence is scarcely
less than 300 km. ' B

Not all photometric sections of the A 6300 Angstrom-unit ring
can be represented by a simple Doppler contour. Apparently, the de-
viation from the Doppler contour is explained by the superposition of
luminescence of layers with differert temperatures. I

The temperatures determined by the width of the red line were
concluded to be between 1200 and 3400° Kelvin. The accuracy of the
determinations was #15% in all cases. Measurements made under the
conditions of an elmost clear night s‘kg with taree photographs =
yielded values of 1230, 1120, and 1280° Kelvin. Thus the mean tems
perature was 1210 } 50° Kelvin. This value agrees better with the
accerted altitude of luminescence of the red line than the T £ 450~
550° Kelvin as measured by Dufay [6]. , S

A tendency has been obsevrved in asuroras to0 increase in tem-
perature with an increase in the brightness of luminescence. In
type A esuroras e temperature of sbout 1500° Kelvin was obtained with
en intensity of the -A 6300 Angstrom-unit line of 2-5 kilorayleighs
and . 1700-2000° Kelvin with intensities of 5-15 kilorayleighs. During
exceedingly strong red type A esuroras on 17-18 December 1958, when
simultaneous electrophotometric measurements by N. V. Dzhrdzhio
indicated en intensity in excess of 80 kilorayleighs at A 6300
Angstrom units, a temperature of 3400° Kelvin was registered.

Two photographs of interference rings of the forbidden doublet
of atomic nitrogen at A5198-5200 Angstrom units were obtained dur-
ing high-sltitude red type A auroras on 27-28 Merch and 28-29 March
1955 with exposures of 4 end 5 hours. Typical “aetomic” spectra were
obtained on an SP-48 spectrograph during these nights [7 ] with
sharply weakened emission from the 1NG N3 band, while the (0--3)
iNG NE band at A5228 Angstrom units was markedly wesker than A 5200
Angstrom units. The ) 5577, 5200, end 5198 Angstrom interference
rings are visible in both photographs (refer to Figure 4) while the

A 5577 Angstrom-unit line is greatly weakened in the limb of the
transmission curve of the interference filter. Measurements of the
lengths of the waves confirms the identity of the observed emissions
with the forbidden nitrogen doublet. The measured ratio of the in-
tensities of the components of the X 5198-5200 Angstrom doublet is
15200/15198 = 1.7 ¥ 0.1. The temperotures determined by the width
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of the 2 5200 Angstrom-unit line are 18507250° Kelvin for the first
photogreph and 2000+300C° Kelvin for the second. . .

Institute of Atmospheric Physics, Su'bmit ed 7 Ju.ly 19,,. '
Acadery of Scienmces USSR » _

LITERARY REFERCNCES

M. J. Seston, J. Atmosyh. Terr. Phys. Vol. L, 1951&,'page 306.

"R A. Duncau, Planef, Space Sci. Pergemon Press, Vol. 1,
: 0‘-9, page 1120

J. W. Chemberlein, Ap. J. Vol. 127, 1958, page Sh.

C. Stoermer, The Polar furora, 1955, page 109.

R. H. Garsteng, M. N., Vvol. III, 19;\1, page 115; A"\ J., Vol. 115,
.9‘32, pag° 505

Je Cabannes s de Dufay, The Airg:l._gw and the Aurbrae , London--New
'xfark,‘ 1955, page T3. .

Yu. I. Gal'perin, Shcrn. Spekiral'nyye, elekirofotometricheskiye

1 radiolokatsionnyye :Lssleaovaniy'a po..yarny’m giyaniy i

svecheniya nocnnogo neoe |Symposium, Soechrel, Ebeﬂtrophoto-

- wetric, and Radar Investigations of Auroras and Airglow.l , No. 1,

19 /9: pace Te



-l

PENDIX

terfersnes rin

]

R wes taken during with an |
‘ exposure ol one hour. : ' :




- ‘ i

Figure 2. Interference rings of the yellow krypton line.



re—

5809

Figure 3.

A photometric section oi‘ the innor ring of the A 6300 A

line. The measurements were msde with an MF-2 mierophotow

meter.  The spparent ssymmetry of the contour is due to

veriable dispersion: The contour of the yel&ow Lrypton
line (801id line) is shown for comparison.



