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ABSTRACT

Using a multichannel photometer with narrow band-pass filters,
the intensities of the night sky emissions of A55778 and 263008 of [o1],
Ah278& of N2+ and doppler shifted HB were measured at Mawson, Antarctica.

Plotting the intensities with the time of onset of slowly varying
ionospheric absorption events (SVIA) as origin presents an ordered picture
which is shown to be consistent with the auroral substorm concept developed
by Akasofu. The phencmena accompanying SVIA events are also consistent
with the midnight sector poleward bulge phase of the auroral substorm
model. Enhanced HB emission occurred during every SVIA recorded. The
simultaneous onset of SVIA events at Mawson, Murmensk and Kirune on three
occasions indicates that SVIA are not localised phencmena.

The distribution of the mantle auroras is found not to lie
along the quiet auroral oval, but along lines of constant colatitude.
The measured ratios of the intensities of ASSTTR [91] and 263008 [ 01]
to HB in proton auroras are much greater then previously reported values.

A procedure for absolute calibration of narrow band-pass
filter photometers is outlined.

The derivation of & new geomagnetic "L" co-ordinate system
based on McIlwain's "L" parameter is given.

On August 11 and 1k 1966 unusual patches of luminosity were
observed in the twilight sky. The possibility of their having been
aurora or noctilucent clouds is considered, and it is concluded that

they were noctilucent clouds at an unusually high altitude.



This thesis contains no material that has been accepted for the
award of any degree in any other university and to the best of my knowledge
and belief contains no material previously published or written by another

person except when due reference has been made in the text.



Plate 1. The photometer. The cover glass assembly in




CHAPTER I EQUIPMENT

The photometer, riometer, magnetometer and all sky camera described
herein formed part of the total equipment maintained and operated by the
author whilst a member of the Australian National Antarctic Research
Expedition (ANARE) at Mawson, Antarctica from February 1966 to February
1967. Other equipment operated, the results from which are not applicable

to this thesis were an image intensifier and a patrol spectrograph.

Photometer:

The photometer (Plate 1) recorded the intensity in six wavelengths,

L2788 (N; band emission), L861% (HB), 53008 (sky background), and 55778 and
63OOR (atomic oxygen emissions), selected by narrow band pass filters carried
in a turret which moved each filter into the optical path sequentially.

Figure 1 is a schematic diagram of the optical components of the
photometer and the paths of scme light rays through the symmetrical optical
system. The maximum angle of acceptance of light at the filter is 2.1°,
The bandwidth of the filters as measured in the photometer is 83 when used
with this cone of rays. The fiald of view is 18°, Light from any point of
this field is collimated on to the photocathode, to help overcome problems
associated with non-uniformity of the photocathode. (RODMAN and SMITH 1963).
The photomultiplier (EMI type 9558B) had a tri-alkali (S520) photocathode.

The photometer circuitry integrates over a period of 50 seconds.
The recording system has six ranges automatically selected with an overall
full scale deflection ratio of 1024 to 1. Provision is made for continuocus
mode operation on any one wavelength if desired. A full cycle of the six

filters takes six minutes. Once each hour a stable light source is
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Fig. 1. Schematic diagram of photometer optics.



automatically swung into place over the entrance pupil for a full filter
cycle, providing a check on the sensitivity of the photometer. A dark current
check is also carried out once per hour to define the zero signal level.

The filters used are multilayer dielectric interference types
three inches in diameter. The filter mounts are designed to allow tilting
of the filters in the mount for tuning the filters for maximum transmission.
A thermostatically controlled electric heating element maintained the filters
at a constant temperature to avoid changes in transmission and shifts in
peak transmission due to temperature changes.

Calibration of the photometer is carried out by calibrating the
inbuilt light source against a tungsten lamp calibrated by the National
Standards Laboratory, and measuring the wavelength-transmission profiles of
the six filters using a monochromator. (see Chapter IT). Hence the

photometer is essentially calibrated each hour.

Riometer:

A riometer (LITTLE AND LEINBACH, 1959) monitored the 30 MHz
cosmic radio noise continuously throughout the year. The riometer antenna
consisted of two A/2 dipoles, 0.4 A apart and 0.15 A above an earth mat,
giving a symmetrical vertical beam of width 64° at the 3 db pointsg, and
negligible side lobes. The time constant was 7 seconds, and bandwidth

15 KHz. The riometer was automatically calibrated daily via a noise diode.



Magnetometer:

A horizontal component fluxgate magnetometer designed by the

Bureau of Mineral Resources was operated continuocusly throughout the year.

All Sky Camera:

An all sky camera with a field of view of about 180° and of
aperture £/1.0 took one ten second exposure per minute on high speed
35 mm film, on each night of observations. Once each 15 minute cycle one

two second and one 40 second exposure was taken.



CHAPTER II PHOTOMETER CALIBRATION

The six channel photometer uses multilayer dielectric interference
Tilters with a band width of about SR measured in a collimated beam at normal
incidence. The transmission profile t()) of these filters varies slightly
with time and temperature. +()) also varies with angle of incidence,
making it essential that it is measured in the same opticél situation in
which it is to be used in the photometer. Hence a monochromator must be
available to calibrate t(A). To attain sufficient accuracy this necessitates
the use of a monochromator of large aperture and good resolution. It is
difficult and extremely expensive to maintain such a monochromator at an
Antarctic station. A more indirect procedure was devised which makes use
of a monochromator with effective aperture f/10 and resolution about O.SK
at best.

A uniformly illuminated magnesium oxide screen emitting S(X)
Rayleigh/ﬁ was set up above the photometer so as to fill the whole field
of view. A broad (TOE) band pass filter with transmission coefficient
Ti(l), nominally centred on the wavelength Ai of interest, is placed under
the MgO screen (see Figure 2 ). The narrow band pass filter is removed
from the operating position in the photometer. The several rings which
locate the filter are replaced in their normal positions so that the aperture
presented will be the same as when the filter is in position. A reading
R(S,Ti) is taken from the recorder.

We have for each broad band pass filter

R(S,T,) = k [ s(x) Q(x) x(») T, (1) dA



A

Fig. 2.

Detail (not to scale) of the Mgl light

diffusing box.



where Q(A) is the quantum efficiency of the detector photocathode.

X(A) is the transmission of the photometer optics

k is a constant of the instrument, independant of wavelength,
and the integral is taken over the range of X for which Ti(A) is significantly
non zero.

Examination of the variation of S, Q and X with A over the range
of integration has shown that S(A), Q(A) and X()A) may be taken outside the
integral and replaced by their values Qi’ Xi and Si at the wavelength Ai'of
interest without significant crror

i.e. R(S,T,) = k@ X, 8 [T, (0) ax
for each of the broad band filters.

Putting K. =k @ X;
we have R(S, T,) = X, 8. [T.(2) ar (1)
for each of the broad band filters.

Determination of fti(A) di

The broad band pass filter is now removed and the narrow band pas
filters replaced. A set of readings R(S,ti) ig taken where
S = R 2]
R(S, t;) K, 8; ] t,(2) aa (2)

Combining (1) and (2) we get

Je,(A) an = R(8,t, ) J. el (3)
J(S,Ti)
Hence, instead of measuring the profile of the narrow band filter
ti(k) and measuring the ares under it, we calculate fti(A) dx as a function
of the profile of the wide band filter Ti(A), which can be measured much more

accurately than, and is much more stable with time and temperature than, ti(k).
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The photometer has a stable inbuilt diffuse light source I(X)
Rayleighs/x that is automatically hrought into place over the entrance
pupil once each hour, enabling an hourly check on the sensitivity of the
photometer to be made.:: The calibration of the photometer is essentially
a calibration of this inbuilt light source.

Determination of Zi

Exposing the narrow band filters to Si we get, as above,
R(S,t5) = K8, [t,(}) a4 e (l)

FExposing these filters to the inbuilt light source, Z(X),

R(Z,b,) = K;I, [ £;(0) ax .. (5)
Hence
R(Z:t.)
I, = = . =N Rayleighs/R ...(6)
R(S,ti)

Determination of fti(X) d\,Z, and t, constitutes a calibration of the

photometer.

Application of the Calibration

A line emission of I, Rayleighs gives a deflection R(Ii) where

R(I,) = X I, % (T

where ti is the value of ti(A) at Ai.

Each hour the (now calibrated) inbuilt light source Zi gives a

deflection

R(Z;) = K3, [ £,(0) a ... (8)
Hence .

R A



T.
where the RHS of this equation consists of known or measured quantities.
Equation (9) is applicable to the [01] oxygen emissions,A55778 snd A6300R
only.

+
To measure the AMEYBX N2 band emission (9) is modified to

R(I,) Ja(X) ar
I, = —— .ft,(A) d\ , ——————— I, ...(10)
* R(z,) * fo)e, ) ax 7

where a()) is the profile of the AL2T78R N; band. TFigure 3 is the profile
of this band as measured by VEGARD (1932), with low resolution, but adequate
for this purpose.

The A53OOX filter measures the background sky emission, which is
fairly flat over the band pass of the filter. Denoting its intensity by
Ai Rayleighs/Angstrom we have, when the narrow band filter is exposed to
the sky,

R(4;) = KA, / t.(3) ax

When exposed to the inbuilt light source, we have

R(z;) = Kz, [ £,(30) ax
Hence
a, = R o Rayleigh/R ...(9)
1 R(Zi) i

The auroral HS emission is broadened and when viewed in the zenith
is displaced about 6% to the short wavelength side of normal HB (h86lX);
it is often faint when compared with the background which probably consists
mainly of high order molecular band structures. To measure the HB emission
the photometer makes use of two filters which are tuned to 4B55K and L4875R.

It is assumed that the background is similar in the vicinity of these two

wavelengths.
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Denoting the background as

8.
B Rayleighs/g and using single primes

to denote quantites measured at 48558 and double primes for those at L8758,

with the inbuilt light source

R(z%,¢") k°s°

rR(z%,t") = k°:°
where since the wavelength difference

have been made,

(o]

o= 3to= "

k° = k' = K"
when viewing the sky

R(B,t") =

R(IB,t‘) =

where B(A) is the profile of the H

B

K°B [t"(2) ar

in position we have,

[+ (x)
f‘t"()\)

ax oee(12)

a ... (13)

is only 2OR, the followlng approximations

oo (1)

K°H [ 61 (0,00 an + K°B [ t'(A) ax

...(15)

emission normalised to unity at the

profile peak and H is the intensity in Rayleighs/R at the peak; i.e. the

total H, emission I, is

B B
I, = H [B(r) ax
From (13) and (14)
B = %%%gﬁg%d g B Rayleighs/% ...(16)
From (12)3 (15)9 (16)3
o Jer(x) ax R(I,,t") R(B,t")
) CTEOOt' () & R(39,6) R(Z°t")
Rayleighs/x L AT
The total HB emission is
. Jer )y an . fB() @ r(s,t")
I, = ¢, . Rayleighs .(18)
2 fB(0)E' () ar R(z%,4")
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EATHER and JACKA (1966) examined the published curves for B(})

and concluded that that of VEISSBERG (1962) for the magnetic zenith direction
was the most consistent with their observations from Mawson. Their
observations showed that, in the magnetic zenith direction, the peak of the

HB line profile is displaced AA =6 = 1 X to the short wavelength side of

normal HS (4861K). Veissberg's line profile, adjusted slightly to make
AN = 68 and extrapolated on the long wavelength side was used to define
B(A) for Mawson (Figure L ).

Measurement of H,2 will be contaminated by the presence of narrow

B

profile unshifted H, from the Milky Way at L8B61R. Correction for this

B

in equation (18) by an amount AIB where

involves reducing T

B

Mt'(4861) [B(A) ax
Je(A)tT(x) ax

AT Rayleighs ... (19)

g =

where M is the intensity of H, from the Milky Way, (MONTBRIAND et al 1955)

8
and t'(4861) is the transmission coefficient of the filter at 4861Z when
tuned for maximum transmission at 4855X.

However, determination of the intensities of the AhBTBg Np+ and
HB emissions require a knowledge of the profile of the corresponding narrow
band filters. There is no way around this difficulty.

The uniformly illuminated MgO screen was obtained by placing the
Mg0O box as shown in Figure 2 at the entrance pupil of the photometer, with
the MgO screen carefully centred on the coptical axis.

A ecalibrated tungsten filament lamp is placed r cm away from the

screen. If the radiant intensity of the lamp is Z(A) photons per second

per angstrom per steradian, an element of area SA on the MgO screen receives
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after EATHER and JACKA (1966b).
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U\) 6AE] cos 45°

photens sec . R e
rZ
and scatters
Z2(A)6AE Eycos U5°
2nr? photons sec e g al e

where Ej is the specular reflectance of the mirror and Ey 1is the diffuse
reflectance of the MgO screen. Over the visible range E; was measured as
0.87 + 0.01 and E» = 0.98 # 0.01 (MIDDLETON and SANDERS 1951, GORDON-SMITH
1952). The distance r varies with position of SA on the screen but if

r >500 cm the luminance of the screen varies by less than 1% over its area.

The surface luminance of the screen is

1(X)E1E, cos 45° Yy
' - Rayleigh/x
271'1‘2 106
or 10782 myE, 2(})
s(r) = e Rayleigh/x ...(20)
2
r

Measurement of Filtcr Parameters

As the transmission of the filters changes with the angle of
incidence of the light beem, it is necessary to measure the filter parameters
in the optical position in which they will be used. The filters should also
be tuned to the correct wavelength before the parameters are measured.

The MgO box was placed on the top of the photometer entrance
pupil with a light tunnel from the monochromator exit sliit to the box.

A tungsten filament lamp was focussed on to the entrance slit. The slit
width was chosen as snall as feasible consistent with the need for
sufficient light output for welisble readings. The photometer itself

was used as the detector.
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The transmission at a particular wavelength was calculated
by measuring the signal with the filter and without the filter in position.
The ratio of these readings is the transmission at that wavelength.

The monochromator wavelength scale was checked against various

spectral lines from a Cadmium Mercury Zinc discharge lamp.
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CHAPTER IIT GEOMAGNETIC "L" CO-ORDINATES

Geomagnetically associated phencomena when referred to a co-
ordinate system related to the configuration of the geomagnetic field
exhibit better order than when referred to geographic co-ordinates. Of
the several geomagnetic co-ordinate systems in existence (COLE 1963,
SIMINOW 1963, HAKURA 1965, HULTQVIST 1958, VEGARD 1912, etec.), the (B,L)
system of McILWAIN (1961) has proved most useful for ordering data in
latitude.

A system of geomagnetic co-ordinates based on the actual config-
uration of the mean quiet geomagnetic field is described below. The purpose
of this co-ordinate system is the ordering of geophysical data especially
at auroral latitudes. The invariant latitude A defined by L cos? A =1
(where L is the parameter introduced by McIlwain) is used. Longitude and
time are defined in the following way.

A line from the centre of the Earth O (Figure 5) to the Sun (at

zero declination) at a particular instant cuts through an infinite set of

field lines at Ao’ BO, Co ... and cuts the Earth's surface at P, which lies
on the geographic equator. The field lines cut at AO, BO, CO .+» intersect
the 100 km level at points AN, BN’ CN’ .+ in the northern hemisphere and
their conjugates AS’ BS’ CS <., in the southern hemisphere. The line

joining N. (the north L pole), Aps B,y Coi vony Py vy CS, By AS, and S

N® N
(the south L pole) is defined as a line of L longitude. The L meridian

passing through P is labelled with the same numerical value as the

geographic meridian passing through P.



g.g. MERIDIAN

g.g.EQUATOR

SUN

N and S are the north and

Fig. 5. Schematic diagram indicating the derivation of an L meridian.

south geographic poles and NL and SL are the north and south L poles.
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The mean L time is defined as being the same at sll points on an L
meridian, and equal to the mean solar time on the geogrephic meridian with
the same numerical label.

It is assumed here that the important physical processes involved
in the interaction of the solar wind with the geomagnetic field occur at
low latitudes in the magnetosphere. The upper atmosphere manifestations
of this interaction are assumed to be linked with the magnetosphere through
the lines of force of the geomagnetic field.

Instead of the centre of the Barth and the geographic equator,
the position of the eccentric dipole and the plane of best fit to the L
equator could be used; or the intersection of a line joining the L poles
and the equatorisl plane, and the L equator, and so on. These differ
little in their final presentation from that used here, however, which it
is believed is the simplest approach and involves negligible concomitant
loss of usefulness.

The changing declination of the Sun has not been allowed for,
although in principle this could be done, but it is doubtful whether
significantly better ordering of data would be achieved.

This L co-ordinate gystem has the following advantages:

(1) it is based on the actual field and not on & dipole approximation
to it; (2) conjugate points have the same co-ordinates; (3) the
longitudes are rationally labelled; (M) time-longitude equivalence is
achieved in the L system as in the geographic system.

The latitude used here has been referred to in the literature
as the "invariant'" latitude. It is felt that "L" is a better name: it

indicates the derivation of the system as well as does "invariant" but
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avoids the confusion that can arise through the intrinsic meaning of the
word "invariant'.

This proposal incorporates some ideas put forward by HULTQVIST
(1958), HAKURA (1965) and BOND (1968), but it is felt that this formulation
is inherently simpler.

Figures 6 and T are polar equidistant geographic grids (light
lines) with the geomagnetic L grids (heavy lines) superimposed. These
grids were interpolated from data published by HAKURA (1965) and CAMPBELL
and MATSUSHITA (1967). The accuracy is believed to be within 2% of great
circle arc which is adequate for the present investigation. More accurate
grids could have been prepared by considerable computation from the latest
field representation, and McIlwains "L" computer program. However, this

is an expensive exercise which seemed unwarranted for the purposes of this

study.
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CHAPTER IV PHOTOMETER AND RIOMETER RESULTS

(a) BRIEF DESCRIPTION

Half hourly avereges of the intensity in Rayleighs of the four emissions,
HB’ Ai2788 of N2+, 155778 of [01], and A63008 of [01] were plotted against
local mean geomagnetic L time (defined in chapter II) for each night of
observations. The A4278R, A55778 and A63008 emissions show & tendency to
vary together, though there is no constant relationship between them.
These emissions are all excited mainly by electrons and the tendency to vary
together is expected. The intensities and their inter-relationships depend
upon the energy spectrum and flux of the electron precipitation. HG shogs
little relationship with the electron execited emissions.
Average curves for the four emissions for the months July to
September 1966 are shown in Figure 8. AL2788, A557TR and A63008 show peak
emission just prior to local L midnight. The HB curve has a peak at 16h 30m.
Night-time cosmic radio noise gbsorption events at Mawson can
usually be clessified, following EATHER and JACKA (1966a), as Sudden Ionospheric
Absorption (SIA), with duration of order 10 minutes, or Slowly Varying
Ionospheric Absorption (SVIA), with duration 3/4 to 1% hours. SIA are
typically associated with discrete auroral forms especially in the evening
hours. SVIA are generally initiated by an SIA of 1 to 2 db (occasionally
up to 10 db) while in the main phase absorbtion amplitude is usually 0.3
to 1.0 db.

During SIA a large increase in ASSTTR intensity is usually

recorded together with moderate increases in the other emissions, except
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H, shows no correlation with SIA events. During SVIA moderste increases

B

in all emissions including ﬁB occur. Generally, during the first 10 minutes
of an SVIA, discrete auroral forms typical of the breakup phase of the
auroral display are in the zenith, implying that during this phase the
absorption is really SIA in type, i.e. directly related to the AESTTK
emission. Following this the all sky pictures show diffuse emission, and
the occasional segment of an arc (usually faint); this phase is the SVIA
part of the absorption.

During an SVIA negative bays always occur in the H~trace magnetogram.
The times of onset of the SVIA and the negative bay sgree well, with the time
of the maximum of the bay usually agreeing with the time of the maximum
absorption. The end times dc not always agree, though this mey be due
mostly to the difficulty in specifying the end of either the bay or the SVIA.

HB canission occurred during every SVIA event recorded. EATHERR
and JACKA (1966a) and FRANCIS and JACKA (1969) also obscrved this at Mawson.
Plotting the half hour averages of the four emissions with the SVIA onset
time as origin yields Figure 9. Considerable order is now presented to the
data. DTach emission follows the seme pattern, with the intensity rising
to a maximum at the SVIA onset, falling to a minimum just prior to the
onset and displaying a broad period of enhancement 4 to 6 hours before
the SVIA onset. Individual records chow the same features after the SVIA
but in the preceding hours are typically highly irregular.

By studying the SVIA events at Stations a few hours east of Mawson,

it was thought some order may be apparent in the pre-SVIA onset hours.

As there are no Antarctic stations a few hours east of Mawson,
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Northern Hemisphere stations a few hours east of Mawson conjugate were

sought. Kiruna and Murmansk were used. The L co-ordinates of the stations

are
Mawson 28°E 7108
. o) o
Mawson conjugate 28°E T1N
Kiruna 36°E  65°N
Murmansk 418°s 66N

It was thought that since Kiruna was about 8° cast of Mawson,
SVIA events would occur sbout half an hour before those at Mawson, and those
at Murmansk 11/3 hours before those at Mawson.

During the period February to September 1966, Mawson had 26 SVIA
events, and Kiruna 27. Of these 18 started at the same Universal Time at
both stations.

Only records from July to September 1966 were to hand for Murmansk.
During this period Murmansk had 9 SVIA events, Mawson 18, and Kiruna 12.
Kiruna and Murmansk had 6 events with simultaneous onset times, during this
period, whilst Mawson, Kiruna and Murmansk had three simultaneous onset
SVIA events.

MANTLE AURORA:

SANDFORD (1964, 1968) found that the contours of constant mean
intensity of the mantle aurora, defined as the widespread glow that covers
most of the sky in auroral regions, formed along lines of constant colatitude
and not parallel to the auroral oval. His criterion for the measurement
of the mantle aurora was that there be no discrete visual aurora in the sky

at the time.
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The present work confirms Sandford's results, but suggests that
the criterion of no discrete visual aurora in the sky, whilst useful, is
rather crude as subvisual discrete aurors may confuse the overall picture.

PROTON AURORA INTENSITY RATIOS:

EATHER (1968) measured the ratio of the intensities of A391LA N2+,
ALT09R N2+, A557TR [01] and A63008 [01] emissions to the intensity of the

HB emission, from the premidnight proton exeited src as it moved toward
lower latitudes at Fort Churchill (I Latitude TQON) and found agreement

with theoretical ratios he derived.

Ratios similerly measured at Mawson for AABTTYR and 63003 are

typically much greater and show a much greater scatter than did Eather's.
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(b) DISCUSSION

The average diurnal intensity veriations of A557TR end 263008
are not inconsistent with those of SANDFORD (1968), which were based on
patrol spectrograph data from seven southern hemisphere stations during
1963. Sandford did not report on AL278X or Hy. He found no peek in the
average ASS?TR emission at about local L midnight as was found at Mawson.
The patrol spectrograph method is crude and the results are given in terms
of iso-reyleighs plotted on a latitude/ corrected geomagnetic time (HAKURA
1965) grid, in sequential steps of 0, 0.25, 0.5, 1.0 etc. kiloreyleighs.
Using such a procedure the small midnight peak cbserved at Mawson would be
unlikely to show up in Sandford's work.

The diurnal H, curve peaks at 16h 3dm L at Mawson. The low

B
midnight average is at first sight surprising. The SVIA- onset- as~ zero

HB curve displays a broard rise several hours before the onset. If each
night is taken seperately and plotted ageinst L time the broad rises tend
to overlap resulting in the maximum at 16 30m L, whereas the narrow rises
during the SVIA temd not to overlep resulting in an overall low average
value.

FATHER and JACKA (1966b) point out that the HB Fraunhofer
ebsorbtion in the continuous spectrum of scattered sunlight at dawn or dusk,
or of moonlight could result in the apparent reduction of the true auroral
HB signal. The"HB diurnal curve of Figure 8 is for moonless nights, and
for times not effected by twilight conteamination.

The Milky Way contribution of HB can be up to 65 Dayleighs at
_ 248618 at Mawson (EATHER and JACKA 1966b). It is easily distinguisheble

in the rocking filter technique (see EATHER and JACKA 1966b) due to the fact
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that it 1s not doppler shifted and is of much narrower profile than the
auroral HB, The two filter techniquc does not allow this unshifted galactic

contribution te be recognised. Milky Way H, is known to useful accuracy

B
(MONTBRIAND ot al., 1955, RODGERS et al., 1960), but only to about =150
New Galactic Latitude.

The period of these H, measurcments corresponds largely with the

B
time when the Mewson zenith points to a region of the galaxy of New Galactic
Latitude lower than nlSo. FRANCIS (1967) uscd an image intensifier to

monitor Hy et Mawson during July, August and September 196L. He shows en

image intensifier plcture of strong HB emission from the Milky Way during

this period, indicating that the possibility of Milky Way contamination

cannot be disregarded.

AKASOFU (1964) on the basis of I.G.Y. all sky camera records
from an almost continuous chain of stations with overlapping fields of view,
in the northern auroral region, formulatcd the concept of the global
auroral substorm to describe the dynamic morphology cf visual aurora.

Recently, AKASOFU (1968) has extended this concept to include other aurorally
associated phenomena.

Figure 10 depicts the growth and decay of Akasofu's model of the
auroral substorm (A>B>C»D>E-F+A). The auroral substorm has two characteristic
phases; the expansive phase and the recovery phase. The first indication
of the substorm is a sudden brightening of one of the quiet arcs lying in
the midnight sector of the oval or a sudden formation of enarc (B,T=0-~5 min).
In most ceses, the brightening of an arc or the formation of an arc is followed

by its rapid poleward motion, resulting in en 'auroral bulge' around the

midnight sector (C, T=5-10 min). The so-called 'bresk-up' phenomenon occcurs



"E. T=30MIN-1HR F. T=1-2HR

Fig. 10. Schematic outline of the development
of the auroral substorm (AKASOFU 1568).
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in the bulge, but it is not the whole display. As the auroral substorm
progresses, the bulge expands in all directions (D, T=10-30 min.). In the
evening side of the expanding bulge, a large-scale fold appears which travels
rapidly westward along an arc, namely, the westward travelling surge. In
the morning side of the bulge, arcs appear to disintegrate into 'patches'
which drift eastward with a speed or order 300 m/secc.

When the expanding bulge attains its highest latitude, the
recovery phase of the auroral substorm begins (E, T=30 min-l hour). The
expanded bulge begins to contract. The westward travelling surge may still
travel a considerable distance after the end of the expansive phase, but it
degenerates eventually into irregular bands. In the morning sky, eastward
drifting petches remain until the very end of the recovery phasc (F, T=1-2
hours). At the end of the substorm, the general situation will be similar
to that just before the onset of the substorm.

AKASOFU's (1968) exposition of the proton aurora substorm is
outlined in Figure 11, vhere the hatching indicates the proton emission
regions superimposed upon the vigusl aurora substorm scheme, at four states
of the substorm, T=0, 5-10 min, 10-30 min and 30 min ~ 1 hour. During the
quiet periods between substorms, the proton precipitation occurs along an
oval band which is located a little equatorward of the auroral oval. 1In
the midnight meridian the precipitation occurs over the centre region of
the auroral bulge, so that the precipitation area expands rapidly poleward.
In the evening sector the proton aurora shifts rapidly equatorward during
an early phase of the substorm. However, westward travelling surges which
had advanced well into the evening sector do not appear to contain the

hydrogen emissions. In the morning sector, the hydrogen emission seems to



T=i0-30 MIN T=30MIN-IHR

Fig. 11. Development of the proton
aurora substorm (AKASOFU 1968).
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appear over an extensive area. The extent of the wmorning precipitation area
is not known, Akasofu adds.

Figure 12 are histograms of the frequency of occurrence of the
onset times of SVIA events for Kiruna and Mawson. All but two of the SVIA
occurred within three hours of local L midnight with the pesk occurrence
at L midnight.

The poleward auroral bulge in Figure 10D covers a longitudinal
extent of about 900, corresponding to about 6 hours, indicating that eny
auroral phenomenon tied to the bulge would occur within + or ~ three hours
of local L midnight. As Mawson and Kiruna SVIA onset times have a similar
range, this strongly suggests that SVIA events are features of the poleward
guroral bulge.

A1l the features of SVIA events can be correlated with aspects
of the auroral substorm. The small SIA that initiate the SVIA correspond
to the bulge front passing overhead. This front is highly active and
consists of fragments of arcs and patches which move or shimmer quickly,
resulting in relatively small overall sbsorption.

The SVIA corresponds to the diffuse luminosity and occasional
faint patch that fill the bulge. ANSARI (196L4), EATHER and JACKA (1966b),
and BATLEY (1968) all conclude thaet SVIA are associated with a hardened
electron precipitation. HB emission appears to occur during both the
initial SIA and the main phase of the SVIA within the bulge.

The magnetometer measures the net effect of all electric currents
both near and far, but gives most weight to near disturbances, manifesting
these effects in a negative bay. The fact that the negative bay starts at

about the same time (within * 2 minutes, the time resolution of the record-
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ing charts) as the ionospheric absorption indicates that the bulge front
must move quite quickly over Mawson, otherwise the bay would precede the
absorpticn.

Finally the duration of SVIA events from 3/4 to about 2 hours
is consistent with the position of Mawson (L latitude about 710) with respect
to the various phases and the duration of the substorm in the midnight sector.

Figure 9 indicates that there are differences in the times of the
peeks of emission in the several wavelengths in the period 4 to 6 hours before
the SVIA onset time. These peaks correspond to the passing of Mawson under
the quiet auroral arc region. Consideration of Figure 11 indicates that the
peak in hB emission should occur about one hour before the peak in ASSTTR
emission at Mawson, and that the A5577X emission peak should occur sbout 5
hours before the SVIA onset.

The peak emission in A557TR and AL2T8R (Figure 9) occurs about
4 hours before the SVIA onset and the peak emission in HB ocecurs about
5 to 5% hours before the SVIA onset., Thus the broad features of Figure 9
are in agreement with the auroral substorm model.

However, the peak in A63OOX emission occurs at about the same
time as does the HB peak, suggesting that the electrons responsible for
A63008 emission may form a distinct zone that eorresponds closely to the
proton emission zone or that a significant part of the 263008 emission is
excited by protons. These conclusions sre tentative however as there is
insufficient data to make conclusive inferences.

The apparent simultaneity of SVIA onscts st Mawson, Kiruna and

Murmensk is consistent with the auroral substorm model. One might expect

some difference in onset times et these stations as the bulge front must
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have a finite velocity. The time resolution of the riometer records from
Kiruna and Murmansk is however about 10 minutes; thus differences in onset
times as small as 15 minutes could not be ascertained.

The appearance of SVIA at one station and not at the others is
also explainable. It should be remembered that Figures 10 and 11 are
representative of a mean situation. Fach substorm differs in total amcunt
of activity, the size of the instantaneous quiet auroral oval and the
position of the bulge on the earth. It is conceivable that SVIA could occur
at one station and not at the others because they are poleward of the bulge
region. Hence any permutation of occurrence and non accurrence at the three
stations is consistent, except that one would expect that simultaneocus
occurrences at Mawson and Murmansk would be accompanied by an event at
Kiruna also, (unless the emission in the bulge is very patchy). On the
three occasions when SVIA were simultanecus at Mawson and Murmansk an SVIA
occurred simultaneously at Kiruna.

The results of EATHER and JACKA (1966b) indicate that the relation-
ship between HB and the gsurcral breakup, and hence, presumably, the polewards
bulge is nct so straight forward. They found that during the hour or sc

before the aurcral breakup the H, intensity gradually decreased to a low

B
level, often zero, in the zenith and to the south. There was still appreciable
emission in the north. This suggests that the fall in intensity is due to

the zcne moving north of the station rather than an overall decrease in the
brightness of the emitting region. During and after the breskup event, the

HB intensity incressed over the whole sky to about the seme level as

earlier in the night. The proton emission at this stage seemed to be

sssociated with the diffuse patchy luminescence that usually covered the
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sky after breakup. Scans across the sky during such periods showed, how-
ever, that although the visual radiation was patchy spatially, the hydrogen
emission was uniformly distributed. They also found that auroral breakup
events wccompanied by post breskup glow often occurred without detectably
enhanced HB'

Of the past work on cosmic radio noise absori:tion little has
been done on the midnight SVIA (Akasofu's "M" type absor,ticn). Much work
has been carried out on the deytime M events (FEDYAKINA 1963, BROWN 1964,
ANSARI 1965, JELLY and BRICE 1967, BEWERSDORFF et al. 1967, BEWERSDORFF
et al. 1968). The daytime M cvents are net considered here.

Several studies have been made that do not distinguish between
the variocus types of absorpticr. (HARTZ et al. 1963, HARGREAVES and COWLEY
1967, HOOK 1968) and hence, if, as secms tc be the case (ANSARI 1965,
EATHER and JACKA (1966b), BAILEY 1968) different energy spectra of the
precipitated electrons are asscciated with different types of abscroticn
events, these studies are of limited use.

ANSARI (1965) investigated night time SVIA and invoked a
hardened electron energy spectrum to explain them. FEATHER and JACKA
(1966b) reached the same conclusicn. BAILEY (1968) in a review of the
subject, puts forward a simple theory that supports this hardened spectrun
view.

The observations of EATHER and JACKA (1966a, 1966b), FRANCIS
and JACKA (1969), and the present cbservaticns were madc at Mawson (L
latitude 710)5 and all cbservations of SVIA were made within about 3
hours cf local L midnight. However, BERKEY (1968) repcrts on two SVIA

from College (L latitude 660) at e 30" ana Sh local time on the 25th and
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26th January 1966, during which no HB emission occurred.

Berkey's 26th January event (the 25th January is not shown) is
very smocth, not initiated by the usual SIA, and looks like a day time event.
The photometer records indicete that a pulsating aurcral patch was above
the station.

However the time of these events is such that the 100 km region
was well inside the earth's shadow, hence they cannot be construed to be
day time events. Predawn conjugate effects are also precluded. This absence
of HB is puzzling.

The recason for the absence of HB could be one of many:

i) HB emission only occurs during SVIA events associated with the poleward
bulge in the midnight sector (usually within #3 hours of local L midnight.)
Berkey's events occurred at hh 30m and Sh local L time and the photometers
indicate that there is no breakup event pricr to these SVIAs indicating
that these "predawm” events may be of a different class to the bulge type.
ii) The HB emnisgion is dependant strongly on L latitude, and that College
(66°N) is too low to register HB whereas Mawson (71°S) is better situated.
iii) 8VIA and HB emission are not ceusally linked even in the poleward
bulge region.

iv) EATHER and SANDFORD (1966) found that Hy emission varies greatly
during the solar cycle, and in January 1966, very low HB values would be
expected. It may be that Berkey's HB photometer was not sensitive encugh

to detect these low values of HB (The Mawson results indicete that levels

of about four Rayleighs would be expected).
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It is interesting to note that the records reproduced in Berkey's
paper show an SVIA commencing at about lh lSm local L time on the 26th
January, some 4 hours before the no—HB—SVIA event. During the 1h 15m event
HB enhancement is just discernible from his published records throwing

suspicion on his H, photometer sensitivity.

8

MANTLE AURORA:

Following SANDFORD (1964, 1968) the average intensities of
emission at A4278R N2+, A557TR [01] and A6300R [01] when the all sky camers
indicated thet no discrete aurora wes present, were plotted against L time
for the two Kp intervals 0~ to 1° and 2~ and higher (see Figure 13).

If the mantle aurora had the global distribution of the quiet
aurcral oval, we would expect two peasks in each plot for cach emission,
at about 21h 30™ and 2h 30" L time for Mawson. These times are when the
auroral oval is intersected by the passage of Mawson (L Latitude 7108)
under it (gee Figure 104).

The gap in the plot (Figure 13) for each emission for Kp >2~
indicates that discrete auroral forms occurred on cach night of observations
between 23h and 2h L time.

The Ah278ﬁ N2+ Plots show no significant diurnal variation.

The ASSTTR [01] plots show pesks at about 21 30™ and 1° 30" for Kp
between 0~ and 1" and a single peak at 19h for Kp >2”. The A63008 [01]
plots show a large single peak at about 2h for the lower Kp range and a
single peak at about 3h 30m for the higher Kp range.

No overall consistency in the patterns of the diurnal variations

is shown between the six plots. Certainly there is no tendency towards
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peaks at 21h 30m and 2h 30m as a quiet auroral oval distribution requires.
However these results are not inconsistent with those< of Sandford.

The diurnal variation of A5577R and A6300ﬁ for those periods of
each night when no discrete auroras were visible, is such, especially for
Kp >2 , that it is unlikely that the variation waz due only to the mantle
aurora and the background airglow, but rather to subvisual discrete auroras
also. Indeed the records of each individual night show rapid fluctuations

characteristic of discrete visual aurora.

PROTON AURORA INTENSITY RATTOS:

FATHER (1968) measured the ratio of the intensities of A391LE N,;,
ALTO9R N2+, 255778 [01] and 363008 [01] cmissions to the intensity of He
in the pre-midnight proton excited arc as it moved towards lower latitudes
at Fort Churchill (L latitude TEON). His results show a consistent trend
and he quotes his + and -1 standard deviation values of the mean ratio for
ASSTTA to be 12.5 and 9.0 and for A6300% 3.3 and 2.5.

Figure 14 shows the Mawson plots for these two wavelengths.
The scatter in the Mawson results is much greater then in Eather's and the
ratios much greater. Even taking the minimum plausible ratio represented
by the lines on Figure 14 the ratios arc 20 for A557TR and 16 for A6300K.

The disparity between the two sets of results is difficult to
explain, except by suggesting that at Mawson the proton precipitation is
always acccmpanied by electron precipitation. It should be noted that
Eathers HB values (up to 300 Rayleighs) are relatively high, whereas the

Mawson values (below 20 Rayleighs) are relatively low. Further work is

needed to clerify this point.
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CHAPTER V THE LUMINOUS PATCHES

On the morning and on the evening of August 11th and on the
evening of August 1bth, 1966, patches of faint blue-white luminosity
were seen in the twilight sky, at Mawson. The colour and solar depression
angle suggested that these patches may be rare noctilucent clouds.

Noctilucent clouds (NLC) occur usually at a height of about
82 km, This is the height of the mesopause, where the lowest temperature
in the earth's atmosphere occurs. The naturé and origin of these clouds
is not well understood.

These clouds are seen against the background of a dark sky while
they are still illuminated by sunlight, when the sun is well below the
horizon. They generally resemble cirrus or cirrostratus cloud, often
having a delicate filigree pattern, with a marked wave structure. They
are generally tenuous so that stors shine through them undimmed. They
are most often observed in the summer months at high latitudes.

NLC are to be distinguished from nacrecous, or mother of pearl
clouds which are formed at an altitude of 17 to 35 km at high latitudes
during the winter months.

In order that the NLC may be visible from the ground: (1) the
sky must be relatively free of tropospheric clouds, (2) the mesopause
must be sunlit - this condition is fulfilled when the sun is not more than
16° below the observer's horizon, and (3) the sky background must be dark
enough for the clouds to stand out - this requires that the sun is at

least 6° below the horizon.
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The geometry of NLC sighting is shown in Figure 15. An observer
at O can see NLC at the 82 km level over an arc extending in the vertical
through the sun between angular elevations k, k' when the true solar
depression angle is o. At elevation angles less than k, the sky background
is too bright for the NLC to be visible, and at elevation angles greater
than k', the NLC are no longer illuminated. The angles, k, k' are functions
of the solar depression angle, the NLC height, and the screening height
(HSC) of the earth's atmosphere.

Sunlight passing closer to the earth than a height HSC is so
greatly attenuated by scattering and absorption that only those rays
passing above this height have sufficient intensity to make NLC visible.

The NLC observation period (solar depression angle = 6° to 16°)
varies markedly with latitude and season. A relationship between the true
solar depression angle «, the solar declination §, the hour angle T,
and the latitude of the observer A, is

sin o = ~sindsinA-cosdcosicosT (1)
From this equation, the local mean time at which a given solar depression
angle occurs on a particular date for a particular latitude may be determined.
Using this proceedure Figure 16showing the ebservation periods throughout
the year for Mawson (67.6°5) was constructed.

A useful method of estimating the approximate height of NLC is

based on considerations of the height (H,. ) of the shadow of the solid

)C)H
earth plus atmospheric screening layer at the time the upper border of the

NLC fades from view. TFigure 17 shows the dependence of the shadow height

in the sun-cloud-cbserver plane on elevation angle for a screening height
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of 30 km, a figure derived from both theoretical considerations
(CHAMBERLAIN 1961 and FOGLE and HAURWITZ 1966) and neagurernents (see
FOGLE and HAURWITZ 1966) .
The August 11 and 1k sightings fitted the conditions for NLC
viz. (1) 6° < SDA < 16° (2) the sky was free of tropospheric clouds and (3)
they were bluish-white in colour. They were reported (KILFOYLE 1968 -
see Appendix) as such.
These sightings occurred during the Perseids metcor shower,
Other sightings (HAMILTON 196L, FOGLE 1966) of NLC have occurred during
meteor showers. However, FOGLE and HAURWITZ (1966) had exemined the
northern hemisphere data and concluded that no relationship exists
between the showers and NLC. Table 1 lists all the known reliable southern
hemisphere sightings of noctilucent clouds, together with relevant meteor
showers and théir maximum rate dates, extreme limit dates and declinations.
Six out of the eight displays (treating as one display any seriles
of displays on near nights) occurred during a meteor shower. The display
of January 9 may have occurred close enough after the Quadrantids (January
1-4) to be related to it. The display of January 17, 18 and 20, however,
cannot be related to any meteor activity.
The excellent agreement found on December 4=5, October 30, and
February 8 and 12, August 11 and 14 and in particular January 1-4, seems
to imply some relationship between these two phenomena; however, even
among these showers the declinations are such that only the Phoenicids
and the Taurids can be seen gt the latitudes of the sightings. This,

together with the display of January 17, 18 and 20, mskes it difficult



TABLE 1

SOUTEERN

HEMISPHERE NOCTILUCENT CiLCUD  SIGHTINGS

;, | f
% DATE PLACE METEOR SHOWER MAXIMUM EXTREME LIMITSE CECLINATION { REFERENCE
i L ]
! 4/5 Dec. 62 Ship 55°8, 58.8°w Phoenicids Dec. 5 Dec. 5 -55 See FOGLE
(1966)
Oct. Mawson 6?.628s N. Tuarids Nov. 12 | Oct.l7-Deec.2 +21 FRANCIS et el
£2.9°F S. Taurids Nov. 1 Oct.27-Nov.22 +1h {1966)
Jan. Punt% Aregas - - - - FOGLE (1965)
53.1°S 7T1°W ’
Feb. Mawson Aurigids Feb. 9 5 days *? +38 FRANCIS et al
12 Feb. 65 ) (1966}
25 Dec. 65 ) Punts Arenas Ursids Dec. 22 | Dec.22-23 +80 FOGLE (1966)
29 Dec. 65 j
1 Jan. 66
g ?Zﬁ' 22 Punta Arenas Quadrantids Jan. 3 Jan. 1-4 +50 FOGLE (196€)
L  Jan. 66
17 Jan. 66
18 Jan. 66 Punta Arenas - - - - FOGLE (196€)
20 Jan. €6
11 Aug. 66 (AM))
11 Aug. 66 (PM)) } Mawseon Perseids Aug. 12 | July29-Avg.1T +58 Herein
1% Aug. 66 )
; i




to see how there could be any relationship.

FOGLE (private communication) indicated that the observation of
NLC during winter was unexpected. Theoretical considerations show that
the mesopause temperature must be less than about IMBOK for NLC to form.
The NASA rocket soundings at Fort Churchill indicated temperatures of
around lMOOK during the summer months and around 200°K during the winter
months. If these results are applicable to the southern hemisphere one
would not expect NLC to occur there during the winter months. Also, he
pointed out, the past NLC data from both hemispheres suggest that these
clouds do not occur in winter. The many reports of winter NLC had always
turned out to be either aurcra, nacreous clouds (essentially a winter time
phencmenon) or sunlit or moonlit cirrus, he added.

The morning display of August 14 was not seen by the author
and no measurenments were taken of it. However from the description, tine
and position, it had all the characteristics of NLC. The relevant

information relating to the two evening displays is:

Time (U.T.) S.D.A. Bearing Elevation
August 11 1300 to 1415 9.3°% to 16.3° 236 to 297°E 10 to 12°
August 1h 1320 to 1420  10.3° to 16.0° 248 to 281°E 10 to 12°

Also, Mawson: 67.6°%, 62.9°E
Mawson IMT = U.T. + 4812%
The moon position on August 11 and 14 was such that the patches
could not be moonlit. For s SDA of 9o (the SDA corresponding to the

earliest observation time of the patch) and a screening height of 30 km,
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the earth's shadow height (from Figure 17) is about 65 km. Clearly nacreous
clouds at 25 km cannot be sunlit at that time. As cirrus cloud occurs at
heights lower than nacreous, this possibility is eliminated also.

A copy of the colour slide (Plate 2) taken of the August 14

display was sent to Fogle. The data relevant to the photograph are:

Film: Kodachrome TII
ASA rating: 25

Exposure: 2 mins.
bperture: £/1.8

FOGLE (private communication) after examining the photograph concluded that
it was an aurora; either part of a homogeneous arc or a cloud-like aurora
similar to Figures 2 and 7 in STORMER (1955). He claims that the diffuse
structureless patch shown on the colour slide lacks the characteristic structure
and form of a NLC and the colour is too blue and too uniform for NLC. He
mentions that on several occasions in Alaska he has seen diffuse aurora (scme-
times sunlit) with the blue colouration, and the structureless, diffuse form
shown, on the slide.

Sunlit aurors usually have a green (due to A557TA[ 01] ) and or
violet (due to AA 391L4R and 42788 of N;) colour, whereas NLC usually have a
bluish-white colour.

From the recommended exposure given by FOGLE (1964) of one minute
at £/3.5 on 25 ASA film, Plate 2 would be overexposed by a factor of about
8. If this is so then any fine structure would be lost. FOGLE (196L, 1966)
shows colour prints of NLC in which the structure would surely disappear if

overexposed by this factor.

From inspection of Plate 2 it is apparent that the patch was not



Plate 2. The August 1L patch of luminosity.
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part of an auroral arc as defined in the International Auroral Atlas (1963).

A1l sky camera records (one frame per minute) indicate the patch remained station-
ary for 1% hours on the 11th and 1 hour on the 1hth. This deviates markedly

from typical auroral behavicur but is characteristic of NLC. The patch

shows no ray structure and the sharp lower boundaries are not typical of

auroral lower boundaries.

Kp values were 3+ during the August 11 and 1 during the August 1L
display. Figure 18 shows the statistical auroral oval at different degrees
of magnetic activity (the Qp index is the hourly equivalent of the 3 hourly
Kp index and for the purposes here, can be thought of as equivalent). The
displays occurred at approximately 15h L time. For Mawson's L latitude of
7]0 it can be estimated that for Kp = 3+ auroras would probably be seen
fairly low near the horizon in the southern sky. For Kp = 1 it is unlikely
that auroras would be seen in any part of the sky. The probability at such
Kp values of auroras being in the western sky is even lower.

NLC tend to appear over a period of a few days (Table 1 ) as these
patches did. It is unlikely that unusual aurora would occur on days so close
together, and in the morning and evening twilight sky, when the Kp is so low.

McDONALD (196L) has considered the relationships between total
ambient pressure, saturation and actual water vapour pressure required for
cloud formation. Figure 19 shows his exclusion limits for cloud formation
based on the US Standard Atmosphere, together with the temperature - altitude
profile of IETERSON et al (1966) teken over Kwajalein (9° 24' N). The
inversion at 107 km is at about the level of the highest recorded mesopause

inversions. For the luminous patch elevation of approximately 10° and SDA



Fig. 18. The Auroral belt at different degrees of geomagnetic
activity (after FELDSTEIN and STARKOV, 1965).
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of 16° and a screening height of 30 km, the earth's shadow height is about 138
km, indicating that the patches are at least that height. On the basis of
Figure 19 it seems unlikely that ice clouds would occur at such & great
height.

The above analysis has failed to settle the question of Just what
the patches were. The hypothesis that the patch was an aurora seems to be
quite untenable. On the basis of McDonald's work, the hypothesis that the
patch was an NLC would require that the temperature in the region of 138 km
be abnormally low, especially for the month of August, in the Southern

Hemisphere.
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Behavior of Zenith [O I] 6300 A Airglow at Townsviile during
High-Altitude Nuclear Explosions

E. H. Caraaw, B. C. Gisson-Wirpg, B. P. Kivroyrg, axnp W. M. CoLEMAN

Department of Physics
University College of Townsville, Pimlico, Australin

Early reports of the high-altitude nuclear ex-
plosion over Johnston Island (169.5°W, 16.7°N)
on July 9, 1962, show that the [O I] 6300 A air-
glow cmission increased at places remote from
the explosion. Odencrantz et al. [1962] observed
an inerease of the order of 10 rayleighs at China
Lake, California (117.6°W, 35.7°N). I'. . Roach
(private communication, 1962) has suggested
that much higher increases of the order of hun-
dreds of rayleighs might be expected in the
magnetic conjugate region to Johnston Island.
This predietion met with spectacular confirma-
tion from New Zealand. The auroras observed
there have been given wide publicity in both
the daily and the popular seientific press (Calder
[1962] for example). The expected enhancement
should be centered very reughly where the me-
ridian through Johnston Island intersects the
approximate magnetic conjugate latitude, ap-
proximately in the neighborhood of Samoa
(172°VW, 14°8). The likelihood of a large in-
crease occurring diminishes as the longitudinal
distance to the east or west becomes greater. It
is of considerable Importance to delineate the
conjngate region, and in this connection it might
be expecled {hat the east coast of Australia in
the vieinity of, say, Townsville (latitude 19.25°8,
longitude 145.75°T, and geomagnetic latitude
28.4°8) would be an interesting point at which
to observe the western limits of this conjugate
region. This note is written with that purpose
in mind.

Results of a preliminary examination of mea-
surements carried out at Townsville for the high-
altitude explosions of July 9, October 20, Octo-
ber 26, November 1, and November 4, 1962,
appear in Figure 1. The plofs represent diurnal
zenith values determined by means of a photom-

cter [ Huruhata et al., 1957] fitted with an inter-
ference filter centered near 6300 A. The values
shown are approximate rayleighs pending ac-
curate calibration of the reference scurce of the
photometer. They are reduced from actual ob-
servations made at 16-minute intervals through-
out the hours of darkness on the five nights
mentioned above. The approximate zero times
shown on the plots were obtained by menitoring
the countdown broadeast from Johnston Island.
The reported approximate wield of the July ex-
plosion was one raegaton, that of Oetober 20
one hundred kilotons, and the rest were of the
order of tens of kilotons.

Significantly, large increases in intensity are
evident on the nights of October 26/27 and
November 1/2 and 4/5, but it is not likely thai
these increases result solely from the ionization
effects of the nuclear explosions. Very similar
behavior has been observed on other nights dur-
ing October on which no high-altitude nuclear
caplosion was reported. Further evidence that
the 6300 A emission was not markedly increased
over Townsville is apparent from Figure 2, in
which the maximum middle of the night values
from diurnal eurves for 23 mights during the
period of the tests are plotted. Enhanced twi-
light values have been disregarded; the plotted
maximums occur during the local time period
2230 to 0330 h. These plots show that red air-
glow increases progressively as summer is ap-
proached. 1t will be noted that the values corre-
sponding to the five nuclear test nights conform
to this general pattern, suggesting that the en-
hancements on those nights are due to seasonal
{rends rather than tbe effects of nuclear explo-
sions. Middle of the night cnhancement similar
{o that shown in the diurnals of Figure 1 has

2855
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Fig. 1. Diurnal vaviation of [0 I1 6300 A airglow on five nights of high-altitude nuclear
explosions. The approximate zero times arc marked by the letter /1.

been observed at Maui [Barbier et al., 1962]
which is roughly magnetically conjugate to
Townsville. This behavior was observed on sum-
mer nights, suggesting further that midnight or
early morning enhancement is to be expected at
least during summer in tropical latitudes.

It is possible of course that small inereases in
red airglow, of the kind found by Odencrantz
et al., did occur over Townsville after the explo-
sions. As mentioned by those authors, such small

increases could be accounted for by pair pro-
duction resulting from electromagnetic radiation
or neutron beams, and thus the effect is of short
duration, lasting only some 150 seconds after
the explosion. Unfortunately there are no quan-
titative zenith measurements available at Towns-
ville for the July 9 explosion. The only two
nights on which quantitative observations were
actually in progress at the time of a high-altitude
mielear oxplosion are October 26/27 and No-
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vember 1/2. Variation in zenith airglow in the
approximate interval 200 seconds before and
300 secends after zero time is shown in Figure 3.
The variations shown there are of the same
order as the random fluctuations due to the rela-
tive accuracy of scaling of the recording chart,
approximately =£25 rayleighs. Therefore it must
be concluded that the present method of obser-
vation might not be sufficiently sensitive to de-
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Fig. 3. Variation of airglow near zero time.
The fluctualions shown are due mainly to experi-
mental error.

{eet small increments of the order of 10 rayleighs
unambiguously.

A complete analysis of all observations at
Townsville during the test period, including
ionosonde data, is being prepared for publica-
tion.
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Relationship between [O I] 6300 A Zenith Airglow and
Yonospheric Parameters foF; and #'F at Towngville
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Department of Physics
University College of Townswille, Townsville, Australia

Barbier et al. [1962] found striking agreement
between photometer measurements of the [O I]
6300 A night airglow and caleulated values based
on the ionospheric parameters f,/7. and 2'f7. The
published observations were made in the north-
ern tropics at Maui (latitude 20.8°N, longitude
156.5°W) on thrce summer nights during 1961.
The comparison was between cbserved values
and values calculated according to Barbier’s
[1957] semiempirical formula:

ME — 200

Q = A(f,F.)’ exp (———~H—i) 1

where @ is the intensity in rayleighs, H is the
scale height, and A and C are coustants. Barbier
et al. [1962] assumed H = 41.3, and for the
constants they derived the values 4 = 384, C
= 18. Ai Tamanrasset Barbier and Glaume
[1962] found the values 4 = 2.94 = 0.12 and
C = 109 == 4.2. These results were obtained
from a statistical calculation based on the ae-
cumulated values of airglow and ionospheric
parameters observed in the three-year period
between May 1957 and November 1360. There
were insufficient data from any one night, how-
ever, to directly compare observed with caleu-
lated values from the 'Famanrasset observations.

In the present note, observed variation of red
airglow is compared with the variation calcu-
lated according to a simplified form of Barbier’s
relation for three representative nights during
the winter, spring, and summer of 1962 in the
southern tropics at Townsville (latitude 19.25°8,
longitude 146.75°E, geomagnetic latitude 28.4°
S). For convenience in making a comparison,
the constant C has been ignered and 4 has been
given an arbitrary value to bring caleulated and
theoretical curves for each night into coincidence
at the maximuim middle-of-the-night value.

The photometer [Huruhate et al., 1957] em-
ployed in the observations is fitted with two
interference filters centered on 6300 A and 5300
A. The 5300 A filter serves to eliminate zodiacal
background. This instrument was operated on
the same site as the vertical incidence sounder
of the Townsville Ionospheric Prediction Sta-
+ion. Simultaneous observations of zenith airglow
intensity and ionospheric parameters were pos-
sible, sicce the intensity was recorded at one-
minute intervals and the parameters ai fifteen-
minute intervals.

Figure 1 shows the general trend for the five
months covered by the cbscrvations. The ob-
served values are approximate pending accurate
calibration of the reference source of the pho-
tometer. The June 3-4 results are characteristic
of winter quiescent conditions at Townsville. On
the other hand, the curves for Nevember 4-5
show enhanced behavior after midnight similar
to that found by Barbier et al. [1962] at Maui
for summer nights. Behavior intermediate be-
tween these two extremes is apparent from the
results for August 1-2. On all three nights the
same excellent agreement between the observed
and ecalculated values is obtained as at Maui.

The red airglow intensity in the approximate
interval between midnight and 0300 local time
shows a marked seasoual inerease as summer is
approached. In addition to the Tigure 1 results,
the same tendency for red airglow to increase
with the approach of summer has been observed
on twenty other nights investigated during the
five months by several people [Carman et al.,
1963].

From a graphical comparison of the actual
parameters W'F and f.F., Barbier et cl. [1562]
concluded that A’F was the dominating factor
for 6300 A emission at Maui. An analysis of the
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seasonal variations at Townaville.

relative contributions of the ionospheric param-
eters for Townsville is given in Figure 2. Here
observed airglow in rayleighs is plotted on the
same graph as the functions (f,F,)* and exp
[—(WF — 200)/41.3]. These two functions are
plotted on an arbitrary scale with the maximum
values normalized to the maximum middle-of-
the-night observed airglow as in Figure 1.
Although the constituent functions vary in

form, the graphs show that they contribute
roughly equally to the resultant calculated air-
glow. For the night of August 1-2 exp [— (WF
— 200)/41.3] has the better correlation up to
0300 LT; it then diverges markedly from the
observed airglow. On the other hand, the curves
for November 4-5 indicate better correlation
between (f.F.)* and observed airglow for all
times during the night.
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Further airglow-ionospheric parameter corre-
lation from the present series of observations is
being prepared for publication.
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The size and brightness of the airglow emit-
ting regions investigated at Townsville (latitude,
19.25°S; longitude, 146.75°T3; geomagnetic lati-
tude, 28.4°3) during the period between July
and November 1962 undergo systematic diurnal
and seasonal changes. Ditrnal behavior in the
tropical zone is characlerized by middle-of-the-
night enhiancement on some summer nights, En-
hanced 6300 A airglow from regions 500 to 1000
km ir diamecicr eentered on a single sky loca-
tion were observed by Barbier ¢t al. [1962] at
Maui (latitude, 20.8°N; longitude, 156.5°W;
geomagnetic latitude, ~-20°) in the northern
summer of 1964, This kind of behavior also oc-
curs at Townsgville; it has been established theie
[Carman and /ibson-Wiide, 1964] that early
summer middle-of-the-night enhancement de-
velops progressively from compicte absence in
winter. In this letter the diurnal and seasonal
variations of the emission pattern are studied i
detail for a typical winter and a typical early
sumnier night.

The photometer [Huruhata ct al., 1957] em-
ployed in the present observations completes
one scan of the sky every 16 minutes in steps of
1 minute ecorresponding to 16 equally spaced
azimuth directions. During each azimuth inter-
val the instrment observes in the six zenith
directions given in Table 1. The second columu
in the table shows the approximate radius of
the circular arca swept out in the emitting laver,
assuming a height of about 250 k. The photom-
eter is fitted with narrow band interfcrence fil-
ters centered on 6300 A and 5300 .\, the latter
to measure zodiacal and stellar sky backeround.

Figures 1 and 2 show complete sets of divrnal
curves representing the intensity variation for
typical winter quiescent and spring enhanced
conditions along the N-8 and I-W directions.
The data of Iigure 2 for the night of Nov. 4-5
are also included in Tigure 3, which shows all
data for ihe night plotted as sixteen isephote
sky maps. These maps give values of intensity

in approximate rayleighs measured as deseribed
in the last paragraphs for sixteen consecutive
scans of the photometer. Individual maps rep-
resent the average pattern of emission intensity
during the respective sixtcen-minute scanning
periods. The maps of Figure 3 are only rough
approximations to the corresponding scries of
instantaneous patterns, because the marked
progressive changes whicli obviously do occur,
particularly between midnight and 0100 hours,
coincide +with the progressive sweep of the
photometer as it moves counterclockwise. This
results i o sixteen-minute lag between the first
and lust azimuthal positions observed for each
map, and considerable distertion is incvitable.
This restriction applics to a lesser extent when
the pattern is morc or less stable, as between
0300 and 0400 hours. On the other hand, the
over-all behavior throughout the obscrved part
of ihe night is fairly well represented by the
complete set of maps. This suggests a more ac-
curate picture of the size of cmitting regions
might result from a method involving a com-
parison ot the variation of intensity at various
points as the night progresses rather than by
measurement from individual sky maps. Roach
et al. [1938] have devised such a method for
determining the size of emitting regions for
[O 17 5577 A airglow. This method of compar-
ing diurnal changes is based on the assumption
that regions associaied with the same element
of airglow emitting pattern tend to produce
parallel diurnal variations. For example, the

TABLE 1

Zenith Angle ¢ Seauning Radiug, km

38°42’ 160
53°6" 320
G?: 2.4/ 480
69°24/ 640
73°18’ 800
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Fig. 1. Red airglow diurnal curves for a typical winter night
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Fig. 2. Red airglow diwmal curves for a typi-
cal early summer night on which anomalous after-
midnight enhancement occurs.

northern parts of the sky, represented by the
six diurnal curves from zenith to 73°18’N in
Figure 2, undergo similar changes and therefore
ought to correspond to the same emitting region.
The same can be said for most of the Ti-1V
diurnal curves. Correlation between points on
the respeclive diurnal curves is to be expected,
therefore, and in the present work the rank
difference coeflicient
p=1— [6Zd°/n’(n — 1)] (1)
emploved by Koach et al. [1958] is used. In this
relation d is the difference of rank between pairs
of poinis corresponding to the same time, and n
is the total number of such pairs of readings.
In applying the technique to the present ob-

4727

servations, the two orthogonal sets of data ap-
pearing in Figure 2 are analyzed to obtain
eleven values of p in each of the two directions.
In the N-8 direction for each time of the night
the value of intensity at 73°18'N is ccmpared
with the corresponding values for the remaining
10 zenith distances. In the TE-W the comparison
is between the 73°18W and the remainder.

When the diurnal intensity is relatively low,
say less than about 100 rayieighs, the randem
variations take control, and it is not possible to
speak of parallel diurnal variations. This is the
case for the southern sky on Nov. 4-5, and for
the whole sky on July 4-5 (Figures 1 and 2).
Thus equation 1 will only have significance
when applied to a night of enbanced emission,
as in Figure 2. Figure 4 shows the correlation
coeflicient as a function of distance from the
respective reference points for both N-S and
E-W directions for Nov. 4-5. For p to have
significance in terms of the geometric magnitude
of single airglow emission features, it must be
greater than 2/(n —3)" ie. greater than 0.60
in the present case [Roach et al., 1958]. Accord-
ing to Tigure 4, this corresponds roughly to
linear dimensions of the order of 1000 km.

It will be clear from the preceding para-
graphs that the correlation coefficient method
will not yield useful results for the quiescent
winter conditions of July 4-5. A comparison of
Figures 1 and 2 shows that the all-night he-
havior of July 4-5 is similar to the behavior on
November 4-5 in all observed positions of the
sky during the last hour or so before dawn. It
follows that the emission pattern throughout
the whole night of July 4-5 will be similar to
the almost uniform regions illustrated in the
last four isophotes of Figure 3. With this simple
picture for winter representing one extreme
during the observed season and {lie early sum-
mer behavior of November 4-5 corresponding
to the other extreme, the over-all behavior for
the season can bhe summarized as follows. In
winter there is no tendency for a systematic
anomalous pattern to develop, cither at twilight
[Carman et al., 19637 or throughout the night.
Twilight enhaucement of the order of 200 ray-
leighs is followed by a general decrease to less
than 50 rayleighs. Early summer behavior falls
into two classes, quiescent and enbanced nights.
Quiescent nights are characterized by absence
of anomalous middle-of-the-night enhancement

L8,
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of the kind shown in the northern sky in
Figure 3, but they tend to show an anomalous
twilight enhancement in the south-southwest
icf. Barbier, 1961, ‘La mappe occidentale’].
Enhanced early summer nights scem to have a
two-fold behavior: the sky can be resolved into
large regions of low intensity (less than 200
rayleighs) on which are superimposed cloud-like
features of rapidly varying intensity measuring
up to about 1000 km in diameter. These airglow
‘clouds’ exist muinly in the equatorial zone to
the north of the Tewnsville latitude.

Studics of the ionospheric parameters fof.
and WF indicate that the airglow clouds have
their origin in an inerease in eclectron density
accompanied by a reduction in the base height
of the I layer. The diurnal variation in this
connection has been described by Carman and
Kiljoyle [1963] and latitude effcets by Carman
[1964]. An investigation of the seasonal aspects
of the latitude correlation between ionospheric
parameter and enhanced red airglow is proceed-
ing. ’
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