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I. Introduction

The objectives of these passive optical measurements have been:
(1) to determine the F-region neutral wind vectors and temperatures from
doppler shift and doppler width measurements of the 0I 630.0 nm twi]ight

and nightglow emissions, and (2) to map 630.0 nm airglow enhancements

produced by the BIME chemical releases. The normal F-region airglow arises

ADA131695

from the pair of reactions

ot + 0, ~ 0+ 02+ (charge transfer) (1)

and -
02+ + e - 02* 0" + 0% (dissoc. recombination) . (2) :
\\230 nm y
4
In the case of the BIME releases of large amounts of H,0 and COp, the arti- »
ficially produced airglow results from the prompt reaction -
+ + ]
0" + CO2 -> 02. + C0 (atom transfer) |, (3) }
. L LE
followed by reaction (2) to produce 630.0 nm radiation. P
Two distinct instruments have been used to achieve these objectives, _5
a very high resolution, sensitive Fabry-Perot interferometer for doppler i
3
é;: shift and width determinations and a sky-mapping filter photometer for ;

EE; airglow enhancement observations. The instruments worked well, but unfavor-
luy able cloud conditions much of the time over our coastal observation site :
— 2
L  (Baker-Nunn Building at CLFBI) limited the amount of useful data obtained. ?
G If there are future experiments at CLFBI, the optical instruments should be ]
— 1
e Tocated some 10 km or more inland, where the fast-moving, puffy coastal clouds ]
N ‘. . ApprOVedforpublicrelease: 24
8 3 [) & N h distribution unlimited, _'
. 4
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(formed by the 1ifting of the night-tiue onshore breeze over the sand dunes)

have a chance to dissipate.

II. Optical Instruments ’
1

The field-widened 100 mm aperture Fabry-Perot interferometer’' shown

schematically in Fig. 1 is pressure scanned across the 0I 630.0 nm spectral

line, with a high-red-sensitivity photomultiplier detector (RCA 31034A) %
operated in a pulse-counting mode. The line-of-sight of the instrument ]
(and that of the companion tilting filter photometer which monitors :
background and interfering radiation) is directed to appropriate points in %

the sky by the stepping-motor-driven pointing head. Instrumental resolving

power determinations and the zero-velocity reference position are provided

by the stabilized He-Ne laser (632.8 nm). Instrument control and real-time

AR

data processing are provided by a microprocessor and Apple Il microcomputer.

<

The three-channel, sky-mapping filter photometer2 is shown schematically E
in Fig. 2. The filters used are typically 0.3 nm wide, centered at 630.0 nm, "
631.0 nm, and 557.7 rm. Flexible scanning patterns are provided by two
stepping motors programmed to produce controlled rotations about two 4
orthogonal axes. Real-time presentation of the sky-maps is provided by an ﬂ’
Apple II microcomputer and a color video monitor. ?
IIT. Neutral Wind and Temperature Data T 1

The results reported are based on analysis of the 630.0 rm line profi]?§? \ F?

)
.wf
?

+ 8

AN

=

to obtain the required doppler shifts and doppler widths. The magnetic tape

data records have been analyzed using the University of Pittsburgh's computer 7

to fit the line profiles accurately, thus providing values of both Vn (doppler

d

shifts) and T, (widths). Useful data were obtained on 21 nights, some N

i_
4‘4_'.'_'._.

fragmentary, some covering extensive periods of time during the night.

’
L " .

—_—
B PR

To characterize the evening wind patterns near the planned times of ! L
© @odes
the BIME releases (early post-twilight), we have collected all of our adfor
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measurements at ~ 2130 UT (1830 LT) and present them in Table I. Most of
the measured F-region wind vectors at that time of evening are between 90
and 130 m/s in magnitude and are directed ESE at azimuths of ~ 110° ! 15°.
The measured wind on 08 Sept. 1982 (the first BIME release) was
135 m/s eastward (zonal)at 2125 UT. This was one of the highest early
evening wind velocities observed. At the time of the second BIME release
on 13 Sept. 1982, extensive cloud cover limited our observations to the
westward azimuth, where a rapidly decreasing zonal component was observed.
The rapid post-twilight decrease in 630.0 nm airglow intensity to
very small values (due to the rapid increase in the height of the F2
bottomside) often caused us to suspend our observations until the later-
night sinking of the ionosphere restored the airglow intensity to a usable
value. (Unfortunately, later-night cloud cover was a common occurrence at
Baker-Nunn).
Examples of some extended observations on three nights are given in
Figs. 3 to 11. The symbols on the meridional and zonal wind graphs indicate
the observing azimuth (measurements were made, in general, at 30° elevation).
In the data of 26 Aug. 1982, Figs. 3-5, a very interesting correlation
between horizontal flow in the neutral thermosphere and vertical motion has
been observed for the first time. The meridional flow (Fig. 3) shows
substantial convergence (slight southward flow north of Natal, stronger
northward flow to the south), while the zonal flow (Fig. 4) shows no signi-
ficant convergence or divergence. Thus, there is a net convergence in the
horizontal flow until ~ 2330 UT. The vertical motions indicate a downward
flow of about 20 m/s (negative values in Fig. 5) during much of this period,
with a return to upward flow after ~. 2300 UT. These inferences concerning

vertical motions are at the 1imit of our accuracy, %10 m/s; further, there
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is no absolute zero velocity reference, since our stable reference, the
He-Ne laser line, is at a slightly different wavelength, 628.8 nm, compared
to our OI airglow line, 630.0 nm. The vertical motions are plotted so that
their a;erage value during the course of the measurements is zero.

By contrast, the data of 6 Sept. 1982 (Figs. 6-8) show no systematic
convergence/divergence in either the meridional or the zonal flow, and the
corresponding vertical motion drifts from ~ 5 m/s downward at the beginning
of the observations to ~ 5 m/s upward at the end. The data for 11 Sept.
1982 (Figs. 9-11) show initial meridional convergence, dying away after ~ 1
hour, while the zonal flow converges weakly throughout the observations.

The vertical motion in response to this weakly defined pattern suggests a
downward initial motion (the lack of an absolute vertical velocity reference
1imits our conclusions).

The behavior of the neutral thermosphere's temperature Tp during
the same three nights is shown in Figs. 12-14. On 26 Aug. 1983 (Fig. 12)
the temperatures to the north (and to the west) of Natal became increasingly
larger than those to the south, east and overhead; a maximum difference of
~ 500 K is noted at the end of the observations. By contrast, the T, data
for 6 Sept. 1982 (Fig. 13) and for 11 Sept. 1982 (Fig. 14) indicate little
difference in T, values in the various observing directions, with values to
the north slightly higher than those to the south (~ 100-200 K). While the
normal, post-sunset decrease in T, is found in the 6 Sept. data covering
the early night (1800 -~ 2030 LT), the data for 11 Sept. (12 Sept. World Date)
indicate a progressive rise in T, through local midnight (2230 -~ 0100 LT).
The rising exospheric temperatures on 26 August and 11 September may correlate
with the net convergence in horizontal flow noted in the wind data; these
data provide important tests of the prediction capabilities of TGCM's

(thermospheric general circulation models).
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IV. BIME release Airglow Enhancement

The sky-mapping photometer (Fig. 2) was used to map a 250 km by 300 km
area of the F-region centered at the expected release points. While the
Baker-Nunn observation site was free of clouds for a significant period
during the first BIME release (08 Sept. 1982), almost solid cloud cover
obscured the upper atmosphere during the second BIME release (13 Sept. 1982).

The measured 630.0 nm intensity contours associated with the enhanced
airglow produced by the first BIME release (at 1845% LT, 08 Sept. 1982) are
given in Fig. 15 (the local zenith is indicated by the letter Z). The
airglow region expands and grows in brightness for somewhat more than 2 minutes
after the release. The drift of the centroid of the enhanced region during
the 2 minute interval 1846!;-1848% LT corresponds to a velocity of ~ 250 m/s
directed at an azimuth of ~ 120°. This drift, while in the same general
direction, is almost twice as large as the neutral velocity determined from
the doppler shift in the natural airglow 630.0 nmn emission line measured at
~ 1830 LT on a number of nights (refer to Table I). The release altitude
may have been significantly higher, ~ 323 km, than the natural airglow's
emission altitude, suggesting the presence of a substantial altitude gradient
in the neutral wind velocity. Qualitative supporting evidence for such a
hypothesis is provided by observations of rather abrupt increases (within
~ 30 min.) in zonal wind velocity in the immediate pnst-sunset period, when
the emitting layer is rising rapidly (see, for example, Fig. 7).

The absolute intensities (in Rayleighs) on the contours in Fig. 15
are preliminary in nature and were established by means of a low brightness
calibrating source applied to the sky-mapper shortly after the end of the
release observations. There seems to be a major discrepancy between our

intensity values and other photometric measurements such as those frou the
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AFGL aircraft, with our values very mu:ch the smaller. Currently we have

no satisfactory resolution of the disagreement.

V. Summary

This report presents results of 630.0 nm airglow measurements by
our field-widened Fabry-Perot interferometer from which we have obtained
thermospheric neutral velocity vectors (Vn) from the doppler shifts and
neutral temperatures (T,) from the doppler broadening of the 630.0 nm
Tines. These data both help to establish the ionospheric conditions under
which natural or induced plasma instabilities do and do not occur and
also provide valuable observational information concerning equatorial
thermospheric dynamics which may be compared with atmospheric circulation
models such as the Thermospheric General Circulation Model (TGCM) of NCAR3.
For the first time, direct determinations of the small vertical motions
of the neutral thermosphere have been made and correlated with convergence
or divergence in the horizontal flow over extended periods (hours).
Previously, Hernandez? had measured short-period (~ 40 min.) oscillations
in vertical motion which he attributed Lo the passage of gravity waves.

Details of the growth and drift of the 630.0 nm airglow enhancements
produced by the BIME releases are well characterized by the sky-mapping
photometer measurements. Future studies of this type require only a better
choice of observational site in terms of greater likelihood of clear sky

conditions at release time.
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Table 1.
Date World Day
24 Aug. 236
26 " 238
27 " 239
28 " 240
29 " 241
30 " 242

3 Sept. 246
4 " 247
5 " 248
6 " 249
7 " 250
g " 251
9 " 252
10 " 253
1 254
12 " 255
13 256
15 " 258
17 " 260
18 " 261
19 262

L T Ty

(&)

F-Region Neutral Wind Vector at - 2130 UT. (UT = LT + 3 hrs.)

Magnitude (m/s)

Underlined day =

150
125
110
60
90
90
(80
100
80
50
130
(+ 135
95
60
85
(+ 95
(+ 60
45

110

+

+

'+

i+ a4+

t 4+

20
20
20
20
20
20
20)
20
20
15
20

20 Zonal)

20
20
20

20 Zonal)

90°
69°
125°
125°
125°
125°

95°
110°
75°
110°

100°
105°
110°

10 Zonal @ 2110)

15

20

more extensive results

125°

120°

given

+

"+

1+ 1+ 1+

1+

- 10°

ge
10°
12°
10°
10°

5o
12°
10°
10°

10°
12°
12°

12°

10°

Remar&g

Equatorward

No stabilized laser

Zonal component only

New stab. laser

Clouds; W & S only

Velocity decreasing rapidly
BIME Release @ 2145,

Zonal component only
BIME Release @ 2108%.
CB @ 2056; Ba lines only

CB @ 2045; No early evening
winds

in figure in report.

PO S N )

a g

»

DN N S )




LRI SN AAGE o

| MRSt I EACREREEES Bt ac et B R -

"1933w030yd 43| 14-6UL3 |13 Sunjaade W p/ pue JIIBWOADJAIJUL 1043d-Auqeq psuapim-p|aLly ‘auniaade ww gl ayL | By

Cate I A

13jauwooug J3yjt4 Buiyy say
SaYoul 4

. 131002 U031} = IEVETVENT
3 o]} ] o // \’
fyyro{y vy v ,/AWJ/
LN

SIS

] ‘wudsip \\ ﬂ/ ”_
] -dwoaid m, - < _— s |
| I
] JENIN ‘\K\\\\\\\\ R A
: ERIVEVEIPEIN] LLLLLL LT S

: 121U sob uvobio —
] : - % - o
. 7777 | = Zl sk > i
T. “WISIP \ « E \.\\\\\\\\\\\\t\\\\ll\

g AT T — _ _ B | J0101W
~-dwoaid} @‘L{ il /// € ST - ) 135D
g ) Ul
et .
/

] 7, T -

. 72008, N 7 1L

i V 3j0id }1x3 buisnoy \A\ iy

g J2]002 U03J} anjiadonynw amssaild—V4_ 2 1| | 135D
! L !

/ 3721}1Q0|S
uo|D}3 66&:»50&\ & - A 3 r pazijiqoy
buisnoy jowsay 3A|0A EV ! Wn
!

S - (5 vouoraja

s e s e aaa ooe

JajawouayIadju] 0134 - £1qD4

A

Yinwizo

poay buijuiog

-

al P L U Y

LI e

Lo 9 ol decd

A DR R S ey




ﬁi.l.l q 'A‘ . <......~.11n- N!JAW4|1|4<41¢._|4J‘.‘HJJ vy dl. YT ™~ .. 4"‘ g .. .1,.., .1“‘1 TTTTYYT Y 14 T Ty, .i 44"11111- Laes o .1 H ..-\.\ (e Wuu T T PY 1” J
3
! .
4
W.
m
4 4938wozoyd 497 (L) butrddew-Ays ©|suueyd-¢ ayl ¢ "bi4 ;
b 4
ﬁ.
| apls ut Ol S 0 juosy
b T 7 ] LN S D A |
3|DJs
.. P e
- 2 0.0 0 0 Q Q. O \ / AN
e y \
A _ ~-H, -
; / FANI
e v OI - . N/ S’ L
: I Wd b==<3— <« I ) |
: d T 00 000 0 — - T \ \\ ' i
] ¥ v 7 v 4 A ! A N —
: ] R =~ 1 — {
. T ;
. buisnoy 13444 OﬂT _ h
SENOELIPIEY 32Ud13} _ _ |
' !
r - g }jul 1
, iul ) A :
N e
4

- - - - . -
P VRN PN TP UAL DY UP S SP SN oY




ﬁ.ghluls‘JI,A%!_]J_” MRS DAL IMOARSRIMEG & SEnamaREN P ASNAAMAMRISENS - MMM LML « SMARAEMAEIEA AP EMDSMDEAESED-« MMM
(Sanoy € + 17 = 1N) "¢uel TLNY 90 uL [Lzeag
CLRITN 3P PAANSEIN SPULM | PUOLPLAO UOLLOA- 4 ¢ by
(9] (9] o (] Q (] [oo]
o [w] [ C o o
g LNz 3 B § 8 8
Ill
T 1 ] T T “oee-
z
O
— - m
o
o
S
s Z
- s 3
“ S 1T
[ )
1 S =
s N
\ N N N N N
N N N N
' N
b
b
-
v.- p— —
d
1 ] ! 1 l ‘oov
N ) v -
PN TR O SV et 2 ua bk . ko




v 4" ._b‘ — Ty Yy p e [ . m
J
2861 BNy 92 uo SpulM |euoz uoibau-4 p “biq
i ]
o o o 1
A 2 3 2 2 o o o
w P |_.. D bt 3 Q m m ww,_
. 31
! T T I I T ‘eee- J
W. ]
ﬁ = ]
f m ‘
| - O ]
— Iﬂ.d 1
- 1
o )
N o
ﬁ X
0
| - ; 1 !
N z ]
~ ;
‘ »
s - 4
. — -
]
o
[ .
.. M !
| 3 .
. 4
& - i
ﬁ !
b .
{
), {
y _
: _ ! “
“0St _
y , e m. - AN . S USRIt 9 ° /I




RS Sl Sad St Sads 4

Rl o

-

e

LIk S Ben o |

LAt Al Al S

444444444 A.w L q,‘.q .-,.11—1.1,4.4 - .4:.|'M".4m4nq.‘<.ut.4.l.n,1Nni« v T 1,1.4‘"1‘141<1A141‘-.\.‘1 ull‘l -
"(s/w uy)
S9LILD0|3A puaemdn 03 puodsauu0d SaN{eA dALILSOd °28el ‘bny 9z uo
paanseaw (uotbau-4) susydsowuayz [e4a3nau syl 4O uoLow |edL3udp G 6L
» e m e B > > 2
2 11 g % § 5 m :
1 I I | ! 1
@
¢ ™~
- 4 -
= ! -
9
Q
1 | { I 1 |




T e e e ~Ta e e T Ta T e - -~
*2861 "3d9S 9 UO paunsesw |l1Zedg ‘|eleN e SpulMm |euoLptusy g “bL4
() [ ] (=] [ d (74 [ ] [
(] [ (2] (7]
g LN 3 g 2 § 3 2
JH1L
J ] T T T oot-
S
_\ z
: B 1 =2
,w [w)
ﬁ 3
, = 1 ©
m,w =
V. A
b — 0
o
] N T
ﬁ. J 2
P ™ Z
| s S
. e —
v.
— -]
1 | i ] 1 008
4
;ﬁ ! _ :‘... .\, l . ! ' ‘,. .. r... > k..“. ...J.-...hrbr‘.P.;bn‘iLL l—..'._)h P,bLL...»’.DMP.».“\}DP.IL M'.F,.buu- FL.V,»%N'LLLLL...LL»

Aba s s s b

s e i el




>~y 1
VT T T -

— L o o e Stect ek 2aad Mt )

CSacibel

= AR A B 0~ A a
2061 492qwo3dag g uo paJnsesaw spuim (euoz [ ‘613
g 1N & g 7 g 3 g
ELIgE
] ! | 1 |
= -
T -
~ -
1 i ] _1

(S/N} LS3M WOH4 ONIM

*ost-

‘008

PPN W ¥ 3




]m{i N ki & 44”4,‘-J 4. 141 I«- v O .-!ﬂ;‘.‘.‘l.... f 1"11 o N Chuiy ‘N1| M TY Yy v T e 1'« 1‘qu- iiiiii h 11111 u
_ :
. {
. 2861 "3ddS 9 U0 paanseaw (S/w UL S3LILI0|3A) SUOLIOW [BILIUIA g ‘b4 4_
|
| |
|
. |
[ |
1
3 3 2 2 2 S 3 |
ﬁ 2INE B 8 9 & % |
f |
T T T T T T 7 ‘ee- /
ﬁ a _
s
! - —
“ *.
1 [ - J
! ® ¢ ‘
r o - |
f |} L — - . *
n /| ! S A
: /\ .
P "] & ] _
® _
- a i “
h B )\ -
. | 1 1 | 1 1 ! ‘ez
1
‘o <. m @ 2. v




ﬁ . “.. . ”.-....u... M.l.‘.. - .11—.‘.41,1.,141.1.1.‘.‘1!1“...... - ”‘i..;.v 1!1”4 ‘4,.4.4.4.44.m44. ..... ..NA. —— e u-.-<<11.1.1'< - 14.
] |
|
|
‘
! *2861 "3ddS || U0 [lLzeug ‘|{ejeN 3P PIUNSE3W SPULM |eUOLpPLUd) 6 "bHi4 ~
]
» fo] Q (= o [ (=] ©Q
. o c (o] 4
_ e 1N 8 g 3 2 g E
_ NI L ]
g T T ] T I "001- J
M 4
= - N L
O {
-n !
| 4 = {
0 .
<
b4
- 4 O
4 )
-4
g o o
e b m [
~ 4
o |
ﬁ .A
ﬁ | _ ,
ﬁ
ﬁ.
, u
v - - L
,
r N A
\ 1 | 1 ! 1 .
i 0ot “
X
r._
3
v.
3
. iy,

-
N




F T - T AAS A Ta T = = T =1 T &Y T T
*2861 49qwaldag || UO paanseaw Spulm jeuoyz oL 614
g
ﬂ e 10N 8 2 3 3 8 g
3 AL
| T _ _ T T Tost-
] x
| &

-

L B

@)
. =
. x
g m

)]

v}
\ | u — QMV

33 .
’ 3
9 \\)
H 3 E 3 3
” M 33
4 T ——
ﬁ - \ M /UIm/m_ -
- M B M %
I | 1 1 1 i | 00t
f
3
o A '@ _ [ J ® o
V_r‘%ﬁ.; »aii LHDP PO .L. V\Fbrbrb.)rby.r‘lr. el A d a2 a'a’a s as s g o ad g Y

P NP WP U Gl G WUy U W G W e e |




frr et T T T T I P £ MMM SRS OO I b4 AL P R >
r

..,

ﬁ 2861 42quwaldag || U0 padnseaw (S/w UL) SUOLIOW [BILIUSA Ly 614

2

;

.‘ [»3 o Qo M (=4 w W

_W t1ng & & § § B &

,.‘

W .

: T T T T _ T oe-

m. F

:

: = i

w t

ﬁ.

g - —

W ? |
ﬁ. . ¢ i . |
WM

o N

,r.

3

:

|
—.
|




T - - IR By M v M B S ’ M Ao DDA AR AN B . et otten aa Mala A . & o T WY Y Y I T T W T YT Y L T T T T bt Call nl Sl Sae cuin ous ous g . SL Baat e 4 MR ~—w T b

“lizedag ‘e3eN 3e ‘gg6l Isnbny 9g ‘aunjeuadudl s,asdydsowdayl |eaynaN  z| "Ei4

a 3 =4 3 s 3
2 1N & q g 3 3 2
InIL
T T ] I T ‘ool
-
m
- -1 Xz
0
m
0
>
a4 -
. $
3 g m
sM™3 — —S - \qh o -

Ao




*LeleN 3e ‘2861 °"3daS 9 ‘aunjedadway dtdsaydsowdayl €1 b4

o 2 o o, © 2
12 Q
_. 2 1N 7 g g & a g
: 3WIL
” T T T T T "eoe |
! — _
. m .
' — -1 X
o) _

' m
) H |
) > A

| 4 = .
_ C A
‘ - 2 l_
, m :
, i _ :
” s |
{
“ 0]
m. N . N X |
: - M MM -] .
”.. J
3 N
L | 1 | 1 *00LE
1
}

.- N A




[ e et e T T e T e e T e T T e T e e A
.. |
P [
5 LeaeN 3e 1861 °3deS || ‘dunieuadwal dLdaydsowddyy plL b4 .
i
N L
/ A
[ o 2 2 2 3 3 d
[=] (o]
g 1N 3 B g g 3 z A
JNIL
| T T T T “eoL
1 —
. m
i — 1 Mu
m
o s
S |
v. - —
1 . s 5
! A m
w
B 1 o
N
N
. — -1
_“ { { i { 1 ‘009t
] .
3
=




"17 %581 38 2861 "3d9S 8 Jo aseajas IWIG Y3 Aq paonpoud juswedueyud molbute wu 0°0g9 G| 6iy

=

£

=4

o o S 3 o Pt
g © lﬁ’/“l - .
g - T ]

: |
' — -
.” ~ - £ - e
. i —j — ~N ~ln
b e - - + o ® + 40 1O
N ] R M R
} —_—

100
100 km

200
200

N
N
%:M

200

200 km

. .

..."u.... s —— . - -— . . -
ﬁ. ‘als'n alaale s P[.L..L..LLuL[.I.'. . bl A bl U hr. q a

o«

Sl R

P NS YU TP S-S ST S




PRI 0 &
,;,'s,'("r.'i:.' .
LY g

. R ;e
s
A ., bo- ’
£ 0Ly
Lt S
P e
.a. R =
¥
B .
3 = ’
P .
g 2 -
..
. ——

.
L 4

V% At a o e e e

A e a

e - am L o s A s

v
[ A S U

]
!
T
N
.

L ]
5 :
~ .
~

ra

beon W
.
y

% i

{ X

<l
b ]
1

——
L J

A e ik ——
VI N
PUREFY g
s
"W
*

¢ N . A
b L™ "
i ’J} z %
t ‘ 1 i ~

]



