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Atmospheric trace species

Permanent gases:

N, (78 %), O; (21 %), Ar (1 %), Ne, He, Kr, Xe

Variable gases:
H,O 0-7 % = 0 — 70000 ppmv troposphere
~ 5 ppmv stratosphere
CO, 360 ppmv season, trend
03 8 ppmv stratosphere
N;O 310 ppbv
mixing ratio
CH, 1.7 ppmv
N
Xi N
coO ~ 110 ppbv
NO 1 % = 10000 ppmv
NO, 1 ppbv — 1 pptv 1 ppmv = 10"
HNO; 1 ppbv= 10”

CFC ~ 100 pptv 1pptv= 10
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US standard atmosphere 1976
Molar mass and mixing ratio of dry air at sea level

Species Mom](l:nm Mixing ratio
i g/mol of kg/kmol X
N, 28.0134 0.78084
O, 31.9988 -~ 0.209476
Ar 39.943 0.00934
CO, 44.00995 0.000314
Ne 20.183 0.00001818
He 4.0026 0.00000524
Kr 83.80 0.00000114
Xe 131.30 0.000000087
CH, 16.04303 0.000002
H, 2.01594 0.0000005

M, = 22M: = 28.9644 g mol”
Z7

M, = cst from sea level up to ~ 80 km

M decreasing above 80 km (photodissociation of O2)
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Spectral variables
v frequency Hz MW
A wavelength pm IR nm, A UV-visible
v wavenumber  cm R
~{ ) 10000
Viem ™ )= ——
near IR 1 pm <> 10000 cm™
thermal R 10 pm <> 1000 cm
far IR 100 pm <> 100 cm™
A= v=i
Y A
B> In the visible air wavelengths are often used in place of vacuu
wavelengths
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Geometry of the Limb sounding
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LIMS INVERSTON PROCEDURE

CD2 (wide)
(579-755 em | [ . .
Coz (narrow) —w={ inversion l
-1 L/
(637-673 cm ) 0, T
03 - - I 0
-1 -] inversion 3
(947-1103cm )
' T
HHO3 k inversion - HNO3
(859-900 cm )
- T
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_ 3
N ENO,
5,0
NO,
N (mole
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6 radiance profiles 1 temperature and 4 concentration pro-

each 12 s
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constituant gande spectrale
CO2 4.3 um and 15 pm
HZO 9.7 um and 25 um to 100 pm
co : 4.7 um
N20 7-7 um
CH, 7.7 pm
NO 5.3 um

Espéces moléculaires mesurées dans 1'expérience S A

Cellule contenant le gaz
dont la pression est modulée
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l‘;

I

4

,__(/ ATTACHMENT ms\

SEU SLECTRONICS

Q‘ 21 A4
\ A '
\ :@ PATCH
1 = > i

v .«"ll“ M5 LABYRINTHS

RELAY LENS

/2N

ks NS
L
I ‘::\ f
(3 11
CHOPPER
BLACK BODY (in b‘cm)
M3 / b
Fa
~.
M1 e
—"
AZIMUTH SCAN \\< .
< -
“_____./K -
LUMB SCAN -
LiMB
l RADIANCE
SUNSHIELD
100 mm

Montage des differents radiometres dan

s 1'expérience 5 AMS -



.

"UMOot|s j0u st JAIS .:w—JUU_O;u Jo huﬁmﬁdﬁou

paneIsoutIay) 3y g, .1addoo—wniyA12q jJo apewt a1e sNO-peI| {109
Suu O, PI08 Ym wmuEn JO SpEW S WG 2w Jo Apoq YL

(aosuas .
_uompsod) — ww g
laulIc)suBI) joudewt
{e1juaia}jip 100 9ALID yuaueuriod
/
| \It
] n
0D 1350 | 08
v, A || I ]
..M“ ] B T P
e § | /
. Y
13U18U0d , N
aAats \ Yo

; durao) '
avjtioojows 77 - (pocun sBuiads uojsid  Apoc
0 aqnj mno dund wgeayderp ‘ poq

T

b

[ P0ac

pue suurds 1toddns ay I, "pua yoed 1e s[eas
-Aquuasse “rurd e Jo uondas $50I

uorjeipel
mndut

POPDP LIS -~

ﬁwi.llt“*lxll. NSO Y
{

smopuim  puay



g B

Eyitar wheei A

Carbon dloxide
{strong & weak}

Nitric Actd

Qzone

monoxide
Field of view A

o
——
—_—
A

Fieid of view B

Eilter wheel B
Nitric Nitrogen ) carbon dioxide
) o Nitrous
oxide dioxide ' (strong & week)
x10e Dinitrogen
Pentoxige
Key: 12 um window
geamsplitier detector array pressure modulated

(4 elements) qas cell & contents
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Channel Central Spectral Objective
Number Wavelength (um) Bandwidth (cm-1}

0 4.6 82 Cco
1 6.8 88 H,0
2 7.9 40 - N-O
3.0 15.5 34 CO2
3.1 6.3 20 CO7
3.2 11.3 40 HNO3
3.3 10.0 20 : O3
4 .3 102 NO
5 6.3 32 NO2
5 7.4 60 CHa
7.0 5.5 34 05
7.1 163 20 CO2
7.2 8.1 22 N2Os
7.3 12.1 13 window

TSAMS Spectral Bands.
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REICHLE ET AL.

[EARTH SOURCE

av
GAS CELLY D l DIFFERENCE

M AV SIGNAL
vac.ceLL| D— —»  V SIGNAL

+ AV' SIGNAL
=R
_‘_X_ ___________ DIFFERENCE ____ __ __ - J
L

OPTICAL ELEMENTS DETECTORS
a CHOPPER

Schematic diagram of a gas filter radiometer.

MAFS
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OSTA-1/MAPS Instrument Characteristics

Parameter

Value

Detected gas

Spectral band

Detector type

Field of view

Entrance aperturc

Bandwidth

Gas cell pressure
Celi | AV’
Cell 2 AV
Cell 3 vacuum
Calibrate

NEL V

NEL AV, AV

Size

Mass

carbon monoxide
7080-2220 cm !

PbSe. cooled to 195 K
4,33

294 x 294 cm

0.14 Hz

CO. 76 torr: He. 2 torr; Ny, 0 torr
CO. 266 torr: He, 2 torr: N 0 torr
CO. 0 torr: He, 76 torr: N,, 0 torr
CO, 140 torr; He, 2 torr: N,, 550 torr
L7 x 10°7 Wem™*st™'

57 x 10" Wem ™2t}

0.90 x 0.76 x 0.56 m

84 kg

Power. average in vacuum T3IW

Temperature range
{baseplate!

Data rate

Data storage

Camera

Film

273-288 K

| sample set (40 bits s~ Y

107 hours maximum

35 mm. aerial. | photo every 23s
when surface of earth illuminated

Aerochrome 2443 false-color infrared

NEL is noise equivalent radiance.

@



"JuawnIisui ay) jo mokej [eondo-01199jg3

cad

Apoqyoeiq pyod
sIuejeq |Puseinl

sy MW b

LIYTET DT g Bunuiog A _
i ey [ |} — — — ) — —

AD
! rd:[:]
| |
019910 $9pOq ONq
|||||||| 0uREq jJeuIsIU|
loudis jsuup G- Q
1S 1ouoyD A ATI p
| M. —
_ 1 1193 se5) ~
(OUBIS JOUUDY) A &= — — —— ~ A\ aoungyw
_ _ AV s ch Piod

weag

\l 1019919Q)

Joubis suDy) AT

PR € He
| 1105} 1 L)
| 0199 0p
_ voO1poJ
| peng  \
| A \
U, \

/

puoqpooiq puDp
dojs singiedy

Apoqyooiq E

JusIN ey
i g8

284

Apoqx281q 10y

SoUt|¥q |LX

|

Vo§ DIGHIDO
neIx ]

: vaa

SOILVY DNIXI FAIXONO NOgG¥Y]) DI4dHdS0d0d ] [TV 13 TTHIEY

dql

‘ﬁ,‘ﬂ

Fym
MINI0  Bunuioy

AN

|

s

nﬂ_

Jojop
Jeddeg

MIIA

dol



TRACE.K — MDPITT— (ou T'e.rrox.)

Earth Sowcs
/ Almosphere
T T T e e — — L _
/—Optiu\ 1

i Pre-Amplifiers |
1 2.3].“1'!
| D_é_ o |
[ Flight
, 48um IComputer !
, AD '
I l
Rotati Detectors
l Glsl\fa::um ’ hj !
e — — _ ¢ —_—— —— - —_ ]
40r'-
60
80
3 100
Q
N
Q
a
s
8
£ 200
w
a
e 400
Q.
600
800 ~— 2. 3pw
1000 §oea(‘

0.0 ) . .6 .8 1.0
2 4 back scalter



Pkt

}

[CLAES]
L—"‘ME Arra7 ’E‘l’@low SPed'mm,\Qf

C (‘aog e,m.c;

- COOQ&-O\. FO-E(T- P&r(o‘r e,!"a..{ow

LL‘MB ew-fSS.L'Ou.. \

] , v = 025 CM:
- Sl’?cc,"m?. re$olwl’\-o'~ ANY o

{L'V\A-l) l;erl’u.ice,v\. [O amd- 60 &—W“-
§4 A

—

+LQ, [ L.\M—L LA

- Scawn Dg

Ur?er A’J"wosFLngc, Re,Sea.ch\_ Sa_{'e/nx.(’e__

( UARS)

[



-chl—_zi... .
gwi1 BL¥Y3 OL S
%
PZUEM)OZ WY v /

INvd v 1NOZIYOH — oL L1

ETSPLENER

"HIAO0D 3yN1y3dy 3

NO11D3Y10
1HDIN3

433HM ¥ILNS 31390510 —-
~

133HM LitL ONY NO11Y35N! NOTV 13

Avyyy 30103130

NI b LT

Sl youwnw 1n3awLsSNray
NOILISINDDY gwWin

HOUYIW AHvwidd 3402%3131

Nio0WdAH Qi10S NOWY¥IW A¥YONODIS 3d0DSTAL



“ (RN ]
W,

rwelibeip TEUOTIIOUN] SIAYID

(N 0Z)
' HILINONH LDIdS *
43 L4
NOOV L3 1131 L3373S 13373S
. £ > Sy3aLid

ANYId 1VD0d4 ¥OLD313g 21¥103731a 8

TYIYILVIV 3TDNIS
JHNLVYYIdWIL I1DNIS

(M 0EL)

3d0DSAT3L [ AAA,

NIYdL Tv214id0 I1DNIS
340083131

NOILD3r3y StXv-440 HDIH




. 090

J

cLAES focal plane.

(N



E

l‘l

lii

BAFFLE AND
APERTURE FORE OPTICS
DOOR MODULE [ < 130K}
\\\\‘ ....._
N
) _—FIBERGLAS
coLD OPTIC / INSTRUMENT
AND DETECTOR _ SUPPORT
MODULE TUBES
(10.8 - 12.5 K} ——u :
FLEXIBLE SHRINK ‘\\\\\\\\\\' Y
FIT INTERFACE {1 ¥ 2| ¥ I ~
WITH INSTRUMENT
(10 K) / ~~— FLEXIBLE
: SHRINK FIT
‘ \ INTERFACE
WITH
INSTRUMENT
(130 X)
/—ORBITAL
CRYOGEN
FIBERGLAS - /1 VENT
COOLER LINE '
SUPPORT -
TUBES 9an LITER NG
(VAPOR 7 SOLID HYDROGEN DEWAR I3 _— INNER VAPOR
COOLED) 10.8 K 1 LI~ cooLED SHIELC
X (~128K)
QUTER VAPOR
COOLED SHIELL
(~ 225 K)

CLAES inst

rument/cooler sch

pPARA/(ORTHO
CATALYTIC
CONVERTER

ematic.



25

*juswaoe1d Terijoads 13YD00Tg pue uolell

(wrt)
Z Lt ot é 8 L 9 g ¥
T I T T | T T T |
14 05
o
z
0D
. ZoNOID
ONH 4
Ho oM %5 €0
21 O°N o_r 42 _w:
) * » A * » >|»
0zt = o< B/ - 0y 6.6 = 0, ¢'g =0y
® 2 ® 3 ® 3 ® 3



Radiance(w—cm 2=sr™'—cm)X10°

0.025

o
On
S
o

S
o
oY

o
o
o

1

— 879 cm -

- HNO, Q—-Branch

CLAES HNO, Region Specira
' . v ' _ ' . . 1

CLAES Finescan

°N 60°W Nighl

Day 280 Orbil 361

D11-36.
>> >\O_M 39.0 km
Y

D10-~34.0 km

km

Lﬁ

B - -

Hﬂ-



HALOE

HA L oaeu\ Occu,[ +a_h‘om ExPen'mw,{’

Flte, rodioweter  audl gas corre (ahiow radicweler

Sofar occue[’a.kbu_/. a.ESorPh'o-«._

Sh‘QQ opera_!"s‘ma o boacd UARS

LL'MAE bc}’w‘een {O aur o 65 %-M



HALOGEN OCCULTATION EXPERIMENT (HALOE)

I. M. Russell, I
Langiey Research Center

Table1

HALOE Instrument Parameters.

Type of measurement: Solar occuitation, infrared atmospheric absorption

Type of instrument: Gas correlation and fiiter radiometers
Geophysical parameters determined: HF, HC1, CH,, NO, CO,, H.O, 0,,NQ,,and

pressure

Wavelength coverage: 2.43 to 10.25 um

Viewing geometry: Spacecraft sunrise and sunset

Spectral resolution: 20 to 120 l/em
Vertical resolution: 2 km at limb
Horizontal resolution: 6.2 km at limb
Instrument mass: 111.7kg

Average power: 110 watts

Data rate: 4000 bps

CO-INVESTIGATORS

Dr. P. J. Crutzen

Abteilung Chemie der Atmosphere,
Max-Planck-institur for Chemie
{ West Germany)

Dr. R. 1. Cicerone
National Center for Atmospheric
Research

Prof. S. R. Drayson
University of Michigan

Dr. J. E. Frederick

Dr. J. E. Harries
Science and Engineering Research Council
{ United Kingdom)

Dr. ]. H. Park
NASA/Langley Research Center

Dr. A.F. Tuck
Meteoroiogical Office (United Kingdom)

NASA/Goddard Space Flight Center

CONSULTANTS

W. D. Hesketh
United States Air Force

Dr. M. P, Weinreb

National Qceanic and

W. G. Planet
National Oceanic and
Atmospheric Administration

Atmospheric Administration
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HALOE FILTER SPECIFICATIONS

@ IN BAND
"GAS CENTER, cm-! 50% POINTS MAX 5% POINT
(um) (em=1) WIDTH, cm~!
HF 4078 404726 4109:6 117
{2.452)
HC 2, 2940 2910+6 2970+6 1108
(3.401)
CH, 2891 2870:6 29126 82
(3.459)
NO 1900 188316 191716 62
(5.260)
0, 3572 3537+6 3608+6 128
(2.799)
H,0 1514 1506+6 15226 29
(6.605)
05 996 976+6 101746 78
(10.040)
NO, 1600 1591+5 160745 29
(6.250)

@ QUT OF BAND

< 0.001% For A1l Channels
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Wide Band Transmittance
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HALOE broadband end-to-end spectral respanse for the O3z, Hz0,

NQOj, and NO channels.
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HALOE broadband end-to-end spectral response for the CHy, HCY,
CO2, and HF channels.
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SOLAR OCCULTATION GEOMETRY
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