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I. INTRODUCTION

This report contains the scientific results of two balloon fli ghts on
27 June 1974 and 19 February  1975 . It descr ibes  the instrumentation

flown and its calibration, the reduction of fli ght data , the anal ysis of a

portion of tha t data , and an evaluation of the syste m pe rfo rmance. A

simila r report , with results from three late r fli ghts , will be presented

sepa rately; although occasional refe rence is made in this report to

comparisons with the late r calibrat ions and data .

The re are seve ral ways to measure minor  gases in the t e r re s t r i a l

atmosphere using passive infrared techniques . They are  all var iat ions

of the inverse radiat ive t ransfe r problem of in fe r r ing  consti tuent concen-

trations f rom the t ransmit ted or emitted spectral radiance . One of these

techniques uses the sun as a radiant source and measures  the change in

spectral  transmittance of the atmosphe re as e i ther  a function of heig ht

or , f rom a constant , elevated height~ as a function of changing secant  includ-

ing zenith angles > 90
g
. A second technique measures the spectral  emission

of the constituents both as a function of he ight and selected zen th ang les .
Gene rall y, the spectral resolution of the f i r s t  technique is greate r ,

making consti tuent  ident i f icat ion easier , but is l imited to a}isorpt ivi t ies
� 0.01 . These measurements are limited to daylight hours and specificall y
to sun rise and sunset in the case of the long path (0 ~ 900) da ta , in con-
trast , spectral emission measurement s can be made at any time and can

measure emiss iv i t ies  ~ 10 ’
~ with an o rde r of magnitude less resolution.

In an effor t  to obtain diu rnal as well as s~~asona 1 and geogra~~ ic da ta

and in prepa ration for  the flig hts discussed in this report , a spec t ra l

rad iomete r was designed and cons t ruct ed  capable of measu r ing  e m i s s i v i t i e s

of known atmosp her ic  constituents as a function of heig ht and zeni th  angle
at selected geographic  site s. The cons t i tuen ts  and the i r  spect ra l  p rope r t ies
had been previousl y ide ntified f rom sola r absorpt ion  spectroscopy and
laboratory studies . This ins t rument  was one of the f i r s t  s cann ing  g r a t i n g  

: , 
~ ‘r,&wrt,,vj.. .- ‘,- ____ — . ...~. . ~~~~~~~~~~ . —



spectrometers  designed to operate at liquid helium temperatures and seve ral
subtle problems we re encounte red which had to be resolve d for  successful
ope ration of the instrument. These are  discussed in appropriate sections
below.

A brief discussion dealing with the selection of this par t icular  spectral
instrument may be useful at thi s point . To obtain cons t i tuen t  heig ht pro-
files ‘from emission data requires  spectral  resolutions < 3 cm 1 

The
actual re solution requirement depends on the constituent , but no rmally a
highe r resolution provides more constituent information. From
a practical  point of vie w, filte r radiomete r systems offe r nei ther  ade-
quate resolution nor sufficient spectral  puri t y for the desired measure-
ment s. Any instrumental debate reduces to diffract ion techniques (gra-
ting) vs inte r fe romet r ic  techniques (Fourie r t rans form)  or combinations
of each (Hadama rd) . Any real comparison of these two basic forms of
spectroscopy ultimately depends on the ph ysical source of the noise

gene rated at the detecto r . if the detector preamplifier sys tem is photon
noise limited, then there is no multiplex advantage of the int ,erfe rometr ic
system and the throughput advantage reduces to the ratio of the squa re
roots of the etendue of each system. This ratio is in the range of f rom
one to ten , depending on specific systems. Since the two systems are ,
in pr inciple , not greatly different , othe r cons iderat ions become the dete r-
mining factors . In this specifi c case , these factors were e~cpe r ience of
the Univers i ty  of Denver with cold grat ing spectrometers, 1 

the poss ib i l i ty
of us ing a gra t ing sys tem as a f i l te r  monochromator , the availabilit y of
real time spectral  info rmation , and the lack of success of field t ype cold
inte r fe romet r ic  systems at the date of this undertaking.

1 j~~ N. B rooks , A . Goldman , J. J. Rosters , D. G. Murc ray ,  F. H.
Murc ray and W. 3. Williams , ‘ Balloori .-Borne Infrared Measu~ ements ’ ,
Ph ys. Chem. Uppe r Atrnos. (B , McCormac , ed. ) 278-285 , 1973 .

2 
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II. INSTRUMENTATIO N

A. Introduction

In preparation for  the flights described in this repo rt , a liquid helium

cooled grating spectromete r was designed and built at the Univers i t y of

Denver. The design parameters  were chosen such that the instrument

could measure the spectral emission from minor atmospher ic  constituents

of the stratosphere and operate from a balloon suppo rted platform. The

feature s of this spectromete r are descr ibed below , along with some of the

initial problems encounte red. A second , nearl y ide nt i ca l spec t rometer  was

developed s imultaneously with this instrument for  incorporation in the

nose section of the WB57F a i rc ra f t  as pa rt of the Department of Trans-

portation ’ s CLAP program. A few of the design features , pr imari ly exte r-

nal configuration, have derived f rom this functional dualism.

There are a number of basic conside rations in designing a spectro-

meter for ope ration at LHe temperatures. The normal considerat ions ,

such as resolution , spectral range(s) ,  scan t ime(s) ,  field of view, etc.

we re assigned values based on the spectral information and sensi t ivi ty

required to calculate constituent height profiles . These values we re

derived from available hig h resolution t ransmit tance data and medium resolu -.

tion emission data . The following value s we re used as desi gn guidelines:

Resolution i cm 1

Spectral Range 3-30Mm total , in se lected intervals

Scan Time 1/2 - 2 mm , possibl y adj us tab le

Exte rnal F. 0. V. /2 - 10 in th e ver t ical

NER io 8 to 10 9 w cm 2 sr~~ ~~~~~

Optics Low emis s ivity  and low tempe rature

(i ns t rument  emission should be low

relative to data)

3
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In addition , the instrument was designed for remote operation , low

power operation (due to heat load on cryogenics), 12 hour minimum

operating time, measuring incident radiance from several elevation angles,

operation a t s t ra tospher ic  tempe ratures and pressure s , and sustaining

15-20 g’s shock in any plane (parachute impact) and possibly reta in

calibration.

There are also some special considerations associated with cooling

the instrument  to LHe tempe rature and containing it in a hig h vacuum.

These include such things as ope rating moving mechanical systems (gra t -

ing dr ive , optical choppe r , switches)  and providing an optical design

(and mounting) that is tmipe rature compensating; thus avoiding both external

access to alignment when cold and s t r e s s ing  o r  c rack ing  the m ir r o r s .

Some cons idera t ion  was also given to the nature of the preamplifi er  s ince

the de tec tor  is hig h impedance.

B. Optical De s ign

Selection of an appropriate  g ra t ing(s )  is the pr inc iple ste p in des i gn-

iri g the spectrometer.  Using the grating equation , the expression for  Ray leig h

di f f rac t ion  limit and the equation for  instrument throug hput , express ions

can be derived re lating the gra t ing  size and blaze ang le to resolut ion and

noise equivalent radiance (NER).  The minimum usable gra t ing  size is

de term ined by the des i red  resolut ion and the d i f f r ac t ion  l imi t  of the

gra t ing  ape r ture~
-l  0 .6 1dti = 1 cm =

w 5~~flO

where w width of grat ing and (3 ope rational ang le ( to  the normal) of

the gra t ing .  This minimum gra t ing  width is w = 1. 2 cm for t9 = 300.

Since most gra t ings  do not pe r form at 100% of t he i r  t heo re t i ca l  resolving

powe r , t he g r a t i n g shou ld be at least  s l i ghtl y lar ger .

4
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The ins t rument  NER is also affected by the gra t ing size in the

following way:

NER - 
NEP (of de tector~- (A(~ ) dX T

whe re ~~~~ the area of the gra t ing  and the solid ang le of the slit aper ture ,

is the throug hput or etendue , dX is the spectral  interval  and T is the instru-

ment transmission. The throughput can also be expressed in terms of

the spec t rometer  slit  width ( s ) ,  slit height ( L ) ,  gra t ing width (w) and focal

length (F) as:

AL~~ = ~~~~~~‘ w

Us ing the gra t ing  equation and substi tut ing d8 =

~ dv Z sinO 2A s& = — — wF V Cos&

where 4 is the Fast ie par amete r and is ~ 1/30.

Most spectrome te r designs have simila r f /numbers  ( the rat io of

F/w)  within  about 50% l imits . If the rat io F /w = a is considered constant ,

then
- 

dv Z sinê~~~w
- 

V cos& a

and , for  a spe c ific wavelength and resolution , the throug hput improve s with

an increase in angle , sli t  height  and gra t ing  size. The throughput scales

eithe r l inearl y or as the square of the g ra t ing  width , depending on whether

or not the slit heig ht is scaled with an inc rease in the gra t ing  di mension.

The results of the d i f f r ac t ion  and throug hput c r i t e r i a  a re  compatible

and indicate that the large r the gra t ing  the bette r the ins t rument, which

is a well accepted conclus ion. The limit on the grat ing size became a

pract ical  choice of the la rges t  conf igurat ion which could be reasonabl y

operated cold. This l imit  was set at  8. 4 cm squa re based on a rguments

relating to instrument  we ight and size and afte r calculating an adequate

NER for  a g r at i n g  of this size . It should be noted tha t  both 9 and £ have

practical  re s t r ic t ions .  Since the wavelength range to be scanned is broad ,

5
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8 cannot be too large due to the funct ional  re la t ionship between t h e

grat ing ef f ic iency and 8. The limit on L is related to maximum detecto r

sizes and the available technique s to reduce the exit  s l i t  image to the

detector size. In this case a l imit  of 1 cm was placed on L : assum ing
£ F1/30 and~~ -

~ 5 , then at w = 6 cm the Increase in throughput  become s

linear  instead of -. w2. The instrument  volume is still scaling as w3

and the we ig ht by at least w2. Thus , the re may be a poi n t a t  wh ich the

increase  in throug hput reache s a pract ica l  limit.  The s ize  of 8.4 cm

was chosen because it is a standard Bausch and Lomb size  and meets

the var ious c r i te r ia d iscussed .

The Li t t row type mount was selected fo r  the g ra t i ng  b ecause one less

lar ge m i r r o r  is required than in a Cze r n y - T u r n er  t ype mount . The re fo re

it can be moun ted in a smalle r volume for  the same g r a t i n g  size and

spect romete r focal length . Also , at the resolut ion ant ic ipa ted , s l it Curva-

ture is not important and the conventional c i r cu la r  slit geome t ry  of the

Czern y- Turne r system is not needed. F igure  1 shows the se lected optical

sche matic  of the  spectromete r . The re a re  seve ral f ea tu re s  in this

desi gn which are  related to the low level of signals to be measured . The

opt ical  beam is d ispersed  twice (double pa ssed)  by the g r a t i n g  and opt ica l l y

chopped a f t e r  the f i r s t  pass.  This not onl y improve s the spec t ra l  pu r it y,

but provides  a r a d i om e t r i c  re fe rence  at 4K which , fo r  all purposes he re ,

is zero. In addi t ion , the ima g e plane afte r the f i r s t  pass is d i s p laced

f rom the s l i t - d e t e ct o r  plane b y the he ig ht of the s l i t  such that  no d i r e ct

radiat ion f r o m  the f i r s t  pass falls onto the d e t e ct o r s  (even  thoug h unchopped) .

This is n e c e s s a r y  because lar ge amounts  of dc r a d i a t i o n  on the de t ec to r

can change the noi se and r e spons iv ity .  The sequence th roug h the opt ica l

path is as follows: rad ia t ion  f rom the f o r e - o p t i c s  passes  t h r o u g h ba ff les

in the LHe heat  s ink  to the e n t r a n c e  s l it  ( s ) ,  f rom S to the  c o l l i m a t i n g

m i r r o r  (M 4 ), to the g r a t i n g ( G ) , back  to M4 and M 5. l’he f i r s t  pass

t e r m i nates a t  the choppe r (C) .  The second pass is s i m i l a r to the  f i r - ~t ,

s t a r t i ng a t  the choppe r , off M (~ \14 . C and M 4. The f i n a l  focus is at

the lig ht cones in f r o n t  of the d e t e c t o r s  a f t e r  t ’ i t h e  r p a s s in g  t h r o u g h or

7
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Table I .  Spectrometer Resolut ion as a Function of Wavelength
for 2 mm wide slits.

Wavelength Resolution

2nd order

9. Oj.~m 3. 8crn 
I 03l~~m

10.0 3.0 . 030

11.0 2 .4  . 029

12. 0 2 . 0  . 02 9

13. 0 1 .7  . 029

1st order

18. 0 1 .9  . 062

20. 0 1 . 5  . 060

22. 0 1 . 2  . 058

24 .0  1 .0  . 058

2 6 . 0  0. 8 . 057

8 
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reflecting off the dichro ic  beam split te r M7. Note that the choppe r , M 5
and M6 are in a plane below that of the de tec tors , M7 and the slit . Also ,

the exit  slit is one end of a sho rt lig ht pipe ut i l ized to match the slit

size to the detector  size.

Current ly there are two replica gra t ings  available fo r  the spectro-

meter.  One is blazed at lO~ m at an ang le of 22 ° and the othe r is blazed

at 2?~.jm at an ang le of 26 . 80. Both a re  mounted on a luminum s u b s t r a t e s,

which bolt d i rec t l y into the spectrome te r. The z2~ m blazed grat ing has

been used on the ini t ia l balloon fl ights , recordin g the Z0-26 M m re g ion

( 1st o rder )  with one de tec tor  and the 10-13M m region (2nd o rder )  with the

second de tector .  A 2mm slit  was used on these flig hts  and Table I shows

the resolut ion at ta inable with this  s l i t  and g ra t i ng  combinat ion .

The fo re -op t ics  shown in Figure 2 are used to coup le the na r row  f ie ld

of view (F .O.  V . )  beam ob erved through the cold shields  and window to

the relat ively fas t , f f 5 , F. 0. V. of the spectromete r . The actual  F. 0. V.

through the window depends on the sl i t  size which , fo r  a 2 x 8mm sl i t , is

1 x 4°. The spectromete r is or iented  such that  the s l i t  length is hor izon ta l .

The cente r of the optical axis passes radiall y t h rou gh the cente r of the vacuum

dewar  and changes in the observat ional  heig ht ang le are accomplished b y rotat-

in g the dewa r .

The cold baffl ing is des i gned with  the LHe baffles jus t  on the ed ge

of the F .O .V.  and the in te rna l  LN 2 baffles jus t  outs ide  of the F. O.V.

An image of the gra t ing  is formed near the LHe baffles c loses t  to the

LN 2 baff les . The F.O. V. d ive rges  f rom that point .

The wi ndow , which is KRS5, is cooled dur in g both fl i g ht  and cal ibra-

t i on  wi th  an e x t e r n a l  supply of LN2
, A ref lec t ive  cold shield is a t tached

to the coppe r cooling r ing of the window and extends in to  the spectro-

mete r dewa r , overlapping the in te rna l  LN 2 baff le . This shield did not

quite overlap the i n t e r n a l  baffle on the  fli g h t s  d e s c r i b e d  here , but has

rece ntl y been ex te nded to e l i m i n a t e  a Ia rge a m o u n t  of s t r a y  r ad i a t i on

bei ng a d m i t ted t h r o u g h the gap and sca t te red or  r e f l e c t e d  off t F~ window
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into the spectrometer (see discussion below). The LN 2 and LHe in t e rna l
baffl ing and the external baffling also serve  to block s t ra y radiat ion
f rom outside the F.O. V. from en te r ing  the spect romete r . This is

espe c iall y impo rtant for observat ions  near  and below the local ho rizon
(limb scans).

Uppe r limits on a desirable window tempe rature can be calculated

based on expected minimum radiance levels at 40km , the e m i s s i v i t y
of KRS S and some rat io c r i te rion between these two values. F rom data
obtained with an LN 2 cooled Spectromete r at 30km , ex t r a p o l a t i o n s  for
40km are — I0

_ 8 
w cm ’2 sr ~~ ~~~~~ at l2~ m and 24Mm. U s i n g  the

cr i ter ion that the window emission should be ~ 10% of the min imum signal
-2 -1to be measured , then the window emission should be 10 w cm Sr

~~~~~~ The pr imary  t ransmiss ion loss of }AZ RS5 is due to re f lec tion  at
two faces , so the absorption or err aiss ivi ty  is ‘-

~ 2%. Howeve r , some contribu-
tion to the apparent emissivity comes from the reflection term as the

window looks back into the LN 2 and LHe shielded regions of the instru-

ment. To what extent the window looks at LN2 tempe ratures  ve rsus LHe
tempe rature s depends on the optical qualit y of the window and the angle
at which it is mounted. A close estimate of the desired window tempe ra-
ture can be obtained by using an emiss iv i ty of 10%. Window tempe ra-
tures of 78K at 12Mm and 50K at 24M m meet the above c r i t e r ion .  From th is
it is appa r ent tha t some correction in the reduced data will be necessary
for  window radiance at the longer wavelength , even though the window is
cooled to LN2 tempe rature. Three pa rameters  a re  impor tant :  the

window tempe rature , the LN 2 baffle tempe rature and the optical qualit y
of the window. Pe rhaps the most important paramete r is the tempera ture

of the internal  LN
2 baffle s. Before the cold baffle f rom the window cool-

ing was extended , knowledge of the tempe ratu re near  the window mount
was also necessa ry s ince the dominant co r rec t ion  required  on the flig hts
d i scussed  here  was der ived f rom t h i s  t empera tu re .

11
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C. Electronics

Two Santa Barbara Research Center  Ge:Cu detec tors  are mounted

in the ma in cryosta t  at the end of sho rt li ght pipes . A s p reviously men-

tioned , these light pipes adapt the 1 x 4 mm dimensions of the detectors

to exit slit  dimensions . The detectors are heat s inked to the LHe

reservoi r  throug h a coppe r block. One advantage of the spec t rometer  design

is that separate vacuum dewa rs for  the detectors are not neces sa ry ,  which

reduces the instrument size and eliminates the need for  optical adjust-

ment between the exit slit image and the detector po sit ion.  The dark

res i s tance  of these  detec tors  is app roximatel y 5 x lo l l  ohms . An

electromete r type pre-arnp lif ie r with a hig h inpu t impedance , shun ted

with a ve ry low capacitance is the refore required for  impedance match-

ing of the signa l t r an s f e r c i r c u i t . The input radiance is in ter rupted

(chopped) at a 260 Hz rate with a tun ing - fo rk  choppe r manufa c tured by

Amer ican  Time Product s . The pre-an-i p (buffer)  c i r cu i t  is shown in

Figure 3a .

To red uce t he mic ropho n ic no i se gen erated by tuned or vi b ra t ing

leads between the de tec tor  and the pre- .amp and the capacitance produced

by long leads which would reduce si gna l due to RC loss , the de tec tor  pre- .

amp was ph ysical l y mounted as close as possible to t,he detect or inside a

the rmall y controlled case. ~Ahen this  ins t rument  was developed , comme r-

ciall y available e l ec t romet e r - type ampl i f i e r s  requ i red  too much powe r

to ope rate, which presented an extreme heat load to the LHe . Also , t h e

available e lec t rometers  had an input capacitance tha t was too hig h fo r

the RC combinat ion of detecto r impedance and chopping f re q u e n c y .

Therefore , co nside rable expe r imen ta t ion  was r e q u i r e d  to develop a

amp with h ig h input  impedance ( ~~~~~~~ matched di ffe r e n t i a l  input

s tages  and low supply powe r (40 my for  both c h a n n e l s )  t ha t  would ope ra t ~
reliabl y at  200K. Because  the ga in  “A”  of t he  p r e - a m p  is di r e c t l v

13 
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proportional to the res i s tance  value of the feedback r e s i s to r , R f~ Rf was
isolated f rom the heated pre-amp environme nt and heat sinked to the LHe
baseplate tempera ture .

Problems we re exper ienced when the p re-amp tempe ratu re would
get too cold ( — LN 2 temp). Some r e s i s t o r s  would physica l l y c r ack  and
become an open res i s tance .  This problem caused fa i lu res  and delays .
The refore , considerable e f f o r t  was exe rcised to manuall y select  com-
ponents that  would surv ive  if the pre-an-ip tempe rature  would inadvertentl y
get too cold .

Anothe r problem has been rn icrophonics as the major  source  of
noise. Unfor tunate l y, de tec tor  resi s ta nce noise  is not seen . Analog
Devices now has available a new IC , low powe r , FET input , elec t romete r
t ype op-amp , mounted in a TO-9 9 case that  can be ph ys ica l l y mounted
ve ry close to the d e t e c t o r  mount , probabl y e l i m i n a t i n g  most  of the p r e sen t
lead length . This , in t u r n , should decrease  the m ic r o p ho nics  and hope-
full y inc rease S/ N .  Time should be spent using this  app roach for  a
pre-amp.

Following the p r e_ a m p ,  t he d e t e c to r  si gnal is bu ffe red wi th  a vol tage
fo l lo we r , mounted externa l  to the dewa r on a c i r c u i t  boa rd in th e  e l e c t r o n ic
case of the experiment c o n t r o l  box (See  Fi gure  3a) . The si gna l is t h en A

wired to a ga in amplifie r controlled b y binary swi tches .  This  ga in  ampl i f i e r
has 16 gain  se t t ings  ( ,  2 apar t ) .  If in the fu tu re  au toma t i c  g a i n  control  is
desired , a c i r c u i t  has been des igned  to de tec t  the peak si gna l vo ltage
level of the scan and logical l y ad jus t  the ga in fo r  t he  fo l lowing  s c a n  on
tha t  basis . This  AGC c i r c u i t  adapts eas i l y to the p r e s e n t  manual  g a i n
con t ro l  c i r c u i t ,

Fro m the ad jus t ab l e  gain  s tage  the ac si gnal  is s y n c h r o n o usl y rec t i f ied

us ing a phase r e f e r e nc e  s i g n a l  f ro m  the t u n i n g  f o r k  chopper .  The dc si gnal
is t hen fed to two low pass a c t i v e  f i l t e r s  (f  25 Hz , ~Tune ; f 1 2. 5 Hz0 0
Feb.) with two pa rallel outputs: one w i t h  a g a i n  of One and the secon d w i t h
a gain  of 10 fo r  June and 40 f o r  F’eb r u r a  rv .

14
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The prime flight data recording system is an on-boa rd recorder. The

analog detector signal and all other “housekeeping ” signals are processed

with an analog to digital  conver te r  and then recorded with a U n i v e r s i t y

of Denve r designed and developed 1/2 11 , 7 t rack , digi tal , IBM format ,

long record time, tape recorder. This 8 channel recorde r samples the

analog signal of each channel 25 samples per second. One of the eight

channels is subrriultiplexed for 16 inputs for low sample rate information

such as tempe ratures, etc.

As a back-up the data signals are  also real time recorded throug h an

FM-FM, S-band telemetry link. This system lacks the desire d accuracy

if the recorded data is to be used for data reduction , but it provides a

real t ime look at the data. If the p rog ram pe r m i t s , a PCM sy s t em should

be cons idered  in the fu ture .

The Bausch and Lomb g r a t i n g  is d r iven  axially wi th  a di rect dr ive

Aerof lex  torque motor. Also d i rec t l y coupled to the g r a t i n g  d r i v e  shaf t

is an Aeroflex tachometer used for position and velocit y control in the

closed loop drive system c i r c u i t  (see  F ig u r e  3b). The si gnal which drives

the g r a t i ng  is a ramp function derived from a b i n a r y  con t ro l l ed  D to A

conve r t e r  d r iven  f rom 100 kHz clock . This type of ramp gene r a t o r  f e a t u r e s

many options: 7 scans ~~ riods , programmed or command controlled scan

stop mode, programable speed-up or slow-down mode d u r i ng  the scan , e . g.

slow down the scan to improve the r e so lu t ion  at a sp e c i f i c  band , and an

exte rnall y ad jus tab le scan length . Because of the hos t i l e  e n v i r o n m e n t

in which  the g r a t i n g  d r i v e  sys tem opera te s , spe c ial Bernol s e l f- l u b r i c a t i n g

Fernalon AW polyimide ball bea r ing s were  se lec ted  f o r  ax ia l  suppor t .

This torque motor- tach - ramp combination is a reliable , v e r s a t i l e ,

accur ate , e ff i c i e n t , low powe r ( t ypicall y 20 m W) low mass  g r a t i n g  d r iv e -

sy ste m t hat has ope r a t e d  succes s fu ll y at  4. 2K.
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D. Vacuum Dewar

The vacuum dewa r was designed spe c ificall y for  the spectrometer

and its airbo rne applications. It was const ruc ted b y Cryogenic Eng ineer-

ing Company, Denver. The dewa r is 0. 46 m in diamete r (p lus plumbing)

and 0. 90 m long. It weighs about 100 kg and the spectromete r which mounts

in it weighs 9 kg. There are a numbe r of features which should be descr ibed

to explain the spectromete r capabilities. The purpose of the dewa r is to

provide liquid helium cooling for  the spectrome te r and the Ge:Cu detectors

mounted to the spectrometer base plate. The operational time , afte r fill- 
A

ing, should be in excess of 12 hours to permit the launching and comp letion

of a balloon flig ht. The amount of LHe required depend s on the heat load f rom

two sources.  One is the exte rnal load through radiation and conduction

and the other is the internal powe r diss ipat ion of the gra t ing  spectrometer .

For the final dewa r design , shown in Figure 4 , these heat  loads are  approxi-

mately summarized as follows :

External Heat Load

Radiation and Insulation . 191 watts

Fiberglass Support .0 62

Piping .051

Miscellaneous . 010

. 314 w -+ .4 4 3 L/h r .

Inte rnal Heat Load

Grating Drive . 020 watts

Optical Choppe r . 014

Pre-amp Heate r . 050

Radiat ion throug h window . 050

. 134 w -
~ .18QA - /h r .  

--~~~~~~~~~~~~~~--- .
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The LHe hold time should be 19 hou r s  wi th  t h e  dt-wa r c a p a c i t y of 122 .

Times slightly longer than this (21-22 hours) have  actua l l y been measured,

but the grating d r i v e  and choppe r we re  off f o r  most  of tha t t ime .

The liquid n i t r o g e n  shield around the Life dewa r conta ins  about 8.&

of LN 2 with a hold time of over 48 hours . The external  LN 2 supp l y for

coo ling the optical window conta ins  25 : and will cool the window and exte rnal

baffle system for more than 12 hours . The window cooling sys tem has

rel at ivel y high heat  inputs due to conductive and convect ive  losses , i. e .

it is not a vacuum insulated sys tem .

The vent ing of both the He and N2 gas is at points in the r espect ive

dewars that  pe rmi t  ope ra t ing  the dewa r at observat ion  ang les of about

_ l O O to 60
0 from the hor izonta l .  Also , the dewa r can opera te  ve r t i c a l l y,

s tanding on the end away f rom the window. This , h o w e v e r , ro ta tes  th e

F. 0. V. (4
0 x 10) by QO ° and also inc reases  the tem pe r a t u r e  g r a d i e n t

between the LHe in the dewa r and the spectrome te r base plate.

The spectromete r and dewa r sys tem are suspended in the vacuum

dewa r with four re-entrant fiberg lass cy linders which pro v ide r ig idi ty,

mechanical s t r eng th  f o r  up to 20 g ’ s loadin g on pa r a c h u t e  impact  and

the rmal insula t ion. Init ia l l y the spe c t rome te r  base plate of a luminum

was coupled to the LHe throug h two large  s ta inless  steel  w a s h e r s  and the

stainless steel  walls of the dewar.  The initial coolings indicated that the

base plate did not get cold enough for the detectors to operate. To aid

the rmal c o n d u ct i v i t y  coppe r st r aps  we re solde red to the walls of the LHe

dewa r and brot~ht out to a coppe r r ing  in contac t  with the base plate . This

lowe red th e  t e m p e r a t u r e  cons ide rabl y to < 7K.

Heat sinking the base plate was one of two problems encountered

in the initial desi gn. The second was that the LHe pl umbing  pr ov ided a

resonant  cavi t y for acoustic oscillations so that the LHe hold times

we re 2 - 12 hours . This problem was d i f f i c u l t  to r e c o g n i ze  due to  l ack

of experience with the instrument and because the h e l i u m  hold times usually

were in the 8-12  hour  range . S eve  ra l  expe r i e n u c s  of 2 h o u r  hold  t im e s

r es ul ted in c a r e full y ch e c k i n g  f o r  the rmal  s h o r t s  and f i n a l l y  d e t e r m i n i n g

tha t the p r o h l ’ - m  w a s  a O l i S t i (  o s c i l l a t i o n .

18



Working with  this  spectromete r in its dewa r require s s i g n i f i c a n t l y

more time for  tes t ing  and modif y ing than conventional spec t romete r s

because of the time s required for  pumping the vacuum dewa r and cooling

and wa rming the spec t romete r .  Five days minimum are requ i red  to com-

plete one tes t  cycle of placing the spectromete r and cold shields into the

dewa r , evacuat ing,  coo ling,  tes t ing, warming  and reopening the dewar.

Slig htl y longer t imes are  required  if a bakeout p rocedure  is used in the

evacuat ion process .  Howeve r , once tes te d , the spec t romete r  can be kept

ope rational for extended periods. The longest such period to date is about

one month.

III. CALIB RATIO N

The spec t rometer  is calib rate d in the l abora to ry  and in the field

p r io r  to each fli gh t or s e r i e s  of f l ights . It is impor tan t  tha t  t h e s e

calibrations are accurate and that all the variables are measured and changed

in a controlled manne r. The calib ration provides a means of converting

the voltages measured dur ing flig ht to absolute spect ra l  radiance . These

radiance values are then used to calculate spectra l  emi s s iv i t i e s  and con-

s t i tuent  profi le s (see  Data Reduct ion) .

The spectrome ter is calibrated by filling the field of view with a known

source of uniform intensity. This source is then varied in intensity over

the range of values anticipated during the balloon flig ht. The calibration

is derived from two pr ocedures . The two procedure s cons i s t  of e i t h e r  us ing

a ser ies  of sing le point cal ibrat ions  at d i f fe ren t  tempe ra tur .~s and a s s u m ing

zero radiance at zero voltage output or using successive calibrarion scans

at s l ight l y diffe ren t  t ffnpe ra tures  in a d i f f e r e n t i a l  mode and calculat ing the

slope resul t ing  f rom the radiance and vol tage d i f f e r e n c e s . I n t h i s  manne r

a numbe r of sys temat ic  e r r o r s  can be d e t e r m i n e d , suc h as o f f se t  vol tages ,

unce r t a in t i e s  in the value of the ca l ibra t ion  source  and s y s t e m  n o n - l i n e a r i t i e s .

L ~~~.. —-——. . - .. .. . . .
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The ca l ib ra t ion  source  is usually a cav i t y wi th  d imens ions  such  that

i t  is opt ica lly black to bette r than 0 .99 ,  an ape r t u re t hat f ills t he f i e ld

of view and walls that a re  heavy enoug h to be good t h e r m a l conduc to r s

to a s s u r e  tempe ra ture  u n i f o r m i ty. In a dt ht i o n , the black bod y is double

walled with liquid n i t r o ge n be tween  the walls . This b lack bod y is ope rated

cold ove r a range of t empe ra tu r e s  down to 80K. It is i m p o r t a n t  tha t  it  is

mounted wi th  s u f f i c i e n t  over lap  of the window mount to p r e v e n t  wa rm

radia t ion  f rom ente r ing the c a v i t y throug h the ape r tu re  s ince t h e r e  a r e  f ive

o r d e r s  of magni tude between radiance  values at room tempe r a t u r e  and

liquid n i t rogen  tempe ratu re at 12Mm .

The u n i f o r m i t y  and absolute value of t empera tu re  of the black bod y

a re  v e ry  i m p o r t a n t . E r r o r s  of 1K in tempe ra ture  of the  black bod y can

lead to e r r o r s  in excess  of 10% in the assumed radiance  value ( see  Fi gure

5). The black bod y tempe r a t u r e  is measu red  wi th  senso  i s  mounted  in the

wall at the end of the  cy l i n d r i c a l  shaped c a v i t y .  Both  t h e r m i s t o r s  and

pla t i num r e s i s t o r s  a r e  used as tempe ratu re sensors .  Also , the L N 2
is p r e s s u r i z e d  and the tempe ra ture  of the LN 2 at  va r ious  p r e s s u r e s  com-

pared  wi th  the tempe r at u r e  s e n s o r s . With ca re  these  ternpe r a t u r e s  wi l l

ag ree  to ± 0. 2K , but s y s t e m a t i c  m e a s u r i n g  e r r o r s  can e a s i l y cause  e r r o r s

o f ±  2K.

The c a l i b r a t i o n  c o e f f i c i e n t  ( K )  f o r  each wave leng th  is d e r i v e d  in the

fo l lowing way:

K ’V ( E N .) ,

whe re V is the detector outpu t voltage at wavelength X and N . i s  t he  sum

of all the sources of spectral radiance incident on the d e t e c t o r .  In g e n e r a l ,

N
B

(B lack  Bod y) T
B 

4 N ,N ( W i n d o w )  T
W 

.1. N
M

( M i r r o r s )  T~~~~

- N
R

( R e f e  r e n c e )

The q u a n t i t i e s  N
B~ 

N
~~ . N

M 
and a re  r a d i a n c e  v a l u e s  a s s o c i a t e d

Plank  r a d i a t i o n  f r o m  t h e i r  r e s p e c t i v e  med ia . O n ly  a f r a c t i o n  of t h i s

r a d i a n c e  wi l l  he i n c i d e n t  on the  d e t e t o r  due to the op t i c a l  p r o p e r t ie s  af

the i n t e r v e n i n g  pa th  ( i . • t h e  b l a c k  body  r a d i a nc e  w i l l  be p a r t i i l l v  a b s or b e d

0
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b y the window and m i r r o r s ) .  Thus T B~ 
T~~~, T

M 
and T

1
~~ have values  in

the range of 0. 0 to 1. 0 and are effective transmission te rms for each

radiance source. In realit y each T would be a product  of t e rms  such as

m i r r o r  re f lec t iv i t i e s , g r a t i n g  e f f i c i e n c y  and window t r a n s m i s s i o n  and

re f lect ion . Most  of these t e rms  d rop  out of the c a l i b r a t i o n  as shown below.

The gene ral e x p r e s s i o n  f o r  ~ N . contains t e r m s  f o r  emis s ion  f r o m  the

i n s t r u m e n t  m i r r o r s  and opt ica l  refe rence path ( that  wh ich  the  d e t e c t o r

sees d u r i n g the closed po r t ion  of the tuning fo rk chopping).  S ince  the

m i r r o rs and r e fe rence  are at  or  nea r liqu id hel ium tempe r a t u r e , these

t e r m s  a re  ze ro .  In add i t i on  the i n s t r u m e n t  t r a n s m i s s i o n  f u n c t i o n , w h i c h

includes m i r r o r  r e f l e c t i v i t i e s  and g r a t i n g  e f f i c i e n c y ,  can  be i n c o r p o r a t e d

into the c a l i b r a t i o n  c o e f f i c i e n t  wh ich  is c o n s t a n t . The vacuum window

t r a n s m i s s i o n  can also be included in the c a l i b r a t i o n  c o e f f i c i e n t  but wi l l

s t i l l  show up in the  window c o r r e c t i o n  te rm. Thus ,

= KV = N
B 

+ N w T
W 

N~~ T 
N

B

where  N~~ is the r ad i ance  f r o m  all s o u r c e s  be ing  r e f l e c t e d  i n t e r n a l l y f r o m

the window into the  s p e c t r o m e t e r .  Both window t e r m s  should  r e m a i n  con-

s t a n t  d u r i n g  c a l i b r a t i o n  and f o r  s i m p l i c i t y of e x p r e ss i o n  can  be re fe  r r e d

to as 
~~~~ 

( T h e r e  m ay  be some mi n o  r t he  rma l coup l i n g  b et w e e n  t h e

blac k bod y and the  w i n d o w  but  i t  does not a ppear  to be i m p or t a n t  d u r i n g  t h e

t ime f r ame  of t he  c a l i b ra t i o n  p r o c e d u r e , )

The N’ a re  two w a y s  of det e  m i m ing  va lues  f o r  K as a f u n c t i o n  of wave-

l e n g t h .  Both  a s s u me  t h a t  t h e  f i e l d  of v i e w  is f i l l e d  w i t h  a p r A pt ’  r b l a ck

bod y w i t h  c on t  r e l i a b le  t e m p e r a t u r e . A t  e a c h  te mpe r a t i i  r e  ~ I lu 1)1.1 ck

bod y a va lue  f o r  K a n  be a l c u l a t e d :

N ~~N
K = R

I f t h e  d e t e . t i r  and  e l e c t r o n ic  s .ar e  l i n e a r  o v e r  t h e  r a d i a n t  r a n ~ in  q i i t ’ s t i ii

and  if N~~. ‘
~ 

N~~, t h e n  K wi l l  be c o n s t a n t  i s  N
1~ i s  va r i i d .  If  K is  n et

c o n s t a n t , t he  n a t u r e  of t h i s  v a r i a b i l i t y  c an  be d e t e r m i n e d  by c a l .  t i l . i t i ~ ig

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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the value of K f rom succeed ing  p a i r s  of m e a s u r e m e n t s  in the d i f f e r e n t i a l

f a sh ion ,

K 
N IB - 

N
ZB

- 
V

I 
- V

2

This p r o ce e d u r e  removes e r r o r s  in K due to window r a d i a n c e  and p r ov i d e s

a means of measu r ing  s y s t e m  l i n e a r i t y  b y v a r y ing N B 
ove r the  e n t i r e

range of i n t e r e s t . This p rocedure  is also v e r y  s u s c e p t i b l e  to e r r o r s

in the m e a s u r e d  t e m p e r a t u r e  of the black bod y.

On the F e b r u a r y  f l ig ht the window radiance  te rm was si g n i f i c a n t  and

the d i f f e r e n t i a l  t echn ique  was used.  The de r ived  va lues  of K w e r e  c o n s t a n t

to 5- 10% ove r the  range  of r a d ia n c e  to be m e a s u r e d  d u r i n g  the  fl i g ht . At

v e ry  l a r g e  r a d i a n c e  levels K became n o n - l i n e a r .  A l s o  at l a r g e  r a d i a n c e

levels  but  in the l inea r r eg ion , the value of K ca l cu l a t ed  f r o m  the s ing le

p o i n t  p rocedu re was a p p r o x i m a t e ly equal to the  l i n ea r  value of K f r o m

the d i f f e r e n t i a l  c a l c u l a t i o n .

A good r e l a t i v e  c a l i b r a t i o n  was a lso  obta ined  f or  the  June fli ght , but

the  m a g n i t u d e  of K was w r o n g ,  appa rent l y due to s l i g h t  i c ing  of the window

d u r i n g  the c a l i b ra t i o n  p r o c e d u re .  The absolu te  magn i tude  of K was

a diu s t e d  by a f a c t o r  of 2 . 2  based on c o m pa r a t iv e  a t m o s ph e r i c  data  w i t h

the F e b r u r a r y  f l i gh t . This leave s t h e  abso lu te  m a g n i t u d e  of t he  f i n a l

data and d e r i v e d  c o n s t i t u e n t  p r o f i l e s  f o r  the June f l i g ht  s o m e w h a t  in

q u e s t i o n , but the  r e l a t i v e  shape s of the p r o f i l e s  should  be a c c u r a t e . The

c a l i b r a t i o n  c o e f f i c i e n ts  used  on these two fli g h t s  a r e  s h o w n  in Fi g u r es  1

t h r o u g h  Q . The p r i m a ry  d i f f e rence  in K f o r  the two d at e s  r e s u l t s  f r o m  a

change in b i a s  vo l t age .

A n u m b e r  of expe r imerit s  have been p e r f o r m e d to  det e  r m i ne  if

v a r i a t i o n  of a n y  o~ t h e  i n s t r u m e n t  e n v i r o n m e n t a l pa r a m e t e r s  m ig h t  c h a n g e

the c a l i b r a t i o n  c o e f f i c i e nt s . The tempe r a t u r e  of t h e  l i q u i d  h e l i u m  s i n k

and the  l i q u i d  n i t  rogen  sh ie ld  we re v a r i e d  b y lowe r i n g  t h e  ga se ou s v e n t i n g

p r e s s u r e . b i t t  t h e  s p e ct r o m e t e r  out put  d i d  not c h a n g e  w h e n  l o o k i n g  a t  a

c o n s t a n t  r a d i a n c e  s o u r c e .  C h a n g e s  in t h e  c a l i b r a t i o n  can i l s o  be c a u s e d
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Table II. F l igh t  and I n s t ru m e n t  Pa r a m e t e r s

27 June 1974 Fli g ht

Fli ght Date: 27 June 1974

Location: Holloman AFB

P r i m a r y  Ins t rument:  1. Liquid  he l ium cooled spec t rome te r w i t h
co ld window.

Auxilia ry Ins t ruments :  1. A. S. L. Tempe ra tu re  Sensors
2 . A .S .L. Ozone Sensor
3. NASA Ozone Sensor  ( H i l s e n  m a t h )

Purpose of Flig ht: To measure  m i n o r  a tmosp h e r i c  cons t i tuen t
he ig ht p r o f i l e s  and p r e l i m i n a ry  f ie ld  t e s t i ng
of LHe s p e c t r o m e t e r.

Time Log: Launch 0711 MDT
Float 0928 MDT (38. 0 km)
Cut Down 1404 MDT

LHe Spec t rome te r  Pa rame te r s :

Window Mate r ial KRS5
Scan Time 43 sec

16420 b ’ - 1  nXX Equation  cha r = 13 . 7 9 3  15030 ( s in  (-
~

-
~

- - ) _  17. 703)

Gra t ing  Orde r 2 1
A Range 8. 50 - 13. OO~~m 19. 20 - 26. l5~~m
Resolu t ion  . 03gm . O6~~m
Sample In t e rva l  . 005 j,~m . O l ~~ni
Detector  Bias + 4v 4 4v
A m p l i f i e r  Gain 22 . 5/ 2 2 5  15 . 8 / 15 8
Band Pass 25 E-~z 25 Hz
N E R  ( R e a l i z e d  d u r i ng  4 x 10 wcm 2

s r~~~12m 3 x l0 w c m 2
s r ’~~m

fl ig ht)
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by shifts  in optical alignment . To stud y this  and othe r long t e rm  cal ib ra-

tion variables , the ins t rument  is calib rated severa l  t imes  before  a f l i ght ,

e i ther  a s a comple t e blac k bod y cal ibrat ion or  as a one point  ca l ib ra t ion

check (usually agai~is t a room tempe ra ture  source) .  No measurable  change in

the ca lib ra t ion has been noted to date th at can be re lated to s h i f t s  in a l i gn-

ment , which includes any e f fec t s  due to t r anspor t ing  the in s t rumen t  and

recove ry rela ted shocks and v i b r a t i o ns .

The calib rat ion is l inear ly related to the detecto r bias  voltage.  The

b ias va lue is es tabl ished  wi th the windo w co ld and the black bod y cooled

to a radiance level ant ic ipated  in the s t r a tosphe re . As  a resu l t  the pre-

amp is satu ra ted at h ig h e r  radiance  levels . Howeve r , an aux i l i a ry  low

voltage bias can be subs t i tu t ed  fo r  the fl ig ht  bias fo r  p r e f l i g h t  c h e c ks .

Both  the ca l i b ra t i on  and the data reduct ion  p r o c e s s e s  assume prope r

wave length  ident i f ica t ion  of the data . The wavelength calib rat ion is

accomplished b y m e as u r i n g  the pos i t ions  of a l a rge  numbe r of known

atmosphe r i c  li nes or l ine grou ps . These line posi t ions a re  f i t t ed  b y

least squares to the g ra t ing  equation based on the assumption of a cons tan t

angula r ve loc it y of the g r a t i n g  d r i v e .  The equat ion has the f o r m :

n). = Zd sin ( w t + 4 )

where  d = 25 m i c r o n s  and t is the t ime base of the r e c o r de r e xp r e s s e d

as data sample po in t s . Values  fo r  the  c o n s t a n t  w and 4~ a r e  con tained in

Tab les II and V. To date this  method seems to be accurat e  to w i th in  a

r e so lut ion  element. Note tha t  l ine p o s i t i o ns  f r o m  both o r d e r s  of the

g r a t in g  (both d e t e c t o rs )  must  f i t  the g r a t i n g  equat ion u s i n g  the  same con-

s tan t s . Selected a tmosph e r i c  l ine s are  m o n i t o r e d  d u r i n g  f l ig ht and m i n o r

a d j u s t m e n ts  a r e  made to the e q ua t i o n  to compensate  for  tempe r a t u r e  e f f e c t s

on the  d r ive  c i r c u i t r y .  This is a ccompl i shed  wi th  a s c a l i n g  pa r a m e t e r

(b ’ or  a) conta ined  w i t h i n  the c o n s t a n t  u .
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IV . FLIGHT DETAILS

A . 27 June 1974 Flig ht

The 27 June 1974 f l ight  was made in conjunct ion  wi th  the NASA LA CA TE
Program and d i rec t  fl ig ht costs we re allocated to that p rogram . P r i o r
to this fl ig ht d i f f icu l t ie s were expe rienced with  the l iquid he l ium dewa r
hold time s as was explained previousl y. This flig ht had orig ina l l y been
scheduled for  ear l y May and was postponed un t i l  June due to the re quired
m o d i f i c a t i o n s.

This f i r s t  fli ght was launched at 0711 MDT on 27 June 1974 at Holloman
AFB. Table II summar izes  the fli ght de ta i l s. The main exper iment  on
board was the above described spectral  r ad iomete r  set to scan f rom 8. 5~.z rn —

to 13. 0Mm and f rom 19. 2 .zm to 26 . l5~im. An Ozone Sensor  developed b y
H i l s e n r a t h  of NASA Goddard was a lso  on boa rd. A l so  a p a i r  of t empera tu re
Sensors  and an ozone s enso r  provided  by A t m o sp h e r i c  Sc iences  Labo r a t o r y

we re flo wn. The ins t ruments  including control  i n s t r u m e n t a ti o n  and para-
chute weig hed 6 82 kg and the balloon weighed an add i t i ona l  595 kg . The
balloon reached  a f loat  a l t i tude  of 38 km a t  0Q28 MDT and r emained  at

tha t  a l t i t ud e  u n t i l  t e r m i n a t i o n  at 1404 MDT. F i g u r e  10 shows t h e  fli g ht

t r aj e c t o r y .  The pa rachu te  impacted south  of Phoenix  and the equ i pment

was recove red and r e t u r n e d  in good c o n d i t i o n .

Tempe r a t u r e  and hu m i d i ty  data f r o m  rawinsonde  a s c e n t s  n e a r  the  t i m e

of t h e bal loon f l i ght  we re collected and plotted on a common plot . A
smoothed ave rage was selected as r e p r e s e n t a t i v e  of the sonde data and
used in the i n f r a r e d  r a d i a n c e  ana l y s i s  p roces s  d e s cr i b e d  in a late r S e t  i on .
rhe sonde tem p e r a t u r e s , dew points  and smoothed cu m v e s are  shown in

F i g u r e  11 . Note the  m a g n i t u d e  of v a r i a t i o n  of a ny  one t emp e  r a t u r e  i-nea -

su re ment  f r o m  the smoothed curve . Th i s  ~~I when i n t e r p r e t e d  radio-
m e t ro - a l l y ( F i g u r e  5) r e p r e s e n t s  a b a s i c  u n c e r t a i nt y  in the  i n v e r s e  r a d i a t i v e

t r a n s f e r p r o c e s s .
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The spec t ra l  rad iometer  worked  throug hout the fl i ght and data f r o m

both wavelength regions  were  recorded on tape . Three elevat ion scans

were  made at  fl oat a l t i t u d e . Several  mino r problems in the i n s t r u m e n t

pe rfo rmanc e caused a cons ide rab le  delay in the data  r e d u c t i o n  p r o c e s s .

The p r inc i pal problems were  c r o s s- ta l k  between pre-amps , resonant

microph o n i c s  (bo th  d i s c u s s e d  late r ) ,  v a r i a b i l i ty in wavelength  d r i v e  due

to variable ground c u r r e n t s  in the tachome te r lead and wa rming of the

outs ide  s u r f a c e  of the vacuum dewa r at float a l t i tude  caus ing  an i n c r e a s e

in the radiance ref lec ted  f r o m  the window into the s p e c t r o m e t e r.

Usable data were  obtained f r o m  one of the th ree  a u x i l i a ry  e x p e r i m e nt s ,

the NASA ozone sensor .  The ozone a l t i tude  prof i l e  de r ived f r o m  t h i s

expe r imen t  was supplied by E r n e s t  H i l s e n r a t h, Uppe r A t m o s phe re B r a n c h ,

Goddard Space Flight Cente r and is shown in Table III. 
2 

This  table con-

ta ins  the 03 mixing r a t i o  f r o m  the f l i gh t  data and f r o m  an ave rage of 17

rocke t  sondes  flown at  mid - l a t i t ude  d u r i n g  the  day. A c c o r d i n g  to Dr.

Hi l senra th, there  is no si g n i f i ca n t  change in the mix ing  ra t io  dur ing  f loat .

He also indica tes  t hat  it  is d i f f i c u l t  to e s t ima te  the e r r o r s  in the m e a s u r e m e n t

s ince the vacuum chambe r t e s t s  w i t h  the a s p i r a t o r  we re not c o n c l u s i v e

above 36 . 5 km. A d d i t i o n a l  e r r o r s  could a lso  be due to losses  in the

p lumbing  at h i g h a l t i t u d e s  tha t  could not  he a c c o u n t e d  f o r  in the da ta

r e d u c t i o n . In e it h e r case , these  e r r o r s  would t e n d  to u n d e r - m e a s u r e

the a m b i e n t  ozone by as much  as 20~ o above 3 ’ . 5 km . Below t h i s  al-

t i tude  the m e a s u r e m e n t  should be as good as the opt ical  m e a s u r e m e n t

i tse lf , wh ich  is about  + 5%.

2E. H i l s e n r a t h  and T. A . A s h e n f e l t e r , A Balloon Ozone M e a s u r e m e n t
U t i l i z i n g  an Opt ica l  A b s o r p t i o n  Cell and an E jec to r  A i r  Samp l e r , ’ NASA
Technica l  Note No. NASA TN D-8281 , Goddard Space Fl ig ht  C e n t e r ,
Greenbel t , Md. 20771 , Jul y 1976 .

L 

3A. J. K r u e g e r , ‘ The Mean Czone Distribution of Several Series of
Rocke t  Sound ings  to 52 km at L a t i t u d e s  f r o m  58 °S to 4° N ’ , P u r e  App i .
Geoph ys . 106-1 08, 12 72- 12 80 , 1973.
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Table III. NASA Ozone Prof i le

Alt Balloon Ozone Standa rd Atmosphe re
( km) Mon ito r  Mid -La t i t ude

27 June 1974 17 Rocket  Sondes

____ 
~ gm/ g m ~ g m/ g m

17. 0 0. 63
17. 5 0. 97
18.0 1. 52 2 . 6 5
18. 5 2. 29
19. 0 3. 16
l9.~~ 3. 00
20. 0 3. 57 4 . 27
20. 5 4. 48
2 1.0 4. 87
21 .5  5. 20
22. 0 5. 52 6 . 0 0
22. 5 6 . 23
23. 0 6 . 7 3
23. 5 7. 36
24. 0 8 .23  7 .77
24 . 5  8. 65
25. 0 9 . 7 3
25. 5 10. 3
2 6 . 0  11 . 0  9. 39
26. 5 11 . 5
27. 0 1 1 . 9
2 7 . 5  12 .0
28 .0  12 . 6 10. 2
28 .5  13. 1
29. 0 12. 6
29. 5 12. 8
30. 0 12. 9 10.9
30. 5 13. 2
31 .0 13 . 1
31. 5 12.8
32 . 0 12. 9 11 . 9
32 . 5 12. 9
33. 0 12. 7
33. 5 13. 2
34 .0  12. 3 12 . 7
34. 5 12 .9
35. 0 13. 4
35. 5 12 .6
36. 0 12 . 1 13. 4
36. 5 1 3 . 1
3 7 0  11 .7

37. 5 11 . 4

3R . 0 l O . i , 1 3 . 0
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The ASL ozone i n s t r u m en t  did not f u n c t i o n  p rope r l y but  t h e  r eason  fo r

this is unc lear .  The tempe ra tu re s e n s o r s  opera ted  p r o p e r ly ,  but a p p a r e nt l y

the c o n v e ct i v e  and r a d i at i v e  e n v i r o n me n t  a round  such  a l a r ge  ba l loon  pa~’-

load p r e c l ud e  m a k i n g  a t r u e  a i r  tempe r a t u r e  m e a s u rem e n t .

A summary  of the a tmosph e r i c  p a r a m e t e rs  f o r  e ach  s p e c t ra l  s can  of

the s p e c t ra l  r ad iomete r is included in Table IV. The tab le  in c l u d e s  an

i d e n t i f i ca t i o n  numbe r f o r  each scan , t i m e  a l t i t ude , p r e s s u re . a n g le of

o b s e r v at i o n  of i nc ident  r ad iance , a t m o s p h e r i c  tempe r a t u r e  f r o m  F i g u re  11 ,

an appa rent  window r e f le c t a n c e  tempe r a t u r e  and an a s s u me d  window

tempe ratu re . The window tempe r a t u r e  s e n s i n g  c i r c u i t  su f f e  red f r om  the

same g round  c u r r e n t  p rob lems  as the  t a c h o m e te r , t h u s  n e g a t i n g  the mea-

5U r e m e n t  on t h i s  f l ig ht .

B. 1° F e b r ua r y  1975 F l i g ht

The 10 Februa ry 1q75 fli ght was flown as a t e s t  f l i g ht  f o r  a g r o u p  of

i n s t r u me n t s to be flown in A l a s k a  in A p r i l  and  N l a y  of l~~75 . flie a s s em b l e d

gondola read y fo r  f l ig h t  is shown in F i g u re  12 . Fhe e x p e r im e n t s  on boa rd

inc luded  the s p e c t r a l  r a d i o m e t e r , a f o u r  f ie ld  of v i e w  f i l t e r  r a d i o me t e r ,

the A~~L tempe  r a t u r e  s e n s o r s , ASL oz o n es an d e , an \- r ay  sen s o r  d e s ig n -d

and b u i l t  by lame s I l a r c us  of the  (Jnive r s i t v  of I ) e n v t ’  r , and 1. ~~~~~ 0 ,

( a g ) r a d i o m e t e r  d e s i gned  and bu i l t  a t  the U n i v e r s i t y  of D e n v er .

The ba l loon wa I a i in c h e d  a t  (1 34 2  MS 1’ and  r e a c h e d  a f l o a t  a l t i t u d e

of ~~~~~~ 1 km i t  f l 5~~2 \ i~ 1 . The p a y l o a d  of 726 k g and b a l l o o n  of 4 5 i  k g

flo a t e d  e a s t w - i .r d  u n t i l  12 ’ 8  M ST w h e n  t h e  f l i g ht  w a s  t e r m i n a t e d . F i g u re 1 3

shows  a p lot  of t h e  u1i t ~l i t  t r a j e c t o r y .  r he pa r a c h u i t ’ inip a  t e d  10 m i l e s  e a s t

of B ig  Sp r i n U s , 1’ e x . t ’ ~ . Mu i n s t  r ’u m e n t s  we i - i  r e t u r n e d  in c o d  o n d i t i o n

and p r ep ;l  r i d  f o r  s l i i p n u e n i  to A l a s k a  , i H e r  i i -  ne~ e s s a  ry r o o d i t o  i t i , n s ,

A s u m m ar y  of t h e  f l i g h t  an d  i n s t r ’ u u u i ~~ u t  p a r . i u u - t - r s  i s  l i s t e d  in  l a b l e  V .

l e mp e  m a t u r e  ~t n d  d - w  p int h - I ~~i u t  p r - f I l . - s  ‘A ! I  - H  t e d  r i m  . u . ~ .- n t s

m a d e  at  t i m e s  n e a r  t i u ’~~ - ~~~~ ‘ H -  b , i l l i: f l i c ~ .~ . i ’ l , t s  of he~~. - d . i I i  m d

the  a s s u me d  i ’ , ’  - i i’ ’ -  p i - o l t l - M  i ’ -  ~h o ’.vn i n  V i g o r -  11 .

-

~ 

-- - - A



Table IV. Table of Pa r a m e t e r s  fo r  I n d i v i d u a l  Scans  fo r  the Fli g ht of 27 June 1974 .

Record  Time Alt  A l t  P r e s s  Z e n i t h  A i r  Sk in  W i n d o w
No . (MST)  (k f t ) ( krn ) ( m b)  A n g le Temp Temp Temp

( °) ( °K)  ( ° K )  ( °K)

60 0740 32 . 8 10 . 0 288. 63 . 0 236 . 7 308 . 80
64 0743 3t . 1 11 . 0 24 1. ( 3 . 0 230 . 0 30n . 80

0747 3~~. 4 12 .0  214 .  i - 3 . 0 2 2 3 . 1 304 . 80
73 0750 42 . 7 1 1 . 0 183. 63 . 0 2 1 5 . 3 301 . 80
78 0753 4 5 9 14 . 0  157, m5 3 .  0 208 . 5 2°4 . 80
82 0756 40 , 2 15 . 0  133 . o3 . 0 2 03 . 5 28 . sO
86 0759 s2 . 5 i i ,  0 11 2. ( 3 ~~Q 201 . 0 281 . 80
94 0804 55 .8  17. 0 95. 0 o3 . 0  201 . 2 271 . 80

102 0809 59~ 1 18.0 80. 9 t 3 . 0 203 . 5 2 62 . 80
105 0814 1)2 . 3 1° . 0 68. 8 63 . 0 207. 5 2 5 K . 80
111 0819 65. 6 20. 0 58. 5 6 3 . 0  2 12 . 8  2 5 1 . 5 80
116 0824 68 . 9  2 1 . 0 49~~Q n 3 .0 2 1 5 . 8 250 . 4 80
110 0827 72. 2 22 . 0 42 . 6 0 3 . 0 217. 5 250 . 1 80
127 0831  75. 5 2~~. O  30 . 4 03. 0 21 5 . 8 2 50 , 2 80
132 0835 78. 7 2 4 0  31 , 2 1 1 . 0  22 0 . 2 250 . 5 80
135 0838 82 . 0 2 5 . 0  2 i i .~~ 6 3 . 0 2 2 2 . 1 250 . 7 80
142 0842 85 . 3 2 ( . 0 22 . 8 78 . 0 22 4 . 3 251 . 0 80
147 0s40 88 . 6 27 . 0 i i . 6 78 .0  2 2 u . 3 251 . 4 80
152 0849 ~ 1. 9 28 . 0  11 .8  78 . 0 225 . 4 2 5 1 . 7 80
156 0852 05 • 1 2” . 0 14 . 6  78 . 0 2 ~( 1 . 5 2 52 . 2 80
160 0856 98. 4 30. 0 12 . 5 78. 0 2 14 . 8 2 5 2 . m 80
168 0900 101 . 7 31 . 0  10. 8 83 .0  2 16 . t 253 . 0 80
180 000 1 108 . 3  1. 0 8 . 0 83 . 0 2 1 ( 1 . 2 25 . 0 80
19 1 0~~l 5  114 . 8 15 . 0 e .0  83 . 0 2 4 3 . 2 Z 5~). 3 80

- - 204 0922 121 . 4 37. 0 4 . 5 83 . 0 2 4 m .0  2o 3 . 5 80
22(~ 0937 124 . 7 ls .0  4 . 0  83 . 0  2 4 m - . 0 208 . 0 80
247 00 5 2  124 . 7 38. 0 4 . 0  83 . 0  2 4 t - . 0 270. 3 80
275 1010 124 . 7 18 .0  .0  88 . 0 2 4 u . 0 2 t 0 . 5 (1

280 102 1  1 2 4 . 7  38 .0  ~“ . O 0 3 .0  2 4 u  . 0 2n~~. ~‘ 5 1)

283 1023  124 . 7  38 . 0 4. 0 0 3 . 0 2 4 m . . 0 2 - ’~. 4 80
286 1025 124 .7 38.  0 4 . 0 93 . 0 24 o . 0 2m °, 4 80
289 1028 124 .7  ~K . 0 4 . 0  1. 0 2-1 . 0  2 u ‘4 3 80

1 0 3 0  124 . 7 38 . 0 4 . () ‘) 3~ 0 2 - 1 ’ - . 0 ~~~~ 3 80
2~~5 1 0 3 2  1 2 4 . 7  3 8 .0  4 . 0  ~4 3 (1 2 1 - . ( 1  2 ’- ’~. 2 so
2°8 10 ~4 124 . 7  ~~~~~. 0 4 . 0  ~4 3 . 0 2 4  . 0 2 ‘ ‘ 50
30 1 1030 124 . 7 ~s . 0 4 0 ° 3 . 0 2- )  . 0 2 1 . ’i . 0 50
304 1038 124 . 7 15 . 0 4 . 0 ‘ i3 ~~ (1 2 4 m  ( I  2 8 . 8 50
318 104 1 2 4 . 7  8 . 0 4 . 0 45 . 0 ~ 1 . o 2’ ~~. ‘ 50

346 1058 1 2 4 . 7 i s~ 0 4. 0 1~~ 0 1-) ’ . (1 2 - 7 . - 80
t e l  1 1 14  124. 7 -

~~K . 0 4 . 0 75 . 0 2 1 . 1) 2 ’ 7 . 80
375 l 1 2 5  12-1 . 7 - - . 0 1 . 0 8 . 0 2 - 1 . 0 ‘ u . ’ 50
389 1 1 3 5  124 . 7 38 . 0 -1 0 88 . 0 .~ 1 . 0 .‘ ‘ ‘ . 4 NO

1 1 42  124 . 7 - n  ()  4 . 0 ~~~~~. (1 2-1 ’ . () 2 ’ - ’ - . 2 81)

4 113 1 1 4 7  12 -1 . 7 us~~o ; . O ‘~~~~
-

. 0 - t ’ . O .~~~ . o so
400 1 1 5 1  1 ’ )  7 0 1 0 1) 1’  (I , 5 ) ’
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Table V. Fli ght and I n s t r u m e n t  Pa r a m e t e r s

19 Fe br u a ry  1975 Flig ht

Flight Date: 19 February 1975

Location: Hollorrtan AFB , New M exico

P r ima r y Instruments: 1. Liquid helium cooled spect rometer wi th
co ld window.

2. 4 detecto r LN
2 

rad iometers.

Auxil iary Instruments : 1. A . S. L. Tempe ratu re Sensors
2. A.S.L. Ozone Sensors
3. X- ray (Barcus)
4, 1. 27Mm Radiomete r

Purpose of Flig ht: Test ins t rumenta t ion  for  Alaska s e r i e s  in A pr i l
and May 1975 . To measure  mino r a tmosphe r i c
constituent heig ht prof i l es.

Time Log: Launch 0342MS T
Float 0552MS T ~29. I k rn)
Cut Down 1Z58MS T

LHe Spectromete r Parameters :

W indow Mate r ia l KRS 5
Scan Time 43 sec
). Equat ion nX = 50 sin[8.  60 x 10~~ 

~~~~ 
( c h a r )  18 . 70]

Grating O rder 2
A Range 8. 1O- 13 . 60~ m l8 . O O - 2 7 . 2O~ m
Resolut ion . O3~ m . 06 d m
Sample Inte rval . 005~~m • O 1~~m
Detector Bias l R v  18’,-
Amplifier Gain 2. 83/113. 2 2. 83/113. 2
Band Pass 12 . 5Hz 12 . 5Hz
NER (Realized during 4xl0 8wcm 2sr I

Un~~13x1O
8wcrn Zs r l

~~n~~
l

f l i g h t )

- - - ~ ~—~~~~~~~~~- - -  - -~~~~~~~~
--
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The spectral radiometer ope rated successfully during the entire flight.

However, many of the same minor problems present in the June data

plagued the data reduction process . A pparentl y the problems had not
-

‘ been completely identified. In most instances the magnitude of the

problem had been significantly reduced , but better solutions were required

before fly ing in Alaska . The f i l te r  radiomete r lost s ens i t i v i t y shor t l y

a f te r  launch so no useful data we re obtained:  appa rent l y the de tec to r had

run out of liquid helium. The ASL Ozonesonde did not obtain a meaning ful

measurement  and the tempera ture  sensors  st i l l  read hig h. This  approach

for  measuring local a i r  tempe ra ture  was abandoned a f t e r  th is  flig ht . The

X- ray moni to r ing  ins t rument  operated prope rl y and measured  app rop r i a t e

bac kgroun d levels , but these data are  not d i r e c t l y of inte res t  and are  not

presented he re. Any pe r turbed X - r a y  data f r o m  Alaska will be repor ted .

The 1. Z7 M m radiome te r stopped ope rat ing dur ing ascen t  apparent l y due

t o co ld ele c t r o n i c s .

A summary  of the atmosph e r i c  pa rameters  fo r  the spec t r a l  r a d i o m e t e r

for  the February  flig ht a r e  shown in Table VI. Sp e c t r a l  scan i d e n t i f i c a t i o n

numbers  a re  contained in the f i r s t  two column s. These a re  a s s o c i a t e d  wi th

the two recorders  flown as par t  of the balloon ,n s tr u m en t a t i o n .  The othe r

columns a re  iden t i f i ed  the same as fo r  the  June fli g ht .

4 1



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ - -~~~

Table VI. Table of Pa rame te rs for  Individual  Scans for the Fl i g ht of Feb rua ry 1975 .

Record Record Time Al t  Al t  Press  Z e n i t h  A i r  Sk in  Window
No .( 4 2 )  No .(#3)  (MST) (kf t ) (km) (mb)  Ang le Temp Temp Temp

( °) (°K) (°K) (°K)

46 47 040 1 18. 0 5 . 5  504 . 6 3 .0  2 5 1 . 9  242. 5 80
49 50 0403 19. 7 6. 0 472. 63. 0 248. 0 240. 2 80
52 53 0405 21.3 6.5 439. 63.0 245.2 238. 2 80
55 56 0407 23.0 7.0 411 . 63.0 241.2 236.0 80
58 50 0409 24 . 6 7. 5 383. 63. 0 237. 6 234. 0 80
61 e2 0412 26.2 8.0 355. 63.0 233.7 232. 5 80
64 05 0414 27.9 8. 5 330. o3. 0 230. 5 231.8 80
67 08 0416 29. 5 9 . 0  306 . ( 13 . 0 2 2 ( > . 7 228. 8 80
70 71 0418 3 1 . 2 (1 , 5 286 . (~3 .0  223. 2 227 . 0 80
72 73 0420 32 . 8 10. 0 2o5 . ( 13 .0 220. 2 22 5 . 1’ 80
74 75 0421 34.4 10.5 245 . 63.0 219. 5 224 .3 80
76 77 0 4 2 2  3e . 1 11 . 0  228 . 6 3 .0  2 2 0 . 6  2 2 3 . 0 80
78 79 0424 37. 7 11 . 5 2 10. 03 . 0  210. o 221.  5 80
57 85 0428 40. 0 12. 2 188. 5 o3. 0 220.  2 218. 3 80
90 88 0420 41 . 0  12 . 5 170 .7  6 3 .0  21 9. o 214 . 5 80

02 0433 42 . 3 12. 9 i i ’). 3 63.0 221 .0 212. 5 80
101 97 0436 44.3 13. 5 153. 6 63.0 21 9.e 200 . 0  80
104 100 0418 47.6 14.5 131 .7 o3.O 218.0 200 . 0  80
IOi 102 0441) 49,2 15.0 121 .4 63.0 215. m 205.2 80
110 105 0442 51 .8 15.8 107. 5 63.0 213. 1 2 01 .8 80
114 109 0445 54 , 1 16 . 5 90 . 3 63. 0 212 . 3 1°8 . 80
118 113  0447 55 , 8 17. 0 88. 5 6 3.0 2 1 1 . 4 l0 ,, . O  80
120 115 0440 57. 7 17 . 0 81 . 2 £~3. 0 200 . 1) 1 °4. 5 80
123 118 04 5 1  50 • 1 18 . 0 7f . 0 63 . 0 20 8 . 7  1”2 . 2 50
120 121 0 4 5 3  1, 1 . 0 18 . o m O . 3 3 ,0  208 . 4 l8 ’~. 8 50
120 124 04 5e m 1 . 0 10 . 2 m ’3 .  2 1 3 .0  20 5 . 2 157. 0 80
1.3 1 126 O4~~7 64 . 3 1’1. 6 5 6  e 3 . O  208 . 2 l s - -- . 0 80
134 12 1 1 f l4 5~ ,5 • e 20 . 0  5 5 . 7  m ’ 3 . 0 208 , 2 182 . 7 80
135  133 0501 ‘7 .  3 20. 5 51 . 7 ‘ - ~~.0  20 s . 2 17” . 8 80
141 1 3n 051)4 ~~~ ° 2 1 . 0 47. 7 e3 , 0 205 . 2 177.  8 50
144 13 0  0 5 0 m  70 , 5 21 . 5 44 . 1 ‘ 3 .0  2 0 8 . 2 1 7 - ’ . 5))
147 142 0508 71 .~ ) 21 . ’l 4 1 , 5 ‘3 .0  208 . 2 1 7 -4 . 2 80

152 147 051 1 73 , 8 22 . 5 37. 8 0 3 . 0 21 ) 8 . 2 172 . 5 80
154 110 0 5 1 3  75 . 5 2 3. 0 35 . 0 ‘~~ . 0  208 . 2 1 7 1 . 0

158 15 2 O 5 1 m ~ 77. 1 23 . 5 32 4 1 , 3 .0  20 5 . 2 17 1 . 2 80
10 3  1 -‘7 0 5 18  78 . 7 24 . 0 20 9 t 3 .0  208 . 2 170 . 1 80
100 I m ( )  0 — ’2 1 80 . 7 24 . Ii 27 2 , 1 . 0 21) 8 . 2 170 . 0 80

I m I  1) 524  52 . 3 2 n . 1 25. 0 ‘ 3 . 0 20 5 . 2 1 . 8 80
172  I - , -  ( ) 5 2 ~-’ 8 3 . 7 25 . 5 23 . 7 m - 10 2 1) 5 . 2 1 ’ -  - . 2 50
17’ 17n 0 5 2 8  8 ’ . 3 2o , 1) 2 1 , 1 ‘ - 1 . 0 20 8 . 2 I ’ - ’. 0
180 174 0 5 1 1  5 , . 1)  2’ . 5 20 . 3 ‘ 3 . 0  2 08 . 2 I ’ - ’~. 8 80
18 3  177 0 5 3 3  ~ --u~ 2 1 . - 10 1 )  ‘ 3 .0  2 0 .8 . 2 1 ’ R . ’ - 80



T able VI. Table of P a r a m e t e r s  for  Ind iv idua l  Scans for  the  F l i g ht of F e b r u a r y  1°75 .
(Con t inued )

Record Record  Time Alt Alt  P ress  Z e n i t h  A i r  Skin Window
No . (# Z )  N o . ( ’~3) (MST) (k i t )  (km) (mb ) A n g le Temp Temp Temp

( °) ( °K) ( °K) ( °K)

188 182 0537 90. 2 27. 5 17. 3 63 .0 208. 5 168. 0 80
193 187 0540 91 .9  28 . 0 16 . 0 63 . 0 208. 8 167. 3 80
196 19 0 0542 92 . 5 28 . 2 15 . 5 63 . 0 209. 0 166 . 9 80
199 19 3 0545 93 . 8 28 . 6 14. 7 78 . 0 209. 3 166 . 3 80
202 196 0547 94 . 5 28 . 8 14. 2 78 . 0  209. 5 166 . 0  80
204 198 0548 95. 1 29. 0 13 .8  78 . 0 209. 6 165 . 3 80
207 201 0550 95 . 5  29. 1 13. 5 78 . 0 209. 7 16 4 . 9  80
208 202 0551 95 . 5 29. 1 13. 5 83. 0 209. 7 16 4 . 7 80
213 207 0554 95 . 5 29. 1 13 . 5 88 .0  209. 7 163 .9  80
215 209 0 5 56 95 . 5 29. 1 13. 5 93 . 0 2 0 9 . 7  163. 1 80
221 215 0559 Q5~ 5 29. 1 13 . 5 81 . 0 2 0 9 . 7  1e2 . 1 80
229 222 0 604 95 . 5 29. 1 13 . 5 81 . 0 209. 7 i t  1. 0  80
242 235 0608 95 . 5 29 . 1 13 . 5 81 . 0  209. 7 158 . 4 80
255 248 0614 95 . 5  29. 1 13. 5 81 . 0 209. 7 l5o . 4 80

2 56 0621 (15~ 5 29 . 1 13. 5 81 . 0 209. 7 155 . 2 80
279 271 0636 95 . 5 29. 1 13 . 5 81 . 0  209. 7 15~~. 0 80
290 282 0645 95 .5  29. 1 13. 5 81 . 0 20 9 . 7  15~~. 2 80
308 300 0652 95 . 5 29. 1 13 . 5 81 . 0 209. 7 157. 0 80
358 350 0718 95 . 5 29. 1 1 3. 5 81 . 0  20° , 7 164 .0  80
408 400 0754 95 . 5 29. 1 13, 5 81 . 0  209. 7 1, 11 . 5 80
-158 450 0830 °5 . 5 29. 1 13 . 5 81 .0  209. 7 173. 5 80

500 0905 95. 5 29. 1 13 . 5 81 . 0 209. 7 176 . 3 80
550 0940 95 .5  2 . . 1 13 . 5 81 . 0 20’-~. 7 177. 1 80
m ’ O O  1015 95 . 5 29. 1 13 . 5 81 . 0 209. 7 176 . 5 80
e89 1048 95. 5 2° . 1 13. 5 81 . 0  20° . 7 174 . i $0
764 1200 95 . 5  20 . 1 13. 5 81 . 0 209 . 7 171 . 8  80

- 4 4
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V . DA TA REDUCTIO N

The data reduct ion process is essentiall y the same fo r  both f l ig hts

except  that specif ic  constan ts  may di f fe r for  each . The objec t ive  of the

data reduction is to convert  the recorded e lec t r i ca l  voltages back to the

o r i g inal in ci dent r ad iance wi th  as much p rec is ion as poss ib le. To accom-

plish this  the recorded data must  be examined fo r  spurious conten t  and ,

wheneve r possible , the undes i red  si gnal removed or compensated for .

In addi t ion  the un t r ea t ed  data are examined fo r  va r i a t i ons  of  the  p r i m a  r ’,-

data reduct ion pa ramete r s  such as wavelength and zero  refe rences  ( b o t h

opt ical  and e lec t r i ca l ).  Of course , ideall y t he re  a re  no spur ious  inpu t s .

In p rac t i ce , w i th  prope r iden t i f i ca t ion  of suc h inputs in groun d t e s t s  and

dur ing  the f i r s t  few fl ig hts , these inputs should be reduced to ins ign i f i -

cant levels.

Before the June and F e b r u a ry  data we re reduced to r ad i ance , c o r r c c t  i ons

had to be made f o r  e l ec t r i ca l  c ros s  talk between the p re -amps . The c r o s s

ta lk was not recognized unti l  a f t e r the June fl i g ht because  it was at  r e l a t i v m - l v

low levels (~ 
10%) and u n a n t i c i pated.  It is impo r t a n t , h o w e v e r , because

the radiance levels at comp lementa ry  wavelengths  of the  f i r s t  and se~ ond

orde r of the g r a t i n g  a re  sometime s o r d e r s  of magn i tude  a p a r t . The c r o s s

ta lk  m e c h a n i s m  was not p rope r l y i d e n t i f i e d  a f t e r  t h e  June f l i g ht  and was

p r es e n t  but  s l i ghtl y reduced f o r  the  F e b r u a r y  fl i g h t . It ha s  been e l i n i i n a t , - d

to < 0 .  1% on al l subsequent  fl i g hts . Ca re fu l  m e a s u r e m e n t s  w e r e  made of

the ef f e c t  p r i o r  to t he F e b r u a r y  f l i ght and in - f1i~ ht data w er e  used f o r  the

June f l i ght . Fi gure s 15 and 10 a r e  plots of t he p r e - F e b r u a r y  m e a s u r em e n t s

showi ng tha t  the c ros s  talk is l i n e a r  w i t h  amp l i t u de  w i t h  a d i f f e r e n t  magni -

tude  f r o m  s h o r t  w a v e l e ng t h  to long (
~ 

3 . 5% )  tha n f r o m  long w a v e l e n g t h  to

s h o r t  (-- .  6 . 3% ).  It was f i na l l y d e t e r m i n e d  tha t  t h e  N was  a smal l  c u I p a -. i -

t i v e  coupl ing  b e t w e e n  the  ou tpu t  of one p r e- a mp  and the  i n p u t  of t h e  o t l l - r

. 0 1  p f) c a u s i n g  th i s  (‘r o s s  t a lk . ‘I’he s o l u t i o n  was to  s h i e l d  about  3 - f l u

of inpu t lead. 

~
_
~~~± -~~~~~ 

_ _



0
. 0 -
0

• — 9

-r
0

\ r()
\ (0

0
\ 0
\ II

\ L&J
\ tl
\ 0 -

.

\ _J -~\ ( I)

>

o~~~\ - O  —(o -< -

\ •  z 2
- 0  -

-J

I— 0 -
~I -

_j _J
- a

I—
0 :- -(n o.)

• .

0
- 0
c’J -

~~~~~~

I I ~, I I -
0 0 0 0 -

(0 (‘J

(Aw) \ .L~~~~OHS



-- --- -- .- —— -- --- --~~~-- -~~~~- - - ~~~~~-~~~~- -~~~~~~~~~~ -- ,--~~--- --- —--.--- — - ~~~—-~~~~~~

E v e r y  ef for t  was made to e l imina te  ano ther  pe r s i s t en t  problem ,
microphonic  noise due to v ib ra t ing  de t ec to r  leads . This problem has not
yet  been complete ly solved, a l thoug h the level of the problem has been

g r e a t l y reduced . The m i c r o phonics  a r e  pa r t ia l l y re la ted  to the p re-amp

suspens ion  in i ts  the rmal box . Unt i l  recent  changes th i s  s u sp e n s i o n  has

ten ded to loosen with repeated thermal  cycles  and wi th  pa rachu te  impact
shock . In add i t ion , c e r t a i n  e leva tion  ang les of the i n s t r u m en t  allowed

mo re microp honic coupling than o the r s.  D u r i n g  a s c e n t  on the June f l ig ht

th i s  coupl ing developed a resonance  at c e r t a i n  e l eva t ion  ang les r e su l t i ng

in what appeared as a cons tan t  f r eq u e n c y  and ampl i tude .  An examp le is

shown in the f i rs t  10 secor~1s of Fi gure  17a . It was l a rge l y possible  to re-

move th i s  pseudo cons t an t  f r e q u e n cy  f r o m  the data b e f o r e  f ur t h e r reduc-

t ion ( see  F i g u r e  17b).

Once the e l e c t r i c a l  ar t i f a c t s  are  removed f r o m  the obse rved  sp e c t r a ,

the vol tage as a f u n c t i o n  of wave length  can be conv e r ted  to sp e c t ra l

radiance . This  p r o c e s s  is bas ica l ly the i n v e r s e  of the c a l i b r a t i o n  proce-

dure  and can be e xp r e s s e d  in the  fol lowing way:  
-

N = Ky - N w ,
whe re V is the m e a s u r ed  v o l t a g e  c o r r e c t e d  f o r  c r o s s  talk , mi c r op h o n i c s

and zero  r e f e r e nces (bo th  e l e c t r i c a l  and op t i ca l ) .  ~~~ 
- 

is the  rad iance

c o r r e c t i o n  f o r  window e m i s s i o n  and r e f l e c ti o n . ( A c t u a l l y N I N
\V 

- 
iS

i n i t i a l l y ca lcula ted  and a l e n g t h y p r o c e d u r e  is then followed to d e t e r m i n e

the  m o s t  l ikel y value fo r  N
~~ 

f o r  each  spe -t r a l  s can ,

The in i t i a l  des ign  of the  s p e c t r a l  r a d i o m e t e r called fo r  a cooled

window w i t h  low e m i s s i vi t y  such  t h a t  
~~~~ 

‘~ N , p a r t i c u l a r l y in t he  10-

l 211m r eg ion .  1-loweve r , th i s  c o n d i t i o n  \V.J S not  r e a l i z e d  u n t i l  t h e  s i x t h

balloon f l i g ht  w i t h  the  s p e - L r o m e t e  r . (Sec Inst  r u r n e n t a t h  i i , O p t i c a l  D e s  i ) 0 .

Some method was t h e r e f o re n e ce s s a  rv to r em o v e  t h e  r a d i an c e  a s s o c i a t e d

w i t h  the  window ( N
~~ 

- 
) f r o m  the  me a su  red sp . - c t  r a l  r a d i a n ,  m- .

‘I ’he re a re-  s i -y e  ra l  sou rces  of t h e  r a d i a n  , - t i ~ r u h u t e d  t m  t h e  w in d o~~
Fh~- f i r s t  is the  m - r n i s s i v i t  due  to t h e  b u l k  w i n d o w  r ’l i a t m -  r u i l  a nd s u r f . m

e o n ta  Ti-i i n a t i o n . t h i s  is h e l d  to  i m i n i  mum liv on l i  ii ~ t h e  w in d o w  and

_ _ _ _ _ _ _ _ _  — __ -.___•_______ _ __
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s e l e c t i n g  the  window m at er i a l .  The second is t h e  s e ver a l  s o ur  es of

rad iance re f l ected  or  s c a t t e  red off the win d o w  in to  the op t i .  a l  p a t h .

Wi th  p r o p e r l y co n s t r u c t e d  and cooled b a f f l e s  t h i s  s o u r ce  i s  a l so  ia’hl

to a min imu m , but small open ings  in t h e  b a f f l e  SV S  k i n  can  p e r m i t  l a rg e

fluxes of r ad i a t i on  f r o m  w a r m  s o u r c e s  to be r e f l e c t e d  i n t o  the o pt i c a l

path.

The window r a d i a n c e  fo r  the  F e b r u a r y  and J u ne  f l i g h t s  was  r e l a t e d  t o

r ad i ance  b y p a s s i n g  the  b a f f l e  s y s t e m. F u r t h e r , the r e f l e c t e d  r a d i a n c e

did not ap p ear  to be f r o m  a s ing le te mpera tu re source  whe re a s i n g le ‘ g r a y ’

bod y c o rr e c t i o n  could app l y to all w a v e l e n g t h s . N e v e r t h e l e s s  12, r ay ’ t y pe

c o r r e c t i o ns  w e r e  a t t e m p t e d  o v e r  s h o r t e r w a v e l e n gt h  i n t e r v a l s  whe re t h e y

r e p r e s e n t e d  a good a p p r o x i ma t i o n .  These  ternpe ra tu i t - S  w e r e  e a l c u i l a t t - ’ 1

u s i n g  the as sumed r e s i d u a l  r a d i a n c e  f r o m  p a i r s  of wa v( - l en g ths  in the

f o l l o w i n g  f a s h i o n .  U s i n g  the  black bod y e q u a t i o n  f o r  r a d i an e and t a k i n g

the  r a t i o  of the r ad i ance  at two wa\ -e l e n gt t i s and the  same tempe  r a t u r e ,

N X
5 

c2 /X , F
i i  e

N ~~ 
- 

c2 IX 1 F
2 2 e - l

S ince  we a r e  lo o k i n g  fo r  ‘ ‘ g ra 
~

- 
- body ternpe r a t u  res , i t  is d e s i r a bl e

r e t a i n  t h e  r a t i o  N 1 / N 7 t h r o u g h the  d e r i v a t i o n .  Fh i s  can  be accompl i s h e d

and solved f o r  the t e m p e r a t u r e  by ap p r o x i ma t i n g  >~ - 1 w i t l i  t~~~ and  is

a c c u r a t e  to 5’~ f o r  X I’ ~~. 4800 (~~tn  lK) ~ Then s o l v i n g  f o r  t he  t e rnp e  r a t u r e ,

T 
( 1 /X 2 l / X

:i
l

)

N ,

I e ? i i p e r m t i r e s  d e r i - , e d  j f l  t h i s  f a s h i o n  nd t ’ - s t i d  , m c , H n s t  t h e  i i u , ’ - t S i i’ , ’ d d a t a

a r e  l i s t e d  in  l ’ a h l i - s  I\ ’ and  V I  u n d e r  t h ~- c o lu m n L m h ’ - l ’ -d  s k i n  u t - n i p e  r ; i t i i - e .

On l a t e r  f l i c j l t s  ( A l a s k a  1 ’ 7 ~~( t h e t e n~~~i -  r a t t i r e of lie s pi t - , n u , t e  r s k i n

w~m s  a c t u a l l y i l u i l S u  r i d  a n d  c u i l p I  red - x u t h  t h i s  • i l c u i ; u i ’ ’d t i - i p r , m t , i i - i - . l h c

t w o  t e l i lp e r i t I r e s  s i P T f l  t o  t i - k  k n t i n t -  -
~ i t h  i C i ~~5~~~I I ~~t ‘ l i s t , t h e  t l , t i l m i t  d

t t - n i p e r . m t i : i  b e i n g  1 - m - .y i - r . l - x p u - ’ -~~~i o n S  f o r  t I -  k i n d o w  ( O i l ’  - t i n f l ,

t h e  t i - ’ )  11 ig ht  S - e p o r f e d  a

(-I

-~~~~~~~~~~~~~ -- ~~~~~~~~~~~~~~~~~~~~~ A



N W
* = 0. 00 13 N(T ) for  27 June 1974

and

Nw = 0. 008 N(T ) for  19 Feb rua ry  1975 .

It is impo rtant  to remembe r that the purpose of the cor rec t ions  for

window-emiss ion  and reflect ion was not p r imar i ly to have good spectra l

window data , but rathe r to obta in good base line data in the regions where

const i tuents  of in te res t  were emit t ing.  Thus the required  input on re-

moving N
w~ 

is to l imit  the residual  radiance e r r o r  to < 10% of N in a

consti tuent band. In addit ion it is desirable to l imit  this  e r r o r  to < 10%

of N in the at mosph e r i c  w indows to pe rm it ana lysis  of aerosol  e f fec t s  on

long wavelength  radia t ion .  This c r i t e r i o n  cannot be met he re  s ince  assump-

t i o n s  we re made as to the expec ted at mos ph e r i c  windo w radia n ce in orde r

to calculate T which was not measured on these fli ghts .  Consequent l y,

fo r  the two flig hts repo rted he re, great  ca re  should be exe r c i sed  in

de r iv ing  conclus ions f rom the fine deta il of the heig ht vs radiance  pro-

fi le s of the atmosph e r i c  window regions .

Once the window c o r r e c t i o n s  are determined , the atmo sph e r i c  radiance

is ca lcula ted f or  a ll the spect ral scans made du r in g eac h f l i ght . To

faci l i ta te  p resen ta t ion  here  and to reduce the noise somewhat , t he spec t r a l

sca ns were  grouped in u n i f o r m  alt i tude inc rements  and coadded. Samples

of the resu l t ing  spectra l  radiance for  the 27 June 1974 flig ht a re  shown in

F igu res  18 to 22 for  the shor t  wavelength region and F igure s 23 to 27 fo r

the long wavelength region.  In add i t ion , samp les of the 1Q Februa ry  1975

fli ght are shown in F igures  28 to 48 for  the short  wavelength  region and

F i g u r e s  49 to 71 for  the long wavelength region.
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Fi gu r e  56. Samp le s p e c t r u m  of long w a v e l e ng th  r eg ion o b s e r v e d  at an
a l t i t u d e  of 13 . 5 km and a i~e n it h  ang le of 63° on 1~~ F e b r u a r y
1975 .
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Fi gure  57. Samp le s p e c t r u m  of long w a v e l e n gt h  reg ion o b s e r v e d  at an
a l t i t u d e  of 16. 5 km and a zen i th  ang le of 63° on 19 F e b r u ar y
1975 .
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Figure  58. Samp le sp e c t r u m  of long w a v e l e n g t h  reg ion obse rved  at an
a l t i t u d e  of 17 .0  km and a zen i th  ang le of 63° on l~ F e b r u ary
1975 .
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Figure 59. Samp le spec t rum of long w a v e l e n g t h  reg ion o b s e r v e d  at an
a l t i t u d e  of 18. 0 km and a z e n i t h  ang le of 63° on l~ F e b r u a ry
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Figu r e  60. Sample s p e c t r u m  of long wave leng th  reg ion o b s e r v e d  at an
a l t i t u d e  of 20. 0 km and a zeni th ang le of 63° on 1 , F e b r u a r y
1975 .
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Figure  62 . Sample spec t rum of long wavelength reg ion o b s e r v e d  at an
a l t i t ude  of 23. 0 km and a zen i th  ang le of 63° on 19 F e b r u a r y
1975 .  
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Figure  64 . Samp le s p e c t r u m  of long w a v e l e n g t h  reg ion  o b s er v e d  at an
a l t i t u d e  of 26 . 5 km and a zen i th  a n g le of 63° on i~ F eb r u a r y
1975.
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Fi g ur e  65. Sample s p e c t r u m  of long w a v e l e n g t h  reg ion obse rved  a t  an
a l t i t ude  of 28. 6 k m  and a zen i th  ang le of 78° on 19 F e b ru a r y
1975.
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Figure  66 . Samp le spec t rum of long wave length  reg ion o b s e r v e d  at an
a l t i tude  of 29. 0 km and a zeni th ang le of 78° on 1~ F e b r u a r y
1975.
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Fi gure  67. Sample spec t rum of long wave leng th  reg ion o b s e r v e d  at an
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Fi gu r e  68. Samp le s p e c t r u m  of long  w a v e l en g th  r eg ion  o b s e rv e d  at  an

a l t i t ud e  of ~~ I • 1 km and a z e n i t h  ang le of 81 0 on I l  F e b r u a ry

1( 17 5 .

102



ri— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

~j JthWf

~ :‘~~~~~~~ - 

20 2’2 2~ 26 28 30
WAV ELENGTH (~ m)

Fi gure  69. Samp le s p e c t r u m  of long w a v e l e n g t h  r eg i o n  ob~< e r v e d  at a n

a l t i t u d e  of ~~< 1 • 1 km and a z e n i th  a n g le of 810 on I I  F eh r u a  rv
1< 1 7 5 .
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F i gu r e  70 . Samp le s p e c t r u m  of long  w a v e l e n g t h  r e g i o n  o b se r v e d  at an

a l t i t u d e  of Z~~. 1 km and a z e n i t h  a n g le of 81 0 
~n 1° F’eh r u a  rv

1<1 7 5.
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Fi g u re  71 . Samp le s p e c t r u m  of long  w a v e l e n g t h  reg ion o b s e r v e d  at an
a l t i t u d e  of 29. 1 km and a z e n i t h  a ng le of 81 0 on 10 F e b r ua  rv
1q 7 5 .
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Afte r the spectra l  radiance is calculated some tes t  of the accu racy

of the value s should be made. Such t e st s  may contain compar i sons  wi th

known or expected radiance value s. Seve ral examples of t h ese tes t s a r e

l is ted.

1. Comparison with a well made real time calibration (on-board black

body). Care should be taken to avoid syste matic e r r o r s .

2. Examinat ion of spectral  radiance fo r  s t rong  emiss ion  regions and

comparison of this  radiance with Platrk black bod y rad iance f rom

an approp r iat e a tmospheric  tempe rature.

3. Fi t t ing  selected spectral regions to simple models ove r a range

of emission parame te r s ( pr e s s u r e , secant , e t c . ) .

i. A l inear  mass model may f i t  weakl y emi tt ing  r e g i o n s  such

as u windows , provided the emiss ion in the reg ion is

p r imar i ly due to uni fo rml y mixed molecules ( or pa r t i c les ) .

ii. Emission associated with selected s t rong line groups may

be pr opor tional to ~~~~~ whe re P is p ressure  and w is concen-

t r a t i o n.

i i i . Both 1. and ii . and othe r models have p red ic tab le  secant

func t ions  at a constant  p r e s s u r e  alt i tude.

4. Repeat ibi l i t y of measurements  in spec t ra l  reg ions a s soc i a t ed  wi th

known cons t i tuen t  concen t ra t io ns such as CO emiss ions2
i . Ove r t he du rat ion of one experimental  o b s e r v i n g  per iod ,

ii.  ove r seve ral observing per iods .

5. Exploring the possibil i t y that the re may be spe c i f i c  known fun c-

tio nal re la t ionships  between basic a tmospher ic  pa r ame te r s  (P , T)

and in tegra ted  radiance ove r selected spectra l  reg ions  which can

be use d as

i. pseudo ca l ib ra t ion ,

ii. to in fe r  an ave rage black bod y radiance for  the  obse r v a t i o n a l

path.  This  is especia l l y use ful whe n adequate  tempe r a tur e

prof i le  data i s  m i s s i n g .  A gain CO , reg ions max’ he s u i t e d

fo r these  pu rposes .

1 0



These examples are just  tha t and each experiment will dictate its own
tests . Spectral  radiornetric measurements offe r many possibi l i t ies  for  such
tests.  In an a t tempt  to explore some of these possibi l i t ies  for  the 27 June
and 19 February  f l igh t s , a numbe r of wave length regions were selected.
Some of these regions have been labeled atmosp her ic  windows and some con-

tain emit ted radiance f rom a spe c ific a tmospher ic  species . Table VII l i s t s

the regions invest i gated and the appa rent dominant f ea tu re  of each region.

Ave rage spect ra l  radiances for  each reg ion were  ca lcu lated f rom the

measu red ra di ances f or all rec o rds of bot h fl i ghts . This data is p resen ted

in Table VIII fo r  the 27 June 1974 fli ght  and in Table LX for  the 19 F e b r u a r y

1975 f l ight . These ave rage radiances are used in all the fol lowing d i scuss ions

and co ns t i t uen t  prof i le  d e r i v a ti o n s .  The ave rage radiances have an a r b i t r a r y

lowe r l imi t  of io 8 w cm 2 
s r ’ ~ m~~ •

The following development is an attempt to test  the data in the manne r

proposed under 3. i. and 3. ii. above . This discussion is not related to the

derivat ion of the constituent prof i les  discussed in the following sect ion .

The inclusion here is of an explo rato ry nature  with the possibi l i ty  of develop-

ing techniques for quickl y evaluating specif ic  radiance data , tech nique s for

in fe r r ing  the mean atmospher ic  tempe ra tu re  when sounding s are  unavail-

able , or technique s to look for  small va r i a t ions  in la rge amounts of data

( i .e. possible seasonal changes in window radiance due to par t icu la tes . )

The ave rage spectral radiances (N)  calculated in Tables VIII and IX

we re conve rted to emi8sivities in the following manner:

N
C = —B

whe re

dn

~< h dn

The in teg ra l  J’h dn is t F~ column dens i ty  along the  optical  path and f (B , n)

is t he wei g ht ing  funct ion for  the black bod y t e r m related to s u cc e s s i ve

dens it y l ayers .  Ini t ia l l y a l i nea r  weig h t ing  was used ( f ( B , n) = B(n) )  in
107
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Table VII. List of Spectral  Regions of Interest

Wavelength Range Consti tuent  of Interest

Short Wavelength Region (2nd o rder)

1. 8.85-8. 90~ m 9~t m O 3
2. 9 .475-9.  500 9. 6pm 03 

compare with Snider

3,, 9. 74-9. 79 9. 6~tm 03
4. 10. 00- 10.05  9 .6 M m O 3 wing

5. 10. 405- 10. 410 center of CO 2
6. 10. 465-10. 550 CO 2
7. 10. 690- 10. 700 w indow

8. 10. 700- 10. 800 Freon 12

9. 10. 800-10 .815 window

10. 10. 87- 11.765 HNO 3 Band

11. 11 .035- 11.06 5  HNO 3
12. 11.215- 11.315 HNO 3
13. 11. 4 15- 11 .465 HNO 3
14 . 11 .845-11.92 5  window

15 . 12. 540 CO 2 
Q-Branch edge

16. 12. 540- 12. 670 CO 2 Q-Branch

17. 12. 670 CO Q-Branch  ed ge

18. 13 . 205-13. 265

Long Wavelength Region (1st  order)

19. l8. 70-18 .72 1.j m w indow

20. 20. 75-21. 02 HNO 3
2 1. 24 . 42 -24 .46  window

22. 24 . 67-24.78  window

23. 24 . 78-25. 56 H20

24. 26 . 56 window

25. 2 5 . 7 2 -2 5 .76 window

26 . 25 . 76-26.  20 F120

27. 26. 20 window

28 . 2(~. 37 w in d o w

29. 27. H _ Z 7 . 5~I window



this calculation. B was calculated for each al t i tude of observat ion

using at least 10 layers because the tempe rature lapse rate was gene r al ly

not linear. Various possible functional  relat ionships between emiss iv i ty

and the emit t ing  medium can be explored to determine which spect ra l

regions can be described with simple ext inc t ion  coeff ic ients .

In general

= 1 - = e
_ f ( m p, T) ,

whe re f(m ,p,  T) may be determined b y l ine -by-l ine  or band model calcu-

lations or some s imple approximation to these more e labora te  ca l cu la t ions .

such as a l inear  coef f ic ien t  with optical mass (m) or p r e s s u r e  weig hted

squa re root dependa n ce (~[~~~~~~
). For emiss iv i t i es  < 10% such approx ima t ions

redu ce to

E a~ m or C = ~~~~~~~
whe re m = P sect) and ~m is the optical mass of a speci f ic  spec ies .

Thus E a$Psece or ~ bP~[~i~c6 = bm\[fi/se~~~.

Plots of ln c vs in m we re made of some of the spectra l  reg ions f o r

both f l ights  and a few of these  are d iscussed  here  as r ep re senta t i ve .  S ince

both l inea r  and squa re root r egions are l inear  with a i r  mass , such re g ions

should be charac te r ized  by curves  of slope I on a In vs In plot . This

a ssumes that  sec~ is not var ied.  The sece relat ionship can be i d e n t i f i e d

by va ry ing this parameter  at a constant  float al t i tude.

In the s t r a to sphere  a numbe r of spec t ra l  reg ions  should f i t  a l inear

model of weak non-over lapping l ine s. Howeve r , most  of these  regions

a re domina ted  b y radiance f rom atmosphe n c  c o n s t i t ue n t s  such  as 0 at

8.9g m and HNO 3 
at 11. 3~im , w h i c h  a r e  not  u n i f o r m l y m i xe d .  F igure  72

sh ows a plot for  I-1N0
3 

whe re a l inea r  mass funct ion is assumed.  The

laye r ing  of the HNO 3 
is qu i t e  appa rent . The a t m o s p h e r i c  window reg ions

should f i t  the l i n ea r  model;  howeve r , on these  fl i ghts  the e f f e c t s  due to

t he i n s t rumen t  window were  removed based on a s s u m pt i o n s  about  t h e  r a d i a n c e

leve ls in the a tmosp h e r i  windows so tha t a plot of tha t  reg ion onl y shows

these a s sumpt ions .
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The 25~~m region of H
20 e m i s s i o n  is composed of s t rong  randomly

spaced , non-ove rlapping lines and should f i t  a \f P ~~ type model. Fi gure

73 shows a plot of this region which is nea r l y l inear  w i t h  m. The squa re

root re lat ionship was conf i rmed  wi th  data f r o m  th is  and a la te r  fl ig ht

whe re seve ral secant scans we re made at a constant p ressure  altitude.

These plots will be shown in a la te r repor t . Note th a t  wh ile t he wate r

va por is not  unifo rml y m ixed wi th  a lt i tude , it i s su f f i c i e n t l y close to uni-

fo rm in the s t r a tosphere  that a funct ional  r e l a t ionsh i p co n t a i n i n g  the squa re

root of the mixing ra t io  plotted on the scale used in Fi gure  7 3 ap pea rs to be

a s t r a i ght  l ine .

The spec t r a l  region wh ich  inc ludes  a CO 2 Q- B r a n c h  at 12 . 6~.zm

is plot ted in Fi gure  74 . Th is reg ion c o n s i s t s  of a large  numbe r of weak

but overlapp in g l i n e s . The plot could be f i t  w i th  a l i nea r  cu rve  but the

best  slope is not 1 and plots of the  secant  v a r i a t i o n  i n d i c a t e  a slope less

t han one . Thus the ove rlapping l ines  m odif y the linea r model as expec ted .

Fi g u r e s 72 to 74 and the above d i s c u s s i o n  abou t them show some of

t he cons ide ra t ions  n e c e s s a r y  to use 3. i. and 3. i i .  A l a t e r  r e p o r t  w i l l

exp lore t hese poin ts  f u r t h e r .

A f u r t h e r  t e s t  examp le us ing 2 above pe r t a in s  to two s t r o n g  a b s o r p t i o n

regions :  one at <
~~~. 7~.iir~ due to 03. the o the r  at  25 . 4~m due to ll 20~ 

Fhe

nea r cente r of t he 9. 6~.im band becomes t o t a l l y b lack when obse rved  ove r
I

long o p t i c a l  p a ths  in the s t r a t o s p he re . The m e a s u r e d  r a d i a n c e  level s  a rt<

t h e r e f o r e  d e f i n e d  by the s t r a t o s p h e r i c  tempe r a t u r e s  at  a p p r o p r i a t e  a l t i t u d e s .

Fi gure  44 i l l u s t r a t e s  t h i s  p o i n t  as  the  c e n t e r  of t h e  03 h a n d  l o s t  m uch  < < 1

i t s  s p e c t r a l  cha r a c t e r i s t i c s  and a p p e a r s  more  as a s h o r t  s e g m e n t  of a

b la c k  bod y c u r v e  at  an app r o p r i a t e  temp e r a t u re f o r  the  lowe r s t r a t o s p he re .

S i m ila  n y ,  the 2 5. 2~.im e n i i s s  ion f r o m  1120 is t o t a l l y  b I a s  k a t  low a l t i t u d e s

in the  t r o posp h e r e  and can  be used to ( -h f ’ c a l i b r a t i o n s . ibis  c he c k

has be en  made on so me l a t e r  f l i g h t s  but  the  sp ’ . I ra l  data  shown in t h i s  < ‘(‘p 3< rt

do not in c l u d e  da t a  f r om  low enoug h a l t i t u d e s  to  show Hi i s  . ‘ 1f . ’~ t .

I I Q
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VI. ANALYSIS OF SPECTRA L RADIANCE

The spectral radiance combined with the observational pa rameters  of

pr essu re , tempe rature and secant angle are used to calculate cons t i tuen t

concentrations.  The derivat ion of the ver t ical  d is t r ibut ion  of the minor

const i tuents  is done by f i t t ing  the observed integrated radiance of selected

isolated spect ra l  regions to the corresponding theore t ica l  in tegra ls . Two
4, 5methods are used : the l ine-b y-l ine  method and the band model method.

The individual line pa rameters  ( f requenc ies , i nte ns i t ies , ha l fwidths  and

energy levels) and band model pa rameters  (average in t ens i t i e s  and ave rage

hal fwidths)  a re  available for  most a tmosp h e r i c  molecules of in teres t.

Elaborate computer p rograms  have been developed for  these c omputations

and a re  cu r re ntl y being used on the CDC 6600/7 600 computers  at the Nat ional

Center  for  Atmospher ic  Resea rch  in Boulder , Colorado.

The r a d i o m e t r i c  measu remen t s  a re  made from diffe rent  a l t i tudes

h 1, h 2, . . h at a cons tan t  zen i th  ang le. The a tmosp here  is assumed

to be s t r a t i f i e d  into l aye r s  def ined  b y ac tua l a lt i t udes of obse rvat ion . The

ana ly sis  s ta r t s  at h 1, the  h i ghes t  a l t i t u d e  of obse rva t ion  with the smallest

ra diance value s and then proceeds laye r by laye r to the lowe r a l t i tudes

with increas ing radiance  values . The residual a tmosphe re above h 1 is

cons ide red as one homogeneous laye r so that  the infinite resolution radiance

at wavenurnbe r L1 (cm 1) to be observed at al t i tude h 1, N(v , h 1) is a one-

layer  emission.

N’(v , h 1) = ~(v , 1) B( , , 1),

4A. Goldman , D. G. Murc ray, F. H. M u r c r a y,  W. J. Wi l l i ams  and J. N.
Brooks , < ‘ D i s t r i bu t ion  of Wate r Vapo r in the Stratosphe re as Determined
from Balloon Measu remen t s  of Atmosp he r i c  Emiss ion  Spec t r a  in the 24 -29gm
Reg ion , < ’ A ppl. Opt . 12 , 1045- 1053 , 1973 .
5D. G. M u r c r a y ,  A. Goldman , F. H. M u r c r a y ,  W. J. Wil l iams , J. N.
Brooks and D. B. Barke r , ‘ < V e r t i c a l  D i s t r i b u t i o n  of M i n o r  Atmosp h e r i c
Cons t i tuen t s  as Derived f rom A i r  Borne  M e a s u r e m e n t s  of Atmosp h e r i c
Emission and Abso rp t i on  Spect ra , ” AIAA Pape r No. 73- 103 , P resen ted
at the 1 1 t h  Aerospace  Sciences  M e e t i n g ,  Wa s h i n g ton , D.C.  Jan . 10- 1 2 , 1Q73 ~
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whe re B( v ,  1) is the black bod y radianc e at tempe rature 9 of la ye r 1, and

~‘(I1 , 1) is the inf ini te  resolut ion emiss iv i t y of this  laye r . The atmosphe re

below h 1 is divided into m- l  homogeneous layers , def ined b y h 2, h 3, . .
h . The emission from the f i r s t  layer  is t r ansmi t t ed  throug h the secondm
laye r according to <T( i ,’, 2) N(ti , h 1), whe re r ( r i , 2 ) is the i nf i n ite re so lu t ion

t ransmit tance of the second la ye r . In addi t ion , t he seco nd laye r em its

radiance acco rdin g to E ( I i , 2) B(v ,  2). Thus the i n f i n i t e  resolu t ion  radiance

observed at h2, N(ti , h 2 ) is g iven b y

N(v , h 2
) = ‘T(t i ,  2) N( t i ,  h 1 ) -

~ 
c (~- , 2) B(v ,  2).

This process  proceeds through all  the l aye r s  below h
1 a c c o r d i ng  to

N(Li
~~
h
n
) = T(v , n) N(v , h l ) + ~(L i , n) B(ti , n) , f o r  n = 2 , . • . ,

These equations represent successive equations for N ( v , h ) ,  whe re each

step be low h 1 invo lves two consecu t ive  laye rs .

Assuming  no sca t t e r ing ,  the re lat ion < r (v )  = 1 - ( ( t i )  will  hold for  thermo-

dynamical  equi l ibr ium and can be subs t i tu ted  into the above equations.

r( i<’ , h )  is a function of the amount of cons t i tuen t  U(n)  in the laye r n between

alt itudes h and h . Once a t h e o r e t i c a l  model is developed fo r  r(v , h ),n n — i fl

the equations can be solved successivel y for U(n), n - I , . . . , m , thus

yie lding the d e s i r e d  c o n s t i t u e n t  p ro f i l e .  However , the observed  spec t r a l

radiance N (Li , h ) is no t at i n f i n i t e  r e so lu t ion , but r a t h e r  is a convolu t ion

of the in f in i t e  resolution rad iance  N( v , h ) ,  wi th  the spec t romete r s l i t

func t ion  g ( v - t i ’)  a ccord ing  to

— ti-I- a v -aN( t i , h ) -
~ 

‘ N(ti , h ) g (v- i i ’) dv’ / g ( v -V )  dv ’ ,n v - a  n ~v- a

whe re 2a (cm l ) is the spectral width of the s l i t  f u n c t i o n .

Th e i n te g ra ted  r ad iance , thoug h , is i ndependent  of the s l i t  f u n c t i o n ,

so that
vs 2 N(v,h )dv = 5f N( t i , h ) dv ,

L/
1 

Ii~~

wh e re  and Li
2 

a re  l i m i t s  of the spec t r a l  region u n d e r  c o n s i d e r a t i o n .  Thus ,

the in t e g r a t e d  r ad iance  is a su i t ab le  pa r a m e t e r  f o r  a f i t t i n g  of t h e o r e t i c a l
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integrated radiance N(Li , h )dL’ (ove r an isolated region) to the experimental

values ~ N(L-’ , h )dv by successive solutions of the equations

F{U( n) ] = N(v , h ) d ~ - 
2 N(v , h )  dti = 0 , for  U( n ) ,  n = 1, . . .

m, where N(v ,’ h )  is g iven aboJe .

The above determination of U(n) requires a suitable model for the

calculation of ~r (v , n) . The most accurate t ransmi t tance  is obtained b y a

line-by-line calculation . Howeve r , for  some molecula r species adequate

pa rametr ic  values for  this type calculation are  not yet available and

band model pa rameters  are  used to calculate concentrat ions . The same

basic 2 laye r radiometr ic  approach is used and the integrals  (calculated

and measured) are equated.

The l ine_by-l ine model is used to calculate water vapor emission spectra.
4

Mixing rat io height profiles for water  vapor using this technique in the 25 . 2~tm

region were derived for  both flig hts and are shown in F igures  75 and 76

for  the 27 j une 1974 and 19 Feb rua ry  1975 flights, respectively. Included

on these profiles is the mixing ratio derived from the dew point data shown

in Figures 11 and 14.

Band model analysis  was used to caluculate the HNO 3 
mixing rat io

hei ght profi les .  The band model pa rameters  for  HNO 3 
calcu lated b y

Goldman et al.
6 have suf f ic ien t  resolution to allow the der iva t ion  of HNO 3

profiles f rom seve ral spectral  regions wi thin  the 11. 3J.4m band. Consequentl y,

spectral  reg ions 10 throug h 13 f r o m  Table VII are included in the in tegra ted

spectral  resul ts  rathe r than ju st  the total  band which is region 10. The HNO 3

prof iles , of course , should be the same for  all regions . The prof i l e s shown

in Figures  77 and 78 for  27 June 1974 and 19 Feb rua ry  1975 a re  d e r iv e d

f rom two of these  regions  (10 and 12). P ro f i l e s  f r o m  both r e g i o n s  are  in-

c lud ed so t ha t both the sha pe of the p ro f iles and the ma g n i t ude of t he m ixin g

6A. Goldman , r. G. K y le and F. S. Bonomo , < ‘ S t a t is t i ca l  Band Model

Pa rameters  and In tegra ted  I n t e n s i t i e s  for  the 5.9M m , 7. s~ m , and 11. 3~im

Bands of HNO 3 Vapor , ” AppI .  Opt . 10 , 65-73 , 1q71.
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ratios can be compa red. The pa ramete r a in these f igure s is the exponent

for  the temperature c o r r e c t i o n  te rm required to adjust  the laboratory

band model pa rameters to atmosp her c tempe ratures  (see d iscuss ion  in

references 5 and 6). This exponent for  the ent i re  band is 1. 5 and for  na r row

spectral  regions within the band is 1. 0. In one case , h oweve r , the total

band coeff ic ient  was adjusted using a = 1 for compa rative purposes (27

June 1974). The various profi les  shown in Figures 77 and 78 are ve ry  simila r ,

neve rtheless , the questions raised by t he sli g ht d i f f e rences  are being

studied as to the i r  impl icat io n s .

Band model anal ys is
8’ ~ was also us ed to der ive oz one m ixing ra t io

hei ght p ro f i l e s  us ing  radiance data in spectral  reg ion 1 at  9Mm . This

analys is  is simila r to tha t used for  the HNO 3 and descr ibed i n r e f e r ences

above . For small values of e m i s s i v i t y the mixing rat io for  ozone is cal-  —

culated f rom the following equation:

- _ _ _ _ _ _ _ _ _  
M(0 3)

- 

(S°/d)( ~~P)H M(air~
wh ere

- ~ N(O3)
— B(h  )n
= change in radiance f rom hei ght h to hn n-i l

S°/d = ave rage absorp t ion  coe f f i c i en t  ove r spec t r a l
region I,

change  in p r e s s u r e  f r o m  h to h
n + 1

H a tmospher i c  scale hei g ht a t 
hn + n + l

M(0 3) a nd M ( a i r )  molecula r wei g ht  of ozone and a i r  r e sp e c t i v e l~ .

7D. G. M u r c r a y ,  A . Goldman , A . Csoe ke-Poeckh , F. H. M u r c r a y ,
W. J. Wil l iams and R. “.1. Stocke r , “ N i t r i c  Acid  D i s t r i b u t i o n  in the
Stratosphere ,” J. Geophys. Res. 78, 7033- 7038, 1973.

Goldman , ‘< Sta t i s t ica l  Band Model Pa r a m e t e r s  f o r  Long Path Atmo-
spher i c  Ozone in the 9-10Mm Region , ” A ppl. Opt . 9, 2600-2604 , 1970.
9A. Goldman and T. G. K yle , “A Compar i son  Between  S t a t i s t i c a l  Model
and L ine -by - L i n e  Calculation with A ppl icat ion to the Q . 6~~m Ozone and 2. 7Mm
Wate r Vapo r Bands , ” Appl . Opt . 7 , 1 16 7 - 1 1 7 7 ,  1968 .
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The values for  N(0 3 ) have not been s i g n i f i c a n t l y smoothed f o r  t h i s  in i t i a l

calculation. As a resul t  some of the appa rent  l aye r ing  may be ove r exag-
ge rated . The der ived  prof i les  are shown in Figure s 79 and 80 for  27
June 1974 and 19 F e b r u a ry  1975 . The ozone data of H i l s en ra th 2 is in-
cluded on the 27 jun e 1974 f i g u r e  along with mean mid- la t i tude  pr of i l es
f rom rocke t soundings 3 and ozone models proposed by AFC RL. 

10

VII . CONCLUS IO NS

The l iquid hel ium cooled spect ra l  r ad iomete r  desi gned for  the

Bal l is t ic  Research  Labo r a t o r i e s  has been ope rated success fu ll y. A
nu mbe r of ins t rumenta l  adjustments  were  indica ted  as a resu l t  of t hese
f i r s t  two f l i ghts . They have been inco rpo rated into the in s t r u m e n t  and
wi ll be d i s c u s s e d  in f u t u r e  r epor t s .  The r a d i o m e t e r was d e s i gned to

measure  cons t i tuen t  height  p ro f i l e s . Prof i les  for  s eve ra l  c on s t i t u e n t s
have been reported here.  Summar ies  of these and p r o f i l e s  f r o m
add i t iona l f l ig h ts  will be p r e sen ted  at an appropr i a t e  t ime .
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