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SUMMARY

A comparison of the payload photo graphs demonstrates that the nu m ber ,

• type , and complexi ty of measurements conducted during the STRA T CC~’1 VI
experi ment of 1975 increased signi ficantly from those made during the
STRATCOM I experiment of 1968. The STRATCOM VI payload represents the
comb ined ex pe rienc e and ex pe rtise of pe rs onnel of s evera l gov e rnment
agencies , nume rous research laboratori es , an d organizations workin q
cooperatively to obtain experimental data which contribute to an under-
stand i n g of the i n t err ela ted  ch emic al , char ged particle , th erma l , an d
hydrodynami c processes which occur in the complex stratosphere .

The i ncentive for the fabrication of such a payload had its origin in
the attemp t to understand the large differ~nce which or iginal ly existed
between the observed and theoretical ly predicted amplitude of the diurna l
tempe ratur e var i ation i n the stratos phere .

Base d upon th e data pr esent ed i n  th i s  report , accurate measurements of
stratosphere temperature can be made by film—mounted spherical bead
thermi stor sensors aboard balloon—borne instrument pay loads , provided
some logical precautions are taken .

The temperatures recorded by thes e sensors are i nfl uenced by the prrsence
of the lar ge balloon , i f the balloon is at a temperature different from
that of the surrounding atmosphere and if the sensors are in the proximi ty
of the balloon .

The balloon remains much col der than the atmosph ere , after it passes
throu gh the tropopause, when it is launched so as to reach its float
al ti tude i n the stratospher e dur i ng the nig ht . After sunr i se, the bal-
loon i s heate d by in c i dent so la r  ra di a t ion , fi nally reaching temperatures
warm er than the surroundi ng a tmo sphere .

By mountin g the fi l m—mounted thermistors in the configuration described
in the discussion of the STRATCOM III experiment and by separating the
payloa d-mounted sensors as far  as experimentally practi cal from the bal-
loon surface (2 to 3 balloon diameters), accurate (.~l°C) measurementsof atmospheric tempera ture can he made directly, without recourse to
theoretical correction s to the observed temperat ures.
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IN TR O DUCT I ON

By 1968 , balloon technology had progressed to the point a constant -
altitude balloon carrying an atmospheri c parameter sensing payload of
60 pounds could be launched to an alt i tude of approximately 50 km.
Data concerning stratos o heric minds , gathere d by the Meteorological
Rocke t Ne twork ( M R N )  over a period of 10 years , made possible the
prediction of the ensuing balloon trajectory . Thes e two factors led to
six integrated experiment bal loon fl ights into the stratosphere under
the name Stratospheric Composition (STRRTCOM) experiments .

The progra ms mas init ially des igned h’y the i~rmsy ‘ 5 ~tmosph eric Sciences
Laboratory (ASL ) at Wh ite Sands Miss i le  Range (W S MP ) , :.e ’~ Mc x i co , in
coope ration aith the Aerospace Instr umentat ion f l i v j s i o n  of th e A i r
Force Geophysics Laboratory (AFGL ) m ith uontra ;t support from the
hni versi ty of Texas at ~l Paso ( mJTEP) . The progr ’ac . ohj . c t i  V ‘ ‘ as  to
deter nmi ne the sa li ent features of atm ’ ics pheri c t ides in the 30-60 km
at m m m os pheric region , with part icular at te nt ion be ing n iven to th1 de-
ter” .i nation of the magni tude of the diurnal t sner tur~’ va r ia t ion
associat ed wi th  the t ide.

T he authors felt that all that ‘.‘i~uld be requi r~ d to OndL i  ca l ly
es tab l ish  exp riLr’nta l ly this t mperatu r va n at io n and its magnitud e

• ‘‘au 1 d be to si ‘ply p 1 a •o a ‘,i j  nh tl y oo’i’ fi ed rochets onde t~m ip e r a to i. ’ ’

sensor in the fo r ’  of a sohon i cal head th”r” i’ stor on the ba l loon p lat -
fur” and cause the ho i l oo r  to f loat  at a eunstant a l t i tude  ‘ ‘ar 50 km
for a period of 2~ hour s .  The oh~ r:r , i’d di ff~ re ncc Oet i ’:een the ‘s ~sur ‘i
temper a t u r e  S r i  nil’ ,u ’  .~:d mux i no’s v a lu~ s ‘.. cu ld th ’n he the desir i d diur nal
t idal te peratur~’•’ van i j t i o m ’: sea r 50 H , The  s i x  f l i g h ts  oon d ’a~ t ’ d  j; ’~the per iod 1968— ’1g75 ;e r ’ .ed to or ov e th(I t toe author ’  ,I ’r , it l es t

~n it ia1 iy ,  so; , ’ . ’h.j t na i v e  in t h is  r gard.

Ni nce the ‘d : ni t u h  of the t ” nm ’ , itu r .ari .~t i ’ n  at a p ’ .i~’ lc  a
a in the st ra tu ’ , nc ’e ’~ i s  r ’~~~,sd t: t~’~ ;o lai - • ;t - .io let  ~ i’~si~ t i om

re d a t •  os 1aher ic cow ;”os i  t i r n  at t a t  al ti’ t.v ,h, t o  S~ R,’~T F ‘ ‘  
~~1 loon

of l t6 ” :  uerved a’ a i ns t a n t  ~~ 1 supnoi ’t e ~r “~~~ i : m [ , r  a ~c i ’ ’ m t i t i c
payload wei N’ I ng 5~ ‘ ‘ n h  a’ ’d . ens is ti mg of s I in ; tru: , m r ts “am - tN ,
“ e an r j r : ’ ’nt of at . ,

~~ e 5 er ic t : : ’ r u t u r  . ar ;s~~r ’ , , 1~:ns i t . .  a u  r Ia ’, U
ozone and .dLr ;i, ‘~ con , ‘ ‘ t r a t i ’ rc ; .  ‘.0 c.~; u i I i t .  c. . i s t ’ J  ,‘.~ :hin
f ’ N L , at t hdt  ti re , t’ n :•I s~~r ” ’  the so la r  ~~ . f ;~
hd~ ti nal t i L t  ~‘.‘e’ ’e • ‘ :~~c ’~t ’ l  in ‘ ‘i t ’ nor  i ,~~2, ‘b : j t~’ ’ ’ ’ ’r l~ ’’?.

t’r 1973 .  ~a l~~ ’i , a o l  N”~~t y h r  ic i~ ‘ m : J  ,er et i~ l d NT R N7 f
II — STR ATN ’ ,’M I. n ’ ’ ; : .  ‘ .t iv  l v .  T N nu h r  u n u  t ’,’p~ ‘s c~ Ins t  ,. ‘ m ’ r m H
Ofl ‘ u r .h s s c r : e s s j v  ‘~ 1l s m n f i~ ~nt ‘.~~r~’ i n c r .J T ,, ,u to IJI ~~‘ u dd it l ’ n ’j l
i r f i ’ , ’, at iun or: r i m ’ ;  t r 1~~t in n’ch ip mr;ong hi .‘ a r ’ .u~ ~t r5’ ,~~
ar ~ •oter s tL~~ou’ ’ ’  t he i  r , is m ul ta n ’ou m’ asur r m s ’  nt at s •e ’s s j i~ pa i n t,

in . l d . . dod t ime a lonq th’ :  v a r i om be I ioo’i Lr j ec to r i  . Th is ‘.sas
~ade possib le w i L i i n  the m d i  •A t r ’ d  t i!’c fr ’s onU thr.~ to ’

t i ne of ot~ ‘c 1 ‘
~~ Jt ori es ‘i th ‘ ‘ x i  i ns  ts r” ;p’ ’ ri r • ‘ ‘ d t , fl

r a pa b i l i t i ,’;.
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Particularly noteworthy in  this regard was the participation by Sandia
Laboratori es, Albu querque (SLA), of the Ener gy Resources Development
Administration begi nning in 1971. Experimentally this added mass
spectrornetry and ultraviolet spectroscopy to the measure ment techniques
aboard the STRATCO !4 payl oads; of equal importance , i t  made ava i la b l e
the extens ive instrumentation development and field experimentation
experience of SLA . It was at this point that the correlate d multi-
instrumen t measur ement approach , backe d by chemi cal kineti c theory and
modeling, was initiated . This approach resulted in the September 1972
STRATCOM III balloon-borne experim ent which carried 17 instruments to
an altitude of 48 km to measure solar uv radiation , a tmospheric compo-
sition and thermodynami c structure . A useful technique was developed
and ut i l ized dur i ng this balloon fli ght to determi ne the atmospher i c
temperature from balloon-borne temperature sensors , w i thout resorting
to theoretical corrections.

The objective of the STRATCOM experiments , as related to the study
of atmospheri c tidal temperature variations , was addressed during each
fl ight; however , requirements by the Departmm ient of Defense for infor-
mat ion concern i ng stratospheri c composition and therma l structure as
related to nuclear defense , and measuremnents of interest which are
relate d to the possibl e po l l u t i o n  of the strato sphe re by the Su per son i c
Transport and by the chlorofluorocarbons gradually modified and in-
creased the number , types , and comp lexi ty of measur ei .le nts conducted
dur i ng the STRATCOM IV , V , and VI exper imm ients .

STRATCOM IV and V , launched October 1973 and May 1974, respectivel y,
were pri marily dedi cated to the measure!’:ent of oxi des of nitrogen ,
water va por , and ozone by a laser opto—a r oustic techni que developed
by Bell La boratories and fi elded through their relati onship with SLA.
Measurements made by other instru mmients aboard thes e balloon-borne
platforms in the 19—28 km altitude interval,  part icu lar ly  by the
temperature and water vapor instruments , indicate that l i t t le new in —
fo rmati on was gained from thes e f l ights concerni ng the unperturbed
thermal struc ture of the stratosphere .

The sixth experiment in the series , ter imied STRATCOM VI , was a two-balloon
experiment conducted 23 —26 September 1975. It was direct ly or indire ctly
supported by six federal agencies with participation by ten federal ,
univers ity , an d pri vate laborator i es. Coordination with U-2 aircraft
and NIMBUS—6 satellite —based measurements was arranged.

The STRATCOM VI —b pay l oad , lifted on 26 September by a 2.9 million
cub ic foot balloon to an alti tude of 30 km , was devoted to m aking
specific measurements related to the possible contamm ii nation of the
stra tosphere by the chlorofluoroc arbons . He ST RATCOM ‘~J~ a balloon
supported a payload of 29 instrum ents which ~as borne aloft on
23 Se p tember by a 15.6 mill i on cubic foot ba l lo on to rn~as um ’~ t h e  r ’ la ted
solar uv f lux , atmospheric composi tion and then ody n am ’,i c structur ” in
the st ratosp here . Fi li :m—i ’ io un te d spheri il bea d tner:’ ,i ~tr r a ui 0 S e r V  U
as the a tmospheric te mperatur ’ sensin g c ’ l r ’ : ”r ’ nt s .

4
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Presented below are the ba lloon characterist ics , the payload configura-
tion , the horizontal and verti cal trajectory , and the measur ed tem pera-
tures as functions of time for each balloon-borne experiment, STRATCOM
1-VI , conducted wi thin the period 1968-1975.

Dur ing each flight information was obtained on techniques , sources of
therma l con tami nation , and operational procedures which must be fo l lowed.
Each of these i tems is bri efly dis cussed as it relates to modifi cations
which were made in each succeeding instru ment configuration so as to
measure accurately, without having to resort to theoretical correction ,
the atmospheric temperatures existing in the stratosphere. A proper
com bi nation of balloon characteristics , payload weight , adequate ballast ,
and favorabl e winds pe rmi tted a fli ght of 33 hours wi thin the 27-40 km
interval for the STRATCOM VI—a flight of September 1975. The temperature
data obta i ned during this experiment , coupled wi th similar data obtained
during the fi ve previous experiments , are indicative of the temperature
variations which occur at a specifi c a l t i tude within time intervals of
3 to 12 hours .

STRATCOM BALLO ON-BORNE EXPERIMENTS

STRATCOM I Experiment Description [1]

A helium -filled zero pressure polyethylene balloon , with a material
thickness of 0,45 mR and a total volum e of 28.7 million cubic feet was
des igned and fabri cated jointly by the Aerospace Instrumentation Division
of AFGL and Wjnzen Industr ies , Inc. , and launched from WSMR (32° N ,
106° W) by the Balloon Branch of AFGL located at Hol l oman A ir Force
Base (Hollotnan AFB ), New Mexi co. The balloon was launched on
11 Sep tember 1968 and reached a then record altitude of 48.5 km.

The balloon experiment requi red a supporting frame for six atmospheri c
sensors . The pay l oad in its final configuration consisted of alu m inum
frame and ballas t exit, central power supply and sensor modulation
circuitry ; two 1680 MHz transmitters and six atmospheric sen sors w i th
thei r associated mountings . Fi gure 1 shows the payload and the arrange-
ment of the atmospheric sensing instruments . Two temperature sensors
in the form of fi l m-mounted spherical bead thermi stors were mounted
on hollow glass epoxy rods which extended 3 feet below the alum inum
frame .

The balloon was launched at 0558 MST and reached its ini tial float
altitu de of 48.5 km at approxi mately 0830 MST . The plot of the
hori zontal trajectory of the balloon is presented in Figure 2; the
balloon altitude and measured atmospheric temperature as functions of
time are presented in Fi gure 3. Seventeen hours of stratospheric data
were obtained in the 48.5 to 45.5 km height i nterval over a path ex-
tendin g from WSMR to Palm Springs , California.

5
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Figure 1. STRATCOM I payload - September 
1968.6
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STRATCOM I Temperature Measurements

Figure 4 is a photograph showing the fully expanded bal loon at an
altitude of 48.5 kin with the payload suspended 64 feet (19 m ) beneath
the lower end of the balloon which had a diameter of 410 feet (124 m).
Balloon launchin g p rocedures dic tat ed that the payloa d b e not mane th an
this distanc e below the balloon at th e t i me of laun ching. At the ti me
the ex pe ri ment was con ducte d , the authors felt that the proximi ty of
the ba l l o o n  to the temperature sensors would have an effect (the magni-
tude uncertain) on the atmospheric temiiperatures registered by the sen-
sors . Not knowing, the authors took the sim ples t a pp roa ch.

Th e tempe ratur e measured near 48 km by the balloon—borne spherical bead
thermi s tors, which were identical in configuration to a rocket-borne
temperature sensor fi red from WSMR , was approximately 10°C greater
than the rocketsonde —determi ned temperature at 48 kmii . Even though
the hori zonta l variabi l i ty of the a tmos phere was not known , this dif-
ference between the teniperatures registered by the balloon—borne and
rocket -borne thermistor at 48 km was interpreted as an indication of the
perturbation produced in the actual atmospheric temperatu re by the
large , warmer -than-atmosphere bal loon at that al t i tude.

Thus the decision was made for the next f l ight, to separat e the sen s i n g
payload from the balloon by a reel -down mechanism which was to be
acti vated after the time of balloon launching . In addition , it was
felt that it was necessary to have knowl edge of the temperature of the
surfa ce of the balloon. This implied that an instrument package wi th
a tempe ratur e sens or a tta ched to the skin of the balloon would be mounted
on the apex plate of the STRATCOM II balloon.

STRATCOM II Experimnent Description [2]

The second of the series of stratospheric co m imposit ion experimi lents was
laun ched to a then new record alt itude of 50.0 km from WSMR , NM , on
22 September 1969. The 30.7 mil l ion cubic foot hel ium—fi l led , zero—
pressure , polyethylene balloon supported an instrument payload consisting
of bead thermistor a tmiiosph’enic and balloon—skin temperature sensors ,
thermal conduc tivity pressure gage, a forward—scattering beta-ray atmiio-
spheric density gage, two chemj l umi nescent ozonesondes, a Gei ger tu be
cosmi c ray detector , and an accelerometer for the dete rmination of the
vert ical component of balloo n acceleration. Radar position -ti me served
to determine the wind ve locity .

The ballo on ha d a material thickness of 0.45 mil with a correspondi ngwei ght of 1533 pounds . The tota l payload weight, inc ludi ng instrument
control packa ge and radar reflector , was 451 pounds , which included
228 pound s of ballast and a sensing payload of 70 pounds. When fully
expanded near SC km , the ba lloon had a mean diameter of 442 feet (134 m).

8
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Fi gure 4. Fully expanded balloon STRA I’~ I - September
1968. Pijload iN ft beneath ballo on.
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The a tm imosphe n ic sensin g instrument payload confi guration beneath the
bal loon was essent ial ly the sa m mme as that sh ow n n Fi gure 1 . ;N~ui ii th~two fi lm— mim ounted spherical bead thermii istor temperature senso rs were
mounted on hol low glass epoxy rods which extended 3 feet below the
instrument frame . A ree l-down mechanism s w as placed between the bal loon
con trol package and the pay load . This pe rmi tted the s eparation of the
sensing pay l oad , after balloon launching , froim i the i im : me d ia t o v ic ini ty
of the large balloon. Mechanical considerations limited the maxi m um: ;
distance of separation between the lower end of the balloon and the
sensing payload to 1056 feet (320 m).

A lO- m im i l spherical bead therm:m i star was attached to the surface of the
bal loon approxi m ately 4 feet fr om : m the peri phery of the apex plate .
Balloon skin temperature data were transmmn tted to a ground —based recei v ~ r
by a 1680 MHz transmitte r mounte d on the apex plate of the bal loon.

The horizonta l projection of the balloon trajectory is shown in Figure 5.
A total of 17 hours and 34 mi nutes of atmospheric data was obtained
between the ti m m m e of balloon launching at 2336 MST on 22 September and
balloon flight termination at 1710 MST on 23 September with recorded
data fro m an atmospheric region , all points of which were w i th in  200
kin of the launch site . The ball oon reached its designed f loat al t i tude
of 48.5 ku at 0545 MST on 23 September. It was during this re lat ive ly
long ascent period of 6 hours that the authors fi rst learned that
instru imients need to be extre m ely wel l  insulated to survive the extr ’ r :m e ly
cold temmmperatures (-70°C to -40°C) created by the environment and in
the wake of a balloon which remained at a temperature of -55 C until
it was heated by radiatioii froni the sun after the time of sunr ise at
the balloon alti tude.

STRATCOM II Te mmiperature Measurem mients

Of the many interesti ng features of the temperature records obtained
during this f l ight and which are d iscussed in detail in the above—
l isted reference, fi gures 6 , 7 , and 8 are i l lus t ra t ive of items for
cons id era t ion  wh en making accurate measurem iments of stratospheric

F temperature from balloon-borne instru m ent payloads , or drawing conclu -
si ons from ’ these measurements concerning the magni tude of the di urnal
ti dal te mperature variat ion .

A comparison ammiong the temperature records of Figure 6 obtained from
the indicated radiosonde , rocketson de , an d balloon—borne tcmperature
sensors shows the marked effect of the cold er-than—atmos phere balloon
sL~’face on the atmospheric temperature sensors following upward in the
b: ’i oon wake during the time of ascent.

Figure 7 presents the bal loon altitude and atmosph eri c temperature sensor
records as functions of time between 0600 and 1200 MST when the balloon
was f loat ing between the alt i tudes of 48 and 50 km. It shows , after the
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t im e of sun r i se at the b a l l o o n  a l t i t u d e , the effect of the now wa rmer —
than-atmosphere balloon on the indicated atmospheric temperature. It
is particularly well illustrated between 0700 and 0800 when the sensing
payload was l owered to a distance of 320 tn beneath the balloon. Here
the ind icated temperature decreased from +19°C to 0°C with the balloon
alt i tude remaining constant at 48.7 km during , an d somewhat a f t er , the
time of payload reel—down . It is also indicated i mme diately after
0900 when , due to bal last  rel ease , th e ba l l o o n  a l t i tude i ncr eas ed from
48.7 to 50.0 km. The temperature sensor 320 m beneath the balloon was
pulled into the wake of the warmer-than—at mosphere balloon by the 1.3
km i ncrease in alti tu de . Th i s i s ev ide nc ed by an ap parent i ncreas e i n
atmospheric temperature of +10°C. The indicated air temperature then
decreased to +1°C when the balloon was floating stably at 50 km.

Between 0920 and 0930 (Fi gure 7) the balloon was floating at an altitude
of 50 km. The air temperatures registered by the balloon-borne sensor
at these times were +1 °C and +3°C , wi th the balloon having traversed
a hori zo n tal di s tan ce of approximately 5 km in thi s iC-minute inte rval -

The temperature registered by the i dentical 0933 MST rocketsonde sensor ,
at an altitu de of 50 km (Fi gure 6) but at a space point approximately
100 km from the balloon-borne sensor , wa s 0°C .

Fi gure 8 presents , somewhat compressed in time , the balloon altitude
and measured t emperatures at points 320 m beneath t h e l ower end o f t he
balloon in the period 0800—1700 MST . To dete rmi ne the magnitude of the
d i u rna l  temperatur e var ia t i on , a constant altitude line at 48.7 ~.ni was
drawn on the balloon altitude versus t ime data betl,’Ieen 0800 when the
instrument package reel—down was complete and 1330 when the balloon
began its monotonic descent. This established that the .alloon was at
48.7 km (±100 m) at 0800-0900, 1040, and 1130-1330 . Between 0800-0900,
the measured atmosph eric temperature was slightly variable at 0°C; at
1040, 11 30 , and 115 0, it was +7°C.

To this point , t he ma gnitude of the d i urnal t empera tur e var iati on woul d
appe ar to have b een indicat ed. Unfortunat ely, between 1150 and 1205
the indicated air temperature decreased from +7°C to -2°C. This decrease
was fol l owed by a sharp increase to +8°C at 1215 and a sharp decrease
to 0°C at 1230. From 1230—1330 the temperature was slightl y variabl e
at +1°C.

Based upon the temperature data obtained durin g the STRIATCOM II experi-
ment , it was conclu ded that accurate mea surements of atmospheric
temperature could be obtained froln instruments supported by large bal-
loans provid ed prov isions were made for an adequate separation between
the temperature sensor and the balloon above it. In this case , a dis-
tance of 320 m was sufficient , relative to a balloon having a diar mi eter
of 127 m . In addition it was established that erroneous atmospher ic
temperature would be registered by the temmiperature sensors below the
ba l l o o n , if the sensors were following upward in the balloon wake and the
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balloon was at a temperature d ifferent from that of the atmos phe re . Th is
conclusion was possible through having a knowledge of the bal loon skin
tempera ture .

It was noted that durin g the time period of this experiment the atmo-
spheric horizontal temperature variability at 48.7 km was quite large
wi th a maximum hori zonta l temperature gradient of 1°C/km being observed.
This variabi l ity was particularly evident when the balloon was in the
p roximi ty or over moun ta i nous terrain on the earth ’ s surfa ce .

Because of this horizontal temperature variability , no def i n i te conclu -
sion was drawn concernin g the magnitude of the diurnal temperature vari-
ation to be associated with the thermal tide; however , it was established
that there was a temperature increase in the tidally dri ve n air pa rce l
at 48.7 km of +7°C between 0800 and 1150 MST when the balloon was fi rst
moved southward and then northward over identi cal nonniountainous terrain
(Fi gure 5).

STRATCOM III Experiment Description [3]

Fun ding difficulties and management policies prevented the continuation
of the STRATCOM balloon -borne experiments in 1970 and 1971; howeve r, by
1972 these problems had dissolved and balloon technolo gy deemed it
feasible to launch a sensing payload of 250 pounds to an altitude of
50 km. Thus , a cooperati ve experiment was conducted in 1972 by ASL ,
AFGL , SLA , w it h contract su pport fr om UTEP , the Ionospheric Research
Laboratory of Pennsylvania State University , Panametri cs, Inc ., and
Winzen Industries , Inc.

A 38 mill ion cubic foot, zero-pressure , polyethylene balloon was launched
from Holloman AFB on 18 September 1972 at 0304 MST . It carried to a pea k
altitude of 48.7 km an atmospheric parameter sensin g payload of 250 pounds *

• consisti ng of uv filter photometer , cry ogen i cally p umped ma s s spectromet er,
atmospheric sampler , pressure gages , cosmi c ray detector and aluminum oxide
water vapor sensors . Film-mounted spherical bead thermi stors again served
as the temperature sensors .

In addition , magnetometer , pendul um and temperature sensors were utilized
to determi ne the orientation and instrument frame temperature of the
principa l pay load , whic h was reeled downward a distance of 1200 feet
(390 in) beneath the balloon as the balloon passed its 23 km alti tude .

A secondary payload consisti ng of alumi num oxide water vapor sensor and
balloon-skin temperature sensor was mounted on the apex plate at the
top of the balloon.

Fi gure 9 is a photograph of the pri ncipal p~j1oad just before it was
launched . Figure 10 is a photograph of the payload at the top of the
balloon , and Figure 11 shows the bal l oon and pri ncipal payload at its
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f loat alt it ude near 48. 5 km w i th the payload sus pended 390 m beneath
the balloon , The vertical and horizontal component trajectories are
shown in Figures 12 and 13, respectiv ely.

The objectives of the experiment were to measure the detailed time and
space variations (40-50 krn ) in atmospheric composition and the related
variat i ons in the meteorological paramet ers of tem perature , pressure,
and density at times of darkness , sunrise and dayli ght , the sunr i se
and dayl ig ht var i ations to be related to the measured uv solar flux .
Im p l i ci t in thes e object i ves was th e det ermi nation of the diurnal t id al
temperature variation.

STRATCOM III Temperature Measurements [4]

In Figure 9, of the seven cy lindrical rods extendi ng below the to p of
the ve h icle in the photo gra ph back g roun d , countin g from lef t to r ig h t,
ro ds thr ee and s ix s erve d as mountin gs for the tem pera ture sensors .

Althou gh film-mounted bead thermistor sensors had been mounted in a
two-thermis tor confi guration for the STRATCOM I and II experiments to
have redundant measurements , no attempt had been made to determi ne the
atmiiospheri c temperature from the temperature records except duri ng the
time s the thermi s tors and thei r mounti ngs were complete ly shielded f rom im
direct solar radiation . For mid-September this total shielding , for
the thermistor conf ig uration ut i l iz ed , begins at 0800 MST at an altitude
of 50 km ov er WSMR an d persists unt i l a pp ro xi mately 1600 MST .

To overcommi e this difficulty on the STRATCOM III flight , the th erm i stors
and their thin-film mountings were arranged as shown in Figure 14. The
fig ure s h ows the or ientation of th e fi lm mounts relat i ve to one ano ther
as they were suspended on the balloon-borne instrument platform. When
solar ra d iat i on w as i nci dent in a direction which was perpendicular to
the plane of one film , th en the d i r ect ion of the i n c i d e n t  solar  rays
was parall el to the se cond f i lm . Th e ar gument was that if th e pay loa d

- p la tform rotated d~ ’ing the balloon flight , at some time the above condi-
t i on of per per d i cular and parall el in c ident rays relat iv e to th e two fi lm
surfaces would exist  and the maximum difference in temperatures recorded
at that time by the two identical sensors would be an experimental deter-
nination of the maximum solar radiatio n correction to the tenmperatures
recorded by the fi liii—mounted ther immi s tors .

Figure 15 (a and b) is an expanded—in—time section of the temperature
record obtained during the fl i ght between 0559 and 0607 MST on
1 8 September 1972. Figure 16b is the time—shared record of Figure l5a
wi th the dashed ti lm ies indicating the temperatures that were being sensed
by therm istors B 1 an d B - in th e timm ie in tervals when the i r da ta w ere not
recorded. Referenc e to rigure 14 (as related to Figure 15b) concerning
the relative orientation of the therm iii stor film mounts indicates that the
plane of f i lm B 1 was perpendicular to the direct ion of incident solar
radia t ion at 0604 whi le the plane of f i lm B ,- w as pa ral le l  to this direc-
ti on. At approxima tely 0604 the maxi mum di f ferenc e of 12 °C between the
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te ’- . p ’ rd t u r ,’s r ’ ,,Urd .’d bi s - n- er’~ B 1 and B ol cu rred , irnpl9’i ng that the
solar  e l 9 -ldtion angle it 48 k- ( t h ’ a l t i  tu’J : of the t her mistor sensors )
•1as zero degrees dt OCT1 4 and t m mu t  12°C .-lu s the ,d , im’ Ium solar radiation
correction to t:e t - ; ’ ; - r et i r  - r iordI d LI] Cl then one of the sensor ’- .. at
Illit alt itude. Ii ~ r~- 15b also shows that th I rotation p~riod of the
Sf f l : i~~ ’ on tim e pni n~ i Hl piil oads was 3 m inut es and 48 seconds at tim e s
reT-dr ‘;6 u4. T a m  r utj t i on  of th~ pr inL. ipa l - a -l oad relativ e to the earth ’ s

- a ~r m e t i c  f i e  lu, as d~ t~ r ~n -d b1 t e l ’  o m h o u r j  . Aj e e t o m ’ e t e r , ‘was a l s o  3
ni nutes 44 se l .o’ IJ , Jm1 r i n~ t m  is t im ’ m e  - The al u f l m ’ 5  of  the ther:” i s tor fi l m ~i- aunt - were es tu: li .hed to be i rti -~,il f ro  t h e  ~ajloa d  pendulu m data.

Thus , the shape of th - u rm t i  nuu,.4 t- ‘m a r itur - r- .- - ords for sensors B-
~nd B gives the un -I mt a t io n of the t- -;o sensor moum :ts r e lati V C: to the
di rection of I n o i d - m m t  solar r..r 1 ~ ations - “i ni m ‘u’s points on the t - ; ’ , n I - r-a —

tune traces indicat - the t i  1 ,-S the solar ru i ia tion  cor rec t ion is ze ro ,
with the re- orded tempenutur~ r ~‘ m ’ - ’ - - ‘rtin’ : the actoal air tem’1r~’~ratj r -:
(all other corrections b- i ng ne gH: ib le ) . This , cojal d with t h e  afore-
‘-entioned so ‘pL tc ~hadi n-3 of the censor - fr om ’ - di r - ~ t solar radiation ,
permits the as ,uru t-~- d- - t - - r. nati us of ut  o , ; im m er ~ c te ’ a lC r u t u r ’  th ro u-:m m all
phases of the fli j h t ml tho ut  havi n-~ to resort to tH eor t i - ,ul ,.o - rr m ctio ns
to the observ ed t - :  . - r ut - o r - s .  The - - ,. a - r i  . m t a l  cons iderut ions ,o ’ :‘ ,aniz ed
briefl y here , d , we l  I as the t~ - - ur- ti c a l cal 4iati ons of neat trans f-~r
rel ated to thei: m , are prss rmt ud i n d ’ta i 1 in the iOu ~n — r - ,:fe ren- ., .’d pubi i—
cati on - - - conce rn ing the STRAT U M II e x p ni lent.

,pC ’c i f i ,a lly , an exami m m u t ion  of the photogr iph s of the fi lm - ousted
them i s  t o rs Fi - u - -~ 14 ) shows that sensor ;  B - and B both e ca: - m e total ly
shaded from ’ di rect lv incident solar r-9di ati on ‘ hen the c olur z - - n i  th
angle e~ c I : m d e d  +27 J - - J re e s . A z n i  t i m angle of - U7  degr ee - o~~~arr’ -IJ at
an al ti tud~- of 4 :  kin on 18 Sept :-’hir 1- 1 72 os ’ - - r  .‘. 

• -~P at 0257; thus , tb
tr o: peratur -m ; re o rJ ”d by both s~~n 0o r -  -w ere i nd ’p -nde nt of di r~ct ly
inc iden t solar rad iat i un  a f t l ’ r  0757.

Figure 16 pre- .ent , t he dirsct ly record ed t- 0 ’ : nu t u r  - - froo sensors B~and B fro m - : bal loon launoh inj  -it 0304 - ST  to loss of signal at 1005 M~T( ~.l5 km m ) from : the pci neipa l payload .- .‘ h ich was f loa t i n ;  downward on a
p a r a c h u t ’  a f t e r  fi i h t  tI ri- - i  nation -it ~~~~ ‘-~ - T . A lso  depi t-d in the
f igure is the ba l loon-s k in  t m  t ’ rdtur - u a Lurl .t ion  of time as ‘- ‘~asure d
by the ther~ii stor a t t u - hed to t b :  bal loon s i r ’ ace - ‘ar the top of the
ba l loon.

Fro m the ~o r m i lerut ions discu ’:s - - d a bov l’ . is r - l  at -u to tem pr~rat o r ’- sen-
-or on en ta t ion t j ’ , iu r1 , and shi e ldi ng from: :, dir ct ly I n~ id~- nt  so lar
radi at ion , Fi :~I5 17 pre- ~ ’ - m t S the atmospheric t ” p :rdturl - v rs un time
data iJ~’ri ved f C : j e  the Ja tu  of Fi gun ’  16. Th e fi -j ur shows that whi le
the il loon -.-ias f loa t ing  s tubl j  is- in 44 .5  k ’ m-: , w i th  the tt -- ‘a s ra t u r -

- m a r  1-~.l p m ’ , t im - iir t -m , m : : ’ri~ L, r- i - a - s -7 . U~C at i~ ’ ,
-
~fl - -~.0 - C

it 0,’ ) m m , - 3 . 0  C .it 0800 . -1 .5  C it 0815, ‘1.0 C at (‘h - .~:fl , anu 0.0 - C dt- 45 11e’ tota l a t :o- 1 u i m . r m c  t i m p - r i  t ~r- mu nge f r omu (lhOC to 5 4 5  -~~T
at an al t I t , ,

~i -  m s t  ~2. 1 km -e- ~ ld t h u  - b a pproxi : ’ nat t - lj  7°C, w i t h  all
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stat ed tempe ra tur es calculate d to b e correct within ~l °C. The balloon-
borne temperature sensor determi nation of the temperature change of
+7°C occurred during the STR IATCOM III experi ment wi th in a period of
approxi ma tely 3 hours in an air pa rcel at 48 kmn that was transportin g
the balloon. This occu rrence aga in implies at least partial agreement
with the rocket-borne senso r determination of a temperature change of
+15°C (minimum to maximum) occurri ng within a 24-hour period in an air
parcel at 50 km [5,6].

STRATCOM IV Experiment Descri ption

In early 1973 , Bell Laboratories , through thei r relat ionship w i th  SLA ,
became associated with the STRATCO M program . On 20 October 1973, after
10 months of intensive preparation by personnel from Bell Laboratori es
and personnel from the s ame organ izations l is ted above as part ic ipat ing
in the STRATCOM III experiment , the STRATCOM IV balloon—borne experi-
ment was launched from the National Center for Atmospheric Research
(NCAR), Balloon Facil i ty at Palestine , Texas (32° N , 97 ° W ) ,  at 0348
CST aboar d a 6.7 mi l l ion cubic foot bal loon. The balloon and instru-
ment system , h elium , parachute , rigging and ballast gave a total system
we ig ht of 8868 poun ds for this fourth exp eriment in the STR A TCOM ser ie s .
The payloa d, wh ich was suspended iniiediate ly beneath the bal loon after
launch ing, is show n in Figure 18.

A study of Fi gure 18 shows that this principal payload was fabri cated
as a two—tier system. The upper tier consisted of the s amm ie instrum nents,
arranged in genera~1y th e sam e con fi gu r a t i o n  as fo r  the STR A TC OM III
flight. This portion of the pay load again weighed approximately 250
pounds . The opto -acoustic laser system of Bell Laboratorie s formed the
lower tier of the payload. The laser system wei ghed approximately 42 00
pounds , giving a total payload weig ht beneath the bal loon of approx -
i niately 5000 pounds , and thus prohibiting further separation of the pay-
load from the balloon on a reel-down mnech ani sm after the time of the- 

- 
balloon launchin g.

A secon dary payload was pos i tioned on the apex plate of the balloon.
It consiste d of two therm i s tor sensors for the de te r - i  nation of bal loon-
ski n temperature , a thermi stor atmuospheri c temm iperature sensor , and an
al um i num ox id e wa t er va por s ensor .

After the balloon wa s launched , it ascende d at an average rate of 790
feet/ minute and reached its maximum altitude of 28 km at 0~58 CST . It
is bel ieved to have f loated near this alt itude for the duration of the
fli ght, w ith balloon fligh t termi nation occurring at 2015 CDT over
Gei ger , Ala bama; the ba lloon thu s fol low e d a horizonta l tra jector y suc h
that at the time of fl ight term ini nation , the bal loon and instrument
package were 480 mi les east of the launch site .
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STRATCOM IV Temperature Measure lm lent s

Since some di f f iculty was antici pa ted in attemptin g to measure the
ambient a tmospheric temperature in the presence of the mass iv e  steel
housing of the opto -acous tic laser ,  two groups of f i lm—mounted ther m- ; i s—
tors ( two sensors in each group) were mounted in the same conf igurat ion
as shown in Figure 14 for the STRATCOM III exper iment.  Fi gure 18 sho w s
the location of the two groups of thermi s tor sensors . One group was
suspended from the circular ring above the laser system housing , while
the second identical group was reeled downward to slightly below the
laser system when the balloon and payload passed through the 3 km alti-
tude during ascent.

Figure 19 presents the bal loon alt i tude , reeled —down sensor t e mmoe ~rature
Tr~ 

platform sensor telmperature T~ . and the ba l loon—skin  temperatu re T 5
as functions of time , from balloon launching at 0348 CST to loss of the
transmitted signal froni the payloads at 1 600 CST. The pay load was sus-
pended by a parachute approximately 100 feet beneath the 150-foot d iams -
eter ba l l o o n , and no radar or pressure-alti tude data were available.
The constant balloon altitude indi 0uted in Figur- 19 is highly approxi-
mate . A detailed analysis of the corresponding temperature re ords ,
with sensor locations consid ered, indicate s when the vertical m otions
of the balloon were sufficient to produ ce large changes in the recorded
temperatures , the changes produced by the motion of the  sensors into ari d
out of the wake of the r r l ativ rl J large and m i i s s i V -  ‘ me -t a1 pay load which
was at a terllperature much hi gher than tho t ’:sp eratur- of the t u l l oon and
the ambient a tmosphere .

In s umma ry , the erratic nature of the recorded t. - per’a t o re - - m no m - 4- the
perturbations produced in the am- ,b i :nt a tnmospheri c t -i - ;p - ra  tu ne m m ~r 28
by the proximi ty of the sensors to large balloon a n d  m ass i- / - pay loau .
No new usefu l information was gained from the STRA T ’ :Y- ~ IV experiment
conc er n i n g th e tempera tur e structurl ’1 of the str a tosp im e rc ’  and its varia-
tion .

STRATCOM V Experiment Descr ip t ion

The fifth in the series of STRATCOM payloads wa s l au r : -mmed on 22 May l9li
on a 6.7 Ini ll ion cubic foot balloon from Ho ll omm ian AFB , New ~le i ic o .  This
experiment was again a cooperative rI-search effort conducted jointl y
among ASL , SLA , the Aerospace Instrumen tation Di vision of AFGL . with
contract support from UTEP and Panametrics , Inc., of kul tham m ,
Massachus etts , and Winzen Industri es , Inc. Al so participating were to~Ionosphere Research Laboratory of Pennsylvania State University , the
Meteorological Branch of the Ai r  Force Weapons Laborator ies . r i r t l a n d
Air Force Base, New Mexico, and Bell Telephone Laboratories .

Afte r laun ch i ng at 01 22 MST , the balloon reached an altitude of 24 km
at 0437 MST , the time of sunris e at that alt i tude . Af ter  sunr ise , it
rose to its desi gned float alti tude of 28 km at 0526 MST. It slowl y
descended through out the day , reachin g 22.4 km:~ at 1934 M ST , the timm e of
sunset at t hat al ti tu de.

30

~

. n~~~~- 5 ,  ‘~~we i::5nr U.. IiJ: r~ T- .~.. ’ _ _  ________



~
-- --

~
- --

~
-. --

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

E~~~~ ________________________________I -
~~~ST RATCOM ~~ -0 CT 19 , 973

S U N R I S E
3 0 -  -

2 /TJ~~~~~~~~1

~~~~
: / -

s —so ++ 
° A L T I T U D E

/ 
I A REEL DOWN

6 - 
/ ,‘ + P L A T F O R M  T p -

4 60 - 2 \ ,~ . S K I N  T 5

2 T ~~‘ I

—70 I I I I I I
0400 0600 0800 000 1200 400 600

• T I M E — M S T
a

Figure 19. STRATCOM IV bal loon al t i tude and te i-;perature T R, T~and T as functions of t ime - October 1973.

31

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ , _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~



--
- - -  — ‘ -——~~~

--- • - - -
~~~
- - -- -- — - ~~~~~~~~~~~~~~~~

—-- -

After sunset , the bal loon continued to slowly descend. 
•
The decision was

made to termi nate the balloon fl ight at 0050 , 23 May , wi th the bal loo n
and payload reachi ng the earth ’ s surface on WSMR. Approxi mnately 22 hours
of telemetered data were recorded by recei ving stations at -ISMR , H o l l o m a n
AFB , and Globe , Arizona. Figure 20 shows the horizonta l and v~ rti ca 1
components of the bal loon and pay load trajectory .

The object ive of the STRATCO M V experiment was to determine simm iulta-
neously the incident solar uv radiat ion , atmosp ileni c COff l PO5 1 ti on , a tea -
spheri c thermmmal f low and charged par t ic le  structure , cosmi c rad iat ion
levels ,  and aerosol layers as they varied in time and space.  To accom -
plish this objecti ve , the a tmospher ic  s e n s i n g  pay load  cons i s t ed  of uv )

spectrometer , wate r vapor , ozone and nitr ic oxide sensors , bead ther mo s -
tor temperature sensors , cameras to photograph falling c h a f f  and sm o al l  -

‘spheres , three component anemometers for the determi nation of airflow
re lat ive to the bal loon, rada r ref lector for the dete nm - mi nati on of i-m ind-
speeds from the radar track of the balloon , atm iiospher ic turbulence
sensor, positive ion and Gerdien cond e nsor probes , cosmi c ray sensor,
and came ras to photogr aph aerosol layers . The combined atmo spheri c
parameter s~~nsi ng payload and balloon control package resulted in an
instru mn ment weight of 6300 poun-J - Fi gure 21 shows the principa l payload
beneath the ba l loon.  An ins tru ;:mnnt package on the apex plate of the
Dal loon was used to determ i ne and telemeter to ground—based receiv ers
the bal loon-sk in temperature.

STRATCOM V Te m perature Measurements

The confi gurations of the STRATCO N IV and STR IAT COM V payloads are very
Si fl~ lar. As in the STRATC OM IV e~ pen i m l  nt , the o p to—acous t i  c laser

ys t emm : of Bell Laboratories , w hi ii was housed iii the m im odi fi ed m ua ssi v
meta l  s h e l l  show n in Fi m u ro 21 and tuned to measure stratospheric nitri c
oxide and ozone concent rations , ac counted for mo st of the 6300 pounds
of pay load  wei ght beneat h the ball oon . The weight of this m agnitude
again pr l lu d l d ree l —down of t he i nstru: m t  p a c k a ~~: fro the ballo on so

3 as to nh nim n mi Zr the ther m dl and com ni posi t ion con ta m :i nation of the at --  o-
spheric re-~ion in wh ich  the s e n :o r ,  were located.

Since diffi - ul ty was anti cipa tt d with this confi~ u n a t i o n  i n  m m T easur ing
the amub i ent atm mo s ph en - ic  t e m c reature , two coupl -d pai rs  of f i l m ; m- - ’ou nted
spherical bead t i m ’ , r~: i  s to rs  ‘/ c- re - ousted , as for CTR,ii :C~-~ IV , on the
pri nci pal payload . One pair was mount d p r - a n - ntly on the c i rc ular
ring shown in Figur e 21. mi mi i f  t tm me o ther p a i r  was counted on tF m~ ci 1’Cu-
lar ni 1b in a confi - -

~urit ion whi oh permm ii t t - - d  reel—down of the temm iperature
-sensors after t B -  balloon ari d payload i-len launched . In this c ase ,  the
tempera tore sensor s extended i . pno,, i -ma tri ly 15 f--et bel ow t tm ee 1 01-/er
extremi ty of the prin c ipa l puy i - c d  a f t -  r r r i—down.  . -
Fij ure 22 pre e a t - - the a l t i  toIl - of the pa -  load and tee c o r r - - s p  J ng
te m miperat u rm T ,  T~. and r ’ c o -d - , t by the r- el J- Jo- ,- ’ i m sem , ’ -or , p l a t f o l --
sensor, and bal l oon—sk in  se nsor .  r - ~ p m c t i  v r ’ l y ,  a ll a. funct ions of tine .
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No addi tiona l useful information was gained f m~o em the experiment concern-
ing the actual temperature st ructu re of this atmos phe r ic rc-g ion and it:
var iat ion wi th time . This again is att r ibuted to the c lose proximi ty of
the temperature sensors to the massive payload and large balloon .

STRATCOM VI Experiment Descri ption

The STRATCOM VI—b payload , lifted on 26 September by a 2.9 million
cubic foot balloo n to an altitude of 30 Um : - , was used to meas ur-c the
concen tra ti ons of CFCL~ and CF , -CL in the stratosphere . The r- ’s0lts of
the exper limment have been reported e lse s iF ie re [7] .

The STRATCu1-1 VI-a balloon support ed an atmospheric sensing pay loo d
wei ght of 1180 pounds cons is ti nj of 29 i nstrum: nm nts to mn iake s imultaneou s
measurements of solar uv fl uw , atmi m o sph eri c compos i ti on , and therm :nod y n a  
structure in the 27-40 km atmospheric height interval . The 15.6 m illion
cubic foot (diameter 347 ft) balloon was launched at 2257 MST ,
23 September 1975. It reached its initial float altitude of 38.5 at
0300 MST on 24 Septe mber. The various i I ’et ruments were ac t i va ted  inter-
mittently during ascent and then continuously for a period extending
from 1 hour before to 1 hour after sunrise at 38.5 kIll (0529 MCI ).
Periodic measurements were nude near 38.5 km and during a slow descent
which was initiated at 1100 MST . A 2—hour period of continuous rnea-
surements was conducted near 27 km through the time of sunset (1072 - s - )
at that altitude . Sufficient ballast was released to effect a slow
ascent and the balloon reached an altitude of 36 km at 0200 MST ,
25 September. It floated at 36 km until sunrise (0542 ‘-1ST). The bal-
loon an d payloads then rose abruptly to 39.7 kin , rea -hing this altit ~ i-
at 0812 MST. All i nstru eats were acti vated before sunrise and made
continuous measurements beti-ieen the a l t i tud es of Nf .0 and 39.7 L ifl.
These measurements were continu ed at 39.7 kin unti l 3900 ‘- ‘5- 5 when the
pr incipal  payload was separated fr om the balloon and floated downward
on a parachute , reaching the earth s su rf uLe at 0935 .  Thus , 33 hours
and 38 minutes of atmoospheric data i-I-e r - obtain ed bet- -te n the alti todes
of 2.0 and 39.7 km ~ur ing the S - 5 ’ SM J—a e w p t ~ r iment .

A coupled pai i- of fi im -mmounted th em -- i tore agai ii s~~rvi - J  as the tonp er-
ature sensors aboard the princi pal pay load b en e a th  the balloon . Fi~ u mw-
23 show s th e payload just befo r e th e bal lo on wa s l aunc h ed. The payload
w as re e le d downwar d to 650 Feet beneath the bal loon short ly af t e r  the
balloon wa s launched. Again , a secondary payload — -ias attached to the
apex plate of the balloon (Fi gure 24). Spheric al bead thermistors
attached to the balloon —skin measured the temperature during the flight.
Figure 25 shows the horizont a l trajectory of the balloon.

STRAT UOM VI - a  Temperature Measurem ents

The ball oon altitude versus tinie , correspondi ng to the horizontal
trajectory of Figur e 25, is presented in Fi gu re 26. The atmm m ospheric
tempe rature and bal loon -skin t I n p rature are also presented as functions 
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of time . The balloon-skin temperature measure imient, after 1100 MST , was
not transmitted to the ground-b ased receiver due to deplet ion of batte- ry
power by the instrument on the apex plate . L x m m S s i V e  use of heaters at
the extremely low temperature of -54°C in the period 2400 to 0600
(Fi~ ure 26) produced this instr unment failure .

lith the payload separated from the base of the bal loon by a distance
of 650 feet, m any of the characteristics of the temperature records
which w ere obtained in the 5 — 38 km interval (2300—0600 MST , Fi gure 26)
are s imi lar  to the temperature v - r sus  time record of Figure 17 , for the
STRATCOM III expe nimim ent of September 1972. In ascending, during the
nigh t the a t m mm o spheric and bal loon-sk in temperatu re approached the tropo-
pause tr - : pt~rature of — 72 C (17.5 kin). After passing throu gim the tropo—
pause , the ba l loon—sk in  t --mn per a tur r c u m me to -54 °C and ro mr :a i  ned near 

-

this temperature until the time of visible sunrise at the balloon alti-
tude .

.-~i th the balloon floatin g at 38.5 k m m m , the atmos phe ni c tm -o pera tune i~e-
corded by the sensor : on the principal payload beneath the balloon
registered -34°C at 0400 MST. After the ti m -me of sunrise , i’ilth the
balloon remnaini ng at an alti tude of 3 ~ . 5 ke , the atmospheric t- - ‘o r a t o r -
increased rapi dly unti l 1100 when the sensors regis t~ red -22 C, a t o -
perature increase of 121 in the period 0400—1100 ‘-1 55. In the a - v
timmme interval, the balloon —skin temm iperature increa sed from -54~C to
+5°C, becomi ng 24°C ,‘j a r m:m l -~r than the surrounding at i mo s phe n ic t- :-m : ;peratu r - .

The temperature between 11 S0 MST on 24 Sept ember and 0400 on 25 Septv:-mb - - m- .
corresponding to the ind ica ted altitude profiles of the balloon , is as
represented in Fi3ure 26.

--t 0400 on 25 September , the ball 0011 ‘-ias floating at 36.0 U , 1  i-’ i th an
atmospheric tet imper ature of -33°C being registe red by the sensors . - t
0900 , i-iith the bal loon now f loat ing at 39.7 k m- ~, the  recorded air ten :-
p -r etur n had increased to -2A C. Froiii the 1962 standard atmosphere ,
the te m :pera turn gradient in the 36 —40 km interval is *3 C/ km . The c O. inge
in altitude of approx i- :ate ly  4 km thus prec luaes any concl~ -1 i on con~- -rm m-
I ng the t L - n pc rature change at 36 k i i  in the time i ntl:rval I5 .57_ n- * .10 on
25 Septem ber; however , wh en the pay load was descendi ng on i ts pa rachu t-
after  sena rat ion from the bal loon at 2900, the tem perature rvco rck d at
36 0: - by the f i ln: - r : mounted the rmi s to r  ati osphe ri c t i -m:pe ra tur v  sensor ’
Sm J - pf ’ nd ed  below the payload was -31°C. The descent rate of the J -3 m ’s-
chu t- .- and payload at 36 km was 62 rn/sec . Th e a -rod ria m - ~~c heati  no t-
a mi d d iss i pation factor in the heat transfer equation for the fu n- - - UJ - : t  il
spheni cal bead ther - :i stors [8] are of such value: so as to give an a- no-
Jynam i c heati nj correct ion to the obs e rv - -d L I- - pe nature at 31 km of -l .5’C,

-- n il e the ni r irh u~ n is desc e n- l i no  it H10 ind ic i t mr 1 speed .

the t e m : l p : ra t u r - :  chan ge- at 36 km m m r - - o i  s t i- red on 25 Se pt o - - ber L v  t I m , ,-
tn - pc’ ri tune sensors , first floati n-~ on the bal loon at 0100 and then

- it- ee ndj m ’j in the Iai - u- J l u te  at 5052 + 1 ilhin ut , is essent ial Ii ~~‘r ’u .
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A comparison of results obtained on 24 September at 38.5 km (the change
in temperature equal to +12°C in the period 0400—1200) with the results
obta i ned at 36 kmn on 25 September (the change in tem imper ature being
essentially zero in the period 0400—0900) indicates that the results ar :
not systemati cally repetitive on two successive days.

Identi cal rocketsonde temperatu re sensors were launched in support of
the balloon experim ilent. Two of interest were launched at 0500 1-~ST on
24 September and 1010 MST on 25 September. The tem perature im nces u r - -d by
the 0500 rocket-borne sensor at 38.5 kmn was —33 .5°C , whi le  the bal loon-
borne sensor mileasured -34.0°C at 38.5 km at 0400. A temperature of
-26.0 C was measured by the 1010 rocket—b orne sensor at an altitude of
40 km , whi le the balloon-borne sensor measured -24.0°C at 0900 at 39.7 km .
The 1010 rocket-borne sensor registered -32.2 C at 36 km- n ;  wh i le  as indi-
cated above , th e tempera ture  sensor f l o a t i ng d ownwar d on th e parac hute
measured —32.5°C at 36 km. These data indicate the e x c e l le n t  ag ree m en t
between the temnperatures measured by the rocket-borne and bal loon-borne
sensors .

COMPAR ISU N OF [JA LL OON -S UI N 151-10 UR-ITURL i-1L J - i S C U L M L . 5

A co m m iparison of Fi gure 19 , which gives the bal loon —sk in  t r m ’ iperature T~as a function of ti lime for STRATC UJ- 1 IV , wi th  Fi j ure 22 , i-thic h gi ~~~ cor-
responding information for STR IATCO M V , shows substant ia l  di f ferences
between the tem perature records of the two bal loon sur faces.

As particular poin ts for comparison , consi de r 1200 CST w hen the STRATCOM
IV balloon was floati ng near 28 k m~ east of Palest ine , Texas , in october
1973 . The b a l l o o n - s k i n  temperature was -7 C. At 1200 1-1ST in May 1974 ,
s-l i th the STRAT COM V bal loon f loat ing at 28 km over 551-15 , Non.- Mcx i  co ,
the bal loon-skin teim ipe rature was - 25°C. The atmiiospheri c temperature in
each case was approxi mni ately -40 C. The two balloons i-iere identi~ el in
size and construction and the two payloads were ident ical in general

; configuration and dimen sions .

The fo l lowing data are pres ented as a possible ar~~un’~e n t  for the differ -
ences in the b alloon-skin temperatures during the two expe nimiment ::

1 . The surface relative h uimmidity at the time of balloon laun ching
• (0348 CST ) at Palest ine , Texas , was 95 percent i-i i th the tropop eu e at

an al t i tude of 16.4 km at a temperatu r~ of approxi ately -70 C .

2. The surface re lat ive humidity at the t in n me of balloon launchin -3
(0 122 MST) fr om - n Hollo I !man AFB , New Mc -x ic o,  wa s 16 percent  w i t h  the tro po-
pause located at an alt i tude of 15.2 ken at a t-: - n:ipe ra t a r e  of app ro > i  utely
-70 - C.

3. Ut 1 200 CST , the wate r va por concen trat ion , as measur- d by the
alu m -- i  nun oxide sensor on the apex p la te  of the STR AT o :11 V bal loon — - ;e:
- ian able around 1000 pprnv , whi le at the Sd - m e ti e- the  a] ~ i rium ’ oxide
sensor on the principal payload r~-j i s t - r  d 500 ~ p - e  - It is not- U here

_1 _ )

, 1

~

T

~

uI

~

i I LT~ 
_______________



that Patel [9] reported a measured water -ispor concentration of 1 .5
pp: - .’ in the i ntorv:l 121 1 to 1218 CST , as det-r- i n d  iy the Pa m an laser
housed in the steel shell shot-i n in Fi gure 18.

4. At 1200 MST , the water vapor concentratio n measur e-U by the
a l u mn minu m n oxide sensor on the a nex plate of the STRATCOM ~i balloon - -u: ~ari-
able around 10 ppmv . The a lu : inu :  oxide sensor on the pri n~ipal payload
registered values vary ing bet- -me n 55 and 15 ppniv at this time .

5. A maxim : mu n : n value of 9850 ppm nv occurred at 0714 CST for STR A T II- 1- 1
IV , s-ihi le a maxim n - si mm value of 500 ppmv was reqi s tered at 0700 MST for
STRATCOM V.

These data indicate that the  concentrati  on of U-later vapo r surr o unding
the balloon surface in the stratosphere is directly related to the con-
centration of water vapor at the earth ’ s surface at the timnme of i~ on - hin g .

The total water vapor sensor record shows that the --tater hecomues str om n -~lyattached to the bal loon surface as it passes through the  cold tropopaus .
The temperature mlleasurements indicate that the bal loon su r fac e t h e n  Ce-

mains quite cold (—55  C) until the time of sunr ise , —- t hen incident r~dia-
tion from the sun begins to heat the bal loon surf e - . As tb bal loon
surface war m s , increasing quanti ti es of wa te r  vapor a r -  desor b u f rcn-
the surface and for - n an enve lope surrounding the bal loon.  The ~O ’ n- en-
tra ti on in the enve lope reaches a maxi mnn u m n l va lu e and then beni ns to
decrease s- iith t im e , the time requi red to roa m an :nb i ent at- - u ;  - - - r i  c
~- al ue dependent upon the quantity absorbed on the sur f a~e ut the  time
of balloon release.

Thus, the argum iment is proposed that infr a red energy radiated m o - . the
ba lloon surface is absorbed by an e nvelope of s- iater vapor c~ rn iunJ inj
the bal loon surface. The degree of absorption is related to the con-
centration of water vapo r in the envelope. As the radiation is absor b- -d
by the water vapor , conver ted to thermn ia l energy and  trapped in the o a t - - n
va por enve lope,  the maxi: nnun’n ten - npera t ur - .- mea n ur-~d on the bal loon ~ u r fa 5 -
is then directly re lated to water vapor concentrat ion s urround ing the
bal loon and the incident rate of deposit ion of solar ii r ; - ’ .

CONCLUSIO NS

The a t t em pt: to establis h the ampli tude of the t e n : n L eratur va r i a t i ons  to
be assoc i at ed wi th the stratos pher i c diurnal t ide, as dote - n- i ned b- i
bal loon -borne temperature sensors f loat ing general ly wi th a speci fi c
parcel of air , are not enti rely con clusive; however , the results d e - cr il ed
as related to the STRAT COM II , III , and V I experi : m ~ nt :  i ndi eC t e  thdt the
range of the variat ions to be associated with this t ide wi th in  the 40 -50
kin alti tude interval lie between 7 and 121 and are highl y var iab le on a
day-to-day basis.
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Based upon the information obta ined and experience gained fro m: the six
STRATCOM experiments , it is advocated that temperature measurements be
made aboard balloon -borne experiments related to the composition and
charged particle structure of the stratosphere . In addition to giv ing
background data for temperature —dependent experiments , a c lose examii ina-
tion of the records of the temperature sensors can serve as a tool for
obtaining detailed information co ncerning the balloon and payload be-
havior .
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