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stratosphere by the Super Sonic Transport and by chiorofluorocarbons , gradually
Increased the number, types, and complexity of measurements conducted during
each successive experiment. ~~~~~~~
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Report “Correlation of Selected Atmospheric Composition Parameters for the
Mid—Latitude September Stratosphere,’ are representative of the correlated
multi—instrument approach of the STRATCOM Program to the experimental study of
the stratosphere, backed by chemical kenetic theory and atmospheric mode1ing.~~ 
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CHAPTER 1

EXPERIME NT BACKGROUND AND DESCRIPTION

HAROLD N. BALLARD
Atmospheric Sciences Laboratory, WSMR , NM

FRANK P. HUDSON
Physics and Technology Programs

Energy Resources Dev Admin , Washington , DC

Art Korn
Air Force Geophysics Lab , Harrison AFB , MA

BACKGROUND

Within the period September 1968 to September 1975, six balloon-borne
experiments were conducted under the title of “STRATospheric COMposition
(STRATCOM) Experiments.” The initial experiments were designed to meas-
ure the temperature variations near an altitude of 50 km that were to be
associated with the diurnal stratospheric tide [1,2,3].

Requirements by the Department of Defense for information concerning
stratospheric composition , as wel l as measurements of national interest
to the possible pollution of the stratosphere by the Super Sonic Trans-
port and by chlorofluorocarbons , gradually increased the number , types,
and complexity of measurements conducted during each successive flight.

The STRATCOM III balloon-borne experiment of September 1972 [4] carried
17 instruments to an altitude of 48 km to measure solar uv radiation ,
atmospheric composition and thermodynamic structure0 Mass spectrometry
and uv spectroscopy measurement techniques were added to the techniques
utilized during the STRATCOM II and III experiments of September 1968
and September 1969, respectively.

STRATCOM IV and V . launched October 1973 and May 1974, were primarily
dedicated to the measurement of the oxides of nitrogen , water vapor , and
ozone by a laser opto—acoustic technique developed by Bel l Laboratories
and fielded through their relationship with Sandia Laboratories of
Albuquerque , NM0 Measurements made by other instruments aboard the two
balloon—borne platforms in the 19—28 km altitude interval indicate that
these flights provided little new information concerning the unperturbed
composition and thermal structure of the stratosphere [5].

The next experiment in the series , termed STRATCOM VI , was a two—balloon
experiment conducted 23-26 September 1975. It was directly or indirectly
supported by six federal agencies , wi th experiment participation by ten
federal , university , and private laboratories [6].

2

~~~~~~~~~~~~~~~~~~ ..~~J: i~~~ I_ _- ~~
,_ 

- . --



rT ~

Th~ STRATCOM VI—A payload of 29 instruments was borne aloft on 23 Septemberby a 15.6 million ft~ balloon to measure, in more detail , the relatedsolar uv flux , atmospheric composition , and thermodynamic structure of the
stratosphere. A proper combination of balloon characteristics , payload
weight , adequate ballas t, and favorable winds permitted a flight of 33
hours within the 27—40 km altitude interval .

The STRATCOM VI-B payload , lifted by a 2.9 million ft3 balloon to an
altitude of 30 km on 26 September 1975, was devoted to making specific
measurements related to the possibl e contamination of the stratosphere
by the chlorofluorocarbons.

Both the STR.ATCOM VI—A and Vu -B balloons were designed and launched by
the Aerospace Instrumentation Division and Balloon Branch , respectively,
of Air Force Geophysics Laboratory. The balloons were fabricated by
W inzen Researc h, Inc. They were launched from Holloman Air Force Base
(HAFB ), NM (32° N latitude). Experimental support in terms of radars,
roc kets, and meteorological data was supplied by White Sands Missile
Range (WSMR) , NM.

This composite report presents, in one publication , the related results
obtained from the various experiments comprising the STRATCOM VI-A and
VI-B payloads as determined by the individual investigators. The results ,
coupled with ECOM Report 5818 [7], “Calculation of Selected Atmospheric
Composition Parameters for the Mid-Latitude September Stratosphere,”
are representative of the correlated multi-instrument approach of the
STRATCOM Program to the experimental study of the stratosphere, backed
by chemical kinetic theory and atmosphere modeling.

EXPERIMENT DESCRIPTIO N

The STRATCOM VI—A balloon supported an atmospheric sensing payload weight
of 1180 pounds consisting of 29 instruments to make simultaneous measure-
ments of solar uv flux , atmospheric composition , and thermodynamic struc-
ture in the 27—40 km altitude interval . The 15.6 million ft3 balloon
(diameter 347 feet) was launched at 2257 MST, 23 September 1975, from
HAFB, NM (32° N). It reached its initial float alti tude of 38.5 km at
0300 MST on 24 September. The various instruments were activated inter-
mittently during ascent and then continuously for a period extending
from 1 hour before to 1 hour after sunrise at 38.5 km (0529 MST). Peri-
odic measurements were made near 38.5 km and during a slow descent which
was initiated at 1100 MST. A 2-hour period of continuous measurements
was conducted near 27 km through the time of sunset (1828 MST). Suffi-
cient ballast was then released to effect a slow ascent with the balloon
reaching an alti tude of 36 km at 0200 MST, 25 September. The balloon

o floated at 36 km unti l the time of sunrise (0542 MST). The balloon and
payloads then rose abruptly to 39.7 km, reaching this altitude at 0812
MST. All instruments were activated before sunrise and made continuous

• measurements between the altitudes of 36.0 and 39.7 km. These measure-
ments were continued at 397 km until 0900 MST when the principal payload

3
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was separated from the balloon and floated downward on a radar—reflective
parachute , reaching the earthi s surface at 0935 MST. Thus, 33 hours and
38 minutes of atmospheric data were obtained between the altitudes of
2.0 and 39.7 km during the STRATCOM VI-A experiment.

Figure 1 shows the principal payload just before the balloon was launched .
The payload was reeled downward to 650 feet beneath the balloon shortly
after the time of balloon ‘launching.

A secondary payload was attached to the apex plate of the balloon as
shown in Figure 2. Spherical bead thermistors attached to the balloon
skin measured this temperature during the flight. Figure 3 shows the
horizontal trajectory of the balloon , and Figure 4 shows the balloon
altitude versus time, corresponding to the horizontal trajectory of
Figure 3.

Figure 5 is a photograph of the principal payload after its parachute
descent to the earth’s surface at the location indicated in Figure 3.
The parachute descent and subsequent landing were such that the payload
was recovered intact.

The STRATCOM V I— B payload was launched aboard a 2.9 million ft3 balloon
at 1448 MST, 26 September 1975, from HAFB. The payload is shown in Figure
6.

The average ascent rate of the balloon and payload was approxima tely 750
feet per minute with a float altitude of 30 km being reached at approxi-
mately 1720 MST. Sunset on the balloon occurred at 1830 MST. The altitude
of the balloon was stabilized at 30 km through appropriate ballasti ng.
The projection of the balloon trajectory onto a horizontal plane shows
that the balloon moved first eastward a distance of 20 miles after launch-
ing and during the ascent phase of the flight. After reaching its float
altitude near 30 krn, the balloon then drifted slowly westward. The flight
was terminated near Deming, NM, at a distance of 100 miles west of the
launching site. The payload was recovered in good condition. 
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Figure 1. STRATCO M V I—A payload — September 1975.
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Fi gure 3. STRATCOM VI -a horizontal trajectory - September 1975.
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CHAPTER 2

SUMMARY OF SYSTEM STATE-OF-HEALTH MEASUREMENTS
STRATCOM VI-A BALLOON EXPERIMENT

P. B. Herrington
Sandia Laboratories , Al buquerque , NM

ABSTRACT

Various measurements were made to determine the temperature and attitude
of the gondola and the status of primary power source and associated power
converters. Platinum rod and bead thermistors were used to measure tem-
peratures at selected points throughout the gondola. A two-axis magnetom-
eter and a two—axis pendulum were used to measure principal payload attitude.
Voltage and current measurements indicated the status of the primary power
sources and associated power converters.

TEMPERATURE MEASUREMENTS 
F

Five temperature measurements were made in order to monitor system status.

The l ocations of the measurements and type were as follows :

Sensor Temp
No. Location Type Range(°C)

1 TM can (top) Platinum rod —30 to +70

2 TM can (near bottom) Bead thermistor —50 to +50

3 TM can (outside bottom) Bead thermistor -50 to +50

4 Battery 1 container Bead thermistor -50 to +50

5 Frame (azimuth drive) Platinum rod -45 to +55

Sensors 1 and 2 were l ocated inside the main electronics housing (TM can)
which was l ocated on the principal payload , The top and sides of the TM
can (which was pressurized to 15 psia) were aluminum painted on the outside
surfaces with EPO—LUX No. 100 white epoxy paint. Approximately 1-1/2 in.
of styrofoam insulation was used around the inside of the top and sides
of the can. The bottom of the TM can was alodyne (conductive chromate )
aluminum which was approximately half covered with 1-in, styrofoam. The
power dissipated within the housing was 6 W on standby and between 50 and -
120 W while the system was on . During the STRATCOM VI-A experiment , the
power dissipated inside the TM can averaged 70 W whi le the system was on.

10
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Sensor 3 was mounted to the outside of the bottom of the TM can.
* Sensor 4 was mounted inside the battery 1 container which was mounted on

the gondola. This container housed 18 Yardney LR-100 cells which were
insulated from the walls of the container by 2-1/2 in. of styrofoam. All
surfaces of the container were alodyne aluminum . Prior to launch , the
battery 1 container was heated (with heating tapes wrapped around the
exterior) to a sensor reading of 28°C. Very little power (700 mW peak)
was dissipated inside the battery container during the flight.

Sensor 5 was mounted to the azimuth drive section of the sun tracker sys-
tem. Since very little power (less than 1 W) was dissipated within the
azimuth drive section, sensor 5 essentially measured the frame temperature.

Figure 1 shows variation in temperature as measured by sensors 1 through 5.

ATTITUDE MEASUREME NTS

Pendulum

A two-axis potentiometric pendulum was used to determine the levelness of
the instrument frame. The reference directions for the ‘X ’ and “Y” pendu-
l urns are shown in Fig. 2. The full-scale measurement range in both the

• x and y directions was ±5 deg with a sensitivity of 0.5 V/deg.

The X pendulum readings showed a nearly linear variation of levelness from
* 0.5 deg at launch to 1.25 deg at sunset. The readings remained constant

from sunset until immediately prior to cutdown .

The V pendulum readings showed a constant offset of —0.5 deg throughout
the experiment.

The variations in the X pendulum readings were probably caused by the
evaporation of the cryogens used by various experiments on the gondola.

The pendulum data reflected only the levelness of the instrument frame.
Any pendulum motion of the payload on the support between the payload and
the balloon could not be detected.

Magnetometer

Two Heliflux RP1M-5C magnetometers were used to measure the magnetic direc-
tion of the x—axis of the principa l instrument frame. Figure 2 shows the
payload instrument layout and magnetometer reference direction. The top
payload on which was mounted the sun tracker , heterodyne radiometer , uv
photometer, and uv spectrometer, was not hard mounted to the bottom instru-
ment frame. Therefore , its pointing direction was unknown except during
most of the daylight hours when it was point ing at the sun.

11



___ TT
~~~~~ 

~~~~‘ T ~~
,
I: ITT~TI1Ti TIII T

Figures 3A through C show the magnetic direction in the x-axis during the
sunrise and sunset periods . Analysis of these plots shows that the pay-
load is much more likely to oscillate through an angle less than 360 deg
than it is to spin in the same direction for a 360—deg rotation.

A comparison of the magnetometer data from STRATCOM VI—A wi th that of
STRATCOM 111* reveals that it would be a difficult task to predict a
“typical” spin rate of a balloon-borne instrument package.

POWER SUPPLY MONITORS

Primary power for the experiments was supplied by three battery packages.
Battery 1 was made up of 18 Yardney LR- lOO s ilver—zinc cells , and batteries
2 and 3 were made up of 18 Yardney LR-20 silver— zinc cells. Each LR—100
cell has an average voltage of 1.5 and a capacity of 100 ampere—hours.
Each LR-20 cell has an average voltage of 1.5 and a capacity of 20 ampere—
hours.

Battery 1 was used from launch until 0400 MDI 25 September. The voltage
monitor indicated a launch voltage of 29 and a final (0400 MDI 25 September)
voltage of 25. Battery 2 was used from 0400 MDI through 0900 MDI 25 Sep-
tember. The voltage monitor indicated an initial voltage of 27.5 and a
f ina l  voltage of 26.5. Battery 3 was used from 0900 MDT, 25 September
through termination. The voltage monitor indicated no change in the m i —
tial reading of 28 V.

Twel ve dc-dc power converters were employed to supply various voltages to
the experiments. The voltage monitors indicated that all 12 converters
maintained voltage outputs within ±2.5 percent of the prelaunch voltage
values.

*H. N. Ba?~lard and F. P. Hudson, “Stratosp heric Composition Balloon-
Borne Experiment ,” ECOM-5554 , At~nosp heric Sciences Laboratory, US Array
Electronics Conrmand, WSMR, NM, Sep 72.
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CHAPTER 3

TEMPERATURE MEASUREMENTS IN THE 27-40 KM ALTITUDE INTERVAL ,
STRATCOM V I-A BALLOON-BORNE EXPERIMENT

Harold N. Ballard
Atmospheric Sciences Laboratory, WSMR , NM

Mi guel Izquierdo
Carlos McDonald

John Whitacre
University of Texas at El Paso , El Paso , TX

ABSTRACT

By mount ing film-mounted thermistors in the configuration described in
this report and by separating the payload-mounted sensors as far as prac—
tical from the balloon surface (2 to 3 balloon diameters), accurate (± 1°C)
measurements of atmospheric temperature can be made directly from balloon- . 

-

borne platforms without recourse to theoretical corrections to the observed
temperatures. Temperature measurements made with these sensors during a
period of approximately 33 hours as the balloon traversed the 27-40 km
atmospheric altitude interval , when supplemented by temperature measure-
ments from previous STR.ATCOM balloon-borne experiments in the 40-50 km
interval , indicated that the range of temperature variations to be associ-
ated with the atmospheric diurnal tide within the 30-50 km altitude inter-
val lies between 7° and 12°C and is highly variable on a day-to—day basis.

INTRODUCTION

Based upon information obta i ned and experience gained in the measurement
of temperatures in the stratosphere with sensors mounted on the balloon-
borne platforms of STRATCOM I through STRATCOM V [1], a coupled pair of
film-mounted spherical bead thermistors again served as atmospheric tem-
perature sensors aboard the principal payload beneath the STR.ATCOM VI-A
balloon. The solar radiation correction to the measured temperatures can
be experimentally determined through the known geometric orientation of
the two film-mounted sensors relative to the known direction of incident
solar radiation and determination of instrument platform rotation rate
from magnetometer data [2]. Figure 1 shows the film-mounted thermistor
configuration. Figure 1 of Chapter 1 shows the l ocation of the two tem-
perature sensors on the STRATCOM VI-A payload with the temperature sen-
sors extending below the l eft end of the instrument—bearing frame.
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I t  was also established during these balloon-borne experiments that the
temperature sensors were greatly influenced by the presence of the large
balloon as the balloon floated upward with the sensors following in the
balloon wake; however , if the instrument platform beneath the balloon was
separated from the balloon by a distance of as much as two balloon diam-
eters , the temperature recorded by the sensors on the platform was not
influenced by the presence of the balloon when the balloon was stably
f loating or slowly descending [2].

Therefore, shortly after the ti-me of ba lloon launching, the p r inc ipa l
payload of STRATCOM VI -A was reeled downward a distance of approximately
650 f t  ( ba l loon  diameter 347 ft), the maximum all owable distance based
upon weight restrictions for the reel—down mechanism as related to total
system weight and the planned vertical trajectory of the balloon and pay-
load.

The previous STRATCOM flights had also demonstrated that it was extremely
informative , as related to the problem of the therma l contamination of
the atmosphere as caused by the presence of the relatively l a rge  bal loon ,
to measure the temperature of the balloon surface. Therefore, spherical
bead thermistor temperature sensors were attached to the balloon surface
of the STRATCOM VI—A balloon as shown in Fig. 2. The output of these
sensors was then coupled to the instrument package mounted on the balloon
apex plate (Fig. 2, Ch 1).

TEMPERATURE MEASUREMENTS

The balloon altitude corresponding to the horizontal trajectory of Fig. 3,
Ch 1 , as well as the temperatures measured by the thermistors mounted on
the principal payload and the ballocn skin are presented as functions of
time in Fig. 3 of this chapter . The balloon—skin temperature measurement ,
after 1100 MST, was not transmitted to the ground-based receiver due to
depletion of battery power by the instrument on the apex plate. Excessive
use of heater power at the low temperature of -35 °C , in  the period 0100
to 0600, 25 September (Fig. 3), produced this instrument failure.

With the payload separated from the base of the balloon by a distance of
650 ft, many of the characteristics of the temperature records which were
obtained in the 5—38 km interval (0000—0600 MST, 24 September , Fig. 3)
are similar to the temperature-versus-time record for the STRATCOM III
experiment of September 1972 [3]. As the balloon ascended during the
night , the atmospheric and balloon — skin temperatures approached the tro-
popause temperature of -72°C (17.5 km). After the balloon passed through
the tropopause, the balloon —s kin temperature came to —54°C and remained
near this temperature until the time of visible sunrise at the balloon
altitude.

With the balloon floating at 38.5 km, the atmospheric temperature recorded
by the sensors on the principal payload beneath the balloon registered
—34°C at 0400 MST. After the time of sunrise , with the balloon remaining
at an altitude of 38.5 km, the atmospheric temperature increased rapidly
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un t i l 1100 w hen the sensors registered -22°C, a temperature increase of
12°C in the period 0400—1100 MST. In the same time interval , the balloon —

— 

. skin temperature increased from -54° to +5°C, becoming 24°C warmer than
the surrounding atmospheric temperature.

The temperature between 1100 MST on 24 September and 0400 on 25 September,
corresponding to the indicated altitude profiles of the balloon , i s as
represented in Fi g. 3.

At 0400 on 25 September , the balloon was floating at 3f .0 km with the
sensors registering an atmospheric temperature of -33°C. At 0900, with
the ba lloon now fl oating at 39.7 km, the recorded a i r  temperature had
increased to -24°C. From the 1962 Standard Atmosp here , the temperature
gradient in the 36—40 km interval is +3°C/km. The change in altitude of
approximately 4 km thus precludes any conc lus ion  concerning the tempera-
ture change at 36 km in the time interval 0400—0900 on 25 September; how—
ever, when the payload was descending on its parachute after separation
from the balloon at 0900 , the temperature recorded at 36 km by the film—
mounted thermistor atmospheric temperature sensors suspended below the
payload was -31°C. The descent rate of the parachute and payl oad at 36
km was 62 rn/s. The aerodynamic heating term and dissipation factor in
the heat transfer equation for the film-mounted spherical bead thermistors
[4] are of such values so as to give an aerodynamic heating correction to ‘

the observed temperature at 36 km of —1.5°C while the parachute is de—
scending at the indicated speed.

Thus , the temperature change at 36 km registered on 25 September by the
temperature sensor , first floating on the balloon at 0400 and then de-
scending on the parachute at 0900 + 1 minute , is essentially zero.

A comparison of results obtained on 24 September at 38.5 km (the change
in temperature equal to +12°C in the period 0400—1100) with the results
obtained at 36 km on 25 September (the change in temperature being es-
sentially zero in the period 0400—0900) indicates that the results are
not systematically repetitive on two successive days.

SUMMARY AND CONCLUSIONS

When launched so as to reach its float altitude in the stratosphere during
the night , the balloon remains much colder than the atmosphere after it
passes through the tropopause. After the time of sunrise , the balloon
is heated by incident solar radiation , finally reaching temperatures warmer
than the surrounding atmosphere.

The argument has been proposed , based upon evidence presented [1], that
infrared energy radiated from the balloon surface is absorbed by an enve-
lope of water vapor surrounding the balloon. The degree of absorption is
related to the concentration of water vapor in the envelope . As the ra-
diation is absorbed by the water vapor , converted to thermal energy and
trapped in the water vapor envelope , the maximum temperature measured on

23

- .~~
— 

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



I
the balloon surface is then directly related to the water vapor concentra-
tion surrounding the balloon and the rate of deposition of solar energy.

By mounting the film-mounted thermistors in the configuration described
in this and referenced previous reports, and by separating the payload
mounted sensors as far as experimentally practical from the balloon sur-
face (2 to 3 balloon diameters), accurate (±1°C) measurements of atmo-
spheric temperature can be made directly, without recourse to theoretical
corrections to the observed temperatures.

The attempts to establis h the ampli tude of the temperature variations to
be associated with the stratospheric diurnal tide, as determined by balloon -
borne temperature sensors floating generally with a specific parcel of air ,
are not entirely conclusive ; however , the results obtained previously from
the STRATCOM II and III experiments [1] and now from this balloon—borne
experiment indicate that the range of the variations to be associated wi th I ~this tide wi thin the 40—50 km altitude interval lies between 7° and 12°C
and is highly variable on a day-to—day basis .

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 giving background data for temperature-
dependent exper iments , a c lose examination of the records of the tempera-
ture  sensor serves as a usefu l tool for obta ining deta iled information
concerning the balloon and payload behavior.
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Figure 1. STRATCOM VI— A film—mounted spherical bead thermistor configura-t ion - Sep tem ber 1 97 5.
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CHAPTER 4

ION ANE M OM ETRY AS A MEANS OF DETERMINING RE LATIVE WINDS
DURING A STRATOSPHERIC BALLOON EXPERIMENT

R. 0. Woods
D. S. tliyoshi

Sandia Laboratories , Albuquerque , NM

ABSTRACT

Deve lopmental models of a f l ight instrument have been fl own on two occa-
sions. During STRATCOM V. operation was intermittent but adequate to
demonstrate feasibility of concept. Further refinement pro duce d the
STRATCO~’l VI instrument described here. Operation was achieved durin g
v i r t u a l l y the en t i re  f l i ght , although the winds peed was be l ow the range
of the instrument during most of the flight . This is not a fundamenta l
l imitation; instrunents can be configured for a l ower threshold airspeed.
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INTRODUCTION

The objective of this program has been to develop an instrument which can
be installed on any stratospheric balloon when data are required concern-
ing relative winds . The need for such data is becoming increasingly urgent
because of the trend toward in situ analysis of atmospheric composition and
properties . Experiments wherein air is sampled in the immediate vicinity
of the payload rather than analyzed remotely (viz., by absorption spec-
troscopy) require at the very least an estima te of the extent to which the
sample has been perturbed by contact with payload surfaces. Ideally, a
clean sample could be obtained if a finite airflow were known to ex ist
and sampling were performed on the upwind side. No means exists at pres-
ent for making the necessary airflow measurements.
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Beyond a iding with the str ict ly technical problem of samp ling, data regard-
ing wind shears and small-scale turbulence [1] would be of considerable
theoretical interest in obtaining an under standing of the transport proper-
ties of the stratosphere and hence of its interactions with pollutants.

PRIOR ART

Conventional mechanical sensors such as rotating-vane anemometers or
P itot—stat ic probes are excluded for the present app l ication because of
the extremely low dynamic pressures involved. Velocity may range down to
a few centimeters per second and density to a small fraction of 1 percent
of its sea level value . Thus , an alternate approach was chosen in which a
parcel of air is tagged and its transit time measured over a known distance.
This is most easily accomplish ed by using an electrical discharge to produce
ions and then sensing the arrival of a current pulse at another point by
us ing an electrometer . I -

Ion anernometry is not a new techni que and has , in  fac t, been a pp l ied  to a
bal loon experiment in the past [2]. That instrument , however , was used to
measure fl ow speeds in a sampling duct , whereas t his one is to measure the
free—stream air veloc ity. This instrument differs also in that it is
intended to measure speeds approximately an order of magnitude lower than
those measured by ear l i e r  ins t ruments .

Other anemometer concepts are described in [3] through [5]. These instru-
ments are for the most part still in the developmental stage , an d a l l  are
intended for use at one atnosphere. They should , however , be regarded as
possible alternative approaches to the problem .

DESCIUPTION OF APPARATUS

Figure 1 shows mechanical detai ls of the anemometer . Three such assemblies
mounted along mutua lly perpendicular axes comprise an omn i dir ec ti ona l sys-
tem. An open-ended tube is equipped with grids at each end and a pair of
electrodes at the center. An intermittent electr ical discharge is produced
at “A. ” The resulting ions drift through the tube and are col lected at
grid “C.” The current pulse is carried by the si gnal lead “0” to a remotel y
located electrometer and telemetering circuitry . Grid “B” is grounded to
the shell of the tube and serves to reduce capacitive coupling between the
high—voltage electrode and the signal grid. Three such asser ib li es have a
mass of 1.2 kg.

Because the signal grids on opposite ends of the tube are connected to a
comon lead , the instrument is capable of determinin g flow speed but not
direction. The ambi guity could be removed at the exp~’n~~- of additional
circuitry . This would involve connecting each gr id t~ a separate detector.
Such a complication was regarded as unneces~~rv on a prototype fli gh t ,
especially since the prima ry interest was in dete r i - - ~ninq net movement of
the air past the payload , th e d i r ec t i o n  be i!1- - a - I t t e r  of re la t i ve l y l i t t le
concern.
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The outputs of the three single-axis anemometers were multiplexed upon a
s ingle telemetering channel. The system which accomplished this is shown
in Fig. 2. On the left are three high—voltage supplies which continually
transmitted 3000 V pulses of approximately 1 —ms duration at intervals of
0.2 s to each of three electrode assemblies. On the rig ht are shown the
electrometer and sampling circuitry in which the outputs of the three
instruments are sampled -in sequence and transmitted to the telemetry sys-
tem. The three anemometers are sampled for periods of 15 s each with the
remaining IS s being an “off” condition for time reference.

Figure 3 shows all the circuitry required by the three instruments . The
circuit board is 10 by 12.5 cm. The two metal boxes contain power supplies.
The mass of the entire assembly including cables is 0.623 kg, and no par-
ticular effort has been made to miniat urize the circuitry . Three leads
extending to the left carry signals , and the leads which extend downward
are for hi gh voltages. The mult -ipin connector brings in battery power and
carries the connections to the telemetering system. I -

Figure 4 is a schematic of the electronic circuitry . The 5 Hz clock gen-
erates timing pulses which fire the SCR 2113004. Capacitor C stores the
energy to be delivered to the hig h-turns—ratio pulse transformer which
then generates the high—voltage pulse for the electrodes. The value of C
can be chosen to optimize operation at a given al titude. A single TEC
150 V at 1 W power supply serves all three high-voltage driver sections.
The 5 Hz clock output is superimposed on the input to the VCO channel to
provide a time-mark indicating initiation of the discharge. The amplifier
section has a field—effect—transistor input followed by a l ogarithmic ampli —
fier. A data multiplexer samples the three anemometers and provides an
“open ” position as determined by a 15—s clock and counter combinat ion .

For STRATCOM VI the three anemometers were oriented as given by Table 1.

TABLE 1

ANEMOMETER ORIEN TATION , STRATCOM VI -:

Anemometer Orientation Capacitor, C Optimum Altitude Range

X Horizontal .O22pF 20-40 km

V Vertical .022pF 20-40 km

Z Vertical .O47pF 5-30 km

Thi s arrangement was chosen to maximize the probability of obtaining data
from the flight , for cross—checking air velocity readings , and for testing
the effect of varying the value of C. Greater emphasis was placed upon
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sensing vertical winds because of interest in the “bobbing ” motion of the
ba l loon  about i t s  nomina l f loat altitude and because data gathered during
ascent and descent could be compared to radar data .

P E RFORMANCE

Anemometer data were gathered at intervals during the 34-hour flight of
STRATCOM VI on 24—25 September 1975 with approximately 9 hours of data
accumulated . The anemometers were continuously operated whenever the
instrument payload was turned on. Performance of the system was excel-
lent , with only isolated , temporary instances of anemometer malfunction .
These occurred primarily at low altitudes and during the rapid descent
following payload cutdown. At low altitudes the air pressure was too
great to reliably sustain an electrical discharge at the ion-generating
electrodes , and at high — air velocities misfires also occurred .

The range of velocities that could be measured by the anemometers was I:
determined in the laboratory to be approximatel y 0.6 to 8.0 m/s. The
anemometers were uncalibrated ; the results should therefore be only used
as a qualitative indication of air movement . The l ower velocity detection
limi t was a consequence of the diffusion of the ion cloud during transit
from the source to the receiving grid; the longer the transit time the
poorer the quality of the signal received . At high velocities , misfires
occurred , as wel l as saturation of the electronics when a discharge did
take place. During most of the flight , air velocities were below the
l ower limi t of the anemometers , but there were sufficient instances of
definite air movement to be assured that the anemometers were functioning
properly. Reasonably good agreement was obtained between the vertical
anemometer data and the time variation in radar altitude data for the
ascent portion of the flig ht. At cutdown , all anemometers indicated air
motion which soon exceeded their upper limits.

Figure 5 shows a sketch of the data format. The repetition rate was ap-
proximately five per second. The spike is a mark that indicates the time
of the ion—generating electrical discharge , and the current waveform fol—
lows. From the circuit schematic (Fig. 4), note that ac coupling was used ;
consequently, the trigger pulse caused a n undershoot and subsequent return
to zero upon which the ion signal was superimposed. Arrival of the ion
cloud at the receiving grid was determined by visual analysis of the ane-
mometer output on an oscilloscope . For short transit times (high veloc-
ities) the arrival time of the center of the ion cloud is easily recog-
nized . For transit times greater than about 100 ms , judgement is required
on the part of the observer. The air velocities shown in the figures were
determined by taking the ratio of the anemometer pathlength (0.1 m) to the
transit time of the ion cloud generated by the electrical discharge. As
mentioned above, such velocities must be regarded as uncal ibrated pending
wind tunnel tests to relate airflow through the tubes to true airspeed at
varying angles of attack.
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DATA PRESE N TATION

The data gathered during STRATCOM VI are shown in Fig. 6-a through 6—i
and are expressed in air velocity (mis) as a function of MDT . Each ane-
mometer output was sampled on a 15-s/mm basis by a data multiplexer , with
one 15—s period being an “off” condition. Therefore only 25 percent of
the total data were transmitted to the ground. The data presented in the
figures are of potential value to other experimenters on STRATCOM VI as a
means of indicating the presence of horizontal or vertical winds. Since
the time-of-day which happens to be of interest and the time resolution
required in the data will vary from experiment to experiment , all data
received on the ground are included in the figures. The data are repre-
sented by the following symbols:

® Horizonta l anemometer

~ Vertical anemometer - optimized for 20-40 km

Vertical anemometer - optimized for 5-30 km

Each data symbol is a summary of the 15— s sampling interval and represents
about 75 data points. The error bars shown in the figures indicate the
range of velocities recorded during the interval . A time history of the
75 data points within a sampling interva l is available upon request.

The l ower and upper limits of the anemometers are approximately 0.6 and
8.0 m/s. Most of the data gathered during the flight were less than the
lower velocity limit and are represented by a symbol at 0.6 rn/s with an
error bar extending to zero velocity ; i.e., the actual air velocity was
between zero and 0.6 rn/s. A horizontal line is drawn at 0.6 m/s to facil-
itate identification of these l ower limit measurements .

Occasional data points are missing due to a variety of conditions:

Noise in the payload-to-ground comunications link.

Inoperative payload—to-ground communications link.

Noise in the anemometer circuitry .

Suppression of the electrical discharge due to low altitude or high
air velocity .

CON CLU SI ON

Three prototype anemometers were flown as part of the instrument payload
on STRATCO M V I.  Data gathered during the flight are presented. Results
indicate net air velocities of less than 0.6 rn/s throughout most of the
flight , although horizontal components between 1 m/s and 2 rn/s due to wind
shear were occasionally noted. Significant horizonta l wind probably ex—
isted for greater portions of the f~ight than are indicated by our data
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since flow parallel to only a single axis in the horizonta l plane was
sensed. Since the instruments were not cal i brated these results should be -

regarded as order-of-magnitude only.

/
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Figure 1. Anemometer geometry.
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CHAPTER 5

MEASUREMENTS OF NET ATMOSPHERIC IRRADIANCE
IN THE 0.7- TO 2.8-MICROMETER INFRARED REGION

Roberto Rubio
Atmospheric Sciences Laboratory , WSMR, NM

Mike Izquierdo
University of Texas at El Paso, El Paso , TX

ABSTRACT

The objective of this experiment was to measure atmospheric irradiance
within the 0.7- to 2.8-micrometer infrared wavelength region from a bal-
loon platform at altitudes ranging from 5 to 39 kilometers. An Epply
precision spectral pyranometer pointed in a general downward direction
and equipped with a 7-degree field of view field stop was successfully
employed to collect i rradiance data for a period of 34 hours on 23, 24,
and 25 September 1976. The results showed that at low solar zenith angles
and in the absence of clouds the atmospheric i rradiance values usually
remained within 2.2 x l0— ~ cal /cm 2 mm and 2.6 x lO_2 cal/ cm 2 m m .  Clouds
attenuated the irradiance down to magnitudes below 4 x 1O~~ cal/ cm 2 mm
which was the combined noise l evel of the pyranometer and associated elec-
tronics. At high solar zenith angles , specular reflections of sunlight
which entered the pyranometer ’s field view caused enhancements of the
measured i rradiance to reach magnitudes greater than the instrument could
measure (3.5 x 10—2 cal/cm2 mm ). No significant variations in irradiance
were detected wi th changes in altitude above 5 kilometers or terrain viewed ;
therefore , the background intensity is attri buted to the radiant emittance
of the l ower atmosphere.

48 

- - 
ft



:1-H

INTRODUCTION

The existence and causes of naturally occurring atmospheric infrared
light emission with intensity magnitudes greater than those of the
normal background have been important to the military services since
the advent of remote sensing reconnaissance and surveillance systems.
To supplement existent, but insufficient, data on atmospheric near
infrared ligh t emission or reflections , the experiment to be described
in this report was designed as part of project STRATCOM VI—A . STRATCOM
VI—A was a high—altitude balloon project consisting of a multi—instrument
atmospheric-sensing payload designed to make simultaneous measurements
of solar and atmospheric radiation , atmospheric composition , and the
thermodynamic structure in the 5- to 40-kilometer altitude interval.
The specific objective of this particular STRATCOM VI-A experiment was
to acquire atmospheric i rradiance data within the 0.7— to 2.8-micrometer
wavelength region and to attempt to identify the cause of any intensity
enhancements detected during the balloon flight.

INSTRUMENT ATION

An Epply precision spectral pyranometer with an RG8 light filter (0.7-
to 2.8-micrometer window) was used to measure atmospheric i rradiance. A
field stop machined to l imit the field of view to 7 degrees was attached
to the pyranometer. Inclusion of the field stop reduced the pyranometer
sensitivity to 0.38 mi llivolt/ (cal/cm2 mm ). Thus to provide a voltage
signal sufficiently large to telemeter , the sensor output was amplified
by two cascaded operational amplifiers enclosed in a temperature con-
trolled contai ner. The combined electronics noise level was measured
to be 0.1 microvolt ; this value is equivalent to an i rradiance l evel of
4 x lO~ cal/cm2 m m .  Based on previous data [1] rounded off to the
next higher order of magnitude, the Epply pyranometer sensitivity and its
viewing solid angle of 0.01 steradian , the maximum anticipated i rradiance
l evel was calculated to be 3 x lO_2 cal/cm2 m m .  This corresponds to an
~quivalent pyranometer output voltage of approximately 10 microvolts.
Accordingly, the total gain of the operat~onal amplifiers was set to accen—
tuate the sensor output vol tages between 0.1 and 10 microvolts. Because
of the high amplifier gain employed , sensor output voltages above 13.3
microvolts saturated the modulation signal ; therefore, all i rradiance data
which produced a sensor output voltage larger than ‘13.3 microvolts were
electronically limited to the corresponding value of 3.5 x 10 2 cal/cm2 m m .

The pyranometer and its appendage were l ocated at the bottom side of the
balloon ’s instrumentation platform. Its optical axis pointed toward the
earth at an angle of 17.6 degrees below the horizontal plane defined by
the platform base. All irradiance data were recorded after the payload
platform had been lowered 300 meters below the balloon.
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I RRAD I ANCE DATA

Net atmospheri c i rradiance data were intermittently recorded for a
period of approximately 34 hours . Duri ng balloon ascension , the pyran-
ometer sensed slanted atmospheri c path l engths ranging from 17.5 to 130
kilometers . The fi rst data sample (Fig. 1(a), 231 2 MST), recorded at
an altitude of 5.3 kilometers , corresponds to the 17.5-kilometer slant
path; while the eighth data sample (Fig. 1(b), 0230 MST), recorded at
an altitude of 39 kilometers , corresponds to the 130-kilometer path.
During this balloon climb phase , the i rradiance background magnitudes
did not vary as a function of the observed path length , as can be seen

k in Fi gs. 1(a) and 1(b). This is attributed to the fact that when the
initial data sample was obtained , the pyranometer was al ready sensing
a large major ity of the air mass and most of the precipi table water
vapor , both of which were located in the region of the atmosphere with
the highest temperature where the bulk of the atmosphere ’ s r a d i a n t
emi ttance occurs . Other than the third data sample , obtained at 0005
LIST , 24 September , the irradiance remained wi th in 2. 3 x l 1 —  cal/cm 2
mm and 2.6 x 10_ 2 ca l/cm 2 m m .  The abrupt decrease in intensity to
less than  4 x l0~~ cal/ cm : mm reco rded at 0005 MST was probably pro—
duced by c loud attenuation of the low—al t i tude atmospheri c radi ance .
However , due to the lack of precise information on clo ud locat ions at
0005 , it cannot be unequi vocal ly stated that a c loud obscured the
pyranorneter ’ s fie ld of view . 7

Investigation of the balloon ’ s projected qround trajectory and the type
of earth surface terrain traversed by this traject ory revealed that
variations in the recorded irrad iances were uncorrelated to changes in
the type of observed terrain. Observed terrains consisted of flat
desert , semibarren mountains, forrested mountains and valleys , and s m a l l
lakes. Calculation of the earth’ s radiant emi ttance , at a temperature
of 25°C , and unity emissivi ty , within the 0.7 - to 2.8-micrometer region ,
yielde d an i rradiance val ue of 1.5 x l O 5  cal/cm 2 m m .  This intensity
is below the operating signal threshold of the instrumentation employed
here . Thus the small changes in irradiance brought about by changes in
terrain temperatures and emi ssivi ties went undetected.

Measurements recorded duri ng the ballo on ’ s fi rst float altitude of ap—
proximately 39 kilometers cove red the time i n terval from 0256 MST to
1142 MST , 25 September. Within this time span , the atmosphere was
sensed during night , s u n r i s e , and daylight hours . The recorded data
are shown in Fi gs . 1(c) ,  1(d) , and 1 (e).  Irradiance levels generally
remained between 2.3 x 10-2 cal /cm 2 mm and 2.6 x l0 2 cal/ cm 2 mm with-
out any noticeable vari ations during sunrise. Orientation of the
pyranometer ’s field of view was such that it never faced the sun di rectly.
The intensity enhancement expected at sunrise was that due to the clear
sky atmosphe ri c scattering of the near infrared light. However , a post-
flight computation based on the data of [1] indicated that the additional
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i rradiance due to clear sky atmospheri c scattering of 0.7 to 2.8 mi cro—
meters energy was 3 x l0—~ cal/cm

2 mm or less , clearly a magnitude less
than the instrument ’s noise level. The gradual decreases in intensity
registere d at 0330 MST and 0451 MST are attributeu to the attenuation
effects of clouds entering the pyranometer ’ s field of view . While the
sky on the morning of 24 September may be descri bed as general ly clear
(less than 0.1 coverage), the afternoon was characteri zed by increased
cloud iness wh i ch intermittently obscured the pyranometer ’s f i e ld  of
view.

In the t ime frame from 1030 MST to approximately 1850 , eig ht i r rad iance
data samples were acquire d while the balloon descended from 38 to 27.4
kilometers . The last of these samples was 2 hours long so that not only
this experiment but also other STRATCOM experiments would record con—
tinuous data duri ng sunset. The irradi ance amplitudes did not change
appreciably during sunset. All the variations observed were comparable
to the smal l changes al ready recorded throughout mos t of the flight when
the amplitudes were centered about 2.4 x 10—2 cal/cm 2 m m .  In contrast,
before sunset , beginning at 1631 MST large vari ations in irradiance
levels were observed. Because of the inc reased cl oudiness on this
afternoon and with the sun ’s attai nment of a high zenith angle , cloud
specular reflecti on of sunligh t entered the pyranometer ’s field of view
and enhanced the i rradiance amplitudes to values greater than 3.5 x 10 2
cal/cm 2 m m .  These enhancements are shown in Fi gs . 1(f) and 1(g). As
previo usly mentioned , values greater than 3.5 x l0_2 cal/cm2 mm are not
plotted because the electronics became saturated at this magnitude .
Consequently, it may be stated only t ha t  the values registered at 1630
LIST and 1821 MST were greater than 3.5 x l0_2 cal/cm 2 m m .  Since
preflight calculations of solar energy scattering (di ffused light) of
0.7 to 2.8 mi crometers light from sunlit clouds yielded a maximum i rradi ance
of only 3 x 10_ 2 ca l/cm 2 mm , i t  i s  m a i n t a i n e d  tha t  the  enhancements
recorded at 1636 MST and 1821 are i ndeed specular cloud reflections .
When c louds  were in  t he  pyranometer ’ s f ield of vi ew , the bal loon plat-
form ’s slow motion caused the pyranometer to sense in sequence either
solar specular reflections or atmospheri c i rradiance attenuated by the
same clouds . This process effectively introduced the i rradiance fl uc-
tuations recorde d in Fi gs. 1(f) and 1(g). At sunset all enhancements
ceased.

During the remainder of the balloon flight, eight more samp l es were
obtained as the balloon rose to 39 kilometers . Most of these data ,
plotted in Fi gs . 1(h),  1( i ),  and 1(j) were recorded at night. Other
than the decreases in i rradiance recorded at 2004 F~~ T and 2 11 4 MST on
24 September and at 0550 MST on 25 September , the intensity l evels did
not signifi cantly devi ate from 2.5 x lO_ 2 cal/cm 2 m m .  Sunrise effects
were again found to be negligible. All values recorded after 0558 MST ,
las t data point in Fig. 1(j), also remained close to a value of 2.5
x l 0 2 cal/cm 2 m m .
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CONCLUS IONS

Net l ower atmQsphere 0.7- to 2.8-mi cromete r irradiance data were success-
fully recorded for a period of 34 hours from altitudes ranging from 5.3
to 39 kilometers . An i rradiance background leve l wh i ch usually re-
mained between 2.3 x lO_ 2 cal/cm 2 mm and 2.6 x lO_ 2 cal/cm 2 mm existed
during both day and night. This i rradiance level is in general agreement
with data reported by K. YA. Kondratyev [2] when only that fraction of
energy due to the near infrare d is obtained from Kondratyev ’ s total ir—
radiance . Si nce no appreciable variations in irradi ance with increases
in altitude were observed between 5.3 and 39 kilome ters , it is concluded
that the aforementioned irradiance levels are maintained by air mass in
the lower atmosphere . Change s in the radiant emi ttance of the earth’ s
surface terrain were too small to be detectable. Clouds entering the
sensor’s fiel d of view acted as attenuators of the lower atmosphere ir-
radiance . More importantly, it was established that the existence of
clouds located in a position to specularly reflect sunlight into a sensor
can cause i ntensity enhancement well above the background irradiance .
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CHAPTER 6

MEASURE~1ENT OF 200-400 nm SOLARUV FLUXES AT ALTITUDES UP TO 40 km —

Frederick A. Hanser
Bach Sellers

Jean L. l-lunerwadel
Panametrics , Inc., Waltham , MA

ABSTRACT

Solar uv fluxes in the 200-400 nm range have been measured at up to 40 km
altitude . A filter—wheel uv spectrophotometer was used to make measure-
ments at ten wavelengths over this range. Flux versus solar zenith angle
data were obtained for two sunrises and one sunset. After payload cutdown
a vertical profile of solar uv flux was measured to below 20 km. A good
m easurement of the 220 nm solar flux in the ozone-oxygen atmospheric win—
dow was made. The result of 3.93 x 10 6W / (cm 2 —nm ), toget her with o ther
measurements , indicates some dependence of the 220 nm solar flux on sunspot
number.

INTRODUCTION

The uv spectrophotometer (UVS) flown on the STRATCOM VI-A balloon payload
was originally developed to measure high—altitude solar uv fluxes from an
aircraft as part of the Climatic Impact Assessment Program (ClAP) [1].
The UVS gave measurements of the solar uv flux in the 200-400 nm region
at altitudes up to 130 kft [2]. Of particular interest are the measure-
ments at 220 nm, a window in the atmospheric transmission lying between
t he peak of the ozone absorption at 250 nm and the strong oxygen absorp-
tion be low 180 nm. This wavelength region is extremely important for the
photochemistry of the upper atmosphere , parti cularly the 50—150 kft region.
The photolysis of many important pollutants , the chiorofluoromethanes in
particular [3], is due primarily to the solar uv in this 220 nni window.

The altitude dependence of the 220 nm solar flux has been only poorly
measured ([4], p 5). Balloon measurements reported in [5] are question-
able because the reported absolute solar fluxes are a factor of 3 l ower
than all other reported measurements , including the UVS data from STRATCOM
VI—A. Higher altitude (175—225 kft) rocket measurements have been reported
[6]. Satellite measurements of solar uv radiation show that for wave-
lengths less than 300 nm the sun becomes increasingly variable [7]. The
220 nm flux data obtained on STRATCOM VI-A , combined with a number of
other solar flux measurements , suggest that the 220 nm solar flux increases
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with increasing solar activity as measured by sunspot number. Measurement
of the 220 nm solar flux as a function of both altitude and time in solar
cycle is thus a. very important part of upper atmosphere experiments.

The remaining nine solar uv flux measurements are used mostly to obtain
information abou t the ozone layer and certain other photochemica l reac-
tions. The 280—330 nm region can be used to calculate the total ozone
along the air path to the sun for very thin to very thick l ayers. The
330—400 nm measurements provid e a check on UVS operation since the sun has
a stable , well -known output at these wavelengths , and they are not signif-
icantly affected by ozone. The UVS thus measures an important part of the
solar spectrum , a part necessary to understand the upper atmosphere.

INSTRUMENT DESCRIPTiON

The UVS is basically a narrow—band transmission filter photometer. A set
of ten filters on a stepping wheel in front of a calibrated uv photomulti-
plier measures the solar irradiance over the range 200-400 nm. A flat
diffuser in front of the filters provides response over a large range of
solar zenith angles with only minimal orientation requirements . For future
flights a conical diffuser and vertical mounting of the UVS should elimi-
nate all requirements for sun-seeking orientation. A more detailed de-
scription of the basic UVS is given in [1]. The wavelengths of the ten
filter sets used are given in Table 1. To fly the UVS on a balloon for a
prolonged period of time required several design changes to the basic
instrument . The changes include increased therma l insulation , selection
of the filter wheel sample rate by ground command , and the mounting con-
figuration .

The basic instrument is equipped with an internal ON/OFF temperature con-
trol maintaining all components at a constant +20°C. Power requirement
for this control is 50 W at 28 V , when on. Due to power restrictions on
this flight , the heater control had to be disconnected , subjecting the
instrument to the temperature extremes of the tropopause and midstrato -
sphere.

To maintain a reasonable thermal isolation between the ambient environment
and the inside of the instrument , the basic UVS was placed in an insulated
cylindrical container , allowing for 3 in . of polyethylene insulation all
around the instrument. Figure 1 shows an outline drawing of the instru-
ment package. To minimize the effect of heat radiation at float altitude ,
the outside was painted with a high reflectivity/ low emissivity vinyl
epoxy paint. To maintain low outgassing properties , the package was pres—
sure sealed with 0—rings.

The instrument package was mounted on a sun—seeking platform with its
centerline at 45° from the vertical . Since the half ang le of the optics
of the UVS is 75°, light reflection from the balloon had to be obscured
with an optically black shield .
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TABLE 1

U V S CA L IBRATION SE NSITIVI TIES
FOR THE STRATCOM VI-A BALLOON FLIGHT - 

-

Sing le
Filter Set Filter Number Solar Calibration
Wavelength Bandwidth of Filters Sensitivity

(nm) (nm ) Used ~A/fW/ (cm2 _ nm)]}

393.0 26.4 1 3.324 x l0-~363,0 28,0 1 1.94 7 x lO~~329.2 2.2 2 9.802 x 1O~319.3 2,0 2 2 .337 x 10—2 I -
31Q~ 3 1,8 2 2.485 x l 0 2
305,3 2.0 2 3.871 x 102
297,8 3.0 2 7.535 x 10— 2
290,7 2.4 2 1 .673 x 10~287,3 1.8 2 2.984 x 10—2
220,* 28,0 3 3.508

*At high altitudes the average wavelength detected L!j the set of three
214,0 nm filters is 220 nm.

The basic instrument has a fixed sample rate of the filter wheel of one
sample per sec , completing one spectrum scan in a total of 12 sec. Al-
though this is desirable during ascent and descent of the payload , i t  is
unnecessarily fast during long periods at relatively constant altitude .
Therefore, the design was modified to include a sample rate of one sample
every 10 sec, completing one scan in 120 sec. The appropriate sample rate
is selected by a simple contact closure , external to the instrument. On
this balloon flight the sample rate was selected by ground command via the
telemetry uplink.

UVS CALIB RATION

The calibration procedure has been described in [1] and [8]. The response
of the UVS to a calibrated Standard of Spectral Irradiance (SSI)* is mea-
sured and corrected for the difference in solar spectral shape. The result
is a calibration constant in A/[W/(cm2-nm)] for each filter set. The
UVS was calibrated before and after the balloon flight with the internal
temperature monitor at 25° to 30°C. Most filter sets showed only a few
percent variation between the two calibrations. The average calibration

*A 200 W tungsten—iodine quartz cnoolopc l~ np calii-~o~~-~ / ‘  ;i ;- ;
, li; ’.,

Electro Optics Division, Salem, Mu . The cal ii ration i t,ac -aI lc to /i
National Bureau of Standards.
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is listed in Tabl e 1, and this was used for the data reduction. Also
listed are the single filter bandwidths and the number of fil ters used
in each set. The- 393 and 363 nm filters are both used with neutral den-
sity 4 filter.

During the balloon flight the UVS cooled significantly during the nights ,
and operated with internal temperatures as low as -40°C. The UVS operated
under these conditions , but the calibration validity was suspect at the
l owest temperatures. Consequently, the U V S was calibra ted after the flight
at several temperatures between -40° and +30°C. Small corrections to the
25° to 30°C calibrations are required at the l ower temperatures, and these
were made during data analysis [2].

The SSI is calibrated over the range 250 nm to 2500 nm. For calibration
of the 220 nm set (3 x 214.0 nm f i lters), the SSI spectrum below 250 nm
was calculated from a 3100°K blackbody spectrum normalized to the 250 nm
calibration intensity . This extrapolated spectrum yield s a calibration
for the 220 nm filter set which is accurate to about 50%. To improve
the 220 nm calibration accuracy, the SSI relative spectrum was measured
by using the calibrated uv photomult iplier from the UVS and several broad-
band fi lters. This effectively transfers the uv photomu l tip lier calibra-
tion , which extends below 200 nm , to the SSI. Using this method the SSI
intens ity at 2 20 nm was found to be within 10% of the extrapolated black-
body spectrum. The 220 nm calibration is thus improved to about 20% abso—
lute error. The errors in the other filter calibrations are less than 10%.

ANALY SIS OF FLIGHT OPERATION

The scientific payload with the UVS on board was launched from Holloman
AFB near midnight MDI, or 0600 GIlT, on 23-24 September. The balloon
reached its float altitude range (126-128 kft) at 0315 MDT and remained
in that range for 10 hours , then slowly descended to approximately 100
kft at 1900 MDI. During this period , uv data were obtained from sunrise
to sunset with a filter samp ling rate of 1 per sec for most of the day.
The instrument was turned on continuously at sunrise and sunset but was
on an intermittent schedule of 3 mm ON every 30 mm during the day.
Because of thermal problems with the drive mechanism for the sun-seeking
platform , the UVS was not pointed at the sun at all times ; therefore,
valid data were obtained only sporadically during the sunrise hours . A
detailed evaluation of these data is given in the next section.

During the night the payl oad reached a minimum of ‘~90 kft, and the UVSwas turned on periodically in an attempt to keep the inside temperature at
reasonable levels. The computer model study made at Sandia Laboratories
of the internal temperature conditions versus time indicated a minimum
temperature of -5°C. According to our on-board monitor , with a range of
+50° to -5°C, this objective was not achieved since the monitor saturated
at —5°C sometime after reaching ‘~90 kft that night. The low internal
temperature is no problem during the night , since the UVS is not opera-
tiona l during this period anyway. However, the low temperature did re-
quire gain corrections on the next day , 25 September , and all through the
final parachute descent.
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Fortunately for this experiment , the multiplexed monitor output exhibits
a temperature coefficient of its cycle time , which in no way influences
the data , but which could later be used during a postcalibration . The
largest correction factor encountered is -2.5% and occurs at sunrise on
25 September. At approximately 1000 MDI of the same day, the payload was

— 

cut down and began its parachute descent. From sunrise to just before
cutdown the fi l ter sample rate was 0.1 per sec and the instrument was
turned on periodically. Prior to cutdown a ground command was sent which
turned the instrument continuously ON and selected a filter sample rate
of 1 per sec. The flig ht was terminated at ~O439 MDI. As during the
previous day, the sun—seeking platform was inoperative for periods of
time , restricting the data gathering capability of the UVS. This problem
with the platform is more serious during descent where data gaps occur
over large altitude ranges due to the relatively fast descent rate. The
flight data are discussed and tabulated in the next sections.

DATA REDUCTION PROCEDURE

The basic data reduction procedure for the UVS has been described in [1],
[8], and [9]. For altitudes above about 20 km, the effects of Rayleigh
scattering become quite sma ll , and so t he ana lysis  procedure is simplified .
However , the large temperature variations experienced by the UVS on the
STRATCO M VI—A flight require additional corrections to the data because of
vol tage l evel and calibration shifts .

The UVS data for a complete cycle consists of 10 uv filter measurements
for the wavelengths listed in Table 1 , a dark current measurement , and
two calibration points from the set(l ,2), (3,4), (5, CALB), and (CALA , 0).
The values 0, — -- , 5 are nominal voltaqe calibrations to correct for any
shifts that might be introduced in sig ol transmission and processing ,
while CALA and CALB are light calibration points to monitor the photo-
multiplier — log amplifier gain.

The simplified form of the UVS data analysis has been described in [2].
Basically, the voltage outputs of the log—amp lifier are converted to a
current  and corrected for temperature shifts . If Im (A ) is this tem-
perature corrected current , and the dark curren t, then the measured
solar fl ux is

Fm (A) 
= [i m (~

) - id]/[sP ( )R(
~ sd

\ )c os
~ sd ] - B~(x) (1)

where S~ (x)  is the calibration ~on~~ant from Table 1, R(o sd ) is the dif-
fuser relative angular response , and 

sd 
i s  the sun line-diffuser normal

ang le. Values for 0sd were calculated from the balloon location , as obtained

from tracking radar data , and sun location data from [10]. The leakage
flux correction B

~
(A) is obtained from the 363 nm flux measurement as des—

cribed in [2]. The result (1) is then corrected for log-amplifier - PM
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gain shifts as measured by the calibration light . The final , corrected
fluxes are accurate to about 10% when the leakage flux B~(A) in (1) isless than 25% of

For some wavelengths the residual ozone above the balloon can be calculated
from

t — —cos e 1 J F c (A )  
(2)03 ~ 

— 

‘~O3(x) 
‘~fl~ F~(A) 

Ft

The result (2) is most accurate for values of the bracket between about
0.3 and 0.05. The factor Ftm in (2) is a normalization to the 363 and

393 nm f lu x measurements , and is add itionally used for the 220 nm flux
normalization . The solar zenith angle is 0 , while the ozone absorption
coefficient is ~ ( A ) ,  and F ( A )  is the unattenuated solar flux.03 0

RESULTS -‘

As mentioned earlier , STRATCOM VI — A was launched dur ing  the ni ght of
23—2 4 September 1975 and was at float altitude of 127 kft by 0400 MDI
(1000 GMT). Radar contact was lost between 0545 MDT and 1100 MDT ( 1145
to 1700 GMT) during the first sunrise . The balloon was at 127 kft near
34° N latitude , 107° W longitude , from about 0400 MDT to 0545 MDI, and at
128 kft near 34° N latitude , 107° W longitude , from 1100 MDI to 1130 MDI ,
when the slow descent began . It thus seems quite likely that during the
first sunrise the balloon was at 127.5 kft near 34° N, 107° W , and the UVS
data have been analyzed using this balloon location . For all other times
the radar tracking data have been used for the balloon l ocation.

The INS data can be conveniently separated into four groups: sunrise on
24 September , sunset on 24—25 September , sunrise on 25 September , and
parachute descent after cutdown on 25 September. The sunset data span
2 days in GMT and hence are listed as 24-25 September. All times listed
with the UV data are in GMI (hours-minutes). Al though the UVS was mounted
on a rotating platform with a sun sensor, it generally took more than an
hour after sunrise for the mechanism to warm up sufficiently for proper
operation; therefore, the sunrise uv data are limited to chance payload
rotations which pointed the UVS at the sun.

The solar flux data for the four periods listed above are given in Tables
2 through 5. Fluxes were calculat ed as described in the preceding section.
All 220 nrn fl uxes have been normalized to the 393 and 363 n~- measurements ,
except where no corresponding measurement s are avai lable. The fluxes are
for an area perpendicular to t IP - sun-earth line , and do not include any
backscattered light from the b eer atmosphere and the earth ’s surface.
The sun-earth distance for 24-25 September is 1.003 au , so solar uv fluxes
not attenuated by ozone or oxygen are effectively normalized to 1 au. The
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Tabl e 2
Stra tcoro  V t - A

IJVS Solar Fhsx Data or S u n ri se  on Sept. 24 , 1975

Sun
-eersi th  Flux (W ‘(cm -nm))  at wavelength \ (rim),

~
GMT Al t i tude  ang le 

________ ________- 
on an irea normal to t he sun- earth l ine ____________

(h r s - mi n)  (ki t )  (deg)  
— 

393 363 32 9 . 2 3 ) 9 3 310 3 305. 3 2 ’7 .8  290 7 287 . 3 2 2 )

1244 127 . 5 o3 6 6 42-5 4.25-5 7. 23- ’- I. ‘4- 6 1. 68-8 1 20 - 8)  - - -

124’i 127 . S 9 2 5  1. 07 -4 1. 0 3 — 5  4 5 7 _ c  (5 .  Ot t,)  7, 51_ 5 )  (8. (~~- 8 )  - - - -

1352 127 . 5 7 9 6  - - - - - - - - - s . 92-s

1509 127 . 5 t ’ 4 .  1 1 18-4 1. 11-4 1 18-4 7 47-5 6, 26-5 5. 38- 5 3.5 6-5 2. 12-5 (1. 15- ’- ) 5 77~ 7

1521 127 5 61 7 1. 18-4 I. 19-4 I. l ’ ~ -i 7 88-5 b . 13-S 5 oS- ’ 3 65- ’ 2 .40-5 ((-2 6-5 1 1. 05-6

1642 127 5 4 7 . 3  1 22 - 4  1. 11-4  1. 20-4  8. 00- 5  65 -5  5 . , ‘ l-S 4. 02 - 5  3. 10-5 ( 1 4 , - - 5 1  L 41 -6
1705 128. 0 43 _ S 1 19-4  1. 13 -4  1. 20 - 4  7. ‘ 6 - 5  ~ . 4 8 - 5  6 . 11-5  4. 1 0 - 5  3. 1 6 - 5  ( 1 5 7 - 5 )  1 4 4 - ’ -
1834 126 . 1 34. 7 1. 09- 4 0.85-5 1 06-4 7. 05-5 5 88-5 5 42-5 3. 38-5 2 8 0-5 (1 .29-5) 1. 37-6

~6 . 4Z~ 5 a 6 . 42 x 10~~ Numbers in parenthesi s are for measurements where ti.~ k- .~hac , -  flux is g reate r t han  26~~- of t he
sola r f lux  measurement , a nd so have increased uncertainty. Blank s indicate eit her that no measu remen t  w a s  obta i ned
because of pay load rotatio n , or the f lux is too b i t  10 measure reliabl y

Tab le 3
St rat con, VI — A

IJVS Solar F l u x  Data for Sunse t  on Sept. 24 - 2 5 . t Q 7 S

Sun
zenith Flux (W lIe,,, — run)) at wave length  i (no ,),

GMT Alt i tude ang le _________________ on an a r e a  , ,o rn ,at  t , ,  ti, , s , , n - ,a r t )  line 9

(h r s - m i n)  _~~~ t) (de g)  393 363 32” . 2 3 t 9~~3 3 3~ S 3  Z~~7~~ 290 . 7 287 3 220

1933 124, 8 35. 1 1. 16- 4 1 00-4 1 . 10-4 6. ‘16_ S 6~ 20-5 5 47-5 3. 41 - 5 2 71-5 ( 1 2 9 - 5 1  1 2 3-b
2023 122. 1 3’i o 1. 18 -4  1 . 9 9 -4  I. 17 - 4  7. 6 1 - s  5. ~~~ -5 4 1 - 4  3 6 2 - 5  2 2~~-5  I I. 14-5 )  ‘~ )‘ - 7
2137 116 7 50.8 1. 35- 4 L 22-4 I. 34-4 8 40-5 6. 80-5 5. 74-6 3. S I - S  U ( ‘ - 5  (9 . l I - b )  5 29-7
2238 111 8 62. 0 1 . 2 2 - 4  1 . 18 -4  1. 19 -4  7. 00- S 5 . 3 8 - 5  1 15 -S 2 27-6 3~ 79- 6 (6 . 43-6) 1.3 2- 7
2334 106 . 6 73 . I 1 . 3 7 - 4  1 . 23 - -I 1. 23 -4  7 . 43 - 5 1 - 4 - 5  2. 7 t , -S  ( 1  4 1 - 5 ) ) ) ’ . 18- 7) - I 3’- - -’
234 1 106 . (1 74 . 5 

- 
1. 31-4 1. 21- 4 1 . 24-4 7. 12-S 4. 2 ’ S  2. 44-5 (I. 31-6) (6. 88- 71 - ii i - I- -’

000 3 104. 1 7 8 9  1 44 -4  1. 26-4  1. 26 -4  6 90- 5  1. 58 -5  I. 7 o - ’- (9  Il ) - tl(S . 36~~ 7) - ( 1  8 ’ - ’ )
0010 103.  5 80, 2 1. 3 2 - 4  1 . l” -4 I. 16-4 5 . 7 1 - 5  2. 70 -5 I .  2 3 - 5  7 4 -,,) (4 5 3 - 7 )  - (I 7Q~ Ill)
0022 102. 5 82. 6 1. 32-4 I . 22-4 1. 17- 4 5 . 72 - 6  2. I I- S  7 8 1 - ’  (S 0 8 t ) ) 3 , 89~~7( - ( S  i - I - t e l
00 35 1 0 1 . 5  86 . 2 1. 27 - 4  1 . 15 -4  1 0 5 - 4  4 60-5 1, 12 - S 2 84- ’- - (2 . 4~~- 7 )  - -

0046 100 , 9 87. 4 1. 26 -4  I , 14 - 4  9. 67-5  3. 1 2 - 5  3. 16 - i. 7 . 8 1 - 7  - -

0059 100 , 4 ‘~14 1  1 19-4 “ 25-5 6. 04-5 (8. 34 -tI (l. ’ l - 7 )  (I .  3 8- 7 ) - -

0110 99. 6 ‘(2. 2 5 54-5 3.6 1 - )  Ii. 5 , -i, (7 . S t - 7) - (1 79 8) -

011 9 98.3 9- 4 .0 i 34-7 4. 37-7 1.2 6-7 (1, ((2-8) 6. 11- s 3 ,7- ’ -

*See fo o tnot e (or Ial,li 2
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Table 4
Stratcorn VI-A

UVS Solar Flux Data for Sunr ise on Sept. 25 , 1975

Sun 2zenith Flux (W/ (c m -nm)) at wavelength 6
GMT Altitude angle on an area normal to the sun-earth line

(hra-rnin) (kft) (deg) 393 363 329, 2 319 3 310.3 305.3 297.8 290. 7 287 3 220

12 51 118 . 4  95 . 1 1. 17 -7 8. 58-8  4 . 50 - 8  (1. 15 -8 )  1 .4 9 - 9  4. 14-10 - - - -

1308 120, 8 91 .5 1. 30-4 1. 08- 4 6.68-5 (1. l9-5) (2 . 54-7) (1. 40-7) - (8. 83-9) - -

1318 122. I 89 . 6 1. 38-4 1. 23-4 1 .03 -4  3. 76-5  - - - - - -

1322 122 .6  88 . 6 1. 41-4 1. 26-4 1. 19-4 5 . 6 7 - 5  1. 39-5 - - - (8 . 54-10 )

1327 123 . 1 87 .6 - - - - - — — (1. 35 -9)
1329 123 . 4  87 . 1 - - - 6.98-S 3. IS-S 1 .28-5 - - - -

1333 123. 7 86 . 3 1. 39-4 1. 15 -4 — — - - - — -

1337 123. 9 85 . 6 - - - 7. 16-5 3. 88-5 1 .99-5 - - - -

1339 124. 0 85. 1 - — — - 7 . 84-5 2 2 5 - 5  ( 1 3 5 - 5 )  - - -

1342 124. 1 84 . S 1. 43 -4  1. 25 -4  1 . 0 9 - 4  - - - - - - -

1344 124. 3 83 .9  1.03 -4  - _ .. - - - - - 1 91 -8

1349 124. 5 8 2 . 9  1. 25-4 9. 71 - S  - - 4 . 80-S 2 . 8 8 - 5  ( 1 . 5 5 - 5 )  1. 24- 6 - 3. 17-8

155 8 130 , 2  57 . 1 1. 18-4 1. 10-4 1.22-4 7 . 7 1-5 6 . 59 - 5  5. 79 -S  3. 9 7 - S  3. 0 1 - S  (1 . 4 7 - S )  1. 4 1 - 6
1600 130. 1 56 . 8 1. 15-4 1. 12-4 1. 18-4 7 85 - 5  6 . 36 -5  5 . 60- 5  3 8 1 -5  3 . 05 -5  ( I  4 4 - 5 )  1 4 4 - 6

1’
See footnote for Tab le 2

Table S
Stratcom Vl-A -

(31.15 Solar Flux Data for Parachute Descent  on Sept.  25 , 197 5

Sun 2ze nith Flux (Wf ( cm -on,)) at wavelength (niii),
GMT Alt itude ang le on an area normal to the sun-earth li ne *

(hrs -min) (kit) (deg )  393 363 329.2 319. 3 310 .3 305.3 297.8 290.7 287 .3 22.1)

11600 130. 1 56 . 8  1 15 -4  1. 12-4 1. 18-4 7 . 8 5 - 5  6 . 36-S 5 60-5  3. 8 1 - 5  3. 0 5 - 5  ( 1 . 44 - c )  I 4 4 - 6 ]

( Cu t - down)

1602 106 . 2  56 . 4 - - 1. 18-4 6.91-5 4.74-S 3 90-S 2 58-5 3 . 2b - 6 - -

1n0 3 91 .0  56 .2  9 . 9 6 - S  1. 02-4  1.2 1 -4  7. 01-5 3. 98 -5  2. 39-5  ( 1. 39- 5)  (6. 89-7) - 7~ 22 - ”
1604 83. 3 56 . 0 1. 18-4 l . O S - 4  9 . 7 3 - S  5 . 9 3 - 5  2 . 9 9 - 5  1. 4 0 - 5  (8 .  57 - 6 )  (5 .  2 7 - 7 )  - (2 “ I - -’)
1606 73. 9 55. 7 1. 18-’~ 1 . 0 3 - 4  9. 52 -S  5 , 64-S 2. 38-S 1 . 0 2 - 5  (7 7 7 - 6 )  (4. 03- 7) - (U 63 -1 0 )
1607 68. 6 55.5 1. 05 -4  1 .0 2 - 4  8. 38- 5  4. 34- 5  2. I l - S  7 . 69-6 (4 . 16 -8 )  ( 3 .  2 9 - 7 )  - -

1608 62. 3 55 . 3 9. 66 -5  9 . 8 5 - 5  1 . 0 1 - 4  4 .9 9 - 5  2 03 - 5  7 .4 1 - 6  (6 . 12 -6 )  1 3 . 53 - 7) - -

1610 5 5 . 9  55 . 0 8. 9 7 - 5  9. 75 -5  1 . 00-4 4 . 93 - 5  I. 7 9 - 5  6 . 5 2 - 1, (6 . 05 .6 )  ( 3. 34- 7) - -

( 1 6 1 3  4 S.  2 54 . 3  9. 26-5  8. 99-5 71. 18 - S  2. 9 0 - S  1. 6 7 - S  5 . 5 6 - 6  (4 . 8 6 - , )  (3 .  15. 7) - -

*See lootnote (or Table 2
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uncertainty in the fluxes is ±10%, except for the 220 nm fl ux which is
±20%. Numbers in parentheses have larger uncertainties because of large
corrections for leakage flux at longer wavelengths . Blanks in the tables
indicate either fluxes too weak to measure with the UVS , or that payload
rotation did not give a sun view for that particular filter set.

Plots of solar flux versus solar zenith angle for some of the sunset data
of 24—25 September, from Table 3, are given in Fig. 2. Since the balloon
was descending from 125 to 98 kft, the increasing attenuation wi th solar
zenith angle is greater than if the ballo on were at a constant altitude.
Comparison of the data in Tables 2 and 3 shows greater attenuation for the
l ower altitude sunset data when compared at about equal solar zenith angles
(compare also with the data in Table 4). The 320 to 300 nm region also
shows a modified “umkehr ” effect for solar zenith angles greater than 90°,
where the ratio of solar fluxes [e.g., F(305.3)/F(393)] first decreases
with increasing zenith angle , and then flattens and increases slightly
beyond 90°.

Some of the parachute descent data of Table S are plotted in Fig. 3, Here
the attenuation is due primarily to the increasing ozone above the UVS as
it descends through the ozone layer. The data below about 60 kft have
more than a 10% uncertainty , since Raylei gh scattering becomes increasingly
important at low altitudes . The 305.3 nm data show that the ozone l ayer
lies mostly between 70 and 110 kft.

The high—altitude data can be used to obtain an absolute value for the
solar flux at 220 nm. This is done by plotting the measured intensities
against the attenuation path length on a semilog plot and extrapolating to
zero path length. The attenuation path length should be proportional to
the local atmospheric pressure divided by the cosine of the solar zenith
angle , provided that the oxygen/ozone ratio remains constant. Appropriate
portions of the 24 September sunrise and 24-25 September sunset data are
plotted in Fig. 4, along with the best—fit lines for data with P/cose
less than 20 mb. The pressures were taken from the mid -latitude spring-
fall model of [11]. The 24 September sunrise data have a nearly constant
oxygen/ozone ratio , while the 24—25 September sunset data have this ratio
decreasing as the balloon descends. This accounts for the different slopes
in Fig. 4. The zero pressure intercept is 2.93 x l0 6W/ (cm2—nm ) to 0.5%
for both lines. The unattenuated solar flux at 220 nm (averaged over
±5 nm, effectively) is thus measured to be 3.93 x l0’6W/ (cm2—nm) ±20~’ at1 au on 24-25 September.1975.

The solar flux at 220 nm has been measured by a number of other groups over
the past several years. Variations in the measurements are frequently
larger than the quoted errors. The 220 nm flux given above is low compared
to other recent measurements. Satellite data on solar uv show that vari-
ability increases as the wavelength decreases [7]. To check the variability
of the solar 220 nm fl ux , the measurements of a number of groups have been
compared with sunspot number , a measure of solar activity . In [12] the
Zurich sunspot numbers Rz for 24—25 September 1975 are given as 0.
Solar flux measurements in [13] are an average for 16 May 1973 and 23
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September 1972, for which Rz is 33 and 65. Graphical results indicate
that the flux at 220 nm was about 10% different on these two dates, so the
average has been raised and lowered by 5% to give effective fluxes for
those two dates. Ackerman et al . [143 give an average fl ux measurement
for data from 10 May 1968, 19 April 1969, and 3 October 1969, for which
Rz is 117 , 128, and 99. Since the data in [14] are difficult to separate
according to date, the average flux at 220 nm has been used with the aver-
age Rz. Measurements in [15] are for June 1970, when Rz was 168. The
measured fluxes and sunspot numbers are listed in Table 6 and plotted in
Fig. 5.

TABLE 6

SOLAR FLUX AT 220 nm VERSUS ZURICH SUNSPOT NUMBER

Solar Flux Zurich
at 220 nm (±5 nm) Sunspot Date of Data Source

[W / (cm2—nm )] 
- 

Number Measuremen t an d Commen ts

3.93 x 10~ 0 24-25 Sep 75 Present results
4.39 x 10—6 33 16 May 73k f [13] - average
4.91 x 65 23 Sep 721 ~Separated (see tex t )
9.16 x 10-6 115 10 May 68 [14] - average

19 Apr 69

5.78 x 10 6 168 15 Jun 70 [15]

The data in Fig. 5 show a general rise in the 220 nm solar flux with in-
creasing Rz. A possible peaking may exist near Rz = 100, but the data
are too few to show this with certa i~Ity. The Rz values in Fig. 5 are
daily averages , but for the 220 nm region it may be better to use Rz
averaged over a solar rotation. The data in [7] show that below 200 nm
the solar uv flux varies significantly in a solar rotation, while at longer
wavelengths the variations are more long-term . Thus the 27-day—averaged
Rz may be a better i ndex of solar uv variability for wavelengths greater
than 200 nm.

Future measurements of the 220 nm flux , particularly during the coming
years as the sunspot cycle goes from minimum to maximum , will produce
data of considerable interest by fixing more precisely the variability
of the solar flux in this region. The variation of solar flux with
altitude measured under this program wil l make it possible to check radiation
transport model predictions. Finally, the calculotion of ux flux at any
altitude and point in the solar cycle can then be made with confidence
and reasonably well known limits on the accuracy.
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CONCLUSIONS

The uv spectrophotometer operated successfully on the STRATCOM VI-A
bal loon f l i ght and returned much good data on stratospheric solar uv
fluxes. The dependence of the solar uv fluxes on solar zenith angle at
30-40 km was measured , and the vertical profile to below 20 km was mea-
sured during the parachute descent. One of the few reliable measurements
of solar uv in the important high—altitude 220 nm atmospheric wi ndow was
ma de, giving a solar flux of 3.93 x 10 6W/(cm2-nm)(at 220 nni) at 1 au
during solar minimum (Rz = 0). Comparison with other measurements shows
a trend of increasing solar flux at 220 nm with increasing solar activity
(Rz — sunspot number).

The U V S gave a considerable amount of data on solar uv flux versus zenith
angle for the 24—25 September sunset period. The two sunrise data sets
are more sparse because of the warmup requirement for the solar pointing
mechanism. Efforts will be made to eliminate this problem on future
balloon flig hts by using a conical diffuser [1] and mounting the UVS in
a vertical position. This removes the requirement for solar pointing,
and thus any problems associated with the pointing mechanism.

During portions of the flight , the UVS temperature was considerably l ower
than had been predicted by theoretical models. Al though the UVS continued
to operate properly, it was necessary to include srnafl temperature— induced
gain shifts into the data reduction procedure to obtain maximum accuracy .
It would be desirable to use the UVS interna l heaters to avoid this prob-
lem if sufficient power were available on future flights.
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CHAPTER 7

STRATOSPHERIC OZONE DENSITY AS MEASURED BY A
CHEMILUMINESCENT SENSOR DURING THE STR.ATCOM VI-A FLIGHT

Jagir S. Randhawa
Atmospheric Sciences Laboratory , WSMR , Ml

M. Izquierdo
Carlos McDonald

Zvi Salpeter
Ur.iversity of Texas at El Paso , El Paso , TX

ABSTRACT

Ozone concentration was measured by the chemiluminescent technique during
the STRATCOM VI—A balloon fli ght flown from Holloman Air Force Base,
New Mex ico, on 23 September 1975. More than 30 hours of data were collected
as the balloon floated at various altitudes in the stratosphere. A diurnal
variation in ozone above the ozone peak was observed in the 27 to 40 km
region. Wet stratospheric photochemistry is used as a guide to explain
the diurnal change in ozone.
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INTRODUCTION

Ozone , a m inor constituent of the upper atmosphere , i s not d i s t r i buted
uni forml y. Its concentration has been measured by rocket—borne [1] as
well as balloon- borne sensors [2-5]. These instruments do not stay for
lon g periods in the atmosphere ; they are flown wi th rockets and small
radiosonde balloons and hence are not capable of measuring temporal vari-
ation in ozone concen tration . To observe the effect of solar radiation
on the ozone concen tration at various altitudes during the day and also
d u r i n g  sunset  an d s u n r i s e , a chemi lum i nescent sensor was f lown wi th the-; STRATCOM VI-A pay load .

EXPERIMENT

The STRATCOM VI-A balloon was launc hed on 23 September 1975 at 2300 MST
from Holloman Air Force Base near Alamo gordo , New Mex ico. It reached
the f loat  a l t i t u de of 38.5 km at 0300 MST on Septe mber 24 . T he ba l loon
floated at this al titude through sunrise at 0530. At 1200 it drifted
downward to an a l t i t u de of 27 .4 km by 1 900 MST (sunset occurred at 1828
MST). Shortl y after  1900 , the balloon started ascending as the ballast
was dropped , and reached an alt itude of 36 km at 0200 on 25 September.
It stayed at this altitude until sunrise at 0456 MST . As the sun heated
the ba l loon , it ascended to an altitude of 39.8 km at 0715 MST. The
ozone sensor an d some other sensors were turned off at 0500 MST to
conserve power for the remaining experiments ; therefore , no ozone data
were obtained after that  time . The f l i g h t was term i na ted at 0900 MST .
Figure 1 shows the a l t i t ude  p lotted agains t t ime of the f l i ght .

An electrochemica l (mast) ozonesonde was also released on 24 September
1975 (1100 MST) from Whi te Sands Missile Range , New Mexico , for compar-
ison purposes .

RESULTS

The sol id line on Figure 2 shows the ozone profile as obtained by the
chemiluminescent sensor on its first ascent; the dotted line shows elec-
trochemical sonde data . The times shown on the figure indicate the
balloon alti tude and the correspondin g ozone concentration .

Figure 3 shows Figure 2 data -and the descent data of ozone concentration
along with the time the balloon reached that altitude . Note that between
27 and 38 km a difference in ozone concentrat ion was observed between the
ni ght t ime ascent and the af ternoon descent .

Figure 4 shows the descent data obtained on the afternoon and evening of
24 September and the ascent data on the niqht and earl y morning of 25
September . Figure 5 shows the composite data of the complete flight.
Both times the ascent data were obtained during nightt imes and the ozone
concentrat ion measured is in good agreement .
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The t r ans i t i on  through sunr i se  on 24 Sep temb er at a cons tan t a l tit ude
is shown in Figure 6.

ANAL VS IS

During the balloon ascent , up to 25 km , there is good aqreewent be tween
the chemiluminescent and electrochemica l senso rs. From 27 to 35 km , the
two ni ght t ime ascents are in very good a greemen t. The de sce nt da ta i n
the afternoon shows a marked increase in ozone conc entration althou gh
it follow s the same gradient as ascent.

The d iu rna l  chan ge can possi b l y be exp lained by wet photoch einistry .
Durin g descent , the ozone concentration curve (Figure 4)  froi i noon (point
1) to sunset (point 2) should correspond closel y to the undisturbed day-
time values since the sensors were descendin g away from the wake of the
ba l loon .

The daytime product ion of ozone is primaril y due to the follo w ing
reactions [6]:

+ h-. (~ 2424A) 
-, 0 + 0 ( 1)

0 + 0-  + N 0 3 + M (tw i ce) (2 )

Net 3O~ - - 203

The destruction reactions of 03 are as fo l lows :

0 3 + h- (~ 3l OOA ) -
~ 0 + 0 (3)

+ 0 O~ 0 ( 4 )

Net 203 -+ 30--

T he NO
~ 

des t ruc t ion r eac t ion s :

NO~ + h (~ 4000A ) - - NO + 0 ( 5 )

NO + 0 3 NO— + 0 ( f )

NO - + 0 - ~~1) + 0 ( 7 )

N O  + 0(1D) - 2N0 (3)
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The HO x des truct iun reactions:

H O  -F O( ’ D ) - 2H0 (9)

CN , + O( ’ D) - CH 3 + HO ( 10)

HO + O-~ 
- - HO + 0:- (11)

The net ga in  in  ozone i s the d i f ference between the des t ruc t ion  and the
production react ions.

The sunset  trans iti on occurre d from sunse t a t 1 828 ~-1ST to 2004 1-1ST (point
2 to point 3). During the transition , the ba l l o o n  slowe d down un ti l  i t
reache d its l owest altitude and then slowly started ascending. In refer-
ence to the ozone chemistry , during the sunset transition , UV sunset
first occurs at the shortest wavelenqths . Conse quentl y, the ozone
production by Equations (1), (2), and (5) is no longer active. However ,
a l l  the rema i n i n g destruc ti on reac tions  of O~ by NO x an d HO~ remain. A t
the sensor loc ati on , the destruction reactions of 0~ were probablyen hdnced due to the presence of water vapor. However , thi s enhanced
destruction of 0. in the vicinity of the ozone sensor is not very apparent
because the balloon was descending into air with a higher concentration
of ozone.

As the night progressed from p o i n t  3 to p o i n t  4, the ascending cold
balloon and pay l oad packa ge acte d as s inks  of water va por , and the
ba l loon  tem pera ture was essen ti a l l y that of the air temperature. Hence
the d i s tu r bance by the b a l l o o n  an d pay load shoul d be minima l , and the
measured va lues  of oz one by the sensors shoul d corres pon d to the ni ght-
time equilibrium values of the undisturbed atmosphere. Consequently, a
comparison of the ozone measurements of the daytim e descent (point 1 to
poin t 2) and the nighttime ascent (point 3 to point 4) shown in Figure 4
shows a diurnal chan ge in the ozone above the ozone peak.

The nighttime decrease in the ozone profil e may be explained by the
absence of the daytime production and destruction reactions , the n i g h t-
time e q u i l i br ium of 0 3 being primarily established by Equations (2) and
(4) since NO and HO are essentially deplete d. Another possible explana-
tion coul d be the subsidence of the O-~ layer. However , this  ex p l a n a t i o n
is unlikely because of the meteorological condition s existing at that
time .

During twili ght , as the scat tered l i ght increased (Figure 6), ozone
concentration slowly decreased from its ni ghttime equilibrium. At
twi1igh t~ as the sky receives scattered UV in the region between 3lOOA
an d 4000A , ozone is des tro yed by NO x reac tions .  Th is  des truc tio n of
ozone nay have caused the ozone concentrat ion decrease. At sunrise when
ener gi es of wavel en g ths less than ~ - 3100A start arrivin g at the balloon
and pay loa d pla t form , caus in g wa ter va por to be release d from the p la t-
form , the des truc t ive  rea ct ions of HO x p l u s  NO x a ccelera te the reduct ion
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of ozone [7]. Additional ozone is produced as the wavelength radiation
less than 2424A becomes available at the platform altitude [Equation
(1)] and the formation of ozone exceeds its destruction. This increase
is shown by the change in slope in Figure 6 at about 0600 MST .

~1ode1 calculations for sunrise transition [8] were made for 25, 30 , 35,
and 40 km altitudes and are plotted in Figure 6. The changes in ozone
concentration during that transition period for 25 and 30 km indicate a
slight decrease until sunrise and then a slight increase. For 35 km the
trend is opp os i te , i .e., an increase dur i n g the ni gh t and then a decrease .
The 40 kin calculation shows the same trend as for 35 km , but the ampli-
tude is lar ge. An additional calculation made for 40 km altitude which
included large amounts of water vapor (lO~ times the normal) is also
plotted on t h e same figure . The effect of large amounts of water vapor
in the model is quite significant .

The diurnal variation in ozone concentra tion as observed between 27 and
40 km ( F i g u r e  4) is consistent with the model calculation made wi th
addi ti ona l  wa ter . Thus it is apparent tnat the ozone sensor was measur-
i n g ozone in the wake of the ba l loon  dur i n g both ascents , wh i le du r i n g
descent the i~ieasuremen ts were not in the waLe of the balloon. The sun-
r i se e f fec t , however , coul d not be ex plained on the niodel calculation
an d may be a c lue  to si gnificant processes not yet included in these
models.

CONCLUSIONS

A d i urna l  chan ge i n th e ozone concen trat i on was observe d in  the re gi on
between 27 and 40 km during thi s balloon flight. These observations are
consis tent w ith the mo del c a l c u l a tions ma de wi th  ad d i t i ona l  water va por
and indicate that the balloon was outga ssing throughout most of the
fli ght.
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Figure 2. Ozone concentration measu red by the chemiluminescent sensor as the balloon

ascended through troposphere and stratosphere (sol id line). Electrochemica l
(mast) ozonesonde profile (dotted flne) is also shown .
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CHAPTER 8

MEASUREMENTS OF WATER VAP OR CONCENTRATIO NS
DURI NG THE STRATCOM VI-A EXPERIMENT

Philip Goodman
Panametrics , Inc .

221 Crescent Street
Waltham , MA 02154

ABSTR ACT

Measurements of water vapor concentrations were obta ined for three differ-
ent locations on the platform introduced into the stratosphere by the
STRATCOM VI—A experiment. Two of these locations were on the gondola , one
in the inlet to the ozone instrument and one near the inlet to the mass
spectrometer. A third measurement was made by a sensor suspended 130 ft
below the gondola . All measurements were made by Al 203 humidity sensors 

- 

-

positioned on mounts which were capabl e of maintaining the sensor temper-
ature at +25°C during measurements. Results obtained from the suspended
sensor at the end of the experiment corresponded to an ambient concentra- —

tion of 0.8 PPm~. Since this result was in reasonable accord with expec—
tation for unperturbed stratospheric water vapor concentration , it vali-
dated the much higher concentrations measured during earlier portions of
the flight. These results are discussed in terms of the balloon trajectory,
outgassing dynamics , and sensor location on the experimental platform.

INTROD UCTIO N

The H2O molelcule is an all—pervasive constituent of virtually every
scientific experiment. Water is present in the stratosphere by virtue of
its introduction into the stratosphere through the tropical tropopause
Hadley cel l circulation patterns. It may also be introduced into the
stratosphere by thunderstorm penetrations through the tropopause , by
methane oxidation , and , perhaps , by numerous other source mechanisms as

— yet not totally identified . The experimenta l measurement of atmospheric
constituents conducted from a balloon platform is subject to sti l l  another
source of water vapor because the water molecule is also carried aloft by
absorption on the platform surfaces. Water vapor is therefore known to be
naturally present in the stratosphere but its volume concentration may be
enhanced by orders of magnitude in the vicinity of any platform introduced
into the stratosphere in order to make aeronomic studies.
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Water vapor plays a significant role in the determination of the radiation
balance of the earth. The 1120 molecule , as well as numerous radicals
derived therefrom, such as OH, 1102, etc., also participate importantly
in the photochemical aeronomic reactions which determine the concentration
of numerous other chemical species present in trace and larger amounts in
the stratosphere. Water vapor introduced into the stratosphere by an ex-
perimenta l platform such as STRATCOM VI—A can therefore perturb the local
environment of the platform as well as perturb measurement of other strato-
spheric parameters for which instrumentation aboard the platform is pro-
vided . Measurement of the local water vapor concentration in the platform
environment can therefore provide a means for correcting other experimental
measurements .

Al uminum oxide sensors were flown aboard the STRATCOM V experiment. Im-
proved sensors of the A l 203 type were flown aboard the STRATCOM VI -A
experiment for the same reasons. In addition , a single sensor intended to
measure the unperturbed stratospheric ambient during the balloon flight was
f lown during STR]-\TCOM VI-A. The results of these measurements are presented
in this report.

— 

EXPERIMENTAL

A I— ~O3 sensors ut~1ized aboard STRATCOM V experimen t were of the type
that exhibited neg li gible dependency of sensor output upon ambient temper-
ature. Although this characteristic is very desirable , such sensors are
susceptible to failure as a result of abrasion of the thin A1 203 l ayer present
on the sensor surface by the mechanical contact arm utilized to make con—
tact with one of the sensor electrodes. These sensors also occasionall y
fail because ice accumulates under the mechanical contact arm. Following
STRATCOM V a new type of sensor was deve loped wh ich was considerably more
rugged than the earlier version but which exhibi ted a dependence of sensor
output upon temperature. For some sensors , the output was independent of
temperature from +25° to about -30°C whereas for other sensors the absence
of a temperature dependence extended only to about —10°C. To compensate
for the temperature dependency of the water vapor measurement , such sensors
were mounted on heated surfaces which maintained the sensor temperature at
a constant 25°C provided that heater power was supplied. Circuitry suit-
able for controlling the surface temperature of the sensor mount was de-
veloped , constructed , and flown aboard the STRATCOM VI—A. Sensors of this
improved type are shown in Fig . 1.

The water vapor sensors were of the Al 203 type such as were described
earlier in [1]. The sensors utilized on heated sensor mounts were sub-
stantially of the same construction except for the addition of a more
abrasion resistant Al 203 coating over a portion of the sensor surface.
This tougher coating permitted a larger mechanical contact pressure to be
exerted on the sensor surface without causing penetration through the oxide —

l ayer and consequent sensor shorting. The hi gher mechanical pressure also
minimized the occurrence of open sensors resulting from failure of the
mechanical arm to maintain electrical contact with the vacuum deposited
gold electrode on the sensor surface.
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Three such sensors were deployed on the gondola , and one sensor of the
same type was deployed by means of a let-down reel which suspended the
sensor 130 ft below the gondola . The let-down reel was activated when
the balloon altitude reached about 10,000 ft. A fifth sensor, of the
older STRATCOM V type, was installed at the top of the balloon . The
older type was utilized for this installation because heater power was
not available at this location .

One of the gondola mounted sensors was positioned in the inlet tubing
to the ozone sonde and therefore monitored the water vapor content of
the ambient air sampled by the ozone sonde. A second sensor was posi-
tioned near the exit of the gas stream passing through the ozone sonde
and a third was located near the inlet to the mass spectrometer.

The electronic Circuitry utilized for the sensors positioned on the gon—
dola and atop the balloon was identical with that which was utilized
for STRATCOM V and described in [1]. This circuitry is , however , sensi-
t ive  to cable capacitance and would have been inoperative if it had been
used in conjunction with a 130 ft long cable. Consequently, circuitry
was constructed specifically for this flight which was insensitive to
cab le capacitance (and length). This circuitry is similar to that uti—
l ized  in the Panametrics Model 2000 hygrometer. However , two s imu lta-
neously operative channels were provided which gave higher sensitivity
over different ranges than would have been obtainable had only a single
data channel been employed . In addition to the sensor impedance measur-
ing circuitry, each heated sensor was also provided with a temperature
monitor to assure that sensor temperature was maintain ed at 25°C when
the heaters were operative. Temperature control circuitry performed
satisfactorily during the entire flight for all the sensors and will
not be discussed further.

The heater enclosed in the sensor mount had a resistance of 70 ohms and
was powered by a 24 V supply. The heater was insulated from the case.
No significant interference from the heater operation was observed during
preflight calibration and checkout.

Usable data was obtained from three of the four heated sensors. These
data will be discussed below. The cause of the failure of the fourth
sensor, located on the gondola ring at the exit of the ozone sonde , was
not determinmed but could have resulted from either sensor or electronic
circuitry malfunction. The unheated sensor positioned atop the balloon
provided data during balloon ascent. However, this data indicated that a
layer of ice formed on the surface of the sensor because frost points
measured were greatly in excess of the ambient temperature . This ice
apparently ultima tely resulted in sensor failure since usable sensor data
transmission ceased shortly after attainment of float altitude .

RESULTS AND DISCUSS iON

Measured sensor impedances were converted to frost point data by means of
calibration curves determined for each individual sensor in the laboratory
prior to flight.
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The reduced data obtained is shown in Fig. 2. Included in this figure as
curve 1 is the altitude-time profile of the STRATCOM VI-A experiment.
Al so shown in Fig. 2, as curve 2, is the temperature-time profile for the
experiment. Curves 3, 4, and 5 represent the data obtained from the three
heated sensors as discussed above. Curve 3 represents the condition
present in the inlet to the ozone sonde utilized aboard the experiment;
curve 4 represents the ambient condition in the very near vicinity of the
instrument package during the flight. The data obtained from the sensor
suspended 130 ft below the instrument package, termed the reel—down sensor,
is shown in curve 5 of Fig. 2.

The initial impression that one gains from inspection of the data shown
in Fig. 2 is that the environment of STRATCOM VI-A is exceedingly wet.
It is therefore important to note initially that the final data obtained
for the reel-down sensor just prior to sunrise on the second day of the
experiment does not indicate a wet environment . These data, whi ch show a
frost point of -104°C, are consistent with the model of the unperturbed
stratosphere currently accepted. The water vapor concentration at the
float altitude corresponds to an ambient concentration of approximately
0.8 ppm.~. Although this concentration is slightly lower than the gener-

ally accepted 2-3 ppm , it is not unreasonably so and is consistent with
other measurements made at this approximate altitude . The fact that the

— final data obtained by the reel-down sensor were not approached asymptot-
ica l ly ,  but are consistent with expectation for the unperturbed strato-
sphere , tends to validate the preceding data obtained with the same sensor.
In addition , these observations make the data obtained with the other two
sensors of the same type more credible.

Returning therefore to the beginning of the flight , let us first examine
the data obtained for the sensor present in the inlet to the ozone sonde
as shown in curve 3 of Fig. 2. Starting from an extremely wet value at
1100 GMT, the sensor indicates a rapid decrease from approximately -27°C
frost point to about —40°C frost point. The general course of the subse-
quent data obtained during the entire duration of the balloon trajectory
can be represented approximately as a very slow decrease from about -40°C
to about —45°C frost point. The slight oscillations in the steady decrease
as observed during the major portion of the fli ght do not appear to be
correlatabl e wi th balloon ascent or descent motions. The data obtained do
suggest that the air sampled by the ozone instrument was exceedingly wet,
the indicated concentration corresponding to approximately 100,000 pprn

~or about 10% water or more. Comparing this result with the data shown by
curve 4 representing the gondola package ambient , at about 0800 GMT on the
second day, one sees that the probabl e major source of this high water
vapor concentration in the ozone inlet is the inlet tubing itself. The
indicated concentration for curve 3 is approximately 30 times as great as
the indicated concentration for the gondola ambient at the same time.
This observation is supported by a detailed examination of the data ob-
tam ed from the sensor in the ozone inlet tubing. Oscillations were
observed for the data obtained from this sensor only during the period of
time when the ozone instrument pump was operative. These osc illations are
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not demonstrable on the time scale shown in Fig. 2, nor were such oscilla-
tions present for other sensors when the pump was operative. However, the
oscillations were not detected when the pump was not operative . It is
therefore suggested that turbulence caused in the air flow during opera-
tion of the pump resulted in significant desorption from the tubing walls
and that this turbulence caused a real oscillation in the ambient being
sampled by the ozone instrument .

Data obtained for the sensor monitoring the gondola environment was re-
ceived only for that portion of the flig ht commencing at sunset on the
first day (curve 4 in Fig. 2). During this portion of the flight the
balloon was ascending from approximately 91 ,000 ft to about 118 ,000 ft  at
which altitude float was achieved . During the ascent the near package
environment dried off considerably from its initially extremely wet con-
dition. At sunset the near package environment had a water vapor concen— 

3

tration approximately 5% of that at the ozone instrument inlet , whereas
upon achievement of float altitude the water vapor concentration in the
near package environment had decreased to approximately 3% of the water
vapor concentration present in the ozone inlet.

During the interval from about 0915 to 1050 GMT, no data dur ing  the f loat
was rece ived. Upon resumption of data reception at 1050 GMT , the apparent
water vapor concentration in the gondola envi ronment  had dropped consider-
ably, i.e., by a factor of about 4. This decrease in water vapor concen—
t rat ion was coinc ident with the ach ievement of f loat  a l t i tude an d the
persistent absence of the sun ’s radiation. Fol l owing sunrise at 1240 GMT ,
the balloon altitude increased rapidly . However, the gondola environment
did not change measurably in water vapor concentration until about 1350
GMT at which time the water vapor concentration in the vicinity of the
gondola started to increase. This behavior suggests that the major portion
of the water vapor environment is contributed by desorptio i of water vapor
from the balloon itself. If desorption from the packagin g and instrumenta-
tion carried aboard the gondola were the major source of water vapor , then
an increase should have been observed upon the incidence of sunrise or
shortly thereafter, whereas the actual observation is that the onset of an
increase in water vapor concentration is not observed until approximately
1 hour after sunrise . Attribution of the balloon skin as being the major
source of water vapor contamination is consistent with the observations
made during the STRATCOM V experiment as well as being consistent with the
very wet conditions measured at sunset when data for the gondola environ-
ment was first received. Presumable outgassing of water vapor from the
balloon skin , as well as some outgassing from the gondola package , resulted
in the very high concentration initially measured in curve 4. This out-
gassing was induced by constant irradiation by the sun during the preced-
ing day.

It is to be noted that the data shown in curve 4 for conditions when the
hea ter was operat ive at abo ut 1200 GMT on the second day do not differ
from the subsequent data that was obta i ned when the heater was inoperative.
It is therefore apparent that the sensor shows a negligible dependence
upon temperature over the range from approximately +25° to -32°C.
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The behavior shown in curve 5 of Fig. 2 which represents the data obta ined
from the reel-down sensor , positioned approximately 130 ft  below the gon-
dola , is the most puzzling and difficult to interpret. When data was ini-
tially obtained shortly before sunrise of the first day , the balloon was
at float. Presumably the water vapor concentration in the immediate envi-
ronment of the sensor was rapidly decreasing. This is shown by the data
initially recorded. This decrease continued until reasonably dry condi—
tions were recorded at approximatel y 1350 GMT. At this time power was no
longer provided to the reel-down sensor until 1520 GMT. At that time a
compa ratively dry , but not truly ambient condition , was measured .

During most of the remainder of the day light float on the first day, as
wel l as a substantial portion of the initial descent , the reel—down sensor
provided data , but under unheate d condi t ions . These data were not consis—
tent with the data for the same sensor when operating at +25 °C. It was
therefore concluded that , for t~’is sensor , the output was more dependent
upon ambient temperature thdn it had been for the sensor dep icted in curve
4 of Fig. 2. As a result , data from the reel—down sensor when it was not
at +25 °C are omitted from curve 5 in Fig. 2.

When power was once again applied at about 2230 GMT, the frost point read—
ing was considerably wetter than it had been earlier despite the fact that
the balloon was descending at this time . It was expected that the sensor
would have been sampling free ambient air. Nevertheless , the environment
130 ft below the gondola continued to get even wetter until the balloon
reached approximately 100,000 ft in altitude. At that time the balloon
descent rate increased si gnificantly. Coincident with the increase in the
balloon descent rate , the frost point at the reel-down sensor pos~t ion
decreased again until a compa?atively dry condition was achieved at about
0200 GMT.

The most puzzlin g part of the data obtained and shown in curve 5 is the
apparent increase in the frost point recorded by the reel-down sensor dur-
ing the descent on the first day in daylight hours. The sensor had been
l owered to 130 ft below the gondola wi th the expectation that ambient
stratospheric air would be sampled during some portions of the balloon
flight. Despite these expectations , it is apparent that extremely wet
conditions were recorded by this sensor under almost all balloon dynamic
conditions. It is to be noted that the balloon descent rate from about
125 ,000 -Ft down to 100,000 f t  is extremely slow , averaging approximately
70 ft /mm . It  appear s t ha t , accompanying this slow descent rate , the
envelope of water vapor genera ted by the desorption from the balloon skin
in daylig ht hours is sufficiently large as to significantly affect the
reel—down sensor even at the distance that it was located from both the
balloon and the gondola package. This interpretation is supported by
noting that , when the balloon descent rate increased at approximately
0100 GMT on the second day to a descent rate of 200 ft/mm , then the frost
poin t  measured by the reel-down sensor decreased rap idly even during day-
light hours.
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Fol lowing sunset, and comencing at about 0150 GMT, the balloon ascended
in darkness with the reel-down sensor in the wake of the balloon during
ascent. A slight but not very significant decrease in frost point was
measured during this ascent. Presumably the balloon and/or the instru-
ment package was outgassing and losing still more water during this second
ascent to altitudes of about 120,000 ft. The slow decrease in frost point
during nighttime hours of the second day, from about 0200-0900 GMT, is
therefore considered to be associated with the wake of the balloon during
ascent which provided a slowly decreasing water vapor environment for the
reel-down sensor.

The final data points obtained by the reel-down sensor were noted at 1200
GMT of the second day, prior to sunrise. The balloon had then achieved a
float altitude so that the reel-down sensor was no longer subjected to the
water vapor present in the wake of the ascending balloon . Under these
conditions a frost point of -104°C was recorded which , as noted earlier ,
corresponded to a 0.8 ppm water vapor concentration at the float alti-
tude. w

CORRELATIO N WITH OZONE DATA
I

The four ozone profiles as a function of altitude , generated during the
initial ascent, during the descent and ascent in the midd le portion of the
fli ght , and during the final descent were examined to determine if any
effects attributable to water vapor could be detected. Ozone profiles at
altitudes of 28 km and higher were substantially identical during the
first ascent and descent and , in the overlap region , also agreed well with
the Mast ozone sonde results. However, the ozone concentration decreased
rapidly by about 35% at the end of the first descent which was also coin-
cident wi th sunset. The subsequent profile data (both second ascent and
descent) was approximately parallel to, but 35% l ower than , the first two
profiles measured.

Water vapor data for the ozone inlet was obtained only for the first de-
scent and second ascent. Average frost points measured during the first
descent were approximately -41°C and about -44°C during the second ascent.
The water vapor pressure during the second ascent was therefore about 30%
lower than it had been for the first descent.

Any attempt to ascribe a causal relationship to the coninonality in magni-
tude and direction of the changes in both ozone and water vapor concentra-
tions would be hi ghly speculative. This would be especially difficult
because the first observation of an ozone concentration decrease was sharp
and rapid , was coincident with sunset, and was not accompanied by any ob-
served sharp decrease in water vapor concentration . Nevertheless , the
possibility that a causal relationship exists , whether it be of chemical
or experimental origin , would appear to deserve further investigation.
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SUMMARY

Measurements of water vapor concentrations were made by three Al 203
water vapor sensors positioned at various l ocations around an instrument
package carried aloft during the STRATCOM Vl-A experiment. Two of these
sensors were located in the immediate vicinity of the gondola package, one
being positioned in the inlet tube to the ozone sonde of the package, the
second being positioned to monitor the near package environment. A third
sensor was suspended at the end of a 130 ft cable hanging below the gondola
package. All sensors could be maintained at +25°C to eliminate any possi-
ble effects of ambient temperature upon the frost point measurement. Data
showed wet conditions in the vicinity of the gondola , corresponding to
about 10% water vapor in the inlet to the ozone sonde and a factor of 20—30
l ower in the environment of the gondola . The water vapor concentration at
the latter location was still greatly in excess of the ambient. The senso~suspended 130 ft below the gondola also measured unexpectedly wet condi-
tions during most of the flight which was attributed to a large envelope
of water vapor outgassed principally from the balloon skin. However, at
the conclusion of the flight , prior to descent, this envelope decreased
in volume so that measurement of the ambient by the suspended sensor cor-
responded to a water vapor concentration of 0.8 ppm~.
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Figure 1. Photograph of A 1~O3 humidity sensor
mounted on constant temperature surface.
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CHAPTER 9

CRYOGENIC COLLEC TION OF WHOLE
AIR ABOARD STRATCOM VI-A

L. E. Heidt
W. H. Pollock
R. A. Lueb

National Center for Atmospheric Research , Boulder , CO~

ABSTRACT

Whole air samples were collected on a balloon launched from Holloman Air
Force Base , NM. Three altitudes were sampled by using a low temperature
air sampl er. Values for N20, CFC 1 3, CF2C1 2, CH~, H2, CO and CO2 are
reported. A brief description of the sampler and the analysis technique
is given .

I

iNTRODUCTiON

Over the last several years considerable effort has been directed toward
the analytical measurements of the trace gases in the stratosphere. Whole
air samples have been collected and measured by Ehhalt et al. [1 ,2,3].
Other trace gas measurements have been made by Goldman et al. [4] and
Murcray et al. [5]. Recent controversies over the destruction of the
ozone layer by the chlorofl uoromethanes and nitrous oxide make it neces-
sary that additional measurements be made for these trace gases. Measure-
ments of these gases have been made by Heidt et al. [6], Hester et al.
[7], Krey et al. [8], and Schmel tekopf et al. [9]. Thi s paper presents
some of the first measurements of these trace gases above 33 km.

THE SAMPLING SYSTEM

Stainless steel cyl inders, 29.5 cm long and 3.8 cm diameter , are con-
nected to a common manifold through a bellows-sealed stainless steel high-
vacuum valve which is driven by a 28 V dc motor (Fig. 1). Each motor
drives its valve through a clutch which insures proper torque for leak-
tight closure. When the col l ected sampl es are allowed to warm to room
temperature, pressures up to 20 atm are attained. For safety, a stain-
less steel rupture disk is welded into each sample cylinder extension tube
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(Fig. 2). Each cyl i nder has been pressure—tested to 170 atm without per—
manent deformation while the rupture disk burst pressure is set at 102
atm. The extension tube extends 10 cm beyond the mounting flange into the
sample cylinder as an added precaution to prevent back diffusion of the
noncondensabl es.

The stainless steel Dewar, which is commercially availabl e, is filled wi th
liquid Me to 6 cm below the top flange before flight. This keeps the liq-
uid Ne level below the extension tubes whose temperature thus remains suf—
ficiently above liquid Ne temperature to prevent the plugging of the exten-
sion tubes by solid air. Ullage gas pressure in the Dewar is maintained
at 0.5 atm above ambient by relief valves to prevent freezing of the cryo-
gen at pressures below the triple point of neon during flight. The cold
Ne boiloff gas is warmed to ambient temperatures in a black aluminum bal-
last tank and vented away from the gondola.

The flexible inlet line extends 6 in below the gondola to avoid possible
contamination sources in the payload. The line is capped with a stainless
steel rupture disk which is burst after reaching float altitude, exposing
a clean inlet . This is accomplished by temporarily opening a motor—driven
valve connecting the inlet line to a stainless steel cylinder containing -

j

high pressure dry N2 gas (Fig. 1). This procedure is designed to prevent
absorption of H20 vapor in the baked-out inlet line before launch and during
the ascent through the moist troposphere. A number of auxiliary measure-
ments (pressure, temperature, flow rates, etc.) are performed during the
flight and telemetered to the ground [Lueb et al., 10]. Telemetry and
launch and recovery support were provided by Sandia Laboratories and AFGRL ,

— respectively.

The sampling system, telemetry, batteries, and other experiments were
housed in hermetic containers mounted on the gondola frame. The gondola
was reeled down 200 in below the balloon to minimize contamination from the
outgassing of the large balloon surface. The entire system was allowed to
float at maximum altitude for approximately 6 hours to allow outgassing of
gondola and balloon. After completion of the float, three samples were
taken : the first at 38.7 kin, the second at 36 km, and the third at 33 kin.

SAMPLE ANALYSES

W hen the samples were returne d to the la bora tory, they were individually
attached to a high-vacuum-pumping system with a built — in precision pressure
gauge and volume-calibrated manifold. Since the volumes of the individual
tubes had been calibrated prior to use, the total volume of each sample
collected could be uetermined from the pressure measurement. At this time ,
two aliquots of the sample were withdrawn. One was used for the gas chro-
matographic analyses and one was stored for future use.
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Molecular Hydrogen and Neon

The concentrations of molecular H2 and Ne are measured with a gas chromato-
graph equipped - with a radio frequency (RF) glow discharge detector. The
H2 and Ne are resolved from the other components in air in a 6 mm OD x 3 m
long stainless steel “column ” packed with Linde 5A molecu lar sieve. Details
of this technique , together wi th sensitivity and calibration information ,
were published by Heidt and Ehhalt [11]. The natura l concentration of Ne
remains constant (18.18 ppm/v) over the altitude range of our collections.
Our measurements of Ne, therefore, serve to prove that the sample was not
fractionated during collection or handling.

Methane and Carbon Monoxide

The technique for measuring the concentrations of CH~ and CO is similar
to that used for H2 and Ne. The detector used , however, is a hydrogen
flame ionization detector (FID). Also , after separation of CO from CH~on a 5A molecular sieve column , the CO is converted to CH~ by passing it
over a nickel catalyst using the H2 which feeds the detector flame for
conversion. As the FID is extremely sensitive for hydrocarbons, the
sensitivity for CO is greatly enhanced.

Chiorofluoromethanes

The chiorofluoromethanes , CC1 2F2 and CC1~F, are measured with a third gas
chromatograph equipped with a porasil (silica beads) column and an elec-
tron capture detector (ECO). Since the ECD is extremely sensitive to
chlorine , it can be used to detect concentrations of only a few parts per
trillion (ppt). In addition , nitrous oxide (N20) is now being measured
in each of the samples with the ECD.

Nitrous Oxide and Carbon Dioxide

The air sample remaining in each collection tube is then used for the
determination of N2O and CO2. The collection tube is attached to a
vacuum system and cooled to liquid nitrogen temperature, and the 02 and
N2 is pumped away. The total volume of 02 and N2 is measured with a gas
meter attached to the exhaust port of the vacuum pump . The liquid N2
cryogen is then replaced with dry ice. This insures that the H2O is
quantitatively retained in the collection tube while the N70 and CO2 are
transferred by a Toepler pump into a special volume-calibrated McLeod
gauge in which the gas volume is determined . Thus , from the volume of
this gas fraction (which is essentially Ca2) and the volume of strato—
spheric air measured with the gas meter, a CO2 mixing ratio is calcu-
lated for each sample. 
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A second measurement of the N2O mixing ratio is determined by mass spectro—
metric analysis. The N20/C02 ratio in the 02 mixture is measured by
comparing the ratio of the peak heights at mass 30 and 44 to those for a
set of standard N20/C02 mixtures covering the concentration range of
interest , including pure CO2. The peak height ratio of mass 30 is di-
rectly proportional to the N2O mixing ratio in the CO2. Details of this
technique have been published by Ehhalt et al. [2] and Moore [12].

RESULTS

TABLE 1

BALLOON FLIGHT STRATCOM VI-A

24 September 1975

Altitude CO H2 CH~ N20 CO2 CFC 1 3 CF2C1 2
(kin) (ppmb) (ppmv) (ppmv) (ppbv) (ppmv) (pptv ) (pptv)

38.7 88 0.45 0.52 20 324 5 9 - ,
36.0 135 0.55 1.03 73 320 6 20
33.0 44 0.44 0.91 95 323 11 44

* ±3 ±0.02 ±0.04 ±5 ±3 ±1 ±2

*Measurement errors
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CHAPTER 10

ELECTRICAL CONDUCTIVITY MEASUREMENTS
IN THE MIDDLE STRATOSPHERE

J. D. Mitchell
Electrical Engineering Department
The University of Texas at El Paso

El Paso, TX 79968

C. L. Croskey and L. C. Hale
Ionosphere Research Laboratory

The Pennsylvania State University
University Park , PA 16802

ABSTRACT

A blunt probe for measuring polar electrical conductivity was flown on the
STRATCOM VI balloon experiment launched from Holloman Air Force Base (HAFB),
NM, on 23 Septembe r 1975. Electrical conductivity data were obtained dur-
ing both the ascent and descent phases of the flig ht , as well as while the
balloon was at float altitude. Negative electrical conductivity measure-
ments made during the flight were observed to be larger in value than cor-
responding positiv e electrical conductivity data , thus indicating that the
negative ions were comparatively more mobile . This was particularly no-
ticeable during the ascent and fl-nat periods of the flight. The positive
electrical conductivity measurements at float altitude (approximately 39
km) were typically in the range of 2—3 x iO~~ mho/cm , which are consis-
tent wi th previously obtained rocket—launched parachute -borne blunt probe
data for that altitude .

During designated periods of the flight , a krypton discharge lamp (1236A)
was operated in conjunction with the blunt probe experiment in a configu-
ration such that the probe could measure the l amp ’ s ionization effects on
the stratosphere. Enhancements in positive electrical conductivity were
observed during the time intervals when the l amp was operating , with the
increases in negative electrical conductivity being even larger.

After the cutdown of the scientific package , the electrical conductivity
measurements were observed to decrease in value as the probe descended ,
with a value of approximately 2 x l0~~’~ mho/cm measured at the tropopause.The altitude dependence for electrical conductivity during the descent
phase of the flight is in good agreement with representative data obtained
from previously flown parachute—borne blunt probes.
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INTRODUCTION

A blunt probe experiment for measuring electrical conductivity was con-
ducted on the - STRATCOM VI balloon fli ght launched from HAFB, NM. The
blun t probe [1], an instrument more commonly employed wi th rocket systems,
has been found diagnostically useful for studying electrical conductivity
and its variations in the stratosphere. On this particular flight , the
instrument was extended horizontally on an arm approximately 1 m from the
rest of the scientific package. The probe ’s col lector was directed down-
ward so that it could be shielded from the sun , thus avoiding possible
photoemission from its surface. Mounted beside the blunt probe was a
krypton discharge ionization l amp (l236A) which was commanded on and
off from the ground . Thus , when the lamp was on, the blunt probe could be
used to study the l amp ’s ionization effects on the atmosphere.

DATA

The electrical conductivity measurements for the STRATCOM VI balloon exper-
iment are shown in Fig. 1. The lower two curves on the graph represent
time-averaged values for electrical conductivity measured by the blunt - j
probe when the krypton discharge l amp was off. The upper curve shows the
balloon ’s altitude as a function of time.

The balloon was launched at approximately 2300 MST on 23 September 1975.
The first conductivity measurements were obtained at 2345 MST (Z ~ 11 kin),
at which time the value for electrical conductivity was approximately
0.8 x l 0 1~f mho/cm. The negative electrical conductivity values for
the balloon flight were generally larger than the corresponding positive
electrical conductivity measurements , thus suggesting that the negative
ions were comparatively more mobile than the positive ions, This was par-
ticularly evident during the ascent and float phases of the flight where
the negative—to—positive electrical conductivity ratio was typically a
factor of two.

The positive electrical conductivity values while the balloon was at float
‘U . .altitude (Z ‘~ 39 kin) showed less variability than the negative elec-

trical conductivity values and were typically in the range of 2—3 x lO~~mho/cm. These positive conductivity values are representative of daytime
rocket—launched , parachute—borne blunt probe data (Fig. 2). Included in
Fig. 2 are the range of float altitude values for positive electrical
conductivity from three STRATCOM balloon experiments launched at HAFB as
compared to parachute-borne blunt probe data obtained at White Sands
Missile Range (WSMR), NM, on 22 May 1974.

- 

As mentioned previously, a krypton discharge ionization l amp was cycled
on and off during designated periods of the flight. An enhancement in
positive electrical conductivity of typically a factor of two to three
was observed when the lamp was on. The corresponding increase in nega-
tive electrical conductivity was considerably larger. These conductivity
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enhancements are associated with either an increase in charge number den-
sity or ion mobility , or possibly both. The larger negative electrical
conductivity values when the lamp was on suggest that possibly some free
electrons were created by the lamp.

The balloon first began to descend at approximately 1000 MST on 24 September.
During the descent, the electrical conductivity measurements decreased in
value, wi th the decrease for negative electrical conductivity being signif—
icantly more noticeable. From approximately 1500 to 1900 MST while the
balloon was still slowly descending , the values for the negative -to—positive

— electrical conductivity ratio ranged from 1.3 to 1.5, which are in general
agreement with the negative-to-positive ion mobility ratio for light ions .
After 2000 MST, the balloon began to ascend and , again , the curves for
negative and positive electrical conductivity started to increase and
diverge. This divergence continued while the balloon ascended until the
scientific package was cut down at approximately 0900 MST on 25 September.

DISCUSSION

Blunt probe measurements obtained on balloon platforms are particularly
useful for studying variations in electrical conductivity . In particular ,
sunrise variations , possible variations associated with vertical movement
of the balloon package, and the altitude dependence of electrica l conduc-
tivity will now be considered .

Positive ion conductivity variations during the early morning period have
been observed on subsonic Gerdien condenser and blunt probe rocket experi-
ments conducted at WSMR [2]. In Fi g. 3, appreciable enhancements in posi-
tive electrical conductivity are seen above 30 km for a change in solar
zenith angle from 90° to 53°. In particular , positive conductivity at
39 km increases during this time period by approximately a factor of six.
Enhancements in positive electrical conductivity are also noticed during
the sunrise period (approximately 0600 MST) for the balloon experiment ,
although they are not as large as for the rocket data . These conductivity
enhancements during the sunrise per4od are thought to be primarily asso-
d ated with an i ncrease in positive ion mobility , possibly resulting from
the photodissociation of larger positive ions into smaller , more mobile
ions.

A rather unique feature of the STRATCOM VI electrical conductivity data is
the divergence between the negative and positive electrical conductivity
values during the ascent and float phases of the flight . The larger nega-
tive electrical conductivity values measured during these periods possibly
result from the collection of some high mobility , negatively charged parti-
cles associated with the balloon package. The negative conductivity values
come into better agreement with the rocket-launched parachute—borne blunt
probe data during the descent phases of the flig ht where the airfl ow is
directed against the downward oriented blunt probe.
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The altitude dependence for electrical conductivity is probably best
demonstrated by the data obtained after cut’i~wn when the scientific bal-
loon package is descending on a parachute (Fig. 4). Electrical conductiv-
ity data after cutdown were obtained from 37 km down to 17 km, with a
value of approximately 2 x 1O~’~ mho/cin measured at the tropopause .No distinguishable differences were observed between the values for nega-
tive and positive electric al conductivity . The altitude dependence for
the data in this region is inversely proportional to that for neutral
number density , which is consistent with what has been previously observed
with parachute—borne blunt probes [3]. General agreement is observed
between the balloon electrical conductivity data and the parachute-borne
blunt probe conductivity profile obtained at WSMR on 22 May 1974. There
is also good agreement below 30 km between the balloon conductivity data
(Fig. 4) and the Gerdien condenser positive ion conductivity data (15 July
and 26 September 1975) in Fig. 3. The differences above 30 km are presum-
ably due to differences in solar zenith angle as was discussed earlier.

CONCLUSIONS

A blunt probe experiment flown on the STRATCOM VI balloon experiment mea- j

sured positive and negative electrical conductivities during both the
ascent and descent phases of the flight , as well as while the balloon was
at float altitude. Positive electrica l conductivity data measured at
float altitude were typically in the range of 2—3 x 10’ 13 mho/cm , which
are consistent with parachute—borne blunt probe data . Negative electrical
conductivity measurements made during the flig ht were observed to be larger
than corresponding positive electrical conductivity values , thus indicating
that the negative ions were comparatively more mobile.

Enhancements in electrical conductivity were observed when a krypton dis-
charge ionization l amp was operating , with the increases in negative elec-
trical conductivity being larger than the corresponding enhancements in
oositive electrical conductivity .

After cutdown when the scientific package was descending on a parachute ,
the electrical conductivity measurements were observed to decrease with a
value of approximately 2 x l O 1 ~ mho/cm measured at the tropopause . The
altitude dependence for electrical conductivity during this descent was in
good agreement with representative data obtained from rocket-launched
parachute-borne blunt probe experiments.
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ABSTRACT

Absorption bands of CF2C1 2, CFC 1 3, and CCL+ have been observed on infrared
sunset solar spectra in the 800—1000 cnr 1 region from 30 km altitude during
a balloon flight made in September 1975, The infrared absorption bands
were used to derive the distribution of these constituents in the upper
troposphere and lower stratosphere. The results are compared with 1968
data and wi th current results of other authors.

INTRODUCTION

The controversy concerning the possible depletion of the ozone layer by
the fluorocarbons has resulted in an increased interest in the measure-
ment of these molecules in the lower stratosphere. Several measurements
have been reported to date, (See the recent bibliography in Goldman [1].)
In all of these cases the measurements have been made by collecting sam-
ples at various altitudes in the stratosphere or by in situ measurement
techniques. Since many fluorocarbon mol ecules have strong infrared absorp-
tion bands, the possibility of using infrared spectroscopic techniques
exists. These techniques have the advantage of being suitable for remote
sensing of the constituents.
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Examination of solar spectra obta i ned at sunset from 30 km during a bal-
l oon flight performed in 1 968 showed absorption features in the 800 cm 1
— 1000 cm— 1 region tentatively assigned to CF2C1 2 and CFC1 3 [2]. Solar
spectra covering this spectral region were obtained at large solar zeni th
ang l es from 30 km during a balloon flight performed 26 September 1975 from
Hol loman AFB, NM. These spectra confirmed the earlier identification of
the absorptions and demonstrated the possibility of using infrared spectro-
scopic techniques for the measurement of these molecules in the stratosphere.

INSTRUMENTATION

The instrumentation used to obtain the data consists of a biaxial pointing
control for maintaining the solar radiation on the spectrometer entrance
slit , a 1-1/4 m grating spectrometer system, a digital magnetic tape re-
cording system for on—board recording of the data generated by the instru— I -

mentation , an FM/FM telemetry system as a backup data handling system,
various battery packs for supplying the power required to run the units ,
and a gondola system for assembling the various units and protecting them
when they are returned to the ground by parachute.

The various units , with the exception of the grating spectrometer, have -
,

been described in earlier articles [3]. The spectrometer system is a new
unit which was completed just before the flight of 26 September 1 975. The
unit is a 1-1/4 m Czerny-Turner system equipped with a 20 by 20 cm Bausch
and Lomb grating blazed at l6pm . The spacing of all optical components
is controlled by invar rods to keep the unit in optical alignment over the
temperature range encountered during the balloon flight. To compensate
for some of the changes associated with different expansion coefficients
of the glass optics and the invar , small aluminum spacers are used with
the longer invar rods. This combination has resulted in an instrument
that maintains ali gnmen t over a wide temperature range.

The optical system incorporates a beam splitter into the exit optics which
brings the beams out to two Cu :Ge detectors. The proper choice of the
beam splitter and filters over the detectors makes it possible to record
two orders of the grating simultaneously . The radiation passing through
the spectrometer system is double passed and interrupted by a tuning fork
chopper after the first pass. The ac signals from the detectors are ampli-
fied and synchronously rectified .

FLIGHT DETAILS

The sensitivity of this technique for measuring minor constituents is
greatly enhanced by making the measurements at large solar zenith angles
(sunset or sunrise). Thus for this flight , primary emphasis was placed
on obtaining data during the sunset. According ly, the launch was accom-
plished at 1548 MDI. The balloon ascended at an average ascent rate of
250 rn/mm reaching float altitude (29.8 km) at 1820 MDT. Balloon sunset
occurred at 1930 MDI; however, the balloon remained at float until 2200
MDI when the flight was terminated. The equipment was recovered without
incident and in good condition .

112

_ _ _ _ _ _  - — -



~~
-
~I

DATA REDUCTION

All systems worked very wel l and spectra were obtained from the ground
through float a~nd from float altitude through the sunset. For this flight
the spectrometer was set to scan from 4.5~m to 6.5~m and from lO.Opm tol8.O~.m. Because the fluorocarbons have strong absorption in the lO.Oijm
to 14.Opm region , primary emphasis has been placed on reducing the data
in this region. Consequently, only data in this wavelength region are
reported here.

Since the concentrations of the fluorocarbons in the stratosphere are in
the parts per trillion range, the absorptions are only strong enough to be
observed in the sunset spectra . The solar spectra obta i ned during sunset
are shown in Fig. 1. The absorptions due to CF2C1 2, CFC1 3 and CCl~ areindicated on the figure. Data taken at float altitude before sunset were
used to determine the vacuum envelope and this envelope was used to reduce
the data to percent transmission . These reduced data are given in Fig. 2.
Also shown in this figure are laboratory spectra of small amounts of the
various absorbers in the absorption cel l to verify the identification of
the absorption features.

ANALYSIS

CF2C12

Although this molecule has been the subject of severa l laboratory investi-
gations , none of them were aimed at obtaining the data necessary for quan-
titative analysis of the observed solar spectra. In view of this a labo-
ratory investi gation to determine the band model parameters for the 920
cm— 1 region was undertaken. The results of this investigation are in
press [1]. Using these results , the authors estimated the amount of CF2C1 2
in the optical path for each spectrum. The air mass traversed by the
solar radiation in reaching the spectrometer was determined for each record
by using a computer program which includes refraction effects. The average
mixing ratio of CF2C1 2 for each spectrum was then determined on the assump-
tion of uniform mixing along the path. Because the mixing ratio decreases
with altitude , this assumption slightly underestimates the mixing ratio
that would be present at the minimum altitude along the path. Since the
major portion of the optical path is traversed within 2 km of the minimum
height , the mixing ratios can be taken as representative of those occur-
ring at about a kilometer above the minimum heig ht. The estimated mixing
ratio versus altitude profile given in Fi g. 3 is plotted on this basis.
The values obtained from the 1968 spectra are included for comparison .
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CFC 1 3
The comments concerning the status of quantitative laboratory spectra for
CF~C1 2 also apply to this mol ecule. The authors currently are perform-
ing a laboratory study of CFC1 3 similar to that for the CF3C1 2. This
study has not been completed , but sufficient spectra have been obtained
for preliminary analysi s of the data obtained during this flight. These
results and the 1 968 results are also shown in Fig. 3. (Comments made
concerning the path also apply for this molecule.)

CCl~,

The absorption due to this molecule is overlapped by absorptions due to
03 and CO2. Thus the major problem in determining the mixing ratio for
the CCl~ lies in separating absorptions due to the CCl~ from those dueto the 03 and CO~. In principle this separation is accomplished by
using line -by— line theoretical calculations to match the CO2 and 03 ab-
sorptions outside of the overlap region and then using the calculated
spectra for 03 and CO2 to remove their contributions to the overlap
region of the spectra . Suitable laboratory data were not available for
this molecule so laboratory data had to be run for this mol ecule as well .
The preliminary results of this analysis are also given in Fig. 3.

DISCUSSION

The recent results of stratospheric measurements of CF 2C12 and CFC1 3
published by other investigators are given in Tabl e 1 along with results
from this experiment. Examination of these data indicates that the data
obtained during this flight fall within the range of values measured by
other investigators using in situ techniques. In comparing results one
must keep in mind the variability in concentration of these molecules with
time , particularly the long-term increasing trend in concentration expected
for CF2C1 2 and CFC1 3. This trend is evident in comparing data obtained
in 1968 [3] with the present results. This comparison shows an increase
in the stratospheric mixing ratio of these gases of ‘~2.5 in the 7—year
period .

The decrease with altitude of the CFC1 3 and CF2C1 2 mixing ratio shown
in these data is in agreement with the theoretical prediction and with the
other observations [4]. However , the CF2C1 2 falloff is not as well estab-
lished from our data.

ACCURACY

The absolute accuracy achieved in the measurements of these molecules
using this technique depends on two independent factors: (1) determina-
tion of the number of molecules of the gases of interest in the optical
path traversed by the radiation , and (2) determination of the total number

- - 
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of air molecules in the same optical path. The first depends on determin-
ing an appropriate relation between absorption and number of molecules (so—
called “curve of growth” ) and the accuracy of the absorption measurement
in the solar spectra due to the molecules of interest. The second depends
mostly on the geometry of the path traversed by the radiation , which in
turn is affected by the accuracy of biaxial pointing control.

The gases studied here are easy to handle in the laboratory so that the
laboratory determination of the curve of growth can be obtained with the
accuracy of the derived curve of growth parameters of the order of ±10%.
It is easy to achieve accuracy in the calibration spectra because the lab-
oratory measurements do not require diluting the gas down to the ppt range
as required for calibrating the in situ techniques , but rather handling
gas samples of the pure or nitrogen broadened gas at a few millimeters
mercury of pressure. The determination of the amount of absorption in the
solar spectra is a more difficult problem . The accuracy of such a deter-
mination depends on the particular mol ecule since a major uncertainty
arises from the overlap of absorption due to the other atmospheric con-
stituents. Thus the CF2C1 2 is weakly overlapped by HNO3 and CO2 and theCFC 1 3 is relatively free of interference, although at a large solar zenith
angle (upper tropospheric paths) water vapor contributes to the observed
absorption. The CC1~ , on the other hand , is strongly overlapped by the 

$

03 and CO2 absorptions , and auxiliary calculations are needed to remove the
absorptions due to these constituents from the solar spectra. Thus the
estimates of the overall accuracy of the determination of the amount of
gas in the optical path varies for the various mol ecules , being ‘-~20% forCFC1 3 and CF2C1 2 and probably ~3O% for the Cd 1. The other source of error ,
the error of determining the number of molecules in the optical path tra-
versed by the solar radiation , could also be on the order of 20%.

Extrapolating the present values to lower altitudes indicates that the
-
- tropospheric mixing ratio for CEC1 3 appears higher than the measure-

ments made using in situ techniques (165 ppt compared with 100—140 ppt),
while the measurement of CF2C1 2 appears lower (185 ppt compared with
200—250 ppt) [7). Any systematic pointing error would cause both values
to be in error in the same direction ; therefore, the results appear to be
in error due to the determination of the number of molecules in the path .
On this basis the values for the CFC1 3 and CF2C1 2 are probably good to
within ±20%. The present values for CC1~ are accurate to within ±30%.Extrapolating these values to lower altitudes shows agreement with current
values within the error limi ts.

CONCLUSION

This technique for remote sensing of these molecules appears to have gi ven
H . results in reasonably good agreement with the in situ measurements. By

adding monitors to the biaxial pointing system, the pointing error can be
reduced so that the major uncertainty will lie in the elimination of the
effect of absorption due to other constituents . The sensitivity can be
increased by increasing the signal to noise in the solar spectra and by
Increasing the spectral resolution.
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