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1.0 GENERAL SUMMARY

The NASA/JSC Environmental Effects Uffice (EE0), in conjunction with
several government and private agencies, conducted five balloon-
parachute fligii*s from the National Scientific Balloon Facility (NSBF)
at Palestine, Texas, during the period from May 1976 through October
1976. These flights (see 1able I) were designed to measure the ver-
tical concentration profile of trace stratospheric species which form
major 1inks in the chiorine photochemical system of the upper atmo-
sphera. As snch, thev represent a continuation of the previous six
flights in this saries which were instrumented to measure the vertical
concentration rnfiles of atomic oxygen, the hydroxyl radical and
ozone in the stratosphere. These earlier flights are fully documented
in JSC Internal Report JSC-11846 (Balloon Stratospheric Research
Flights - November 1974 to January 1976) dated October 1976.

This document contains an overview of the scientific goals of the
program, a statement of program management and support functions, a
brief description of the instrumentation flown, pertinent engineering
and payload operations data, and a summary of the scientific data
obtained for four flights during the period from May 1976 through
October 1976. Results of the 14-meter parachute Test Flight, flown

on 5-2-76, are described in a Quick-Look Flight Report (ref. TC-76-337,
dated 5-10-76) prepared by NASA/JSC/EEQ and are not discussed in this

report.



TABLE 1. BALLOON STRATOSPHERIC RESEARCH FLIGHTS
APRIL 1976 TO DECEMBER 1976

P NCAR Date ]

Flight Flight Type of Experiment Launch Time |

No. Release Time —

. I

7 954-p 1st Chlorine Oxide (C10-1) 4-4-76 (1} NASA/JSC-NCAR-University of Michigan i
Measurement (C18/Aerosui-1): 1053 CST {2) - Langley Research Center/

. 1534 CST Un1ver51ty of Pittsburgh {4} - «alIops

Flight Zenter {5) ;

8 961-P Parachute Test Flight 5-2-76 HASA/JSC-NCAR-GSFC {€; - University ‘

Surface and 16.75-meter 1041 ¢DT {Js€)

{14-meter Diameter Guide 0655 CDT of Michigan {7] f
]
Diameter Cross Parachute) [1045 CDT (GSFC) ;

j g 965-P 2nd Chlorine Oxide (C10-2) 5-15-76 NASA/JSC-NCAR-University of Michigan ?
= Measurement (C1C/Grab 0727 €OT (2} & {3) !
Sampie-2) 1200 CDT
. 10 977-P | 1st Atomic Chlorine/ 7-28-76 NASA/ISC-KCAR-University of Michigan
’ Chlorine Oxide (C1/C10-1) 0829 CDT . {2} - Wallops Flight Center {5)
Measurement (C1-C10-1) 1241 CDT
11 930-p 2nd Atomic Chlorine/ 10-2-76 i NASA/JSC-NCAR-University of Michigan
Chlorine Oxide (C1/C10-2) 0759 CDT {2} - Wallops Flight Center {5}
Measurement (CIIC]DIGB) 1215 €DT
3
12 1001-P | 3rd Atomic Chlorine/ 12-8-76 NASA/JSC-NCAR-University of Michigan
Chiorine Oxicd> {C1/C10-3) 0853 CDT (2) - Wailops Flight Center (5)
Ozone 0 Totsy Air Temp 1200 CDT
| (TAT)
—

(1) The first attempt to launch the Ist Chlorine Oxide (C10) Measurement payload on 4-1-76 was
aborted on the Taunch pad due to insufficient balloon 1ift.
(2) Resonance/f1u0rescence instrumentation ;(3) Grab sample instrumentation ; (4) Aerosol instrumentation

(5) Ozonesondes ; (6) 16.75-meter cross parachute ; (7} Solar background (118.8 am) counter instrumentation
and mu1t1-modu1e instrument support frame

k]



2.0 SCIENTIFIC RATIONALE AND GOALS

Over the past decada, as our understanding of the delicate photo-
chemical balance of the Earth's upper atmosphore has expanded, it
has become clear that irreversible harm can be done to this region
of the atmosuhere by contaminants released at the Earth's surface

or in the Tower atmosphere. Of particular concern is the depletion
of stratospheric ozone (03) ~ an important natural resource due to
its unique capability of scruening the Earth's surface from ultra-
vioiet radiation, Attempts to quantitatively predict photochemical
perturbations of the ozone layer (and thus variations in the ultra-
violet dosage reaching the surface) resulting from the injection and
diffusion of gases into the stratosphere, have demonstrated that
insufficient empirical knowledge exists regarding the concentration
of various atomic and diatomic radicals in the stratosphere. These
minor species are thought to control ozone through catalytic reaction

cycles.*

Although our appreciation for rotential problems has grown, our
understanding of the fundamental physical and chemical processes
which control the stratosphere is incomplete and seriously lacking
in observational verification. In particular, most of the major
atomic and diatomic species which are thought to couple the oxygen,

hydrogen, nitrogen, and chlorine photochemical systems together have

¥ A description of :zone chemistry and ozone reduction by catalytic
reaction cycles is given in JSC Internal Note JSC-09688
(Fundamentals of Stratospheric Ozone) dated June 1975,



never been observed, Thus, it ¢ difficult to defend theories which
attempt to corvelate the injection of a stable compound with, for

example, the depletion of stratospheric ozone,

The complexity of stratospheric photochemistry is illustrated in
figure 1. The major chemical source terms, indicated by upward-
pointing arrows, are relatively stable polyatomic molecules released
from the earth's surface and within the troposphere. These species
have chemical lifetimes on the order of weeks to months so that their
upward flow and global distribution is, in general, governed by
transport processes. The linking radicals are formed directly (and
irreversibly)} from the chemical source terms either by photolysis
(dissociation by ultraviolet solar radiation) or chemical reaction.
The radicals, in contrast to the source terms, have chemical 1ife-
times on the order of minutes and they thus reflect the chemical
conditions in their immediate vicinity. The reservoir or sink terms,
indicated by downward-pointing arrows, are formed by the recombination
of the radicals. Like the source terms, they are rather stable
chemically but may be recycled into the radical system by photolysis

and chemical reaction or removed by downward and meridional transport.

The NASA/JSC Environmental Effects Project O0ffice, in conjunction
with several government and private agencies, is studying the vertical
concentratios profiles of those radicals which form major links in

the photochemical systems of the stratosphere. The goal of the
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research is to determine simultaneously the absolute concentration

of one or more radicals in each of the major stratospheric systems.
This will allow for empirical verification of calculated ozone
depletion resulting from the presence of hydrogen, nitrogen, and
chlorine source gases in the stratosphere. The data gathered are
indicative of the current state of the stratosphere and will estab-
Tish an invaluable basis for wmeasurement of future changes in the
concentration of the critical trace species. Among the most impor-
tant constituents are atomic oxygen, ozone, hydrogen, chlorine, and
the oxides of hydrogen, nitrogen, and chlorine - all of which are
under study at the present time. This report documents five balloon-
parachute flights conducted to measure the concentration of atomic
chlorine (C1) and/or chlorine oxide {C10) at varjous levels in the
stratosphere. Reference measurements of stratospheric ozone (conducted
via radiosonde}, ancillary measurement of stratospheric aercsols, and
the collection of stratospheric gases using a grab sample technique

are also documented,

3.0 PROGRAM MANAGEMENT

The JSC Science and Applications Dirvectorate is responsible for the
overall direction and evaluaticn of the balloon-parachute stratospheric

measurements program.



4,0 PROGRAM SUPPORT

The JSC/Environmental Effects Office (EEQ) conducts the balloon~-
parachute flight operations. Prime overall technical and operational
support of the payload is provided by Lockheed Electronics Company,
Inc. {LEC), under terms of a scientific and engineering support
services contract to JSC. The National Center for Atmospheric
Research (NCAR) provides prime operational support such as launch
operations, payload tracking, recovery operations, range safety,

facilities, and meteorological data.

The University of Michigan working under contract to the EEQ has
responsibility for the resonance fluorescence and grab sample
instrumentation. Data reduction and analysis for measurements
obtained with this instrumentation are the joint responsibility of
the University of Michigan and the EEQ. The University of Pittsburgh
under the sponsorship of Langley Research Center is responsible for
ancillary aerosol particle counter instrumentation flown on the first
C10 flight and also for reduction and analysis of the aerosol data.
Wallops Flight Center is r¢ Jonsible for operation of the reference
ozone (radiosonde) instrumentation and for data reduction of the

resulting ozone measurements.

In addition to scientific and managerial administration of the program,
NASA/JSC also provides logistics and technical support for the flights.

The JSC/Logistics Division is responsible for transportation of payload



and support equipment to the NCAR facility. The JSC/Space Environment
Test Division assists in demonstrating the capability of the instru-
mentation to withstand the thermal and vacuum conditions encountered
during balloon flights., The JSC/Space Vehicle Battery Facility is
responsible for the preparation and delivery of the flight and spare
battery and for the up-lcoking notion picture camera. The JSC/
Photographic Division provides documentary photography for Taunch,

flight, and recovery.



5.0 BALLOON OBSERVATION OF STRATOSPHERIC SPECIES (BOSS) FLIGHTS



5.1 FIRST CHLORINE OXIDE {C10-1) MEASUREMENT
{(NCAR FLIGHT NO. 954-P)
4 April 1976

10



5.1,1 SUMMARY

This balloon-parachute flight was ihe sixth flight of the laminar flow
through/resonance fluorescence instrument (principal investigator:

Dr. James Anderson, University of Michigan) and took place on 4 April
1976. The purposes of the flight were to measure the vertical concen-
tration profile of chiorine oxide (C10) in the 25 to 45 km altitude
range and to obtain an in situ grab sample of stratospheric gas at an
altitude of approximately 20 km. An ancillary experiment was again
flown as part of the payload to perform counting measturements (as a
function of altitude) of stratospheric aerosols with surface-ionizable

constituents.

The first attempt to launch the €10 instrument payload was made at

1015 CST on 1 April 1976 and is recorded as NCAR Flight Number 952-P,
This launch failed due to insufficient balloon 1ift., An investigation
of the failure identified the problem as being the direct result of
incorrectly recording the weight of the flight package. The two most
significant digits were transposed such that the weight was recorded

as 570 pounds {(not 750 pounds as was correct). As a result, insufficient
helium was loaded into the balloon and the flight was aborted on the
launch pad immediately after release from the launch vehicle. Minimal
damage was incurred by the payload but the framework protecting the
grab sample bottle was crushed and the frangible tube on the experiment
was broken allowing contaminating gases to enter the sample bottle.

This experiment was changed out prior to the next launch attempt.
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A successful launch of the C10 instrument paylovad was achieved at
1053 CST on 4 April 1976 from the NSBF at Palestine, Texas. Hardware
consisted of a 4.3x105 cubic meter balloon, 9.75-meter quide surface
parachute, NCAR telemetry system, JSC flight support module, the
resonance fluorescence instrument modified to measure the concentra-
tion of C10, a grab sample bottle, and an aerosol particle countor to
monitor the presence of particulates Targer and/or richer in surface
ionizable constituents than a pre-set discrimination level. The
University of Michigan was responsihle for the resonance fluorescence
and the University of Pittsburgh, under the sponsorship of Langley
Research Center, was responsible for the aerosol particle counter

instrumentation and for reduction and analysis of the aerosol data.

The payload weighed approximately 290 kg, and consisted of telemetry,
balloon control, descent-observation, and scientific instrumentation.

A sketch of the payload showing the placement antennae and instrumen-
tation is shown in figure 2. The modifications made in the placement
of antennae and the antennae support structures for the previous flight
of this series (the Third Hydroxyl OH(sz) Flight) were adopted for

the present flight. Figure 3 is a photoyraph of the payload hanging

from the launch vehicle taken a few minutes prior to lift-off.

Instrumentation carried as part of the payload consisted of NCAR and
JSC telemetry instrumentation, NCAR balloon control instrumentation,
NCAR and JSC pressure transducers to measure the altitude of the pay-

load, two vertical reference gyros to measure payload attitude, a

12
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z-axis accelerometer tu determine the loading forces when the parachute
is deployed, a single up-Tooking motion picture camera (64 frames/sec
using a 10 mm lens) to observe parachute opening and descent character-
istics, the laminar flow through/resonance fluorescence instrument to
easure the concentration of chlorine oxide, and an aerosol particle
counter to monitor the presence of particulates. A grab sample bottle
experiment from the University of Michigan was originally planned, but
it was damaged in the pad abort on 4/1/76; consequently, it was not
operational during this flight. Two ozone radiosondes were scheduled
to be launched in conjunction with the fiight to make correlative

measurements of the concentration of stratospheric ozone.

runction, manufacturer, model, and serial numbers for support instru-
mentation are itemized in Appandix A, Pertinent electrical and
mechanical drawings are 1isted in Appendix B. A description of the
telemetry systoms and channel allocations is given in Appendix C.

Photographic documentation for the flight is itemized in Appendiv D.

The payload reached a float altitude of 44.5 km (146 k ft) at approx-
imately 1400 CST after a normal ascent. However, the payload did not

respond to commands to activate the resonance fluorescence instrument.

A series of command transmissions (including sending commands from
the tracking aircraft, sending commands with different code addresses
and sending all programmed commands including FLIGHT TERMINATE failec

to produce any response from the payload. The flight was terminated
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automatically by the on-board backup timer at 1534:44 CST with house-
keeping data being received until 1541 CST, Due to the failure of
the payload to respond to commands, none of the scientific ohjectives

of the flight were achieved.

The payload Tanded in a clearing approximately 32 minutes after nayload
release about 25 nm NW of Jackson, Mississippi. The recovery crew
found that the ballast hopper contained 25 kg of ballast at the impact
site. Comparing this value with the command/ballast log indicated
that the failure occurred betweeen 1310 and 1320 CST (about 2 hours,

20 minutes into the flight) at an altitude of approximately 38 km

(125 k ft). The payload was recovered and returned to the NSBF at
Palestine on 5 April 1976, Post flight analysis by NSBF, JSC/EEQ and
LEC personnel during the period from 6-9 April 1976 isolated the fail-
ure to the on-board PCM command decoder system. A complete description
of the investigation is contained in a report from JSC/EEQ to NASA
Headquarters entitled "C10 Flight Failures and Corrective Action”

Reference TC-76-314 dated April 26, 1976.

5.1.2 PAYLOAD OPERATIONS

5.1.2.17 Ascent Phase

After the abortive attempt to launch the first chlorine oxide C10
payload on 1 April (designated as NCAR Flight No. 952-P), a successful
Taunch occurred at 1053 CST, 4 April 1976, and was accomplished using

16



the dynamic launch technique. The fiight profile for the First Chlorine
Oxide C10 Flight is illustrated in figure 4., The ballgon system
asvended at an average rate of 4.0 meters per second to a float alti-
tude of 44.5 km, The altitude of the payload was measured by three
pressure transducers: a high range (0.1-0 psi), a medium range (1-0
psi} and a tow range (15-0 psi), Figure 5 is a *“ot of the altitude
data obtained from these three sensors during the ascent and float
phases of the flight. Except for the data at ~44.5 km, the portions
of the curves where the indicated altitude is nearly constant with
time indicate the saturation Tevels of the pressure transducers. An
apparent discrepancy exists between the high and medium sensors of

about 1.2 km.

5.1.2.2 Descent Phase

The payload failed to respond to commands and the paylioad was released
automatically by the backup on-board timer at 1534:44 CST. The z-axis
accelerometer measured the Toading forces while two vertical reference
gyros monitored the descent attitude of the system. Payload altitude
as measured by the three pressure transducers during descent is plotted
in figure 6. The discrepancy in the altitude data as measured by the
three sensors is apparent. The velocity/altitude profile of the
descending payload is shown in figure 7. The velocities on this
flights are comparable to those of previous flights, The vertical
force on the payload during parachute deployment is illustrated in

figure 8. The payload reached terminal velocity in about 33 seconds
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as is normal for this parachute. Figure 9 shows the probability that
the anguiar deviation of the payload from vertical is less than a given
angle as a functinn of angle during the first 7 minutes of descent.

The payload was within 10 degrees of vertical 40% of the time and was
within 15 degrees of vertical 75% of the time. This flight had some-
what more nscillation in the descent than the previous flight of this
series but the degree of stability is still roughly comparable to the

stability exhibited by the parachute system in the past.

5.1.2.3 Power and Temperature Profiles

Due to the command system failure, the C10 experiment could not be
turned ON and very little power was consumed. The total power used by
the complete payload was 10.5 ampere~hours with the C10 experiment
accounting for only 2.68 ampere-hours of this total. The integrated
power cansumption is plotted as a function of time in figure 10.
Figure 11 is a thermal history of the battery and transmitter for the
fiight. fﬁe curves show a warm launch temperature and the normal drop

in temperature as the payload gained altitude.

5.1.3 POSTFLIGHT ACTIVITIES

The parachute/payload landed in a cTearing approximately 32 minutes

after payload release 25 nm NW of Jackson, Mississippi. The recovery
crew found that the ballast hopper contained 25 kg of ballast at the
impact site. Comparing this value with the command/ballast log indi-

cated that the failure occurred between 1310 and 1320 CST at an altitude
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of approximately 38 km {125 k ft). The payload was recovered in good
condition and returned to the NSBF at Palestine the evening of 5 April
1976. On 6 April 1976 an investigation of the failure was initiated,
Results of this investigation were reported to EEPO in an LEC document

authored by W. C., Gibson dated 12 April 1976.

5,1.4 DATA RESULTS

Due to the failure of the payload to respond to commands, no data was
received from the resonance fluorescence instrument to allow the con-
struction of a vertical concentration profile for C10. Likewise, no
data was received from the aerosol particle counter. None of the

scientific objectives of the flight were achieved.

Wallops launched ozonesondes to determine ozone profiles. Results of

these measurements are shown in figure 12,
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5.2 SECOND CHLORINE OXIDE (C10-2) MEASUREMENT
(NCAR FLIGHT NO. 965-P)
15 May 1976

29



5.2.1 SUMMARY

Thic balloon-parachute flight was the seventh flight of the laminar
flow through/resonance fluorescence instrument (principal investigator:
Dr. James Anderson, University of Michigan) and took place on 15 May
1976. The purposes of the flighi were to measure the vertical con-
centration profile of chlorine oxide {C10} in the 25 to 45 km altitude
range and to obtain an in situ grab sample of stratospheric gas at an

altitude of approximately 20 km,
a

The flight was launched at 0727 CDT from the NSBF at Palestine, Texas.
The morning launch was chosen such that the payload could be relezased
from the balloon at midday at which time the theoretical diurnal con-
centration cycle of C10 would be stable. Hardware consisted of a
4.3x105 cubic meter balloon, 9.75-meter guide surface parachute, NCAR
telemetry system, JSC flight support module, the resonance fluorescence
instrument modified to measure the concentration of C10, and the in
situ grao sample bottle. The University of Michigan was responsible
for the resonance fluorescence and grab sample instrumentation. Thus
the hardware was essentially identical to that flown on the previous
flight of this series with the exception that the aerosol particle

counter experiment was deleted.

The resonance fluorescence instrument was launched with only the photo-
multiplier tubes (PMTs) and engineering data monitors operating. The

payload condition and background readings from the PMTs were checked
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during ascent and appeared to be satisfactory. A1l payload systems
functioned as expected including the NCAR PCM command system. The
payload reached a fioat altitude of 45 km (148 k ft) at approximately
1030 €DT after a normal ascent., The command to release the payload

was sent from the NCAR tower at 1200 noon CDT to begin the data gather-
ing phase of the mission. C10 concentration data was obtained from

41 km (134,5 k ft) to 27 km (88.5 k ft). The grab sample bottle
experiment was activated on schedule and apparently worked normally.
The bottle and entrapped sample were returned to the University of

Michigan for study,

The overall nerformance of both JSC and NCAR telemetry systems du=ing
the flight was excellent and good quality data was transmitted to each

of the three ground tracking stations used for this flight. A sketch of

the payload is shown in Figure 13 and a photo of the launch is shown in
Figure 14,

5.2.2 PAYLOAD OPERATIONS

5.2.2.1 Ascent Phase

The flight profile for the Second Chlorine Oxide C10 FTight is illus~
trated in figure 15. Launch occurred at 0727 CDT, 15 May 1976, and

was accomplished usirg the dynamic Taunch technique. The 4.5x105 cubic
metcr balloon and payload were launched very cleanly from the NCAR
launch vehicle. There was ho visible release interference, ground
contact, or excessive swinging of the payload. The parachute and
suspension system appeared to be correctly rigged and straight. The

balloon system ascended at an average rate of 4.1 me*ers per second

3
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to a float altitude of 45 km. The altitude of the payload was
measured by three pressure transducers: a high range (0.1-0 psi),

a medium range {1-0 psi) and a Tow range (15-0 psi). Figure 16 is a
plat of the altitude data obtained from these three sensors during
the ascent phase of the flight. Except for the data at ~45 km, the
portions of the curves where the indicated altitude is nearly constant
with time indicate the saturation levels of the pressure transducers.
As in the previous flight, an apparent discrepancy exists in the
altitude data. The magnitude of this discrepancy is about 2 km for
the Tow and medium range sensors. Because the payload was to be
released around noon and nothing of significance appeared to be
happening, the recorder was turned OFF at about 1030 CDT and turned
ON again at 1128 CDT.

5.2.2.2 Descent Phase

The payload was released on command from the NCAR tower at 1200 noon
CST and the data gathering phase of the mission began. An onboard -
motion picture camera and accelerometer observed parachute deployment
and measured the loading forces while twe vertical reference gyros
monitored the descent attitude of the system. Payload altitude as
measured by the three pressure transducers duiing descent is plotted
in figure 17. The discrepancy in the altitude data as measured by

the Tow and medium sensors is apparent. The velocity/altitude profile
of the descending payload is shown in figure 18. The velocities

encountered on the present flight are comparable to those of previous
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flights. The vertical force on the payload during parachute deploy-
ment is illustrated in figure 19. The payload reached terminal
velocity in about 30 seconds as is normal for this parachute. Figure
20 shows the probability that the angular deviation of the payload
from vertical is less than a given angle as @ function if angle during
the first 20 minutes of descent. The payload was within 10 degrees

of vertical 40% of the time and was within 15 de:rees of vertical 75%
of the time. This degree of stability is comparable to the stability
exhibited by the parachute system in the past.

5,2.2.3 Power and Temperature Profiles

Figure 21 shows the payload power consuimption integrated as a function
of time for the flight. The magnetron on the resonance fluorescence
instrument was turned ON at 1159 and turned OFF 9 minutes Tater and
resulted in the large increase in power consumption around the time
of cut down. Total power used by the compiete payload was 16.9 ampere
hours with the C10 experiment accounting for = 2 ampere hours of this

total.

Figure 22 is a thermal history of the battery and transmitter for the
flight. Figure 23 is a similar plot showing the temperature of the
uplooking motion picture camera. A comparison of these two

figures shows when power was supplied to the heaters on the camera.
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5.2,3 POSTFLIGHT ACTIVITIES

The parachute/payload landed in an open field only 19 nm from the
NSBF at Palestine, Texas at 1233 CDT. There was no apparent damage
to the instrument or support systems upon impact and the payload was

recovered and returned to the NSBF Tess than 90 minutes after landing.

5.2.4 DATA RESHLTS

5.2.4.1 Resonance Fluorescence Experiment

Concentration profile data obtained from this flight is available
from the Principal Investigator, Dr. J. Anderson, at the University

of Michigan.
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5.2.4.2 Grab Sample Experiment

A grab sample system was flown by investigators from University of
Michigan to demonstrate the operation and performance of a specific
f1ight hardware design. The objective was to develop a grab sample
capahility on all future flights to measure NEO, Freon 11 and Freon 12
at an altitude of 20 Km, This flight verified that the sample was

taken at the intended altitude. The contents were examined only for
methane by investigators at the University of Michigan using gas
chromatography-flame ionization detection (CG-F1D) technique. Additional
information can be obtained on this flight experiment by contacting

~. (icerone, B, Kennedy or D. Steadman at the University of Michigan.
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5.3 First Atomic Chlorine/Chlorine Oxide
(C1/C10-1) Measurement
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5.3.17 SUMMARY

This balloon-parachute flight was the eighth flight of the laminar
flow through/resonance fluorescence instrumentation {principal
investigator: [Dr. James Anderson, University of Michigan) and took
place on 28 July 1976, The purpose of the flight was to measure the
vertical concentration profiles of chlaorine oxide (C10) and atomic

chlorine (C1) in the stratosphere,

The flight was launched at 0829 CDT from the NSBF at Palestine, Texas.
The morning Taunch was chosen such that the payload could he released
from the balloon when the theoretical diurnal concentration cycle of

C1 and C10 would be stable (approximately the same period in the cycle
as the previous flight in this series}. 7To accomplish the simultaneous
measurement of the concentration of two stratospheric species, the
University of Michigan mechanically and electrically reconfigured the
scientific portion of the payload to use two resonhance fluorescence
instrument pods. The additional pod and supporting structure increased
the payload weight necessitating the use of a 14-meter guide surface

5 cubic

parachute. Additional support hardware consisted of a 4.4x10
meter balloon, NCAR telemetry system, and the JSC flight support module.
Figure 24 identifies various subsystems and components and figure 25

shows the payload ready for launch.

The resonance fluorescence instruments weve launched in a Tow power

configuration with only the photomultiplier tubes (PMTs) and engineering

48



|
|
%z Launch Pin Fitting

. Relay Antenna

s
Pach-up
Avlvnng |

Radio
Bearon

. Umega Tracking
dnterna

\
\
)
3
z

. Analog MuX
Diaital M
Jata Lucodey

. Hosemounte
VL0 Mounte
Minar/hmn
Transmitter

B0 Boaler lox
J5C Camera Relaye
NEAR Lipr Batt
Lapwra hatt

LA dupetian By

. byros
Vert Accelerometer

gnem tiny
2, Flight fatteries
4. swnsor et
A, Gyro/dotr felay Box
5. Lurrent “ensors
6. Power Distribulion
/. lmpact Recorder

JSC BOM M Astenna

Figure 24. Sketc' >f the First Atomic Chlovine/Chlorine Oxide
{Ci/L. 1) Payload

43




Bais

o

-
-2
=

HOOd §1 2DV
111 40 ALITHE

Figure 25,

Photo of the First Atomic Chlovine/Uhlorine Oxide [C1/010-1) Pavioad feady for Launech



data monitors operating. The payload condition and background readings
from the PMTs were checked during ascent and appeared to be satisfactory.
Instrument activation prior to cut down was normal with all functions
responding as planned. The payload reached a float altitude of 43 km
(141 k ft) at approximately 1045 CDT after a normal ascent. The com-
mand to reiease the payload was sent from the NCAR tower at 1200 noon
CDT to begin the data gathering phase of the mission. (10 concentration
data was obtained from 41 km (134.5 k ft) to 27 km (88.6 k ft) and
C1(2P) concentration data was obtained from 42 km (137.8 k ft) to 35

km (114.8 k ft).

The overall performance of both JSC and NCAR telemetry systems during
the flight was excellent and good quality data was transmitted to each

of the three ground tracking stations used for this flight.

The parachute/payload landed in an open field approximately 20 nm east
of Brownwood, Texas at 1247 CDT. The dual pod attachment structure
apparently failed on impact as predicted, This structural failure
occurred at specific points and was intentional to reduce the landing
impact effects on the electronics package. The only apparent damage
to any payload system was mechanical damage to exposed cabling. The
payload was recovered and returned to the NSBF at Palestine on 29 July

1976.
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5.3.2 PAYLOAD OPERATIONS

5.3.2.1 Ascent Phase

The flight profile for the First Atomic Chlorine/Chlorine Oxide C1/C10
Flight is illustrated in figure 26. Launch ocrurred at 0829 CDT,

28 July 1976, and was accomplished usiig the dynamic launch technique.
The 4.4x105 cubic meter balloon and payload were launched from the
NCAR launch vehicle with no visible release interference, ground con-
tact or excessive swinging of the payload. The haliecn system ascended
at an average rate of 5.3 meters per sacand to a fie.t altitude of

43 km, The altitude of the payloau was measured by three pressure
transducers: a high range (0.1-0 ps!' 4 wedium range (1-0 psi) and a
low range (15-0 psi). The temperatur.: of the low and medium range
sensors were monitored during the flight to determine if the thermal
environment was responsible for the discrepancies in the altitude data
seen on the two previous flights. As shown in figure 26, the thermis-
tors had essentially identical temperature readings throughout the
flight and the range in temperature was well within acceptable limits.
Figure 27 is a plot of the altitude data obtained from the three pres-
sure transducers during the ascent phase of the fiight. Despite the
small temperature differences measured, the discrepancy in the altitude
data remains. Except for the data at ~43 km, the portions of the
curves where the indicated altitude is nearly constant with time indi-

cate the saturation levels of the pressure transducers.

52



€S

Altitude (km)

50 | | L
-.__-—-"/
a0 | 4
30 B
20 |- -
10 - BOSS 7
C1/C10-;
10-2-76
1 1 |
0 900 1000 1100 1209

Figure 26.

Time (CDT)

Best estimate of altitude/time profile for the ascending payload
during the first Atomic Chlorine/Chlorine Oxide (C1/C10-1) flight



4]

50 T T 1
e
0 —
High
= 30 -
=
-1
B
b
< 201 Med -
10 BOSS -
Ci/Ci0-1
10-2-76
Low
0 L t i
0900 1000 1100 1200
Time (CDT)

Figure 27. Altitude/time profiles for the ascending payload during
the first Atomic Cnlorine/Chlorine Cxide (CL/CI0-1) flignt
as measured by three prassure transducers.



5,3.2.2 Descent Phace

The payload was released on command from the NCAR tower at 1200 noon
C5T and the data gathering phase of the mission began. Solar zenith
angle at the time of cut down was 16 degrees and the payload latitude
was 31.4 degrees North. An onboard motion picture camera and accelero-
meter observed parachute deployment and measured the loading forces
while two vertical reference gyros monitored the descent attitude of
the system. The best estimate of payload altitude determined from
the discordant pressure transducers during the descent is plotted in
figure 28. The velocity/altitude profile of the descending payload
is shown in figure 29. The velocities encountered on the present
flight are somewhat Jower overall when compared to previous flights,
The vertical force on the payload during deployment of the 14 meter
diameter parachute is illustrated in figure 30. The payload reached
terminal velocity in about 24 seconds (considerably faster than on
previous flights, which used a 9.75 meter diameter guide surface
parachute)., Figures 31, 32 and 33 show the probability that the
angular deviation of the payload is less than a given angle as a
function of angle for several time intervals during the descent.
Figure 31 shows the payload attitude probabilities during the first
6 minutes of descent (payload within 10 degrees of vertical 55% of
the time)}. Figure 32 shows the payload attitude probabilities during
the next 6 minutes of descent (payload within 10 degrees of vertical

45% of the time. Figure 33 is a similar plat for the first 19 minutes
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after cutdown (payload within 10 degrees of vertical 53 of the time).

Thus the attitude stability was excellent during the entire descent.

5.3.2.3 Power_and Terperature Profiles

Figure 34 shows the payload power consumptions integrated as a function
of time for the flight. Total power used by the complete payload was

14.1 ampere hours,

Figure 35 is a thermal history of the transmitter and the uplooking
motion picture camera for the flight. A similar plot showing the
temperatures of the Tow and medium pressure transducers for determin-

ing payload altitude was shown in figure 36.

5.3.3 POSTFLIGHT ACTIVITIES

The piload landed in a open field approximately 20 nautical
miles east of Brownwcod, Texas, at 1241 COT. The dual-pod attachment
structure apparently failed on impact at the predicted points to decrease
the shock on the electronic components. The payload was returned to

NSBF the following day and the only damage was to some exposed cabling.

5.3.4 DATA RESULTS

5.3.4.1 Resonance Fluorescence Experiment

The results of the resonance fluorescence measurements of atomic
chlorine and chlorine oxide which were obtained on this flight are

included in the scientific write-up which is attached to appendix E.
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5.3.4.2 0Qzonesonde Data

Personnel from Wallops Flight Center supported this stratospheric
measurement flight by Taunching two ozonesondes from the National Weather
Station at Longview, Texas. The first ozonesonde was launched at 1000 CDT
and the second ozonesonde was launched at 1309 COT. Concentration

measurements obtained by these two ozonesondes appears in figure 37.
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5.4 Second Atomic Chiorine/Chlorine Oxide (C1/C10-2) Measurement
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5.4.1 SUMMARY

This balloon parachute flight was the ninth flight of the laminar
flow through/resonance fluoreccent instrumentation (principal
investigator: Dr. James Anderson, Uriversity of Michigan) and tecok
place on 2 October 1976. The purpost of this flight was to measure
the vertical concentration profiles o7 atomic ciilovine (C1) and
chlorine oxide {C10) in the stratosphera. This fiight was also uti-
lized to perform a flight qualification test on a new design for an
ultraviolet absorption ozone monitor and a total »ir temperature

measuring device to supply temperature profiles to the chemical analysis.

The flight was launched at 0759 CDT from the National Science Balloon
Facility at Palestine, Texas. The morning launch was again chosen to
maximize the opportunity for Tow surface winds needed to Taunch the
baTloon and to drop around noon when the chlorine photochemistry has

stabilized,

The two pod configuration for the Taminar flow through/resonance
fiuorescence measurements was utilized and the ozone monitor and

total air temperature systems were installed in the NCAR electranics
box. The payload weight was 715 pounds and a 14 meter diameter guide
surface parachute was used on this flight. The payload was carried
aloft by a 4.4x10° m® helium filled balloon. A sketch of the payload
and a listing of support hardware instrumentation is shown in figure 38.
Figure 39 shows the paylcad hanging from the Taunch vehicle just prior

to launch.
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The payload reacthad a float altitude ¢f approximately 43 km at 1107 CDT,
The flight was terminated at 1215 CDT and the parachute/payload landed
close to a residence ou *he uutskirts of the town of Calvert, Texas
which is north of Bryan. the cual pod attachme- it structure failed at
the predicted points on impact. One of the vertinal support struts

to one of the University of Michigan pods also failed but did not

damage the rest of the instrumentation.

5.4,2 PAYLOAD OPERATIONS

5.4.2.1 Ascent Phase

The flight profile for the second atomic chlorine/chlorine oxide (C1/
C10~-2) flight is illustrated in figure 40. Launsh occurred at 0759 COT,
2 October 1976, and was accomplished using the dynamic launch technique.
The 4.4x105 > balloon and payload were launched from the NCAR launch
pad with no visible interference, ground contact, or accessive swinging
of the payload. The payload obtained an altitude of approximacely

43 km at 1107 CDT.

Operation of all sys'.ems during ascent was nominal except for the UV
ozone monitor. This system exhibited an unusually high background
noise level. Figure 41 shows the pressures indiciied by the three

onboard pressure transducers during the ascent phase of the flight.

5.4.2.2 Descent-Phase

The payload was released on command from the NCAR tower at 1215 CDT.
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An onboard motion picture camera observed the parachute deployment,
the accelerometer measured the G forces on parachute deployment, and
two vertical reference gyros monitored the descent attitude of the
system. The altitude profile as a function of time inferred from

the pressure transducers is shown in figure 42. The velocity as a
function of altitude for the descending payload is shown in figure 43.
Vertical forces experienced by the payload during release and deployment
of the 14 meter diameter parachute are shown in figure 44. Figure 45
shows the stability of the payload during the descent. This figure
indicates the probability that the payload has less than the indicated
angle during descent. Indications were that this payload was more
unstable than the first C1/C10 flight. This difference is attributed
to higher wind shears and atmospheric turbulence siace there were no

variations in the rigging which would account for this difference.

5.4.2.3 Power and Temperature Profiles

Figure 46 shows the payload power consumption integrated as a function
of time for the flight. Alsoc shown in that figure are the separate

power consumption profiles for the ozone monitor, and for the electronics
systems. Total power consumption was approximately 35 ampere-hours.
Figure 47 shows the temperature of the transmitter and the bati--
package. Figure 48 shows the skin temperature and the uploc: =~ ‘amera

during the flight.
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5.4.3 POSTFLIGHT ACTIVITIES

The payload Tanded in the edge of the town of Calvert, Texas which is
north of Bryan , Texas. Failure of the pod attachment structure occurred
at the predicted points. One of the vertical support struts to the
resonant fluorescence moduies failed on impact but did not damage any

of the other equipment and experiments. Recovery was completed and

the equipment returned to NCAR on the afternoon of 2 October 1976,
Postflight testing indicated that all components survived and were

sti1l in fully functional order.

5.4.4 DATA RESULTS

5.4.4.1 Resonance Fluorescence Experiment

The results of the resonance flucrescence measurements of atomic
chlorine and chlorine oxide which were obtained on this flight are

included in the scientific write-up which s attached to appendix E.
5.4.4.2 Qzone Data

Personnel from the Wallops Flight Center supported this flight
by launching three radiosondes from Longview, Texas. The first
radiosonde which was launched at 0856 CDT only produced data to
approximately 20 km. The other two radiosondes launched at 1053 CDT
and 1331 CDT, respectively, produced data up beyond 30 km. The con-

centration produced by the use of ozonesondes is shown in figure 49.
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The UV absorption ozone monitor was onboard this flight but
because of noise in the system, did not produce what is considered a

good concentration profile of ozone,

5.4,4.3 Total Air Temperature

A Rosemount Total Air Temperature (TAT) sensor was installed on
this flight. The temperature measurement that this instrument recorded

is shown in figure 50,
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5.5 Third Atomic Chlorine/Chlorine Oxide (C1/C10-3), Ozone Measurement
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5.56.1 Summary

This parachute flight was the tenth flight of taminar flow through/
resonance fluorescence instrumentation (principal investigator:

Dr. James Anderson, University of Michigan) and took place on 8 December
1976. The purpose of this flight was to measure the vertical concen-
tration profiles of atomic chlorine (C1), chlorine oxide (€10}, and
ozone (03) in the stratosphere. A temperature measuring device was

also included in addition to the concentration measurement instrumenta-
tion.

The flight was launched at 0853 CST from the National Science
Balloon Facility at Palestine, Texas. The morning launch was again
chosen to maximize the opportunity for low surface winds needed to
launch the balloon and to drop around noen when the chlorine photo-
chemistry has stabilized.

The two-pod configuration for the laminar flow through/resonance
fluorescence measurements were utilized and again the ozone monitor was
installed in the NCAR electronics box. The total payload weight was
720 1bs and a 14-meter diameter guide surface parachute was used for
the drop on this flight. The payload was carried off by a 4.4x105 m3
helium filled balioon, A sketch of the payload and a 1isting of sup-
port instrumentation is shown in figure 51, Figure 52 shows the
payload just prior to launch. The payload reached full altitude at
approximately 42 km at 1132 CST. The flight was released at 1200
CST and the parachute/payload landed approximately
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10 nautical miles south of Jena, Louisiana. Due to the sandy, soft
s0i1 conditions, the pod attachment structure was bent but did not

fracture, No unusual damage occured on landing.

5.5.2 Payload Operations

5.6.2,1 Ascent Phase

The flight profile for the third atomic chlorine/chlorine oxide
(C1/C10-3) flight is illustrated in figure 53. Launch occurred at
0853 CST, 8 December 1976, and wa. accomplished using the dynamic
launch technique. The 4.4x105 m3 baltoon and payload were launched
from the NCAR launch pad with no visible interference, ground contact,
or excessive swing of the payload. Payload obtained altitude at approx-
imately 42 km at 1132 CST.

Operation of all systems during ascent was nominal. Figure 54
shows the pressures indicated by the three onboard pressure transducers

during the ascent phase of our flight.

5.5.2.2 Descent Phase

The payload was released on command from the WCAR tower at 120C CST.
An onboard motion picture camera observed the parachute deployment, an
accelerometer measured the vertical forces on parachute deployment, and
two ve tical reference gyros monitored the descent attitude of the
payload. The altitude profile during descent as averaged from

the pressure transducers is shown in figure 55. The velocity as a
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function of altitude for the descending payioad is shown in figurn 56.
Vertical forces which were experienced by the payload during release

and deployment of the 14-meter diameter parachute are shown in figure 57,
Figure 58 shows the stability of the payload during descent.

Upper altitude winds at this time of year are very high which car-
ried the balloon approximately 163 nautical miles from NSBF. This
situation recommended that the down-range telemetry station located at
Tuscaloosa, Alabama, be activated, This station was in operation prior
to the payload approximately 15 minutes before drop and was able to
acquire data until about 15 minutes after release. Range from Tuscaloosa
was approximately 300 nautical miles. Data reception at the station

appeared to be good at this range.

5.5.2.3 Power and Temperature Profiles

Figure 59 shows the payload power consumption integrated as a
function of time for the flight. Also shown in this figure are the
separate power consumption profiles for the ozone electronics and ozone
pump. Total power consumption was approximately 34 ampere-hours.
Figure 60 shows the temperat're of the transmitter, camera, and battery
pack. Since the ozone monitor was being flight qualified on this
flight, several data points were taken regarding temperature on that
unit during flight. Figure 61 shows the temperatures which were mea-
sured at the sample chamber the ozone destroying filter and the UV Tab

inside the package. Figure 62 shows the temperature measured at the
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data pump body and the air pump motor. All these temperature are well

within operational 1imits for tle ozone monitor,

5.5.3 POSTFLIGHT ACTIVITIES

The payload Tanded in sandy soil bottom land approximately 19
nautical miles south of Jena, Louisiana. This very soft ground pro-
vided a good landing spot and very little structural damage wus incurred
in the payload. The supporting struts bent at high stress points but
did not fail structurally. Some damage was incurred to the University
of Michigan wiring points during the recovery process which may neces-
sitate repair or replace, but overall payload faired very well. Recovery
was completed the afternoon of the drop and returned to NSBF on the
afternoon of the following day. A1l items of equipment functioned

well with no damage indicated.
5.5.4 DATA RESULTS

5.56.4.1 Resonance Flgprescence Experiment

Concentration measurements collected during this flight are des-

cribed in appendix E.
5.6.4.2 Q0zone Data

Results on ozone concentration profiles measured with the ozone
monitor are described in Environmental Effects Office Internal Report

JFC-12524. Figure 63 shows the concentration of ozone measured by this
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instrument compared with data from an ozonesonde launched from Palestine
by Nation Air Service personnel from Wallops Flight Center which sup~-

ported this flight,

5.5.4.3 Total Air Temperature Measurements

Figure 64 shows the total air temperature which was measured during
this flight. The low density air in the stratosphere combined with the
kigh thermal inertia of the total air temperature sensor and its protective
mounting produce significant errors in this measurement above about
24 km. Methods are being investigated to improve the accuracy of this

measurement at high altitudes.
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APPERDIX A

ITEMIZATION OF SUPPORT INSTRUMENTATION FOR BALLOON STRATOSPHERIC
RESEARCH FLIGHTS CONDUCTED FROM 4 APRIL 1976 TO 8 DECEMBER 1976

Ly

(NCAR FLIGHT NUMBERS 954-P, 965-P, 977-P, 990-P, AND 1001-P)

INSTRUﬂEHT : MEASUREMENT FUNCTION MANUFACTURER MODEL NUMBER SERIAL NUMBER

Pressure Payload altitude Rosemount 830A13 (0 to 15 PSIA)
Transducers 830A5 (0 to 1 PSIA)

830A15 (0 to .1 PSIA)
Vertical Reference | Payload attitude Humphrey VG24-0822-1 HG1 & HG2
Gyros
3-axis Payload attitude Schonstedt RAM-3 1290
Magnetometer 1291

1285

Accelerometers z-axis Systron-Donner | Z - 4310

Motion Picture
Cameras

Toading force during
parachute deployment

Monitor parachute
deployment
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APPENDIX B

February 1, 1977

JSC«LEC EEPO MASTER DRAWING LIST

Size Owg. No.

Pre-Scaler
C SDE39112446
B SDE39112447

Scaler
D SDE30112448
C SDE39112449
C SDE39112450
B S5DE39112451

Goddard Ozone Platform
C SEE39112452
B SDE39112453
B SDE39112454
8 SDE391124585
B SDE39112456
B SEE391124R7
B SDE39112458
8 5DE39112459
B SEE39112460)
B SDE35112461

Shutter/Lamp

SEE39112462
B SDE39112463
B SDE39112464
B SEE39112465
] SDE39112466
B SDE39112467
B SBE39112468
B SDE39112469
B SDE39112470

Cables, Etc.

- SHE39112471
A SHE39112477
A SIE39112473
¢ SIE39112474
C SHE39112475
D S1E39112476
C SDE39112477
D SHE3G112478
F SHE3911C474

Config,

>

T I e o

TSI

Title

e e

Box
Cover

* Box
Cover
Gasket
Stand-off

Platform Ass'y

Angle, Lifting

Spacer

Spacer

Plate, Front Pump

Pump Enclosure
Bracket, Pump

Nut

Bracket Ass'y Inverter
Plate, Ozone Detector

Shutter Ass'y

Body

Bracket

Holder Ass'y-Motor
Gear Mod

Lever

Shutter

Cover

Foot

GSE Power Cahle

GSE Puwer Cable/Connector Saver
Flight Plug Wiring

GSE NH-07 Comwand Simulator
Flight Cahle 'A'

Interface Cabling OH-0zone
Bracket-Flight Plug

Flight Cable 'B'

Flight Cable 'C'

B1



Size Dwg. No,

Cables, Etc. (Continued)
D

TCcocoom

SH 39112480
SHE39112481
SHE33112482
SIE39112483
S1E39112484
SIE39172485
SIE39112486
SIE39112487
SIE39112488
SHE39112489

Gyro Relay Box and Frame

SIE39112490

SDE39112491-~001
SDE39112491-002
SDE39112491-003
SDE39112491-004
SDE39112491-005
SIE39112499

Ozone Instrument

oMM Moo oo oo CMmoocoocoOooS O [gp el o] oo oo

SIE39112500
SIE39112501

SIE39112502
SIE39112503
SIE39112504
SIE39112505
SIE391125U6
SIE39112507
SIE39112508
SIE39112514
SIE39712536

SIE39112538
SDE39112539
SDE39112540
SDE3G112541
SDE39112542
SDE39112543
S0Z36114917-1
SDZ36114917-2
SDZ36114917-3
SDZ36114917-4
SDZ36114317-5
SEE36115200
SDE36115201
SDZ36115217
SEE36115238-1
SEE36115238-2
SDZ36115510-1
SDZ36115510-2

Config.

Res
Res

e o 2> X 0D

New
New
New
New
New
New

New
New

New
New
New
New
New
New
New
New
New

New
New
New
New
New
New
New
New
New
New
New
New
New
New
New
New
New
New

Title

F1i¢.t Cable 'D'

F1ight, Cable 'f'

Rosemont Fligh. Cable

Wiring Diagram JSC Flight Module
Logic Diagram, Scaler ?2 shts)
Placement, Scaler (2 shts)

Logic Diagram Prescaler

PC Board Prescaler

Schematic, Sensor Box

«Cable, Scaler/Prescaler

Schematic~Mechanical Dimensions,
Gyrv Relay Box

Piate, Center

Plate. £nd

Plate, Fwd

Plate, Rear

Plste, Top

Payload Status Indicator System

Main Logic Doard

Command & Telemetry Interface

{Deleted, Replaced by SIE39112514)

Temperature Sensor & Qutput Dr.

Interconnection Diag.

GSE Timing Diag., Memory Control

GSE Print Sequence Timing Diag.

GSE System

GSE Printer Interface Circuit

GSE Display Cell Circuits

Command & Telemetry Interface

Printed Circuit Wiring Ass'y,
Sensor Card

Magnetic Shield Ass'y

Skell & Base

Spacer Block

Spacer Sheet, Base

Spacer Sheet, Side

Nut

Detail Parts

Betail Parts

Detail Parts

Detail Parts

Detail Parts

Housing Ass'y

Front Cover

End Closure (Deleted)

Ozone Instrument Ass'y

Ozone Instrument Ass'y

Detail Parts (Deleted)

Detail Parts (Deleted)

B2



Size Dwg. No. Config. Title
JSC 0zone Instrument (Continued)

7] SDZ36115548-1 New Detail Parts
D SDZ36115548-2 New Detail Parts
0 SDZ36115548-3 New Detail Parts
JSC_Integrated Telemetry System
8 SPE39112509 Res Camera Bracket
D SEE39112510 Pre Mech. Ass'y (2 shts)
D SIE35112512 Pre Sensor Box; Multi-module
C SIE39112516 Pre PIP Power Jistribution System
c SIE39112517 Pre »PIP Connections & Interface Cabling
C SIE39112518 Pre PIP Wiring Schematic
Power Controller
i] SIE32112519 Pre Switch Status Memory
D SIE39112520 Pre Auto Off & Power Cond.
) SIE397112521 Pre Auto Off & Power Cond, Printed

Wiring Layout

Conmand Decoder

D SIE39112522 Pre Data Bus Drive & Printed Wiring Ass'y
D SIE39112523 Pre Adgress Buss Driver Printed Wiring
58
D SIE39112524 Pre Command Bus Driver
D SIE39112525 Pre Address Bus Driver
Command Status Encoder _ '
D SIE391125626 New Interconnection Diagram
E SIE39112927 New Board #1
E SIE39112528 New Board #2
E SIE39112529 New Board #3
Data Buffers
D SIE39112532 A Frame Sync Conrector & Bin/BCD
Converter
D SIE39112533 A . Subframe Sync Connector
D SI1E39112534 A Drivers
D SIE39112535 A Placement
NASA-Lagg1ey U/Pitt Experiment
SIE39112694 New Telemetry Interface Electronics
A SIE39112693 New Interface Cable
GSFC Parachi.te Test Drop
A S1£38112692 New Bottom Battery Box & Cell Placement
A SIE39112691 New Top Battery Box Wiring & Cell Placement
A STE39112690 A Electronic Ass'y #2
A S1E39112689 A Connections from Ass'y #2 & Interface
Cabling
A SIE39112688 A Electronic Ass'y #1
A SIE39112687 A Connections from Electronic Ass'y #1
A S5IE39112686 New Squib Fire Circuit
A SIE39112685 New External Electrical Plug
A SIE39112684 New FM/FM Ground Station Block Diae.
A SIE39112683 New Payload Block Diagram
A SEE39112682 New Cross, Interface Suppnrt

B3



Title
Panel)

Size Dwg. No. Config.
Field Programmable Logic Array (Analog Display

C SIE3RT06206 A

D ST1238106207 A

b SIE38106208 A

D SIE38106209 A

b SIE38106210 A

3 SIE38106211 A

) SIE39112537 New
Miscellaneous

E SEZ39111941 Hew

b SEE39112511 Pre

large S5cale Integration (11/1023A)
SIE3B1062]2 New
D S1E38106213 New

Program Chart - Prom #1

Connectors

Decode Logic

Control Logic

Bar Drivers

IC Placement

Programming Chart, Multi-module
Payload

Antenna Support (Boss Proj.
Radar Tracking)

Total Air Temperature Ass'y
(TAT)

Interface Logic
Printed Wiring Ass'y

B4



APPENDIX C

TELEMETRY AND DATA SYSTEM USED DURING
BALLOON OBSERVATION OF STRATOSPHERIC
SPECIES FLIGATS MADE DURING 1976

CONTENTS:

1. TELEMETRY DATA FORMAT
2. SOFTWARE PROGRAM LISTING
3. MASTER DATA TAPE IDENTIFICATION



STRATOSPHERIC MEASUREMENTS PROGRAM

MULTI-SPECIES ANALOG MEASUREMENT LIST/DISPLAY ARRANGEMENT
SINGLE MODULE TELEMETRY ON C10-1(4-4-76) and C10-2 (5-15-76) FLIGHTS

DAC WORD/ FRAME PRIME RATE
1 9 AT GAS 1 FUDUCIAL
24 10 A2 GAS 2 FUDUCIAL
X A3 REACTION ZONE PRESSURE
13 A4 ROSEMOUNT PRESS LOW #1
14 A5 ROSEMOUNT PRESS MID #2
4 15 A6 GYRO 1 PITCH DISPLAY
5 16 A7 GYRO 1 ROLL GROUP A
25 AB ROSEMOUNT PRESS HI #3
7 26 A9 OZONE CONTROL ELECTROMETER
(GSB MONITOR)
8 27 A10 MONITOR AUX CMD
SUBCOM
9 12/1 A11 VMIA (VISIBLE MONITOR,
MODULE 1, LAMP A)
10 12/2 Al2 VMIB
12/3 A13 YMIC*
12/4 A14 VM1D*
12/5 A1E VM2A*
12/6 A16 VM2B* DISPLAY
12/7 A17 VM2C* GROUP-B
12/8 A18 VM2D*
1 12/9 AT9 VM3A (MAGNETRON CURRENT)
12 12/10 A20 VM3B {MAGNETRON VOLTAGE)
12/11 A21 YM3C*
12/12 A22 YD3D*
12/13 AZ3 VMAA*
12/14 A24 VM4B*
12/15 A25 VMAC*
12/16 A26 YMAD*
13 12/17 A27 PMT #1 HV (C10 DATA)
14 12/18 A26 PMT #2 HV (C10 UY MON.)
12/19 A29 PMT #3 HV
. 12/20 A30 PMT #4 HV (LANGLEY ELECTROMETER)+
12/21 A31 PMT #5 HV (LANGLEY LED DECOUPLER)+
12/22 A32 PMT #6 HY (LANGLEY HV MONITOR)+
12/23 A33 PMT #7 Hv* DISPLAY
GROUP-C
12/24 A34 PMT #8 HV*
15 12/25 A35 GAS PRESSURE (TANK A) LOW
23 12/26 A36 GAS PRESSURE {TANK A) HIGH

*Designates Parameters not required for C10-1 Flight

+Not used on C10-2 Flight
€1



16
17
18
19
20
21

31
32

RO oM

25

26

27
28
29

12/27
12/28
12/29
12/30
12/31
28/1

28/2
28/3

28/4
28/5
28/6
28/7
28/8
28/9
28/10
28/11
28/12
28/13
28/14
28/15
28/16
28/17
28/18
28/19
28/20
28/21
28/22

28/23
28/ 24
28/25
28/26
28/27
28/28
28/29
28/30
28/ 31

Group C
Continued

A37 FRAME TEMP L ELAMP MODULE)
A38 FRAME TEMP 2 (DETECTOR)
A30 FRAME TEMP 3
A40Q GYRO 2 PITCH
A4]_GYRO 2 ROLL
AR FTIA (FURNACE TEMP,
MODULE 1, LAMP A)
A43 FTI1B (TANK TEMP.)
Ad4 FT1C (MAGNETRON TUBE TEMP.) Display

Group-D
A45 FT1D*
Ad6 FT2A*
A47 FT2B*
A48 FT2C*
A49 FT2D*
A50 FT3A*
AS1 FT3B*
A52 FT3C*
A3 FT3D*
AG4 FT4A* (GAS PRESSURE B LOW)
A55 FT4B* (GAS PRESSURE B HIGH)
A56 FT4C* (LAMP BODY TEMP Tﬁi
AB7 FT4D* (LAMP BODY TEMP 1B

A58 OV CAL

A59 2.5 V CAL

A60 5 V CAL

A61 TEMP. 1-BATTERY TEMP.

A62 TEMP, 2-0ZONE MONITOR TEMP.

A63 TEMP 3-0ZONE FUMP TEMP. Display
Group-~E

A64 TEMP 4 CAMERA TEMP

A65 TEMP 5-SCIENCE TEMP. XMITTER TEMP

A66 BATTERY HFATER MON.

A67 BATTERY VOLTAGE

A68 OZONE MONITOR CURRENT

A69 OZONE PUMP CURRENT (G.S.B. EXP. I)

A70 OH EXPERIMENT CURRENT

A71 BATTERY CURRENT

A72 Z-AXIS ACCELEROMETER

c2



STRATOSPHERIC MEASUREMENTS PROGRAM
MULTI-SPECIES ANALOG MEASUREMENT LIST/DISPLAY ARRANGEMENT
OUAL MODULE TELEMETRY ON C1/C10-1 (7-28-76) FLIGHT

DAC WORD/ FRAME PRIME RATE
1 9 A1 Gas FUDUCIAL (Ethane-Csz)
24 10 A2 GAS 2 FUDUCIAL
11 A3 REACTION ZONE PRESSURE*
13 A4 ROSEMOUNT PRESS LOW #1
14 A5 ROSEMOUNT PRESS MID #2
4 15 A6 GYRO 1 PITCH DISPLAY
5 16 A7 GYRO 1 ROLL GROUP A
25 AB ROSEMOUNT PRESS HI #3
7 26 A9 OZONE CONTROL ELECTROMETER*(AUX CMD MON)
8 27 Al0
SUBCOM
9 12/1 A1l VM1 (VISIBLE MONITOR, 1}
10 12/2 A12 VM2 (VISIBLE MONITOR, 2)
12/3 A13 YMIC*
12/4 Al4 YMID*
12/5 Al15 VM2A* DISPLAY
12/6 Al6 yM2B* GROUP-B
12/7 A17 VM2C*
12/8 A18 VM2D*
11 12/9 A19 YM3A (MAGNETRON MONITOR 1-C1)
12 12/10 A20 VM3B (MAGNETRON MONITOR 2-C10)
12/11 A21 YM3C* C1 DATA
12/12 A22 yM3p* C1 UV MON
12/13 A23 VM4A* C1C DATA
12/14 A24 YM4B* C10 UV MON
12/15 A25 VM4C*
12/16 A26 VM4D*
13 12/17 AZ7 PMT #1 HY (FURN TEMP 1)
14 12/18 A28 PMT #2 HV (FURN TEMP 2)
12/19 A29 PMT #3 HY
12/20 A30 PMT #4 HY
12/21 A31 PMT #5 HV
12/22 A32 PMT #6 HY (TAT SIGNALS)
12/23 A33 PMT #7 HV* DISPLAY
GROUP-C
12/24 A34 PMT #8 HV*
15 12/25 A35 GAS 1 PRESSURE A (TANK-Ethane)
23 12/26 A36 GAS 1 PRESSURE B (TANK-Ethane)

*Designates Parameters not required for C1/C10-1 Flight
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16
17
18
19
20
21

31
32

PNYLWMN

25

26

27
29

12/27
12/28
12/29
12/30
12/31
28/1

28/2
28/3

2844
28/5
2b/6
28/7
28/8
28/9
28/10
28/11
28/12
28/13
28/14
28/15
28/16

28/17
28/18
28/19
28/20
28/21
28/22

28/23
28/24
28/25
28/26
28/27
28/28
28/29
28/30
28/31

Leudp C continued

A37 GAS PRES 2A
A38 GAS PRES 2B
A39 FRAME TEMP 3 (02 PRES 1)
A40 GYRO 2 PITCH
A41 GYRD 2 ROLL

AAZ FTIA (CAV TEMP 1)

A43 {CAV Temp 2)
A4 FTIC (MAG TEMP 1) DISPLAY
GROUP-D

Ad5 FT1D*

Ad6 FT2A*

A47 FT2B*

A48 FT2C*

A49 FT2D*

A50 FT3A*

Ab] FT3B*

A52 FT3C*

A53 FT3D*

A54 MAG TEMP 2
A55 FT4B* GAS TEMP 1
A56 GAS TEMP 2
AS7 FT4D 02 PRES 2

AB8 OV CAL

A9 2.5 V CAL

A60 5V CAL

A61 TEMP. T-BATTERY TEMP.

A62 TEMP. 2-TEMP. 0+ 1 PST ROSEMOUNT
A63 TEMP 3-TEMP. Q- 15 PSI ROSEMOUNT

DISPLAY GROUP-E
A64 TEMP 4-0ZONE INVERTER TEMP. CAMERA TEMP.

A6S TEMP 5-SCIENCE TEMP. XMITTER TEMP.
A66 BATTERY HEATER MON.

A67 BATTERY VOLTAGE

A68 QZONE MONITOR CURRENT

A69 OZONE PUMP CURRENT

A70 OH EXPERIMENT CURRENT

A71 BATTERY CURRENT

A72 Z-AXIS ACCELEROMETER

ca



STRATOSPHERIC MEASUREMENTS PROGRAM
MULTI-SPECIES ANALOG MEASUREMENT LIST/DISPLAY ARRANGEMENT
DUAL MODULE TELEMETRY ON C1/C10-2 (10-2-76) FLIGHT

DAC WORD/ FRAME PRIME RATE
1 g Al Gas 1 FUDUCIAL (Ethane-CaHg)
24 10 A2 GAS 2 FUDUCIAL (NO)
11 A3 REACTION ZONE PRESSURE*
13 A4 ROSEMOUNT PRESS LOW #1
14 A5 ROSEMOUNT PRESS MID #2
4 15 A6 GYRO 1 PITCH DISPLAY
5 16 A7 GYRO 1 ROLL GROUP-A
25 A8 ROSEMOUNT PRESS HI #3
7 26 A9 OZONE CONTROL ELECTROMETER*
8 27 A10 TOTAL AIR TEMP.
SUBCOM
9 12/1 A11 VM1 (VISIBLE MONITOR, 1)
10 1272 A12 VM2 (VISIBLE MONITOR, 2)
12/3 A13 VMIC*
12/4 Al4 (0Z LAMP TEMP)
12/5 AT5 (0Z CONV TEMP)
12/6 A16 (0Z PUMP TEMP) DISPLAY
12/7 A17 (0Z CURR MON) GROUP-B
12/8 A18 VM2D*
11 12/9 AT9 VM3A (MAGNETRON MONITOR 1-C1)
12 12/10 A20 YM3B (MAGNETRON MONITOR 2-C10)
12/11 A21 VM3C* C1 DATA
12/12 A22 VM3D* C1 UV MON
12/13 A23 VM4A* C10 DATA
12/14 A23 VMAB* C10 UV MON
12/15 A25 VMAC*
12/16 A26_YMAD*
13 12/17 AZ7 (FURN TEMP 1)
14 12/18 A28 (FURN TEMP 2)
12/19 A29 PMT #3 HY
12/20 A30 PMT #4 HV
12/21 A31 PMT #5 HV
12/22 A32 (0Z DIFF PRESS.)
12/23 A33 PMT #7 Hy* DISPLAY
GROUP-C
12/24 A34 PMT #8 Hv*
15 12/25 A35 GAS.T PRESSURE A (TANK-Ethane)
23 12/26 A36 GAS 1 PRESSURE B (TANK-Ethane)
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*Designates Parameters not required for C1/C10-2 Flight

Group C continued

16 12/27 A37 NO PI.FS A
17 12/28 A38 NO PRES B
18 12/29 A39 FRAME TEMP 3 {0p PRES 1)
19 12/30 A40 GYRO 2 PITCH
20 12/31 A4} GYRO 2 ROLL
21 28/1 A43 FTIA {CAV TEMP 1)
]| 28/2 A43 (CAV TEMP 2)
32 28/3 A44 FTIC (MAG TEMP 1) DISPLAY
GROUP-D
28/4 A45 FT1D*
28/5 Ad6 FT2A*
28/6 A47 FT2B*
28/7 A48 FT2C*
28/8 A49 FT20*
28/8 ABO FT3A*
28/10 AS1 FT3B*
28/11 A52 FT3C*
28/12 AB3 FT3D*
z 28/13 A54 MAG TEMP 2
3 28/14 A55 FT4B* GAS TEMP 1
b 28/15 Ab6 GAS TEMP 2
22 28/16 A57 FTAD 02 PRES 2
28/17 A58 OV CAL
28/18 AB9 2.5 V CAL
28/19 A60 5 V CAL
2o 28/20 A61 TEMP. 1-BATTERY TEMP.
28/21 A62 TEMP. 2-0Z0ONE PUMP TEMP.
28/22 A63 TEMP 3- FSIN SKIN TEMP. JISPLAY
GROUP-E
28/23 64 TEMP 4-0ZONE TNVERTER TEMP.(CAMERA TEMP)
28/24 A65 TEMP 5-SCIENCE TEMP. XMITTER TEMP
28/25 A66 BATTERY HEATER MON,
26 28/26 A67 BATTERY VOLTAGE
28/27 A68 OZONE 0Z PUMP I
28/28 A69 MAG 2 1
27 28/29 A70 OH EXPERIMENT CURRENT
28 28/30 A71 BATTERY CURRENT
29 28/31 A72 Z-AX1S ACCELEROMETER

Cé



STRATOSPHERIC MEASUREMENTS PROGRAM
MULTI-SPECIES ANALOG MEASUREMENT LIST/DISPLAY ARRANGEMENT
DUAL MODULE TELEMETRY ON C1/C10-3 (12-8-76) FLIGHT

DAC WORD/ FRAME PRIME. RATE L
1 9 Al GAS 1 FUDUCIAL (Ethane CoHg)
24 10 A2 GAS 2 FUDUCIAL (NO)
1 A3 REACTION ZONE PRESSURE*
13 A4 ROSEMOUNT PRESS LOW #1
14 A5 ROSEMOUNT PRESS MID #2
4 15 A6 GYRO 1 PITCH DISPLAY
5 16 A7 GYRO 1 ROLL GROUP A
25 A8 ROSEMOUNT PRESS HI #3
7 26 A9
8 27 A10 OZONE DIFFERENTIAL PRESS
SUBCOM
9 12/1 A1l VM1 (VISIBLE MONITOR, 1)
10 12/2 A12 VM2 (VISIBLE MONITOR, 2)
12/3 A13 YMIC*
12/4 Al4 VMID (0Z. LAMP TEMP)
12/5 A15 VM2A (OZ. CONV.TEMP) DISPLAY
12/6 A16 VM2B (0Z. PUMP TEMP) GROUP-B
12/7 A17 VM2C {0Z. CURRENT MON)
12/8 A18 VM2D
1 12/9 A19 VM3A EMAGNETRON MONITOR 1-C1)
12 12/10 A20 VM3B (MAGNETRON MONITOR 2-C10)
12/ A21 VM3C (C1 DATA PMT)
12/12 A22 VM3D (C1 UV PMT)
12/13 A23 VM4A (C10 DATA PMT)
12/14 A24 VM4B (C10 UV PMT)
12/15 A25 VM4C*
12/16 A26 VMAD*
13 12/17 A27 PMT #1 HV FTI
14 12/18 A28 PMT #2 HV FT2
12/19 A29 PMT #3 HV
12/20 A30 PMT #4 HV (0Z. CONT. ELEC.)
12/2] A3] PMT #5 HV (0Z. SAMPLE ELEC.)
12/22 A32 PMT #6 HV (TAT)
12/23 A33 PMT #7 Hy* DISPLAY
GROUP-C
12/24 A34 PMT #8 HV*
15 12/25 A35 GAS 1 PRESSURE A (TANK-Ethane)
23 12/26 A36 GAS 1 PRESSURE B (TANK-Ethane)

*Designates Parameters not required for C1/C10 Flight

C7



Group C continued

16 12/27 A37 (NO PRESS A)
17 12/28 A38 (NO PRESS B
18 12/29 A39 (05 PRESS 1
19 12/30 A40 GYRO 2 PITCH
20 12731 A41 GYRO 2 ROLL
2] 28/1 A42 FI1A (CAV TEMP 1)
31 28/2 A43 GAS 2 PRESS "B" (CAV TEMP 2)
32 28/3 Ad4 FTIC GAS #1 TEMP {MAG TEMP 1) DISPLAY
GROUP-D
28/4 Ad5 FT1D*
28/5 Ad6 FT2A*
28/6 A47 FT2B*
28/7 A48 FT2C*
28/8 A49 FT2D*
28/9 A50 FT3A*
28/10 A51 FT3B*
28/11 A52 FT3C*
28/12 A53 FT3D*
2 28/13 A54 (MAG TEMP 2)
3 28/14 A55 FT4B* (GAS TEMP 1)
6 28/15 A56 (GAS TEMP 2)
22 28/16 A57 FT4D (0p PRESS 2)
28/17 A58 OV CAL ' T
28/18 A59 2.5 V CAL
28/19 A0 5 V CAL
25 28/20 A61 TEMP. 1~BATTERY TEMP.
28/21 A62 TEMP. 2 03 PUMP BODY TEiP.
28/22 A63 TEMP 3 05 PUMP MNTAR TrMp DISPLAY
GROUP-E
28/23 A64 TEMP 4 (CAMERA TEMP)
28/24 A65 TEMP 5-SCIENCE TEMP. (XMTR TEMP)
28/25 A66 BATTERY HEATER MON.
26 28/26 A67 BATTERY VOLTAGE
28/27 A68 0ZONE MONITOR CURRENT
28/28 A69 MAG 2 CURRENT
27 28/29 A70 OH EXPERIMENT CURRENT
28 28/30 A71 BATTERY CURRENT
29 28/31 A7Z Z-AXIS ACCELEROMETER
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APPENDIX C - DATA REDUCTION PROGRAMS FOR BALLOON FLIGHT DATA

There are fcur programs for reduction of flight data. These programs

are set up on a disc pack for use on the Environmental Effects Office

DEC PDP-11/45 computer. The equipment required to use these programs are:
(1) 9-track tape drive, {2) line printer, (3) CRT terminal, and (4) card
reader. Each of the programs uses the CRT terminal for interactive loading
of titles, telemetry locations, conversion factors, and time periods for
data readout. The 9-track tape drive is used for the flight data tapes.
(The original tapes are 7-track and must be converted to 9-track for use
on the system.) The reduced data appears on the line printer. The card
reader can be used to input data conversion tables, but this can also be

done from the CRT terminal.

The simplest program is NCARRD. It prints out the raw data from the flight
tapes. It produces a print-out of all of the data in each frame in an
octal format or as counts. This program is useful for locating data

in a frame and for determining what data is on a given tape.

NCAR30 is a general purpose program for printing out up to eight parameters
as a function of time. The parameters can be converted to engineering units
by a simple Tinear conversion or through the use of a data table using
Lagrange interpolation. The time resolution time interval of interest

can be inputed from the CRT terminal. The program averages the data over
the time resolution value and then converts to engineering units for

print-out.

9



Page 2

NCAR10 is for producing profiles of altitude, attitude, and z-axis
acceleration as a function of time with a 1 sec resolution. The altitudes
are determined by using a Lagrange interpolation on pressure sensor data.
The attitude is determined from the pitch and roll reading of a vertical
reference gyro. The z-aXis acceleration is obtained from an accelercmeter.
At the end of the print-out of the profile, an attitude distribution is
presented. This distribution gives an indication of the parachute stability

during descent.

NCAR20 provides a profile of current and power consumption for each flight.
The currents are determined from various current sensors on the payload.
They are averaged over the time resolution requested and printed out,

along with the power consumption in amp-hrs. This program is valuable in
ascertaining how much of the battery power was actually used during a

flight.

The subroutines listed after the programs are used by all four of the
progrmas. NTRAN reads the data from the tape into memory. CONVER converts
the data from the format on the data tape into the 16-bit words required
by the processor. HRMNIT converts the time in hrs, min, and sec into a
running integer time for processing. ITHRMN performs the reverse process,
so that the times on the print-out are in hrs, min, and sec. YLGINT
performs the Lagrange interpolation to convert data into engineering uni*s
using a telemetry table. ORDER is used to set up the telemetry tabhles in

the proper order for use with YLGINT.
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NCARRD PRINTS ENTIRE 30x32 MATRIX

DIGEASLUY JLUFF(132),THATACYR0) , INPUTLI0,32) ,TGNICLA)D
EQUIVALENCE (TDATAC1), INPUT(1,1))

— e ANEEGEH 2 LLIMITIHLLITIM2 L o e e e e e e e
rYee 1
FORMAT(LHO , tTHIS PRUGRAR PRODUSKES PRINT=DUT [F DATA FKOM NCAR DIGI

1

13

14
15

ITAL TAPRS'Z/Z74%, 'ENTEH PRINT=0UT DPTIONS ¢ '/HX,'1 = RECNHND "UMHER

2 ARL GROUND FRALE DATA OANLY'/8X,'2 = DCTAL QUMP DF RECDRD PLUS TEL

JEHFTRY DATA [iv CUUNTEY/HX, '3 = TELEVMETHRY DATA IV CLHINTSY)
TYPE 2 .- —

FOREAT(IHS PRINT=OUT OPTION = 1)

AUCCLBT 3,10PT

FNRMAT(T)

1YPE 4

FORMAT (THG ! FNTER START TIME (HR:MHIS5Z) = t,5)
ACCEPY S,LHH,1M,18C. .

FIIHMATCI(12,1%))

CALL HRMNITOTHK, LW, 180,0,0,17T1I41)

TYPF b

FORMAT{1HO, ! EATEP STOP TIME (HR:MRISZ) = ',8)
ACCEPT 5,1HR, T¥L, 18C

CALL HRUNLITCLIHR,IMN,I1SC,0,0,ITIN2]

W)

FENED

CAlL nIRANC! 0, THUFE, 737, ISTAT,IRYTE, 1)

IFCISTATY 9,48,12

TE{ISTAT Q=1 WRITE(R,10) N
FORFAT(IX,VEND OF FILE LNCOUNTEREQ AT REZORD ',16)
IFIISTAT.EiG.=10) GO TO {00

WRITE(A,11) 1S&TAL .

FORSAT (I X, TERRDR N REAL, CUDE = ',08)

CALL CORVER(IBUEF,IDATA,IGND)

TALL uRMHIT(IGNH(4);1hMD(b) IGNDLBY,,IGNDCT) , IGNRCH) ,ITEN)
I (1114 LY. LPIML) GO 20 2 .. - .

Nzh+]

CALL MIRAN(T,0,LBUFF,732,158TAT,IBYTE,L"

IF{ISTAT)Y 15,14,16

lF(ISTAT.EG.-lﬂ)leTb(b,lo) if

IFCISTAT ,EG.=10) GO T 100

———-1b CALL CUMYERLIBMEF . IDATA,IGKRD] .

.17
iR

19
20
21

CALL HRMNITCIGNDCG]), IGNn(b),IGNDCb] thD(?),leD(H) I1IM)
IFCITIVMLGTLITINZ2) GO TOD 100
IFLIOPT..FQR,2) GN 1017
LFCIUPT.EQ.3) GO TL 20

0N Th 22

wRITE{H,1BY N, . . _ .. e
FURMAT (1M1, TRECORD = ,Ih//)
WRITE(B,19) (LBUFF(1),1=1,732)
FORMAT (1hDH)

WRITE(B,21)

FORMAT(IHL )

w22 ARITE 0,23} N, LLGUNDLI)IRL 060 o

213

24
25

lﬂh

FURMAT(1X, "RECDRDY = ', 16,10X,1615//7)
JIFLINPT.EQ.1) G 10 13

nn 24 I=1,372
FOEMAT(IX,72,'=),4%,3014)

B0 TROA3 L L s

CALL EXTIT
END

THE
$PRODUCIBILITY OF
memAL PAGE I8 POOR
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NCARX PRODUCES PROFILES UP TO 8 PARAMETERS AS A FUNCTION OF TIME,

LIMELS LN ITITh+(4u) ITITICH, 7Y, ETLT2(8, 7)'Yhqu(7!2).lnAlA(9bD).
1 IGND(1B), lhDLHJ.IrRLHJ.DFF(B).CDN(EJ INPUT(40,32),
? IGDWwW{301, IGDW(I0),X(R),LLH),Y(R), NPTS(H).
- A ,,__mIM£ﬂ4251¢BABiB+25i*IIlM4le],I%l(z&l;?hﬁi(Zhl
INTEGER®*S [TIMY,ITIM2,ITIMI,ITIMG,ITIMS, ITIMs, IDELT,NREC, L
EQUIVALENCE (IDATACX) INBUT(L,00)
TYPE 1|
1 FORMAT(130,'THIS PRUGRAM PRODUCES PROFILES OF JP TO EIGHT PARAMETE
TRSYZLX, VA8 A FINOTION OF TIMEN//1X,'ENTER TYTLE FOR THBLES (U@ T
. 280 CHARACZTEHS AlD SPACES) =') o - .
ACCEPT 2, {(ITITLE(L),IS1,40)
2 FORMATCA0AZ)
TYPE 3
1 FORMAT(1HO)
TYPF 4
St FOMMALLIHS, 'ENTER NUMBER, UF DPARAMETERS TO HE PRILESSED 5 ')
ACCHFPT &,NZOL
5 FORMATI(LY)
TYPF b
6 FURMAT(LHS,'ENTER START TIME (HRIMN2ZSC)Y = ')
ACCERT 7, 18R, 1IMM, 180
— L FURMAT(ALL2,4X)) ‘ .
CALL HRM@IF([HR,IMM,[%C 0 0 ITIM1)
TYPE 8
A FORMAT(IHS , PENTER STOP TIME (HRIMuISCY = 1)
ACCFPT 7,1HR,IMN,1SC
CALL MRMNIT(IHR, IMw,TS5C,0,0,ITIM2)
e JTXPE 9. _
9 FnRMAT(le,'EM1PR TEIFMETRY BIT RATE ]N KHd = ")
. ACCEPT 10,A
10 FORMAT(F10.4)
NELT=3200,/A
TYPE 11
o LI _FORMAT(IHS,'ENTER TIME RESOLUTION IN SECONQS =_t)
ACCEPT 10,08
IDELT=10000,*B
TYPE 172
12 FORMAT(LIHO, 'ENMTER THLFMETRY wHIRDS #ITH KNDwN VALUES FOR USE AS INT
TERMAL SYNC wDRDS, V71X, 'wHEN ALL S5YNC WDRDS HAVE HBEEN ENTERED, XEY
2RETURN, wITHOUL ENTERING wORDLY/Z1X, 'WORD DATA')
AGDw=0
13 NGPwENGDwE]
ACCEPT 14, [GDweD{MGDY) , TGHw {NGDW)
14 FORMAT(12,3X,14)
IF{IGDwwD(NGDW) LEL.0) GO TD 15
SSURRUNE ¢1 8 Wiy i T 1. P
15 NOPWENGOw=]
NCoLL1=gQ
16 NCOLI=SNCOLT+1
TYPE 3
TYPE 317,)COLI
w17 FORMATAIH L'ENTER MALN TITLE FOR 22LUMN NUMBER ',11,%' (U9 T0 10 CH ...
1ARACTERS AMD SPACES) = ')
ACCEPT Id,(LILIT1(~C011,13,1I=1,58)
18 FURMAT(SAZ)
TYPE 19,4C0L}
19 FURMAT(LH ,'ENTER SUR=TITLE FOR ZOLNMN NUMBER ', I1,!' (UP TN 10 CHA
%JBACILEE_Aﬁnﬁamumbl =3 v e . oo S .
ACCHPT 18, (111T2(NCOL1,I),I 1,5)
.. L _TAPE 20. . . e
20 FUNMAT(IHS,'ENTFR TFLEMFTRY LUMAT!DM (HU/FR! = 1)
CACCEPY. 21, TnDEAC0L) ), TFRINCOLLY . . . .
21 FORMAT(I2,1X,12) Cl2
TYPE 22



22

2]

24 FOREATCIRG, TENTER INTFKPOLATION TABLE FOR PARAMETFR,'/1X,'IF N) 1w

— 25

2h

27

3n

kP
ER

rd

24

lauu
1]

102
1013

104
105
113

114

115

FORMATOIHS ,YEMTER QFESFT = ¢}

ACCEPT 13, DFE{HEDLY)

ryps 23

FOKMATCIHS, "ENFER CUNVERSION FACTOR = ')
ACCERT 10,Z0R(NCILT)

JYPE 24 ..

PTERPOLATLION 18 REGJIRED, FMTER =1 FOR 1M VALUE AND KEY RETURN,?'/
21, vahih ALL QATA P1AaT8 HAVE HFEN ENJERED, FNFPER <1 FOR TM VALUE
JAND KEY REIDRM V/ZAX,VTH PART)

WPTSCNCOLE YRD

BPTSLACUL L IaNe TS ACULIY+]

IF{OPESOnCILt LW, 26) GO TD 27

I=hr1S(H0DLY)

AOCKPT 26, M-(020LT, 1Y, PARINCONY, 1)

POKMAT (2014, 3)

PEOTAORCOLT , T F3,=2.) GO TD 14

:"(‘J’(1]“'.‘]41,1)-}‘2“0"1-) GI TN 27

BT TR A

RIS CnLL)SPTISINCULL )+

TFOHIS(Citil )R, 20) G TD 27

1=rPTR (UL

wEADCH,20) 10A4COLT, 5) , PARINCOLYL, 1)

HEIELB, 2b) TMOARNALLI, LY, PARCHCILL L)

TECTHEALCHL T, TYebde=1e) GIY TD 27

S0 33

LPTHRONCOLY 1 2npTSInENLLY -]

TECPISOS0DLLT L E7,T) GO T 31

TehETEU N )

AT I 1 T =3 N B
Talvli=14¢a2001, 1)
PARV( L) =PAR(»COLL, 1)
CALY URLeR(TMY ,PBR],.)
By 32 1=1,d
IMENSOE Y, 1)=T91 (D)
PARLMCDOLL,L)=PAHLILL) .
TECUC GF o COL DR NCNLY LG, RY G0 TO 28

T 16

29 t=1,n8Cali

X(li=n,

L{I)=0

¥lli=u,

(2l

IrL+Sa1ttA1+ IDELT

wh bk S=0

NRECSHRED+H]

Caliy =TRANCT, 0, JRUFF, 732, ISTAT, L4Y(H, 1)

IFUISTAY)L 102,101,10%

JECISTAT Fu,=10) wrITE(6,103) NREC

FORYATUI A, 'END OF FILE KNCOIUNTERED AT REZORD ',I6)
TPCESTAL M, =10) GO TN 300

wREITE(S,104) LISTAT

FORMAT(IX, *2RROR ON READ, CRDE = 1,08)

Cal.l CONVERL]IBUFE, IUATA,LCGND)
IFCIGIN(A4)  GTL, 23, 0R, IGRDC(4) LT 0O) GO P 113
[FCIGNNES) Gl 59, UR.IGND(H),LT.0) 3D TJ 113
IFLIGNDIB) .OT,.59,0R.IGNDCR) JLT.0) GO T 113

GO TH 115

TYPE 314, IGNDC4),IGNDI{S) , IGND(O) IGND(T),1GND(8B) NREL

FORBAT(1H L1ERROR L GROUND.FRAME TIME.',1%,5110/
11X, 'RECORD NUMBER',110,*' DISREGARDED') i
GO TO 10w

CUNTINUE

CALL HRUEKIT(IGNUL4),I1GND(S),IGND(B), IGHDLT),LGND(B),ITIN3)
JFOITIM3 . LT.ITIML) GO TO 100
TELITIMILGT.ITINE) GO TO 300

REPRODUCGIBILITY O Tli;
MNGINAL PAGE IS FOOZ
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no stb 131,32
IDELYI=DELT# (1wl
106 ITIMACIISITIMNI®IIFLT]
bir 112 I=1,32
107 TF(:?1M4(I) GT.1TIMB)} Gr TO 200

—— - IPeAGDw. D 0) GIOLTA . 109 e ————

no 10R J=1 ,NGDW
KI1GOWWL(.])
108 IFCINPUTIK, L) NE,IGDW{J)) GN TO 112
109 DD 131 J=1,.880010
IFCIFR(IYEQ.0) GO0 TU 110
S IFETFR{J e kL1 G0 TO- 30— - S
11 K=lub{d)
X(JI=X(JI+INDUT{K,})
L{J)=L{J)+1
111 CUNTLINUE
112 CONTIHUE
GU . TO 100 o e o e
200 DA 207 J=1,NC00)
IF(L(J)GT,0)} GU TO 201
Y({J)=s92999
Gi1 Ta 202
201 Y(J) CUN(J)*((X(JJ/I(J)) OFF(J))
..202 CONTINUE.. e e - . - e
ng 204 Jd= 1 NCubl
IF(Y(J).0GT,99998, 9, DR NPIS(J)LER,Q) GO TD 204
K=NPTS ()
pu 203 M=1,K
TMI(M)Y=TH(J,M)
L 203 PARVOMYSBPARCI MY o
LRAR= ¢ {J])
Y(J)sSYLGINT(TML,PARL1 ,K,XBAR, 3)
204 CONTINNE
ITIME=1TIML=1DELT
CALL ITHRMN(IHR,IMN,SEC,ITIMEG)
e e JELNLIMES ,GT .Y Gﬂ_Iﬂﬁznﬁ., e e e
WRITKF(b,205){ITITLE(J), 58, 40)
205 bﬂRMAT(lHl 40A2)
WRITEE6,206}(£IT]T1(N,K);K=1.5),N=t.NCDLlJ
206 FORMAT(1HO,'CLDCK TIME!',4X,B(2X,5A2))
WRITECL 2070 (ITIT2{N,K) ,K=1,5),4=1 ,NCDOL1)
207 FORMATCLH L' (HRIMNISC)',4X,B8(2X,5A2))
WRITE(B,3)
208 ARLITE(6,209) I1HH,IMN,SEC,(Y(J),J=1,NCOL1)
209 FORMAT(IH ,1%,I12,'3!',12,':',F5,2,8(2X,F10.4))
NLINESSNLINES+]
IFINLINES FQ,. 30) NLIMFSSDH
— bu 210 Jsi,uC0L1
X(Ji=0,
210 L(J)=0
ITIME=]TIMS+IDELT
G0 TR 107
300 CALL EXIT
. BNDL e e e - o e —
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NCARIO PRODUCE DESCENT PROFILE

PIMENSIOIN JHUFFIT32), TOATA(960L), INPUT(30,32),1680C16),3GYRII(21),
1 LTIN3(32),ALHAR(25), THHARL25) LALMAR(25), TMMAR(25),

2 ALLARC?S), THLAR{24 ), IGDWAD(30) , 1GDW(I0), TTITLE(4D)
.,.LHULMALLmCE.LlDArALll+lhBUILL*LLln ——
INTEGER®G ITIM, [TIMI,TTIMZ,ITIMI,ITIM4,ITINS,1TIMG, ICYRu ITIMT,

1 ITLMA,,ITLING
TYPE
! FURMATC(IHO ' THLS PRAUGRAM PRODUCKES PRUFILES UF ALTILVUDE,ATTITUDE, A
1A ACCELEHATIONY/1X%,'AS5 A FUNCTION DF TIME, wITH A 1 SECOLT RESHLI
L 2T, LT_ALSY QETERMIMES!ZLX, '\THE. ATTITUDE DISTRIBUTIUN LN A GIVEY
3 TiMk THTERVAL'/Z/)
TYRPE 37
37 FORMATOIHD, "ENTER TITLE FOR TFABLES (UP TO HO CHARACTEHE AnD SPAZES
1) - ")
ACCHPT 38, (ITIYLE(T), IS 1.40)
38 vnkaATtnqul - e e -
TYPF 2
2 FURMAT(INS,! ENTER START TIME (HR$MN:SC) = 1)
ACCEPT 3, IHWK, M, 15C
3 FURMATC(IC(L12,1X))
A HRMNIT(IHR,IMM 18C,0,0,ITIML)
CTYPE 4 . . - L —-
4 FORMAT(LHS, EN[FH STnP TIME (HR'MN S"} = 1)
ACCLPY B,JNH,lMN IsC
CALL HRMNIT(IHR, [AN,IS8C,0,0,ITIN2)
IYPE 3 ,
5 FORMAT(1HS,! ExTES START TIME ¥0OF APTITUDRE DISTRIBUTIDN [HR:MN
- A8C) L) e e e e
ACCEPT 35,THR,1%n, L4H(
CALL HRMNIT(IWR,IMN,ISC,0Q,0,ITIMG)
TYPK &
6 FORAAT(iHE,! EnTRER STOP . TIME FOR ATTIIUDE DISTRIBUTION (HRi4N:S
icy = ')
e ACCEPRPT 3, 1hR,1MN,ISC e m o et = e me e e m———— e e =
CALL HRMNIT(IHR,IMN,15C,0,0,ITINS)
TYPE 39 . .
39 FORMAT(iKSE, ENTER CUT=DOWN TIME (HR:MNISC) = t)
ACCEPT 3, IHR MM, 1I8C
CalL HRMNIT(IHR,TMN,ISC,O,D.ITIMT)
oo TYPE 7. o o et e e e . [
7 FDRMAT(1HS,! ENTER TELEMETRY BIT RATE IN KHZ = 1)
ACCEPT B,A . .
B FURMAT (1G4}
DELT=3200./A
TYPE 9
- 9 FORMAT(1HO,'ENTER TELEMETRY WORDS A4I1TH KNOWN VALUES FDR USE_AS INT. .
{ERNAD SYNC wlRDS.'/1X, 'WHEN ALL SYNC WURDS HAVE BEEN EdTERFD, KEY
2RETURN wITOUT ENTERING wWORDL'//1X, 'WORD DATA')
NGDW-\-(’
10 HGDW=MGDW+1
ACCERT 1l,IuDWwD(NGDWJ,]GDH(hGDw)
e 3 FORMATCI2,3X,08) e et e rmtmtr—mn = ¢ e e — ol
TF(IGOWWN(NGDW) JLE.0) GO TD 12
GO 10 1o
12 HEDWENGNr=]
TYPE 13
13 FORMAT(1IHO)
.- _.TYPE 14 . _ e e e e e r e e .
14 FHRMATIIHS,'LNTER TELI'METRY LOCATION UF HIGH ALTITUDF RDSEMOUNT (W
1D/FR) = 1) i
ACCEPRPT 15, [HARWD, IHAHFP
15 FORMAT(12,1X,12) "
TYPE 16
16 FORMAT(IH ,'ENTER DATA TABLE FDR HIGH ALTITUDE ROSEMDUMT.'/IX,'ENT Cl15

- — L




JER <1 ROk M VALUE ~HEN ALL DATA POINTS HAVE BEEN ENTERED,'//1X,'T
Fol ALT V)
MHARSO
17 aHAHZNHAPY)
IFCRHAR F . 26) 430 T1) 19
ACCENT 318, [ AHAR(MNHAR)Y ,ALHARCNHAR) ..
1% FORMAT(Z2FH 1)
TFLTHBRREVHAR) JEQ.~1.) GO TD 19
[FCTAHARENHAR ) LB, =2, ) GD T &G
0 117

bhH FHAR = wHAR + |

ab I¥(NHAR,EN,.246) G IO 19
WAL CH,nT)} TwmHAR(NHAR) ,ALHARCHHAR)

67 FOkMAT (210, 45)

IFCTRARCMVHAR) R, =1, ) GL TO 19
ttr T 6%

19 nhi=tHAH=]

CALL LKDER( I'MHAR, ALBAR HHAR)
Tk 14
LYRe 2D

200 FURNATEIAS, eNTER IFLEMETRY LOZALION 0OF MEDIHR ALTITHOE ROSEMOUNT

1 D/Ek) = 1)
AUTERL YR, 1 aARA T ARER
bvick 41 .

Jo ks AT LV P dIER DATA TARLKE FOR MERIUY ALTITUDE ROSKEMDUNMTV/LX,'E
t FEW o w] FOR Tk VALUE whih ALL DATA POLNTS HAVE REEN BENTERED,'//1X,
:lt - HI:"'

- hipsa

2/ Pawsi R AR+
SRtk g el 20) L) TV 23
COTREE IR, T U ARINEARD G ALEAR(NIAAR)

PE L MARE v AR L. =1,) GOOTO 23
TRECTSwARO AR) JF =2, GO T 77
R SR

Pro VAR BANY LN

I7 AR ARLrGL 200 GU T 2] —_ .
MBS UW, 0T IMYAR{HMAR) ,ATMARCNYAR)

[F{THnp (90 JFigemla) G110 23
Ll T o

723 1 Ab=wr Ade]

TALY JRDEMOVARMAR ALK AR, UMAR)
Tk 13
1YPE 74

26 FUECALCIHS,TENTER TRLFMETRY LOCALITON OF (0w ALTITURE RUOSEMOBNT (4D
1/FK) = 1)

ACCrEL 1%, TLAHwD, TLARKR
YYER O 2h

25 rPLBF“AL(LY LLESTER DATA TABLE EOQR L34 ALTITUDE RISEMUUNT.'/71X,'dNly
Th =1 ¢tk W YALHE wdEu ALL DATA PNOINTS HAVE REEN FNTERFD,'//71X,' D0
? ALTY)
plLANZL

26 NULAREWLAPY]

TE{h Ak ER,2P) GOV TH 27

ACCERP1 18 .TYLARCLARY LALLAHINLARY
TROTHL AR (ub AR E, =10 ) GIY Ty 27
TECTLARCHLAR) JEM,=2,) G TO 87
GO Th Ze

Hiv ML AWSNLARE]

87 IF{NLARLGENL26) GO TH 27
D READ(HL0TZ) IMLABCHLARY CALLARCNLARY _ .

[FOTMLARINLAR) (ED,=1,) GO TD 27

G T B . . .

27 NLAHSHLAR=]

CALL DRDER{IMUAF,ALUAR.NLAR)
TYPE 13
TYPE 28

REPRODICIBILILY G T
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24

29

3

iz

33

41

35

3b

FORMAT{1HS, "ENTER TELEMFTRY LOCAFION UF GYROD PITCH (WLD/FR) = ')
ACCERT 15, LGPTwD,IGPTFR

TYPEF 29

FORMAT(IH ,'ENTER OFFSET .AND CONVERSION FASTOR FOR GYRD PLICH.')
TYPE 30

- FORMALLINS, "OFESET .S 1) —  n e e e i

ACCEPT 31,GPTOFE

FORMAT(F10,3)

TYPE 32

FORMAT(IHS , 'CONVERSIUN FACTOR = 1)

ACCEPT 31,&P1CUN

TYPE {3 . e e e -

TYPE 33

FORMAT(1HS,'ENTRR TELEAFTRY LUZATIIN OF JYRO RIOLL (WO/FR) = V)
ACCKPT 15,1GRLAL, EGRLFR

TYPE 4}

FORMAT(LH ,'bNTER OFFSKT AND CONVERSION FACTOR FOR GYRO wQLL.Y)
TYPE 30 .. . - . . .

ACCFPT 3\, CRLOFF

TYRE 372

ACCFPT 3I1,GKLCUM

TYPE 13

TYPE 35

FORMAT{LHS, 'EMTER TELEMETRY LUCATION. OF Z-AXIS ACCELFROMETER (d0/F
1R) = ")

ACCEPL 15,124ACWD,1ZACFR

TYPF 36

FORMAT(1H ,'ENTIER OFFSET. AND CONVERSION FACIOR FOH Z=AXIS ACCELERQ
1METER. )

TYPE 30 i i e e e e e e —— .
ACCEPT 31,ZACOFF

TYFE 32

ACCEPT 31,ZACCON

NREC=0

JTIMb=ITIML+10000

LHAK=D e e e o — e -
LMAR=D

LLAR=0

LGRT=0

LGRL=0

LZAC=0

1R=s0  __ ... - e

1p=0

XHAKT#=y,

XMARTHM=4,

XLARTM=0,

XGPTTY=0,

L XGRLTNY =D, . L o m —_— -

AD
100

101
102
103

104
145

XZACTH=0,

XGPTTMS0,

XGRLTMZO,

XZACTMSU,

0 40 1=1,21

LGYROCLIZO o . ol
ARECENRECH!

CALL NTRAN(7,0,I18UFF,732,1STAT,1BYTE,L)

IF(LSTAT) 102,101,305

IFC1STAT. KO, =10) wKITK(6,103) NREC

FORMAT(1X, k4D OF FILE ENCOUNTERED AT RECORD ',16)
IF(ISTAT.Eg.=10) GO 70.308. . . .. )
WRITE (6,104} ISTAT

FORMAL(1X, '£RRUR DN READ, CODE = ',08)

CALL CONVERCIBUFF,IDATA,IGND)

CALL, HRMNLITCIGND(4),1GND(5),IGND(B),1GNDLT), IGNDLB), LTIM)
[FELEIM LT, ITIMG) G 10 100

IP(ITIM GTLITIN2) GO 0 300

17



DN 1ne I=1,42
IDELT=DELI*(Ie1)
106 FCIM3{1)=SITIN$1DELT
bo 122 1=1,32
107 1IFCITIMA(L),,GTLITING) GD TO 200
o e AFINGDN L EQ D) GLL IO 109 . i remcm . cem e ma e s
Ny 108 (J=1,NGhw
K= I&uwwD(J) .
108 TFCINPUTIK, 1) NE, IGDw(J)) rn TD 122
109 IF{THARFR, Pu 0) GJ TO 130
IF{THARFR . NELT) GD TU 111
=110 XHARTM=XHARTHA LNRUTCIHARWA 3 - -0 o s o S
LHAR=LHAR+ 1
111 TECIMARFR,EQ,0) GO TO 1112
IF{THARFHR,NE L) GO TD 133
112 XMARTR=XMARTM+ INPUT(IMARKWD, 1)
* LMAR=I:MAR+E
113 JELILARFRGERD)—BDaTL 344 s | e n e e e -
IF{TLARFR.NE, 1} GO 1O 115
114 RLARTM=XLARTM+ INPUT(ILARWD,T)
LUAK=LLAR+1
115 I¥(IGPTFR,ER.0) GO TU 116
IFCTGPTFR.NELT)Y GO TO 117
116 XGPTTHRXGPTTMeIMPUL(CIGRTRA, Iho vt e e e
LGET=LGOT ¢1
PITCH=INPUTLIGPTHD, 1)
1P=1
117 TF(IGRULFR.EQW,0) GU TO 118
IF{IGRLFR,NE.LI) GD TD 119
. 118 XGRLIMsXGRLIM4 LNPUTLLGHLWND 1) O e e eeean. .
LGRL=LGRL+
ROLL=INPUT{IGRLWO,I)
IR=1
119 IF{IP,EQ.O0,0R.IR.EQ.Q) GII TO 120
CALL GYROCPITCH,ROLL,GPTOFF,GPTCON, GRLOFF,GRLCON, THETA,PHI }
I - 1] e e e L
LR=0
IFCITIA3CEY) LT ITIM4, OR,ITINI{IY,6T,ITIMS) GO TD 120
K=PHT+1
LF{R.GT,20) K=20
IGYRU(K)=IGYRD(K) +1
._-_,.16YHUL214=16¥R0121l*1 .
120 IF(IZACFR.EQ,D) GD TN 12%
IF(1IZACFR.NE.T) GO TU 122
121 XZACTHMSXZACUTM+INPUT(IZACWD,T)
LZAC=LZAC+1
122 CONTIMUE
- . .. GO TW 00 . . P P
200 TEC(LHAR,GT,.0) GD TU 20%
YHAR=99,99
GO TO 202
201 XHAR=XHARTM/LHAR
YHARSYIGINMT(TMHAR, ALHAR,NHAR, XHAR, 3)
202 JF(LMAR GT, Q) GO I0.203 o o 0 o0 ool - D e
YMAR=49,99
GO In 204
203 XMAR=XMARTM/LMAR
YYMARSYLGINT( TMMAR, ALMAR, NMAR, XMAR, )
204 IF(LLAR,GT,N) G TO 2058
e .- - YLARSOQ.99 e . .. R
GO TU 20&
_ 205 XLAR=XLARTM/LLAR . R
YLARSYL.GINT(THLAR, ALLAR NLAR, XLAR 3)
L2068 IFLLGPT.GT.N.AND.LGRL. GI401*GD T0 207 .
YGYRMN=499,99 c18
GN TO 208



207 AGPT=XGPTTH/LGPT

XGHLBAGRLTM/LGRL

CALL GYRO(XGPT,XGRL,GPTOFF,GPTCON,GRLOFY , GRLCON, THETA,YGYRD)
204 1F(LZAC.GI.U0)Y GO TO 209 . .

YLAC=9Y,499

SRR +15 300! | o Il B X ¥ — et e————

209 YZALSZACTONKL(AZACTM/LZACY=Z2ACUKF)
S 210 1T1MY==10000 _ B
. ['TIM9=1TIAG94+1TIME
CALL ITHHRMN{IHR,IMN,SEC,ITIM9)
[TTHH=ITIMY=TTIMT
o, .-ASLTImB. e e e ——— e~ e e .
ETIM=A/Z10090
FR{NLINES.GT,. D)} GU TOD 212
WRITECo,211YITITLE(J) ,J=1,40)

211 FORMAT(LIH1,4042//! CLOCK ELAPSED ALTLITUDRE
PTTITUDE ACCELERATION® £ TIME T1ME HIGH MED
- 0¥ - (DEG, UKFF VERT.)ee.... . LG)L/' (HRIMNEISZ) - £BECY . (KM}

M) (kMY '/)
212 WRITE(B,213) 4R, IMN,SEC,ETIM, YHAR, YMAR, YLAR,YGYRO, YZAC
213 FORMAT(2X, 12,4080 ,12,7¢) ,P5.2,F10,2,3(1X,F5.2),7X,¥F6,2,9%,Fb.2)
NLINES=NLINES+!]
IF(NLINES.EG, 30 NLIMRS=D
LHAR=O. ._. P,
LMAR=D
LLAR=Q
LGPT=0
LGRL=CQ
LZAC=0
e . -XHARTM=0, - — S _—
XMARTM=(,
XLARTM=0,
XGPTTHM=0,
XGRI Th=0,
XZACTM=0,
oo e ITIMGSITIMG#IQ000 L L L —
Gu 10 107
300 1F(IGYRO(C21),LELQY GU TO 400
WRITE(6,301)(ITITLEC)},I51,40)
A1 FORMAT(LHL,40A2//1X,'ATTITUDE DISTRIBUTLON')
CALL ITHHMN{LHR,IMN,SEC, ITIM4)
e e BRITE(E,302Y1IHE, IMNSEC . .. - .. ... Lo~ - ——
302 FORMAT(LH ,'START TIME = 9, 12,':0,12,1¢1,FK5,2)
CALL ITHRMN(IHR,IMN,SFEC,ITIMS)
WRITE(GH, 303)1HR, IMN,SEC
303 FORMATC(IH L'8Iap TIME = V,12,780,12,'2',F5.2)
WRITE(bL,304)TGYRD(2]1)
. 104 FORMATCIH L'TOCAL NUMBER, OF_BOINTS FQUALS =',17). .. _ _ .
wRITE(h,305)
3105 FORMATC(IHO, 'ANGLE OISTRIBUTION'//)
Do 306 1=1,20
A=1GYRNOC1)
Y=X/1GYRD(21)
B £ . O U
b wRITE(6,3071J,Y
307 FORMATCLIH ,2X,12,128.Fb.4) .
400 CALL EXIT
END

A
L
(K
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NCAR20 PRODUCES CURRENT AND POWER

DIMENSION JTITLE(40), ITJT(S 7Y,IT1440232),1IWD(5) ,0FF(5),
1 COnLS) ,AMPHR(S), ITITI(S,J) 1BUFF(732),1DATA(9560),
2 INPUT(JO.JZ],IGDNND(30),IGDW(SU).XCUR(S)ahCUR(S)-
e 3 el o —AMPHRI(SILYCUR(S)LITIT2(TYIGND(16),IFRIBY. ... ..
EGIIVALENCE (IDATACLY,INPUT(1,1))
INTEGER#4 ITIMY,ITIMZ,LTIMA,ITIME,ITIMSG, I IMG6,]1DELT,LCUR, NREC
NATA 1TIT2/2H A,2HMP,2HS+,2H ,2HAM,2HP=,2HHR/
DO 26 I1=L,5
M} 26 J=1,7
26 LLITLCL BRI P P20 il e e [P, e ..
TYPE 1
{ FNRMAT(1O,'THIS PROGRAM PRODUCES PROFILES NF CURRENT AND PUWER'/
11X, TAS5 A FUKCTION OF TIME'//1X,'ENTER TTTLE FOR TABLES (Up TO #0 C
ZHARACTERS AMp SPACES)Y « 1)
ACCEPT 2,(ITITLE(I),I=1,40)
2 FUHMATCADARY . o e e - et e e e .-
TYPr 3
3 FUORMAI(LHO)
TYVE 4
4 FORMATC110S, 'NUMBER OF CURRENTS TD BE CALZULATED = ')
ACCERTD S,NCHL
- 8 FORMAT(I1) ... ... ... . - - e
TYPE B
6 FURMAT(IHS,"ENTER START TLIME (HR:YN:SC) = 1)
ACCYPT 7,IHR,IMH,ISC
7T FORMAT(I(IZ,1X))
CALT. HRMMIT(IHR,IMN,1SC,0,0,TTIML)
oo JIYpE R __ v e e e . et ——— = .
3] FnPMAT(JHS.'PNTER STOP TIMF (HR3$MNISCY = V)
ACCEPT 7,IHR,L%N,ISC
CALL HRMNII(IHR.I”N,1$C.0,0,1TIM2)
IYPE ©
9 FORMAT({LHS,'ENTER TEFLEMETRY BIT RATE IN KHZ = V)
e R L L0 A e e e e et e et e —— e i e e
10 FORMAT(F10,.4)
NELT=3200./4
TYPE 11
11 FORMAT(LIHS,'ENTER TIME RESOLUTION IN SECONDS = '}
ACCEPRPT 10,B
o . .. IDELT=10000.%B . . . L et e -
TYPE 12
12 FORFATCIHD, 'ENTER TELFMETRY WORDS AITH KYDWN YALUES FOR USE AS INT
TEHRNAL SYNC wORDS.!'/1%, '"WHEN ALL SYNC WORDS HAVE BEEN ENTERED, K'Y
ZHETURMN #1ITHOUT ENTERING WORD.'//1%,'WORD DATA')
NGLW=0
,,,,,, 13 RGLWENGLW L e it e e —— e ae e
ACCERT 14,1GDwaD(NGDW), TGNW{NGDW)
14 FORMAT(12,3X,14)
TECIGDWWDINGDW) . 0) Gn Tn 1%
GN TO 13
15 NENU=SNGNAw=]
. NCRLL=0. L —— e
16 wCNL1SNCOLI+1
TYRPE 3
TYPE 17,nCOLY
17 FORFMAT(IN ,'ENCER TITLE FOR COLUMN NUMHER ',I1,' (UP TO 14 CHARACT
1EKSY =1)
veome o ACCEPT MR LITITONOOL,E o =1 ,7Y . L e e o - -
10 FOWMAT(TAZ)
. _TYPE 19 . e
19 FnRMATlle,'LNTEH TEIPMEFHY LUEATJDN (WD/FR) =)
o, ACCEPT 20,1wD{NCOLLI)LIFRONCAOLL)
2n FORMAT(12,1X%,12) cz0
TYPE 21

REPRODUCIBILITY 7
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21 FUORMAT(LHS,'ENTRR OFFSET =')
ACCERT 10,0FF(NCOLY)
1YPE 22

22 FUHMAT(LNS, *ENTER CONVERSION FACTOR =')
ACCEPT 10,CON(NCULT)

o —JYPE 2 vt i L eee e w——— -
23 FHRMAF(lHS,'ENTbR PDwPR CHNSUMPTIUN Up TO START TIME lN AMP HRS =1

b
ACCERT 10, AMPHR({NCOL1)
IF(NCOLY (B0 nCUL, DR NCOLL FR.5) 3O TO 24
GO TO 16
.24 KRREC=0 . . ——— e .
[rImh= ITI“1+IDELP
no 25 1=1,nC0LL
XCHORII)=0,
YCUR(L) =0,
LCUR(1) =0
25 AMPHR1(1)SAMPHR(L)
NLINES=R
100 MNRECZNREC+H!
CALL NTRAN(T,0,18UFF,7T32,18TAT, [BYTE,1)
10} IFCLISTAT) 102,101,105
102 IF{ISTAT,FU, =10} WRITK{6,103) NREC
103 FURMAT(L1X,'END OF PILE ENCOUNTERED AY REZORD ',X6)
IF(ISTAT,FQ.=10) GN TO 300
WRITE(6,104)ISTAT
104 FORMAT(LIX,'FRKOF (M READ, CODE = ',08)
105 CALL COMVERCIBUFF,IDATA,IGND)

CALL HHM“lT(IFNH(Q),1GhD(5).IGﬁD(b) IGND(TJrlGND(H)plTIM3)

e AFLLTIMILPLITIMLY GO T0.000 .. L - .
IFCTTIMILGT.ITINZ) GN TO 300
00 106 I=1,32
TRELTLI=NELT*{1=1)
106 ITIM4A(I)=1TIMI+IVELTY
DO 112 T=1,232

- 107 IF(LIIIM4ACI)L.GILITIMG) GO . TO 200..

IFI(NGDW.EGL0) GO TD 109
00 190W J=1,8NGDw
K=IGDhwir(.d)
108 IFCINPUT(E, 1) .vELIGDW{J)) GO TO 112
109 1M 111 J=1,+C00]
LF(IFR(J) LB, 0) GO T0. 310 ... -
IFCIFROD)LNELYL)Y GO TD 118
110 k= 1wD(.J)
YCUR(JI=XCURCJI+INPUT(K, I)
LCUR{J}=LCUR{J)I +1
111 CONTINUE
112 CONTImUE . e e
Go T 100
200 DO 201 J=1,4C0L1
IF(LOURLS) L ERL.0) GO T 201
YCUR(JI=CUNCI)F((XCUR{JI/LCURCII)I=DFF(JI))
201 CONTINIE
. DU 202 351, WEDL - e e .
202 AMPHR1(J)= A“PHRi(J)+(YCURCJJ¥H)/3b00.
ITIMG=1TIMS-INELT
CALL LTHRMN(IHR,1MN,S5EC,ITIMGE)
IF(NLINES,GTL.R) GO TL 206
WRITE(H,203) (ITITLE(J),J J=1,40)
203 thMAIiiul A0A2) i m e -
wRITKE(6,204)((ITIT(N,K)Y,K=1,7), an NCULl)
204 FORMAI(1HO,'CLOCK TIME!,4X, 5(3& TAZJ)
wRITH(b.20bJ((ITITI(N,K),K=1.7),N=1,NCDL1)
205 FORMAT(1H ,'(HR:MN:85CL!,3X,5(3X,TA2))
WRITE(G,3)
206 WRITE(6,207) 1HR, IMN,SEC, (YCUR(JI),AMPHRI(J),J=1,NCOLL)

c21



207 FORMAT (LR ,1%,12,'31,12,041,F5.2,5(3%,2¢7,2))

NLINES=NLINES+]
IF(NLINESJEQ,30) NLINKS=D
nn 208 \’SI'NCULI
XICURCJI=O,

208 LOUR(JI=0L. . . - . oo L
UTIMSSITIMS+EDELT

GO 10 107
100 CALL EXIT
END ‘

c22



SUBROUTINES USED BY ALL 3 MAIN PROGRAMS

SUBRKNUTLNE HHIMIT(IHH,IMN,ISC,ISC!.ISC2,IT[MJ

INThuked*d LIJm, LHRY , JMNYL,ISC1,15211,18221

[HKHEI= I HE

ITMNLISIMM .o . et e i e s e

[8C1=15C

E8C11s1S8C1

IsC21=[8(02

ITIm=THHRI $ 36000000+ IMALI¥L000N0+1SC1¥10000+15C11¥100+18C2)
RETURYN

LHD e R

c23



SR b ar ORDEKRTX ;Y M)
DiYkaSINE XO1),4(1)

Vb w|

Ml Jd=1,M

La=]

my 1o ISy, L
TREXCT) LT, X(L#1)) @it TD |
AzXLI1}

X(L)=x(r+1

X(L+1)=A

Az=YL])

Yy{lYsYilel)

({1+11=4

mOs L MOE

B THR

I

c24



CILICIEILILIZA(ICIAL

SURRODUT IWE CONVER(IBUHFE, IDATA, IGND)

[HIS SUBROUTINE CUMVERTS DATA FRIM THF WZAR PDPP=11 FOAKAT TN

A EORMAT USING 1h=RLL wOBDS.. ... oma .

IAUFK = 1NPUT ARRAY USING NCAR FORMAT
IDATA = OUTPUT ARRAY CONTAINING TELEMETRY DATA
{GRD = OUTPUL ARRAY CONTAINING GROUND FRAME INFDRMATLION

THE DATA 1S HApDLED IN {6 WORD CHUNCKS.

DIMENSION TBUFF(732),IDATA(960),IGNO(Lb)
k=0

bu 1 I=1,718,3

K=k+1
LDATACAYISLANDL ISHEL( IBUFE (L), =4),1023)
KEK+)

M=l1AND{ISHFT(LBUFFC(I) ,H),1023)

=] SHECCIRUFE (141} ,=H)
IDATACKISIDR(M,N)

K=K 41
MZLANDC)SHETILBUFF(I+1),4),1023)
N=1SHF FCIRHFFL]42) ,=12)
TDATA(K)=1Nk(M,W)

K=K+
IDATALKISTIANDCLBUFF(L+2),1023)
COFTLALE

[ %)) . b e e m e

(HY I-7zt.710 'y

RzK+1

MEISHET{IRIFF(L) ,«10)=48
NSIASD(LSUFT{LIBUFF(I),»4),63)=48
TGND(RI=IO¥FMEN

K=K+l . -
J= TAND(IhHPT(IHUPF(I) 2) b3)
M-IUHtleFT(IBUEP(1+1)'-14) J)=48
METANDCISHET(IRUFF{L+1),=R),63)=48
IGND(KR)=IUR M+

K=K+

Ml AL CISHETCIBUERLL+1) ,»2) ,63) =48
JETAMDOISHFTCIRIFEL(I+1Y,4 ,63)
A=lURCLEAFTCIBULEF(L+2) ,=12),0) =48
[GhNIK)=1O%mMeN

Ksk+1

M= IAND(]&HFI(IH”FP(1+2):-6):63) 48
N=IAND(IBUFF (42} ,63)=4H. - .-
JTuND(K)=10%MN

CONTINUE

HETHRE

END

REPRODUGIBILITY OF T.
~&NINAL PAGE I8 POC:
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€173¢€3FXCRCYICL 0

iu
i1

12

FOrReTInn YLGINTOX, Y,V XBAR,HPTH)

LAGRANMGE THTFHPOLATION SUBROUTINE,
X =~ LADEPERDENT VAHIABLE

Y » DFPFEANENT vAHTAHLE

w o= LUNHER OF POINTS TN TARLE

XBan » [aTERPOTATYIN POINT

Wl Fs o= vuMBER JF POINTS USED IN INTERPOLATIUNM

DImkbhlos x(1),3L8)
IF(YPIS.GT L AUD G NPTS T NY) GO TD 2
M )S =

Jh=]

JHELPTA

G 10 v

uel 3 unsl L

LE{YRAR=I ()} H,12,3

Cilb | Fatlp

NN

JLshetEFTS4+1

Gl

JisdH

DAZA(JHI=XRAR

-”:25“1-1

PECH JL, 1) 3 1t

ctzakake i i)

Ir e =gl R NPTS) GO TH B

Pkt s k=X {JL~1)JLILL2)Y GO TO 6 ...
Y- TR |

L gt o p G0 10 4

PExboreXiaR

sl [N,

1Nl iso

T tdL Gl Lo AP kBAR=X(JL=1) . LTLD2) JHDOT=s=1
TECan, 1Y M A 0 X (JA+ ) =XRAR, LT DLY IHD2T=Y
ALEJL+INCY

IR g g T

YLGL 1=y,

(TR I | AR

BELE].

u 1o Jd=11, in

FEOR B, J) v 10 10

Phi PRI (ARMAR=X{J) I/ (X(K)=X(J))
coell nk

YT GiwT+HY (RYAPKLD

Lo Tivie -

bBrRTLH!
YLGLIMLISYDJH)
Wp TR

L RTTH
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SUBRGLUTINE [TTHRMN(IHR, IMN,SEC,ITIM)

INTEGER®4 IT14,1TIM)

IHR=ITIM/ 36000000

e L LIMIS LT I M fHE* A0 0GQU00 e r— e ———— e e
IMN=THIML /600000

CITIMIZITIML=1MNEG000U0

SEC=ITIMI /10000,

RETURN . -

FAD
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* AT digital o, -

823

Flight NCAR Fiight # Type of Equipment Manufacturer's Tape Phase Time Interval
Launch Date Number
7 954-p 1st Chlorine Oxide (€10-1}) 62353461124 Ascent Tape 1
4-4-76 Measurement (C10-Aerosol-1) 62353450123 " "2
62353443302 i w3
62353443010 " w4
62353443323 Descent "5
8 961-P Parachute test flight (14 m 1100881077 Ascent Tape 1
5-2-76 diameter guide surface and 1100881081 u w2
16.75m diameter cross parachute  110088505u . "3
110881083 u "4
25E-3200FC1-9TR-AS Descent v 5
9 965-p 2nd Chlorine Oxide (CIG-2) 114766102 Ascent Tape 1
5-5-76 Measurement (C10/grab sample-2) 114772117 " vo2
7607221 u "3
114766104 Descent "4
10 977-P I1st Atemic Chlcrine/Chlorine 114772094 Ascent 9:34-10:47
7-28-76 Oxide (C1/C10-1) Measurement 7607215 " 10:48-12:00
(C1/C10-1) 114772103 u 12:01-12:39
114771120 Descent 12:40-
11 990-p Znd Atomic Chlorine/ Chlorine 7607626 Ascent 7:45-8:59
10-2-76 Oxide (C1/Ci0-2) Measurement 7607256 " 8:59-10:15
(€1/C10/0,) 114773076 L 10:17-11:34
7299340 Descent 11:35-12:40
12 : 3rd Atomic Chloring/ Chlorine 117565011 Ascent 8:11-9:25
12 Oxide (C1/C10-3) Ozone 03 7780411 " 9:25-10:38
total air temp. (TAT) 117592058 w 10:38-11:45
117592062 Descent  11:45-12:17

ar2 7 track odd purity with 800 BPI density.

DIGITAL TAPES (PCM TELEMETRY DATA) FOR BALLOON STRATOSPHERIC RESEARCH FLIGHTS CONDUCTED FROM
APRIL, 1976 TO DECEMBER, 1976
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PHOTOGRAPHIC COVERAGE



APPENDIX D

PHOTOGRAPHIC DOCUMENTATION FOR BALLOON OBSERVATION OF STRATOSPHERIC SPECIES APRIL 1976 THROUGH DEC 1976

FLLIGHT NCAR FLIGHT TYPE OF MEASUREMENTS STILL FRAME NUMBERS NASA-JSC MOTION PICTURE

NUMBER AND FILE ROLL NUMBERS
LAUNCH DATE

7 954-P First Chlorine Oxide 576-24266 thru S76-037*
4-4-76 (C10-1) 57624306

8 9671-P Parachute Test Flight '576-24855 thru S76-044
h-2-76 S76-24872 576-045

9 955-P Second Chlorine Oxide S76-25175 thru 576-046
5-15-76 (C10-2) $76-25181

10 977-P First Atomic Chlorine/ S76-27804 thru S$76-058
7-28-76 Chlorine Oxide(C1/C10-1) $76-27816

11 99(-P Second Atomic Chiorine/ S76-29705 thru S76-077
10-2-76 Chlorine Oxide (C1/C10-2) { S76-29725 576-078

12 1001-P Third Atomic Chlorine/ S§76-33224 thru 576-087
12-8-76 Chlorine Oxide (C1/C10-3) | S76-33237

*Pad abort (4-1-76) Movie coverage on 576-036
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A. Introduction

An appreciation for the importance of chlorine containing compounds in
the earth's stratosphere is a relatively new development following an evolution
of upper atmospheric oxygen-hydrogen-nitrogen photochemical theory extending
over several decades (1, 2, 3, 4, 5, 6). During this period the importance of
ozone as the scle atmospheric constituent capable of screening the earth's
surface from harmful near ultraviclet solar radiation and the vulnerability of
the ozone shield to photochemical perturbations resulting from man's actlvities
became clearly understcod. In 1974, a number of research groups identified
chlorine as a potentially important stratospheric photochemical constituent
(7, &, 9, 10) and discussed the effect of various chlorine sources upon the
global ozone budget.

The greatest potantial threat to ozone now appears to be that suggested by
Molina and Rowland (8) who first related the ubiquitous presence of chlorofluoromethanas
in the troposphere, reported by Lovelock (11), to gas phase catalytic destruction
of ozone in the stratosphere following the photolytic release of free chlorine

from the parent molecules, principally CFCl3 and CF 012; in the middle and upper

2
stratosphere resulting from exposure to solar ultraviolet radiation. The most

probable fate of the chlorine atom thus formed is reaction with ozone

CL+0,—> Clo+ 0 [1]

forming the chlorine monoxide radical which then reacts principally either with

atomic oxygen

k.
c10 + 0 2> c1+ 0, [2]
or with nitric oxide
k3
Clo + NO-=> Cl < [3]

2
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to reform atomic chlorine. Reactions [1] - [3] are rapid bimolecular reactions
which have been studied extensively in the laboratory (12, 13, 14) and are now
well understood. The first two constitute a catalytic chain which recombines
an oxygen atom and an ozone molecule, hereafter collectively tcrmed “odd oxygen,”
into molecular oxygen thereby enhancing the rate of ozone destruction.

In evaluating the quantitative importance of chlorine upon the global
ozone budget, 1t 15 of interest to determine the cnncentration of both species
as a function of altitude throughout the region in which atmospheric ozone is
controlled by local photochemigtry (25-45 kilometers). We report here the

results of three in situ experiments which determined simultaneously the con-~

centrations of Cl and C1O in the stratosphere over the altitude range of Interest.
A discussion of the resonance fluorescence detection technique used for this
study, which has been employed previously to determine the stratospheric con-
centrations of atomic oxypgen and hydroxyl, appears elsewhere (15, 16) so that
only a brief overview of the experimental method is given, dealing primarily with

those aspects of the technique unique to chlorine.
B. Experimen:al

In general, atoms and dlatomic moleéules possees allowed transitions
between bound electronic states separated in energy by 3-15 eV corresponding
to the vacuum and near ultraviolet spectral regions. Their resonance absorption
and subsequent spontaneous isotropic reemission of photons provides a signature
indicating their presence in the gas phase at concentrations extending down to
a part per trillion. In order to detect the atom or molecule, a beam of photons,

resonant in energy with a selected transition of that species, is passed through
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the sample gas and photons, resonantly scattered from the beam, are counted by a
photomultiplier tube ~ pulse detection system, The number of photons resonantly
scattered from the beam per unit time, in the absence of reasbsorption, 1is propor-
tional to the concentration of scattering centers within the beam.

For the in situ sampling of atoms and free radicals in the stratosphere, the
photon source beam, formed by collimating the output from a low pressure (~2 torr)
plasma discharge lamp, and the observation direction of the fluorescent photon
detector are arranged such that they are mutually perpendicular to a high
velocity (~100 m/sec) flow of stratospheric air. The ailr sample flow, which
passes through the interior of a hollow, aerodynamically shaped pod or nacelle
shown in Flgure 1, is created by lowering the device through the atmosphere on a
statilized parachute dropped from a balloon near the stratopause. The instrument
shape and dimensions (length 100 cm, o.d. 35 em, i.d. 15 cm) were selected to
{a) contain the flow so that chemical conversion can be effected within the sample
by the addition of a reactant gas at the instrument throat; ¢(b) optically isolate
the photon detectors from background atmospheric radiation; (e) maintain laminar
flow through the instrumert and (d) eliminate wall removal of the atoms or
radicals within the "measurement volume," defined by the intersection of the

beam and the fileld of view of the detector, at the axis of the flow.
Bl. Atomic Chlorine

The vacuum ultraviolet spectrum of atomic chlorine is dominated by three
major wultiplets dnvelving the 2P ground state which are represented by the
energ’ level diagram shown in Figure 2. TFigure 3 presents a high resolution

spectrum of the photon source, or "lamp," used to induce ClL atom fluorescence,
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showing each of the resonance lines from IISQR to 13963. Because mole elor

oxygen absorbs strongly at the wavelengths of all €l atomic transitlons except

2 2 0 o :
the DS/Z P3/2 line at 1189A, a cell containing 02 is placed between the
lamp and the measurement volume so that only those photons resonant in enerpy
with the 2D - 2P transition of Cl, as shown in Figure 4, traverse the

5/2 3/2

atmospheric sample. Thus atmospheric attenuation within the sample is eliminated
and scattered light within the instrument, which contributes tc the background
count rate (determined in the absence of Cl atom fluorescence), is reduced by
nearly an order of magnitude as are any secondary emission processes. The
residual photon count rate resulting from sources other than chlorine atom
fluorescence is periodically checked during the flight by adding ethane (Gzﬂa)
(which reacts rapidly with chlorine atoms) to the entrance thk.nat of the
instrument in order to eliminate them from the atmospheric t1,0ie. The gas
addition sequence is a continuously cycled 4 step series; (L) a fixed CZHG flow
of 5 sce/sec is maintained for 1.5 seconds, (2) gas flow is te.minated for 1.5
seconds, (3) a CZHG flow of 20 scc/sec is maintained for 1.5 seconds and (4)
the gas flow is terminated for 1.5 seconds. Thus the atomic chlorine flight
data consist of differences in the photon count rate in the absence and presence
nf chlorine atoms in the stratospheric sample., The data are checked for con-
tributions to the count rate resulting from the presence of ethane by analyzing

the dependence of the background count rate on ethane concentration.
B2. Chlorine Monoxilde

The spectroscopy of Cl0 uLas been the subject of considerable study in
recent years (17, 18) and although the molecule possesses an allowed transition
from the xzn ground state to the A2H exclited state in a convenient spectral

Q
region (2700-3000A), the A state predissociates, eliminating direct melecular
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resonance Fluorescence as a useful stratospherie measurcment technique.
However, the rapid bimolecular reaction between NO and Cl0, reaction [3]
above, provides a convenient means for converting chlorine monoxide to atomilc
chlorine by adding nitric oxide to :the inztrument throat and detecting the
product Cl atom by resonance fluorescence at 11898, A gas addition system
similar to that used to add ethane in the Cl atom experiment is programmed as
follows: (1) a fixed NO flow of 8 sce/sec is added for 2.0 secnnde, (2) pas
is terminated for 0.5 seconds, (3) a fixed NO flow of 48 scc/secc is added for
2.0 scconds and (4) the gas flow is terminated for 1.5 seconds. As in the
case of Czﬂﬁ’ the gas addition cyele is initiated when the ingtrument package
ig dropped from the balloon and repeated continuously during descent. TFlow
rates are selected such thut at the low flow rate the conversion from ClO to
Cl is complete within the time required for the sample to traverse the distance
between the gas loop injector and the optical axis so that any difference in
the observed fluorescence sipnal between the two NO injectilon rates muat result
from the presence of NO alone.

Although, in principle, 2 single instrument could be used to detect both

€l and ClO by alternately adding C and NO, in practice, two separate

2M
detection nacelles are used, mounted approximately a meter apart on a common
support frame suspended below che parachute as shown in Figure 5. For the Clu
experiment, the amount of NO iz dinsufficient to affect the ambient Cl concen-
tration so that even 1f the ratio of {Cl] to [ClO] were appreciable, which it

1s not, the ClO concentration would still be simply proportional to the

difference in the photon count rates in the absence and presence of NO.
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B3. Calibration

The absolute calibration is identical for both instruments.
The photon count rate, S, recorded by the detector for a gilven chlorine

atom concentration, [Cl], can be expressed in simplified form as

5 = [CL] F o, {ETni v [4]

whers F is the resonant photon flux at 11893, including transmission lossca

2
572 = Fa/2

section of atomic ehlerine, € is the collection efficlency of the detector,

in the lamp optical system, Uo is the 2D resonance absorption cross
T is the transmission of the detectlon optics, 1 i3 the phottube quantum
efficieney and V is the volume of the measurement reglon defined by the inter-
section of the lamp beam and the field of view of the detector. TFor a given
chlorine atom concentration, [ClL], and the photon flux, F, all quantities on
the right hand side of Equation [4] are constants sc that the relationship
between S and [Cl] can be expressed as a proportionality factor C(F) which,
for a given instrumental geometry, is a function only of the lamp flux and

temperature and can be written

C(F) =T o, {ETnt v.

The flight instrument is calibrated by determining C(F) as a function of F in
the laboratory, using a fast flow reactor (15, 16) capable of providing a

known concentration of chlorine atoms in the appropriate pressure regime.
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A known Cl atom concentration is established in the laboratory by using
03 to convert Cl, formed in the microwave discharge of a Clzlﬂe mixture, to
Cl0 via reaction [1l]. The 03 is premixed with CL before the discharged mixture
is introduced into the main reaction zone, upstream of the instrument threoat in
the fast flow calibration facility, in order to insure that the Cl to CLO

conversion is complete. Typically, after reaction, [C10]~1 x 1013 cm"3 and

[o,] ~1 x 10 oo™,
Nitric oxide 15 then added ~10 em upstream of the optical detection axis

10 _ 1t -3

of the iInstruzent in concentrations ranging from 10 so that, by
Reaction [3], one Cl atom is formed for each added NO molecule. The one to one
correspondence between the NO added and the €l formed is strictly true only in
the limit of diminishingly small [03] because the Cl formed in Reaction [3]
reacts with the residual 03 from reaction [1]. Under conditions apprepriate to
this calibration the atomic chlorine concentration is related to the added

nitric oxide concentration [NO]o by the expression

ka[ClD]

[cl] = [NO]o k1[03]-k3[010] {exp(-kalclolt) - exp(-kl[03]t)}

which shows that [Cl] = 0.8 [NO]O fur t = 10 msec. The growth of Cl in the
formation step, Reaction [3], and 1lts subsequent decay, by Reaction [1], in
the instrument throat is directly verified during the calibration step by
adding NO to the flow at varying positions by means of a sliding injector.

A major simplification is achieved by calibrating the instrument in the
identical configuration used during the atmospheric measurement so that zll

geometric quantities contained in C{F) remain invariant between calibration
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and £light. During setup and test of the instruments in the laboratory fast
flow facility, the dependence of C(F) upon (a) total gas sample pressure,
(b) resonance lamp temperature, chlorine content and photon flux, F, and

{c) the kinetics of Cl atom formation used in the calibration, is studfed.
In addition, the response of the instruments to etheane and nitric oxide in

the absence of CL ary Cl0 is examined. While the amount of ethane required

to eliminate Cl atoms from the atmospheric sample does not affect the detector

count rate, care must be taken in the case of nitric oxide addirion. An
Agcarite trapping system, included as an intepral part of the gas addition
system of the C10 instruwment, is used to eliminate the hilgher oxides of
nilrogen, wh.ih enhance fluorescence longward of 1400A in the presence of
11893 radiation, from the NO injeccted into the instrument throat.

A second precaution in the Cl0 experiment is the uue of an interference
filter in series with the photomultiplicr tube which limits the detector
response to the wavelength region between 1150 and 14003, thus suppressing
any measurable contribution to the count rate In the presence of NO and

the absence of Cl0 (19,.
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G. Results and Discussion

Three simultaneous obsexvations of Cl and ClQ have been performed; the
first on 28 July 1976 at 12:00N CDT (local solar zenith angle ¥ = 16°), the
second on 2 Qctober 1976 at 12:15 PM GBT (x = 30°), and the thivd on 8 December
1976 at 12:00N CST (X = 55°). In all cases a 1.5 x 107ft3 helium balloon,
launched at dawn from Palestine, Texas, 32°N latitude, bore the experimental
package to an altitude of n141,00D0 £t (43 km). After activation and stabili-
zation of tne iustruments, the measurement phase commenced upon geverence from
the balloon of the stabilized parachute which conirolled both the veloclty and
the angle of attack of the experimental package during descent.

Figure 6 displays a segment of the 2 October CLO data with 0.08 second tiwe
regolution synchronized with the 4 step gas addition sequence which was used on
all flights reported heré. Typically, the detector count rate is independont
of [NO] as shown in Figure & after the probe hon aceelerated to its t “minal
velocity and the NO additilon lines have been cleared, which require a peried
of approximately 30 seconds during which the data are discarded. An exception
occurred during the 28 July flight when a decrease in the 02 absorption cell

pressure, us -~ to eliminate all lines in the chlorine atom spectrum except the
2D5/2"2P3/2 transition, permitted the 2P—ZP multiplet to enter the fluorcsceuce
chambar, inducing measurable fluorescence from injected NO. However, because
the flow rates of NO were measured during descent and thus the ratio of the
added NO concentrations was known, the contribution to the total count rate
resulting from NO could be determined given the difference in the detector

count rates, The correction amounted to 30% in the upper stratosphere decreasing

to 10% at 22 km because of the rapid quenching of the KO fluovescence. For the
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2 October flight above 35 km a difference in the detector count rate for the
high and low NO flow rate, corresponding to a 10% correction in [Cl0], was

obyerved which could have resulted from residual NO emission. These factors
weye taken into account in caleculating the experimental uncertninty for each

experiment,

An important diapnostic afforded by the addition of NO at two significantly

diffevent flow rates involves the three body recombination step
ClL + NO -+ M — NOCL + M.

As the parachute-suspended probe descended, the atmospheric density, and thus
(M}, increagsed expenentially with decreasing altitude while the velocity, which
is inversely proportional to the square root of the atmospheric density,
decreased thereby increasing both the concentration of NO for a given flow rate
and the reaction time after injection of the BO. Below 25 kilometers these
factors sufficlently accentuated the above recombination step for the higher NO
flow to measurably suppress the CI atom concentration following its diniltial
formation from Cl0, For each flipght the dependence of the detector count rate
on added NO was checked by cumparing the calculated Ci atom concentration ratios
for the high and low f£low rate cases with the observed ratios as a function of
altitude. Good agreement was found in each case.

The concentrations of Cl and ¢".0 measured on each flight are shown in
Figure 7. TFor Cl0 the result of w=nch data frame, (i.e. each 6 second gas addi-
tion sequence) Is pletted whersas foy Cl the data represent a 0.5 km average
for the 28 July and 2 October results and a 4 kilometer average for the
8 December data. The decreased .iignal to ~oilse ratio of the 8 December data

results from (a) lower Cl densities and (b) a change in the oscillation mode
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of the microwave cavity used to sustain the | lasma discharge in the resonance
lamp, reducing the 1189K photon flux and thus the instrument's gensitivity.

Experimental uncertalnties for cach measurement are liasted in Tigure 7
and are based upon uncertainties in (a) laburatory absolute calibration (& 20%),
{b) canvolurisn of the lamp resonance line and the atemic absorption cross
section, as a tunction of lamp body vemperature (& 20%) and (c) absolute Flux
measurements during flight (& 10Z}. The instruments were calibrated before and
after each flight and the hardware, interference filters and key optical compon--
ents were identical for all flights. Continuing laboratory work will provide
the background information necessary tomduce the quoted uncertainties.

Figuré 8 presents thé data of Tigure 7 averaged over an altitude Interval
of 1 km. Although s’gnificant variability is present ir the integrated data,
the large fluctuations are decidedly reduced., TYigurve 9 displays the smoothed
data of Filgure 8 in terms of the Cl and CLO mixing ratio by volume, Th- - =ak
observed Cl mixing ratios occur at the nmaxlmum altitude of the exp.ri elom)

and were 1.9 and 2.6 % 10~1l

respectively for the July and October flights. The
maximum Cl0 mixing ratlos occurred at 36 km for all three flights but the peak
mixing ratios were significantly different for all three flights, }.8, 2.9 and
Z.6 x 10"9 for Jdiy, October and December respectively.

Figure 10 presents a comparison between the 1 km averaged data of Figure 8
and 4 theoretical predictions of Cl anc CLO (20) calculated for conditions appro-
priate to summer midday conditions at 30°N latitude, corresponding to the maxi-
mum predicted Cl and ClO concentrations for the geographic position of the

measurement. [ is, of course, impossible to compare these experimental resul ts

with all the available
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theoretival predictions; the above four modely were selected because (4) they
represent a ¢rosys scction of the major theoretical efforts to quantitatively
predict ch'urine catalyzed ozone depletion and (b) they adequately encompass

the range of theoretically predicted Cl1 and Cl0 concentratlons. The chlorine
mixing ratio, defined as the total number of chlorine atoms, bound and free, per
unit volume divided by the total atmospheric number density, is Indicated for
each model and represents the considered opinion of the respective authors.
Figure 11 presents a comparison between the measured and predicted [CL])/{310]
ratio as a function of altitude using the same models referred to in Figure 10.

fwo conclusions can be drawn from an inspection of Figures 10 and 11:

(1) Observed Cl and C10 densities exceed the model predictions,
particularly below 35 km for the July and October experiments but
significantly less Cl and Cl0 were observed in the December flight.

{2) The observed [Cl] to [Cl0] ratic is in rough agreement with
prediction.

An interpretation of éonclusion (2) is straightforward. Reactions [1]-[3]

establish a photochemical steady state between Cl and CL0O such that the ratio of

their concentrations may be written

(c1) _ X2lOM,INO) - ko 1oy | /%3 o (5]
[C10] K, 10,] &, ) 10,7 FL & ) 0,1

Morcover, atomic oxygen and ozone are in a mutual steady state controlled by

ozone phutolysis

J
0,
03 4+ hy —> 0 + 02
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and oxygen atom recombination

k
(¢
0+0,+H — 0, + M

so that

Yo

[0] 3
- : (6
(0,7~ ¥, [MI(0,]

Subatitution of Expression [6], which has been empirfcally verified within the

accutracy required here (14), into [5] yields

Kk Yo k
[c1] fX2 3 o[ 23 Inod (7]
[c0] \%;) &, (M0, k, ] 10,1

Reaction rate constants, kl, k2, k3 and k4 are well known (12, 13, 14) and
sufficient knowledge of [0}, [NO] and [03] exists to demonstrate that above 35 ki,
the term in Expression [7] involwing NO is imsignificaut and thus

I
el _[* % (8]
[c10] \k ke, [MJ[0,]

in the altitude region where data on the [C1}]/[CLO] ratio exist. All quantities
on the right hand side of [8] are well known and do not involve the intricacies
of stretospheric photochemistry. Thus, Conclusion (Z) represents rough experi-
mental substantiation of a rather simple steady state relationship rather than a
significant test of stratospheric photochemical theory. The difference among the

various models on this point is somewhat surprising.
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An interpretation of Conclusion (1) is not so straightforward. On the one
hand, when the complexities inherent in a complete theoretical calculation are
considered, an agreement between prediction and observation to within a factor
of 2 is not unreasonable, It also must be stressed that three atmospherlc experi-
ments do not constitute a satisfactory statistical sampling of a fundamentally
transient photochemical system,

On the other hand, the discrepancies apparent in Figure 2 may not be insig-
nificant and can result from onc or both of the following:

{a) An incorrect Cle (taken here to include beth Cl and ClQ) to total

chlorine, CIx’ {principally HCl and ClONOz) ratio

{b) An underestimate of the total chlorine mixing ratlo in the strato-~

sphere.

Point (a) represents an ar?a of significant uncertainty. The [Cle] to

[Clx] ratlo is believed (7, 8, 9, 10) to be controlled in the upper stratosphere

primarily by the reaction between chlorine atoms and methane forming HC1

K

5
CL + CH4 > HCL + GH3

and the reaction between hydroxyl and HC1l reforming free chlorine

k
OH -+ HC1 “99 H20 + Cl .

These reactions ara sufficiently rapild to establish a steady state between Cl and

HC1 such that

[c1) _ kglOH 5]
[HCIT © %, [CH,1 *
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With the aid of Expressions [7] and [9] we can then write

(10, qey f ., geron} o KelPM o Kyl04)
THe1) - [HCL) [C1] ke, (G, ) e, [0+, NOT  °

The expression within the brackets, however, is a reasontbly well defined quantity
throughout the stratosphere as previously discussed. Both k5 and k6 have been
studied extensively and, with the poasible exception of minor uncertainties in the
Atemperature dependence of kS’ are well known. Thus, within the context of current
stratospheric photochemical theory, uncertainties in the concentrations of OH and
CH4 arz a critical issue and represent a major point of divergence between the
various theoretical predictions.

The hydroxyl radical has betr measured in the stratosphere by three different
methods, (15, 21, 22) but be: .uvi kthe OH measurements were not done simultaneously
with those of C) and Cl0, it is not possible to meliably detarmine the density vs.
altitude profile of OH appropriate to the C1-Cl0 flights. It has also been demon-
strated that OH exhibits day to day variability, encompassing nearly an order of
magnlitude in its vertically integrated concentration between the tropopause and
the mid mesosphere (22). It is thus tempting to assign < major fraction of the
observedrvariability in CL{y to OH but the evidence is thus far circumstantial.

Significantly more data exists on the vertical distributicn of methane
(23, 24) although limited information is available above 30 km and much of the
information is integrated in either time or space. A direct correlation between
Cle and HCl must awalt a simultaneous observation of OH, Cl0, HCl and CH,.

With respect to point (b), an appraisal of total stratospheric chlorine is

accomplished by a detailed accounting of all chlorine containing molecules known
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to exist at the tropopause, summing contributions from each assuming eventual
liberation of all chlorine from the parent molecule by photolysis or chemical
reacti n. Extensive research has taken place over the past threc years (25, 26,
27, 28, 29) demonstrating both the existence of these chemleal source terms in

the stratosphere and, in many cases, their concentration gradient. above the tropo-
pause. Tt : generally assumed, based upon this accounting, that the total
chlorine mixing ratio falls in the range 1.5 to 3.0 ppbh as reflected in the

choices adopted in the theoretlecal calculations displayed in Figure 10. However,
Cl0 does not conutitute the entire chlorine budget in the upper stratosphere.

For example, at 36 km, where the ClQ mixing ratio peaks, total chlorine is believed

to be shared primarily between CL0 and HCl so that

[HC1]
[c1 ] = fc10] + {ncl] = [C10) {l ""[010]}'

However, for typical concentrations of [OH] and [CHA] and appropr.iate values for

k5 and kﬁ one finds, using Expression [10}, that

[[gié%, 1 at 36 kllometers.

Thus, for example, the peak mixing ratio ob: :xved in the 2 October flight is a
factor of two to four higher than the total chlorine mixing ratios of 3.0 and

1.5 ppb respectively would imply. OF course by assuming (1) the OH concentration
at the time of the 2 October flight was as high as the maximum observed by Burnett
and (2) a total chlorine mixing ratio approximately 30% higher than the maximum

vow aecepted, reasonable agreement is achieved.

E16



Another iwmportant consideration with respect to the question of total
chlorine is the correlation between observed HCL mixing ratios at 26-~28 km of
1 to 2 ppb (30, 31, 32, 33} and the peak observed C10 mixing ratio at 36 km.
At 26 km chlorine nitrate and HCl are believed to dominate the total chlorine

budget so that

[Clx] = [HC1) + ICION02] = [HC1l] {} +

[GlONOZ]
(HCL]

Theoretical predictions (34) show that 1f an aecceptable pressure dependence

is used for ClONG2 forma n

clo + N02 + M —> GI.ONO2 + M

the roncentrations of HC)L and ClONO2 are roughly equivalent at this altitude, thus
implying total chlerine mixiug ratios of 2-4 ppb. In any event the total chlorine
mixing ratio cannot be equated with the HCL mixing ratio in the region between 25
and 30 km until an adequate data base exists on the [ClONOZI/{H01] ratio in that
region. Simultaneous ClONOz—H01 measurements, perhaps by long path IR absorption

techniques, are needed to settle the issue,
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Figure Captiuns

A schematic of the Instrument detection pod along the flow axis
showing the optical and mechanical configuratlion of the probe,

The vacuum ultraviolet spectrum of atomie chlorine showing the
2p-2p, 2p.2p and 4P-4P multiplets.

The emission gpectrum of the micruwave plasma discharge lamp between
1150 and 1700A showing the resonance lines corresponding to the
energy level dilagram of Figure 2.

The emission spectrum of the resonance lamp - 0y cell combinatign
demonstrates the removal of each resonance line except the 11894
transition.

The double ped instruwsent configuration with supporting hardware”
and descent pavachute.

Raw flignt data from the 2 QOctober experiment showing the gas
addition sequence used in the Cl0 experiment.

Atomic chlorine and ClC density profiles for the 28 July, 2 October
and 8 December flights. Data for each gas addition sequence are
shown for Cl0, the Cl1 data represent a 0.5 km integration interval.
Data for the three flights smoothed over a 1 km interval,

Atomic chlorine and Cl0 plotted in terms of mixing ratios for each
flight.

A comparison between the Cl and Cl0 observation shown ip Figure 8 and

theoretical calculation of the noon time (30°N latitude) €1 and C10
densities.

A comparison between observed and calculated [Cl]/[C10] ratios.
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