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NATIONAL SCIENTIFIC BALLOON FACILITY 

ANNUAL REPORT - 1 JULY 1975 - 30 JUNE 1976

I. SUMMARY

The National Scientific Balloon Facility flew a total of 86 flights 

in FY 1976. Of these, 79 were in direct support of scientific research,

4 in support of NSBF development and 3 were training flights.

During the year we flew 18 flights from locations other than 

Palestine. These were flown from Canada, Sicily, Brazil, South Dakota, 

and Oklahoma. We also supplied limited support to several flights in 

Australia. The interest in remote flights remains high and, although 

the total number will vary from year to year, we anticipate at least 

one remote expedition yearly.

The overall success rate fell to 83.7% from last years high of 89.5%. 

There were 8 balloon failures, 2 electronic and 4 operational failures.

This can be partly accounted for by the large increase in average balloon 

volume and payload weight. We are deeply concerned with this operational 

record, but have tried to determine the cause of each failure and take 

steps to prevent such failures in the future.

Of particular note is Flight 108-N, launched from Sicily on 5 August 

1975. This flight had a float duration of 84 hours and was recovered near 

Lexington, Kentucky. This flight proved the feasibility of medium duration, 

medium payload flights at periods other than turn-around.

Another development of note is the increase of atmospheric science 

f1ights, a total of 22 being flown in FY 1976. This can largely be attri

buted to the interest aroused by the ozone-depletion controversy.
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In the development area the concentration of effort continued to be 

on the Long Duration Project. This work is discussed in detail later in 

the report.
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FLIGHT SERVICES BY THE NSBF CREW 

Sixty-eight flights were flown from Palestine, 1 from Sicily, 7 

from Canada, 1 from South Dakota, 2 from Oklahoma and 4 from Brazil.

There were 79 operational flights, 4 engineering flights, and 3 train

ing flights.

We had a total of 14 failures, distributed by causes as follows:

Balloons 8 

Operations 4 

Electronics 2

Again balloons accounted for the majority of the failures. All of
3the balloon failures were 1arge balloons, the smallest being 314,319 M

3with the average being 520,365 M . We did note, on looking through past 

history, some correlation between the number of failures on launch and 

very 1ight or calm wind conditions. We are actively pursuing this pos

sibility and are considering several operational changes to preclude these 

failures.

The two electronic failures were on Flights 954-P and 109-N, both in

volving line systems that had flown successfully several hundred times.

On 954-P, we were unable to get any commands through. Post-flight in

vestigation showed that the decoder failed. Changes are being made in 

the circuit to correct this particular mode of failure.

The second electronics failure, Flight 109-N, occurred on launch due 

to a premature termination. It was determined that the circuit card in the 

PCM unit momentarily broke contact in its mounting socket, causing execution 

of termination command. A more secure method of packing should eliminate

II. OPERATIONS
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this failure in the future.

Two of the operations failures occurred on remote flights, 115-N 

and 123 -N. Both of these were caused by malfunctions of equipment 

leased in the field. As soon as funds become available, we will procure 

roadable 1aunch vehicles in order to have proven, safe and efficient sup

port for future field operations.

Flight 920-P failed to terminate on command. As the balloon was ap

proaching Mexico, the load line was cut and the scientific package free- 

fell . We have ordered several space-qualified separation devices for 

testing and will make these standard equipment if the tests prove success

ful .

The final operations failure, Flight 952-P, was a human error. The 

weight of the gondola was read correctly but transposed on the weight 

sheet. The result was that insufficient gas was used and the balloon 

failed to lift off on release. A more detailed weight form has been put 

in use and all weights must be verified by two supervisors.

On the positive side, we had a very successful expedition to Brazil.
3Four successful flights, all involving balloons over 870,000 M , were 

flown under very difficult conditions.

The Trans-Atlantic flight, 108-N, marked another first for the NSBF. 

It was launched from Milo-Trapani airport in Sicily and cut down near 

Lexington, Kentucky, some 84 hours later. Tracking was done by an Omega 

system, and was satisfactory except for a few gaps in mid-ocean. The as

sistance of the U. S. Navy, through the use of their facilities at the 

NRL-Chesapeake Bay Annex, is gratefully acknowledged.

Both the average balloon volume and payload weight increased to new



all time highs of 375,681 M3 and 996.7 Kg, respectively.

At the request of the Canadian Government, NRC, National Research 

Council, we trained several of their key personnel in all aspects of 

scientific ballooning. They were at the NSBF during February and March 

and will be the nucleus of the new Canadian balloon flight station.

Flight 969-P for Dr. R. Golden, NASA/JSC, established a new record 

for gross lift, 5,243.7 Kg, using the dynamic launch technique.

FLIGHT OPERATIONS IMPROVEMENTS

Effective 1 August 1975, we modified our aircraft support contract 

with Modern Aero to replace one of the two Cessna 310-J’s with a Cessna 

401-A. This 401-A has much greater cargo area plus a cargo door allowing 

the transportation of small scientific packages plus our own electronics 

allowing faster turn-arounds. It is turbo-charged and has oxygen equip

ment , permitting greater flexibility in tracking operations.

We have continued to improve our let-down reel to accommodate heav

ier weights and greater separations. On Flight 951-P, we successfully 

lowered 898 Kg for a distance of 305 meters below the balloon.

A small, tracked, all terrain vehicle has been procured for recov

eries in swampy and wet terrain. It has already proven useful on several 

difficult recoveries.

A new 1aunch spool was designed and manufactured by the NCAR Research 

Systems Facility. This spool is designed for heavy payloads and has been 

pull-tested to 8600 Kgs.

A Universal Ballast Valve has been developed, tested and placed in 

operation. This valve may be used with either steel dr lead shot, is less 

likely to clog and offers more accurate flow rate.
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As a part of a continuing study, the Weather Section has arrived at 

several criteria for forecasting winter periods of light winds (strato

spheric warmings) at Palestine. The primary input is the rocket winds at 

White Sands. The forecasts during the past winter proved quite accurate.
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ELECTRONIC IMPROVEMENTS 

CONSOLIDATED INSTRUMENT PACKAGE 

The Consolidated Instrument Package has been placed into operation 

and has performed very satisfactory.

COMPUTER

A new PDP-11 Computer has been received and is operational for off

line use. The new tape drives are on order. This should allow the com

pletion of a second ground station by the spring of 1977. Conversion is 

being made so that all digital tapes will be standard 9 track instead of 

the present 7 track.

PCM COMMAND SYSTEM 

The present PCM command decoder has been modified from TTL to CMOS 

circuitry so that power will remain on all of the outputs instead of 

being switched as at present. Also the number of discrete commands is 

expanded from 48 to 63.

The PCM terminate command has been improved by redesign of one circuit 

and at present packaging is being designed before it is placed into full 

operation.

BURST DETECTOR

An electronic circuit using the altitude telemetry data to more readily 

detect a balloon failure has been designed.

LITHIUM BATTERIES 

After considerable testing it has been determined that the lithium 

primary cells are of high reliability. They are now being used as the 

power source for the terminate command and back-up timer.
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ASTRONOMY

a. U.V. & I. R. MEASUREMENTS 
OF CELESTIAL BODIES

b . POLARIMETRY
c. PHOTOGRAPHY
d. SOLAR
e. GAMMA & X-RAY
COSMIC RAY
a. PRIMARY & SECONDARY
b. HIGH ENERGY PARTICLES 

AND INTERACTIONS
c. EMULSIONS

ATMOSPHERIC SCIENCES
a. ION DENSITY
b. DUST COLLECTORS
c . OXYGEN
d. WATER VAPOR
e. EARTH ALBEDO
f. TEMPERATURE-HUMIDITY 

DISTRIBUTION BY I.R.

RESEARCH & DEVELOPMENT
a. R. & D. FLIGHTS
b. TRAINING FLIGHTS

Figure 1. This chart shows how the NSBF balloon flight support
has been distributed among the broad scientific disciplines.



YEAR '65 '66 '67 '68 '69 '70 '71 '72
’7? *74 '75 •76

NUMBER OF FLIGHTS 97 81 98 74 74 81 77 118 86 76 86

FAILURES 287, 307, 267, 197, 167, 157, 197, 167, 17.47. 11% 16.X
BALLOON 16% 6% 167, 87, 97, 67, 147c 127, LI. 6% 6.5% 9.37,
ELECTRONICS 37, 107, 27, 77, 37, 37, 37, 27, 07, 13% 2.3%
OPERATIONAL 5% 9% 37, 17, 17, 47, 37, 27, 5.8% 1.3% 4.7%
WEATHER 4% 57, 57, 37, 37, 27, 07, 07, 0% 07, 0%
UNKNOWN -- -- ---- ---- ---- ---- ---- ---- ---- 13?, --

o\ o>
Figure 2. The number of flights attempted by the NSBF operations crew from 

all locations and the percentage frequency of failures are shown 
by years in both the graph and the table. The table also provides 
a breakdown by failure type.
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The major effort of the engineering department in FY 1976 was di

rected toward long duration balloon development. Other development pro

grams were also being carried out, such as extreme altitude and heavy load 

ballooning to a lesser extent, but much has been learned from "spin-offs" 

of the long duration program which will have direct bearing on these prob

lem areas. In all cases, our other support programs involving materials 

research and testing, balloon envelope stress analysis, balloon dynamics, 

and scientific gondola thermal analysis were all continued from FY 1975 

into FY 1976.

Extensive work in nearly all areas were performed at Texas A & M 

University. Other support programs concerning not only long duration 

balloon development, but also extreme altitude and heavy load ballooning 

were performed on a sub-contracted basis along with our own in-house 

capabilities.

These programs and associated support efforts are discussed in the 

following sections.

LONG DURATION DEVELOPMENT PROGRAM

NSF funding for development of a long duration ballooning capability 

began in FY 1975. This effort, called Project Boomerang, consists of two 

parallel efforts, balloon vehicle development and development of support

ing electronics. With the resignation of Michael S. Pavey, a new Aerospace 

Engineer, Jarvis C. Lehmann, was hired to the staff to aid in the vehicle 

development.

Development of the balloon vehicle in FY 1976 consisted primarily of

III. ENGINEERING DEVELOPMENT
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two polyester spherical superpressure balloon test flights, two polyethylene 

zero-pressure, radiometric property gathering flights and data reduction.

The final design phase of the sub-contracted design and development program 

was completed and work started to up-grade present fabrication machinery 

so as to be able to correctly fabricate the proposed baseline material de

veloped under the sub-contract.

(1) Vehicle Development

(a) Design & Development Program

In January 1975, a contract was awarded to G. T. Sheldahl,

Co., for study, design and development of the Long Duration 

Platform (LDP) vehicle. The program was divided into two phases, 

consisting of a preliminary design and study phase, with the 

final design phase to include drawings and specifications. Phase

I had been completed at the end of FY 1975 and Phase II was 

started, with Phase II completion in November of 1976.

The major effort of Phase II was directed toward materials 

development and testing, because material selection appeared to 

be the key ingredient in development of the LDP. Various con

figurations of the proposed baseline LDP, (Fig. 1), which is 

a 6.35 [i m x 6.35 m Polyester bi-laminated film with a 400 

denier Aramid yarn adhesively bonded to the film, were fabricated 

by hand and tested to failure. It was found that several para

meters affected the strength of the material such as yarn twist, 

yarn coating, type of adhesive, yarn spacing, and yarn angle.

Many tests were run on each sample to measure ultimate strength,



f i g u r e  1

COMPONENTS:
6.35 (x m Polyester
2000 X  V a p o r D e p o s it  Aluminum 
3.8 p, m Adhesive 
6.35 (J. m Polyester

4 0 0  d .  A ra m id  y a r n ,  a d h e s iv e  c o a te d  
WEIGHT: 32.39/m2

L0N G  DUM T I o n  Pr o g r a m

KRAH SELECTION
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crack propagation, and load transfer capabilities from one 

yarn to another.

It was also learned from these tests that "hand lay-up" 

samples often varied from sample to sample, and that yarn to 

yarn load transfer was not occurring mainly due to not being 

able, by hand, to keep consistent tension in the yarn during 

fabrication. It was concluded from these results that more 

work was required in order to obtain greater material strengths 

(Fig. 2) and reproducibility. It was felt that to accomplish 

this task, more consistency could be obtained from fabricating 

the material on the Flying Thread Loom (FTL) which would ulti

mately make the film if found adequate. It was also felt that 

the ultimate strength could be improved, by using the FTL, thus 

increasing the operational safety factor and increasing reli

ability. However, to fabricate the LDP baseline material, 

several modifications to the FTL had to be made before the 

Kevlar yarn could be run. Modifications on the machine were 

started on the FTL in April of FY 1976, with modification work 

to continue into early FY 1977.

Another materials problem that surfaced during the final 

design phase was the problem of ultra-violet (UV) degradation 

of the material during its lifetime at float. Although some 

weathering tests had been done, it was concluded that these 

tests did not accurately portray the amount of degradation 

that would be encountered at float altitude. Also, since other



Figure 
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UV test facilities did not accurately control such parameters 

as sample temperature, environmental gas, skin stress, 

and intensity, which would be seen by the balloon, it was de

cided more work should be done in this area. (Further dis

cussion will be given in the Texas A & M section). All of 

these factors affect the amount of degradation which in turn 

determines whether UV screening, such as the vapor deposited 

aluminum (Fig. 1), should be used to protect the Kevlar. How

ever, by adding the UV screen, it causes the balloon to operate 

at higher daytime temperatures, thereby higher daytime skin 

stresses, which decreases the safety factor of the balloon.

(b) Associated Programs - Vehicle Design

Dynamics - A computer program for superpressure balloons 

was completed by Dr. Jan Kreider of Environmental Consulting 

Services, Inc., (ECS), which evaluates various balloon materials 

and sensitivity of the vehicle to external influences. Using 

this program, predictions for daytime-nighttime skin stresses, 

altitude excursions, and gas temperatures were made for two 

superpressure balloon flights.

Flight data gathered from four flights, two superpressure 

spherical balloons, a nd two radiometric property gathering zero- 

pressure balloons, were then, and are, being used to provide 

ibration points for the model enabling some refinement to the 

program. Further test flights helping in the determination of 

film radiometric properties, albedo, and black ball values will



improve reliability of computed results.

Materials - Through the use of the balloon film testing 

laboratory at Texas A & M University (TAMU), various LDP ma

terials and load patch designs have been tested. This work 

was accomplished by Dr. L. Dale Webb in further support of 

both the Sheldahl program and the NSBF test flights and in- 

house research.

Utilizing a mutilation tester which was previously de

veloped, various films were compared under a wrinkled/unwrin

kled loading configuration to determine pin-hole resistance, 

seal strength, and load attachment strength, for various 

temperatures and stresses.

Utilizing a 112 cm circular diaphragm tester, simulated 

gore segments with load patches or other components attached 

were tested for strength and stress distribution under various 

temperatures. From this testing, a better load attachment de

sign was obtained which did not destroy the balloon wall when 

patch failure occurred.

Utilizing a 25.4 cm circular diaphragm tester, many biaxial 

stress samples of the proposed Sheldahl LDP material were test

ed to study crack growth and propagation, and load transfer from 

yarn to yarn. Ultimate break strengths were also determined and 

compared to other films.

In addition, tests of several materials using a standard 

tensile tester were performed to determine uniaxial film modulus
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changes with changing strain rate and temperature. Yarn to yarn 

load transfer was also studied of the LDP material and all re

sults were compared to biaxial test data. More creep tests were 

done on nylon-6 to determine more accurately its creep charac

teristics versus water absorption.

Balloon Design - Utilizing a previously developed finite 

element program by Dr. James L. Rand of TAMU, stresses in the 

balloon wall were calculated at the load introduction point for 

various load configurations for two spherical superpressure bal

loons which were flown in FY 1976. Although it was used pri

marily to investigate the stress fields around a superpressure 

balloon load patch, work was initiated to change the programs' 

capability so that regions such as end caps, and various fittings 

in the balloon wall could be studied in more detail.

(c) Test Flights

During FY 1976, four engineering flights were conducted.

Two flights were spherical superpressure balloon test flights 

and the other two flights were polyethylene zero-pressure bal

loon flights which were flown to obtain radiometric data.

1. 38.71 M Diameter Sphere Test Flight and Data. Analysis 

After the 56.8 M sphere test flight flown on 15 April 

1975, it was concluded that unlaminated mylar has too 

little tear resistance and pin-holing is too prevalent to 

ever become a good superpressure balloon film. It was also 

found that the bear paw patch design was too stiff and in-
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stigated several small holes at severe creases. With 

these findings it was decided to build a 38.71 M dia

meter sphere with a more flexible modified bear paw 

patch for load attachment, and use a 19 |_im x 19 p,m poly

ester bi-laminate with a new softer and thicker adhesive 

to prevent pin-holing.

The test flight was conducted on 4 October 1975 at 

sunrise. Inflation, launch, and ascent were smooth and 

the balloon went into float and pressurization at 12.5 

Mbs with a total suspended load of 204 Kgs. The balloon 

dropped 0.2 Mbs in altitude due to the nighttime cooling 

of the gas and was terminated shortly after midnight.

Excellent thermistor, strain gauge, and load 1ine 

data were obtained. Instrumentation included 121 para

meters which included the following:

Load Line Loading - 82

Balloon Skin Strain Gauges - 12 

Helium Thermistors - 3

Balloon Skin Thermistors - 9 

Ambient Air Thermistors - 2

Ballast Load Cell - 1

Black ball, net radiometer, up and down looking solar cell 

arrays, differential pressure gauge, and various reference 

parameters.

Initial data reduction were obtained from "real-time"



print out from the NSBF PDP 11/20 computer. Detailed re

duction of the data to graphical form was accomplished 

utilizing the NCAR 7600/6600 computer. Analysis of the 

data revealed rapid loading/off-loading of load 1ines 

during the launch process. It was found that the gore 

folding determined which load lines received high initial 

loading at launch while other load lines were totally off 

loaded. Definite shifting of load patterns occurred but 

became stabilized and more uniformly distributed once 

float was reached. The thermistor data followed predicted 

patterns and showed large temperature differentials be

tween the top and the bottom caps of the balloon. A full 

report on this flight will be available in the future.

2. 55.0 M Diameter Sphere Test Flight and Data Analysis

After the highly successful 38.71 M test flight, a 55.0 M 

diameter superpressure sphere made of 19 p,m x 12 |jwn poly

ester bi-laminate with soft adhesive was ordered. This 

balloon utilized the same type of bear paw load attachment 

as that of the 38.71 M sphere.

The test f1ight was conducted on 11 May 1976 from Muskogee, 

Oklahoma. The inflation, launch and ascent were very smooth 

with the balloon arriving at an initial float altitude of 

7.6 Mbs. However, during the slow pressurization process, 

which took approximately three hours, the balloon had a 

catastrophic failure, completely destroying itself in a



- 2 3 -

matter of seconds. The balloon failed at a skin stress of 

approximately 6500 psi which was well below the design skin 

stress.

Excellent data were received on over 155 parameters dur

ing the flight, both ascent and float, which included the 

following:

Load Line Loading - 118

Balloon Skin Strain Gauges - 6 

Helium Thermistors - 3

Balloon Skin Thermistors - 6 

Ambient Air Thermistors - 2 

Ballast Load Cell - 1

Black ball, net radiometer, up and down solar cell arrays, 

differential pressure gauge, and various reference parameters.

All data obtained off of the test flight verified data 

received from the two previous test flights. Initial data 

reduction was obtained from "real-time" printout from the 

NSBF PDP 11/20 computer while detailed reduction of the data 

to graphical form will be accomplished utilizing the NCAR 

7600/6600 computer. However, no data have indicated why 

the balloon failed.

It was concluded after the f1ight that there were two 

suspect areas which had not been looked at through a numer

ical approach. These areas were the end cap seam and various 

cutouts in the balloon wall for such things as inflation



fittings, pressure tapes, etc. Utilizing the finite 

element program previously developed by Dr. Jim Rand,

TAMU, it was revised to use on the region of the end cap.

The results showed that the end cap region was safe from 

a stress standpoint and that it was not a 1ikely suspect 

for failure. The cutouts in the balloon were next analyzed 

and preliminary results have shown that present reinforce

ment schemes around these areas are not adequate enough to 

bring stress levels down. More analysis and testing is to 

be carried out in early FY 1977 to verify the results, with 

application for the next test flight.

3. Radiometer I Flight

In August 1975 a flight on a 56,634 cubic meter balloon, 

made of Stratofilm, was conducted to obtain radiometric data 

for use in calibrating the balloon dynamics model developed 

by Dr. Jan Kreider. Excellent data were received during the 

flight which included the following:

Air Thermistors - 4

Helium Thermistors - 2

Solar Cell Arrays - 2

Cameras - 2

Solar Cell Thermistors - 4

Net Radiometer - 1

Black Ball - 1



Data from the flight also gave new values for the trans

mittance and emittance properties of Stratofilm balloon 

film which had previously only been measured by test equipment.

4. Radiometer II Flight

In June 1976, another zero-pressure balloon flight utiliz

ing a 14,160 cubic meter balloon made of X-l24 polyethylene 

was conducted. The purpose of the flight was to obtain ra

diometric data over severe weather conditions. The balloon 

was launched in front of a severe storm line and overflew 

the storm system during the night with termination at sunrise 

the next morning. Excellent data were obtained which will 

be of tremendous importance when an identical flight, to 

be flown in July 1976, will fly over clear skies to obtain 

a one to one correspondence. Parameters measured included 

the following:

Helium Temperatures - 3

Balloon Film Temperatures - 2 

Air Temperatures - 2

• Black Ball - 1

Net Radiometer - 1

Various Reference Voltages

(2) Electronics Development

Raytheon submitted the final report on their system definition 

study in July 1975. The report included detailed specifications for



an HF system and allowed trade-off decisions to be made between 

cost and performance. After reviewing the report, it was decided 

that the initial investment to acquire even a minimal system would 

be much too costly for the reduced capability it would provide.

Emphasis then shifted to consideration of the MARISAT system 

as the primary data link for global flights. When efforts to obtain 

assurance of authorization from the FCC fell through, the NASA TDRSS 

satellites appeared to be the best approach even though it is not 

expected to become operational until early 1980. It was assumed 

that interim support might be provided via HF or INTELSAT.

During discussions of our requirements and plans with Satellite 

Systems Engineering we were encouraged to learn that consideration 

of MARISAT was not necessarily hopeless and that every effort should 

be made to make a final determination of the possibilities.

SSE was hired to conduct an exhaustive investigation of the 

feasibility of using MARISAT and to advise us whether to continue 

or to stop consideration. The investigation was to determine with 

as much confidence as possible, the likelihood of obtaining the 

necessary frequency authorizations and reaching agreements with 

Comsat General for use of the system.

The report, received in late April, concluded thiat we should 

continue our efforts with regard to MARISAT with assurances from FCC 

and Comsat General that our requests have a strong possibility for 

approval under certain conditions. The most restrictive conditions 

are that the use of MARISAT frequencies be temporary and that we
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commit ourselves for a fixed amount of satellite space in advance. 

These restrictions do not seem to be excessive and every effort 

will be made to abide by them.

Work has begun on a system specification and a statement of 

work for use in an RFP for development of the balloon-borne terminal. 

It is planned to complete this effort and issue the RFP by early 

August. Development of a prototype system should be completed during 

FY 1977.

Other related activities included the purchase of a Transit Sat

ellite Receiver for evaluation as a possible navigation system on 

long duration flights. The software provided with the receiver will 

be used with our PDP-11 computer to calculate position from receiver 

data. An interface is being designed to allow operation of the re

ceiver on flights utilizing a PCM data encoder. This will provide 

several opportunities for real flight test data to be obtained.

Electronic support was provided for two superpressure balloon 

test flights, and two radiometer test flights. The ins trument at ion 

package was redesigned and simplified so that it may now be flown 

with a Consolidated Instrument Package (CIP). The interface scheme 

is general in nature and allows the package to be used on a large 

variety of flights with only external cable modifications.

BALLOON MATERIALS AND QUALITY CONTROL 

Texas A & M University (TAMU) - In addition to the material testing 

performed in support of the long duration project, testing of other balloon 

materials continued, along with development of new apparatus. Samples of
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new polyethylene and co-polymer films were tested from two different 

film extruders, stemming from an NSBF sponsored contract to A. D. Little,

Co., to find new film resins and extruders, to determine whether they 

were suitable as balloon films. Work is still being carried out.

Work was started on the full material characterization of balloon 

films and testing procedures so as to form a reference standard for com

parisons to other candidate films. The two films to be characterized are 

Visqueen X-124 and Winzen Stratofilm. More testing and analysis is re

quired and will extend into FY 1977.

New apparatus completed in FY 1976 included a shear modulus tester.

This apparatus consists of a long tube of material that is pressurized.

By applying a known torque until the film begins to buckle, a value for 

the shear modulus can be determined.

Work started on an ultra-violet degradation test facility. As longer 

and longer flights are anticipated in the near future, it became evident 

that UV degradation of the balloon film was going to become more significant. 

It was learned that present day systems do not accurately control several 

very important parameters which may strongly influence the amount of UV 

degradation that a film experiences. The UV system that work started on 

in July 1976 will simulate float conditions; atmospheric environment, (i.e. , 

helium on one side, ambient air conditions at float on the other), correct 

operating skin stress, correct skin temperatures, and correct intensities 

and wavelengths. When completed, over 80 samples can be irradiated, simul

taneously with each sample large enough for several materials tests.

Biaxial and uniaxial tests of nylon, poly +, and several polyethylenes 

were started along with creep tests. More work is required and is expected



to continue throughout most of FY 1977.

Nylon Material Evaluation - A final review meeting with Raven In

dustries , Inc., was held at TAMU in May 1976. Test results were dis

cussed regarding uniaxial and biaxial behaviour of the Nylon-6. It was 

noted that the creep behaviour of the film is very erratic, due to water 

absorption, and that lot to lot inconsistencies were prevalent. It was 

concluded that, until the material is understood better from a chemical 

standpoint, and better controls during fabrication are used to get consistent 

film, Nylon-6 should not be considered for a possible balloon film. Some 

work will continue to try to gain a better understanding of the creep 

mechanism involved. The final report should be available by early FY 1977.

Poly + - Dacron scrim reinforced polyethylene (Poly +) material manu

factured by Sheldahl, Inc., was sent to CNES/ZODIAC ESPACE for fabrication 

into a balloon during FY 1975. The fabricated balloon was then shipped 

back to Sheldahl for installation of fitting and inspection. A large number 

of holes were noticed, both by ZODIAC and Sheldahl, during inspection and 

was determined that they were caused by blocking of the adhesive from one 

layer of film to another. The holes were patched and in November 1975, 

the balloon underwent ground inflation tests under NSBF and ONR supervision. 

Purpose of the test was to pressurize the balloon to failure to evaluate 

seals, fittings, fabrication techniques, and usable strength of the material 

in a fabricated structure. However, as the inflation proceeded, a split 

developed from a hole caused by blocking of the adhesive in the film. The 

test was stopped when the mass of air escaping equalled the mass of in

flation gas coming in. Although the test did not achieve the desired ob

jectives , the overall strength of the Poly + up to that point looked good.
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However, use of this material is not feasible until the blocking problem 

is solved, wider gore widths are available, and fabrication capability is 

developed in the U. S.

A. D. Little, Inc. - Under a contract with the NSBF which was first 

initiated in early FY 1976, A. D. Little, Inc., was to carry out a pro

gram whose objectives were to: (1) identify commercially available films 

suitable for the manufacture of high altitude balloons, and (2) identify 

extrusion companies who are capable and willing to manufacture film which 

will meet NSBF requirements. The final report was received in April 1976 

and reported the following conclusions:

(1) With the exception of Winzen's Stratofilm, there are no films 

currently commercially available which will meet requirements 

established by the NSBF for zero-pressure balloons.

(2) Although no other commercially available films exist now, it 

is highly probable that future resins and extrusion technology 

will result in a satisfactory film.

(3) Current zero-pressure balloons utilizing low density poly

ethylene (LDPE) films suggest that higher molecular weight LDPE 

resins may give satisfactory results sooner and at lower film 

cost than with any other currently available resin.

(4) There are grades of LDPE resin currently available whose 

properties suggest they could possibly be fabricated into satis

factory balloon-grade films.

(5) Four companies willing and technically capable of making 

satisfactory LDPE balloon-grade film were identified.

(6) At reasonable production volumes, the manufacture of balloon-
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grade films is potentially profitable business.

Two extrusion companies were contacted by A. D. Little and the 

NSBF and pilot runs of a Union Carbide DFDA-0567 were made. Tests 

were conducted at TAMU with results showing that only one of the two 

companies could control extrusion to desired specifications. It was 

found that the Union Carbide resin however had properties which did not 

permit it to be extruded at consistant film thicknesses below 19 )j,m.

Work will continue through FY 1977 evaluating other possible films.

Winzen Research, Inc. - Under a contract with the NSBF during 

FY 1976, Winzen Research, Inc., was to study the possibility of a tape 

reinforced balloon configuration allowing superpressure of a reinforced 

polyethylene or similar heat sealable film. Although the application 

was for use in superpressure balloons, the technology developed should 

have direct application for heavy load balloon systems. The system con

sists of a balloon fabricated from such materials as polyethylene or 

Nylon-12, which are heat sealable. Reinforcing lines and tapes are then 

used to form a "net" around the film, which is acting as a gas barrier. 

The film is allowed to "bulge" between reinforcing lines, thus lowering 

stresses.

Phase I of the study was completed with a final report submitted in 

April 1976. More work will proceed during FY 1977 to verify the theory 

and overall strength of such a combination.

In addition to all of the aforementioned projects, Texas A & M Uni

versity (TAMU) personnel have been involved in the following programs in 

support of our engineering programs:

Consultant/Advisor on all phases of the Long Duration Program .
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Calculations of thermal insulation requirements for 

several scientific gondolas.

Calculation of balloon thermodynamics for two engineering 

test flights.

Supporting work and calculations for a proposed "air 

ballast" balloon system.

Presentation of the following papers at the AIAA 5th Aero

dynamic Deceleration Systems Conference:

Noel, J. S., Webb, L. D. (1975) Viscoelastic Fracture 

Criteria for Balloon Films, Texas A & M University, 

Civil Engineering Department,

Rand, J. L. (1975) Superpressure Balloon Loads,

Texas A & M University, Aerospace Engineering 

Department.
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PERSONNEL

The staff of the National Scientific Balloon Facility on 30 June 

1976 consisted of forty-five (45) full-time employees and one (1) part- 

time employee. One of the full-time positions is an engineer working 

in the Long Duration Development Program. One other job, electronics 

technician, is scheduled to be filled on 1 August 1976, brining the 

total to forty-six (46) full-time positions. The full time staff 

allowance, which includes the position to be filled on 1 August, is 

classified as follows:

IV. ADMINISTRATION

Administration 5
Clerical
Engineers 5
Guards 3
Machinist 1
Maintenance 1
Mechanic 1
Meteorologists 1
Pilots 2
Technicians 23

TOTAL 46^

A black female was hired on 19 April 1976 as an engineering tech

nician trainee, as a part of our Minority Technician Training Program. 

This is the continuation of a program that was established at the NSBF 

on 3 September 1973. Three (3) black males completed the initial program 

on 30 June 1975.

Staff changes for the period 1 July 1975 through June 1976 were
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as follows:

1. 5 July 1975 - J. 0. Hollingsworth resigned as a Balloon 
Technician.

2. 8 July 1975 - Randall H. Brown was hired as a Balloon 
Technician.

3. 14 July 1975 - Christopher A. Merced was hired as a 
Temporary Balloon Technician.

4. 14 November 1975 - Christopher A. Merced completed his 
job as Temporary Balloon Technician.

5. 31 December 1975 - William J. Landsperger, Safety and 
Standards Administration, was terminated as the result 
of a reduction in force.

6. 31 December 1975 - Mallik S. Putcha, Electronics Engineer, 
was terminated as the result of a reduction in force.

7. 31 December 1975 - Joan E . Cruse, Secretary, was terminated 
as the result of a reduction in force.

8. 1 January 1976 - Ralph A. Harju was reassigned from Admin
istrative Assistant in the Operations Department to Admin
istrative Assistant in the Administration Department.

9. 1 January 1976 - Della M. Lynch was promoted from Secretary 
in the Operations Department to Administrative Assistant in 
the Administration Department.

10. 9 January 1976 - Michael S. Pavey resigned as the Head of the 
NSBF Engineering Department.

11. 1 March 1976 - I. Steve Smith, Jr., transferred from the Long 
Duration Balloon Development Program to the Engineering Department.

12. 5 March 1976 - Patsy K. Rohne resigned as a part-time clerk- 
typist.

13. 8 March 1976 - Emmer F. Woodard was hired as an Electronics 
Assembler.

14. 19 April 1976 - Troylnn J. Wiggins was hired as an Engineering 
Technician Trainee.

15. 26 April 1976 - William V. Blanton was hired as a Temporary 
Balloon Technician.
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16. 2 May 1976 - Arthur H. Gusa, Jr., was reassigned, at his 
request, from Plant Maintenance Engineer in the Administra
tion Department to Balloon Technician in the Operations 
Department.

17. 2 May 1976 - Kenneth Joe Taylor was promoted from Balloon 
Technician to Plant Maintenance Engineer.

18. 10 May 1976 - Nancy R. Miller was hired as a part-time 
clerk-typist.

19. 7 June 1976 - Jarvis C. Lehmann was hired as a Balloon 
Development Engineer in the Long Duration Balloon Develop
ment Program.

20. 30 June 1976 - William V. Blanton completed his job as a 
Temporary Balloon Technician.

FUNDING

Continued Operations funding in FY 1976 was $1,169,000, an increase 

of $95,000 over the previous fiscal year. The add-on increment for Long 

Duration Development was $390,000. The NSBF also received $100,000 from 

NASA for Research and Development.

The FY 1976 Continued Operations Budget for the NSBF is broken down 

as follows:

1. Administration

2. Engineering

3. Operations

4. Safety and Standards 

TOTALS

SALARIES 
BENEFITS 
& TRAVEL

$184,586

69,556

551,592

24,410

SUPPLIES 
SERVICES & 
EQUIPMENT

$ 98,000

1,000

237,856

2,000

$ 338,856

TOTALS 

$ 282,586 

70,556 

789,448

26,410

$1,169,000$830,144 

PANEL MEETINGS

Two meetings of the NSBF Advisory Panel were held during the year. 

In addition, one meeting of the Operations Sub-Committee was held.
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The Fall meeting of the Panel was held at NCAR on 9 October 1975. 

The major items discussed were the NSBF Budget, the Five-Year Plan and 

the NSBF-NCAR policies concerning off base operations. The Spring meet

ing was held on 30 March 1976, at the NSBF. The major item discussed 

was the proposed UCAR Policy Statement on Use of the NSBF.

The Sub-Committee met at the NSBF on 13 August 1975. The principal 

activity of the meeting was a review of the past years operation as re

ported in the Annual Report. The Sub-Committee commended the NSBF for 

an efficient and professional operation.

Members of the Panel during FY 1976 were as follows:

Dr. R. Weiss, Massachusetts 
Institute of Technology

Dr. E. Chupp, Univ. of New Hampshire
Dr. R. Haymes, Rice University
Dr. G. Fazio, Smithsonian Institute
Dr. D. Kniffen, NASA Goddard Space 
Flight Center

Dr. R. Golden, NASA/JSC
Dr. R. Murcray, Univ. of Denver
Dr. R. Chasson, Univ. of Denver
Dr. W. Lewin, Massachusetts 
Institute of Technology

Dr. D. Mueller, Univ. of Chicago
Dr. M. Pelling, Univ. of California,
San Diego

Dr. W. Gordon, Rice University

UCAR Trustee Observer

Member, Sub-Committee on Operations

Term expired in Spring 1976

Term expired in Fall 1975
Term expired in Fall 1975
Term expires in Fall 1976
Term expires in Fall 1976

Appointed through Fall 1977 
Appointed through Fall 1978 
Appointed through Fall 1978 
Appointed through Fall 1978

Appointed through Fall 1978 
Appointed through Fall 1978

Appointed through Spring 1977



OTHER MEETINGS

The Scientific Ballooning Association has held several meetings 

during the year. It is now incorporated in the State of Texas. The 

meetings were largely concerned with organizing the Association. 

Shipley has continued to serve as President during the year.

The UCAR Board of Trustees met at the NSBF on 21-22 April, 1976, 

marking the first time the Board has visited the NSBF.
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During the year, the Back Bay staging area was extended by 6.1 
meters. The telemetry room in the Control Tower was extended over the 
old Cockpit Room, with the lower half being converted into a staff 
lounge. The net result of these changes was the same area in the Back 
Bay for staging, doubling of the size of the telemetry room and a larger 
and more comfortable staff lounge.

Several office changes were made during the year in an effort to 
consolidate like functions. Engineering was moved to the two temporary 
buildings and the Manager, Deputy Manager, and Administration moved to 
the main building.

The second Stratoport, obtained from NASA, Marshall has been largely 
erected. Completion has been delayed by contractural problems. We now 
estimate that it will be ready for occupancy in September of 1976.

At. NASA's request, and using funds furnished by NASA, we have con
structed a trailer pad and antenna platform for their use. It is located 
off the access road to the new launch area. The primary user of the Facility 
has been Dr. J. Anderson of the University of Michigan and Mr. J. Stanley 
of NASA/JSC in their stratospheric measurement program.

V. BASE DEVELOPMENT
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The NSBF will continue to offer operational and engineering support 
to all authorized scientific groups. The new "Statement of Policies 
and Procedures for Use of the National Scientific Balloon Facility" be
comes effective this year. We expect to conduct a total of 80 to 90 
flights. The trend to larger volume balloons, heavy payload experiments 
should continue. The interest in stratospheric problems should lead to 
an increasing number of flights devoted to atmospheric science. We anti
cipate requests to provide limited support to several flights from 
Australia and may be required to fly a few flights from other locations 
in the U. S.

Three Trans-Atlantic flights are planned from Sicily in July and 
August. Pending mutual agreements, there is likely to be an additional 
series during the same period in 1977.

We plan to replace the Cessna 310 tracking aircraft with a second 
Cessna 401 early in the year. This will give us two aircraft with in
creased operational efficiency and flexibili ty.

The engineering development effort will be devoted almost entirely 
to the Long Duration Program. A prototype ground station and airborne 
electronics system for use with satellites should be procured during the 
year. The final long duration balloon design should be selected and a 
prototype procured and test flown. A downrange station for re-transmitting 
flight data back to a central processing point at Palestine will be tested 
early in FY 1977. Refinement of flight hardware along with operations pro
cedures and techniques will continue.

VI. PLANS FOR FY 1977
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An Architectural and Engineering contract for a new staging building 

should be signed early in the fiscal year. Construction is scheduled to 

commence in March and the building should be ready for occupancy in July, 

1977.
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FLIGHT

NUMBER
DATE

EXPERIMENTER
a

ORGANIZATION
TYPE OF 

EXPERIMENT
BALLOON
VOLUME

(M ^)
GAUGE a  

MATERIAL MANUFACTURER
PAYLOAD
WEIGHT

(KGS)

FLOAT
TIM E
(HRS)

PRESSURE 
FLOAT 

ALT (M B)
FLIGHT

SUCCESS

907-P 1 July 1975 Dr. M. Olson, NCAR Test flight of carrier balloon 
electronics package

16,990 38.00 \x Poly Raven 273.1 8.4 18.0 Success

908-P 1 July Dr. R. Weiss, MIT Sky survey to look for discrete 
astronomic sources at sub
millimeter wavelengths

143,284 15.24 m- Poly Winzen 465.3 6.7 4.1 Success

909 -P 7 July Dr. G. Keller 
Ballistics Research 
Laboratory

Measure ambient positive ions 
and neutral molecules in upper 
stratosphere with clean 
spectrometer

329,213 12.70 m- Poly Winzen 495.6 3.3 2.75 Success

910-P 9 July Dr. R. Weiss, MIT Sky survey for infrared sources 
in the spectral region around 
1 to 1/2 mm wavelengths

329,610 17.78 |j. Poly Winzen 526.2 5.1 2.89 Success

911-P 13 July Dr. L. Peterson 
Univ. of California 
San Diego

Observations of time vari
ability in cosmic x-ray sources 
HER X-l, CYG X-l, CYG X-3

437,341 12.70 \l Poly Winzen 833.2 4.6 2.90 Success

912-P 18 July Dr. J. Anderson 
Univ. of Michigan/ 
J*. Stanley-JSC

Measure absolute concentrations 
of trace species which control 
the photo-chemical balance of 
the stratosphere

434,934 12.70 p. Poly Winzen 369.7 .9 1.76 Success

913-PT 29 August M. Pavey, NCAR/NSBF Investigate radiation proper
ties and effects of changing 
earth albedo

56,634 25.40 m- Poly Winzen 269.9 8.1 6.92 Success

914-P 30 August Dr. R. Jennings 
Univ. College 
London

To make photometric measure
ments in H II Regions with 
40 cm infrared telescope

87,672 30.48 y, Poly Winzen 681.2 7.4 8.68 Success

915-P 6 September Dr. F . Low 
Univ. of Arizona

Far infrared experiment for 
galactic and extra-galactic 
sources

14,160 25.40 m, Poly Raven 251.2 9.1 18.5 Success

916-P 7 September Drs. A. Boksenberg, 
and B. Bates 
Univ. College 
London/Queens Univ.

Observations of high resolution 
ultra-violet objects for 
stellar and interstellar 
information

569,580 12.70 Poly Winzen 734.4 8*1 2.16 Success

917-P 4 September Dr. G. Downing 
JPL

Calibration of solar cells 438,320 12.70 m, Poly Win2en 270.8 3.7 1.70 Success

918-P 15 September Drs. A. Boksenberg, 
and B. Bates 
Univ. College 
London/Queens Univ.

Continuation of observations 
of high resolution ultra
violet objects for stellar and 
interstellar information

569,580 12.70 Poly Winzen 741.2 N/A N/A Balloon Failure

A-l
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919-P 16 September Dr. A. Boksenberg, 
and B. Bates 
Univ. College 
London/Queens Univ.

Continuation of observations of 
high resolution ultra-violet 
objects for stellar and inter
stellar information

569,580 12.70 m- Poly Winzen 741.2 8.6 2.28 Success

920-P 21 September Dr. G. Keller, 
Ballistics Research 
Laboratory,
Dr. J. Olson, Univ. 
of Denver

Measure distributions of 
neutral molecules and positive 
ions of upper stratosphere

329,213 12.70 |i Poly Winzen 453.4 16.1 2.69 Operations
Failure

921-P 22 September Dr. R. Jennings 
Univ. College 
London

40 cm telescope system with 
star tracker for I.R. 
measurements

86,672 30.48 M- Poly Winzen 698.6 9.5 9.35 Success

922-P 23 September Dr. R. Golden 
NASA/JSC

Cosmic ray laboratory with 
super-conducting magnet

612,093 22.86 vt Poly Winzen 2889.4 N/A N/A Balloon Failure

923-P 25 September Dr. R. Golden 
NASA/JSC

Cosmic ray laboratory with 
super-conducting magnet

587,882 20.40 n Poly Winzen 2337.4 12.8 4.87 Success

924-P 26 September Dr. C. Farmer/ 
J. Riccio 
JPL

High resolution infrared 
measurements

727,514 12.70 |i Poly Winzen 1083.3 29.5 2.4 Success

925-P 28 September Dr. P. Fowler 
Univ. of Bristol

Cosmic ray detector 580,850 12.70 \l Poly Winzen 1308.6 53.8 3.31 Success

926-P 30 September Dr. P. Meyer 
Univ. of Chicago

Cosmifc ray telescope 587,882 20.23 |X Poly Winzen 2264.0 N/A N/A Balloon Failure

927-PT 4 October M. Pavey,NCAR/NSBF Test of super-pressure balloon 30,797 19 x 19 
Bilam Celanar

Raven 265.7 12.8 12.0 Success

928-P 5 October Drs. G. Simnett, 
Birmingham Univ., 
D. Ramsden, Univ. 
of Southampton

Gamma ray bursts 441,800 15.24 m- Poly Winzen 1465.6 14.5 3.71 Success

929-P 7 October Dr. P. Meyer 
Univ. of Chicago

Cosmic ray telescope 587,882 20.32 |i Poly Winzen 2222.5 42.7 5.0 Success

930-P 9 October Dr. J. Kurfess 
NRL

Observations of hard x-ray 437,341 12. 70 ji Poly Winzen 703.1 9.4 2.85 Success

931-P 10 October Dr. K. de Boer 
Univ. of Groningen

Infrared observations of small 
galactic II regions, between 
20 - 200 M-

329,213 12.70 fi Poly Winzen 954.9 7.9 3.90 Success

932-P 17 October Dr. C . Hemenway 
Dudley Observatory

Micro-meteorite collection 14,160 25.00 jj, Poly Raven 342.0 70.0 22.5 Success
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933-P 18 OcCober Drs. A. Boksenberg, 
Univ. College 
London and B. Bates 
Queens Univ.

ObservaCions of high resolution 
ultra-'violet objects

580,850 12.70 (J. Poly Winzen 731.7 4.3 2.25 Success

934-P 19 October Dr. J. Anderson 
Univ. of Michigan

Measurement of stratospheric 
aerosol particles

434,934 12.70 M, Poly Winzen 386.9 2.2 2.20 Success

935-P 27 OcCober Drs. G. Simnecc 
Birmingham Univ. 
and Dr. D. Ramsden 
Univ. of 
SouChampCon

Gamma ray bursts 329,213 17.78 Poly Winzen 895.8 7.0 4.20 Success

936-P 28 Occober Dr. D. Lerake 
Max-Planck Inst.

Survey of Milky Way in far 
infrared

56,634 25.40 M-Poly Winzen 582.4 4.0 11.0 Success

937-P 30 Occober Dr. R. Jennings 
Univ. College 
London

40 cm infrared telescope 87,672 30.48 Poly Winzen 721.3 9.3 9.5 Success

938-P 4 November Dr. M. Sommer 
Max-Planck Insc.

Variability of x-ray sources 157 346 12.70 |i Poly Winzen 490.4 7.5 4.1 Success

939-P 6 November 'Dr. W. Webber 
Univ. of New 
Hampshire

Gamma ray detecCor 314,319 15.24 M1 Poly Raven 1507.4 8.4 3.3 Success

940-P 12 January 
1976

Dr. J. Anderson 
Univ. of Michigan

Scracospheric aerosol particle 
measureraenCs

434,934 12.70 M- Poly Winzen 396.4 0.5 1.75 Success

941-P 17 January Dr. S. Scott and 
N. Farlow - NASA 
Ames Research 
CenCer

Stratospheric measureraenCs of 
halo-carbons and meChane

329,213 12.70 |i. Poly Winzen 1085.1 5.9 4.85 Success

942-P 17 January Dr. F. Low 
Univ. of Arizona

Infrared survey of galactic 
and extra-galactic sources

14.160 25.40 p. Poly Raven 247.7 11.9 17.1 Success

943-P 27 January L. Heidt 
NCAR

Cryogenic air sampler 104,384 12.70 Poly Winzen 515.4 2.1 6.0 Success

944-P 30 January Dr. M. Pelling 
Univ. of California 
San Diego

Mapping of Crab Nebula in 
high energy x-ray

437,341 12.70 M- Poly Winzen 1057.8 N/A N/A Balloon Failure

945-P 8 February D r . F . Low 
Univ. of Arizona

Far infrared survey of galactic 
and extra-galactic sources

14,160 25.00 Poly Raven 248.6 13.1 17.1 Success

946-PT 26 February H. Woody 
NSBF

Training Flight 169,902 12.70 M- Poly Raven 88.9 N/A N/A Success
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947-P 27 February L. Heidt 
NCAR

Cryogenic air sampler 329,213 12.70 M. Poly Winzen 340.3- 5.5 2.32 Success

948-P 9 March Dr. F. Low 
Univ. of Arizona

Far infrared survey of galactic 
and extra-galactic sources

14.160 25.00 ^ Poly Raven 248.6 12.3 18.5 Success

9 49-PT 17 March R. Braun 
NRC, Canada

Training Flight 83,252 17.78 fi Poly Winzen 221.4 0.9 4.0 Success

950-P 22 March Prof. P. Marsden 
Univ. of Leeds

Spectrum of universal back
ground radiation

329,213 12. 70 |i Poly Winzen 985.2 N/A N/A Balloon Failure

951-P 31 March Prof. P. Marsden 
Univ. of Leeds

Spectrum of universal back
ground radiation

329,213 12.70 ii Poly Winzen 933.5 8.0 3.90 Success

952-P 1 April Dr. J. Anderson, 
Univ. of Michigan, 
and J. Stanley, 
NASA/JSC

Stratospheric measurement 
program

434,934 12.70 [i Poly Winzen 279.8 N/A N/A Operations
Failure

953-P 1 April Drs. Y. Kondo, NASA 
JSC and J.Modisette 
Houston Baptist 
Univ.

Stellar chromospheres and 
dynamics of extended atmo
spheres of super giants

580,850 12.70 [i Poly Winzen 914.4 4.9 2.39 Success

954-P 4 April Dr. J. Anderson 
Univ. of Michigan 
and J. Stanley 
NASA/JSC

Measurement of trace species 
in the stratosphere

434,934 12.70 M- Poly Winzen 3l58.3 1.7 1.80 Electronics
Failure

955-PT 6 April R. Braun 
NRC, Canada

Training Flight 314,319 19.05 M- Poly Raven 907.2 N/A N/A Success

956-P 8 April Dr. G. Fazio 
Smithsonian Obs.

Far infrared sources at center 
of our galaxy

160,179 25.40 M- Poly Winzen 2223.5 6.7 14.5 Success

957-P 21 April Dr. C. Farmer 
JPL

Detection of trace molecular 
species in stratosphere

424,755 17.78 H Poly Winzen 1262.3 N/A N/A Balloon Failure

958-P 21 April Dr./P. Richards 
and Dr. D. Woody 
Univ.of California 
Berkeley

Spectrum of the sub-millimeter 
cosmic background radiation

896,241 12.70 (i Poly Winzen 692.2 9.9 2.2 Success

959-P 22 April Dr. R. Zander 
Univ. of Liege

Spectral observations of sun 
between 1.8 and 12.0 |i

87,686 38.10 Poly Winzen 1288.7 9.5 15.5 Success

960-P 25 April Dr. R. Staubert 
Univ. of Tubingen

Extra solar x-ray sources in 
energy range of 20-150 Kev

437,341 12.70 ti Poly Winzen 549.7 9.3 2.50 Success
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FLIGHT

NUMBER
DATE

EXPERIMENTER
a

ORGANIZATION
TYPE OF 

EXPERIMENT
BALLOON
VOLUME

(M3)
GAUGE a  

MATERIAL MANUFACTURER
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(KGS)

FLOAT
TIM E
(HRS)

PRESSURE 
FLOAT 

ALT. (M B)
FLIGHT

SUCCESS

961-P 2 May Dr. J. Anderson 
Univ. of Michigan

Stratospheric measurement 
program

157,346 12.70 jj, Poly Winzen 416.4 0.4 3.85 Success

962-P 2 May Dr. R. Staubert 
Univ. of Tubingen

Observation of extra-solar x- 
ray sources in energy range of 
20 - 150 KeV

437,341 12.70 p, Poly Winzen 592.0 11.3 2.25 Success

963-P 10 May Dr. R. Zander 
Univ. of Liege

High spectral resolution obser
vations of sun between 1.8 and
12.0 p,

122,000 25.00 p, Poly Raven 1287.7 5.2 12.0 Success

964-P 10 May Drs. J.Kurfess/ 
N. Johnson - NRL

Observations of galactic and 
extra-galactic x-ray sources, 
20 - 250 Kev

569,580 12.70 n Poly Winzen 792.0 19.2 2.30 Success

965-P 15 May Dr. J. Anderson 
Univ. of Michigan

Stratospheric aerosol particle 
measurements

434,934 12.70 |j, Poly Winzen 337.4 1.5 1.75 Success

966-P 15 May Drs. E. Chupp/
D. Forrest-Univ. of 
New Hampshire

Gamma-ray emissions from 
galactic center and other 
sources

329,213 12.70 \l Poly Winzen 1039.3 8.3 3.71 Success

967-P 18 May Dr. C. Farmer 
JPL

Determination of trace gas 
profiles at stratospheric 
altitudes

441,800 15.24 n Poly Winzen 1258.7- 12.4 3.90 Success

968-P 19 May Drs. Y. Kondo/NASA 
JSC/J. Modisette 
Houston Baptist 
Univ.

Stellar chromspheres, dynamics 
of extended atmospheres of 
super giants and other special 
class stars

576,534 15.24 \x Poly Winzen 919.9 9.1 2.60 Success

969-P 20 May Dr. R. Golden 
NASA/JSC

Detection of very rare cosmic 
ray particles such as positrons 
and anti-protons

612,093 22.86 [i Poly Winzen 3011.5 40.0 5.95 Success

970-P 28 May Drs. G.Fazio/F.Low 
Harvard College/ 
Univ. of Arizona

Far infrared mapping 160,179 25.40 \i Poly Winzen 2238.5 7.7 28.3 Success

971-P 3 June Dr. J. Ormes 
NASA/GSFC

To determine if iron could 
come from surfaces of nearby 
pulsars

887,738 38.10 p, Poly Winzen 3251.0 N/A N/A Balloon Failure

972-P 10 June Dr. J. Ormes 
NASA/GSFC

To determine if iron could come 
from surfaces of nearby pulsars

329,213 17.78 [i Poly Winzen 1401.6 13.9 5.7 Success

973-P 16 June Dr. K. de Boer 
Univ. of Groningen

Far I-R photometry of HII 
regions and other sources

329,213 12.70 \i Poly Winzen 992.1 8.5 4.0 Success

974-PT 24 June S. Smith 
NSBF/NCAR

Radiometer, temperatures and 
stress measurements

14,160 19.00 y. Poly Raven 153.8 12.0 12.7 Success
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a
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ALT. (M B)
FLIGHT

SUCCESS

107-N
Canada

2 August 
1975

Dr. W. Evans 
Canada

Coordinated measurements of 
stratospheric trace gases

314,319 25.40 p, Poly Raven 1680.6 N/A N/A Balloon Failure

108-N 
Trans-Atl.

5 August Prof. P. Fowler 
Univ. of Bristol

High energy particle emulsions 595,214 15.24 |X Poly Winzen 1646.6 84.2 4.30 Success

109 -H 
Canada

8 August Dr. W. Evans . 
Canada

Coordinated measurements of 
stratospheric trace gases

435,858 17.78 \j, Poly Winzen 1781.3 N/A N/A Electronics
Failure

1X0-N
Canada

10 August Dr. W. Evans 
Canada

Coordinated measurements of 
stratospheric trace gases

435,858 17.78 [j, Poly Winzen 1785.8 14.5 5.55 Success

111-N
Canada

14 August L. Heidt/NCAR Cryogenic air sampler 434,934 12.70 p, Poly Winzen 370.2 11.1 1.76 Success

112-N
Canada

17 August Dr. W. Evans 
Canada

Coordinated measurements of 
stratospheric trace gases

435,858 17.78 (J, Poly Winzen 1702.8 18.5 5.0 Success

113-N
Canada

24 August Dr. T. Clark 
Univ. of Calgary

Far infrared solar spectrum 
measurements

56,634 25.40 [j, Poly Winzen 637.3 12.3 12.2 Success

114-N
Canada

26 August Dr. W. Evans 
Canada

Coordinated measurements of 
stratospheric trace gases

29,213 17.78 [X Poly Winzen 1599.7 20.9 6.15 Success

115-N 
Watertown, 

S. Dakota

7 September Dr. C. Orth 
Univ. of California 
Berkeley

Cosmic ray investigation using 
super conducting magnet

587,882 20.32 p, Poly Winzen 2219.0 N/A N/A Operations
Failure

116-N
Muskogee,

Okla.

23 September Dr.P. Meyer-Univ.of 
Chicago/Dr. G. 
Minigawa,NASA/JSC

Energy spectra of heavy primary 
nuclear cosmic rays

593,316 12.70 \i Poly Winzen 1722.3 67.0 3.35 Success

117-N 
Muskogee, 

Okla.

1 October Dr. P. Meyer-Univ 
of Chicago/Dr. G. 
Minigawa, NASA/JSC

Energy spectra of heavy primary 
nuclear cosmic rays

593,316 12.70 (j, Poly Winzen 1695.9 36.3 3.60 Success

118-N
Brazil

23 November Dr. D. Kniffen/NASA
GSFC

Spark chamber gamma-ray 
telescope

872,832 15.24 M- Poly Winzen 1024.6 6.9 2.40 Success

119-N
Brazil

29 November Dr. G. Share 
NRL

Gamma-ray experiment 1,039,233 12.70 (a Poly Winzen 832.5 5.1 1.80 Success

120-N
Brzail

3 December Dr. D. Kniffen/NASA
GSFC

Spark chamber gamma-ray 
telescope

872,832 15.24 n Poly Winzen 1045.4 6.3 2.30 Success

121-N
Brazil

9 December Dr. G. Share 
NRL

Gamma ray experiment 1,029,606 12.70 M> Poly Winzen 889.0 6.1 1.75 Success
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ALT. (MB)
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SUCCESS

122-NT
Muskogee,

Okla.

11 May 
1976

S. Smith/NSBF/NCAR Superpressure test flight 87,114 19 x 12 bi- 
laminate 
Mylar

Raven 179.8 2.0 7.2 Success

123-N
Muskogee,

Okla.

17 May Dr. S. White,Univ. 
of California, 
Riverside

Observations of garama ray 
bursts of Crab Pulsar

735,698 15.24 p, Poly Winzen 1769.9 N/A N/A Operations
Failure

124-N
Muskogee,

Okla.

23 May Dr. S. White, Univ. 
of California, 
Riverside

Observations of gamma ray 
bursts of Crab Pulsar

753,232 17.78 n Poly Winzen 1633.8 44.3 3.16 Success

A-7



APPENDIX B



ATMOSPHERIC SCIENCES

Mr. T. A. Clark, University of Calgary, Calgary, Alta, Canada 
Flight 113-N, 24 August 1975
Purpose: This flight provided the first test of a solar tele
scope equipped with two high resolution Michel son interfero
meters to measure simultaneously the stratospheric absorption 
and emission spectra between 20 and 120 cm-1. The aim of these 
experiments is the accurate measurement of minor constituent 
profiles in the stratosphere. High angular resolution of the 
absorption experiment at the earth's limb during sunrise and 
sunset periods should provide precise values of concentrations 
for ^0, 0̂ , HNO^, N^O, HCl and N0^ while the emission spectro
meter monitors important temporal changes in these quantities 
during these transitional periods.
Results: Test of the behavior of the steering system were 
entirely satisfactory with steering to the centre of the sun1s 
disc to within + 4 arc minutes for the duration of the flight 
from 10 minutes after launch. Failure of one liquid helium 
dewar just before launch necessitated the use of a back-up unit 
which considerably degraded the data. Good emission spectra 
were obtained during this daytime test f1ight.
Publications: "Far Infrared Stratospheric Emission Spectrum",
T. A. Clark and D. J. W. Kendall, Transform 5. 7-10 (1975).
"Far Infrared Emission Spectrum of the Stratosphere from Balloon 
Altitudes", T. A. Clark, D. J. W. Kendall, Nature, 260, 31-32 
(1976).

Dr. Michael L. Olson, National Center for Atmospheric Research 
Flight 907-P, 1 July 1975
Purpose: The purpose of this flight was a complete flight test 
of the Carrier Balloon System prior to the field program in Kourou, 
French Guiana. Omegasondes were released from the gondola on 
command from satellite and meteorological data were transmitted 
from sonde to balloon, digitized, and then relayed via satellite 
to NCAR for processing.
Results: Five sondes were successfully released upon satellite 
command. Meteorological data (temperature and humidity) were 
encoded as well as Omega navigation signals for wind finding.
The results indicated that the system was completely ready for 
a 12-flight field demonstration from Kourou.



B-2

Publications: NCAR-GAMP Report, CBO-25 "Carrier Balloon Omegasonde 
Flight Test, Palestine, Texas, 30 June - 1 July 1975".

Dr. George E. Keller. Ballistic Research Laboratories, Aberdeen
Proving Ground and Dr. J. Olson. University of Denver, Denver, 
Colorado
Flight 909-P. 7 July 1975 and Flight 920-P. 21 September 1975
Purpose: The objective of these flights was to measure the ambient 
positive ion distribution in the stratosphere and measure neutral 
molecules In the stratosphere, using a balloon-borne mass spectro
meter sampling package. Much attention was paid to the external 
cleanliness of the package and to its rigging for flight to minimize 
gaseous Impurities carried aloft.
Results: There was a hint from the 909-P data, which was verified 
in detail by the 920-P data, that the efforts to make a clean 
flight had succeeded. There were no signs of water carried aloft - 
that with an instrumental sensitivity several orders of magnitude 
better than previous balloon-borne mass spectrometers. Positive 
ions were not definitely detected in the stratosphere. The package 
was destroyed when it free fell at the end of flight 920-P.
Publications: Two papers reported on 920-P. Olson, et al. Trans. 
Am. Geophys. Soc. 57, 302 (1976) and Keller, et al., Trans. Am. 
Geophys. Soc. 57, 302 (1976).

Dr. J. G. Anderson. University of Michigan, Ann Arbor, Michigan
Flight 912-P, 18 July 1975 and Flight 940-P, 12 January 1976
Purpose: The photochemistry of stratospheric ozone is controlled 
by highly reactive molecular fragments (or radicals) which result 
from the ultraviolet photolysis of stable polyatomic molecules 
entering the stratosphere from below, either from natural or anthro
pogenic sources. One of the more important of these radicals is 
OH formed from the photolysis of water and central to the under
standing of the nitrogen, chlorine, hydrogen and oxygen chemical 
system in the earth's upper atmosphere.
Results: On 18 July and again on 12 January, the first absolute 
concentration measurements of OH were achieved us ing instruments 
flown at Palestine. These results have significantly reduced un
certainties in theoretical predictions of ozone depletion result
ing from the injection of pollutants into the stratosphere.
Publications: "The Absolute Concentration of OH ( X 2 t t )  in the 
Earth1s Stratosphere", Geophys. Res. Lett, 1976. J. G. Anderson.
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"Atomic Oxygen and Hydroxyl in the Earth's Stratosphere,” CIAP 
Report of Proceedings 1976, J. G. Anderson.
"The Absolute Concentration of 0 (3P) in the Earth's Stratosphere" 
Geophys. Res. Lett. 2, 1976, J. G. Anderson.

COSMIC RAY EXPERIMENTS 
Professor P. H. Fowler, University of Bristol 

Flight 108-N, 5 August 1975
Purpose: The experiment was one of a continuing series, designed 
to detect and identify within 1 or 2 units of charge heavy nuclei 
in the cosmic radiation, particularly those with charge Z> 50. Be
cause of the large areas exposed (8m ) the experiment is able to 
detect the very heavy (and rare) nuclei. Their abundance throws 
some light on the origins and production mechanisms of the cosmic 
radiation. The experiment was especially appropriate for this 
first Trans-Atlantic Facility Flight in that it was inert, and 
could be prepared at short notice.
Results: The flight was successful, and the package was recovered 
in good order and returned to Bristol for processing. Scanning of 
the emulsion layers is now complete, and 52 tracks have been found 
with good geometry. Detailed analysis of the tracks in the plastic 
layers, and calibration of the detector, will continue throughout 
this year. The yeild of particles is less than previously observed 
in flights from Sioux Falls, partly because of the shorter exposure, 
bearing in mind time spent at low altitude due to insufficient 
ballasting, and more significantly the lower geomagnetic latitude 
for the first part of the exposure.
Flight 925-P, 28 September 1975
Purpose: The experiment is a large area spherical gas scintilla
tion counter telescope, designed to record the passage of the rare 
UH (charge Z>40) cosmic ray primaries. The detailed charge spectrum 
of the cosmic radiation is of great importance in studies of the 
origin of the chemical elements in astrophysical sources.
Results: The flight (54 hrs. at float, 42 hrs, in telemetry range) 
was very satisfactory, and the experiment worked well. 29 events 
with charge > 40 were detected, which is 5 times the world total 
recorded with electronic detectors to date. The experiment is being 
modified by the addition of a Cerenkov detector, so that flights 
at a higher geomagnetic latitude may be made in 1977-1978.
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Dr. Peter Meyer, Enrico Fermi Institute, University of Chicago

Flight 116-N, 23 September 1975 and Flight 117-N, 1 October 1975
Purpose: The purpose of these -flights was to carry out a high 
precision measurement of the chemical composition and energy 
spectra of primary cosmic ray nuclei between 0.5 and 2.5 GeV/n.
As a primary goal of the experiment we were aiming to clearly 
resolve the elements in the iron group (24 < Z < 28) and to 
measure their relative abundances. In addition the new data will 
be used to further study isotopic abundances of nuclei between 
C and Fe, and to investigate the structure of the penumbra of 
the earth's magnetic field.
Results: The two flights totalled 100 hrs at float„ This gave 
us 450,000 events produced by nuclei with charge greater than 
Carbon, and hence a statistical sample of the size that we re
quired for accurate abundance determination and for measure
ment of the isotopes. The data are of excellent quality and 
preliminary results, presented at the Spring meeting of the 
American Physical Society, indicate that we have the potential 
to achieve our goals. Further analysis is in progress.
Publications: The following publications have resulted in the 
past year from flights carried out by the NSBF.
nghgrg@ Composition and Energy Spectra of Primary Cosmic Ray 
Muglii S@6we@n 5 gnd 10Q GeV per Nyeleon,H John Caldwell and 
Pifeiff Msy§rs Beni. F s m r g , I4th l a t e m s t i e m l  Cssmie Ray Ceaf,. 
Munich 1 , 273 (1573), ' ~  “ .
"Isetepie Geinpeiieien Sessile lay Nitsegea 1.5 @eV/amu,l! 
Hebert Bwyar and Fa ter Meyer, Ceaf« gape-rg. 14 th  latgrnatlenal 
Oeginie Ray Ceng,, Munich 1 , 273 (1975). 
" I ie t e p ie  C e m p e iit ie n  o f  Ceim ie=R«y N ifcregen s t  1 .5  0%V/mmt u 
Robert Dwyer and Peter Mgyer, Phy§. Rev. Letters 35, 601 (1975).
"A Measurement of Abundances of W H  Nuclei above 0.6 GeV per 
Nucleon," B ln a r  Juliusson and Peter Meyer, Ap. J. 201, 76 (1975).
"Charge Composition o f  Heavy Cosmic Rays above 5 GeV/Nucleon,"
J. H. Caldwell and Peter Meyer, Bull. Am. Phys. Soc. 2 1 , 521 
(1976).
"Charge Composition of the Iron Group Nuclei," G. Minagawa and 
Peter Meyer, Bull. Am. Phys. Soc. 21, 522 (1976).
"Isotopic Composition of Cosmic Rays at about 1 GeV/amu," Robert 
Dwyer and Peter Meyer, Bull. Am. Phys. Soc. 21 540 (1976).
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Professor Dietrich Mueller, University of Chicago 
Flight 929-P, 7 October 1975
Purpose: The purpose of this flight is the exposure of a large 
cosmic ray detector of novel design, with the main goal of an 
improved measurement of the energy spectrum of cosmic electrons 
in the range 5 to 1000 GeV. The instrument incorporates, for 
the first time, a transition radiation detector in order to make 
possible a unique identification of electrons. Therefore, the 
electron spectrum should be determined with a precision not pre
viously possible. The exact shape of this spectrum is expected 
to lead to crucial information with respect to the origin and in
terstellar propagation of cosmic rays.
Results: The flight yielded about 30 hours of data of good quality. 
The detector system has functioned excellently, and, in particular, 
the efficiency of the transition radiation detector has met all 
expectations. Data analysis is presently still in progress. There 
is no doubt that a very clean electron spectrum will soon result 
from this flight.
Publications: G. Hartmann, D. Mueller, T. Prince: "Design of a 
Transition Radiation Detector for Cosmic Rays, Conference Papers,
XIV International Conference on Cosmic Rays, Vol. 9, 3272 (Munchen, 
1975); preliminary results reported also by: T. Prince, G. Hartmann,
D. Mueller: Bull. Am. Phys. Soc. II, 21, 521 (1976) .

GAMMA AND X- RAY EXPERIMENTS 
Dr. G. Share, Naval Research Laboratory 

Flight 119-N, 29 November 1975
Purpose: Investigation of yradiation above 10 MeV emitted from the 
plane of the Galaxy in the longtitude (f11) region 330° to 30°. The 
spatial distribution will be mapped at ~ 1° resolution and the energy 
spectrum obtained with a resolution of + 15%.
Results: An exposure of about 3 1/2 hours was achieved during this 
flight. During this time a total of ~ 3500 y - r a y s  were detected. 
Analysis is continuig at both NRL and at the University of Mashhad, 
Iran. It is expected that ~ 150 galactic y-rays will be mapped and 
spectrally analyzed.

Flight 121-N, 9 December 1975
Purpose: Investigation of Y“radiation above 10 MeV emitted from the 
plane of the Galaxy in the longtitude (I11) region 330u to 30u. The 
spatial distribution will be mapped at ~1° resolution and the energy 
spectrum obtained with a resolution of + 15%.
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Results: An exposure of about 6 1/2 hours was achieved during this 
flight. During this time a total of ~ 7000 Y~rays were detected. 
Analysis is continuing at both NRL and at the University of Mashhad, 
Iran. It is expected that ~ 300 galactic y-rays will be mapped and 
spectrally analyzed.

Dr. M. Pelling and W. Paciesas, University of California, San Diego
Flight 911-P, 13 July 1975
Purpose: To observe the x-ray sources Cygnus X-l and Cygnus X-3 with 
a large-area (450 cm2) low back-ground x-ray telescope sensitive in 
the region of energy 20 < E < 150 KeV. A particular goal was to 
better characterize the variability of these sources in both intensi ty 
and spectral shape.
Results: The performance of both the balloon and the instrument were 
quite satisfactory. The data accumulated is presently being analyzed.
In addition to the two sources mentioned above, the giant radio galaxy 
Cygnus A was scanned and the analysis will yield new information on 
its hard X-ray spectrum.
Publications: Most of the data will be used in the Ph.D. thesis of 
W. Paciesas, in preparation.

Drs. G. Simnett, Birmingham University and D. Ramsden, Southampton University
Flight 928-P, 5 October 1975, Flight 935-P, 27 October 1975
Purpose: The study of the temporal and spectral properties of gamma- 
ray bursts above an energy of 25 KeV. The detector consisted of 5 
large plastic detectors (70x70x10cm) together with two orthogonal 
arrays of 5 directional sodium iodide detectors.
R e s u lts ? F l ig h t  f2 1 -F  f a i le d  due to i  telemetry fault. F l ig h t  93S=P 
functioned satisfactorily during this first flight ©f the new i n i t r u -  
fflant, The data i§  still b e in g  analysed in a search for any burst event,
F u b l ie a t ie n g s " O b ie r v a t ie n i  w ith  a H igh Resolution laileen-lorne gamma 
Ray T i l i i e e p t , "  K. I .  Mount, I .  ?. MeKeehnie, B» Ramsden, Submitted 
to  Ap,J . L e t te r s  March 1976,

"A New Limit on the Size Distribution o f  Gauma-Ray Hursts," J. Garter,
A. J. Dean, R, K. M anchinda, D. Ramsden. Submitted to Nature, April 
1976.

"Detectors for Gamma-Ray Burst Astronomy - A Critical Comparison,"
J. Carter, A. J. Dean, R.J. Manchsnda, D. Ramsden. Submitted to 
Nuclear Inst. & Methods, April 1976.
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Dr. J. D. Kurfess, Naval Research Laboratory 
Flight 930-P, 9 October 1975
Purpose: This was the initial flight of a hard x-ray experiment 
designed for long duration balloon flights. The orientation system 
included an omega navigation receiver and a microprocessor to pro
vide automated tracking of many x-ray sources during a single flight.
Results: The microprocessor and omega receiver performed flawlessly 
throughout the flight. A failure in the azimuth servo system about 
two hours after float prevented source tracking capability, signifi
cantly reducing the source exposures during the flight. The payload 
was recovered in excellent condition.
Publications: The following publications have been derived from 
prior flights:
"Nal(Tl)-CsI(Na) Phoswich Detectors for X-Ray Astronomy" IEEE Trans
actions on Nuclear Science, NS-22, 626, (1975) J. D. Kurfess and 
W. N. Johnson.
"A Search for Cosmic Gamma-Ray Bursts with a Balloon-Borne Nal(Tl) 
Scintillation Crystal" to be published Astrophys. and Space Science, 
(1976) W. N. Johnson, R. D. Bleach and J. D. Kurfess.
Flight 964-P, 11 May 1976
Purpose: The purpose of this experiment was to measure the 15-250 
keV x-ray emission from a series of galactic and extragalactic sources. 
Primary emphasis was devoted to known variable objects. During a 
three hour period simultaneous ob servations were obtained with the 
SAS-3 satellite to search for hard x-ray bursts from the galactic 
center region.
Results: Quick-look data obtained during the f1ight indicated that 
the objects, Sco X-l, GXl+4, Cyg X-l, Cyg X-2, Cyg X-3 and the Crab 
Nebula were observed with high confidence. -Observations were also 
undertaken on Cas A and Perseus X-l. The data are currently being 
analyzed.

Dr. Michael Sommer, Max-Planck-Institut for Extraterrestrische Physics 
Flight 938-P, 4 November 1975
Purpose: The experiment was flown a) to investigate the x-ray source 
Cyg X-l inthe 20-150 keV energy range and b) to approve newly developed 
parts of a gamma-ray burst detector to be flown on a trans-atlantic 
balloon f1ight in 1976.
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Results: The spectrum of Cyg X-l has been observed during the 
transition of Cyg X-l from the "normal'1 to the "high” state,. The 
detector array as well as the onboard data recording system on film 
has been shown to operate under flight; condition.
Publications: "The Hard X-Ray Spectrum of Cyg X-l During the Tran- 
sition in November 1975”, M, Sommer, H. Maurus and R. Urbach, Sub
mitted to Nature.

Drs. John A. Lockwood and William R» Webber, University of New Hampshire 
Flight 939-P, 6 November 1975
Purpose: The purpose of this flight was to measure the directional 
flux and energy spectrum of neutrons and gamma-rays in the energy 
ranges 2-100 Mev and 1-15 Mev respectively. These data provide in
formation on the atmospheric background of neutrons and gamma-rays 
and evaluates the albedo neutrons as a source for the energetic pro
tons in the trapped radiation belts around the Earth. The detector 
consisted of two banks of 6 liquid scintillators each, with each bank 
be ing enclosed in a separate charged particle shield. The two banks
were separated by 0.75 .m
Results : The results were completely satisfactory- Only preliminary 
analysis have been made so far, but it appears that the angular dis
tribution of gamma-rays is very different from the theoretical pre
dictions . We also find that the neutron interactions in the scineillators 
are quite complex requiring a detector system, such as flown, which 
has both time-of-flight and pulse-shape discrimination capa'bilities.
Publications: "Energy Spectrum and Flux of High Energy Neutrons at 
Balloon Altitudes," J. A. Lockwood, C. Chen, L. A. Friling and 
R. N. St. Onge, Proc. IUPAP Cosmic Ray Conf,, Munich, 1975.
"Energy Spectrum and Flux of High Energy Neutron Leaking from the 
Earth's Atmosphere," J» A. Lockwood, C . Chen, L. A. Friling, and 
R. N. St. Onge, Submitted to J. Geophys. Research, 19 75.
"Response Functions of Organic Scintillators to High Energy Neutrons,"
J. A.Lockwood, L. A. Friling, C. Chen, D. Swartz, R. N. St. Onge,
A. GaIonsky, and R. Doering (MSU), to be submitted to Nuclear Instru
ments and Methods, 1975„

INFRARED EXPERIMENTS 

Dr. F. Low, University of Arizona

Flight 915-P, 6 September 1975
Purpose: Test improvements in the design of the 20-cm low background
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far-infrared telescope. Specifically, to determine the cause of 
variable interference near the chopping frequency. Also to obtain 
100 micron observations of discrete sources and to scan selected 
areas of sky for new sources.
Results: Recurring problem of intermittent interference was en
countered . Sufficient data were obtained to isolate the problem 
for the first time. Steps were taken to eliminate the problem.
Flight 942-P, 17 January 1976
Purpose: To test the capability of the 20-cm low background far- 
infrared telescope as a survey instrument at a wavelength of 20 
microns. Since publication of the AFCRL catalog, there has been 
considerable interest in confirming the bright sources which they 
found. We selected from the catalog a number of the brightest 
sources at 20 microns for observations.
Results: The first result was to show that the recurring problem 
of radio interference encountered on preceding flights had been 
correctly analyzed and eliminated. It became apparent that the 
20 micron sensitivity was not as high as anticipated even though 
the background was measured to be roughly consistent with predic
tions . The bright infrared star +10216 was observed for calibra- 
tion purposes. Several AFCRL sources were scanned but were not 
detected, however the sensitivity was only barely adequate for 
this purpose. It was concluded that further improvements would 
have to be made before undertaking a large scale program of sky 
surveying at 20 micron.
Flight 945-P, 8 February 1976
Purpose: The 20-cm low background far-infrared telescope was re
configured for observations at 100 microns. Improvements were made 
in the pointing system and it was decided to concentrate on slow 
right ascension scans of selected regions of interest.
Resulti? Thert were 10 hours of observation which yielded data on 
a largg numbir of sources, In the raster scan mode, we covered the 
region containing Orion A, NGC 2024, and the new infrared source 
M©n R2, A large number of scans across the galactic equator near 
the galactic pelt were carried out, In addition, several hundred 
square degrees were scanned at high galactic latitude. A detailed 
scan was made of a region in Qph including the Rho Oph dark cloud. 
At the end of the flight, it was possible to obtain a few useful 
scans across the galactic plane near the galactic center. For 
calibration +10216 and Saturn were observed.
Flight 948-P, 9 March 19 76
Purpose: A continuation of the work initiated on Flight 945-P.
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Results: 12 hours of continuous observations were obtained, yield
ing the best data ever. Using a somewhat improved rastor scan in 
right ascension, detailed maps were made of Orion A, Mon R2, the 
Oph dark cloud, the galactic center region, and M17. In addition, 
many scans were made across the galactic plane to add more informa
tion on the distribution of the diffuse galactic background, A 
number of new sources were discovered on this flight. An interest
ing picture of the galactic plane as viewed in the far-infrared has 
immerged„

Dr. C. B. Farmer, Jet Propulsion Laboratory 
Flight 924-P, 26 September 1975
Purpose: Determination of trace and minor constituents in the strato
sphere from high resolution (0.13 cm 1) near infrared absorption 
spectra covering the 4000 to 1750 cm”1 (2=5 to 5. 7 p,) region. Spectral 
observations of the sun, viewed through long stratospheric air masses 
are made at sunrise and sunset with a fast, stepping Fourier inter
ferometer spectrometer from an attitude controlled gondola.
Results: This flight was the first in a series of observations plan
ned for this instrument. Although the balloon was kept at float for 
29 1/2 hours during sunrise, sunset and another sunrise, spectra 
were obtained only on the first night/day transition as a result of 
a laser power supply failure just prior to sunset. An extension in 
altitude coverage of the vertical profile of HCl from that obtained 
during earlier U-2 observations was obtained. The spectra also con
tain considerable information on other molecules whose transitions 
occur in the wavelength interval covered„

Drs. D. Lemke and W.Hofmann, Max-Planck Institute
Flight 936-P, 28 October 19 75
Purpose: Far infrared sky survey by a wide beam telescope.
Results: The experiment is in a development state. There were 
difficulties to transmit the signals of the observed bright sources 
to the ground. Measurements on the sky brightness were obtained.
Publications: Reports on several technical aspects of the instrument 
were published (droppes, helium dewar, safety measures)
"Chopping Primary for a balloon-borne IR Telescope", In Far In
frared Astronomy, ed„ M. Rowan-Robinson, Pergamon Press, 1975, 
p. 47, by D. Lemke and U.Haussecher.
"Geherhlbe Experimente on Balloons", Report Saulgan-Symposium 
1976, in press, by D. Lemke
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Prof. P. L. Marsden, Leeds University, England 
Flight 951-P, 31 March 1976
Purpose: To measure the spectrum of the 3K cosmic background 
radiation using a 1iquid helium cooled lamellar grating inter
ferometer.
Results: It is too soon after the flight to comment in detail 
but it looks as though a lot of valuable engineering and technical 
data on the performance of the system will be obtained. On the 
other hand the scientific return will be small due to a failure 
of the drive motor of the lamellar grating.

Dr. G. G. Fazio, Center for Astrophysics and Dr. F. Low, University 
of Arizona

Flight 956-P, 8 April 1976
Purpose: The purpose of this flight was to use the 102-cm balloon- 
borne far-infrared (40-250 microns) telescope to perform photometry 
and high resolution (1 arc minute) mapping of celestial sources.
Results: Daring ascent the inertial guidance system failed. The 
failure occurred due to a wiring error internal to two new gyros on 
the telescope. However, using the backup system for driving the 
telescope we were able to perform mapping of the HII region NGC 
2024, perform accurate flux measurements from the planets Mars and 
Saturn, map the Galactic Center and map the moon at far infrared 
wavelenghts for the first time. We were also able to measure the 
atmospheric emissivity as a function of elevation angle.
Publications: Dr. E . L. Wright received his Ph.D thesis from the 
Astronomy Department, Harvard University for work on previous flights 
with this telescope.

"A High Resolution Map of the W3 Region at Far-Infrared Wavelenghts", 
G. G. Fazio, D. E. Kleinmann, R. W. Noyes, E. L. Wright, M. Zeilik II, 
and F. J. Low, Astrophys, Journ. (Lett.), Vol. 199, p. L177-L179.
"The Effective Temperature of Uranus", G. G. Fazio, W. A. Traub,
E. L. Wright, F. J. Low and L. Trafton, accepted for publication 
in October 15 Issue of Ap.J.
"Prediction of the Diffuse Far-Infrared Flux from the Galactic 
Plane", Accepted for publication in July 1 Issue of Ap.J. Letters
"Infrared Astronomy" in Frontiers of Astrophysics, E. H. Avrett, 
ed., pp. 203-258, Harvard University Press, Cambridge, Massachusetts.
"Far-Infrared Observations of M20 (NGC 6514)", with E. L. Wright 
and F. J.Low, Submitted to Ap.J. Letters, May.
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OPTICAL AND UV ASTRONOMY
Drs. A. Boksenberg, Universi ty College London, and B. Bates, Queen's 

University, Belfast
Flight 916-P, 7 September 1975, Flight 919-P, 16 September 1975,
Flight 933-P, 18 October 1975
Purpose: This work is done in collaboration with Dr. Brian Bates 
of the Queen’s University, Belfast, Northern Ireland. The aim of 
this series of flights was to continue our investigation of the 
physical properties of the interstellar medium, carried out by ob
serving the narrow interstellar absorption lines in the near ultra
violet spectra of stars at distances of up to 600 parsecs. In par
ticular, by analyzing the Mg doublet at 2800 8 and the Mg°line at 
2850 8, photographically recorded with a resolution of O.lX or better, 
in several directions in space, it was hoped to obtain new informa - 
tion concerning problems such as the abundance of metals in inter
stellar clouds and the degree of ionization of the medium.
Results: The campaign was highly successful, as 14 spectra were 
recorded with a resolution better than that achieved on any previous 
f1ight. Consequently, from the structure evident in the Mg line 
in many spectra, we have been able to establish that the space 
distributions of Mg and Na follow each other closely, uni ike 
that of Ca , the ratio of which to the above two neutrals appears 
to decrease with increasing cloud density.

The abundance of Mg and Na relative to hydrogen (the prin
cipal constituent of interstellar gas) is also found to depend on 
gas density: in diffuse clouds it is close to that observed in the 
Sun, whereas in dense clouds the two elements are depleted by up 
to a factor of 10.

The electron densities derived favour U. V. radiation from 
the stars as the main agent for the heating and ionization of 
interstellar clouds.
Publications: "Interstellar Absorption in Cloud Regions Towards 
Orion and Perseus", in preparation, Boksenberg, A., Pettini, M.,
Bates, B. and McKeith, C. D.
"A Study of Interstellar Magnesium Absorption in the Ultraviolet 
From a Balloon-Borne Plat form", Pettini, M., Ph.D., Thesis,
University College London 1976, in preparation.

Dr. Y. Kondo, NASA-Johnson Spacecraft Center and Professor Dr. C. de Jager, 
Space Research Laboratory at Utrecht, The Netherlands
Flight 953-P, 1 April 1976
Purpose: The objective was to flight-test the new collaborative
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payload, JSC/SRL Balloon-Borne Ultraviolet Stellar Spectrometer 
and observe mid-ultraviolet stellar spectra in the range 2000 - 
3200 A at a resolution of 0.1 A. The new detector system consists 
of an echelle spectrograph and an SEC vidicon.
Results: Due to an unfortunate component failure, no observations 
were obtained.
Publications: "The Mg II Doublet Emission Near 2800 A Observed
in a Tau, a Ori and e Peg", Y. Kondo, T. H. Morgan and J. L. Modisette,
Astrophys. J., 196, L125 (1975).
"Mass Loss Observed in the Ultraviolet Spectrum of A2 Supergiant 
Alpha Cygni", Y. Kondo, T. Morgan, J. Modisette, Ap. J., 198, L37 
(1975).
"The Behaviour of the Mg II Doublet Emissions Near 2800 A Observed 
in Late-Type Giants", Y. Kondo, T. Morgan, J. Modisette, Ap. J., 
in press (1976 July 1).
"The Behaviour of the Mg II Doublet Features Near 2800 A Observed 
in F, A and B Supergiants", Y. Kondo, T. Morgan and J. Modisette,
Ap. J., in press (1976 October 15).
Two additional papers were presented at the meetings of the American 
Astron. Soc.

OTHER
Dr. R. G. Downing, Jet Propulsion Laboratory 

Flight 917-P, 9 September 1975
Purpose: The purpose of this flight was to measure the changes in 
spectral irradiance between 60,000 feet and 50,000 feet altitude.
Also 10 primary standard solar cells were flown to obtain air mass 
zero calibration data.
Results: The flight was not successful due to a battery failure 
in the payload package during ascent, The flight will be reflown 
in the summer of 1976.
Publications: "Results of the 1973 NASA/JPL Balloon Flight Solar 
Cell Calibration Program" Technical Report 32-1600, November 1, 1975.


