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India Cosmic Ray 
Flight- Program Completed

Early in April the NCAR Balloon Facility completed 
an extensive flight program in India, a location which 
permitted cosmic ray experiments in the vicinity of 
the geomagnetic equator. The program included 17 
planned flights, of which 13 were successful. All 11 of 
the scientific groups formally participating had their 
experiments flown: these groups included five Ameri
can universities, two U.S. Government research labora
tories, an Indian research institute, and a university in 
the United Kingdom. The flight program was super
vised by Robert Kubara of NCAR, working with Bert
ram Stiller of the Naval Research Laboratory, who co
ordinated the scientific program.

The India flight program was conceived in 1963 by 
the United States Committee for the IQSY of the 
National Academy of Sciences, and was funded co
operatively by the National Science Foundation, NASA, 
ONR, and the Air Force. The program became inter
national in scope when the Indian IQSY Committee 
approved the participation of the Cosmic Ray Labora
tory of the Tata Institute for Fundamental Research, in 
Bombay. India was selected for the program because 
it offered the most feasible combination of low latitude 
and good recovery conditions: a large land area sup
plied with roads, airports, and communications.

STEPS TO REDUCE FAILURES
This international expedition required some fairly 

elaborate planning. As increasingly large balloons have 
been flown in recent years, the problem of balloon 
failures has grown more serious for the NCAR Balloon 
Facility, as well as for other balloon groups. The 
problem has been discussed frequently in Scientific 
Ballooning; for the India program the main implications 
were that too many failures would be particularly 
costly. Lost flights simply could not be duplicated 
again within a few months, as they usually can be in 
the United States.

A major step in reducing failures was obviously to 
eliminate very large balloons, and it was decided to 
try to keep the balloons for the program within the
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3-million cu ft range. This proved to be 
possible in most cases, while still providing 
the flights of up to 12 hours duration, and 
altitudes commonly of 120,000 ft, required 
by the scientific experimenters in the pro
gram.

The next step was to standardize the bal
loons on one size which would handle the 
necessary payloads and still offer great 
reliability. Usually balloons are designed 
individually for each specific experiment 
that is flown, and so for each flight the 
balloon volume and other specifications 
will vary, depending on payload weight, 
altitude required, and flight duration. Adopt
ing a standard size (which eventually 
proved to be 2.94 million cu ft) meant 
that in the India program some balloons 
would have to carry as many as eight ex
periments. The advantages, in addition to 
reliability, were uniformity in manufacture 
and shipping, and to some extent in launch 
procedures.

BALLOON FILMS FLIGHT TESTED
Another measure to increase reliability 

involved a series of test flights to determine 
the best available film to endure the ex
treme cold of the tropical tropopause. In 
these tests, NCAR personnel went to Pan
ama to fly balloons made of both standard 
and special polyethylene ( Scientific Bal
looning, September 1964). The special film, 
tradenamed StratoFilm, gave the best re
sults in the Panama tests, where tropopause 
temperatures of —77°C were encountered. 
Hence the balloons for the India program 
were made of StratoFilm. The Panama 
tests also resulted in about twenty other 
changes in specifications for the balloons 
for the India program, mostly aimed at in
creasing reliability. Winzen Research, Inc., 
manufactured the India balloons to the 
revised specifications.

SETTING UP IN IN D IA

In September, Kubara and Stiller, along 
with Tom Pappas of Raven Industries, who 
was to be in charge of a Raven launch crew 
under contract for the program, went to 
India to survey possible launch sites. Sam
uel Solot, a meteorologist on the NCAR

staff, had prepared general guidelines for 
requirements for such a site; based on 
these, and on their personal inspection, the 
survey team selected Hyderabad, situated 
between 17° and 18° north latitude, in 
south-central India, nearly 200 miles from 
the sea.

After selecting the launch site and re
turning to the U.S., Kubara arranged for a 
shipment of 284 cylinders of helium, each 
weighing 750 pounds, from San Francisco 
to Bombay. The 17 balloons went in a 
different shipment, totalling 23 tons of bal
loons and launch equipment. In February, 
Kubara returned to India to meet the ship
ments and to see the equipment and sup
plies through customs and transshipment 
to Hyderabad. He had arranged for air 
shipment of the more fragile components, 
including the scientific equipment, and 
about 12 tons of such material arrived at 
New Delhi in three separate MATS ship
ments. These items were cleared through 
customs, transferred to an Air Force C-130, 
flown to Hyderabad, and trucked to ware
houses. In all these shipments nothing was 
lost in transit, and nothing was delayed long 
enough to defer the starting date of the 
planned flight program.

FLIGHTS AND RECOVERIES

The 17 flights were conducted at Hydera
bad airport from March 6 through April 9; 
thus, a flight was launched about every 
other day. About 30 Americans took part 
in the operations; most of these were mem
bers of the scientific groups whose experi
ments were being flown. Raven Industries 
provided five people for the launch crew, 
including a pilot who flew the recovery air
craft. All flights were recovered, to the con
siderable credit of the Indian ground re
covery crew, which was provided by the 
Tata Institute. To perform their recoveries, 
this crew necessarily had to be fluent in 
most of the 14 official languages of India.

The Tata Institute also furnished labora
tory space, a workshop, and a meteorolog
ical office at Osmania University in Hydera
bad. Three meteorologists, assigned by the 
Indian Meteorological Service, were trained 
by the NCAR staff in launching radiosonde
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equipment to secure wind data to 140,000 
ft. Launching six to twelve hours before 
each flight, they secured five weeks of good 
meteorological information above 100,000 
ft, the first time such data had been taken 
in India. These data were used to predict 
impact points. Getting the predicted points 
to the ground recovery crew was a constant 
difficulty in a country where routine long
distance calls must be booked three hours 
in advance, and where connections on com
pleted calls are not always clear. In the 
end, communications were maintained by 
radio, with the Raven-piloted tracking air
craft serving as a relay point for the ground 
recoveiy team. (The recovery points of the 
successful flights are shown on the map 
above.)

Although the program called for standard 
balloons for all flights, the managers had to 
deviate from this scheme when final plans 
for some of the scientific experiments im
posed new requirements. Tata Institute 
and the University of Bristol wanted to fly 
some very heavy payloads, and to accom
modate these, specifications for two of the 
balloons were changed to 5 million cu ft. 
One other experiment required the maxi
mum possible altitude to expose photo
graphic negatives to X-rays, so two of the

80° E 85°E

2.94-million cu ft balloons flown were made 
of .5-mil, instead of .7-mil film.

Of the 17 flights planned, 14 were suc
cessfully launched. Three of the standard,
2.94-million cu ft, .7-mil balloons failed on 
the ground; two of these lacked sufficient 
lift, possibly due to leaks, and one was lost 
to an electronic failure when a termination 
squib fired accidentally just before launch. 
All of the standard balloons that were 
launched completed their flights success
fully, as did one of the special .5-mil bal
loons. The other burst in flight; this was 
the only in-flight failure, even though tropo
pause temperatures down to —87°C were 
encountered.

The two 5-million cu ft balloons flew suc
cessfully with their more than 2500-lb pay
loads—the largest balloons and the heaviest 
payloads ever flown in India. These were 
1-mil gauge, with additional 1-mil caps, 
designed to withstand severe stress at some 
expense in altitude. These two flights were 
truck-launched, while all the others were 
launched by the anchor-line technique.

The cooperation of Tata Institute was 
essential to the success of the program, not 
only in providing the recoveiy team, but in 
securing customs and local clearances and 
in contacts with the Indian government.

STATUTE M ILES

HYDERABAD
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India Cosmic Ray Program, Hyderabad, 1965
In addition to the formal experimental 

program, around which the balloon pro
gram was designed, several other experi
menters, representing a few additional in
stitutions, were accommodated on an in
formal basis; their experiments were floivn

without charge when the capacity was 
available on a given flight.

The list of investigators and the flight 
record of the Indian program include these 
additional experiments, as well as the pro
grammed. ones.

LIST OF INVESTIGATORS, INDIA PROGRAM

Investigator Affiliation Experiments

Anderson, K. University of California Low energy gamma-ray flux

Biswas, S. Tata Institute of Fundamental 
Research

Proton flux (Mar. 16, Apr. 9) 
Alpha particle flux (Mar. 25) 
Heavy primary nuclei fluxes 

(Apr. 9)

Duthie, J. University of Rochester Gamma-ray sources in southern 
sky

Ely, J. Air Force Cambridge Research 
Laboratories

Charged particle fluxes

Fenton, A. University of Tasmania Low energy neutron flux

Fowler, P.
(with Daniels, R. 
and Menon, M.)

University of Bristol 
Tata Institute of Fundamental 

Research

Ultra-high energy nuclear inter
actions

Hussain, M. Osmania University Genetic effect of cosmic rays

Imaeda, K. Dublin Institute for Advanced 
Studies

High energy nuclear interactions

Kamala,
(init. unknown)

Tata Institute of Fundamental 
Research

Silver chloride detector

Kaplon, M. University of Rochester Charged particle fluxes

Korff, S.
(with Mendell, R .)

New York University High energy neutron flux

Lai, D. Tata Institute of Fundamental 
Research

Mica crystal detector

McCracken, K. SW Center for Advanced Study Gamma-ray sources in southern 
sky

Nizam, V. Osmania University Cosmic ray effect on seedlings

Shapiro, M. U.S. Naval Research Laboratory Heavy primary nuclei fluxes

Waddington, J. University of Minnesota Very heavy nuclei fluxes

Winckler, J. » Total ionization of cosmic rays
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FLIGHT RECORD, INDIA PROGRAM

Investigator's Float Flight Payload Balloon performance notes
Date program altitude duration weight (all balloons .7-mil poly., 2.94 million

(1965) flown (feet) (hours) (pounds) cu ft unless otherwise specified)

Mar. 6 Anderson ...........  .... 325 Termination squibs fired before launch
Korff
Mendell

Mar. 7 Anderson 124,500 6)2 325 Successful flight
Korff 
Mendell

Mar. 9 Anderson 124,500 6% 329
Korff 
Mendell

Mar. 12 Anderson ...........  ...  440 Leaker; not launched
Ely
Lai
Winckler

Mar. 13 Anderson 124,000 440 Successful flight
Ely 
Lai
Winckler

Mar. 16 Biswas 126,000 11 278 .5-mil poly., 2.94 million cu f t ;
Shapiro successful flight

Mar. 18 McCracken ______ __ 363 Failed to ascend

Mar. 21 Daniels 99,500 10/2 2523 1-mil poly., 5 million cu ft ; successful flight
Fowler 
Menon

Mar. 25 Biswas 125,700 10/2 351 Successful flight
McCracken 
Nizam 
Shapiro

Mar. 26 Shapiro ....... ...  1 307 ,5-mil poly., 2.94 million cu ft;
balloon burst at 52,000 ft

Mar. 27 Waddington 124,800 11/2 295 Successful flight
Winckler

Mar. 30 Fenton 119,000 6)2 459
Kamala 
Kaplon

Apr. 2 McCracken 127,300 M  390
Nizam 
Shapiro

Apr. 3 Daniels 105,000 8 2928 1-mil poly., 5 million cu ft; successful flight
Fowler 
Imaeda 
Menon 
Nizam

Apr. 5 Duthie 118,000 7/2 612 Successful flight

Apr. 8 Hussain 120,000 7 390 ”
McCracken
Nizam

Apr. 9 Biswas 125,000 6)i 278
Fenton 
Kamala 
Lai 
Nizam 
Shapiro
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THE FLIGHT RECORD

Date
(1965) Location Sponsor Investigator

Mar. 3 Palestine, Tex. U. of Wis. F. Hasler (U. of Wis.)

Flight Balloon specifications
operation (polyethlyene unless
conducted specified; volume in

by cubic feet)

NCAR Two balloons; .75 mil, 
each 2400

Mar. 6 NASA NCAR Balloon Facility Top balloon: 1.5 mil, 
90,000; main balloon: 
.75 mil, 6 million

Mar. 10 Sioux Falls, S.D. USWB D. Hilleary (USWB)
F. Bartman (U. of Mich.)

Raven GT-11 Dacron-Mylar 
scrim; 3.2 million

Mar. 15 Palestine, Tex. NSF A. Bainbridge (NCAR) NCAR 1.5 mil. 360,000

Mar. 16 NASA G. Clark (M.I.T.) .55 mil, 6 million; 
SVT design

Mar. 21 NASA NCAR Balloon Facility Top balloon: 2 mil, 
97,965; main balloon: 
.75 mil, 8,042,645

Mar. 26 NASA G. Clark (M.T.T.) .55 mil, 6 million; 
SVT design

Apr. 13 

Apr. 14 

Apr. 16

NSF NCAR Balloon Facility

U. of Wis. F. Hasler, (U. of Wis.)

NASA L. Peterson (U. of Calif.)

Reinforced poly, 2.34 
million

Two balloons; .75 mil, 
each 2400

.75 mil, 360,000

Apr. 17 NASA NCAR Balloon Facility Top balloon: 1.5 mil, 
90,000; main balloon: 
.75 mil, 6 million

Apr. 20 

Apr. 22 

Apr. 24

NASA J. Arnold (U. of Calif.)

NASA

NSF J. Klarmann (Wash. U.)

1.5 mil, 122,570

1.5 mil, 100,000

.75 mil, 3 million

Apr. 29 NSF .75 mil, 1.5 million
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Float Flight Payload
altitude duration weight

(feet) (hours) (pounds) Experiment Balloon performance

49.500 Up-down 32.5 To fly new type of radiosonde Successful flight
flight through multiple cloud layers

128,400 1 343 Polyethylene tandem balloon Successful flight
system test

105,000 10 893 Satellite infrared spectrometer Successful flight

77,100 2 733.5 Air sampling Successful flight

293.5 Cosmic X-ray detector Balloon burst during ascent at 54,000 ft

333.5 Polyethylene tandem balloon Top balloon burst at 40,800 ft before gas transfer
system test

316 Cosmic X-ray detector System rose to 130,700 ft, then descended.
Cut down at 121,000 ft

300 Balloon evaluation Balloon leveled off at 60,000 ft and began
to descend. Cut down

49,500 Up-down 32.5 To fly new type of radiosonde Parachute did not deploy after cut-down;
flight through multiple cloud layers package free fell

96,200 9 237.5 OSO III satellite X-ray Successful flight
detector prototype

126,500 2 330 Polyethylene tandem balloon Successful flight
system test

70,000 /2 350 Meteorite collector Balloon leaked

349 Payload let-down reel test Rate of descent excessive, causing line to break.
Plight terminated

130,000 9/2 203 Nuclear emulsion experiment Successful flight

111,000 9 408 Spark chamber test Successful flight
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UPCOMING FLIGHTS

Balloon specifications
Date (polyethylene unless specified; 

(1965) Location Sponsor Investigator volume in cubic feet)

May Palestine, Tex. NBS, ONR D. Gates (NBS) 1.5 mil, 3 million

May ” NASA C. Deney (U. of Rochester) .75 mil, 5.25 million

May ” ” P. Meyer (U. of Chicago) .75 mil, 3 million

May ” ” J. Overbeck (M.I.T.) .6 mil, 3 million

May ” ” C. Hemenway (Dudley Obs.) 1.0 mil, 1.25 million

May ” NSF G. Newkirk (NCAR) GT-11 Dacron-Mylar scrim,
3.2 million

May ” NASA K. Frost (GSFC) .75 mil, 10 million

May ” NSF NCAR Balloon Facility 1.5 mil, 2.94 million

May-June Faribault, Minn. ONR J. Kroening (U. of Minn.) GT-66 Dacron-Mylar scrim

June Palestine, Tex. NSF NCAR Balloon Facility Reinforced poly, 2.34 million

June ” ” J. Klarmann (Wash. U.) .55 mil, 3 million

June ” ONR H. Demboski (ONR) Reinforced poly, 4.5 million

June ” NASA C. Hemenway (Dudley Obs.) 1.0 mil, 1.25 million

June ” NSF G. Newkirk (NCAR) GT-11 Dacron-Mylar scrim,
3.2 million

June ” NASA L. Peterson (U. of Calif.) .5 mil, 3 million

June ” ” NCAR Balloon Facility Top balloon: 1.5 mil, 97,000;
G. Clark (M.I.T.) main balloon: .75 mil, 9 million

June ” ” J. Arnold (U. of Calif.) 1.5 mil, 130,000

June ” NSF, ONR, M. Schwarzschild Dacron-Mylar scrim. Launch
NASA (Princeton U.) balloon: .5 mil, 300,000;

main balloon: .35 mil, 5.25 million
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Float Flight Payload
altitude duration weight
(feet) (hours) (pounds)

100,000 6 1000

127.000 12 500

125.000 12 285

129.000 12 230

110.000 12 200 

100,000 8 1200

130.000 8 350

100.000 6 300

150.000 6 40

130.000 6 300

130.000 12 200

150.000 6 150

110.000 12 200

100,000 8 1200

130.000 12 240

138.000 12 300

70.000 12 300

80.000 14 11,000

Experiment

Infrared spectroscopy

Charged particle detector

Cosmic ray flights

X-ray studies

Meteoric dust collector

Solar corona studies

Gamma ray studies

Down-camera balloon dynamics 
experiment

Airglow and ozone measurements

Balloon evaluation

Nuclear emulsions

Balloon evaluation

Meteoric dust collector

Solar corona studies

Solar gamma ray studies

Cosmic ray studies

Meteoric dust collector

Visible light, high resolution 
photography

Remarks

Three flights 

Two flights

Two flights

Two flights

Three flights 

Two flights 

Two flights
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Tandem Balloon System, Tested Recently, 

M ay Help Reduce In-Flight Failures

Most balloon failures in flight result from 
stresses set up when the balloon temporar
ily assumes an asymmetrical shape as it 
expands during ascent. In this same region 
of the flight profile, the balloon encounters 
the cold temperature of the tropopause, 
which greatly reduces the ability of poly
ethylene to elongate and thereby to dis
tribute stress concentrations. The stiff and 
nearly brittle balloon material is thus par
ticularly vulnerable to the stresses of asym
metry. Some of the suggested remedies 
seek to compensate for these stresses: they 
include developing stronger plastic films 
with lower cold brittleness points, and re
inforcing the top of the balloon where the 
stresses are greatest.

Other measures attempt to reduce the 
asymmetrical stresses themselves. One pos
sible system, which we are testing at 
NCAR, is intended to protect a large, fragile 
balloon by lifting it uninflated through the 
coldest portion of the atmosphere. In this 
tandem system, a small upper balloon is 
connected by conventional valve fittings to 
the much larger main balloon underneath. 
The top balloon is partially inflated on the 
ground with enough gas to lift the entire 
system, the main balloon being empty at 
launch.

As the system rises, the top balloon 
inflates, until at a predetermined altitude 
it is entirely full and begins to develop a 
slight superpressure. This drives the ex
panding gas through the coupling into the 
main balloon (the valves and mechanism 
are removed to provide direct passage for 
the gas).
TRIMMING THE MAIN BALLOON

We hoped this system would counter the 
tendency of the main balloon to assume a 
lopsided figure as it inflated. This asym

metry results when only a single pocket 
develops in the drapes and folds of the 
excess balloon material, the bubble being 
centered somewhat to one side of the top 
fitting. The top balloon, serving as a gas 
reservoir, would have an excess of lift over 
the main balloon during inflation, and 
should exert an upward tension on the top 
fitting of the main balloon. It seemed pos
sible that this would lead the main balloon 
to develop a number of inflating pockets 
around the main fitting, rather than one 
large pocket. With several pockets, the bal
loon would be more symmetrical, and its 
remaining excess material would be less 
likely to cling and tangle.

FLIGHT TESTS

We planned five flight tests of such tan
dem system configurations; three of these 
have been completed. Each of the con
figurations flown so far was scaled so that 
the top balloon would fully inflate at 40,000 
ft, to allow the main balloon material to 
remain mostly uninflated and thus pro
tected while it passed through the tropo
pause.

For two of the tests, the main bal
loons were 6 million cu ft, .75-mil, and 
tapeless—essentially, balloons that might be 
flown operationally except for the top fit
ting connection. The main balloon in the 
third test was 8 million cu ft, .75 mil, and 
taped. The top balloons for the 6-million 
cu ft tests had 90,000 cu ft capacities and 
were 1.5 mil thick. For the 8-million cu ft 
test, the top balloon was a 96,000 cu ft, 2- 
mil, taped cylinder.

TEST RESULTS

The two 6-million cu ft configurations 
flew successfully, even though flights with 
non-tandem balloons of this capacity have
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First successful flight of 6-million cu ft 
tandem system March 6,1965. Top balloon 
is fully inflated and slightly superpressured; 
gas transfer to the main balloon has begun. 
Altitude, about 50,000 ft.
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been only about 40 per cent reliable. Two 
successes with the tandem system are en
couraging, but, of course, do not prove its 
reliability. However, telescopic observa
tions of the flights offer some basis for be
lieving that the system will in fact have 
improved reliability over non-tandem bal
loons.

On the first test, at about 60,000 ft, 
the main balloon began to open into five 
major pockets and a number of smaller 
ones. The pockets tended to balance one 
another around the circumference of the 
balloon. They expanded slowly as the bal
loon ascended, until it reached 120,000 ft 
where the range prevented further clear 
observation. The final float altitude in both 
these tests was about 130,500 ft.

The third test, using the 8.5 million cu ft 
main balloon, failed in flight at about 40,000 
ft, when the top balloon split. No gas had 
been transferred to the main balloon. It 
seems unlikely that the top balloon was 
overpressured beyond its design limits, since 
the gas transfer fitting had been carefully 
checked before launching. We assume that 
the envelope material was defective, or that 
the balloon construction was at fault.
NEW TESTS PLANNED

The two flight successes, and the inter
pretations of the telescopic observations, 
have led us to plan tests with 9-million cu ft 
balloons made of .55-mil polyethlyene. 
These tests will also be observed by tele
scope, and will be recorded by up-cameras, 
carried below the main balloon.

If these tests are successful, and show 
the deployment of multiple pockets in the

inflating main balloons, we will have reason
able assurance that ascent failures are due 
to asymmetry or to resistance to unfolding / 
caused by entanglement and stiffening of 
the envelope material, or to a combination 
of these effects. We hope that down-cam- 
era studies and other projects will enable us 
to specifically determine these various con
tributions to failure.

TANDEM POTENTIALITIES

The tandem system offers some other op
erational advantages in addition to possibly 
reducing in-flight failures. The upper bal
loons can be made of scrim or other strong 
material to withstand handling on the 
ground. Thus, a durable bubble can be 
inflated while the rest of the system is still 
boxed, and the train can be realigned at 
launch time to allow for shifts in the wind, 
using the gas-transfer fitting as a point of 
attachment.

We can be sure that scientists will con
tinually push for the highest altitudes ob
tainable, and that, in response, balloons 
will be made larger in volume and will be 
constructed of very light, fragile film. The 
tandem balloon system will reduce the 
ground handling of such main balloons. 
The system can be designed to begin trans- / 
ferring gas at 70,000' to 90,000 ft, where the \ 
atmosphere is wanner and less turbulent. 
And finally, the top balloon can be jetti
soned when the main balloon is nearly full, 
freeing the main balloon to climb on to its 
own design altitude. The chances of reach
ing such an altitude on any one flight may 
prove to be better for a tandem system than 
for launches of single large balloons initial
ly inflated on the ground.
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