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The National Center for Atmospheric Research (NCAR) is dedicated
to the advancement of the atmospheric sciences for the benefit of
mankind. It is operated by the University Corporation for Atmospheric
Research (UCAR), a private, university-controlled, non-profit organiza-
tion, and is sponsored and principally funded by the National Science
Foundation.

NCAR shares with other atmospheric research groups four inter-
related, long-range objectives that provide justification for major
expenditures of public and private funds:

* To ascertain the feasibility of controlling weather and climate,
to develop the techniques for control, and to bring about the
beneficial application of this knowledge;

• To bring about improved description and prediction of astro-
physical influences on the atmosphere and the space environment
of our planet;

* To bring about improved description and prediction of atmospheric
processes and the forecasting of weather and climate;

* To improve our understanding of the sources of air contamination
and to bring about the application of better practices of air
conservation.

The research and facilities operations of NCAR are conducted in
four organizational entities:

The Laboratory of Atmospheric Sciences

The High Altitude Observatory

The Facilities Laboratory

The Advanced Study Program

All visiting scientist programs and joint-use facilities of NCAR
are available to scientists from UCAR-member and non-member institutions
(including private and government laboratories in the United States and
abroad) on an equal basis. The member universities of UCAR are:

University of Alaska Florida State University University of Oklahoma

University of Arizona University of Hawaii Pennsylvania State University

University of California The Johns Hopkins University Saint Louis University

University of Chicago Massachusetts Institute of Technology Texas A & M University

Colorado State University University of Michigan University of Texas

University of Colorado University of Minnesota University of Utah

Cornell University New York University University of Washington

University of Denver University' of Wisconsin
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PREFACE

This document reports the ballooning support provided for balloon-

borne cosmic-ray experiments performed in India in 1965 to participants

in the program and to others interested in balloon-borne experiments.

The cooperation of many people, representing many institutions and

agencies in India and in this country, is gratefully acknowledged.

SUMMARY

The National Center for Atmospheric Research organized and provided

program management for a balloon expedition to study cosmic rays in the

vicinity of the equator during the International Quiet Sun Year (IQSY).

A joint United States - India activity, the program was conducted in

Hyderabad, India during the late winter and early spring of 1965.

A total of 17 flights were scheduled during the period 6 March to

9 April, 1965. Of these, 13 were successful, three were ground failures,

and one balloon burst during ascent. The heaviest payload flown weighed

2858 lb. All scientific packages scheduled were successfully flown and

recovered.
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I. INTRODUCTION

Early in 1963 the United States Committee for the IQSY of the

National Academy of Sciences began to examine the feasibility of sending

a balloon expedition to the vicinity of the equator during the solar

minimum years to conduct research in the field of cosmic radiation.

Strong interest in the program in this country led to discussions with

the Tata Institute of Fundamental Research (TIFR) in Bombay, India,

and resulted in plans for a joint United States - India expedition.

This program was generally referred to as the IQSY-EQEX.

The responsibilities of mounting the experimental program in India

and of providing the ballooning support for the experiments were under-

taken by NCAR, and Robert S. Kubara, of the NCAR Scientific Balloon

Facility, was named Program Manager in charge of operational planning

and logistics. Mr. Bertram Stiller, of the Naval Research Laboratory,

served as Scientific Coordinator of the experimental program.

The expedition was operated under a grant from the National Science

Foundation and received additional support from the National Aeronautics

and Space Agency, the Office of Naval Research and the Naval Research

Laboratory. The U.S. Air Force provided MATS airlift for scientific

equipment and balloons.





3

II. THE SCIENTIFIC PROGRAM

An understanding of the time variations observed in the charge and

energy spectra of the various components of the primary cosmic radia-

tion depends, in part, on the ability to separate the sun's contributions

to the observed spectra from the galactic components. Since the solar

components are lower in energy than the galactic ones, the geomagnetic

field of the earth acts as a "filter" for removing the solar components.

Therefore the data needed for making such separations can be obtained

by making observations of the primary cosmic radiation systematically

throughout the solar cycle, at geomagnetic latitudes ranging from zero

degrees to latitudes near the geomagnetic pole. To complement the meas-

urements being made during the IQSY in northern latitudes, similar data

were needed near the geomagnetic equator, and they were needed from much

higher altitudes than any previously obtained in this latitude.

Scientists from Australia, Great Britain and Ireland as well as

from India and the United States participated in the program; the sum-

mary of flights and experiments given below indicates the range of in-

terests served. All the experiments proposed were flown, and all the

scientific packages were recovered. As the data from the experiments

are analyzed, the experimenters will publish their findings in scien-

tific journals.

Flight
Date No. Experiment and Experimenters

6 March 1 Ground failure; see Flight No. 2 for experiments

7 March 2 High-Energy Neutron Flux - S. Korff, New York
University, New York, New York

Low-Energy Gamma-Ray Flux - K. Anderson, Univer-
sity of California, Berkeley, California

9 March 3 Same experiments as Flight No. 2

12 March 4 Ground failure; see Flight No. 5 for experiments
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Flight
Date No. Experiment and Experimenters

13 March 5 Charged Particle Fluxes - J. Ely, Air Force
Cambridge Research Laboratories, Bedford,
Massachusetts

Low-Energy Gamma-Ray Flux - K. Anderson, Univer-
sity of California, Berkeley, California

Total Ionization of Cosmic Rays, J. Winckler,
University of Minnesota, Minneapolis,
Minnesota

Emulsion-Plastic Particle Detector, D. Lal,
Tata Institute of Fundamental Research,
Bombay, India

16 March 6 Heavy Primary Nuclei Fluxes - M. M. Shapiro,
Naval Research Laboratory, Washington, D.C.

Proton and Alpha Particle Fluxes - S. Biswas,
Tata Institute of Fundamental Research,
Bombay, India

18 March 7 Flight failure; see Flight No. 9 for experiments

21 March 8 Ultra-High Energy Nuclear Interactions -
P. Fowler, University of Bristol, Bristol,
England; R. Daniel, Tata Institute of
Fundamental Research, Bombay, India

25 March 9 X-Ray Sources in Southern Sky - K. McCracken,
Southwest Center for Advanced Studies,
Dallas, Texas

Heavy Primary Nuclei Fluxes - M. M. Shapiro,
Naval Research Laboratory, Washington, D.C.

Alpha Particle Flux - S. Biswas, Tata Institute
of Fundamental Research, Bombay, India

Cosmic-Ray Effects on Seedlings - J. Nizam,
Osmania University, Hyderabad, India

26 March 10 Same experiments as on Flight No. 6

27 March 11 Very Heavy Nuclei Fluxes - J. Waddington, Univer-
sity of Minnesota, Minneapolis, Minnesota

Total Ionization of Cosmic Rays - J. Winckler,
University of Minnesota, Minneapolis,
Minnesota

30 March 12 Charged Particle Fluxes - M. Kaplon, University
of Rochester, Rochester, New York

High-Energy Neutron Flux - A. G. Fenton, Univer-
sity of Tasmania, Tasmania, Australia

Silver Chloride Detector - R. S. Kamala, Tata
Institute of Fundamental Research, Bombay,
India
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Flight
Date No. Experiment and Experimentor

2 April 13 X-Ray Sources in Southern Sky - K. McCracken,
Southwest Center for Advanced Studies,
Dallas, Texas

Heavy Primary Nuclei Fluxes - M. M. Shapiro,
Naval Research Laboratory, Washington, D.C.

Cosmic-Ray Effects on Seedlings - J. Nizam,
Osmania University, Hyderabad, India

3 April 14 Ultra-High Energy Nuclear Interactions -
P. Fowler, University of Bristol, Bristol
England; R. Daniel, Tata Institute of
Fundamental Research, Bombay, India

High-Energy Nuclear Interactions - K. Imaeda,
Dublin Institute for Advanced Studies,
Dublin, Ireland

Cosmic-Ray Effects on Seedlings -J. Nizam,
Osmania University, Hyderabad, India

5 April 15 Gamma-Ray Sources in Southern Sky - J. Duthie,
University of Rochester, Rochester, New York

8 April 16 X-Ray Sources in Southern Sky - K. McCracken,
Southwest Center for Advanced Studies,
Dallas, Texas

Cosmic-Ray Effects on Seedlings - J. Nizam,
Osmania University, Hyderabad, India

Genetic Effects of Cosmic Rays - M. Hussain,
Osmania University, Hyderabad, India

9 April 17 Heavy Primary Nuclei Fluxes - M. M. Shapiro,
Naval Research Laboratory, Washington, D.C.

Heavy Primary Nuclei Fluxes - S. Biswas, Tata
Institute of Fundamental Research, Bombay,
India

Emulsion-Plastic Particle Detector - D. Lal,
Tata Institute of Fundamental Research,
Bombay, India

Silver Chloride Detectors - R. S. Kamala, Tata
Institute of Fundamental Research, Bombay,
India

High-Energy Neutron Flux - A. G. Fenton, Univer-
sity of Tasmania, Tasmania, Australia

Cosmic-Ray Effects on Seedlings - J. Nizam,
Osmania University, Hyderabad, India.

Excerpts from correspondence with participating scientists com-

menting on how their scientific objectives were met are included as

Appendix A.
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III. THE OPERATIONAL PROGRAM

SITE SELECTION AND SURVEY TRIP

The requirements for a site for the IQSY-EQEX program include the

ability to recover the scientific packages flown, and the need to

remain between + 10° of the selected geomagnetic latitude. Since the

U.S. Navy was not able to provide launch and recovery ships for this

operation, it was necessary to find a site where both land launch and

recovery would be possible. The acceptable range of geomagnetic lati-

tudes restricted the choice of potential sites to belts across South

America, Africa and India. The nature of the terrain in South America

and Africa makes recovery of payloads extremely improbable, leaving

India as the only suitable location.

There is very little reliable data concerning the wind regime

above 120,000 ft in India, but the general characteristics of the upper

stratospheric circulation systems are fairly well understood. Because

of the extreme altitude requirements of the scientific experiments to

be balloon-borne, these characteristics directly affect the trajectory

of the balloons, and therefore the recovery operations.

The primary winter circulation is a circumpolar cyclonic vortex

which produces moderate west winds over Central India. In early winter

this vortex tends to remain more or less symmetrical, but by late

December or early January perturbations begin to destroy the symmetry

and finally displace the center of the vortex away from the pole.

Depending on the type of perturbation which occurs, the winds of

Central India may vary all the way from very strong west winds to

strong east winds; they may even have pronounced north or south com-

ponents. In contrast to the variety of winter patterns, the circu-

lation during June, July and August is practically invariant and con-

sists of a truly circumpolar symmetric anticyclonic vortex which pro-

duces strong, steady easterly winds throughout the hemisphere.
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However, during the spring a transition from the cyclonic winter pat-

terns to anticyclonic summer circulation takes place and the winds over

Central India are light and variable. In the latter part of May the

onset of the monsoon rains may be expected.

To facilitate selection of a launch site in India which would meet

the general requirements of long duration flights at altitudes above

120,000 ft, Mr. Samuel B. Solot of NCAR performed a thorough operation-

al analysis. His findings and recommendations were:

1. The beginning date of the transition varies as much as three

weeks from year to year, and it cannot be predicted more than a day or

two in advance.

2. Twelve hour flights with land recovery are feasible during

the month of April from India with Hyderabad as the preferred launch

site.

3. Two alternate sites should be chosen at the same latitude as

Hyderabad: one about halfway between Hyderabad and the east coast; and

the other about halfway between Hyderabad and the west coast. This

would provide some flexibility for east or west winds stronger than

expected.

4. A network of at least three high-level rawinsonde stations

should be set up to provide pre-flight wind data. One of these

stations should be at the launch site, and the rawinsonde network

should be in operation at least a week before the scheduled beginning

of ballooning operations.

In September of 1964, a survey team comprised of Robert Kubara,

Program Manager, Bertram Stiller, Scientific Coordinator, and Thomas

Pappas, the Raven Industries Launch Crew Chief, visited India. The

purpose of the trip was to select launch sites, to determine opera-

tional requirements, and to initiate a formal request for clearc:nces to

the Indian Government.

The primary site selected in India was Hyderabad. Two alternate

sites were also selected, Vijayawasa on the east and Belgaum on the
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west. Both sites offered suitable launch areas but lacked necessary

laboratory and housing facilities.

Agreements were made with Professor M. G. K. Menon of TIFR on

various points of cooperation between the United States and the Indian

group. In New Delhi Dr. Donald Fuller, Science Attache,U.S. Embassy,

was consulted and informed of the status of the program. Dr. Fuller

arranged meetings with Dr. Krishna Rao, Head of the Indian Meteoro-

logical Service, and with Dr. A. P. Mitra, Secretary of the Indian

IQSY Committee. Dr. Rao offered to assign meteorologists to the pro-

gram to operate the GMD-1 radiosonde sets which provide trajectory

information for the program.

Dr. Mitra provided a letter giving official Indian IQSY Committee

sanction to the program. Requirements for clearances to be obtained

from the various Indian Ministries were drawn up for presentation by

the U.S. Embassy.

PROJECT COLDTROP, CANAL ZONE

The IQSY-EQEX program required balloons of approximately 3 x 106

cu ft in volume to lift 325-lb payloads to altitudes of 120,000 ft or

higher for periods up to 12 hr. Experience in flying balloons of this

size range in the United States showed that the majority of balloon

failures occur during ascent in the region of 40,000 to 60,000 ft, the

region of very low temperatures. The chances of ascent failure appear

to increase as the temperature decreases.

Since the tropopause temperatures encountered near the equator are

considerably lower than those found over middle latitudes, and in view

of the continuing difficulties experienced with ascent failures, the

NCAR Scientific Balloon Facility decided to test balloons of standard

polyethylene and a then new film trade named "StratoFilm," manufactured

by Winzen Research, Inc., under meteorological conditions similar to

those in India.
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With the assistance of Mr. Henry Demboski of the Office of Naval

Research, arrangements were made with the U.S. Army Tropic Test Center,

Ft. Clayton, Panama Canal Zone, for operational support of a test pro-

gram there. That program was named Project Coldtrop.

A series of eight flights were conducted by NCAR during August

1964. Four flights were made with 3 x 106 cu ft tailored, tapeless,

polyethylene balloons; this has been one of the most consistently suc-

cessful balloon designs. Another four flights were made with 2.94 x

106 cu ft natural shape tailored, taped balloons constructed of Strato-

Film. The manufacturer claimed StratoFilm to be considerably less

brittle at low temperatures than the standard polyethylene being used

in balloons at that time, including the 3 x 106 cu ft tailored, tape-

less balloons also being flown in Project Coldtrop.

As shown in Table 1, flight tests conducted with the 3 x 106 cu ft

balloons were poor. Only one of four balloons of this type success-

fully penetrated the tropopause, and this flight occurred at a time

when the tropopause temperature was the warmest of the nine-day period.

The 2.94 x 106 cu ft StratoFilm balloon had two successful flights and

two ground failures. Both failures were caused by manufacturing de-

ficiences.

As a result of the Project Coldtrop test findings, NCAR cortracted

with Winzen Research, Inc. for construction of 2.94 x 106 cu ft

balloons made from StratoFilm. The contract called for 100 per cent

factory inspection and about 20 changes in specifications of the

balloons flown during Project Coldtrop. These changes were aimed at

increased balloon reliability.

Requests for proposals for field operations and related support

work were submitted to all balloon contractors and Raven Industries,

Inc., was awarded the NCAR contract for field support of the IQSY-EQEX

program.



TABLE NO. 1

PROJECT COLDTROP FLIGHT RECORD

Balloon Balloon Gross Free Ascent Float
Flight Date Balloon volume weight load lift rate altitude Remarks,

No. (1964) type (10 cu ft) (lb) (lb) (lb) (ft/min) (103 ft) minimum temperature

1 Aug. 5 Tailored 3.0 456 781 88 1200 --- Balloon burst at 60,000 ft
tapeless -78.0°C at 56,000 ft

2 Aug. 7 Natural shape, 2.94 514 841.5 85 965 123 Successful flight
taped -76.3°C at 53,000 ft

3 Aug. 8 Tailored 3.0 444 767 61.5 930 126 Successful flight
tapeless -72.2°C at 49,000 ft

4 Aug. 9 Natural shape, 2.94 520 845 68 885 123 Successful flight
taped -77.2 0C at 55,000 ft

5 Aug. 10 Tailored 3.0 448.5 773.5 61.9 1000 --- Balloon burst at 51,000 ft
tapeless -78.0°C at 55,000 ft

(-71.0°C at burst altitude)

6 Aug. 11 Natural shape, 2.94 566 891 80 ___ Ground failure
taped

7 Aug. 12 Natural shape, 2.94 559 884 79.5 --- Ground failure
taped

8 Aug. 13 Tailored 3.0 452 777 61.5 960 --- Balloon burst at 49,200 ft
tapeless -75.0°C at 49,000 ft
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FIELD OPERATIONS, INDIA

Planning and Logistics

The first flight in the IQSY-EQEX program was scheduled for 1

March 1965, less than six months from the award of the field service

contract.

Efforts had been made to standardize the size and design of all the

balloons for the program to 2.94 x 106 cu ft balloons. The advantages

of standardization are uniformity in manufacture, shipping, and partic-

ularly in launch procedures. Some deviation from this scheme became

necessary when the Tata Institute and the University of Bristol decided

to collaborate on a heavy emulsion package. Thus, two 5.2 x 106 cu ft

balloons were obtained for these flights.

With the exception of the two heavy flights, the standard anchor

line launch method was thought to be satisfactory for all flights. In

this launch procedure, the balloon bubble is upwind from the package to

be flown. A long anchor line extends downwind between the bottom bal-

loon end fitting and an anchor vehicle. A separate line attaches the

payload and parachute to the balloon end fitting. At launch, as the

balloon rises vertically over the payload which is mounted on a cart,

the anchor line is severed and the payload becomes airborne. This

launch method is a relatively simple operation and has the advantage of

not requiring large launching vehicles in the field.

It was necessary to use a truck launch for the two heavy load emul-

sion flights, and vehicles for this purpose were provided by the Tata

Institute. In a truck launch, the payload is mounted on the rear of a

truck and the balloon bubble is downwind from the payload. At launch,

the truck carrying the payload moves toward the balloon until the bal-

loon is vertical over the payload and the system is released.

All efforts to locate a suitable tracking aircraft in India had

failed. It was therefore decided to ship the field contractor's Cessna

185 aircraft to Calcutta from New Orleans aboard the Hellenic Pioneer.
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Departure was scheduled for mid-December, 1964 and the plane was ex-

pected to arrive in Calcutta during the first week in February 1965.

Arrangements were made with the Air Survey Company of India to have the

aircraft assembled and certified in Calcutta. However, upon arrival in

New Delhi on 10 February 1965, program personnel were advised the air-

craft was strike bound in New York. Through the efforts of Dr. Fuller

in New Delhi, an aircraft was located in Teheran, Iran, which was made

available for the IQSY-EQEX program on a lease basis from Aviation

Development Consultants, Inc.

Scientific packages and delicate electronic equipment were pre-

pared at NCAR for air shipment to New Delhi via MATS aircraft, departing

Travis Air Force Base on 7 February 1965. On arrival, the equipment was

cleared through customs and transshipped by MATS to Hyderabad on 20

February. Support for the air shipments was provided by the Office of

Aerospace Research, Cambridge Research Laboratories.

The Office of Naval Research arranged to provide and ship 274

cylinders of helium to Bombay during early November 1965. Heavy arti-

cles, including balloons and launch equipment, were staged at NCAR

during December 1965, then sent to the Naval Sea Cargo Coordinator in

Oakland, California for shipment to Bombay on board the U.S.S. Garfield,

which departed San Francisco, California on 28 December 1964.

Upon arrival in Hyderabad on 20 February, program personnel dis-

covered the equipment aboard the U.S.S. Garfield had not arrived, and it

was not delivered until 27 February. The late arrival of this shipment

delayed the first flight until 6 March from the 1 March date originally

planned.

Operations Site

Osmania University, which had been used in previous years for

Indian balloon operations, was selected as the operating site for the

IQSY-EQEX program. The University is approximately eight miles from the

hotel in Hyderabad where the American personnel were based.
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The launch field was located on the University campus. Originally

used as a parade ground, the field had been prepared by Tata Institute

for balloon launches. It is elliptical in shape, measures about 1000

x 800 ft, and the surface is hard and relatively smooth. With the usu-

ally calm surface winds encountered during the program, this field

proved to be an excellent location for balloon launches.

The balloon command and meteorological station was located in a

roof-top room of the Physics Building. The roof of the building was an

ideal location for antennas and the GMD-1 radiosonde receiver. Labora-

tory space was made available at a vacant student hostel and although

experimenters were somewhat crowded, there were no serious problems.

Adequate facilities were available for the storage of balloons and

launch equipment in the Central Workshop of the University.

With the use of step-down transformers, the local 220-volt, 50-

cycle electrical power was adequate for many experimenters. When the

local power was not compatible with U.S. equipment, motor generators

(one 30 kw and one 6 kw) provided 110-volt, 60-cycle power.

A crane for loading helium cylinders was rented from the Public

Works Department in Hyderabad. However, scheduling of the crane was

difficult, and the 8-mile trip often required several hours. On sever-

al occasions the crane was not available for program use.

Balloon Flights

A total of 17 flights were conducted at Osmania University from 6

March through 9 April 1965. Table 2 gives a complete listing of the

flights. Of the 17 flights planned, 14 were successfully launched and

three 0.7-mil, 2.94 million cu ft balloons failed on the ground. Two

of these balloons lacked sufficient lift, possibly due to leaks, and

the other was lost to an electronic failure when a termination squib

fired accidentally just before launch. One of the two 0.5-mil balloons

burst in flight; this was the only in-flight failure, even though tropo-

pause temperatures were encountered down to -820C. The two 5.2 million



TABLE NO. 2

IQSY-EQEX BALLOON PERFORMANCE

Flight Date Launch Tropopause Balloon Gauge of Impact Payload Float Float Flight Success

No. (1965) Conditions Temperature Volume StratoFilm Area Weight Time Altitude

Wind (knots) Temp. (
0
C) x 106 cu ft (lb) (hr) (ft)

1 Mar. 6 1 80 F 2.94 0.7 mil 325 Termination squibs
fired before launch

2 Mar. 7 2 85
0
F -80 2.94 0.7 mil 16

0
48'N, 78

0
45'E 327 4 124,637 Successful flight

3 Mar. 9 2-Calm 95°F -79 2.94 0.7 mil 17
0
17'N, 78

0
40'E 329 4 120,052 Successful flight

4 Mar. 12 2 2.94 0.7 mil 440 Leaker; not launched

5 Mar. Ij 2 - 6, Variable -79 2.94 0.7 mil 19
0
48'N, 74

0
39'E 440 7 115,817 Successful flight

6 Mar. 16 2 -79 2.94 0.5 mil 17
0
10'N, 76

0
33'E 278 9 122,500 Successful flight

7 Mar. 18 2-Calm 90°F -79 2.94 0.7 mil 363 Failed to ascend

8 Mar. 21 2 -82 5.20 1 mil, 1 mil cap 17
0
53'N, 75

0
11'30"E 2523 8.5 112,447 Successful flight

9 Mar. 25 2 - 4, Variable -78 2.94 0.7 mil 40 miles north 351 8 125,800 Successful flight
of Hyderabad

10 Mar. 26 2 -79 2.94 0.5 mil 17°13'N, 78
0
50'E 284.5 Balloon burst at

52,000 ft

11 Mar. 27 Calm -78 2.94 0.7 mil 21
0
07'N, 78

0
57'E 295 9 124,700 Successful flight

12 Mar. 30 2 -80 2.94 0.7 mil 17
0
05'N, 74

0
03'E 459 4.5 120,260 Successful flight

13 Apr. 2 2 -78 2.94 0.7 mil 17
0
16'N, 74

0
27'E 383 6 121,943 Successful flight

14 Apr. 3 Calm -78 5.20 1 mil, 1 mil cap 17
0
30'N, 73

0
57'E 2858 7 101,400 Successful flight

15 Apr. 5 Gusting to 15 -79 2.94 0.7 mil 16
0
38'N, 75

0
08'E 612 7 115,817 Successful flight

16 Apr. 8 2 -81 2.94 0.7 mil 17
0
22'N, 75

0
44'E 435 7 122,000 Successful flight

17 Apr. 9 Calm -81 2.94 0.7 mil 17
0
58'N, 7411'E 307 5 118,547 Successful flight
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cu ft balloons flew successfully with payloads weighing more than 2800

lb, the largest and heaviest loads ever flown in India. These balloons

were made of 1-mil gauge polyethylene with an additional 1-mil cap.

The flight profiles are given in Appendix B and the flight summaries

in Appendix C.

Tracking and Recovery

Flight tracking and monitoring of balloon performance were done by

a Cessna 180 aircraft. All balloons carried a beacon which operated in

the 1650 to 1750 kc band; this provided a direction finding signal to

the aircraft. Operation of the tracking aircraft in a country where

private aircraft are virtually nonexistent created many problems. Air

traffic control regulations plus communications failures led to certain

misunderstandings. Since many of the balloon trajectories were longer

than 300 miles, there was also the problem of locating airfields where

civil aircraft were allowed to land and refuel.

The GMD-1 radiosonde set proved to be a valuable tool in the re-

covery operation. The meteorologists assigned by the Indian Meteoro-

logical Service were trained by NCAR personnel in radiosonde operations

and trajectory analysis. By flying radiosondes 6 to 12 hr before each

flight, wind data to 140,000 ft were acquired. These data were used to

forecast trajectories and impact points. The predictions were passed

to a Tata Institute ground recovery crew, who usually left Hyderabad

several hours before the flight. As telephone calls proved to be im-

practical, communications were maintained by radio, with the tracking

aircraft serving as a relay point for the ground recovery team. All

flights were recovered, to the considerable credit of the Tata Institute

recovery crew. To perform their recoveries, the crew necessarily had

to be fluent in most of the fourteen official languages of India. The

recovery points of the successful flights are shown in Fig. 1.



!~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
o 100 2o0 3o 400

STATUTE MILES

20N 
bj~~~~~~~~~~~~~~~

....... . ........

ol) + HYDERABAD

.~~~~~~~~~~~~- .
.. .. i . .....

0~~~~~

rt'

15aN

75 ° E 80 ° E 85E



I



19

IV. ACKNOWLEDGEMENTS

The following acknowledgements are intended for those whose efforts

were of direct assistance to the scientific success of the expedition.

A great many others gave valuable assistance with the balloon flights

and with various logistic problems; without their help the entire ex-

pedition would have been jeopardized.

Dr. R. T. Redkar and Dr. P. Lavakare, assigned to the expedition

from the Cosmic Ray Group of Professor M. G. K. Menon, TIFR, served as

liaison officers for the numerous arrangements with Indian officials

and private individuals.

Two electronic technicians from the same group, G. Vasudevachar

and G. Ramachandran, headed our recovery teams which turned in the

unique performance of recovering every payload launched.

Professor A. A. Kamal, Department of Physics, and Professor K. K.

Nair, Department of Engineering of the Osmania University, Hyderabad,

were exceedingly helpful in obtaining University facilities for us.

Professor Nair asked for a series of lectures to be given by the for-

eign visitors, which were arranged. These were well attended and

broadened the opportunity for scientific exchange.

Messieurs Agarval, Daniels, Raghavendren and Sikdar were assigned

to the expedition by Dr. L. S. Mathur, Deputy Director of the Indian

Meteorological Department. They rapidly learned the techniques for op-

erating our GMD tracking station and became active members of our fore-

casting and trajectory prediction team. V. Balasubramaniam and his

staff, at the Begumpet Airfield IMD office, also provided excellent

support with their forecasting of surface wind conditions.

Professor M. G. K. Menon, whose broad experience in the operation

of Indian governmental departments and wide acquaintanceship with in-

dividuals made possible the solving of innumerable problems ranging



20

from customs clearance to military security

The encouragement, advice and support of Dr. R. Fleischer of the

National Science Foundation, and of Dr. M. M. Shapiro, Head, Cosmic Ray

Branch, Naval Research Laboratory, are gratefully acknowledged.
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EXCERPTS FROM CORRESPONDENCE WITH PARTICIPANTS

The following excerpts are from correspondence with participating

scientists describing their proposed objectives and/or reporting on how

well their scientific objectives had been met.

Kinsey A. Anderson, University of California, Berkeley, California

27 May 1964 " . . One of the experiments we wish to do is a con-

tinuation of some atmospheric gamma ray measurements already carried out

in Minneapolis and in New Mexico. Equator flights will then complete a

three-point latitude survey. The other experiment would make use of the

low gamma ray background expected near the equator to examine the quiet

sun for X-ray emission in the 10 to 100 kev region. This is an important

experiment to us since it not only should provide results of immediate

interest but it will give us information useful to the design of future

satellite experiments which we expect to carry out."

S. Biswas, Tata Institute of Fundamental Research, Bombay, India

24 September 1965 "Primary Cosmic Ray Experiments: We had success-

ful exposures and recovery of three emulsion stacks for the flux mea-

surements of the Heavy primaries, two for a-particles and four small

stacks for protons and neutrons. The emulsions have been processed and

are found to be alright. The ceiling altitudes attained were quite

adequate for experiments and the exposure times at ceiling were suffi-

cient for proton neutrons and d-stacks and one heavy primary stack,

and somewhat smaller than expected in case of two heavy primary stacks.

The analysis of the data . . will be done in future."
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R. R. Daniel, Tata Institute of Fundamental Research, Bombay, India

24 September 1965 "I am very sorry to say that work on these pro-

grammes is progressing very slowly and we have no results on them . . .

Dr. Gokhale has . . . some results on proton and alpha flux obtained

from the EQEX programme . . these results were presented at the Cosmic

Ray Conference in London.

"As for the emulsions exposed over Hyderabad, we have developed

all of them and they have all come out satisfactorily. The following

will be the investigations we will carry out with them: (1) Of the

two heavy stacks exposed, one has been sent to Bristol the other is with

us. The important problems of investigation from this stack will be the

characteristics of high energy nuclear interactions at energies > 1012

ev, the spectrum of high energy gamma rays produced in the higher lay-

ers of the atmosphere and the charge composition of the primary cosmic

radiation at energies > 101 ev. (2) Study of fast neutrons produced

in the atmosphere by the primary cosmic radiation and a search for the

possible emission of high energy neutrons from the sun. (3) Flux

measurements of the proton He and heavy nuclei components of the pri-

mary radiation at the time of minimum solar activity."

J. G. Duthie, University of Rochester, Rochester, New York

20 September 1965 "Our scientific objectives were not fully met.

This was due to damage of the detection system after one flight. That

flight did provide useful data, but we would have liked a second flight.

The location for the flight was ideal for the principal scientific ob-

jective which was to search for gamma rays from the Crab Nebula. The

flight duration, 4½ hours, was somewhat less than we desired, but it

was sufficiently above the minimum useful time to provide valuable data.

The timing of the flight was important in this respect (11 a.m. launch),

as a launch at dawn under the limitations of 4s hours float would have

been useless.
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"You will recall that in addition to my own spark chamber experi-

ment, I was responsible for a second experiment of Dr. Kaplon's. A

mechanical malfunction of this second experiment resulted in a complete

failure of the detector and no useful data was obtained."

Paper: Cobb, R., J. R. Duthie and J. Stewart: "Spark-Chamber Experi-
ments on Cosmic Rays," Physical Review Letters 15, No. 12,
507-511, 1965.

J. T. A. Ely, Air Force Cambridge Research Laboratories, Bedford, Mass.

11 June 1964 "The AFCRL experiment is designed to measure the charge

spectrum and the time variation of the heavy primary cosmic rays. The

experiment consists of a three-detector (one Cerenkov, two scintillators)

telescope, linear amplifiers, logic circuitry, 300-channel pulse height

analyzer, and onboard recording. The package turns itself on and off

automatically at 75,000 ft and can be launched 'unattended.' This would

be the first of a series of such measurements to be made through a sun-

spot cycle."

A. G. Fenton (by K. B. Fenton), University of Tasmania, Australia

17 September 1965 "Unfortunately, a temporary complication arose in

the read-out of the data from our two flights due to the incompatibility

of our tape recorders and that used by Ken McCracken in India. Conse-

quently we had to send the tape recordings of the telemetered data to

.. Texas for read-out . . .

"However, I am able to say from what we could learn by simply

listening to the tapes while we had them that there will be a good deal

of useful data, although RF interference appears to have marred the

result on one telemetry channel on both flights.

"The following may therefore serve as a brief preliminary report on

our work: A flight unit containing a 3-fold Geiger counter telescope

and two BF3 counters was flown on two occasions for the University of

Tasmania. Both BF3 counters were enclosed in polyethylene moderators lin.
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thick. One counter contained BF3 enriched to 96% in the isotope B1 0

while the other contained the natural isotopic mixture of boron. The

latter is referred to as the unenriched counter. This flight unit was

similar to units previously flown at latitudes between Wilkes, Antarctica,

and Lae, New Guinea for the purpose of studying the latitude effect on

cosmic ray neutrons during the period of minimum solar activity. By

making the measurements at Hyderabad it was possible to extend this

survey to a geomagnetic cut-off of 17 BV compared with 15.8 BV at Lae.

Data so far analysed from the survey have permitted information on the

flux of albedo neutrons and on the rate of production of C 4 in the

atmosphere to be obtained. These results were presented at the London

Conference on Cosmic Rays in September 1965.

"The analysis of the Hyderabad data is not complete, but it is

known that good data were obtained on all telemetry channels except the

one carrying the data from the unenriched counter. In the flights of

both March 30 and April 9, 1965, RF interference appears to have ren-

dered the results on that channel unusable. However, subsequent

analyses of other flight data have shown that the interpretation of the

Hyderabad data will not be impaired by the absence of the measurements

with the unenriched counter. It is therefore felt that these results

will be a significant extension of the information obtained at higher

latitudes and will assist in giving a more complete picture of the

physics of neutrons in the atmosphere."

M. Friedlander, Washington University, St. Louis, Missouri

10 June 1964 "Experiments planned: (1) Alpha Particles. Geomagnetic

cut-off, and energy spectrum up to about 10 Gev/nucleon. If the spuri-

ous scattering level is low enough, we might be able to go to higher

energies. (2) Charge spectrum of the multiply charged particles, in the

region above the expected geomagnetic cut-off. It is of interest to

measure both of these at solar minimum, and a novel arrangement can help

us to increase the statistics very considerably.
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"We are working on spark chambers which will be directly above the

emulsions. The photographs of sparks will show where particles have

entered the emulsions, and we hope to reduce scanning time very consider-

ably. Further, the spark chamber triggering will be via a scintillation

counter telescope, with the geometry chosen for favorable tracks in the

emulsions, and the discriminator levels set to select only heavy parti-

cles . "

K. Imaeda, Dublin Institute for Advanced Studies, Dublin, Ireland

6 October 1965 "I am very grateful to you for making balloons avail-

able for us to expose our emulsion chamber for cosmic rays.

"We have sent an emulsion chamber which is composed of nuclear

emulsion plates, and tungsten plates to study very high energy cosmic

ray jets.

"The stack, together with Bristol stack (Prof. Fowler's group) was

flown in India. The balloon flight was successful, and the exposure to

cosmic rays is quite satisfactory. Thus, we are now studying cosmic

ray jets using this stack."

R. S. Kamala, Tata Institute of Fundamental Research, Bombay, India

26 October 1965 "The technique of using single crystals of silver

chloride as radiation detectors . . . possesses several unique advantages

such as insensitivity to humidity, absence of distortion, non-chemical

development at room temperature and delineation of the high-energy cosmic

ray tracks within two hours and crystal thickness greater than 3000 mic-

rons. Moreover, for the study of cosmic rays and nuclear events, it

appears to be a convenient and distortion free detector. To obtain

cosmic ray exposures, the crystals were sent in the balloon flights of

greater than seven hours duration and at 100,000 ft altitude. After

exposure, they were decorated using the photoelectric technique given by

Haynes and Shockley whereby the metallic silver gets deposited along the

tracks if they were recorded in the crystals.
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"I would like to inform you that though my experiments were not
successful, I received the crystals safe in condition and no damage was

done to them. I would like to add that it is the balloon flight which

gives not only a chance to get a good cosmic ray exposure but also pro-

vides an opportunity for testing the crystals for detection."

M. F. Kaplon, University of Rochester, Rochester, New York

10 June 1964 "Our experiment will measure the integral intensities

of the following charge groups of the primary radiation: Z = 1, Z = 2,
3 s Z 5, 6 _ Z 9, Z 10. Additionally, it will measure the splash

albedo, and incident gamma radiation from above of ŽE > 50 Mev.

"The relationship to IQSY is very direct for the charged particle

intensities. This will give a measurement at this high cut-off of

charged particles at solar minimum and thus information on the rigidity

dependence of solar cycle modulation. As we should have an essentially

identical detector in orbit on OSO-C at the same time, the comparison

will be useful and illuminating and should help in further assessment of
albedo problems.

"With respect to the gamma-ray channels, there is no clear connec-

tion with IQSY. However, the opportunity to fly a gamma detector at

this location where charged particles and thus secondary gamma pro-

duction in atmosphere is lowest to be expected from balloon operations

is in itself highly desirable."

27 September 1965 ". . . we obtained only one experimentally suc-

cessful flight, but this was, in our opinion, highly successful. A

preliminary report of the results has already appeared in the Physical
Review Letters 15, 507 (1965). We believe the results are highly

significant in the field of gamma-ray astronomy, and in fact, we be-

lieve they are the most significant yet in this area. The ability to

obtain the highest upper limit on the intensity from the Crab Nebula is

in greatest measure due to the opportunity to fly the detector at such
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a low geomagnetic latitude where the atmospheric background effects are

minimized as a result of the high cut-off.

"As you may know, we were so pleased with these results that we are

in fact proposing another expedition to low latitudes. . . Needless to

say, the data is being further analyzed, and further reports will be

made. One very interesting aspect of the data was the opportunity to

observe the EW effect on atmospheric gamma rays, ,which is again uniquely

due to flying at low geomagnetic latitudes. This should enable us to

make much better assessments of atmospheric effects. In the work still

to be done, this aspect will be further investigated as well as refine-

ments to assess better limits on other sources that transited the de-

tector acceptance cone, as well as a study of general background effects."

Paper: Cobb, R., J. R. Duthie and J. Stewart: "Spark-Chamber Experi-
ments on Cosmic Rays," Physical Review Letters 15, No. 12, 507-
511, 1965

S. A. Korff, University of Rochester, Rochester, New York

11 July 1964 "The scientific objectives . . . are to measure the

flux of fast neutrons at balloon altitudes in the equatorial zone. This

investigation is part of our study of the neutrons produced by the cosmic

radiation. We have measured these neutrons, both as fast and as slow

neutrons in middle latitudes, and now desire to extend this knowledge to

other latitudes. Since both the multiplicity, or number of neutrons per

primary, and the number of primaries varies with latitude, a measurement

of the actual numbers will help us understand the entire problem of the

neutron equilibrium in the atmosphere. Since some of the neutrons, es-

pecially at high elevations, diffuse outward from the top of the earth's

atmosphere, the measurements throw some light on the 'albedo' of the

atmosphere for neutrons in various energy intervals. Further, the inte-

grated total number of neutrons produced in the atmosphere at various

latitudes is a number of interest in the interpretation of the radio-

carbon data. The number of neutrons at various elevations appears to

vary considerably with the state of the sunspot cycle, and we seek to
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find the number at times of solar minimum to help understand the mag-

nitude of this dependence."

27 September 1965 "The purpose of our participation in the India

EQEX flight was to measure neutrons produced by the cosmic radiation.

To this end, we made two flights in India, both of which were success-

ful. The instruments reached altitudes of approximately 120,000 ft,

and floated there for about four hours. The apparatus was recovered

intact in both cases.

"We are now engaged in evaluating and interpreting the data ob-

tained on these flights. The tape records are good, and while we have

not finished the job, there seems little doubt that we got the data

which we sought. We can therefore state that the scientific objectives

were met fully and well.

"We gave a preliminary report of the data at the London meeting.

We expect to publish a full account of the entire operation and other

operations of this type as a part of Stephen Holt's thesis. We will in

addition probably prepare a summary for the Journal of Geophysical

Research."

Paper: "IQSY-EQEX Cosmic Ray Expedition to India," Physics Today 18,
No. 6, 26-29, June 1965.

D. Lal, Tata Institute of Fundamental Research, Bombay, India

22 September 1965 "The emulsion-plastic stacks are now being ex-

amined by Dr. Price and myself for studying the possibility whether

heavy primary tracks can be recorded in plastics. The idea is to first

find out the location of heavy primary tracks and then to trace them in

the etched plastic sheets. As yet we have not been able to find any

tracks corresponding to Z around 15. The analysis is being continued

and we will now try to see whether heavier charges can be recorded in

plastic or not."
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K. G. McCracken, Southwest Center for Advanced Studies, Dallas, Texas

12 June 1964 "The planned experiment would study the energy spectrum

of the cosmic radiation in the energy range 15 to 40 Bev. This would ex-

tend our knowledge of the spectrum into a range about which very little

is known at present; this being our fundamental interest as it pertains

to the energy dependents of the whole cosmic-ray spectrum. The experi-

ment would also be of considerable importance insofar as it would con-

stitute a portion of a determination of the specific yield functions

pertaining to the super neutron monitors gaining such extensive use

during the IQSY. The specific yield functions are necessary if we are

to interpret the IQSY monitor data adequately, and they are extremely

necessary if we are to interpret the data we will get from the neutron

monitors during the next solar cycle. Accurate determination of the

specific yield functions is possible only if the cosmic radiation is not

changing rapidly with time; hence, the IQSY is the obvious time to de-

termine these functions. Furthermore, in all previous determinations of

the specific yield functions, it has been necessary to extrapolate the

cosmic ray spectrum from the vicinity of 15 Bev to higher energies,

thereby introducing considerable uncertainty into the yield functions.

By performing a definitive measurement of the spectrum in the range 15 to

40 Bev, we will reduce inaccuracies in the specific yield functions very

considerably."

21 September 1965 "Data from our flights of 2 and 8 April 1965 have

been analysed to date, the emphasis being on the X-ray astronomy data so

far. We have data which make good sense, and which we believe are of

considerable interest, since they are the first reported observation of

X-rays of this energy from Cygnus.

"As yet, we have not processed the data from the charged particle

detector which was on the same packages as the X-ray detectors. Our

quick-look results indicate valid operation, however.

"Fenton's experiment has some problem due to non-compatability of

his and our tape recorder. Hence we are going to read out his tapes

here in Dallas. Pressure of work has prevented that, so far, however.



32

"In summary, I am pleased with the results; the expedition was

worthwhile from our point of view. We have much data reduction to do
yet, and we have high expectations for that, too."

J. Nizam, Osmania University, Hyderabad, India

16 October 1965 "We have sent up certain members of Algae belonging

to the groups Chloroccocales and conjugales. The material after recov-

ery was examined for the survival and morphological variations. These

organisms have shown tolerance to high altitude cosmic radiations.

Nevertheless there appeared to be some sort of metabolic disorder which

has inflicted injury on the cellular complex and consequently abnormal

and monstrous forms have been produced in the cultures.

"In addition to the above materials, seed material and seedlings of
the following plants were sent up: corn, carrot, tomato, rice, gram,

chilli and seven species belonging to the family Acanthaceae.

"In all the plants under study no observable Chromosomal aberra-

tions were recorded from root tip squashes. A significant difference

has been recorded in the seed germination of controlled and treated

seeds. The material now is growing in earthen pots in Department of

Botany. Regular observations on their morphological features have been

made with a view to detect mutants. Detailed results will be communi-

cated to Radiation Botany or any other journal in the near future."

M. M. Shapiro, U. S. Naval Research Laboratory, Washington, D. C.

17 June 1964 "We are planning to expose a package of nuclear

research emulsions with various sensitivities and having a large hori-

zontal area. If this detector reaches a pressure altitude of approxi-

mately 3 mb and stays there for 10 to 12 hr, it should be possible, for

the first time to obtain a charge spectrum for primary heavy nuclei

(Z _ 3) with an almost negligible correction for fragmentation in the

overlying atmosphere near the earth's magnetic equator. These data, in

combination with data obtained from similar exposures during IQSY at Ft.

Churchill and Minnesota, would make possible the comparison of spectra,
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fluxes and ratios of light to medium to heavy groupings for primary cos-

mic ray nuclei with Z > 3 over a wide range of energies. The combined

data could then be used to study various mechanisms which may play a

role in the propagation of the cosmic radiation through interstellar

space."

8 October 1965 "I am pleased over the general outcome of the expedi-

tion with its remarkable record of successful flights. Our own flight

objectives were met in that three stacks of nuclear research emulsions

were exposed on two flights. In addition, a smaller stack was flown

several times as a hitchhike package on other flights, in an attempt to

improve statistics. Further equatorial expeditions ought to be planned

for higher altitude and longer durations, if possible.

"These emulsions have been successfully developed and preliminary

scanning is under way. With concerted effort, results should be forth-

coming in approximately one year."

C. J. Waddington, University of Minnesota, Minneapolis, Minnesota

10 June 1964 "In the experiment proposed for EQEX it is intended to

fly a large area nuclear emulsion stack mounted in an emulsion camera.

With this equipment it will be possible to investigate the very high

charge nuclei of the primary cosmic radiation in much greater detail

than has hitherto been possible. The use of the emulsion camera will

remove the uncertainties introduced by the ascent period of the flight,

while the large area available will permit the acquisition of statisti-

cally significant data. It is intended to fly similar detectors this

summer at Fort Churchill and Texas. Consequently, it is hoped that by

combining the data from these experiments with that from the EQEX flight,

the properties of the very heavy nuclei will be measured over a wide

range of energies during the IQSY. These nuclei are more strongly

affected by physical processes that depend on the charge on the nucleus,

such as ionization loss, than any other cosmic ray nuclei. It is ex-

pected, therefore, that a detailed investigation of the characteristics
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of this component of the primary radiation will indicate whether such

physical processes play any important role in either the acceleration or

propagation through interstellar matter.

"It is also anticipated that within the requested load limit of

120 lb, it will be possible to include a nuclear emulsion plate shuffler.

This will permit an examination of the proton and alpha particle com-

ponents of the primary radiation. It appears from the present listing

of proposed experiments that at least one emulsion experiment to mea-

sure these components would be of considerable value during the IQSY.

Undoubtedly, the plate shuffler technique provides the best way of mak-

ing these measurements."

22 September 1965 "So far as our particular experiment is concerned,

we don't as yet have any results to report; however, we know that we

not only had a successful balloon flight but our equipment worked and

the emulsions have been successfully developed. A quick look at the

emulsions reveals a normal development and there seems to be no reason

to imagine that we should not be able to obtain the data we expect as

soon as we are able to devote sufficient experimental effort to the

analysis."

J. R. Winckler, University of Minnesota, Minneapolis, Minnesota

10 June 1964 "Self-recording ion chamber to be flown as hitchhike

on one or two recoverable flights. Gives equator value for total ioni-

zation as part of complete latitude curve during period of minimum

solar activity."

21 September 1965 (by D. J. Hofmann) "Of the two ion chamber units

sent to India, one of them was on a successful flight for about eight
2hours at about 5.5 gm/cm . Since the primary objective was to get an

ion chamber rate at high altitude near the equator, the objective was

well met. Flights were also made from Barrow, Alaska and Minneapolis,

Minnesota within two months of this measurement and preliminary analysis

indicates that the equatorial ionization is less than 1/10 that of the
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high latitude and ionization at solar minimum. This may be compared to

a factor of about 1/5 at 15 gm/cm obtained by Neher in 1958 near solar

maximum (Neher and Anderson, J. Geophys. Rev. 67, 1309, 1962)."
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APPENDIX B

FLIGHT PROFILES
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FLIGHT SUMMARIES

FLIGHT No. .. ........ .........* 6 March 1965

High-Energy Neutron Flux - Serge Korff, New York University,
New York, New York

Low-Energy Gamma-Ray Flux - Kinsey Anderson,* University of
California, Berkeley, California

The flight train configuration was assembled around New York Uni-

versity's neutron counter since it constituted the largest single pack-

age. The balloon control instrumentation was positioned on one side as

far away as possible from the counter to prevent interference or possi-

ble shift in its calibration. The X-ray counter from the University of

California was positioned on the other side at a sufficient distance to

keep its 30 half-cone angle from being obscured. The New York Univer-

sity barograph was placed in the space between the neutron counter and

x-ray counter. A crush pad was placed between the balloon control in-

struments and the neutron counter. Ballast containers were positioned

on opposite ends to preclude any shift in calibration or balance as bal-

last was expended. Two layers of crush pad were placed beneath the pay-

load. The entire payload was suspended under a 32-ft diameter parachute

for descent. Balloon layout and inflation were completed in 45 min.

During removal of the protective sleeve, several large holes were found

in the balloon. The holes were caused by the nylon filament tape

attached to the protective wrapper. The holes were repaired with 2-in.

polyethylene tape with extra polyethylene for back facing.

While final preparations were being made for the launch, the ter-

mination squibs detonated. The load line at the top of the parachute

was severed, allowing the balloon to ascend through the launch spool.

The scientific package was not moved during the mishap. Immediate in-

vestigation of the balloon control instrumentation was performed on the

* Not present
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launch field. The malfunction was traced to the timer. The timer

motors were observed operating counter-clockwise due to reversed polar-

ity. The actuating cam, which holds the termination switch open for a

maximum of 100 min, was moving in the opposite direction, and closed the

circuit about 8 min after being energized. Re-flight was postponed

until the following day.

FLIGHT No. 2 . . . . . . . . . . . . . . . . . . . . . 7 March 1965

High-Energy Neutron Flux - Serge Korff, New York University
New York, New York

Low-Energy Gamma-Ray Flux - Kinsey Anderson,* University of
California, Berkeley, California

The flight package was the same as described in Flight No. 1. Wind

velocity during launch was 2 to 3 mph. At release, the balloon moved

downwind slowly, allowing the launch crew to position the instrument

load directly under the balloon. The instruments were lifted with little

or no shock. The anchor line was fired off after the instruments were

30 ft above the ground. A pressure switch was employed to extend the

beacon antenna when the balloon reached 5,000 ft.

The system ascended at an average rate of 862 ft/min to 50,000 ft

and a rate of 848 ft/min to 124,600 ft for an overall average ascent

rate of 853 ft/min. Duration at altitude was 3.5 hr. Descent time was

31 min with impact at 160 48' N, 780 45' E. Recovery was successful and

the crew returned to Hyderabad the same afternoon.

The balloon barotransmitter indicated an irregular floating alti-

tude, fluctuating from 110,000 to 103,000 ft and back to 107,000 ft.

At the time this irregularity was not understood; however, on examining

the Raven photobarograph, it was in agreement with beacon data. On the

other hand, New York University's photobarograph indicated a pressure

* Not present
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level of 3.95 mb, which was nearer the theoretical ceiling of the bal-

loon.

The balloon control instruments were contained in a moisture proof

container fitted with a small venting orifice and water trap. The or-

ifice apparently was blocked by some small object, most likely a small

chip of styrofoam. To perclude the re-occurrence of this situation, all

orifices were enlarged.

FLIGHT No. 3 .. .................... . 9 March 1965

High-Energy Neutron Flux - Serge Korff, New York University,
New York, New York

Low-Energy Gamma-Ray Flux - Kinsey Anderson,* University of
California, Berkeley, California

The flight employed the same flight train configuration as the pre-

vious flight, excepting that the 32-ft chute was replaced by a 28-ft

chute.

Balloon layout and inflation was easily accomplished in almost calm

surface wind conditions. The balloon required some minor repairs on the

inflation tube and at the inflation tube attachment flange.

During the launch, the balloon ascended rapidly and began to veer

to one side. The scientific instrument load was rolled into position

and was gently lifted free of the launch cart. The anchor line was

fired loose at 30 ft above the ground while still under slight tension

resulting in a very smooth launch.

The beacon antenna was dropped by radio command several minutes

after launch. The ascent was 785 ft/min to 50,400 ft and 939 ft/min to

ceiling.

The telemetry from the X-ray counter was intermittent with a high

noise level. The X-ray counter has two antennas which are spaced about

Not present
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6 ft apart and suspended downward about 4 ft. Prior to launch and lift

off, these antennas were laid on the ground and had to be carefully

handled till the instrument load was lifted by the balloon. The anten-

nas may have been damaged during launch.

After 3.1 hr at altitude, the flight was terminated by command

from the base station. Descent took 36 min with the impact occurring

at 170 17' N, 78 40' E. Recovery was accomplished the same afternoon.

Both Flight Nos. 2 and 3 were considered highly successful by

scientists from New York University. A third flight was scheduled for

Dr. Anderson's X-ray counter since the failure in the telemetry system

resulted in insufficient data. Both instruments were recovered in good

condition.

FLIGHT No. 4 ............. ......... 12 March 1965

Charged Particle Fluxes - John T. Ely,* Air Force Cambridge
Research Laboratories, Bedford, Massachusetts

Low-Energy Gamma-Ray Flux - Kinsey Anderson,* University of
California, Berkeley, California

Total Ionization of Cosmic Rays - John Winckler,* University
of Minnesota, Minneapolis, Minnesoty

Emulsion-Plastic Particle Detector - D. Lal, Tata Institute of
Fundamental Research, Bombay, India

Since the AFCRL counter telescope was the primary experiment, the

flight train was developed around it. A key frame platform similar to

the previous flights was constructed to fit the base of the AFCRL

instrument container. The balloon control instrumentation and Dr.

Anderson's X-ray counter were placed on either side of the main experi-

ment.

Suspended below the main package on a 35-ft nylon line was the

Winckler ion chamber. In similar fashion, the Bristol beacon was sus-

Not present
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pended 3 ft below the key frame platform. The TIFR flip emulsion

stack was positioned on a bamboo framework approximately 4 ft from the

center line of the configuration. Ballast was contained in two equally

spaced hoppers to preclude any change in balance as ballast was ex-

pended.

Because of the numerous instruments on this flight, the complete

system was assembled and weighed as a unit. The assembly was quite

bulky and difficult to handle. The overhead door clearance was limited;

therefore, the instrument load was rolled outside, then loaded on the

truck for delivery to the launch field.

The balloon was laid out and the inflation started while it was

dark. Inflation required approximately 1 hr and was completed 45

min before scheduled launch at 0600. The surface wind was calm to 3

mph and was in line with the balloon layout.

The balloon was released; however, it was unable to lift more than

2/3 of the balloon off the ground. The package was immediately cut

free to prevent any damage. The balloon was pulled down and several

holes were located in the top section about 10 to 15 ft from the top

end fitting. Apparently, the balloon had been leaking during inflation

and continued till launch, a period of about 1.5 hr. The loss of lift

was estimated at 500 to 550 lb. The flight was delayed till the next

day since it was necessary to reload the helium and the crane was not

immediately available.

FLIGHT No. 5 ...... ... . . . . . . .. . 13 March 1965

Charged Particle Fluxes - John T. Ely,* Air Force Cambridge
Research Laboratories, Bedford, Massachusetts

Low-Energy Gamma-Ray Flux - Kinsey Anderson,* University of
California, Berkeley, California

Total Ionization of Cosmic Rays - John Winckler,* University
of Minnesota, Minneapolis, Minnesota

* Not present
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Emulsion-Plastic Particle Detector - D. Lal, Tata Institute
of Fundamental Research, Bombay, India

Flight No. 5 was scheduled for an0600 release on 13 March with the
same payload as Flight No. 4. Layout and inflation were completed with
no problems. (This balloon was the first to be flown from the group of
balloons sent in the sea shipment. Apparently the trip by truck from
Bombay with the balloon box standing on end had no ill effects, since no

repairs were required.) With the exception of the balloon weight, this
system was essentially the same as before.

The release was accomplished without incident. Lift off was very
smooth and required very little positioning of the package. The balloon
ascent rate was 837 ft/min to 50,300 ft and 866 ft/min to ceiling.
After 8.25 hr at ceiling, the flight was terminated by command from the
aircraft. Impact was 19° 48' N, 74 ° 39' E. A second flight of the
AFCRL telescope was cancelled due to damage on impact to certain elec-
tronic components.

FLIGHT No. 6 ..................... 16 March 1965

Heavy Primary Nuclei Fluxes - Maurice M. Shapiro, Naval Research
Laboratory, Washington, D.C.

Proton and Alpha Particle Fluxes - S. Biswas, Tata Institute of
Fundamental Research, Bombay, India

The primary experiment was the NRL nuclear emulsion flip stack and
photobarograph. During this program, however, the basic flipping mech-
anism was incorporated into an orienting device built by TIFR.

To a large extent, the orienting mechanism dictated the system's
configuration. Any mass, such as balloon control instrumentation and
ballast, had to be positioned as near the vertical axis as possible.
The standard mounting of ballast hoppers on the sides of the balloon
instrument box produced excessive inertia, which was incompatible with
the drive mechanism of the orienter. A combination ballast container
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and impact cushion was designed and positioned under the control instru-

mentation, with the added advantage of dropping ballast from a single

point without affecting the balance of the experiment. Structural ri-

gidity was accomplished by attaching four 1/8-in. steel cables to the

control instrumentation box and attaching the other ends to the bottom

of the orienter framework. The cylindrical photobarograph was placed

between the control instruments and orienter.

Nylon line was used for suspending the configuration below a 32-ft

parachute. Since no metal rings could be used, it was necessary to add

a 12-ft nylon line to the suspension lines so that the "D" rings on the

parachute would be a sufficient distance from the emulsion stack.

The overall configuration was about 7 ft high; however, since

weight concentration was in the lower end, it was easily launched using

the anchor line technique.

During inflation, the balloon had to be repaired at the inflation

tube attachment flange. The damage in this area seemed to be due to the

stiffness of the numerous layers of tape and material. The balloon was

particularly vulnerable to abrasion and tearing since it was ½-mil ma-

terial. This balloon was one of the two i mils specifically requested

for this scientific experiment since it was felt the difference in

weight would result in a higher floating altitude.

With inflation complete and the experiment fully checked out and

ready for release, the small pibal balloon was released to check last

minute wind direction. At this point, the wind had shifted 1800 with a

velocity of about 2 mph. The launch was delayed while the launch crew

anchored the balloon to a temporary anchor vehicle, allowing removal of

the anchor line and repositioning of the anchor truck. The anchor

truck was normally left stationary; however, this wind shift made it

necessary to move the anchor truck during actual launch. The delay

took about 10 min.

As the balloon was released, it rose very slowly but did not move

to the position over the instruments. The command was given to the man
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in the anchor truck to back away from the balloon thus pulling the bal-

loon toward the instruments which were also being moved in the direction

of the truck. This method of launch allowed the balloon to lift the

payload while not directly over the load. When the instrument load was

15 to 30 ft off the ground, the anchor truck stopped and the momentum

of the balloon brought it directly over the load. This configuration

was planned so the package could be released with the downward pendulum

swing occurring safely above the ground. Launching under these con-

ditions with a swing from the height of the launch cart would result in

damage by dragging and striking the ground.

In this particular launch, the load was released with very little

downward swing at 0618. The DF antenna was dropped by command at 0620

and was observed to extend fully with the antenna weight falling off

and landing on the launch field. Ascent was normal at an average rate

of 671 ft/min to 122,500 ft.

Since the lowest pressure level was desirable, the balloon was

allowed sufficient time to stabilize at ceiling, at which time the

command circuit energized the flip mechanism and keyed the flip confir-

mation circuit. The flight was terminated by radio command from the

tracking aircraft after 8.5 hr at ceiling. The payload was spotted

down by the tracking aircraft at 170 10' N, 760 33' E and recovered the

following day by ground recovery crew.

FLIGHT No. 7 . ............. ......... 18 March 1965

X-Ray Sources in Southern Sky - Kenneth McCracken, Southwest
Center for Advanced Studies, Dallas, Texas

Heavy Primary Nuclei Fluxes - Maurice M. Shapiro, Naval Research
Laboratory, Washington, D.C.

Cosmic-Ray Effects on Seedlings - J. Nizam, Osmania University,
Hyderabad, India

The Southwest Center for Advanced Studies counter telescope pre-

sented several problems when incorporated into the ballooning system.
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The experiment required scanning 360 horizontally at 23° from the ver-

tical. The system was best positioned at the bottom of the flight

train since it was equipped with a rather large and fragile antenna.

After arranging the various components of the train in a line with

the necessary clearance, it became evident that the system was awkward

and extremely long. It was possible to eliminate a cross bar suspension

by allowing the expended ballast to fall on the counter telescope. The

telescope was covered with a layer of polyethylene to keep ballast out

of the circuitry. By relocating the ballast near the center line, the

length of the flight train was considerably reduced.

A flight suspension system in which several packages of different

weights are arranged in tandem, often sustains considerable damage from

oscillation during descent. To minimize this oscillation, a 38-ft di-

ameter, lightweight chute was used. To further enhance the stability

of the system, the rotator and all equipment above the telescope were

suspended from two points on a plate attached to the balloon end fitting.

This method provided a more rigid linkage between the balloon and the

rotor and helped achieve a consistent scanning rate with little oscil-

lation.

The 285-ft DF and altitude telemetry antenna was attached to the

outer end of a 10-ft bamboo pole to prevent it from fouling the scien-

tific data telemetry antenna. After the balloon was ascending and ver-

tical, the antenna was deployed by radio command.

The first flight of this system was scheduled for 18 March. The

surface wind was calm and inflation was completed by 0615. As the bal-

loon was released, it rose over the instrument package, lifting it

gently to about 20 ft until the telescope telemetry antenna was just

off the ground, at which time the anchor line was released. Seconds

later, the balloon descended and the telescope began to drag.

Efforts to restrain the balloon failed and the balloon and flight

train finally came down in the University Botanical Garden about i mi

from the launch site. Inspection of the balloon was not possible since
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it had been badly damaged and was lying on top of the trees. The tele-

scope was suspended 10 ft above the ground in an Australian wattle tree.

Examination of the apparatus disclosed a damaged framework and some

minor circuitry damage. A phototube was ruined but this component damage
was not critical.

The failure was obviously due to insufficient lift at the time of
release. A recheck of metering data indicated no significant discrep-
ancies. It was estimated that the flight system weighed about 25 to

50 lb, which means the loss of lift was about 100 to 125 lb, including
free lift.

From this flight, it was obvious that a method of checking lift

loss was desirable. Since a weigh-off device was not available for

determining if a balloon was losing lift, an alternate method was em-

ployed. The inflation schedule was adjusted so that inflation could be
completed 20 to 30 min before scheduled launch. If the balloon were

leaking, this delay would allow sufficient loss of lift to make the

error noticeable, and the anchor line would not be released.

FLIGHT No. 8 ................. . ... 21 March 1965

Ultra-High Energy Nuclear Interactions - Peter Fowler, University
of Bristol, Bristol, England; R. Daniels, Tata Institute of
Fundamental Research, Bombay, India

Up to this point, the expedition's variety consisted mainly of

differences in flight trains. However, the Tata-Bristol package, which
weighed about 2,000 lb, required a different launching technique. For
this flight, a 5.2 million cu ft capped balloon was used. (All earlier

flights had been made with 2.94 million cu ft balloons.)

It is important to be able to position a balloon payload rapidly

for lift-off. The equipment available did not include a launch cart of

sufficient size to enable the flight to be launched by the anchor line

method. Therefore, it was decided to use a dynamic launch technique for

the Tata-Bristol unit.
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The first problem encountered was that the launch spool furnished

by Tata was too small for the necessary gross inflation. The only

alternative was to utilize the Raven spool, which is rated for 3,000 lb.

Even though this was too narrow for this balloon, modifications could

more readily be performed on it than on the Tata spool. The Raven

spool was removed from its mountings on the 5-ton truck. The mounting

bar was reinforced with channel iron salvaged from the frame of a 1920

Austin truck. The spool was replaced and tested up to 4,700-lb lift.

The spool framwork was bending under this load; therefore, a 3/8-in.

cable was attached to the hinge point and to the frame, with a turn-

buckle for tightening. Twelve helium cylinders were loaded forward of

the rear axle to add weight to the truck.

The schedule called for a sunrise launch, so preparations were

started on the flight package during the night. The original plan was

to suspend the load on a pin mounted on top of the launch frame. During

tests, it was found that the attachment was awkward and unworkable.

The pin bent, allowing the ring to slide off after the load was trans-

ferred to it. Accordingly, it was necessary to postpone the flight, and

to modify the launching truck further.

The launch frame was relocated forward of its normal position by

about 2½ ft, which enabled the Bristol stack to sit solidly on the rear

truck bed. Two steel plates were welded to each side at the lower end

of the launch frame, with a short length of ½-in. cable from these

plates to a single ring in the center. The sharp right angle at the

top of the launch frame was fitted with a 3½-in. diameter steel pipe to

give a smooth radius for the load line. This method distributes all

loading to the launch frame, which the package remains connected through

a slack load harness. The lifting force is then transferred to the

scientific package by firing the anchor release at the moment the bal-

loon is vertical over the load.

At midnight of 20 March, the package was loaded and taken to the

launch field. The usual good surface conditions pervailed and the lay-

out of the balloon was accomplished without incident.
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Inflation was performed using two inflation tubes. A shortage of

inflation manifolds created a short delay while the manifold was re-

moved and attached to a third truck load of cylinders.

Some problems developed as a result of the narrow spool and the

volume of material in this balloon. Deployment of the balloon gores

above the spool was poor and caused excessive abrasion of the load tapes

and, in some cases, the balloon film. Also, since the spool was too

narrow, it forced the layers of balloon film to stack up on each other

causing the film next to the spool to be somewhat slack, while the ma-

terial on the outside of the radius was taut. When the lift forces

approached 3,500 lb, the balloon was about 110 ft through the launch

spool. To further aggravate the problem, the cap material and full gore

material appeared to be under different tension. Severe abrasion

occurred to the balloon wall over a 15-ft area. This resulted in small

holes about 110 to 130 ft below the top of the balloon. Some 30 holes

were patched.

The launch was quite smooth. The launch truck was moved about 100

yards at a slow speed to properly position the payload, which ascended

vertically and with good speed.

Ascent was at a rate of 969 ft/min to the tropopause and 832 ft/min

to 112,500 ft. Vertical oscillation was recorded from the Bristol baro-

transmitter. Total duration at altitude was 8.5 hr. A longer flight

was desired, but strong upper level winds made it impossible to keep

the balloon over the Indian land mass where recovery could be made.

The flight was terminated by radio command at 1730, 40 miles NW of

Pandharpur with impact at 170 53' N, 750 11' E.

The recovery vehicle and crew arrived at the location the same

night. The payload was recovered undamaged.
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FLIGHT No. 9 .............. 25 March 1965

X-Ray Sources in Southern Sky - Kenneth McCracken, Southwest
Center for Advanced Studies, Dallas, Texas

Heavy Primary Nuclei Fluxes - Maurice M. Shapiro, Naval Research
Laboratory, Washington, D.C.

Alpha Particle Flux - S. Biswas, Tata Institute of Fundamental
Research, Bombay, India

Cosmic-Ray Effects on Seedlings - J. Nizam, Osmania University,
Hyderabad, India

Flight preparation was conducted without difficulty. Surface wind

velocity was low but fluctuating about 45° from layout direction.

During inflation, several small abrasions were repaired near the

inflation tube attachment. The balloon's deployment was very poor be-

tween the 45-and 55-ft bubble height. Several small abrasions were

noted; however, no repairs were necessary.

During launch, a light crosswind forced the balloon to the left

slightly. Efforts to hold the anchor line near the instrument load to

limit the side travel of the instruments failed and the wires were

pulled free from the anchor line firing box. In an effort to save the

flight from being dragged on the ground, the anchor line was cut at the

anchor truck allowing the line to ascend with the flight train. With

the anchor line and squib wires hanging alongside the rotator, counter

telescope and telemetry antenna, it was doubted whether the experiment

would be successful; however, telemetry signals with high noise level

were received intermittently. Some scientific data were obtained by

that portion of the flight which did not require scanning, so the flight

was allowed to continue.

The balloon ascended at an overall rate of 875 ft/min to floating

altitude of 125,800 ft. The flight remained at ceiling for 8 hr.

The tracking aircraft was undergoing repairs at the time the bal-

loon reached ceiling and was not made available in time to service this

flight.
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Since the exact location of the balloon was not known, an esti-

mated trajectory was plotted with existing wind data and theodolite.

The flight was terminated by radio command from the base station.

Recovery was accomplished two days later after telegraphic notifi-

cation that the payload had been located. The flight had impacted

about 40 mi north of Hyderabad.

The counter telescope had incurred some damage to its framework

but the instrument continued to perform well after a laboratory check-

out. Since this was a prototype instrument and one of a kind, pre-

cautionary measures had been taken to construct a flight package to

insure against serious damage. The local workshop built a container

which served quite well during flight, and was later used to ship the

instrument to Australia for additional flights.

FLIGHT No. 10 ..................... 26 March 1965

Heavy Primary Nuclei Fluxes - Maurice M. Shapiro,* Naval Research
Laboratory, Washington, D.C.

Proton and Alpha Particle Fluxes - S. Biswas, Tata Institute for
Fundamental Research, Bombay, India

Flight No. 10 had the same system as Flight No. 6. The balloon

was i mil as requested by the scientific investigator. The balloon had

an average ascent rate of 855 ft/min. At 51,600 ft the balloon burst.

Impact was 57 miENE of Hyderabad. The aircraft was in the area

but was unable to locate the parachute. The balloon was found on the

ground so the recovery crew was directed to the small village in the

area. A small boy had seen the parachute come down and directed the

crew to the instrument load. The payload suffered severe damage and

the orienter was demolished.

Not present
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FLIGHT No. 11 ............ 27 March 1965

Very Heavy Nuclei Fluxes - C. J. Waddington, University of
Minnesota, Minneapolis, Minnesota

Total Ionization of Cosmic Rays - J. R. Winckler,* University
of Minnesota, Minneapolis, Minnesota

The nuclear emulsion stack in the equipment of C. J. Waddington

could not be positioned with a mass of metal above it. It was there-

fore necessary to suspend all other equipment below the sphere contain-

ing the emulsions. Attachment of a suitable impact cushion to the

sphere was accomplished by first attaching a block of styrofoam shaped

to fit the curvature of the sphere and placing the crush pad on the

flat surface of the styrofoam block. A sun shade was constructed of

corrugated paper and painted white. Small styrofoam blocks held the

shade away from the sphere.

Flight control instruments and the ballast supply were suspended

6 ft below the sphere on four 1/8-in. cables. A 6-ft length of bamboo

held the antenna away from the ion chamber which was suspended 25 ft

below the control instruments. The load was suspended from the balloon

on a 28-ft parachute. The launch was smooth, under ideal wind condi-

tions. The sphere and control instruments were gently lifted free of

the launch cart while the ion chamber was hand launched. The antenna

was released by radio command at 1,500 ft. While ascending at an aver-

age rate of 860 ft/min, to 124,000 ft, the balloon first went east,

then took a northerly track. A float duration of 8.75 hr took the bal-

loon to the west of Nagpur where the flight was terminated by radio

command from the aircraft.

The descent was rather fast with considerable oscillation which

caused the control instruments to damage the top of the sphere. On

several occasions, the ion chamber was observed to be near the top of

the chute. The flight landed 9 mi west of the Nagpur airport.

The aircraft crew hired a taxi to reach the village where the in-

struments were being held. Villagers followed recovery tag instructions

Not present
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and would not give up the instruments to Dr. Waddington, who offered to

pay the reward on the spot. The instruments were recovered the follow-

ing morning after police had assured the villagers that Dr. Waddington

and pilot A. Tomnitz were actually the people who had sent the equip-

ment aloft.

Examination of the equipment indicated that the instrument box had

caved in the sphere on one side and that this had occurred during

descent, since the positioning flip mechanism was in the "closed" posi-

tion which occurs prior to cut down.

FLIGHT No. 12 ............ 30 March 1965

Charged Particle Fluxes - Morton F. Kaplon,* University of
Rochester, Rochester, New York

High-Energy Neutron Flux - A. G. Fenton,* University of Tasmania,
Tasmania, Australia

Silver Chloride Detector - R. S. Kamala, Tata Institute of
Fundamental Research, Bombay, India

A key frame platform was devised for the counter telescope with

the control instrumentation container on one end and the X-ray counter

on the other end. Ballast was positioned in a centrally located hopper

to balance the system. The entire bottom surface of the platform was

fitted with one layer of crush pad. For descent, a 38-ft parachute was

used to help minimize any damage from a hard impact.

To enhance a smooth launch, the anchor truck was driven away from

the balloon during launch resulting in a very slow and smooth lift off-

at 0758 IST.

The flight had not been scheduled for such a late morning launch;

however, since the Tata-Bristol flight was cancelled due to marginal

surface conditions, it was decided to attempt the release of a 2.94

million cu ft balloon. The balloon's ascent was normal, reaching an

Not present
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altitude of 120,000 ft at 1006 IST. Due to high wind velocities at

ceiling, the flight was terminated after 4 hr to allow recovery in

accessible terrain. The decision for termination was made by the sci-

entific observer in the aircraft.

The release occurred 40 mi west of Karad, with impact 9 mi

west of Karad. Considerable damage was sustained by the Rochester

counter telescope. On first examination, it appeared to be a result of

a hard impact; however, telemetry data indicated a longer than normal

descent time. A more thorough investigation conducted in the labora-

tory indicated a possible failure in the pressurization container.

Apparently, a flat rubber gasket leaked at altitude, resulting in a low

internal pressure at sea level which caused the container to collapse

around the instrument. The container was removed with a can opener and

tin snips. No spare container was available, therefore, a second flight

was not possible.

The University of Tasmania's instrument performed well with con-

siderable telemetry data being recorded. The instrument was originally

scheduled for only one flight but was in such good condition that it

was checked out and scheduled for another flight.

FLIGHT No. 13 ...................... 2 April 1965

X-Ray Sources in Southern Sky - Kenneth McCracken, Southwest
Center for Advanced Studies, Dallas, Texas

Heavy Primary Nuclei Fluxes - Maurice M. Shapiro, Naval Research
Laboratory, Washington, D.C.

Cosmic-Ray Effects on Seedlings - J. Nizam, Osmania University,
Hyderabad, India

The telescope package along with the rotor, balloon control in-

struments and ballast were placed on the 4-wheel launch cart, giving

the appearance of a weird assortment of unrelated packages. However,

as the individual packages were lifted aloft one at a time and the
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flight train was fully suspended, order was restored.

The launch was accomplished in wind of 2 to 3 mph and was smooth.

When the flight reached the 30,000-ft level, the DF antenna was extend-

ed by radio command from the base station.

The scientific equipment worked well and the telemetry signal was

very strong, with little noise.

The recovery aircraft had refueled at Belgaum and was enroute to

terminate the balloon flight. Due to thunderstorm activity, considerable

noise prevented reading the beacon. A visual contact was made on

the balloon, and command termination was initiated while the plane was

directly under the balloon, with no visible signs of release. Repeated

effort to terminate the flight had no apparent result. The aircraft

eventually returned to Hyderabad.

At Hyderabad, it was learned that the flight had been terminated

by the base station at 15 min before the timer would have terminated

it. The payload had been released but the balloon had not ruptured.

Thus, the efforts of the tracking crew to effect release could not have

any effect.

The base station operator made the cut-down decision on the basis

of trajectory and upper wind data which indicated the balloon's posi-

tion was near the coast. Since the accuracy of the timers can be + 10

min, it was felt the aircraft would be in the area and be able to DF on

the balloon. The location of the equipment was not known until word

was received by wire the next day. Impact was 20 mi NE of Kolhapur.

The new instrument container was in good shape and the instrument was

not damaged.

FLIGHT No. 14 ................. . 3 April 1965

Ultra-High-Energy Nuclear Interactions - Peter Fowler, University
of Bristol, Bristol, England; R. Daniel, Tata Institute of
Fundamental Research, Bombay, India
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High-Energy Nuclear Interactions - K. Imaeda, Dublin Institute for
Advanced Studies, Dublin, Ireland

Cosmic-Ray Effects on Seedlings - J. Nizam, Osmania University,
Hyderabad, India

This flight was essentially the same system as that flown on 21

March (Flight No.8). There were slight differences in the command ter-

mination, and hydrogen was used instead of helium.

The operational responsibility for this flight was very clearly

divided between the Tata balloon launch crew and the U.S. crew. The

Tata Institute furnished the hydrogen and inflation equipment and

sufficient manpower to carry on the inflation. The ground recovery

crew and vehicles, as well as the launch truck, were also furnished by

Tata. Raven technicians handled all balloon control instrumentation,

rigging, balloon layout, launch and supervised inflation. The U.S.

tracking aircraft directed the Tata recovery crew to the impact site.

The use of hydrogen requires more time for inflation due to two

factors: (1) the increased number of tanks required because of the

smaller volume, and (2) the use of low pressure hose which will not

allow tank valves full open. In view of these factors, it was decided

to adapt the manifolds with hydrogen fittings and meter the gas the

same as with helium. Several small tanks were carefully gauged for

pressure and temperature, and a small test balloon was inflated with

the hydrogen. The inflation accuracy proved to be within 1%. This

system seemed to be an improvement over the originally proposed system

which would have required considerably more time and effort.

The launch was initially scheduled for 29 March, but had to be

cancelled due to high surface wind and late arrival of men and equip-

ment at the launch field. The use of the U.S. equipment with hydrogen

was such a departure from standard operating practice for the Indian

crew that it was decided to use the standard Indian inflation system.

A second scheduled flight was cancelled on 30 March due to high surface

winds and a late layout schedule, and the flight was scheduled again

on 31 March.
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The surface wind was calm enough at layout, but increased to 6 mph

and a squall line developed to the NW. Although the balloon was laid

out for 2 hr, inflation was delayed due to faulty valves and hoses.

Considerable difficulty developed in the hydrogen manifolding; valves

leaked, and crewmen were reluctant to approach the tanks. The system

was so uncertain that a dry run appeared to be called for. Due to the

long delay and the deteriorating weather, the flight was cancelled a

third time. The 5.2 million cu ft balloon was covered with its pro-

tective wrapper while the parachute and instruments were removed. The

balloon was repacked into the box.

Favorable conditions prevailed on 3 April. The balloon layout and

inflation required about 5½ hr. The balloon was damaged by the narrow

spool in the same manner as the first flight; however, repairs were

made using 2-in. polyethylene tape. A smooth launch was accomplished

with the launch truck moving about 200 ft. The flight reached a ceil-

ing of 101,400 ft and floated for 7.4 hr. Termination was executed by

the tracking aircraft. Impact occurred at 170 30' N, 73° 57' E. Re-

covery was completed the next morning and the payload was returned the

following day to Hyderabad.

FLIGHT No. 15 ..................... 5 April 1965

Gamma-Ray Sources in Southern Sky - J. G. M. Duthie, University
of Rochester, Rochester, New York

Incorporating the spark chamber into a suitable balloon flight

system presented no serious problems; however, handling the chamber on

the ground was difficult because of its size, weight, and lack of lift-

ing handles.

The design of the Rochester spark chamber and its associated test

equipment enabled the scientists to turn the chamber over to the bal-

loon crew days ahead of schedule, allowing sufficient time for proper

rigging, balancing and testing. The scientists were able to perform
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all necessary checks throughout the standby period and up to moments

before launch. Thus, the possibility of an abort after balloon in-

flation was considerably reduced.

In order to distribute the impart forces evenly over sufficient

area to prevent cracking the fiberglas hemisphere, a large block of

styrofoam 12-in. thick and 24-in. square was cut to fit the curvature

of the bottom of the spark chamber. Eight nylon lines secured the

styrofoam to the web suspension harness. The crushable impact cushion

was constructed of four layers of 2-in., double-faced, honeycomb paper

and attached to the bottom of the styrofoam block. The entire package

was placed on a large sheet of plywood for handling.

It was necessary to position the balloon control instrumentation

30 to 35 ft from the spark chamber. Positioning the instrumentation

above was most desirable. Since the falling ballast had no adverse

effect on the experiment, ballast containers were located with the con-

trol instrumentation box. Polyethylene covers were placed over the

probes to prevent interference from falling ballast.

The telemetry and DF beacon were taped to the suspension line and

extended to the base of the spark chamber where it was released by a

pressure switch at 5,000 ft. A flashing red light was attached to the

top of the instrumentation box to help see the flight during descent in

near darkness. Two flights were scheduled for the chamber so it was

suspended on a 46-ft parachute to increase the descent time and minimize

the chance of damage during impact.

A noon launch was scheduled for 5 April. An unexpected delay re-

sulted when word reached the flight crew that the launch NOTAM had been

filed for 6 April. The balloon was held partially inflated in winds of

8 to 12 mph until Mr. Redkar of TIFR, returned to the launch field

with the news that the NOTAM problem was resolved and the launch could

be made. Inflation continued with considerable difficulty; numerous

holes were torn and repaired before the bubble was safely erected.

Several spectators and one of the launch technicians reported

having seen a hole in the balloon. A close visual inspection
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with field glasses did not disclose any damage, so the balloon crew

made final preparations for release. Launch occurred at 1132. To in-

crease the overall time of the launch for photographic coverage, the

anchor truck was moved downwind increasing the tension on the balloon

and resulting in a slower lift off. Moments after launch the Raven

technician who released the launch spool reported having seen a hole

near the top of the balloon as it ascended. A quick check of the

ascent rate indicated a slower than normal ascent rate. Ballast was

immediately expended in an effort to get the balloon quickly to alti-

tude where a small hole becomes insignificant. Approximately 76% of

the available ballast was expended. An altitude of 6 mb (115,800 ft)

was attained 3 hr after launch.

An important phase of the experiment was programmed for 1745 after

which the flight was terminated by radio command from the tracking air-

craft. The descent rate was not excessive and impact, as observed from

the aircraft, was quite gentle. Impact occurred at 16° 38' N, 75° 08'E.

Efforts to contact the ground recovery crew failed due to a faulty

antenna connection on the recovery truck. The aircraft landed at

Belgaum for fuel, and remained overnight. The following morning the

aircraft returned to Hyderabad. The recovery crew was advised by phone

of the impact location. Recovery was accomplished on the afternoon of

6 April with the recovery crew returning to Hyderabad on the evening of

7 April.

The spark chamber appeared to be in good shape, except for the

probes and a pressure valve which was knocked off during impact or by

natives who rolled the package under a tree to protect it from the sun.

After opening the chamber additional damage was observed. The internal

support frame was considerably distorted and the camera lens was sepa-

rated from the camera. Further investigation indicated the camera

damage occurred shortly after termination of the flight, most probably

the result of the parachute opening on descent. The camera lens had to

be returned to the manufacturer for realignment, and since there was no

replacement valve, the second flight was tot possible.
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FLIGHT No. 16 ..... ................. 8 April 1965

X-Ray Sources in Southern Sky - Kenneth McCracken, Southwest
Center for Advanced Studies, Dallas, Texas

Cosmic-Ray Effects on Seedlings - J. Nizam, Osmania University,
Hyderabad, India

Genetic Effects of Cosmic Rays - M. Hussain, Osmania University,
Hyderabad, India

Basically, the flight configuration was the same as Dr. McCracken's

last flight (No. 9). All balloons launched on the expedition had been

launched late enough in the morning to reach altitude after sunrise;

however, this particular experiment required an early launch so the ex-

periment could be at altitude before sunrise. Numerous balloons flown

in India had passed through tropopause temperatures of -75 to -83 C

during a sunlight ascent, without bursting. There was some concern

about whether or not a balloon could successfully reach altitude through

a -81 C tropopause temperature in total darkness.

Since the ascent was in darkness, an additional 2% free lift was

used. An additional 30 lb of ballast was used to increase the ascent

rate in the event the balloon stopped at the tropopause. With the help

of lights from the various trucks and cars at the launch site, the bal-

loon was launched at 0035 on 8 April. An ascent rate of 870 ft/min was

established to 50,200 ft and 755 ft/min to an altitude of 122,000 ft.

After 4.5 hr at ceiling, the flight was terminated. Impact occurred at

170 22' N, 750 44' E. The telescope sustained no damage on impact and

could be flown again after a routine check.

FLIGHT No. 17 ........ ............. 9 April 1965

Heavy Primary Nuclei Fluxes - Maurice M. Shapiro, Naval Research
Laboratory, Washington, D.C.

Heavy Primary Nuclei Fluxes - S. Biswas, Tata Institute of

Fundamental Research, Bombay, India
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Emulsion-Plastic Particle Detector - D. Lal, Tata Institute
of Fundamental Research, Bombay, India

Silver Chloride Detectors - R.S. Kamala, Tata Institute of
Fundamental Research, Bombay, India

High-Energy Neutron Flux - A. G. Fenton,* University of Tasmania,
Tasmania, Australia

Cosmic-Ray Effects on Seedlings - J. Nizam, Osmania University,
Hyderabad, India

Flight No. 17 was the last scheduled launch of the program, and

since several smaller scientific experiments had not been flown, this

flight was composed of these experiments in addition to Dr. Fenton's

experiment and the NRL emulsion stack. The NRL emulsion stack required

a command signal forpositioning at altitude. The same signal was used

to drop a small emulsion calibration package for the Tata scientists.

The flight was released at 0545 IST and reached ceiling of 118,500

ft at 0811 IST. After 9.25 hr at ceiling, the flight was terminated,

with impact occuring at 170 58' N, 740 11' E. The payload was success-

fully recovered.

Not present
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